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Accompanying Video

The video clips that accompany this book feature aspects of genetic counseling for
several of the neurogenetic conditions discussed in the book. Please refer to these
video clips as appropriate. Dr. Sampson’s full neurological examination may be of
particular interest for genetic counselors who have not been exposed to neurology.

The video clips include both segments of actual genetic counseling sessions and
counseling simulations. The clips intend to show some of the unique aspects of
counseling for these diseases. We cover diagnostic genetic testing, presymptomatic
testing, return of results, impact of testing on family members, genetic research
studies, reproductive counseling, and treatment and management. Additionally, a
video clip demonstrates the neurological examination. Because of limited access to
patients, we could not film every disease discussed in this book.
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Preface

Adult neurogenetic disease is a rapidly expanding specialty. Few genetic counsel-
ing training programs are able to provide the clinical experience necessary to
understand the intricacies of counseling for these diverse diseases. Likewise few
neurology training programs provide experience in genetic counseling. The goal of
this book is to introduce genetic counselors, neurologists, and other health pro-
fessionals providing counseling for patients with neurogenetic disease to some of
the issues that transpire during counseling sessions for these diseases. We have
chosen to focus on adult conditions because genetic counseling students have much
more exposure to pediatric disease and because these conditions raise very different
problems. Although we provide an overview of each condition’s symptoms, diag-
nosis, management, and genetics, our focus is on the counseling. In part, this is
because the field is changing so rapidly that genetic information needs continual
updating (and therefore, sources such as GeneReviews and PubMed should be
consulted regularly when seeing these patients) and, in part, because there is a
lack of resources about genetic counseling for these diseases. Chapter 25 provides
readers with descriptions of the neurological examination and neuropsychological
evaluation. Please refer to them as you make your way through the chapters.

The book is divided by subspecialty areas. We do not attempt to cover every
disease in each area, but rather include those diseases that are more common and
have their own particular counseling complexities. Nevertheless, although these
diseases have unique issues, many aspects of the counseling discussions can apply
to all adult neurogenetic disease as well as to other non-neurological genetic
diseases. The accompanying video clips are intended to highlight some of the
unique features of these diseases, including symptoms and counseling issues.

The case histories have been altered to protect confidentiality. However, they
represent experiences that the authors have found to be compelling and challenging.
We hope that they will evoke discussion and provide the reader with an insight into
adult neurogenetics.

Even as this book was being written, available genetic testing technologies have
changed and new genes have been discovered. The genes discussed in this book,
thus, represent the more common genetic etiologies known through 2013. Most
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X Preface

chapters concentrate on testing for specific genes, yet as large next-generation
sequencing panels (NGS) and whole exome testing (WES) become less expensive,
testing methodologies may shift. Keep in mind, however, that bigger is not neces-
sarily better. Single gene testing or small disease-specific panels may be more
appropriate with a definitive diagnosis or narrow differential diagnosis. Multiple
variants of unknown significance or incidental findings are common with NGS and
WES, thus confounding rather than clarifying diagnosis. Ordering physicians and
genetic counselors need to understand which genes are meaningful to explore
and need to prepare their patients for possible findings. We hope that this book
can contribute to that process.

New York, USA Jill S. Goldman
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Part I
The Movement Disorders



Chapter 1
Overview of Movement Disorders

Matt Bower and Paul Tuite

Movement disorders are defined as conditions in which there is either a paucity or
excess of voluntary or involuntary movements unrelated to corticospinal tract
injuries (that occur in stroke, cerebral palsy, or motor neuron disease) or weakness
(from peripheral nerve or muscle conditions) [1]. Classification systems have been
developed based upon clinical findings, anatomy, pathology, etiology, and genetics.
Unfortunately, these systems are not comprehensive or flawless in any sense. For
example, a clinical feature such as rhythmical shaking (defined as tremor) may arise
from dysfunction in deep brain nuclei (basal ganglia) or the cerebellum. As another
example, the pathological finding of alpha-synuclein deposits in the brain can be
present in an assortment of clinically distinct conditions such as Parkinson disease
or multiple system atrophy. Thirdly, a variety of genetic mutations have been
described that may present with a similar clinical phenotype. Conversely, some
single genetic mutations may present with clinically distinct phenotypes. Thus,
putting together clinical features with pathology and genetics remains a work in
progress.
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1.1 Classification of Movement Disorders

1.1.1 Clinical Classification

Movement disorders are typically grouped into two broad categories based on the
speed of movements: slow (hypokinetic) and fast (hyperkinetic) movement disor-
ders. The classic hypokinetic condition characterized by a paucity of movement is
Parkinson disease (PD) in which there is loss of facial movement, reduced blinking,
shuffling gait, and small handwriting (micrographia). This paucity of movement
results from a failure of brain structures to initiate movements, sustain movements,
or create movement of sufficient amplitude to achieve a desired purpose (speech,
walking). There are numerous hypokinetic conditions that fall under the broad
category of “parkinsonism.” Hyperkinetic movement disorders are characterized
by excessive or unwanted movements. This broad category encompasses numerous
clinically distinct types of movements including chorea, dystonia, myoclonus, tics,
and dyskinesias.

1.1.2 Anatomic Classification

Movement disorders can also be classified by the anatomical structures that are
affected. Movement disorders related to basal ganglia dysfunction are characterized
as “extra-pyramidal” as opposed to “pyramidal” conditions caused by disease of the
corticospinal tracts. The extrapyramidal system consists of the thalamus and the
basal ganglia consisting of the striatum (caudate nucleus and putamen), globus
pallidus, subthalamic nucleus, substantia nigra, and nucleus accumbens. While the
cerebellum is not generally included among the extrapyramidal structures, it does
have an important function in the coordination of movements. Lesions in specific
brain structures, regardless of the underlying cause, tend to result in characteristic
clinical presentations. Cerebellar disease results in ataxia (incoordination of move-
ment), lesions in the substantia nigra result in parkinsonism (slowness of move-
ment), pallidal lesions are often associated with abnormal postures and dystonia,
and disease of the caudate nucleus may result in brief flitting movements (chorea).
While this may be a helpful way to correlate clinical findings with anatomy, it is
important to remember that all of these structures are interconnected and commu-
nicate with structures outside the extra-pyramidal system. Thus, complete correla-
tion between specific brain structures and specific clinical syndromes may not exist.
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1.1.3 Pathological Classification

Accumulation of misfolded proteins in affected neurons has emerged as a common
theme in neurodegenerative diseases. Considerable debate still exists about whether
such inclusions are the cause of neurodegeneration or whether they are simply a
compensatory (even a protective) mechanism to the underlying disease processes.
Nevertheless, the presence of pathological findings is another means of classifying
seemingly unrelated diseases. Polyglutamine diseases, caused by expansions of
CAG repeat sequences in specific genes, are a diverse group of movement disorders
including Huntington disease, dentatorubral pallidoluysian atrophy (DRPLA), and
spinocerebellar ataxia (SCA) types 1, 2, 3, 6, 7, and 17. Pathologic accumulation of
alpha synuclein may be seen in Parkinson disease, Lewy body dementia, and
multiple system atrophy. Deposition of microtubule associated protein fau can
be found in progressive supranuclear palsy, frontotemporal degeneration, and
corticobasal degeneration.

While pathology may identify common mechanisms in clinically distinct move-
ment disorders, it may also demonstrate that seemingly related conditions have very
different underlying disease processes. For example, the brains of patients with
autosomal recessive juvenile onset Parkinson disease caused by PARK2 mutations
lack the diagnostic finding of Lewy bodies [2].

1.1.4 Classification by Symptomology

Movement disorders may be classified by the underlying symptom. For example,
chorea can have a heritable cause (Huntington disease), be secondary to an auto-
immune process (Sydenham chorea), or have an unknown etiology (idiopathic).
Such classification schemes may be useful in identifying movement disorders that
may be amenable to therapeutic interventions.

Functional movement disorders (also known as “conversion disorders” or “psy-
chogenic movement disorders”) are conditions for which no causative lesion can be
identified. Individuals may present with any type of movement ranging from chorea
to parkinsonism. The precise cause of such movement disorders is widely debated,
but they may be maladaptive responses to emotional stress, abuse, or significant life
events. Patients often resent this diagnosis because they perceive that they are being
told that they are “faking it” or “it’s all in your head.” Genetic counselors should be
aware that individuals with functional movement disorders may be clinically
indistinguishable from individuals with neurologic disease. Thus, all patients
should be evaluated by an experienced movement disorder neurologist.
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1.1.5 Genetic Classification

The discovery of causative and risk-altering genes provides another means for
classification of movement disorders. In some cases, classification by underlying
genetic etiology will group together individuals with varying clinical presentations.
Such is the case with individuals having mutations in the SPG7 gene. Mutations in
this gene have been associated with both spastic paraparesis and ataxia [3]. In
contrast, classification by symptomology may also result in grouping conditions
caused by different underlying genetic etiologies, e.g., hereditary spastic paraple-
gias (HSP). Genetic analysis of HSP has demonstrated that the same clinical
phenotype can result from mutations affecting axonal transport, mitochondrial
function, and vesicle formation.

1.2 Genetic Counseling Issues in Movement Disorders

One complicated aspect of genetic counseling for movement disorders is that many
conditions, such as Parkinson disease, have both Mendelian and multifactorial
causes that result in the same clinical syndrome. The pattern of inheritance may
be difficult to discern when there is no family history. Another challenge is the late
age of onset for many movement disorders. A family history may appear to be
negative due to the early death of a family member or due to unrecognized
symptoms that never prompted formal neurologic evaluation. A recollection bias
towards or against a diagnosis of PD may also influence accurate ascertainment of a
family history.

Perhaps one of the most challenging aspects of genetic counseling for movement
disorders is the presence of exceptions to nearly every rule of Mendelian inheri-
tance. Mendelian movement disorders are often characterized by dramatically
reduced penetrance and/or variable expression. DYT/ dystonia is a classic example
in which the penetrance of the generalized dystonia phenotype is less than 40 %
[4]. Individuals with the same DYT/ mutation may present with a disabling
generalized dystonia or a focal dystonia that only affects handwriting. Another
example of genetic complexity relates to GBA mutations that can cause a recessive
disease (Gaucher disease) or act as autosomal dominant risk factors for idiopathic
PD [5]. Yet another example is the association of intermediate CAG repeat numbers
in the ATXN2 gene with non-ataxia phenotypes. While larger expansions in this
gene are classically associated with autosomal dominant spinocerebellar ataxia type
2, more modest expansions have recently been identified as a risk factor for motor
neuron disease [6]. Genes associated with movement disorders may demonstrate
parent-of-origin specific imprinting effects, as is the case with SGCE mutations
causing myoclonus dystonia [7]. Gender-specific penetrance has been described in
GCH] related dopa-responsive dystonia [8]. Finally, mutations in some genes have
been described as having both autosomal dominant and recessive patterns of
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inheritance depending on the type of mutation identified. Examples of this phe-
nomenon include mutations in the AFG3L2, SETX, and SPTBN2 genes [9—11].

Finally, considerable overlap exists in the clinical presentations of many move-
ment disorders. Indeed, many movement disorders defy classification into even the
most basic of neurological clinical schemes. As an example, Mendelian ataxia may
coexist in a family with parkinsonism, neuropathy, and/or motor neuron disease.
Thus, determining what genes to test can be difficult.

1.3 Family History Questions Specific to Movement
Disorders

Most people’s knowledge of movement disorders is limited, thus specific questions
such as “Did any other family members have dystonia or ataxia?” may not elicit the
desired response. Rather than focusing on specific clinical findings and medical
terminologys, it is often useful to begin by asking broad questions such as:

¢ Have any family members ever seen a neurologist?
¢ Have any family members needed to use a walker, cane, or wheelchair?
* Do you remember any family members with tremors?

Additionally, rather than focusing on a diagnosis reported by a patient such as
“Parkinson’s,” it is important to focus on symptoms:

» Did they walk in an unusual way?
» Did they have a tremor?
*  Was the disease static or progressive?

Individuals may be biased by their perception of a particular disease. For
example, eliciting a family history of parkinsonism may be challenging due to the
common perception that tremor is the most common feature of Parkinson disease. A
focus on family members with visible tremors may ignore individuals whose
primary issues are rigidity and bradykinesia. Additional clinical findings that may
suggest parkinsonism include a shuffling gait, soft voice, small handwriting,
“masked” facial appearance, loss of sense of smell, and unusual sleep behaviors.
Family members may also be biased by the presentation of symptoms in a proband.
A patient with severe generalized dystonia may neglect to mention milder symp-
toms such as writer’s cramp or “stiff neck” in other family members. To the patient,
these milder symptoms seem unrelated to their severe disease. Family members
also may have attributed neurologic findings to other causes. A common example is
a family member with tremor, dysarthria, or ataxic gait being labeled as an
alcoholic. The genetic counselor should include all attributed symptoms on the
pedigree.

Finally, eliciting ethnic background may provide important clues in some cases.
As an example, a North-African individual with an apparently idiopathic case of
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Parkinson disease has a high likelihood of harboring a mutation in the LRRK2
gene [12].

The following chapters will introduce the reader to the most common Movement

Disorders and the genetic counseling issues that are associated with these condi-
tions. We begin with Huntington disease (HD) because it is the prototype for
genetic counseling for neurogenetic disease and the best studied of these diseases.
Additionally, HD symptoms include both movement disorders and dementia, thus
intersecting the first two chapters of the book.
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Chapter 2
Huntington Disease

Matt Bower and Paul Tuite

The discovery of a CAG repeat expansion in the HTT (IT15) gene in 1993 marked
the end of a decades-long scientific quest to identify the Huntington disease
(HD) gene and the beginning of the era of predictive genetic medicine. In recog-
nition of the complex medical and psychosocial issues surrounding predictive
genetic testing for HD, guidelines for offering the predictive test were published
and most major centers established “protocols” that included visits with physicians,
genetic counselors, and mental health providers prior to the disclosure of results [1].

In some ways, HD represents a relatively “simple” neurogenetic disease when
compared with multifactorial conditions like Parkinson disease or Alzheimer dis-
ease. It is a highly penetrant, monogenic condition caused by the same mutation in
all affected individuals. Despite this “simple” etiology, 20 years have passed since
the discovery of the HD gene, and fundamental questions about Huntington disease
remain unanswered: “What is/are the function(s) of the normal HTT gene?” and
“How do expanded CAG repeats cause neurodegeneration?” As with other neuro-
degenerative diseases, an effective strategy to prevent or slow the course of
neurodegeneration remains an unachieved goal.

The prevalence of HD varies widely throughout the world with the highest
incidences noted in individuals with Western European ancestry (3—7:100,000)

Electronic supplementary material is available in the online version of this chapter at 10.1007/
978-1-4899-7482-2_2. Videos can also be accessed at http://www.springerimages.com/videos/
978-1-4899-7481-5.
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and in the Lake Maracaibo region of Venezuela. The higher incidence of HD in
these populations can be attributed to specific predisposing haplotypes more com-
mon in Western Europe and to specific founder effects seen in the Lake Maracaibo
population, respectively [2, 3].

2.1 Clinical Presentation

(HD Video clip Part 1)

Huntington disease is an autosomal dominant neurodegenerative disease char-
acterized by abnormal movements, psychiatric symptoms, and cognitive changes.

Motor findings: In an 1872 publication, Dr. George Huntington first described
the choreiform movements in the disease that bears his name [4]. Chorea, from the
Greek word to dance, refers to involuntary random flitting movements that may
affect any part of the body. While chorea is often the most obvious outward
manifestation of HD, it is not universally present, and it is often not the first
motor feature of the disease to manifest. Abnormalities of eye movements (e.g.,
slowed rapid eye movements or saccades) often precede the onset of chorea [5]. In
addition to chorea, other abnormal involuntary movements, such as dystonia
(abnormal postures), rigidity (stiffness), and bradykinesia (slowness), may be
observed. Dysphagia (difficulty swallowing) is a common finding, which usually
develops later in the disease and may lead to aspiration pneumonia.

Psychiatric  findings: In his initial description of Huntington disease,
Dr. Huntington also noted depression in addition to chorea. More recent studies
have documented that the incidence of major depression in HD is twice that of the
general population, while the risk for suicide is 4-6 times that of the general
population [6, 7]. It is not known to what extent this depression is caused by
Huntington disease or is a response to the diagnosis. Additional psychiatric findings
in HD patients may include psychosis, bipolar disorder, apathy, irritability, and
perseveration [8].

Cognitive findings: Early cognitive changes in Huntington disease typically
include difficulties with attention and executive functions, such as planning, exe-
cuting sequential tasks, and judgment [9]. Individuals with HD often lack insight
into their own disease, which can cause significant adaptive issues for both them-
selves and friends/family [10]. The cognitive difficulties are progressive, and
patients are eventually unable to speak or care for themselves.

Huntington disease most often presents in the fourth or fifth decade of life. Age
of onset is typically defined as the onset of neurologic disease, though subtle
cognitive and motor findings may predate neurologic onset by many years
[11]. Age of onset is inversely correlated with CAG repeat size, with larger repeat
numbers associated with younger age of onset [12]. However, CAG repeat number
only accounts for about 70 % of the variability in age of onset [13]. Approximately
25 % of individuals present with symptoms after age 50 and typically have a milder
course, while 5-10 % of individuals present with juvenile onset HD and a more
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rapid clinical course. Anticipation, or the occurrence of earlier ages of onset in
subsequent generations, is a phenomenon seen in HD, especially when the disease
is transmitted through the father. Anticipation is due to the instability of the CAG
expansion.

Classic descriptions of HD note a typical clinical course of 10-15 years.
However, good care including nutrition and physical therapy may extend this
time frame. It is increasingly clear that there is an identifiable prodromal “stage”
that is present prior to the frank onset of HD symptoms. This period of time may
predate the formal diagnosis of HD by many years and is characterized by subtle
changes in cognitive and motor performance and psychiatric disturbances [14]. The
early clinical stages of Huntington disease are typically marked by mild motor
findings (e.g., slowing of eye movements) and more pronounced behavioral/mood
changes (e.g., depression, agitation, apathy, anxiety). The middle stage is charac-
terized by increasing choreiform movements, difficulties with speech and
swallowing, and weight loss. In the final stages of HD, individuals typically have
more issues with rigidity and bradykinesia than chorea. At this stage, patients are
unable to speak, ambulate, or care for themselves; weight loss, swallowing, and
choking continue to be significant concerns.

2.2 Diagnosis

Since the discovery of the pathogenic CAG repeat expansion in 1993, the gold
standard for HD diagnosis is the presence of an expanded HTT allele containing
36 or more CAG repeats. In the absence of genetic testing, a diagnosis of HD may
be strongly suspected in the presence of characteristic cognitive/psychiatric
changes, motor findings, and positive family history.

Diagnosis without genetic testing is more difficult in individuals who do not
have a clear family history of Huntington disease. The lack of family history may be
due to adoption, non-paternity, loss of contact with family members, unrecognized
symptoms, or de novo expansions. In individuals with characteristic clinical find-
ings and a negative family history, other causes of chorea, such as stroke, infection,
and autoimmune processes, must be excluded. A lack of family history should not
preclude gene testing as a substantial proportion of patients may report negative or
uncertain family histories [15].

The clinical examination can support a diagnosis of Huntington disease, but in
most cases, it is not sufficient to clearly establish the diagnosis. In addition to the
presence of chorea, key findings on clinical exam include slowing of eye move-
ments, motor impersistence (e.g., cannot hold tongue out for 10 seconds), and
difficulties with specific motor tasks (e.g., the Luria task in which the patient
mimics a series of hand gestures demonstrated by the physician). MRI imaging
may demonstrate caudate atrophy, but this is typically not the primary means of
diagnosis for Huntington disease [16].
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2.3 Treatment and Management

Mood: Depression, anxiety, and irritability are some of the most universal and
disabling symptoms of HD. These symptoms may contribute to the loss of impor-
tant relationships, further complicating the psychosocial situation of individuals
with HD. Mood symptoms may be managed with a combination of medications and
behavioral therapy [17].

Chorea: For patients in whom the choreiform movements are severely disabling,
medications that either block the action of dopamine (neuroleptics) or deplete
dopamine (tetrabenazine) may be prescribed [18, 19]. While tetrabenazine is the
only medication shown to reduce chorea in a controlled clinical trial, there is
significant risk for depression when taking this medicine and patients need to be
monitored carefully.

Behavior: Behavioral disturbances may be some of the most disruptive symp-
toms for both patients and families. In some cases, patients may benefit from
antidepressants and behavioral therapies [17]. Family members and caregivers
can be empowered by learning how to recognize and manage problematic behav-
iors. The Huntington Disease Society of America (HDSA) publishes several excel-
lent guidebooks regarding behaviors for caregivers (see resources).

Investigational therapies: Several trials have failed to demonstrate a long-term
protective effect for antioxidants, anti-inflammatories, and mitochondrial supple-
ments [17]. Currently, the most promising avenues involve gene therapies, such as
using small interfering RNA’s to silence the abnormal HTT allele [20]. While initial
trials in mouse models have shown promise, such therapies are likely years away
from practical clinical applications.

2.4 Genetics and Molecular Testing

(HD Video clip Part 2)

Analysis of the HTT CAG repeat is complicated by the presence of a polymor-
phic CCG repeat located 12 base pairs downstream of the polymorphic CAG repeat.
Initial diagnostic strategies amplified both repeats under the assumption that the
CCG repeat was non-polymorphic. Scientists quickly realized that the CCG repeat
varies between 7 and 12 repeats. Thus, co-amplifying both repeats and assuming
that the CCG repeat is non-polymorphic could lead to CAG repeat sizing errors of
up to five repeats. Subsequent primer sets were redesigned to amplify only the CAG
repeat, thus eliminating potential errors related to the polymorphic CCG
repeat [21].

When two distinct alleles are visualized by this analysis, interpretation is
relatively straightforward. However, it is not uncommon to encounter patient
samples with only a single normal HTT allele size. In most cases, this represents
homozygosity for a common CAG repeat number (e.g., 17 CAG repeats). It is
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important to remember that the methodologies used to analyze CAG repeat num-
bers are NOT quantitative. Thus, if only a single peak is identified, additional
analyses may need to be performed to distinguish between homozygosity for a
normal repeat number and heterozygosity for a normal repeat number and a large
expansion (>80-100 CAG repeats). Laboratories may employ the following two
strategies to resolve these situations:

1. Analysis with the HD ' primer set: In about half of the cases where an individual
is homozygous for a normal CAG repeat number, they have two different repeat
numbers in the adjacent polymorphic CCG repeat tract. Thus, utilizing the
original HD ' primer set, which includes both polymorphic repeats, will yield
two distinct normal-sized PCR products.

2. Southern blot: A limited number of laboratories can perform Southern blot
analysis to evaluate for large CAG repeat expansions in the HTT gene. Southern
blot may be required in cases where use of both the HD '3 and % primer sets
yields apparent homozygosity AND there is a suspicion for juvenile onset
Huntington disease.

Molecular testing for the CAG repeat expansion in the HTT gene is widely
available in the USA and throughout the world. Standard guidelines for the
performance and interpretation of Huntington disease testing have been
published, and most laboratories follow these guidelines in reporting results
[22, 23]. As with all guidelines, it is important to recognize that they represent
the state of knowledge at the time of publication and are subject to change in the
future as more is learned about the genetics of HD. Current guidelines outline
four categories of results:

1. Normal alleles (9-26 CAG repeats): Normal alleles do not cause Huntington
disease. In addition they are stably transmitted in >99 % of meioses, meaning
that significant expansion or contraction of the repeat size is unlikely to occur.
Individuals with two repeat numbers in the normal range do not have Hun-
tington disease, will not develop Huntington disease, and have never been
documented to transmit a disease-allele to offspring.

2. Intermediate (mutable normal) alleles (27-35 CAG repeats): Intermediate
alleles have not convincingly been associated with Huntington disease, but
they are at risk for expansion to disease-causing mutations when transmitted
to offspring. The upper end of this range is defined by the largest allele that
has not been convincingly associated with HD symptoms [24]. The lower end
of this range is defined by the smallest allele that has been shown to expand to
a disease-causing mutation in a single transmission [25].

Several studies have attempted to quantify the risk for carriers of interme-
diate alleles to have offspring with 36 or more CAG repeats. These studies
have identified several factors that appear to influence the risk:

(a) Size of the intermediate CAG repeat: The absolute length of the CAG
repeat tract in intermediate alleles correlates with the propensity for
instability, with larger alleles being more prone to expansions [26].
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In addition, larger intermediate alleles are closer to the disease threshold
and even a relatively modest expansion of 1-3 repeats may be sufficient
to expand into the disease range. In contrast, an allele with 27 repeats
would need to expand by 9 repeats to be in the disease-causing range.

(b) Gender of the transmitting parent: Segregation analysis has consistently
demonstrated that CAG repeat instability, and particularly the propensity
for CAG repeat expansion, is greater with male transmission [27]. To
date, all documented expansions from intermediate to disease alleles
have occurred with male transmissions [28]. The fact that substantial
expansions of maternally transmitted alleles with as few as 36 repeats
have occurred provides evidence that expansions of large maternal inter-
mediate alleles into the disease range are theoretically possible [29].

(c) Age of the transmitting parent: Some studies have suggested a specific
effect of paternal age on the risk for intermediate allele expansion, with
increasing paternal age associated with higher instability of the CAG
repeat number [27].

(d) Predisposing haplotypes-: Intermediate alleles that are ascertained
because they had already undergone an expansion are more likely to
demonstrate instability than alleles that are incidentally ascertained from
the general population [28] Further work has delineated specific haplo-
types that are prone to expansion [2]. Cis-acting factors present with
some HD alleles may be important in determining the propensity for
expansion upon transmission.

Several large studies have reached differing overall conclusions about the
propensity of intermediate alleles to expand to disease-causing mutations [30, 31].

Since the last publishing of HD guidelines, numerous case reports have been
published documenting the presence of HD symptoms in individuals with
intermediate CAG repeat numbers [32—37]. The authors have presented clinical,
imaging, and pathologic evidence of Huntington disease in the presence of HTT
alleles with less than 36 repeats. The authors report exclusion of varying HD
phenocopies to support the notion that HD can be diagnosed in some cases with
intermediate repeat numbers.

Other authors have cautioned that some of these cases may represent the
coincidental finding of HD-like symptoms in individuals with intermediate
repeat numbers and that the evidence must be carefully reviewed before attrib-
uting HD symptoms to intermediate repeat numbers [28]. Whether these cases
represent coincidental discovery of neurologic disease in individuals with inter-
mediate repeats, or whether these cases suggest that alleles with less than
36 repeats can be disease-causing in some circumstances remains to be
determined.

3. Reduced penetrance alleles (36—39 repeats):

As the name implies, reduced penetrance alleles may or may not cause
Huntington disease within a normal lifespan. Estimates of penetrance depend
to some extent on how the onset of Huntington disease is defined. Penetrance
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data for the onset of neurologic (rather than psychiatric) disease suggests that,
while the majority of individuals with 39 repeats will manifest HD by age 75-80,
the majority of individuals with 36-repeat disease alleles will remain free of
neurologic disease at this age [38].

4. Full penetrance alleles (40 or more repeats):

The presence of a single full penetrance allele is sufficient to cause Hunting-
ton disease in all individuals within a typical lifespan. The age of onset correlates
with the size of the CAG repeat expansion such that larger CAG repeats are
associated with younger ages of onset. Age-specific penetrance data has been
published, though the authors urge caution in applying this model-derived data
in specific clinical cases [38]. While there has been some discussion in the past
as to whether the CAG repeat number on the “normal” allele influences age of
onset, recent data suggests that the length of the longer HD allele determines age
of onset in a dominant manner [12].

2.5 Genetic Counseling Issues

Establishing the correct diagnosis in a family: In most cases where a clinical
diagnosis of Huntington disease is established, molecular testing of the HTT gene
provides confirmation for a diagnosis of Huntington disease. In cases where the
characteristic HTT CAG repeat expansion is absent, consideration should be given
to documented HD phenocopies, including dentatorubral pallidoluysian atrophy
(DRPLA), spinocerebellar ataxia type 17 (SCA17), neuroferritinopathy, Hunting-
ton disease-like 1 (due to expansions of an octapeptide domain in the PRNP gene),
and Huntington disease-like 2 (due to CAG repeat expansions in the JPH3 gene)
[39]. All of these conditions mimic the clinical features of HD and the autosomal
dominant pattern of inheritance. Other phenocopies have been described, but can
typically be distinguished from HD by their patterns of inheritance, clinical pre-
sentations, or laboratory findings. When counseling patients for predictive testing, it
is important to make the best effort to obtain records confirming the molecular
diagnosis of HD in affected family members. If such records cannot be obtained,
patients should be counseled about the small possibility that a normal HTT gene test
may not exclude the neurologic disease that is in the family.

Predictive testing: Perhaps the most surprising finding following the identifica-
tion of the Huntington disease gene in 1993 was the lack of individuals who came
forward for predictive testing. Prior to identification of the HTT gene, a majority of
at-risk individuals indicated that they would want molecular testing for Huntington
disease when the gene was discovered [40]. Subsequent analyses demonstrated that
the uptake of molecular genetic predictive testing was much lower than expected. A
review of the Canadian experience demonstrated that approximately 1-2 % of
at-risk individuals will present for testing in a given year, and that only 20 % of
at-risk individuals have chosen to have molecular genetic predictive testing
[41]. Studies evaluating the characteristics of individuals who seek a predictive
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test consistently demonstrate that females seek predictive testing more often than
males, the average age for predictive testing is in the mid 30s, and, interestingly,
those seeking predictive testing are more likely to receive a normal result [41]. It is
unclear if this latter point reflects the fact that individuals who feel that they are not
affected are more likely to seek a predictive test, or if some prodromal aspect of
Huntington disease makes gene-positive individuals less likely to pursue testing.
The most common reasons individuals provide for not having the predictive test
include: absence of an effective cure, concerns about insurance discrimination, cost
of testing, and the inability to “undo” the knowledge once disease status is
known [42].

Prenatal testing: Similar to predictive testing, the uptake of prenatal testing for
HD has been consistently less than what was predicted prior to the discovery of the
HD gene. Studies of the factors that play into couples’ reproductive decision-
making demonstrate the struggles to balance their own views with those of their
spouses, families, friends, and society [43, 44].

Adverse consequences of testing: One early concern with predictive testing was
the fear of adverse consequences of the testing, such as suicide. While the majority
of tested individuals did not experience adverse events, approximately 1 % of
individuals tested for Huntington disease experienced a “catastrophic” psychiatric
event (e.g., suicide, suicide attempt, or psychiatric hospitalization) [16]. Most
individuals who experienced catastrophic psychiatric events had a prior psychiatric
history within 5 years of requesting genetic testing for HD, which underscores the
importance of mental health assessments/screenings in the HD testing process.
Because this was not a controlled study, the correlation between these adverse
consequences and the disclosure of HD results remains unclear. Other analyses
have supported the notion that predictive genetic testing, regardless of the results,
does not result in adverse psychological outcomes for the majority of patients
[45]. Careful psychological screening is still encouraged to identify the individuals
who may be at risk for adverse reactions.

Testing minors: One of the most controversial issues with Huntington disease
gene testing is that of testing children. Different considerations come into play
depending on whether it is an issue of predictive testing of an asymptomatic minor
versus testing a child who has neurologic findings that could represent juvenile-
onset Huntington disease. Consensus guidelines have consistently stated that test-
ing asymptomatic minors should be delayed until the minor reaches the age of
majority [1]. In the absence of a clear medical benefit, the guidelines protect the
child’s decision to make his/her own autonomous choice when he/she reaches
adulthood. While most practitioners broadly agree with these guidelines, some
have pointed to a paucity of empirical evidence documenting the potential harms
or benefits of predictive testing in minors [46]. A recent study of the experiences of
ten adolescents tested for adult-onset disease demonstrated a lack of both immedi-
ate and long-term psychological consequences of predictive testing. Interestingly, a
consistent theme expressed by the participants in the study was that the institutional
barriers to testing, purportedly put in place to protect their autonomy, actually had
the opposite effect, leaving them feeling “disempowered” and unable to obtain the
information that they desired [47].
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Juvenile-onset Huntington disease, with onset <20 years of age, accounts for
5-10 % of Huntington disease cases [48]. Juvenile-onset HD is typically
characterized by cognitive impairments, behavioral changes, rigidity and dystonia.
Without molecular testing, it can be difficult to distinguish whether minor neuro-
logic features (e.g., “twitches”) and/or cognitive behavioral findings are actually
due to juvenile-onset Huntington disease. Even in the presence of a positive gene
test, it is not always clear if the expanded HTT allele is the cause of the observed
symptoms. This is especially true in the presence of milder clinical findings and
HTT alleles in the adult-onset range. Due to the many complexities of interpreting
these results, some have suggested a period of “watchful waiting” to determine if
the disease course is progressive prior to offering a molecular test [49].

In summary, the experience with both predictive and symptomatic testing in
minors suggests that the “one size fits all” approach might not always serve the best
interests of a patient and family. The limited data suggests that practitioners should
thoughtfully consider the specifics of each case and work with families to proceed
in the most beneficial manner.

2.6 Case History (Fig. 2.1)

John is a 61-year-old man who comes to clinic with his wife, Jane, for Huntington
disease genetic testing. The genetic counselor starts the visit by explaining the
sequence of events that will occur. Following a review of family history, the
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Fig. 2.1 HD case history pedigree
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counselor and the family will discuss the reasons why genetic testing is being
considered, explore the reasons for and expectations of testing, and try to anticipate
how the family will react to the test results when they become available. After
visiting the genetic counselor, John will meet with a neurologist who will take his
medical history and perform a neurological examination. Finally, he will meet with
a psychologist to assess his coping skills and psychiatric state. Following these
evaluations, if all parties agree that it is reasonable to proceed, John can choose to
have blood drawn for genetic testing. He would then return with his wife for post-
test counseling and results.

The genetic counselor asks how the diagnosis of Huntington disease first came to
light in the family. John indicates that his mother was a first-generation immigrant
to the USA and he has only limited contact with her family in Europe. His mother
was healthy until her early 60s when the family began noticing erratic behaviors
and clumsiness. Several neurologists evaluated her, but no formal diagnosis was
ever made. Her symptoms progressed over the next 10 years, and she died unex-
pectedly from a heart attack at age 70.

Five years ago, a maternal cousin contacted John with unexpected news: the
cousin had been diagnosed with Huntington disease at age 50. He had developed
symptoms in his late 40s and had just recently had a genetic test confirming the
diagnosis. This cousin’s father (John’s mother’s brother) had been estranged from
the family and his medical information was not available. As John and his wife read
more about Huntington disease, the pieces of his mother’s story began to fall into
place. The erratic behaviors, the restless fidgety movements, and forgetfulness that
marked her later years all fit with a diagnosis of Huntington disease.

John is aware that his family history places him at a 50 % risk for Huntington
disease, but after reading that the average age of onset is 35-55 years of age, he is
hopeful that he has outlived his risk. John and his wife have three adult children
(ages 22, 24, and 27) and they have struggled with what information they should
share with their children. The children are all aware that their grandmother had a
neurologic disease at the time of her death, but it had always been assumed to be a
“sporadic” illness. John and his wife considered telling their children on several
occasions, but eventually 5 years passed and the children were still not aware of the
diagnosis of Huntington disease in the family. In the meantime, their oldest child
(a son) has started a family and has two healthy children. Their middle child
(a daughter) has recently become engaged, while their youngest child just entered
medical school.

At age 61, John feels relatively confident that he has outlived his risk for
Huntington disease. He indicates that his primary motivation for testing is to rule
out the diagnosis so that when he shares the information about his cousin’s
diagnosis with his children, he can immediately reassure them that they are not at
risk. When asked about any possible neurologic symptoms, John indicates that he
has not noticed anything other than “the usual forgetfulness that comes with age.”

In reviewing his social history, John discusses his career as an engineer. He
worked up until a year ago, when he accepted an early retirement package. Towards
the end of his employment, he was having increasing difficulties with his work
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duties, which he attributed to difficulty in keeping up with newer and newer
computer systems. Since his retirement, he spends significant time “puttering” in
his workshop.

John and his wife have been married for 35 years. His wife indicates that recently
they have had increasing difficulties with communication and her husband has been
more agitated and withdrawn. She had asked him to come with her to couple’s
therapy to improve their communication, but he refused. Besides his wife and
children, John reports few close friends.

During the neurologist’s exam, John is “fidgety,” and at one point spills a bottle
of water that he had brought with him to the appointment. He is unaware of the
movements and, when asked about them, he attributes them to “nerves.” Additional
examination findings include: (1) slowed saccades: slight slowing of eye move-
ments when he was asked to quickly fix his eyes between two targets, (2) impair-
ment of sequential movements, i.e., a motor sequencing task called the Luria, and
(3) motor impersistence (e.g., inability to keep his tongue protruded for 10 seconds).
The neurologist discusses the findings with John and his wife and indicates that they
are subtle and suggestive of HD, but are not diagnostic, and that genetic testing
would be able to provide a more definitive means to confirm or exclude a diagnosis
of Huntington disease.

At one point during the examination, the neurologist takes John to the hallway to
evaluate his gait. John’s wife confides to the genetic counselor that she has grown
concerned about her husband’s health. He is spending increasing time alone in his
workshop, even during a recent family Thanksgiving dinner. Additionally, he
becomes agitated when they discuss financial matters. During his retirement dinner,
several colleagues commented that John appeared to be “drunk,” slurring his
speech, stumbling, and behaving in an odd manner. She has tried to discuss her
concerns with John, but he consistently rebuffs her attempts.

The genetic counselor next meets with John, his wife, and a clinical psycholo-
gist. When asked how he would respond to a potential abnormal HD test, John
dismisses the possibility. His wife, however, begins to cry. She says that she feels
that they have “betrayed” their children by not sharing information about John’s
mother’s probable HD. She feels selfish that she and her husband never shared the
news because they were afraid that their children would be unnecessarily worried.
She feels the “betrayal” is amplified by the fact that her children have made major
life decisions about children and careers in the past 5 years. Like her husband, she
hoped that he had already outlived the risk, but secretly, she has grown increasingly
concerned about a possible HD diagnosis given his change in personality.

Questions:

¢ How should this couple relay information about HD to their children? Should
this issue be discussed before testing or after testing?

 If the team is not certain that John is in an ideal situation to receive results of HD
testing, do they have the right to withhold or delay testing for a legally compe-
tent adult? Is it fair to John and his family to withhold testing or is this a
paternalistic approach?
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¢ If the team believes that John’s testing is likely to be abnormal, what is their
obligation to communicate this to John versus allow him to believe that he is
“just fine?”

*  What support mechanisms should be put in place before delivering results?

The team agrees that, regardless of his HD status, John would benefit from
treatment with an antidepressant medication. In addition, couples therapy is
recommended to help John and Jane better communicate about a potential HD
diagnosis and discuss strategies for sharing this information with their children.
John returns alone one month later to have his blood drawn for HD testing. He and
his wife met with a couple’s therapist. He indicates that he feels less “agitated” now
that he is taking an antidepressant. After reviewing the informed consent for testing,
the genetic counselor discusses the fact that results will only be disclosed in person
and that John needs to come to the results visit with his wife or another support
person.

Two weeks later, John and his wife return to clinic to review results of genetic
testing. Unfortunately, the testing reveals that John has 16 CAG repeats in one HTT
allele and 40 CAG repeats in other HTT allele, confirming that John has inherited
the HD gene. In the context of the subtle findings noted on exam, the neurologist
indicates that John has “symptomatic HD.” Additionally, his test results mean that
each of his children has a 50 % risk of having inherited Huntington disease. John is
shocked, stating that he truly believed he had outlived his risk, and had never
considered that he might have to discuss this with his children. Jane is visibly upset
by the results. She expresses her concern that it will be very difficult to help her
husband if he continues to act as though nothing is wrong. In addition, she feels that
the burden of sharing this news with their children will fall on her shoulders. The
couple turns to the team and asks, “Where do we go from here?”

Discussion questions:

¢ What are the most important “first steps” for this couple? How can the team
facilitate these steps?

e Should the team have done more to prepare John for the fact that his result was
likely to be abnormal?

e What strategies would you suggest for communicating the information about
Huntington disease to John’s children? What are the potential risks of these
strategies?

The genetic counselor suggests that John and his wife tell their children the
diagnosis, but then schedule a genetic counseling family meeting with her to help
them discuss both the diagnosis and the implications for the children.

The family returns the following week with John, Jane, their children (David,
Sarah, and Lucy), their daughter-in-law, and their future son-in-law. The tension is
immediately apparent. The genetic counselor welcomes everyone and reviews the
purpose of the meeting. She then asks what David, Sarah, and Lucy understand
about their father’s diagnosis, and whether they have particular questions they want
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addressed. Since being told, Lucy has done a lot of research. She is quite concerned
not only about her father’s disease, but about the possibility of anticipation. At this
point in the discussion, David’s wife starts crying. She blurts out that she has not
slept since Lucy told them about the possibility that David and his siblings could get
the disease at an earlier age and that their children could get it even earlier. The
genetic counselor says that she is correct, but suggests that they start at the
beginning and go over the genetics and the possible next steps. She also states
that she is sure that the diagnosis had evoked many feelings-fear, sadness, guilt, and
even anger. David gives his father a seething look, as if to say, “Why couldn’t you
have told us before the kids?”

The counselor then reviews both the symptoms and genetics of HD, carefully
explaining the possibility of anticipation. She discusses the reasons why some
people choose to have presymptomatic testing, and suggests that David might
wish to pursue testing both to plan for the future and know whether the children
are at risk. She validates David’s concern for his children by sharing that such
feelings are common when a new diagnosis is made in a family, and then reviews
some of the reasons why predictive genetic testing is typically not done on young
asymptomatic children. She also discusses the very personal nature of
presymptomatic testing and how it is not the right choice for many people. Prior
to having predictive testing, it is important to consider the potential impact that
either a positive or negative result could have on mental health, relationships,
employment, and financial matters (e.g., life insurance). She also discusses the
need to obtain long-term care and/or life insurance before being tested if they ever
wanted it. Lastly she turns to Sarah and Lucy and talks about reproductive options
including PGD. Once again, David looks at his father. This time the genetic
counselor addresses the obvious reaction saying, “It’s incredibly hard to find out
that there is a genetic disease in the family—it’s hard for the person with the disease
and hard for those who are at risk. John and Jane, I know you feel terrible for trying
to protect your children from worry by not telling them about your cousin. David,
Sarah, and Lucy, you must feel conflicted—sad for your father but resentful that
you did not know he was at risk. Let’s talk about it.” At that point, David explodes
yelling, “Dad how could you not tell us! You knew Sue and I wanted children!”
John tries to explain that he really didn’t think he could get the disease and wanted
to protect his kids. Lucy interrupts saying that this was now over and they need to
come together as a family and support each other. She says that at the present time,
she would not want presymptomatic testing, but thought that she would if in a
relationship. Sarah adds that she wants to think about it and discuss it with her
fiancé. David says he isn’t sure. The counselor offers to be available by phone for
any questions, and would be glad to have future meetings with anyone in the family.

Discussion questions:

« In what ways should a genetic counselor address the emotions raised during a
session?
« How does the possibility of anticipation affect genetic counseling for HD?
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David and his wife return for counseling about 2 months later. They have come
to terms with David’s risk and also with their anger at John. They have decided that
it is better for David to know his status and prepare for the future than for them to
worry about David and their children. The couple feels that they could cope with a
positive result, although they would be even more worried for the children. How-
ever if he were to test positive, they intend to become part of an HD study so that
they can be connected to experts in the field. The couple decides not to share a
positive result with John and Jane for fear that this would cause great depression.
David goes through the HD protocol, is tested, and discovers that he has not
inherited the expanded HD gene.

2.7 Patient Resources

1. Huntington Disease Society of America (HDSA)
www.hdsa.org

* Web site for patients, families, friends, and caregivers. Information about
support groups and links to educational materials for download or purchase.

2. Huntington Disease Youth Organization (HDYO)
www.hdyo.org

*  Web site specifically targeted for younger persons. Forums, message boards,
and information specifically targeted to youth.

3. Understanding Behavior in Huntington Disease
http://www.hdsa.org/images/content/1/1/11704.pdf

» Free booklet authored by Jane Paulsen, PhD discussing difficult behaviors in
HD and strategies for intervention.

4. Mapping Fate: A Memoir of Family, Risk, and Genetic Research

e Written by Alice Wexler, who herself was at 50 % risk for Huntington
disease, about growing up with HD and then participating in the quest to
find the HD disease gene. A powerful tale for at-risk young people who ask
the question “what can I do?”

References

1. International Huntington Association and World Federation of Neurology. (1994). Interna-
tional Huntington Association and the World Federation of Neurology Research Group on
Huntington’s Chorea. Guidelines for the molecular genetics predictive test in Huntington’s
disease. Journal of Medical Genetics, 31(7), 555-559.


http://www.hdsa.org/
http://www.hdyo.org/
http://www.hdsa.org/images/content/1/1/11704.pdf

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

Huntington Disease 23

. Warby, S. C., Montpetit, A., Hayden, A. R., Carroll, J. B., Butland, S. L., Visscher, H.,

et al. (2009). CAG expansion in the Huntington disease gene is associated with a specific
and targetable predisposing haplogroup. The American Journal of Human Genetics, 84(3),
351-366.

. Wexler, N. S., Lorimer, J., Porter, J., Gomez, F., Moskowitz, C., Shackell, E., et al. (2004).

Venezuelan kindreds reveal that genetic and environmental factors modulate Huntington’s
disease age of onset. Proceedings of the National Academy of Sciences of the United States of
America, 101(10), 3498-3503.

. Huntington, G. (1872). On chorea. Medical and Surgical Reporter (Philadelphia), 26(15),

317-321.

. Blekher, T., Johnson, S. A., Marshall, J., White, K., Hui, S., Weaver, M., et al. (2006).

Saccades in presymptomatic and early stages of Huntington disease. Neurology, 67(3),
394-399.

. Paulsen, J. S., Nehl, C., Hoth, K. F., Kanz, J. E., Benjamin, M., Conybeare, R., et al. (2005).

Depression and stages of Huntington’s disease. The Journal of Neuropsychiatry and Clinical
Neurosciences, 17(4), 496-502.

. Schoenfeld, M., Myers, R. H., Cupples, L. A., Berkman, B., Sax, D. S., & Clark, E. (1984).

Increased rate of suicide among patients with Huntington’s disease. Journal of Neurology,
Neurosurgery and Psychiatry, 47(12), 1283-1287.

. Rosenblatt, A. (2007). Neuropsychiatry of Huntington’s disease. Dialogues in Clinical Neu-

roSciences, 9(2), 191-197.

. Peinemann, A., Schuller, S., Pohl, C., Jahn, T., Weindl, A., & Kassubek, J. (2005). Executive

dysfunction in early stages of Huntington’s disease is associated with striatal and insular
atrophy: A neuropsychological and voxel-based morphometric study. Journal of the Neuro-
logical Sciences, 239(1), 11-19.

Ho, A. K., Robbins, A. O., & Barker, R. A. (2006). Huntington’s disease patients have
selective problems with insight. Movement Disorders, 21(3), 385-389.

Stout, J. C., Paulsen, J. S., Queller, S., Solomon, A. C., Whitlock, K. B., Campbell, J. C.,
et al. (2011). Neurocognitive signs in prodromal Huntington disease. Neuropsychology, 25(1),
1-14.

Lee, J. M., Ramos, E. M., Lee, J. H,, Gillis, T., Mysore, J. S., Hayden, M. R., et al. (2012).
CAG repeat expansion in Huntington disease determines age at onset in a fully dominant
fashion. Neurology, 78(10), 690-695.

Rosenblatt, A., Kumar, B. V., Mo, A., Welsh, C. S., Margolis, R. L., & Ross, C. A. (2012).
Age, CAG repeat length, and clinical progression in Huntington’s disease. Movement Disor-
ders, 27(2), 272-276.

Paulsen, J. S. (2010). Early detection of Huntington’s disease. Future Neurology, 5(1), 85-104.
Siesling, S., Vegter-van de Vlis, M., Losekoot, M., Belfroid, R. D., Maat-Kievit, J. A., Kremer,
H. P., et al. (2000). Family history and DNA analysis in patients with suspected Huntington’s
disease. Journal of Neurology, Neurosurgery and Psychiatry, 69(1), 54-59.

Almgqvist, E. W., Bloch, M., Brinkman, R., Craufurd, D., & Hayden, M. R. (1999). A
worldwide assessment of the frequency of suicide, suicide attempts, or psychiatric hospitali-
zation after predictive testing for Huntington disease. The American Journal of Human
Genetics, 64(5), 1293-1304.

Phillips, W., Shannon, K. M., & Barker, R. A. (2008). The current clinical management of
Huntington’s disease. Movement Disorders, 23(11), 1491-1504.

Huntington Study Group. (2006). Tetrabenazine as antichorea therapy in Huntington disease:
A randomized controlled trial. Neurology, 66(3), 366-372.

Bonelli, R. M., & Hofmann, P. (2007). A systematic review of the treatment studies in
Huntington’s disease since 1990. Expert Opinion on Pharmacotherapy, 8(2), 141-153.
DiFiglia, M., Sena-Esteves, M., Chase, K., Sapp, E., Pfister, E., Sass, M., et al. (2007).
Therapeutic silencing of mutant huntingtin with siRNA attenuates striatal and cortical



24

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

M. Bower and P. Tuite

neuropathology and behavioral deficits. Proceedings of the National Academy of Sciences of
the United States of America, 104(43), 17204-17209.

. Andrew, S. E., Goldberg, Y. P., Theilmann, J., Zeisler, J., & Hayden, M. R. (1994). A CCG

repeat polymorphism adjacent to the CAG repeat in the Huntington disease gene: Implications
for diagnostic accuracy and predictive testing. Human Molecular Genetics, 3(1), 65-67.
Nance, M. A, Seltzer, W., Ashizawa, T., Bennett, R., McIntosh, N., Myers, R. H., et al. (1998).
ACMG/ASHG statement. Laboratory guidelines for Huntington disease genetic testing. The
American Journal of Human Genetics, 62(5), 1243-1247.

Potter, N. T., Spector, E. B., & Prior, T. W. (2004). Technical standards and guidelines for
Huntington disease testing. Genetics in Medicine, 6(1), 61-65.

Kremer, B., Goldberg, P., Andrew, S. E., Theilmann, J., Telenius, H., Zeisler, J., et al. (1994).
A worldwide study of the Huntington’s disease mutation. The sensitivity and specificity of
measuring CAG repeats. The New England Journal of Medicine, 330(20), 1401-1406.

Kelly, T. E., Allinson, P., McGlennen, R. C., Baker, J., & Bao, Y. (1999). Expansion of a
27 CAG repeat allele into a symptomatic Huntington disease-producing allele. American
Journal of Medical Genetics, 87(1), 91-92.

Chong, S. S., Almgqvist, E., Telenius, H., LaTray, L., Nichol, K., Bourdelat-Parks, B.,
et al. (1997). Contribution of DNA sequence and CAG size to mutation frequencies of
intermediate alleles for Huntington disease: Evidence from single sperm analyses. Human
Molecular Genetics, 6(2), 301-309.

Goldberg, Y. P., Kremer, B., Andrew, S. E., Theilmann, J., Graham, R. K., Squitieri, F.,
et al. (1993). Molecular analysis of new mutations for Huntington’s disease: Intermediate
alleles and sex of origin effects. Nature Genetics, 5(2), 174—179.

Semaka, A., Creighton, S., Warby, S., & Hayden, M. R. (2006). Predictive testing for
Huntington disease: Interpretation and significance of intermediate alleles. Clinical Genetics,
70(4), 283-294.

Laccone, F., & Christian, W. (2000). A recurrent expansion of a maternal allele with 36 CAG
repeats causes Huntington disease in two sisters. The American Journal of Human Genetics, 66
(3), 1145-1148.

Semaka, A., Warby, S., Leavitt, B. R., & Hayden, M. R. (2008). Re: Autopsy-proven
Huntington’s disease with 29 trinucleotide repeats. Movement Disorders, 23(12), 1794-1795.
Brocklebank, D., Gayan, J., Andresen, J. M., Roberts, S. A., Young, A. B., Snodgrass, S. R.,
et al. (2009). Repeat instability in the 27-39 CAG range of the HD gene in the Venezuelan
kindreds: Counseling implications. American Journal of Medical Genetics Part B: Neuropsy-
chiatric Genetics, 150B(3), 425-429.

Andrich, J., Arning, L., Wieczorek, S., Kraus, P. H., Gold, R., & Saft, C. (2008). Huntington’s
disease as caused by 34 CAG repeats. Movement Disorders, 23(6), 879-881.

Groen, J. L., de Bie, R. M., Foncke, E. M., Roos, R. A., Leenders, K. L., & Tijssen, M. A.
(2010). Late-onset Huntington disease with intermediate CAG repeats: True or false? Journal
of Neurology, Neurosurgery and Psychiatry, 81(2), 228-230.

Herishanu, Y. O., Parvari, R., Pollack, Y., Shelef, I., Marom, B., Martino, T., et al. (2009).
Huntington disease in subjects from an Israeli Karaite community carrying alleles of interme-
diate and expanded CAG repeats in the HTT gene: Huntington disease or phenocopy? Journal
of the Neurological Sciences, 277(1-2), 143—146.

Kenney, C., Powell, S., & Jankovic, J. (2007). Autopsy-proven Huntington’s disease with
29 trinucleotide repeats. Movement Disorders, 22(1), 127-130.

Ha, A. D., & Jankovic, J. (2011). Exploring the correlates of intermediate CAG repeats in
Huntington disease. Postgraduate Medicine, 123(5), 116-121.

Squitieri, F., Esmaeilzadeh, M., Ciarmiello, A., & Jankovic, J. (2011). Caudate glucose
hypometabolism in a subject carrying an unstable allele of intermediate CAG33 repeat length
in the Huntington’s disease gene. Movement Disorders, 26(5), 925-927.

Langbehn, D. R., Brinkman, R. R., Falush, D., Paulsen, J. S., Hayden, M. R., & International
Huntington’s Disease Collaborative Group. (2004). A new model for prediction of the age of



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Huntington Disease 25

onset and penetrance for Huntington’s disease based on CAG length. Clinical Genetics, 65(4),
267-2717.

Schneider, S. A., Walker, R. H., & Bhatia, K. P. (2007). The Huntington’s disease-like
syndromes: What to consider in patients with a negative Huntington’s disease gene test.
Nature Clinical Practice Neurology, 3(9), 517-525.

Babul, R., Adam, S., Kremer, B., Dufrasne, S., Wiggins, S., Huggins, M., et al. (1993).
Attitudes toward direct predictive testing for the Huntington disease gene. Relevance for
other adult-onset disorders. JAMA, 270(19), 2321-2325.

Creighton, S., Almgqvist, E. W., MacGregor, D., Fernandz, B., Hogg, H., Beis, J., et al. (2003).
Predictive, pre-natal and diagnostic genetic testing for Huntington’s disease: The experience in
Canada from 1987 to 2000. Clinical Genetics, 63(6), 462-475.

Quaid, K. A., & Morris, M. (1993). Reluctance to undergo predictive testing: The case of
Huntington disease. American Journal of Medical Genetics, 45, 41-45.

Klitzman, R., Thorne, D., Williamson, J., Chung, W., & Marder, K. (2007). Decision-making
about reproductive choices among individuals at-risk for Huntington’s disease. Journal of
Genetic Counseling, 16(3), 347-362.

Decruyenaere, M., Evers-Kiebooms, G., Boogaerts, A., Philippe, K., Demyttenaere, K., Dom,
R., et al. (2007). The complexity of reproductive decision making in asymptomatic carriers of
the Huntington mutation. European Journal of Human Genetics, 15(4), 453-462.
Broadstock, M., Michie, S., & Marteau, T. (2000). Psychological consequences of predictive
genetic testing: A systematic review. European Journal of Human Genetics, 8(10), 731-738.
Duncan, R. E., & Delatycki, M. B. (2006). Predictive genetic testing in young people for adult-
onset conditions: Where is the empirical evidence? Clinical Genetics, 69(1), 8-16.

Mand, C., Gillam, L., Duncan, R. E., & Delatycki, M. B. (2013). “It was the missing piece”:
Adolescent experiences of predictive genetic testing for adult-onset conditions. Genetics in
Medicine, 15(8), 643—649.

Nance, M. A., & Myers, R. H. (2001). Juvenile onset Huntington’s disease: Clinical and
research perspectives. Mental Retardation and Developmental Disabilities Research Reviews,
7(3), 153-157.

Lehman, K., & Nance, M. (2013). Family history and juvenile Huntington disease: Do the
signs point to “yes” or “very doubtful?”. Neurology, 80(11), 976-977.



Chapter 3
Parkinson Disease

Matt Bower and Paul Tuite

Although some earlier historic references exist, it was Dr. James Parkinson, in his
1817 manuscript, “An Essay on the Shaking Palsy,” who provided the first detailed
clinical description of the disease that now bears his name. In this work, he
described the tremor, slow movements, stooped posture, and characteristic gait
associated with what is now known as “Parkinson disease.” Parkinson disease
(PD) is the second most common neurodegenerative disease after Alzheimer
disease, affecting approximately 1 % of individuals over 60 years of age [1, 2].

3.1 Clinical Presentation

(PD video clip Part 1)

PD falls under the broader diagnostic category of “parkinsonian” conditions, all
of which share some of the features of PD, but each has additional features that
distinguish it from PD. Thus parkinsonian individuals, i.e., those with parkinson-
ism, have some combination of the triad of clinical findings including tremor,

Electronic supplementary material Supplementary material is available in the online version of
this chapter at 10.1007/978-1-4899-7482-2_3. Videos can also be accessed at http://www.
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bradykinesia (slow movements), and muscle rigidity. The distinct clinical parkin-
sonian entities include:

Parkinson disease: PD is the most common form of parkinsonism. The diagnosis
is based upon the presence of a resting tremor (although 25 % of patients lack
tremor), bradykinesia, and muscle rigidity [3]. Additional clinical findings that
increase the accuracy of diagnosis include a good response to dopaminergic
medication, asymmetric onset of limb symptoms, and absence of findings sugges-
tive of atypical parkinsonism (see below) [4]. The gold standard for diagnosis is
postmortem neuropathology demonstrating gliosis in the substantia nigra, loss of
dopamine-producing neurons in the substantia nigra, and the presence of Lewy
bodies in surviving neurons [5].

Atypical parkinsonism or “Parkinson plus” syndromes: Several distinct clinical
and pathological entities have been described in which the core features of parkin-
sonism are accompanied by additional neurologic findings:

Progressive Supranuclear Palsy (PSP): PSP is distinguished from Parkinson
disease by the presence of vertical gaze palsy (inability to look up or down), a
tendency early in the course of the disease toward backward falls, and a lack of
response to typical PD medications [6]. Pathologically, PSP is characterized by
tau inclusions, rather than the Lewy body pathology seen in Parkinson disease.
While PSP is typically a sporadic disease, familial cases have been described and
mutations in the MAPT gene have been identified in a limited number of families
[7, 8].

Corticobasal syndrome (CBS): CBS is the name given to the combination of
clinical symptoms that accompany the pathologic entity corticobasal degenera-
tion (CBD). CBS may or may not have CBD pathology. Key findings that
distinguish CBS from PD include the ‘“alien limb” phenomenon, in which a
patient feels that an arm or leg is foreign or has a “mind of its own,” apraxia (loss
of ability to perform a previously acquired motor task, such as imitating hand or
foot movements), and cortical sensory deficits (e.g., inability for a patient with
closed eyes to identify an object in their palm or a number drawn on their hand;
the patient can feel the tracing or object, but cannot identify specifically what is
happening or what is in their hand.) Patients may also have primary progressive
aphasia, a progressive language disorder [9, 10]. While most cases of CBS are
sporadic, rare mutations have been identified in the MAPT, GRN, and C9orf72
genes in autosomal dominant families [11-13].

Multiple system atrophy (MSA): MSA has a cerebellar (MSA-C), autonomic
(MSA-A), and parkinsonian (MSA-P) presentation. MSA is typically distin-
guished from PD by the presence of parkinsonism with early autonomic impair-
ment (bladder/sexual dysfunction and/or blood pressure dysregulation), ataxia,
brisk reflexes, and a lack of response to dopaminergic therapy [14]. Pathologi-
cally, MSA is characterized by alpha-synuclein inclusions in glial cells. MSA is
typically a sporadic condition.

Lewy body dementia: Lewy body dementia (LBD) is the second most common
form of dementia and is usually accompanied by features of parkinsonism. LBD
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is pathologically characterized by the presence of Lewy bodies in the brainstem
and the cerebral cortex. Individuals with LBD usually have onset of motor
features (parkinsonian features) and cognitive changes within a year or two of
one another, and typically have fluctuating cognition and vivid visual halluci-
nations [15]. Mutations in the GBA gene have been identified as risk factors for
Lewy body dementia [16].

Parkinsonism as a feature of a complex syndrome: Parkinsonism may be a
component of numerous Mendelian conditions including mitochondrial conditions,
recessive conditions (e.g., neurodegeneration with brain iron accumulation), auto-
somal dominant conditions (e.g., spinocerebellar ataxia type 3), and X-linked
conditions (e.g., fragile X tremor ataxia syndrome).

3.2 Diagnosis

The early features of PD are often subtle so establishing a firm diagnosis may
require following a patient over several months or years, depending on how early
the patient presents and how quickly the disease progresses. Initial complaints that
may prompt clinical evaluation include fatigue, stiffness, loss of dexterity, and
dragging of the foot [17]. Friends, coworkers, and family members may note
changes in facial expressions, smaller handwriting, softening in the tone or volume
of speech, and flexed arm posture with reduced arm swing when walking.

In retrospect, many patients and families can recall “prodromal” features of PD
that may have seemed irrelevant at the time, such as a loss of the sense of smell or
unusual REM sleep behaviors. These prodromal findings reflect the fact that PD
pathology is often present in other parts of the nervous system before the subcor-
tical motor systems, i.e., the basal ganglia.

On the clinical examination, physicians look for slowed movements or
“bradykinesia.” While bradykinesia may be apparent to the experienced clinician
simply from observing the patient in the examination room, a formal assessment of
bradykinesia includes asking patients to tap their finger and thumb together quickly,
or tap their foot on the ground. Patients with PD have slower than expected
movements with a reduction in amplitude after repetition of the task. These findings
are typically more obvious on one side of the body.

Resting tremor, which is often the most recognizable sign of PD to lay observers,
is not universally present. The PD tremor is primarily a “pill-rolling” movement of
the hand when the arm is at rest, but action tremor may also be seen in the arm, leg,
or jaw. In some cases, physicians need to employ strategies to elicit a resting
tremor, such as asking a patient to perform a motor task with the opposite limb.
Rigidity, or muscle stiffness, is another cardinal feature of PD, and can be assessed
through physical examination.

Diagnostic imaging, e.g., MRI or CT scanning, is used to exclude potentially
treatable causes of parkinsonism (e.g., stroke, infection, tumors). However,
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traditional imaging techniques do not provide confirmation of PD. Through changes
in binding of a radioactive tracer, the new scanning technique, DaTSCAN™, can
now demonstrate a loss of dopamine in the basal ganglia. This test can provide
supportive evidence of a degenerative parkinsonian condition, but cannot distin-
guish PD from MSA or any other atypical parkinsonian disorders [18].

3.3 Treatment and Management

There is currently no cure for PD and no intervention known to delay the progres-
sion of the disease. While the disease itself cannot be cured, many of the troubling
motor symptoms respond to treatment.

Medications: Many patients decide to forgo any active treatment until motor
symptoms reach a point of significantly interfering with daily living. At that point,
treatment addresses dopamine depletion with dopamine-enhancing medications.
While most patients have some benefit, these medicines (levodopa, dopamine
agonists, etc.) can result in side effects that some patients may not tolerate,
including dyskinesia and personality changes. Numerous pharmacologic options
can aid in the management of motor findings [18, 19].

Physical/Occupational therapy: Clinical trials have shown efficacy of specific
interventions such as the LSVT BIG and LSVT LOUD programs [20, 21]. These
programs focus on retraining the motor components of limb movements and voice.
Because people with PD have slow, low-amplitude movements, these therapies
train patients to make exaggerated movements (or use exaggerated speech) in order
to “retrain the brain” to produce larger movements and to retrain the sensory system
to recognize such movements as normal [22].

Deep brain stimulation (DBS) surgery: Neurosurgical treatment of Parkinson
disease was first attempted in the 1950s with some success. Initial efforts caused a
physical lesion in specific brain regions to eliminate abnormal basal ganglia motor
signals. More recently, deep brain stimulation (DBS) has emerged as a treatment
option for patients whose motor symptoms cannot be effectively managed with
clinical therapies. DBS surgery involves the implantation of electrodes in basal
ganglia structures. This surgery is not without risks, and patients are typically
carefully screened to ensure that all attempts to manage their symptoms medically
have been considered. Not all aspects of PD respond to DBS surgery, and it is
critical that patients have realistic expectations of the potential risks and benefits of
this surgery [23].
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3.4 Genetics

(PD video clip Part 2)

Historically, PD has been viewed as a “non-genetic” disease because, with the
exception of rare Mendelian families, most affected individuals do not report an
affected family member amongst their close relatives. However, early epidemio-
logical studies suggested a role for genetics in the etiology of idiopathic PD [24,
25]. Subsequent studies have confirmed the importance of genetic factors in early-
onset cases, while the role of genetics in later-onset cases appears to be minimal
[26, 27]. Despite many large genome wide association studies, the genetic basis of
idiopathic later-onset PD remains largely unknown [28].

3.4.1 Autosomal Dominant Mendelian PD

The first Mendelian form of Parkinson disease was described in 1997 in four Italian
and Greek families [29]. These families demonstrated an autosomal dominant
pattern of inheritance with typical Lewy body pathology. A heterozygous p.
Ala53Thr mutation in the a-synuclein gene (SNCA) was identified in affected
family members from all four families. Subsequent haplotype analysis suggested
a common founder. Since that time, additional Swiss and Korean families with the
p-Ala53Thr mutation have been identified, suggesting that this mutation arose
independently in other populations.

Since the initial reports, a limited number of additional SNCA point mutations
and pathogenic copy number variations (both duplications and triplications) have
been identified [29, 30]. Overall, SNCA mutations appear to be a rare cause of
PD. Nevertheless, the discovery of SNCA-related PD led to the understanding that
the pathologic hallmark of PD, Lewy bodies, is composed of alpha-synuclein
protein [31].

A heterozygous p.lle93Met mutation in the UCHLI gene has been reported in a
single family with apparently autosomal dominant PD [32]. As no other PD-causing
mutations have ever been reported in this gene, some have cast doubt on the
pathogenicity of the original mutation [33]. Several other rare autosomal dominant
PD genes have been described [39], and mutations in genes such as GRN and MAPT
may result in autosomal dominant frontotemporal dementia with parkinsonism or in
dominant forms of atypical parkinsonism [34].

3.4.2 Autosomal Dominant “Risk Factors”

Perhaps the most significant advance in PD genetics came with the discovery of two
genes that confer autosomal dominant susceptibility to PD: LRRK2 and GBA. These
findings were most notable for how common they were, and despite their frequency,
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how long they remained undetected by clinicians and scientists [35, 36]. The LRRK2
gene is a large gene with 51 coding exons throughout which numerous missense
variants have been identified. To date, there is convincing evidence of pathogenicity
for a limited number of LRRK?2 variants and most laboratories limit their analysis to
these variants. Comprehensive studies of additional LRRK?2 variants have been
published, but the evidence for pathogenicity of other variants is limited enough
that full sequencing of the LRRK2 gene is not recommended in most cases [37].
Several studies have sought to quantify both the frequency of LRRK2 mutations
in sporadic and familial PD and the penetrance of PD in mutation carriers. Most
studies have focused on common variants, such as the p.Gly2019Ser mutation. This
particular mutation is seen in approximately 1 % of individuals with sporadic PD
and 4 % of individuals with familial PD [38]. The frequency of particular mutations
varies widely by ethnicity with the highest mutation frequency for the p.
Gly2019Ser mutation noted in those with North African or Ashkenazi Jewish
ancestry (37 % and 18 % of familial PD, respectively) [38, 39]. Due to founder
effects, other mutations may be seen with higher frequency in other ethnicities, such
as the p.Argl1441Gly mutation in individuals with Basque ancestry [35]. The most
comprehensive penetrance data has been published for individuals with the p.
Gly2019Ser mutation. While studies have reached differing numerical conclusions
regarding penetrance, penetrance is age-dependent, but incomplete [38]. Published
lifetime penetrance figures range from 30 to 74 %. Despite this incomplete pene-
trance, much of the literature considers LRRK?2 an autosomal dominant gene [40].
While it was surprising that a common genetic risk factor such as LRRK?2
remained undetected until 2004, it was even more surprising that the link between
GBA mutations and Parkinson disease was not firmly established until 2009
[41]. Homozygous and compound heterozygous GBA mutations had long been
known to cause the lysosomal storage disease Gaucher disease. The possibility
that glucocerebrosidase deficiency could contribute to parkinsonism was raised
based on clinical observations of parkinsonism in some individuals with Gaucher
disease [42]. It became clear that PD was much more common in the relatives of
people with Gaucher disease and, therefore, that a heterozygote GBA mutation
conferred risk of PD. Since Ashkenazi Jews have a much higher carrier frequency
than other populations (with the N370S mutation being the most common founder
mutation in this population), the prevalence of a GBA mutation in Ashkenazi Jews
with PD is 10.7-31.3 % depending on study methodology. Prevalence of a mutation
in other populations is 2.3-9.4 %. PD caused by GBA mutation tends to have an
earlier age of onset and more frequent occurrence of dementia than idiopathic PD
[43]. The actual risk of a GBA carrier to develop PD is unknown, but appears to be
low. Thus, genetic testing of asymptomatic individuals is generally not advised.

3.4.3 Autosomal Recessive Mendelian PD

Mutations in the PARK?2 (Parkin) gene were first identified in autosomal recessive
juvenile onset (<20 years) Parkinson disease and later in individuals with “young
onset” Parkinson disease (<45 years). While PARK2 mutations are said to cause
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juvenile onset “Parkinson disease,” important clinical and pathological differences
exist between Parkin-related PD and idiopathic PD disease. First, patients with
Parkin-related disease usually lack the characteristic neuropathologic finding of
Lewy bodies that define PD [44]. Second, in spite of a relatively young age of onset,
patients with Parkin-related PD often have a prolonged and more benign course
than individuals with typical PD. This is in contrast to many other neurodegener-
ative diseases where younger age of onset is often correlated with a more rapid
clinical course. Finally, patients with Parkin-related disease differ clinically from
patients with typical PD in that they typically do not lose their sense of smell
(anosmia), often present with dystonia and brisk reflexes early in the course of the
disease, and typically respond very well to sustained treatment with oral levodopa
[45, 46].

Mutations in two other genes have now been convincingly associated with
autosomal recessive early-onset PD. Mutations in the PARK7 (DJ-1) gene were
initially described in consanguineous families from Italy and the Netherlands
[47]. Subsequently, mutations in the PINKI (PARK6) gene were identified in
several consanguineous families with early onset parkinsonism [48]. Interestingly,
the PARK7 and PINK genes reside physically close to one another on chromosome
1p36. With over 30 mutations of every variety, from point mutations to copy
number variants, PINKI is the second most common autosomal recessive cause
of PD [49].

Some controversy exists as to whether or not carrier status for a single recessive
early-onset PD mutation is a risk factor for later onset “idiopathic” PD. This
observation was initially based on findings of single mutations in individuals with
PD, as well as an increased risk for PD in carrier relatives of probands with
autosomal recessive PD. However, findings based on different methodologies are
still inconclusive [50] (Table 3.1).
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Table 3.1 Genetic risk factors for PD

Rare Mendelian parkinsonism

Dominant typical PD Dominant atypical PD Recessive typi- | Recessive atypi-
cal PD cal PD

SNCA mutations ATXN2 (SCA2) PARK?2 PLA2G6
(PARKIN)

SNCA duplication/ ATXN3 (SCA3) PARK6 ATP13A2

triplication (PINK1)

LRRK2 PARK7 (DI1)

Dominant risk factors

Common variants with moderate effects

GBA carrier status

Possible risk genes

Carrier status for Dominant genes with limited | Common SNPS with small effect
recessive PD evidence

PARK?2 UCHLI MAPT

PINK1 VPS35 SNCA (common variants)
PARK7 FBX07 Others

3.5 Genetic Counseling Issues

Since PD is a common disorder, family history can be complicated by the
co-occurrence of both the genetic and sporadic forms of the disease in the same
pedigree. Reduced penetrance and late disease onset may mask the presence of
hereditary forms of parkinsonism. Finally, exclusion of the familial genetic risk
factor does not preclude development of the idiopathic form of the disease.

When reviewing a family history for Parkinson disease, genetic counselors
should be aware that some individuals with parkinsonism might not have actually
received a formal diagnosis. Thus, in addition to asking about other family members
with Parkinson disease, genetic counselors should ask about the presence of specific
symptoms such as stooped posture, shuffling gait, “masked” facial appearance, and
tremor. Genetic counselors should be aware that contrary to common perceptions, a
significant proportion of patients with PD do not manifest tremor. The presence of
other neurologic diseases in the family (e.g., dementia, motor neuron disease,
ataxia) that might point to a specific Mendelian cause should also be explored.
Ethnic background may provide important clues, as is the case of common LRRK?2
variants in the Basque, Ashkenazi Jewish, or North African populations.

Several distinctive aspects of genetic counseling for PD include:

¢ The variety of inheritance patterns documented in familial parkinsonism includ-
ing autosomal dominant, autosomal recessive, and autosomal dominant with
reduced penetrance.
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* The possibility that Mendelian forms of PD may not behave as traditional
dominant or recessive conditions (e.g., carriers of PARK2 mutations may have
a risk for later-onset PD).

e The fact that some of the most common genetic PD risk factors, GBA mutations,
are often evaluated as part of prenatal or pre-conception genetic testing. Thus,
carrier status for these risk factors may be identified in the unrelated context of
reproductive decision-making. It is not clear to what extent couples are
counseled about the risk for PD when having this testing.

¢ The extremely common nature (and reduced penetrance) of some genetic risk
factors for PD, including LRRK2 mutations and GBA mutations.

e The availability of direct-to-consumer testing for some of the PD genes includ-
ing LRRK?2.

3.6 Case History (Fig. 3.1)

Sandy is a 58-year-old woman who presents for a movement disorders evaluation.
In the past year, she noticed difficulty buttoning blouses, her right leg drags
“causing her to trip” when walking, and difficulty getting out of bed in the morning
because of stiffness. She has a slight right-handed rest tremor, especially when she
is meeting with clients at work. She is aware that her colleagues have noticed the
tremor and this has been embarrassing for her. Although she does not write very
often, her handwriting has become smaller and her typing is slower.

Sandy’s husband and two adult children, Ben and Lucille, accompany her to
clinic. Sandy is concerned about the possibility of Parkinson disease (PD) because
both her father and her brother were diagnosed with PD. Due to the significant
family history, the neurologist asks the genetic counselor to join the conversation.

Sandy reports that, other than the symptoms mentioned above, she is in good
health. Upon further questioning, she reveals that her sense of smell has diminished
over the past few years. Her husband adds that Sandy has been “acting out her
dreams” at night. At one point, she struck her husband during a particularly vivid
dream. Since that time, they have slept in separate beds.

Neurologic examination reveals subtle findings suggestive of PD. Sandy’s finger
tapping is slower on her right side and her right arm swing is reduced when she
walks. Sandy has a right-sided rest tremor. The neurologist explains that, given her
family history, the features on examination suggest PD. He discusses additional
evaluations that might provide insight. Much to the family’s frustration, he explains
that sometimes it takes several visits to confidently establish or exclude a diagnosis
of PD.

By this point in the visit, Sandy is quite distraught. She saw this same process
play out in her father and brother, and says, “I know how this story ends.” The
neurologist and genetic counselor suggest that it might be helpful to schedule
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Fig. 3.1 PD case history
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another visit in 2—4 weeks to further discuss the family history and potential genetic
implications. The family agrees and schedules a return appointment.

At the return visit, Sandy indicates that her father was the first person in the
family to be diagnosed with PD. He had a hand tremor beginning in his 60s.
Subsequently, he developed a shuffling gait and a “masked” facial expression.
His symptoms improved somewhat with medication, but they eventually
progressed and he passed away in his mid-70s from respiratory complications.
During his last years, the family noticed growing cognitive difficulties. Many
years later, Sandy’s brother was evaluated for PD at age 60. After seeking several
“second” opinions, he was formally diagnosed with PD at age 62. At age 68, he had
deep brain stimulation surgery to improve his tremor. The surgery provided with
him with significant benefit.

In asking about extended family history, Sandy notes that her paternal grand-
mother was “stiff and slow” near the end of her life. Otherwise, no other neurologic
disease was reported in the family. Sandy indicates that her father’s family was
Ashkenazi Jewish and that her mother’s family was Norwegian (Fig. 3.1).

The discussion then turns to the genetics of PD. Sandy and her family had been
reassured in the past that PD was “not a genetic disease.” However, the recent
diagnosis of her brother has created significant concern. The genetic counselor
begins by stating that, in most cases, PD is a multifactorial condition caused by the
interaction of numerous genetic and environmental factors. However, genetic forms
of PD do occur. Because of the family history and late age of onset, an autosomal
dominant form of the disease is possible in Sandy’s family.

The counselor discusses the recent discovery of autosomal dominant risk factors for
PD, including the LRRK2 and GBA genes. These genes are of particular concern given
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the Ashkenazi Jewish ancestry in the family. The counselor explains that variants in
these genes confer an increased risk for PD, but they are not fully penetrant risk factors.
At this point, the genetic counselor notes that Sandy’s son has become with-
drawn and looks quite upset. When the counselor asks Ben about his reaction, he
states that he and his wife are planning a family. As part of the planning, he had
carrier testing for the more common Ashkenazi Jewish diseases. His testing
revealed that he is a carrier of Gaucher disease, with a single copy of the GBA
N370S mutation. While this news had initially been surprising to him, his wife had
tested negative for GBA mutations so they had been reassured that Ben’s carrier
status for Gaucher disease was unlikely to be of any consequence to his future
children. The relationship between GBA mutations and Parkinson disease risk had
not been discussed. At this point, Sandy’s husband interrupts Ben saying, “This
isn’t about you!” Ben quietly withdraws, while his younger sister begins to cry.

Discussion questions:

¢ What are the most effective strategies to confront the different issues facing each
of the family members?

« What responsibilities do genetic counselors in reproductive and/or pediatric
settings have to discuss risks for adult onset neurologic disease when testing
patients for potential reproductive risks (e.g., GBA mutations and PD or FMR1
premutations and fragile X tremor ataxia syndrome)?

* What value is there in identifying genetic susceptibility to adult onset neurologic
disease when there is not a clear intervention that will prevent or delay the onset
of the disease?

* What approaches might be effective to introduce the idea of genetic suscepti-
bility when families believe a disease to be “non-genetic”?

The genetic counselor acknowledges the significance of this unanticipated
potential connection between Ben’s Gaucher carrier status and his mother’s par-
kinsonism. What had been an abstract concept of genetic risk for PD has become a
very concrete reality with a specific name: GBA. The counselor acknowledges that
Ben’s GBA mutation could explain, in part, the PD in the family. Without formally
testing Sandy, however, this is only an assumption. The counselor also acknowl-
edges that this information has a direct impact on everyone present. Sandy and her
husband indicate to the counselor that they would like to take some time to think
about this information and they are not yet ready to have genetic testing. Ben and
Lucille agree that it would be best to have time to absorb this information. The
counselor tells the family that she will check in with them when they come for
follow-up care with the neurologist.

Eventually, Sandy decides that she wants testing for the GBA N270S mutation
and also for LRRK2 mutations. As expected, her testing demonstrates that she is
heterozygous for the GBA N270S mutation, but negative for LRRK?2. She indicates
that, while she was initially upset, her son has become involved in a research project
for individuals with genetic risk for PD. Sandy’s daughter, on the other hand, has
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decided that she would rather not know her status for the time being. She under-
stands that even if she carries the gene mutation, she might never develop PD.

3.7 Patient Resources

1. Parkinson’s Disease Foundation: www.pdf.org

2. Michael J. Fox Foundation for Parkinson’s research: http://www.michaeljfox.
org

3. We Move: Worldwide Education and Awareness for Movement Disorders:
http://www.wemove.org

4. National Parkinson Foundation: http://www.parkinson.org
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Chapter 4
Dystonia

Jeff L. Waugh and Trisha Multhapt-Buell

Dystonia is a movement disorder recognized by abnormal fixed positions and
twisting movements. It is often elicited by specific actions—for example, attempts
at writing may cause the hand to flex or twist into painful and non-functional
positions, while other movements with the same hand are performed normally.
Simultaneous contraction of agonist—antagonist muscle pairs is common, as is
overflow of movement from the desired muscles to others in close proximity.
Dystonia can affect any muscle, but favors those involved in finely controlled or
coordinated movements, such as the hand, vocal cords, or foot and ankle. Dystonia
is the third-most common movement disorder, following Parkinson disease and
essential tremor.

The typical site of onset for dystonia varies by age: in adults, the most common
sites are the neck, face and/or eyelids, and hand; in children, onset in the leg or foot
is most common, followed in frequency by the hand. Adult dystonia tends to remain
focal, with little spread beyond contiguous body parts. Childhood-onset dystonia,
loosely defined as having onset before the mid-20s, typically generalizes to both
sides of the body and/or large segments of the body. Although most inherited
dystonias can present with a wide range of body locations and age at onset, they
generally have “textbook™ presentations.

Electronic supplementary material Supplementary material is available in the online version of
this chapter at 10.1007/978-1-4899-7482-2_4. Videos can also be accessed at http://www.
springerimages.com/videos/978-1-4899-7481-5.
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When dystonia is the only neurologic symptom it is termed primary dystonia.
This definition allows for tremor in the affected body part, though such a tremor
should generally be less problematic than the dystonia. Conditions that include
other movement disorders with dystonia are referred to as dystonia plus syndromes.
Secondary dystonias occur when the movement disorder follows an identified or
suspected injury, such as stroke, trauma, or premature birth. Additionally, second-
ary dystonias can result from an occult injury (or ongoing, progressive injury, such
as an expanding tumor), making brain MRI an important but not obligatory part of
an evaluation. Though secondary dystonias will not be discussed further in this
chapter, these nonheritable causes of dystonia should be excluded before any
genetic testing. When the diagnostic workup recognizes a more widespread neuro-
logic disorder resulting in abnormal development or progressive loss of function,
the term heredodegenerative dystonia is applied.

By characterizing a patient on these few axes—age at onset, location at onset,
rate of progression, and presence of other neurologic symptoms—one can often
narrow down the possible causal genes or loci. In this chapter, we will review the
most commonly encountered genetic dystonias, as well as a few treatable syn-
dromes that should never be overlooked (Fig. 4.1).

4.1 General Genetic Counseling Issues for All Dystonia

The majority of people with primary dystonia will not qualify for genetic testing.
Dystonia genes are still being identified, and clinical genetic testing may not be
readily available for some dystonia genes. Most adults with dystonia have symptom
onset after age 30 and have no relatives with a childhood-onset dystonia, and thus,
do not qualify for genetic testing. Children with symptoms of primary dystonia or
another non-secondary dystonia qualify for testing with or without a family history
of dystonia, given the reduced penetrance of many dystonia genes.

For dystonia, genetic testing can confirm a clinical diagnosis and provide
individuals and families information about recurrence risk. However, in most
cases, the genetic test result will not change treatment recommendations. Therefore,
insurance may not pay for testing. Additionally, it is important to remind patients of
the possibility of false negative results due to testing methodology or unidentified
dystonia-related genes.

For relatives interested in predictive testing, in all but a few exceptional cases,
mutations must be identified first in an affected family member before testing an
unaffected individual. This recommendation is due to the following: (1) Most
dystonias do not have associated gene mutations (the associated gene has not
been identified). (2) Finding variants of unknown significance is becoming more
common in these genes, and will become even more common when testing is
performed using whole genome or exome sequencing.

When presymptomatic testing is an option, patients must understand the reduced
penetrance and variable expressivity associated with dystonia gene mutations and
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Age at Onset, Inheritance Penetrance
Siteof  Likelihood of Clinical
Onset  Generalization Gene Features
DYT1 Autosomal TOR1A 30-40% Rapidly generalizes
Dominant Abnormal gait is norm
o i
DYT3 X-linked  TAF1 1000% Only in Filipino
Recessive, likely, but ancestry
rare fem.  contro- 50% develop
0 i reported  versial parkinsonism, late
DYT5a Autosomal GTP cyclo-  Low, Normaldevelopment,
Dominant hydrolase  2-3x mood d/o, OCD.
F>M Symptoms worsen
during day, improve
with rest: gait disorder.
In adults, may present
as focal dystonia or
9 121500 I [ parkinsonism
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Fig. 4.1 Syndromes with Dystonia as the Presenting or a Predominant Feature—Primary dystonias
or dystonia-plus syndromes that commonly begin with dystonia and can onset in adulthood are listed.
The most common sites of dystonia-onset are indicated on the homunculus in red, with less-common
sites of onset in green. The distribution in age of onset is indicated by a blue bar, with mean age
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the possibility of phenocopies. To accomplish this, clinicians should first require a
pretest genetic counseling session and then clinical evaluation by a movement
disorder specialist. It should be explained that symptoms of dystonia can be subtle
such that assumed presymptomatic testing may become symptomatic testing after
the neurological evaluation. Whenever possible, a face-to-face result counseling
session should be utilized.

Most patients are compliant with this protocol, and many choose not to go
forward with testing after genetic counseling. Those who choose not to test often
feel that identification of a mutation would only increase their worry without means
to ameliorate their anxiety or reduce their risk. Parents of affected children may
choose to forego genetic testing to avoid the burden of guilt. Those patients who
proceed with testing usually cope well with their results. Common reasons for
testing include discomfort with uncertainty and clarification of recurrence risk for
their children.

4.1.1 Family History Questions Pertinent to Dystonia

Pertinent family history questions should document any neurological or psychiatric
condition with age of onset and age of death. When taking the pedigree, the patient
and informant should be asked the following questions:

« Did anybody have dystonia, tremor, or Parkinson disease?

* Did anybody have any movement problems?

« Did anyone have difficulty with handwriting, walking, or eating?

» Did anyone have difficulty with speech or speech quality?

« Did anybody have a mental illness, especially chronic depression, anxiety, or
obsessive-compulsive disorder?

e Was anyone in a nursing home or mental institution? If so, why?

e Was anyone alcoholic?

4.2 The Primary Dystonias

Dystonia unaccompanied by other neurological symptoms is called a primary
dystonia. Primary dystonia’s prevalence is estimated to be 152—-330 per million
[1]. Primary dystonia can be subdivided depending on symptom distribution, such

Fig. 4.1 (continued) indicated by a blue diamond, and rare but reported outliers indicated by
extralinear blue dashes. Typical rates of progression and likelihood of generalization are indicated
by red plots. Note that homunculi and plots represent the most common clinical presentations, but
variations on these axes are not uncommon
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as generalized, hemi-dystonia, segmental, multifocal, and focal dystonia. We will
focus on those types for which genes have been identified; however, there will be
many patients who have primary dystonia and no genetic diagnosis. For example,
adult-onset focal dystonia is the most common type of dystonia, and most of these
dystonias are primary without known genetic associations (Tables 4.1 and 4.2).

4.2.1 Clinical Presentation

Primary dystonia, also known as idiopathic or primary torsion dystonia (PTD), has
a broad clinical expression. Symptoms can begin in any voluntary muscle and can
remain locally restricted or can spread. The progression of symptoms is typically
gradual over the course of months or years. Onset can occur at any age, but age of
onset is commonly categorized as early-onset dystonia occurring before age 26 and
late-onset dystonia occurring after age 26.

In children and adolescents, PTD usually begins in an arm or a leg and spreads to
other body regions. Early-onset PTD represents a small percentage of all dystonia
cases, but a large portion of these can be attributed to the genes, TORI/A and
THAPI. Recently, a causal gene for late-onset PTD was identified, GNAL [2].

DYTI (TORIA)-associated dystonia:

DYT]1 dystonia is the most common cause of early-onset generalized dystonia.
Approximately 50 % of individuals with early-onset generalized dystonia begin-
ning in a limb have a heterozygous TORI/A mutation. For people who are of
Ashkenazi Jewish descent and have early-onset generalized dystonia, as many as
80 % have a TORIA mutation [1].

Only 30-40 % percent of individuals with DYT1 develop PTD; thus, reduced
penetrance is a significant issue. In 90 % of individuals with DYT1 dystonia,
symptoms begin in a limb before age 21 (mean 13 years), and in about 65 %,
symptoms progress to generalized or multifocal involvement [1].

DYT6 (THAPI)-associated dystonia

Another type of early-onset PTD, THAPI-associated dystonia, accounts for
about 1% of all primary dystonias and up to 25 % of multiplex families with
early-onset and non-focal dystonia [1]. The penetrance of DYT6 mutations is
estimated to be 60 %.

Symptoms of DYT6 usually begin in the arm (50 %) or cranial or neck muscles
(25 % each) at an average age of 16 (range: 5-62 years) [2]. Symptom onset in the
leg is rare, but speech involvement is common. Symptoms progress to other body
regions in over 50 % of cases.

GNAL-associated dystonia

Identified in 2012, mutations in GNAL cause late-onset PTD (mean 31 years,
range 7-54).

Cervical muscles are the most common site of onset (82 %), with cranial onset
including face, jaw/tongue and larynx being the second most common site (18 %).
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Table 4.1 Primary dystonia

J.L. Waugh and T. Multhapt-Buell

Designation

Dystonia type

Inheritance

Penetrance

Gene
locus

Gene/product

DYT1

Early-onset gener-
alized primary tor-
sion dystonia

AD

Reduced
(30 %)

9q

TORI1A/torsinA

DYT2

Early-onset pri-
mary torsion
dystonia

AR

n/a

Unknown

Unknown

DYT4

“Non-DYT1” pri-
mary torsion dys-
tonia: whispering
dysphonia,
extrusional tongue
dystonia and
“hobby horse gait”

AD

Complete
(100 %)

19p13.12—
13

TUBB4/p-tubulin
4a

DYT6

Adolescent-onset
torsion dystonia of
mixed type

AD

Reduced
(60 %)

8p21—q22

THAPI/THAP1

DYT7

Adult-onset focal
torsion dystonia:
prominent cervical
involvement

AD

n/a

18p

Unknown

DYT13

Adolescent onset
multifocal/seg-
mental dystonia:
prominent
craniocervical
involvement

AD

Reduced

1p36.32—
p36.13

Unknown

DYT17

Adolescent onset
segmental dysto-
nia: prominent
cervical-laryngeal
involvement

AR

n/a

20p11.22—
ql3.12

Unknown

DYT21

Later-onset pri-
mary torsion dys-
tonia: prominent
cranial/cervical or
hand involvement

AD

Slightly
Reduced

2q14.3-
q21.3

Unknown

DYT23

Late-onset primary
torsion dystonia:
prominent cervical
involvement

AD

9q34.11

CIZ1/ CDKNIA-
interacting zinc
finger protein 1

DYT24

Late-onset primary
torsion dystonia:
prominent
craniocervical
involvement

AD

11p

ANO3

DYT25

Late-onset primary
torsion dystonia:
prominent
cervical-cranial
involvement

AD

Slightly
reduced

18pl1.21

GNAL/ G(lolf
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Table 4.2 Dystonia plus syndromes

Gene Gene/
Designation | Dystonia type Inheritance Penetrance locus product
Dystonia plus—parkinsonism
DYT3 X-linked dystonia X-recessive Complete Xql3.1 |TAFI or
parkinsonism (age-related) DYT3/
DYT5/14 Dopa-responsive dysto- | AD Reduced 14q22.2 |GCHI/
nia, Segawa syndrome GTPCH
DYTI12 Rapid-onset dystonia AD (de novo | Reduced 19q13.2 |ATPIA3/
parkinsonism mutations
occur)
DYTI16 Early-onset generalized | AR n/a 2q31.2 | PRKRA/
dystonia with
parkinsonism
Dystonia plus—myoclonus
DYTI1 Myoclonus-dystonia AD Reduced: 7921.3 | SGCE/
maternal
imprinting
DYT15 Myoclonus-dystonia AD n/a 18pl1 Unknown

Symptom onset in the arm has not been observed and symptom spread to the arm is
infrequent (32 %), which distinguishes GNAL from THAPI [2].

4.2.2 Diagnosis

A neurologist or movement disorder specialist typically makes a diagnosis of
dystonia. As there is no definitive diagnostic test, diagnosis is based on a clinical
physical examination and review of medical history. Brain imaging, such as an MRI
or CT scan, and blood work may be ordered to rule out other conditions.

When ordering genetic testing for early-onset PTD, decisions about which gene
(s) to test should be made based on the patient’s age and region of symptom onset.
Age of onset before 26 years in clinically ascertained patients provides 100 %
sensitivity and specificity of 63 % in Ashkenazi Jews and 43 % in non-Jews for
DYTI [3].

4.2.3 Treatment and Management

Primary dystonia has no cure or remission. However, treatments can reduce the
symptoms of dystonia and improve quality of life. Anticholinergic medications,
such as trihexyphenidyl (Artane) and benztropine (Cogentin), and muscle relaxants,
such as baclofen or clonazepam (Klonopin), are commonly used to treat dystonia.
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Most oral medications have limited benefit and are dose-limited by cognitive side
effects. Most individuals require a combination of daily oral medications to achieve
the best result.

People with focal or segmental dystonia can receive intramuscular injections of
botulinum toxin to weaken the overactive muscle. Botulinum toxin injections must
be repeated every 3-4 months, but save the patient the side effects of a systemic
medication.

Surgical intervention for primary dystonia is becoming more common, espe-
cially for individuals who do not respond to other forms of treatment. Deep brain
stimulation (DBS) works by blocking brain signals that cause the abnormal move-
ments or postures with mild electrical stimulation. A neurosurgeon implants a thin
wire with four electrodes into the globus pallidus. The wire runs under the skin to a
battery-operated electric stimulator (similar to a pacemaker) implanted near the
collarbone. After surgery, the stimulator is programmed to control symptoms.
Benefits from DBS slowly accumulate over the first 612 months of use. DBS is
being recommended more frequently as a treatment for genetically defined PTD,
with some groups arguing that early implantation prevents disease progression and
limits motor disability [4]. For idiopathic, secondary, or adult-onset focal dystonias,
DBS appears to provide less benefit than in the primary genetic dystonias. Benefits
appear to be stable for at least a decade, but the technique is still too new to know
whether children with DBS will continue to benefit throughout their life [5].

Pallidotomy and thalamotomy work by selectively lesioning the pallidum or
thalamus using heat. This treatment is very rarely recommended today, but patients
with an early-onset dystonia who are now age 50 or older may have had one of these
irreversible surgeries.

Adjuvant treatments, such as physical therapy and stress reduction techniques,
may provide limited benefit to some.

4.2.4 Genetics

DYT1 is due to a GAG deletion in TORIA. Inheritance is autosomal dominant with
penetrance of approximately 30 %. The individuals with a DYT1 mutation typically
develop early-onset generalized dystonia, but in rare cases can develop adult-onset
focal dystonia or dopamine-responsive dystonia. The D216H polymorphism within
the TOR1A gene has been shown to reduce penetrance when it is in trans with the
GAG deletion [6].

DYT6 is caused by mutations in THAP . Inheritance is autosomal dominant with
approximately 60 % penetrance. Many different sizes and types of pathogenic
mutations have been identified within THAP1.

DYT25 is caused by mutations in GNAL and is autosomal dominant. Pathogenic
nonsense, frameshift, missense and in-frame deletion mutations have been identi-
fied in GNAL. In the first series of families with GNAL mutations reported,
imprinting does not appear to play a role in expression [2].
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4.2.5 Genetic Counseling Issues

Most adults with PTD will not qualify for genetic testing, so genetic counselors
must be prepared to respond to patient and doctors’ question, “Why aren’t we
testing?” Similarly, genetic counselors need to be prepared to explain to patients
and families why genetic testing results may be negative, but the diagnosis of
dystonia is unchanged.

Determining dystonia etiology allows for accurate recurrence risk assessment
and may avoid other diagnostic testing; however, there is no specific treatment for
any of the genetic subtypes of PTD. Genetic testing has limited potential to alter
treatment recommendations. DYT1 dystonia responds well to DBS (in ~80 % of
patients), but other dystonias respond less well. Therefore, the decision of whether
to use DBS is made easier by a confirmed DYT1 mutation, but genetic testing is less
informative for all other primary dystonias.

People with symptoms of PTD who qualify for genetic testing must be counseled
about the impact of the information on their current and future family. Minors are
often tested for PTD genes. For families who are struggling to understand their
child’s symptoms, confronting a genetic etiology can be demoralizing. Prior to
testing, parents need to be aware that etiological determination could reveal their
own likelihood to develop dystonia, as well as the risk to their extended family.
Because DYT1 and DYT6 dystonias typically have an early onset, a positive result
usually does not cause anxiety about parental risk, but does cause guilt for passing
on a faulty gene and concern for their other children. When feelings of blame
prevent parents from undergoing carrier testing, estimating recurrence risk for
extended family becomes difficult. If parental resistance to carrier testing is abso-
lute, offering counseling and education to extended family about dystonia signs and
symptoms can help ameliorate uncertainty. The parents and minor also need to
recognize that a positive test result will impact the child’s future family planning.
Whenever possible and appropriate, the child should be included in this discussion.
Patients or parents should be counseled about informing extended family members
of positive genetic test results. Counselors can offer to facilitate that process.

A positive genetic test result for a PTD can lead to presymptomatic testing of
unaffected adults. Due to reduced penetrance and the inability to prevent disease,
presymptomatic genetic testing of minors is not recommended. Presymptomatic
testing of adults may occur in situations where an aunt/uncle of an affected child
wants to determine risk to their own children. These patients should be advised of
the Genetic Information Nondiscrimination Act (GINA) and the option to self-pay
in order to keep this information confidential. Though under GINA, employment
and healthcare insurance can no longer be influenced by presymptomatic genetic
diagnosis, this is not true for disability, long term care, and life insurance.
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4.2.6 Case History 1 (Fig. 4.2)

Lindsay is a 35-year-old woman who comes with her parents to a dystonia research
center. Her brother, now age 31, developed dystonia at age 11. Her brother’s
mobility and speech have been significantly affected, and these disabilities impact
his daily life. He has tried many different treatment options, including DBS. Since
her brother first developed symptoms, her parents have been dystonia research
advocates and raised money to promote research efforts. Due to family estrange-
ment, family history of movement abnormalities is vague. The cause of her
brother’s dystonia has remained unknown until recently when he was found to
have a mutation in the THAPI gene. Lindsay has never had a neurological evalu-
ation and genetic counseling related to DY T6-associated dystonia.

Discussion Questions:

* What do you estimate Lindsay’s risk of carrying a mutation to be?

* What do you anticipate are going to be the most salient issues to Lindsay?

¢ What issues do you want to be sure to communicate to Lindsay?

e Are the family dynamics and involvement in the dystonia research community
important? If so, why?

* What do you anticipate Lindsay’s reaction/response will be if the testing is
negative? If positive?

Lindsay describes how her parents were very grateful to learn the cause of their
son’s dystonia. Given their children’s “natural” differences, they believe that
Lindsay does not carry the DYT6 mutation. Five years ago, she was in a serious
motor vehicle accident in which she shattered multiple bones in her leg and face,
but recovered and has only minor long-standing sequelae. She feels that such a
major physical trauma would have ‘triggered’ dystonia if she were a carrier.
A neurologist evaluates Lindsay and reports that she has no signs of dystonia or
other neurological issues. Lindsay agrees to provide a blood sample for a research
study and her parents ask to self-pay for clinical genetic testing. Lindsay agrees to
receive clinical results and you make a plan to call her when the results are
available.

Discussion Questions:

« What do you say to Lindsay about her beliefs about physical trauma and
dystonia?

¢ Why would Lindsay’s parents want to self-pay for Lindsay’s clinical testing? Do
you agree with their decision?

* How do you ensure that clinical testing and research participation are what
Lindsay wants to do and not what her family expects?

You receive Lindsay’s test results and they are positive; she has the same DYT6
mutation as her brother.



4 Dystonia 51

Discussion Questions:

» How do you prepare for the phone call to provide Lindsay with her results? What
issues do you want to be sure to communicate to Lindsay?

* Will you ask Lindsay to come in for in-person follow-up? She lives 3 hours away.

« Lindsay’s brother is routinely seen in clinic and his parents always accompany
him. Do you address Lindsay’s results with the rest of the family?

4.3 The Dystonia-Plus Syndromes

Dystonia that occurs with other neurological symptoms is designated as a dystonia-
plus syndrome. We will review the dystonia-plus syndromes that occur with
parkinsonism or myoclonus.

4.3.1 Clinical Presentation

DYT3 (TAF1-associated dystonia; X-linked dystonia parkinsonism, XDP; Lubag
dystonia):

DYT3 dystonia affects males with maternal Filipino ancestry; very rarely,
Filipino females with Turner syndrome or paternal unipaternal disomy have
exhibited symptoms that are later in onset and less severe. XDP presents with
severe focal dystonia, often in the jaw or neck, with average age of onset in the
mid-30s (range, 12-52 years). Over a course of about 4 years, the dystonia pro-
gresses and becomes multifocal or generalized dystonia. Within 10 years, symp-
toms of parkinsonism develop in approximately 50 % of people with XDP [7].

The first sign of XDP is almost always an abnormality of rapid alternating limb
movements [8]. Some individuals with XDP only exhibit parkinsonism or may only
develop dystonia late in their disease course. Those who develop the classic
symptoms of XDP, profound orolingual and cervical dystonia with parkinsonism
within the first year or two of symptom onset, have the worst prognosis. Symptom
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Fig. 4.2 Dystonia case history 1 pedigree
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response to treatment with medication is limited, and lifespan is reduced with death
often occurring from aspiration or immobility-related illness. XDP is the only DYT
locus in which postmortem neurodegeneration (atrophy of the caudate and puta-
men) has been found.

DYTS5 (GCHI-associated dystonia;, DOPA-responsive dystonia, DRD)

Dopa-responsive dystonia (DRD), also known as Segawa disease, is character-
ized by childhood onset generalized dystonia that may exhibit diurnal fluctuation of
symptoms [1]. DRD must be distinguished from DYT1 and DYT6 dystonia. This is
done clinically by administration of oral levodopa to which there is significant
sustained symptom reduction. Features of parkinsonism may be present at onset or
develop if DRD is not treated.

DYTI2 (ATP1A3-associated dystonia, rapid-onset dystonia parkinsonism,
RDP):

Rapid-onset dystonia parkinsonism (RDP) is suspected in individuals who
experience some event, such as exertion, childbirth or emotional stress, and then
present with dystonia and/or parkinsonism that develops quickly over a few hours
to a day. The symptoms progress rapidly beginning in the face, then spreading to the
arm and leg. Symptoms stabilize, often in a hemi-dystonic distribution that includes
dysarthria and dysphagia. Most people (85 %) with ATP1A3 mutations experience
symptom onset prior to age 30 [9]. Treatment benefits tend to be very limited.

DYTI11 (SGCE-associated dystonia;, myoclonus-dystonia):

(Myoclonus-dystonia video clip Part 1 and 2)

People with myoclonus-dystonia experience childhood-onset myoclonic jerks,
typically in the face, neck, and upper greater than lower extremities. Girls may
develop symptoms earlier than boys (age 5 versus age 8) and may be more likely to
experience onset in a lower extremity [10]. Fifty percent of people with M-D will
also experience dystonia, usually in a focal or segmental pattern. Myoclonus, and to
a lesser extend dystonia, is responsive to alcohol. Individuals with DYT11 are at
increased risk for alcoholism, though whether this is due to the reduction in
abnormal movements or as a consequence of the increase in mood and anxiety
disorders is unclear. Myoclonus-dystonia without epsilon sarcoglycan mutations
is known as DYT15 and has been mapped to a locus on chromosome 18p.

DYTI16 (PRKRA-associated dystonia):

PRKRA mutations were originally reported in three Brazilian families who had
one of two early-onset phenotypes, generalized dystonia or dystonia-parkinsonism
[11]. In two of the three cases of dystonia-parkinsonism, symptoms of dystonia
appeared first. In all cases, dystonia began in a limb and generalized. The parkin-
sonian symptoms do not respond to levodopa treatment.

4.3.2 Diagnosis

A neurologist or movement disorder specialist typically makes a dystonia-plus
diagnosis. Clinical presentation and an immediate positive response to dopamine
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replacement (i.e., Sinemet or levodopa) can definitely diagnose dopa-responsive
dystonia. However, not all DRD is caused by GCHI mutations, and juvenile-onset
Parkinson disease must be ruled out after positive response to levodopa.

If there is a plausible suspicion of a DYTS5, 11, or 12 gene mutation, genetic
testing can be used to confirm etiology. Presently, clinical DYT3 and DYT16 testing
are only available through German labs, so CLIA certification or insurance cover-
age may be lacking. However, if testing is negative or unavailable, the clinical
diagnosis stands.

Genetic testing for ATP/A3 mutations is recommended for individuals who
experience abrupt onset of dystonia with parkinsonism in a rostro-caudal pattern
with significant bulbar features [9].

4.3.3 Treatment and Management

Daily treatment with carbidopa/levodopa can ameliorate all or almost all symptoms
of dopa-responsive dystonia. Treatment of the other types of dystonia-plus syn-
dromes can be challenging.

As with primary dystonias a combination of oral medications and botulinum
toxin injections are first line treatments. Neither XDP nor RDP nor M-D responds
particularly well to medication or injection. Deep brain stimulation can be consid-
ered for patients with dystonia-plus syndromes, but it can only be used to ameliorate
either parkinsonian OR dystonic symptoms. At this time, DBS lead placement and
programming does not allow for good control of both types of symptoms. Only a
handful of individuals with dystonia-plus syndromes have had DBS surgery, so that
it is too early to determine expected surgical outcomes.

4.3.4 Genetics

DYT3 (TAFI):

Inheritance of DYT3 is X-linked recessive due to a founder mutation among the
Filipino population on the island of Panay [7]. The exact molecular abnormality
causing XDP is still being debated. There are five disease specific changes (DSC) in
the XDP critical region of the X chromosome associated with XDP [12]. However,
DSC3 is the only one located within an exon. The 38 exon TAFI gene is found
within the XDP critical region, and a SVA retrotransposon in intron 32 reduces
TAF]1 expression [13].

Currently, genetic testing of TAFI for DYT3 dystonia is available in Germany.
Depending on insurance and hospital regulations, it may be difficult to order an out-
of-country genetic test in a non-CLIA certified laboratory. Some patients may be
required to self-pay for testing.

DYTS5 (GCH1):



54 J.L. Waugh and T. Multhapt-Buell

GTP cyclohydrolase (GCH1) mutations are the most common cause of dopa-
responsive dystonia, having been identified in about 60 % of people with DRD.
GCH1 mutations are autosomal dominant with reduced sex-related penetrance such
that about 90 % of girls and 40 % of boys with a GCH1 mutation develop DRD.
Sequencing and del/dup analysis is required because of the variety of mutations
found in GCHI [14].

The GTP cyclohydrolase 1 protein plays an important role in the synthesis of
dopamine. It is also a cofactor for phenylalanine and tryptophan hydroxylase.

DYTI12 (ATPIA3)

Six missense mutations in the ATP/A3 gene that encodes the Na+/K+-ATPase
alpha3 subunit have been described. ATP/A3 mutations are autosomal dominant,
but de novo mutations do occur.

DYT11 (SGCE)

SGCE encodes epsilon-sarcoglycan. SGCE mutations are autosomal dominant
with reduced penetrance due to maternal imprinting [15]. Males and females are
affected equally, but almost 100 % of people develop M-D if the mutation is
inherited from their father. If the mutation is inherited from the mother, there is
only about a 5 % chance of symptom expression, though in at least one pedigree, it
appears that maternal inheritance is less protective [16, 17]. While SGCE mutations
account for about 40 % of familial myoclonus-dystonia, a much smaller fraction of
idiopathic, nonfamilial myoclonus is due to SGCE mutations [18, 19].

DYT16 (PRKRA)

In the original families, PRKRA mutations are autosomal recessive [11].

4.3.5 Genetic Counseling Issues

Dystonia-plus syndromes are very rare among people with dystonia, parkinsonism,
or myoclonus. To ensure that testing is appropriate, classic presentation or family
history of related disease must be noted during the patient work-up. Patients who
express a desire for genetic testing of “all dystonia genes” require an explanation of
test indication and the poor yield of blind testing. Patients with the classic presen-
tation of symptoms of primary dystonia often have normal genetic test results.
Testing is ordered much less frequently in dystonia-plus syndromes, but positive
genetic test results are more likely.

As with PTD, confirmation of diagnosis and accurate recurrence risk assessment
are reasons to perform genetic testing in dystonia-plus syndromes. However, with
the exception of DRD, no gene-specific treatment is recommended. Individuals
must understand that etiologic confirmation of diagnosis will identify other family
members at risk without a method for disease prevention. Additionally because of
limited beneficial treatment options, the prognosis of dystonia-plus syndromes is
worse than primary dystonias. Most families with dystonia-plus syndromes have
family members with adult-onset disease, making it likely that the next generation
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of affected individuals has already been born. Issues of guilt, blame, and family
communication must be addressed during pretest counseling.

Given that XDP is only found among people of Filipino ancestry, genetic
counselors with knowledge of common Filipino cultural themes and practices
will better negotiate these sessions.

Individuals and families with any type of dystonia must manage the emotional
stress associated with a visible physical disorder, and genetic counselors can
normalize this stress. In individuals and families with SGCE mutations, there can
be concomitant psychiatric disease (such as anxiety or obsessive-compulsive dis-
order), in addition to situational mental health issues. Due to the symptom-
ameliorating effects of alcohol, alcoholism is common in SGCE pedigrees. Given
the possible psychosocial repercussions of familial alcoholism, special effort may
be required to document medical and family history. Patient-reported medical
history may be incomplete or inconsistent, and family relationships should be
verified. Non-paternity and maternal imprinting need to be carefully considered.

4.3.6 Case History 2 (Fig. 4.3)

An out-of-state physician calls a genetic counselor to refer a 65-year-old patient for
genetic testing of the DTY3 gene. Her patient is Filipino, and he developed
parkinsonism at age 45. The genetic counselor (GC) calls the patient to schedule
the appointment and collect some medical history information.
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Fig. 4.3 Dystonia case history 2 pedigree
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Discussion Questions:

«  What does the genetic counselor want to know before seeing this patient? Why?
¢ What should the patient know before the appointment?

The GC calls the patient’s home and speaks with his wife. During the conver-
sation, she learns that in the past 1-2 years, the patient has developed cervical
dystonia and blepharospasm. Botulinum toxin injections for cervical dystonia
improve pain, but not posture. With oral medications, the patient’s tremor is well
controlled, but he experiences freezing while walking. The couple has no children.
The patient has three brothers: two are in their 70s and one died of a heart attack at
age 69. He has three sisters in their 60—70s and one sister who is deceased of
complications after a stroke. None of his siblings had dystonia, parkinsonism, or
another related movement issue. Only one of his sisters has biological children and
none of them have neurological issues.

Discussion Questions:

» Should the genetic counselor discuss these issues with the patient’s wife?
* At this point, would you recommend DYT3 testing? Reasons for? Against?

Finally GC turns the conversation to the patient’s maternal relatives. His mother
died at age 68 of pancreatic cancer. The patient’s wife says her husband’s mother
had no siblings. Immediately, GC hears garbled speech in the background and is
aware that the patient is speaking to his wife. The wife says, “I didn’t know that she
had a brother,” and she returns her attention to the phone conversation. She explains
that it is difficult to translate, but that her husband had a maternal uncle who died at
age 33 of “natural causes” because he was “hungry.” This uncle had tremors, and he
was very shy, so shy that he wouldn’t eat outside of his own house.

Discussion Questions:

*  What do you need to know about DYT3 dystonia, parkinsonism, and/or Filipino
culture to know whether or not this is relevant?

¢ Is it plausible that someone with a significant hand tremor related to Parkinson
disease would not want to eat in public?

e Is it plausible that someone with Parkinson disease would die of hunger?
Someone with DYT3 dystonia?

« The patient has seven siblings, his father had five siblings. The Philippines is a
predominantly Catholic country. Is it plausible that the patient’s mother would
have been an only child? (which the wife believed until you called)

* At this point, would you recommend DYT3 testing? Reasons for? Against?
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4.3.7 Case History 3 (Fig. 4.4)

Phillipe is a 9-year-old boy who presents to a movement disorders clinic with his
mother for difficulty walking. They meet with a genetic counselor and neurologist.
He developed this symptom 1 year ago, and has slowly but progressively lost the
ability to walk without assistance. He describes an inward rotation of his right foot
and leg that worsens as he walks. At the worst moments his right leg will also
extend backward and hook behind his left leg. A lesser problem for him, but a
visibly striking one, is a marked backward pulling of his shoulders while walking,
which leads him to sway backward in a “C” position. He is able to maintain an
upright posture while seated.

On examination, the physician comments on quick, jerking movements of the
boy’s arms and neck. His mother interjects that these movements started when
Phillipe was a toddler, but that they were separate from the gait problem and not
worrisome—her husband had the same childhood movements, and that “it’s a
French-Canadian thing.” She is of mixed Irish-Norwegian ancestry and knows little
of this history. She phones her husband for more information; he confirms that he is
of Quebecois origin, that these excessive movements started in primary school, and
that his Montreal pediatrician had diagnosed him with hyperekplexia, an excessive
startle syndrome. He has never had the problems walking or twisting movements
like those seen in Phillipe.

The genetic counselor feels that this information is essential for Phillipe’s
diagnosis, and requests that the family makes another appointment when his father
can attend. She suggests that they all meet with the neurologist at the same time so
that he can explain the symptoms he is observing.

Discussion Questions:

 Is this likely one genetic syndrome or two?
¢ What is the best clinical descriptor for Phillipe’s symptoms?

The family returns for their meeting with the neurologist and genetic counselor.
The genetic counselor starts by taking a more extensive family history. Phillipe’s
father repeats that he has a little muscle twitching, as does one of his sisters and
father. Additionally, an aunt had both the jerking and twisted when she walked. He
jokes that all it takes to have his twitching stop is a beer or two. The neurologist
explains that the jerking that he observed in his family was probably myoclonus, not
hyperekplexia. He tells them that hyperekplexia is a syndrome of excessive startle
that begins in the newborn period or early infancy, not in childhood as with this
family. Some varieties are more common in Quebecois. He asks Phillipe’s father if
he has been to a neurologist since he was young, and he says he has not. The
neurologist suggests that he might want a full evaluation. He then informs the
family that Phillipe’s gait disorder, and probably that of Phillipe’s great aunt, is a
common manifestation of childhood-onset dystonia. Since both myoclonus and
dystonia are found in the family, the most likely diagnosis is myoclonus-dystonia.
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Fig. 4.4 Myoclonus-
dystonia case history
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The genetic counselor then discusses how myoclonus-dystonia is a dominantly
inherited condition with variable penetrance. Protective maternal imprinting leads
to infrequent or absent symptoms in the children of a carrier female. Phillipe’s
father’s and aunt’s mild symptoms were due to variable expressivity of the gene.
Phillipe’s mother becomes visibly upset and describes her desire to have a large
family. She is now terrified of having another child with myoclonus-dystonia.
Examining the pedigree, she notes the larger number of symptomatic males. She
asks whether embryo selection to assure a female fetus would be possible.

Discussion Questions:

* How would you advise this couple?
e What is the likelihood that Phillipe’s parents will bear another child with
dystonia?

The genetic counselor explains that there are several reproductive options, but
that sex selection would not be beneficial. The probability of inheriting the
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dominant gene for myoclonus-dystonia is 50 % whether the child is male or female.
The probability of manifesting dystonia if the child carries the myoclonus-dystonia
gene is about 50 %. Therefore, the product of these probabilities predicts a 25 %
likelihood that any one of their children will have dystonia. She also explained the
variability of symptoms and points to the likelihood that Phillipe’s father, grandfa-
ther, and aunt all carried the gene, but were more mildly affected. She then explains
reproductive options including PGD, prenatal testing, sperm donation, and adop-
tion. She also says that they will have to identify the gene in the family before PGD
or prenatal testing would be possible.

The family agrees to have Phillipe tested. They return for results and are told that
a mutation was found in the SGCE gene. The counselor says that Phillipe’s father
can also test if he wishes but that in all likelihood, he carries the gene. She reviews
the family history and maternal imprinting. She also talks about other symptoms
that could be part of the disorder including psychiatric issues and alcoholism. She
discusses how symptoms respond to alcohol and how easy it is to self-medicate.
Phillipe’s mother says she will watch her husband carefully. He said, “No worries!”
The couple is referred for reproductive counseling.

Discussion Questions:

« To what extent should a genetic counselor go into the psychiatric aspects of a
movement disorder?

» To what extent should the GC explore family issues of alcoholism and psychi-
atric disease?

4.4 The Heredodegenerative Dystonias

Many hereditary degenerative syndromes can produce dystonia, and dystonia may
be a key feature in their diagnosis. However, it is unusual for dystonia to be the only
manifestation present at the time of assessment. Frequently cognitive, emotional,
and other motor symptoms will co-occur with dystonia. Advising families about
expectations with these disorders is difficult, as relatives often vary significantly in
the pace of decline and order of symptom presentation. The most relevant of these
disorders is arranged in Table 4.3 by typical age at onset, but presentation at other
ages is not unusual. All nomenclature conforms to OMIM conventions (Adapted
from [20-22]).

Onset in Adulthood

Many of the conditions noted in Table 4.3 can present in adulthood, though this
is very unusual. Other conditions, such as rapid-onset dystonia-parkinsonism
(DYT12) can present at any age. Similarly, many mitochondrial disorders can
present in adulthood, with rare instances manifesting as dystonia. Dentatorubral-
pallidoluysian atrophy (DRPLA) is a dominantly inherited degenerative condition
caused by mutations in ATN/. DRPLA typically produces myoclonus, chorea, and
ataxia, but may have dystonia as a lesser feature. In 10-20 %, idiopathic Parkinson



60

Table 4.3 Heredodegenerative dystonias
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Disorder (including parallel

Relationship of dystonia to

nomenclatures) other features Gene Inheritance pattern
Onset before 2 years of life
Aromatic L-amino acid Variably present, follows DDC Recessive
decarboxylase (AADC) other symptoms: hypotonia,
deficiency developmental delay,
occulogyric crises
Glutaric academia type I Dystonia usually progres- GCDH Recessive
sive, often after acute
encephalopathic crisis
Idiopathic basal ganglia Coexists with severe devel- | Unknown | Recessive
calcification, familial Fahr | opmental delay, epilepsy,
disease hypotonia
NBIA2A and -B, PLAN, Wide array of phenotypes: | PLA2G6 Recessive
infantile neuroaxonal dys- psychomotor regression,
trophy (INAD) ataxia with abnormal eye
movement and optic atro-
phy (INAD); early global
developmental delay and
hypotonia, progressing to
myoclonic epilepsy, ataxia,
chorea, and dystonia
(PLAN); adult-onset dysto-
nia-parkinsonism
Methylmalonic aciduria Dystonia common and may | MUT, Recessive
be transient with metabolic | several
crises, persistent after basal | others
ganglia infarction
Lesch-Nyhan Disease Psychomotor retardation HPRT X-linked
typically precedes dystonia/
chorea
Hypomyelinative leukodys- | Choreoathetoid movements | PLP/ X-linked, rare
trophy (HLD1), Pelizacus— | are more common, dystonia symptomatic carrier
Merzbacher disease is rare females
Rett syndrome Dystonia occurs late and MECP2 X-linked dominant
most likely affects the legs
Subacute necrotizing
encephalomyelopathy
Leigh syndrome Dystonia, chorea, ataxia , Many Mitochondrial or
unlikely to be found in recessive
isolation
Onset between 2 and 10 years of age
Wilson disease Uncommon finding, late ATP7B Recessive
onset of neurological
symptoms
Friedreich ataxia Multiple movement disor- FXN Recessive

ders following onset of
ataxia: postural tremor—

(continued)
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Disorder (including parallel

Relationship of dystonia to

nomenclatures) other features Gene Inheritance pattern
most common, dystonia—
common, chorea—unusual
Ataxia telangiectasia Dystonia and/or chorea ATM Recessive
develop in ~90 %, well after
ataxia is evident
Fucosidosis Lower extremity dystoniain | FUCAI Recessive
a single patient
PKAN, PANK-2 deficiency, | Gait abnormalities, psycho- | PANK2 Recessive
neurodegeneration with motor decline, chorea, and
brain iron accumulation dystonia. Dystonia is a uni-
(NBIA) type 1 versal feature, usually gen-
eralized with prominent
oromandibular dystonia
Juvenile Gy, Dystonia and/or chorea are | HEXA Recessive
gangliosidosis, Juvenile rare and late findings
Tay-Sachs disease
HDL3, Huntington disease- | Dystonia presents early, 4pl5.3 Recessive
like 3 often with chorea and ataxia
Niemann-Pick C, types I Type I: ataxia and myoclo- | NPCI, Recessive
and II nus are common, dystonia HE]
less so
Type 1I: chorea and facial
dyskinesias common, dys-
tonia rare
Woodhouse—Sakati Cognitive impairment often | C2o0rf37 Recessive
syndrome present in childhood, with
later development of other
syndromic features. Dysto-
nia and/or chorea are
common
Dystonia-deafness syn- Progressive deafness after TIMMS8A/ | X-linked, mild
drome, Mohr-Tranebjaerg | 2 years of life, later dystonia | DDPI symptoms in some
syndrome female carriers
Marsden variant of Leber Dystonia often precedes MTNDI, Mitochondrial
hereditary optic neuropathy | optic atrophy. Dystonia may | MTND3,
be isolated in an individual | MTND4,
with familiar Leber alone or | MTND6
Leber plus dystonia.
Onset in adolescence
SCA3, Machado—Joseph Usually follows ataxia, but | ATXN3 Dominant with
disease type 1 dystonia may rarely be the anticipation.
presenting feature Reduced penetrance
in intermediate copy
no
SCA7 Possible dystonia and/or ATXN7 Dominant with

chorea after ataxia presents,
retinal degeneration and

anticipation

(continued)
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Disorder (including parallel

Relationship of dystonia to

nomenclatures) other features Gene Inheritance pattern
optic atrophy, bulbar
palsies, and dementia.
Highly variable between
and within families
Onset is usually in mid-life,
as early as late-teens
SCA17 Focal dystonia is the TBP Dominant with
presenting symptom in rare anticipation,
kindreds. Typically dysto- reduced penetrance
nia, chorea follow ataxia, in intermediate copy
dysphagia, and/or psychiat- no
ric symptoms
Huntington disease Dystonia is common, IT-15 Dominant with
Younger ages are more anticipation,
likely to manifest as the reduced penetrance
Westphal variant of HD, in intermediate copy
with hypokinetic rigidity no
instead of chorea
Neuroferrinopathy, NBIA3 | Present with chorea > focal | FTL Dominant
limb
dystonia > parkinsonism.
Typical onset 20s—30s,
(some teens)
PARKDY, Pallidopyramidal Parkinsonism primary, rap- |ATPI3A2 | Recessive
degeneration with idly progressive, frequently
supranuclear upgaze paresis | develop moderate dystonia
and dementia, Kufor-Rakeb | and/or myoclonus
syndrome
PARK2 Focal dystonias, especially | PRKN Recessive
in feet, follow onset of
parkinsonism
Choreoacanthocytosis Chorea is near universal; VPSI3A Recessive, rare
dystonia, tics, and parkin- chorein reports of apparent

sonism are less common.
Onset is usually in the 20—
40s

dominant
inheritance

disease (PD) and inherited forms of PD may be complicated by dystonia (see
Chap. 3). Mutations in parkin (PRKN) produce early-onset PD and are substantially
more likely to produce concurrent dystonia than other forms of PD. Patients with
Huntington disease will frequently have dystonia in parallel with chorea and other
movement disorders (see Chap. 2). In summary, while a few hereditary degenera-
tive conditions can produce dystonia in adults, these rare syndromes virtually never
present with dystonia in isolation (Table 4.3).


http://dx.doi.org/10.1007/978-1-4899-7482-2_3
http://dx.doi.org/10.1007/978-1-4899-7482-2_2
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4.4.1 Diagnosis

The assessment of heredodegenerative dystonia can be extensive. Laboratory
evaluations and brain imaging are typically obtained and can include:

e CT or MRI of brain (basal ganglia calcifications or necrosis and other
abnormalities)

* Muscle or peripheral nerve biopsy

* Renal and liver function tests

» Antinuclear antibodies

¢ Ceruloplasmin, serum copper, and 24-hour urinary copper (for Wilson disease)

« Erythrocyte sedimentation rate

4.4.2 Treatment and Management

Complex, idiosyncratic, and beyond the scope of this text.

4.4.3 Genetic Counseling Issues

Most of the neurological diseases detailed in this text have an exclusively adult-onset
presentation. In contrast, there are categories of dystonia, such as heredodegenerative
dystonias, where that pattern is reversed. Pediatric neurologists are often the first to
diagnose cases of childhood- and adolescent-onset heredodegenerative dystonias.
Genetic counselors working in neurogenetics should communicate with pediatric
neurology practices or ensure that pediatric neurologists are working closely with
departments of genetics (pediatric or general) for appropriate referrals related to
genetic testing, return of results and management of the patients and their families.

At times, children may be referred to adult neurologists who specialize in
dystonia. Genetic counselors working in adult neurology can provide patients and
families the opportunity for questions, anticipatory guidance, information about
recurrence risk, and genetic confirmation of diagnosis that was not available at the
time of clinical diagnosis. Large academic centers may have additional specialist
care available for many individuals and families with heredodegenerative dystonias.
This type of referral can provide immense support to patients and families.

4.5 The Paroxysmal Dyskinesias, Which Include Dystonia

Dyskinesias are simply abnormal movements. In practice, this term refers to condi-
tions that have a mixture of movement disorders, often in a shifting pattern. Dystonic
and myoclonic (quick, jerky) movements may be combined in one episode, only to be
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Table 4.4 Paroxysmal dyskinesias

Gene Gene/
Designation | Dystonia type Inheritance | Penetrance |locus product
DYTS8 Paroxysmal nonkinesigenic | AD 2q35 MR-1
dyskinesia
DYT9/18 Paroxysmal exercise- AD Slightly 1p34 SLC2A1/
induced dyskinesia reduced GLUTI/
DYT10 Paroxysmal kinesigenic AD 16p11.2 | PRRT2
choreoathetosis
DYT19 Paroxysmal kinesigenic AD 16q13— | Unknown
choreoathetosis q22.1
DYT20 Paroxysmal nonkinesigenic | AD 2q31 Unknown
dyskinesia

followed by a predominantly choreiform or tremulous episode (slower, flowing
movements that may be dance-like). Paroxysmal dyskinesias are, therefore, episodes
of mixed movement disorders, often including dystonia, that start and stop rapidly,
and occur relatively briefly with periods of normal movement between. There are
three subtypes, each dominantly inherited with readily available gene testing, but
distinct in their manner of presentation, prognosis, and comorbidities [23].

4.5.1 Clinical Presentation

Paroxysmal kinesigenic dyskinesia (PKD, aka DYTI0):

PKD is the most frequently encountered of the three paroxysmal dyskinesias.
The most important distinguishing features are the triggers, frequency, and duration
of attacks. Attacks are elicited by sudden movement, the plan to move, startle,
flashing lights, yawning, and talking, and are exacerbated by fatigue, stress,
extremes temperature, and menstruation. Patients typically give a clear report of
their triggers. Episodes last only a few seconds to a few minutes, and very rarely
longer than 5 minutes. In most patients, attacks occur daily, and may occur several
times per hour. Attacks may be preceded by tingling, feelings of “wrongness,”
fatigue, or muscle tension in the affected limbs. PKD primarily affects the extrem-
ities, often asymmetrically, but can affect the face and trunk to a lesser degree. PKD
is typically highly responsive to treatment, with ~90 % improving with low dose
anticonvulsants. Onset may occur between infancy and the fourth decade of life,
with mean onset at 8 years.

Paroxysmal non-kinesigenic dyskinesia (PNKD, aka DYTS):

The episodes of PNKD occur much less frequently (rarely more than once per
day and often only 2-3 times per month), but last much longer than those in PKD
(from tens of minutes to several hours, with rare cases lasting days). Unlike PKD,
where attacks are likely to be unilateral or at least asymmetrical, PNKD attacks are
more commonly bilateral. They may occur spontaneously, but are typically elicited
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by excitement, fatigue, stress or anxiety, illness, fasting, extreme temperature, and
consumption of alcohol, caffeine, or chocolate. Attacks often begin with premon-
itory tingling, muscle cramping, sweating, diplopia, flushing, or dizziness. Typi-
cally PNKD will onset before 5 years, but cases of mid-life onset have been
reported. Medications are generally ineffective, though rare improvement with
benzodiazepines and levetiracetam have been reported.

Paroxysmal exertional dyskinesia (PED, aka DYT9):

PED is unusual among the paroxysmal dyskinesias in that attacks occur only
after prolonged exercise (usually 5—15 minutes) and often involve only the body
part that has been exercised. The legs are the most commonly affected site, but
involvement of the face, arms or trunk is not rare. Symptoms are typically asym-
metrical and may be unilateral, with hemidystonia a common presentation. There
are no premonitory sensations. Episodes last for a few minutes, typically longer
than PKD but shorter than PNKD. However, episodes lasting only a few seconds
have been reported. Cessation of exercise at onset shortens attacks, which then
typically resolve within 10 minutes. PED attacks occur 1—4 times per month, but
increase with the individual’s baseline level of exercise. In childhood, it is associ-
ated with primary generalized epilepsy or absence epilepsy, and in some cases with
mild cognitive impairment. Historically PED was thought to always onset in
childhood, but the growing number of cases of adult-onset dystonia associated
with milder mutations suggests that the clinical spectrum extends into adulthood.
Treatment with medications has only limited success (carbamazepine, levodopa,
and gabapentin have been reported). Patients treated with the ketogenic diet
typically have good responses for both their epilepsy and their dyskinesia.

4.5.2 Diagnosis

The paroxysmal dyskinesias are clinical diagnoses; genetic testing is useful for
confirmation and for counseling regarding prognosis and heritability. PED diagno-
sis is typically confirmed with a lumbar puncture to compare blood and cerebro-
spinal fluid glucose levels. If lumbar puncture is inconclusive, radioactive glucose
uptake by in vitro red blood cells can also be used to confirm diagnosis.

4.5.3 Treatment and Management

Low dose anticonvulsant medications are effective in PKD. Most symptoms
improve in the third to fourth decade. Symptoms in PNKD are often reduced, but
not eliminated, by avoiding triggers. PED symptoms may completely resolve with
the ketogenic diet, but typically are only reduced. Because symptoms are paroxys-
mal in nature, neither botox nor surgical interventions are good alternative
treatments.
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4.5.4 Genetics

DYTI10 (PRRT2)

The inheritance of PKD is autosomal dominant. The gene PRRT? is causative in
half of cases, with penetrance of ~95 % [24]. Cases caused by PRRT2 mutations
frequently co-occur with benign infantile convulsions, benign infantile chorea, and
familial hemiplegic migraine. Within affected families, individuals frequently
share some but not all of these conditions, and may not recognize these diverse
disorders as following a heritable pattern.

DYTS8 (MR-1)

PNKD is caused by mutations of the MR-/ gene (myofibrillogenesis regulator 1),
which is inherited in an autosomal dominant pattern with ~90 % penetrance
[25]. However, expression within and between families is variable. While MR-/
mutations are the only recognized cause of PNKD, rare families meeting clinical
diagnostic criteria have been identified who do not have mutations in PNKD. These
families often lack the typical precipitating features seen in classic PNKD. There
are no recognized co-varying neurologic conditions, unlike the other two types of
paroxysmal dyskinesia.

DYT9 (SLC2AI)

PED is caused by mutations in SLC2A1, which encodes the brain-specific glucose
transporter GLUT1. All symptomatic SLC2A/ mutations are thought to reduce the
amount of cerebral glucose available for neuronal function; thus, dyskinesias are
thought to result from transient exhaustion of glucose stores within the striatum
[26]. More disruptive mutations lead to a generalized cerebral energy deficit, and
produce an intractable epilepsy in infancy and a secondary, progressive microcephaly.
SLCA2A [ mutations are inherited in a dominant pattern, though marginally disruptive
mutations that are sufficient to cause PED may couple with other seemingly benign
mutations in a compound heterozygous state to produce the more severe end of the
phenotypic spectrum. If clinical suspicion is high and gene sequencing is negative,
tertiary diagnostic assays such as red blood cell glucose transport may be helpful.

4.5.5 Genetic Counseling Issues

For people with paroxysmal dyskinesias, the diagnostic journey may include mis-
diagnoses such as a functional neurological (conversion) disorder or a psycholog-
ical disorder. Patients can experience relief, vindication and peace if genetic testing
reveals a cause for their symptoms. Alternatively, people who are clinically diag-
nosed with paroxysmal dyskinesias whose gene testing is normal must be reminded
that the known genes for PKD explain only half of cases, and PNKD and PED cases
without gene mutations have also been reported. Even so, these patients hoping to
be vindicated by a genetic test might experience disappointment if the testing is
negative. Normalizing these experiences can greatly improve a patient’s commu-
nication and involvement in decision-making.
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Paroxysmal dyskinesias can be difficult to diagnose, but because of effective
treatment options and behavioral modifications, genetic confirmation of diagnosis
and subsequent recurrence risk for family members have the ability to improve
quality of life.

4.6 Patient Resources

General DystonialMovement Disorders

Dystonia Medical Research Foundation

One East Wacker Drive, Suite 2810

Chicago, IL, 60601-1905

Tel: (800) 377-3978

Fax: (312) 803-0138

E-mail: dystonia@dystonia-foundation.org

Web site: http://www.dystonia-foundation.org/

Medline Plus

Compilation Resource Site

Web site: http://www.nlm.nih.gov/medlineplus/dystonia.html

The Bachmann-Strauss Dystonia & Parkinson Foundation, Inc.

Fred French Building

551 Fifth Ave (at 45th St.), Suite 520

New York, NY 10176

Tel: (212) 682-9900

Web  site:  http://www.dystonia-parkinsons.org/index.cfm?fuseaction=home.
viewPage&page_id=1

National Institute of Neurological Disorders and Stroke

Neurological Institute

P.O. Box 5801

Bethesda, MD 20824

Tel: (800) 352-9424

Fax: (301) 496-5751

Web site: www.ninds.nih.gov/disorders/dystonias/dystonias.htm

Blepharospasm

Benign Essential Blepharospasm Research Foundation, Inc.
PO Box 12468

Beaumont, TX 77726-2468

Tel: (409) 832-0788

Fax: (409) 832-0890

E-mail: bebrf@belpharospasm.org

Web site: http://www.blepharospasm.org/
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Spasmodic Dysphonial/Laryngeal Dystonia

National Spasmodic Dysphonia Association

300 Park Boulevard, Suite 415

Ttasca, IL 60143

Tel: (800) 795-6732

Fax: (630) 250-4505

E-mail: NSDA@dysphonia.org

Web site: http://www.dysphonia.org

American Speech Language and Hearing Association (ASHA)

2200 Research Boulevard

Rockville, MD 20850-3289

Tel: (800) 638-8255

Fax: (301) 296-8580

E-mail: actioncenter@asha.org

Web site: http://www.asha.org/public/speech/disorders/spasmodicdysphonia.htm
National Institute on Deafness and Other Communication Disorders (NIDCD)
31 Center Drive, MSC 2320

Bethesda, MD 20892-2320

E-mail: nidcdinfo@nidcd.nil.gov

Web site: http://www.nidcd.nih.gov/health/voice/pages/spasdysp.aspx#2

Spasmodic Torticollis/Cervical Dystonia

National Spasmodic Torticollis Association
9920 Talbert Avenue

Fountain Valley, CA 92708

Tel: 800-487-8385

E-mail: nstamail@aol.com

Web site: http://www.torticollis.org
Spasmodic Torticollis/Dystonia, Inc.

P.O. Box 28

Mukwonago, WI 53149

Tel: (888) 445-4588

E-mail: info@spasmodictorticollis.org

Web site: http://www.spasmodictorticollis.org
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Chapter 5
Ataxia

Alison La Pean Kirschner and Jill S. Goldman

The hereditary ataxias are a complex, heterogeneous group of neurological disor-
ders, diverse in age of onset, clinical characteristics, inheritance patterns, and
pathogenic mutations. The hallmark features present in most subtypes are a slowly
progressive disease course, unsteady gait with uncoordinated movements (ataxia),
and dysarthria. These characteristics are usually caused by dysfunctions of the
cerebellum or other parts of the central nervous system. Exact data on prevalence
of the inherited ataxias does not exist, and each subtype is individually rare;
however total prevalence estimates range from 4 to 9/100,000, and much higher
estimates have been reported in geographically isolated areas due to founder effects
[1-4]. The most common types of hereditary ataxias are the spinocerebellar ataxias
(SCAs or autosomal dominant cerebellar ataxias, ADSCAs), episodic ataxias
(EAs), Dentatorubral-Pallidoluysian Atrophy (DRPLA), early-onset ataxia with
oculomotor apraxia and hypoalbuminemia (EAOH), Friedreich ataxia (FRDA),
ataxia with vitamin E deficiency (AVED), ataxia telangiectasia (A-T), and Fragile
X Tremor Ataxia Syndrome (FXTAS) [5]. Other genetic syndromes include com-
binations of ataxia and epilepsy, chorea, dementia, impaired metabolism, or mito-
chondrial disease. This chapter will focus on the SCAs, FRDA, and FXTAS.
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5.1 Clinical Presentation

(Ataxia video clip Part 1)

5.1.1 SCAs

The hereditary SCAs are a clinically heterogeneous group of disorders, presenting
with a diverse combination of symptoms (Table 5.1). However, they all share a
hallmark progressive cerebellar syndrome as the fundamental phenotype. Symp-
toms include cerebellar gait and limb ataxia (unsteady, clumsy, wide-based gait, or
dysmetria), dysarthria (impaired or slurred speech), and abnormal oculomotor
control (diplopia, oscillopsia, or opthalmoplegia) caused by atrophy of the cerebel-
lum and brainstem [5, 6]. Subtypes of SCAs may also present with a host of
additional complex multisystem neurological deficits including pyramidal signs
(hyper- or hyporeflexia, muscle weakness, spasticity), extrapyramidal features
(involuntary movements, parkinsonism, dystonia, myoclonus, rigidity, tremor, cho-
rea), impairment of the peripheral nervous system (most commonly peripheral
sensory/sensorimotor axonal neuropathy), motor neuron disease, dysphagia, nys-
tagmus, hearing loss, visual loss, cognitive and behavioral impairment, and sei-
zures/epilepsy [5-7].

Although variability of age of onset from infancy to late life exists, most
dominantly inherited SCAs have an age of onset between 30 and 40 years [7—
10]. The most common early symptoms of SCA are gait difficulty (approximately
2/3 of patients), followed by double vision, dysarthria, impaired hand writing, and
episodic vertigo [11]. In general, the SCAs are slowly progressive and lead to
gradual balance and walking problems and increasing impairments in speech and
swallowing. Most individuals with ataxia will require the use of walking aids, and
will eventually become wheelchair bound [12]. While life span may or may not be
shortened, affected individuals may experience a series of declines and plateaus in
symptom progression over years or decades (typically 10-30 years) [5, 10].

5.1.2 FRDA

FRDA is a heterogeneous neurodegenerative disorder with clinical features of
progressive ataxia, weakness, decreased sensation due to axonal neuropathy, absent
reflexes in the lower extremities, dysarthria, and onset typically between 10 and
15 years of age (usually before 25 years of age) [13]. Frequently, affected individ-
uals also experience hypertrophic cardiomyopathy (66 %), scoliosis (~66 %), pes
cavus (55 %), optic atrophy (25 %), hearing loss (13 %), and glucose intolerance or
diabetes mellitus (30 %) [14, 15]. FRDA may also present in an “atypical” manner
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Table 5.1 Molecular genetics and clinical features of hereditary ataxias

Disease
Name

Inheritance

Gene symbol
or
chromosomal
locus

Type of mutation

Other possible symptoms in
addition to cerebellar ataxia

SCAl

AD

ATXNI

CAG repeat

Early swallowing and respiratory
signs, hyperreflexia (gait spas-
ticity), ophthalmoparesis, cho-
rea, ALS-like disorders;
peripheral axonal neuropathy;
severe disease progression

SCA2

AD

ATXN2

CAG repeat

Slow eye movements (slow ocu-
lar saccades); peripheral axonal
neuropathy; <DTRs; verbal
memory loss, executive dys-
function; severely affected pons
on MRI; parkinsonism (tremor,
rigidity, bradykinesia), myoclo-
nus, chorea, dementia

SCA3

AD

ATXN3 (aka
MJID)

CAG repeat

Diplopia, dystonia, nystagmus,
slow eye movements; axonal
neuropathy; spasticity;
parkinsonism

SCA4

AD

16q22.1

Sensory axonal neuropathy,
deafness

SCA5S

AD

SPTBN2

Missense,
in-frame deletion

Early onset, slow course, down-
beat nystagmus, tremor; “pure”
ataxia syndrome

SCA6

AD

CACNAIA

CAG repeat

Episodic ataxia, slow progres-
sion, late-onset; “pure” ataxia
syndrome; downbeat nystagmus;
global atrophy of the cerebellar
vermis and hemispheric cerebel-
lar atrophy on MRI

SCA7

AD

ATXN7

CAG repeat

Visual loss (pigmentary macular
degeneration, retinopathy);
dementia

SCAS

AD

ATXNS/
ATXNS0S

CAG-CTG
(Intron)

Slowly progressive, ~brisk
DTRs, <vibration sense; rare
cognitive impairment; aspira-
tion; tremor

SCA9

AD

Ophthalmoplegia, dysarthria,
pyramidal tract signs, weakness,
extrapyramidal signs, posterior
column signs; parkinsonism

SCA10

AD

ATXNI0

ATTCT repeat
(Intron)

Seizures/epilepsy, EEG abnor-
malities, mood disorders, pyra-
midal tract signs, sensorimotor
polyneuropathy

SCALll

AD

TTBK?2

Frameshift

Milder course, remain ambula-
tory; “pure” ataxia syndrome

(continued)
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http://www.ncbi.nlm.nih.gov/books/n/gene/sca8/
http://www.ncbi.nlm.nih.gov/books/n/gene/sca10/
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Table 5.1 (continued)
Gene symbol
or
Disease chromosomal Other possible symptoms in
Name Inheritance |locus Type of mutation | addition to cerebellar ataxia
SCA12 |AD PPP2R2B CAG repeat Action tremor in head and hands;
(Intron) hyperreflexia; subtle parkinson-
ism; cognitive/psychiatric disor-
ders, dementia
SCA13 AD KCNC3 Missense Mild mental retardation, delayed
motor milestones, short stature,
early/childhood onset
SCA14 |AD PRKCG Missense Axial myoclonus or dystonia,
slow eye movements,
hyperreflexia
SCA15 |AD ITPRI Large deletion of | Allelic to SCA29; “pure” ataxia
the 5" area syndrome, very slow progres-
sion; head and hand tremor
SCA16 |n/a n/a n/a (See SCA1S5; original family
misidentified)
SCA17 AD TBP CAA/CAG repeat | Dementia (cognitive and/or
mutation behavioral impairment), spastic-
ity, chorea, dystonia, epilepsy/
seizures
SCA18 | AD 7q22—q32 - Sensory/motor neuropathy, nys-
tagmus, <DTRs
SCA19/ |AD KCND3 Missense, small Slowly progressive, rare cogni-
22 deletion tive impairment (frontal execu-
tive dysfunction), myoclonus,
hyperreflexia, tremor
SCA20 |AD 11q12.2— 260-kb Early dysarthria, palatal tremor,
11q12.3 duplication spasmodic dysphonia,
hyperreflexia, bradykinesia
SCA21 |AD - - Mild cognitive impairment
SCA23 | AD PDYN Missense Dysarthria, abnormal eye move-
ments, <vibration and position
sense
SCA24 | AR 1p36 - Myoclonic jerks, fasciculations,
(now impaired joint position sense,
SCAR4) mild pes cavus, axonal sensori-
neural peripheral neuropathy
SCA25 |AD SCA25 - Sensory axonal neuropathy
SCA26 |AD EEF2 Missense Dysarthria, irregular visual pur-
suits, “pure” ataxia syndrome
SCA27 |AD FGF14 Missense, Early-onset hand tremor; dyski-
frameshift nesia, cognitive deficits; mild
axonal sensory neuropathy
SCA28 | AD AFG3L2 Missense Nystagmus, ophthalmoparesis,

ptosis, >tendon reflexes

(continued)
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http://www.ncbi.nlm.nih.gov/books/n/gene/sca28/

5 Ataxia

Table 5.1 (continued)

75

Disease
Name

Inheritance

Gene symbol
or
chromosomal
locus

Type of mutation

Other possible symptoms in
addition to cerebellar ataxia

SCA29

AD

ITPRI

Missense

Allelic to SCA15: cognitive def-
icits, early age of onset

SCA30

AD

4q34.3-¢35.1

Hyperreflexia

SCA31

AD

BEANI

TGGAA repeat
(Intron)

Normal sensation, pure cerebel-
lar ataxia, hearing loss

SCA32

AD

7q32-q33

Variable mental impairment,
azoospermia and testicular atro-
phy in males

SCA34

AD

6pl12.3—ql16.2

Neurocutaneous syndrome with
papulosquamous erythematous
ichthyosiform plaques, skin
lesions disappear in early adult-
hood, but may reappear; classic
ataxia symptoms appear later on
in life

SCA35

AD

TGM6

Missense

Hyperreflexia, Babinski
responses, cervical dystonia

SCA36

AD

NOP56

GGCCTG repeat
(Intron)

Muscle fasiculations, tongue
atrophy, hyperreflexia, motor
neuron involvement

DRPLA

AD

ATNI

CAG repeat

Epilepsy/seizures, parkinsonism,
chorea, myoclonus, dementia,
other cognitive and/or behavioral
impairment

FRDA

AR

FXNlfrataxin

GAA repeat
(intron); 24 %
due to point
mutations

Cardiomyopathy, hyporeflexia,
Babinski responses, sensory loss;
diagnosis usually in childhood
before age 25

A-T

AR

ATM

Truncating and
missense

Telangiectasia, immune defi-
ciency, predisposition to malig-
nancy (lymphocytic leukemia
usually T-cell type, lymphoma of
B-cell type, stomach mucinous
adenocarcinoma), chromosomal
instability,>alpha-fetoprotein;
>relative risk (2.3-6.1) for
malignancy in heterozygous car-
riers, particularly breast cancer
in women

AVED

AR

TTPA

Frameshift, trun-
cating, other
point mutations

Similar to FRDA, head
titubation, reduced plasma vita-
min E concentration

FXTAS

X-linked

FMRI

CGQG repeat

Tremor, neuropathy, parkinson-
ism, myoclonus, autonomic dys-
function, cognitive/psychiatric
dysfunction, sleep disorder, loss
of smell
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(25 % of cases), either in symptomology with retained reflexes and lower incidence
of cardiac involvement, or with a late age of onset from 26 years to greater than
40 years [16-19]. More rarely, affected individuals may present with spastic
paraparesis, pure sensory ataxia, or chorea in the absence of cerebellar signs
(though these patients may develop ataxia later in the disease course) [20-22].

Disease progression in FRDA is widely variable, but patients tend to steadily
progress to wheelchair dependence in approximately 10 years after onset of symp-
toms [14, 23]. Patients often experience muscle weakness and atrophy, and develop
cardiomyopathy as disease progresses. Life expectancy may be shortened (more
often in patients with cardiomyopathy) to the mid-30s, but more recent reports
document patients living into their 60s and 70s. In FRDA, age at diagnosis, which
may incorporate other genetic and environmental factors, was found to be more
important than GAA length in predicting development of cardiomyopathy, scolio-
sis, and disease progression [23].

5.1.3 FXTAS

FXTAS is due to the presence of a premutation (55-200 CGG repeats) in the FMR1
gene. It typically presents between the ages of 60 and 65 years (range: early 50s—
70s) with action tremor and ataxia. However, symptoms are variable so that tremor
can be absent or mild and other symptoms (neuropathy, parkinsonism, myoclonus,
autonomic problems, loss of smell, sleep issues) may be present. Additionally,
psychiatric problems such as depression and irritability, and cognitive decline
(especially in memory and executive function) are common. Psychiatric and cog-
nitive problems may, in fact, precede the movement disorder by decades [24,
25]. Until recently, FXTAS was thought to occur only in male FMR! premutation
carriers; however, female carriers are also at risk for the syndrome. Their symptoms
tend to be later onset and milder than those of male premutation carriers. They are
also at lower risk for cognitive impairment [25]. A childhood history of learning
disabilities or ADHD may be present. The hallmark neuropathological finding is
intraneuronal inclusions [24].

5.2 Diagnosis

The high phenotypic variability and overlap of clinical characteristics among
hereditary ataxia subtypes, even within families, makes diagnosis based solely on
clinical examination nearly impossible [7, 17, 26]. In addition to a thorough clinical
neurological examination, it is important to exclude the most common
nonhereditary/sporadic or acquired ataxias; therefore, skilled pedigree elicitation
of at least three generations and risk assessment are essential in diagnosing ataxia
patients [27]. Several other diagnostic tests, such as MRI, EMG/NCS,
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echocardiogram (ECG/EKG), and laboratory blood tests for vitamin deficiencies
and glucose levels, may prove useful. Additional assessments for swallowing,
speech, auditory, ophthalmologic, and neuropsychiatric problems can also be
helpful. For FXTAS, MRI can be a powerful diagnostic tool. Cerebellar atrophy
with hyperintensity of the middle cerebellar peduncle on T2 Flair and other white
matter hyperintensities are commonly found [24].

The most useful clinical tool for diagnosing hereditary ataxias is genetic testing.
Clinical genetic testing is available for many inherited ataxias, including 25 of the
39 condition presented in Table 5.1. Due to the clinical overlap in symptoms
between subtypes and within families, several genetic testing companies offer
testing for hereditary ataxias in comprehensive panels, usually based on mode of
inheritance or disease prevalence. Diagnosis and interpretation is based on presence
of one or two pathogenic variants (based on mode of inheritance), and each of the
ataxias caused by repeat expansions have their own normal, borderline, and path-
ogenic ranges associated with their respective conditions. It should be noted that at
the present time, genetic testing with comprehensive panels is very expensive and
may not be covered by insurance.

5.3 Treatment and Management

As with many inherited neurological conditions, no curative treatment currently
exist, and therefore, clinical management for the SCAs, FRDA, and FXTAS
remains symptomatic and supportive. The exception is AVED, which is responsive
to high dose vitamin E treatment. Secondary disease manifestations in FRDA, such
as cardiomyopathy, can be managed with anti-arrhythmic drugs, anticoagulants,
and cardiac pacemaker or defibrillator implants. Diabetes can be managed through
diet, appropriate exercise, and insulin when necessary. SCA patients with parkin-
sonian symptoms may benefit from amantadine/levodopa/dopamine agonists, bac-
lofen/tizanidine/botulinum toxin for spasticity, or possibly deep brain stimulation
for tremor [7]. All patients with ataxia can benefit from physical, occupational, and
speech therapies, particularly including education about fall prevention. Falls are
associated with both psychological and physical consequences, and are a high
comorbidity for ataxias [28, 29]. Most patients with ataxia will benefit from the
use of assistive ambulation devices and regular swallowing assessments to prevent
choking and aspiration. Similarly psychological counseling may help to deal with
the myriad of physical, social, and psychological challenges of these degenerative
conditions.

Several potential therapies are under investigation for FRDA and the SCAs,
including Coenzyme Q10 and vitamin E, Idebenone, lithium, acetyl-DL-leucine
(Tanganil), and some have shown modest, statistical significant in clinical trials
[30-33]. However, larger clinical trials with cohorts exhibiting greater and more
consistent clinical efficacy are required before widespread recommendations will
likely be made about their use for treating hereditary ataxias.
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5.4 Genetics

5.4.1 SCAs

The prevalence of hereditary SCA is generally reported to be between 1 and
4/100,000, accounting for 25-89 % (most likely ~66 %) of all hereditary ataxias
[1,3,4,8,9]. SCA3 is the most common inherited SCA, followed by SCA1, SCA2,
SCAG6, and SCAT7 [6, 7, 9, 34]. The vast majority of SCAs are inherited in an
autosomal dominant manner. They are caused by several types of genetic mutations
(Table 5.1), including tri-, penta-, or hexa-nucleotide repeat expansions (SCAI,
SCA2, SCA3, SCA6, SCA7, SCAS, SCA10, SCA12, SCA17, SCA31, SCA36),
missense and frameshift point mutations (SCAS, SCA11, SCA13, SCA14, SCA19/
22, SCA23, SCA26, SCA27, SCA28, SCA29, SCA35), deletions (SCAS, SCALIS,
SCA19/22), and duplications (SCA20). The majority of these mutations occur in
the coding region of their associated genes (exonic mutations), though some are
intronic (noncoding) regions (SCAS8, SCA10, SCA12, SCA31, SCA36) [5, 8].

A few clinical symptoms show genotype—phenotype correlations with a specific
subtype of SCA [17]. Several, such as SCA7, present with visual acuity problems.
SCA17 can present with chorea and overlap HD. In SCAs that are due to repeat
expansions, the length of the expansion has been reported to inversely correlate
with the age of disease onset (though repeat length cannot be used to predict age of
onset) [8, 17, 35]. In certain SCAs, repeat length may also inversely correlate with
disease progression and severity [36, 37].

5.4.2 FRDA

FRDA is the most common form of autosomal recessive ataxia, with a reported
prevalence between 2 and 4/100,000 [13, 38]. It is caused by a noncoding GAA
trinucleotide repeat expansion in intron 1 of the FXN (alternate name is X25) gene
located at chromosome 9q13 that encodes the protein frataxin. A homozygous
polyglutamate expansion within this gene is found in approximately 96-98 % of
patients [38—41]. The remaining patients carry a GAA expansion on one allele and
an inactivating mutation in the coding region of the other allele.

Penetrance in the SCAs and FRDA is thought to be complete, though mode of
inheritance, clinical variability, and age of onset (impacted by anticipation, in some
cases) may mask the appearance of complete penetrance in some families. Genetic
anticipation and mutation transmission instability caused by repeat expansions are
hallmark features of the SCAs (aside from SCA®6), particularly in the polyglutamine
(CAG or CAA) trinucleotide repeat expansion disorders. Anticipation is seen more
often in paternal than maternal transmission (particularly in SCA1, SCA2, and
SCAT), often resulting from gonadal mosaicism [10]. In instances of anticipation,
age of onset becomes earlier with each successive generation. Because FRDA is
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inherited in an autosomal recessive manner, and in some instances due to one allele
with a point mutation, anticipation is not seen in this condition.

5.4.3 FXTAS

FXTAS is due to a premutation in the FMRI gene on the X chromosome. A
premutation range between 50 and 200 CGG repeats results in a toxic effect of
the CGG-repeat mRNA, perhaps by preventing RNA binding proteins from func-
tioning properly [24]. Penetrance of FXTAS is age dependent, with about 40 % in
males and about 16 % of females over 50 years of age developing symptoms.
Symptoms are generally less severe in women. Female carriers tend to develop less
dementia, but more autoimmune problems and hypertension.

5.5 Genetic Counseling Issues

(Ataxia video clip Part 2)

Except for recessive and mitochondrial ataxias that usually have childhood
onset, the majority of hereditary ataxias are slowly progressive conditions with
onset in mid to late adulthood. Genetic counseling and risk assessment for family
members will depend on the patient’s specific subtype of ataxia. Even in typically
adult onset ataxias, genetic anticipation may lead to childhood onset in offspring of
still healthy parents. Determining a diagnosis of SCA in a child with asymptomatic
parents may consequently diagnose one of the parents or possibly raise issues of
non-paternity.

If a familial pathogenic mutation has been identified, presymptomatic testing of
at-risk family members is possible. When presymptomatic testing for an at-risk
adult is requested, a protocol including a clinical neurological assessment and
appropriate genetic counseling should be followed [42]. Counseling should include
discussion about privacy laws (HIPAA) and genetic discrimination legislation
(GINA) with particular attention paid to long-term care, disability, and life insur-
ance coverage. Genetic testing of asymptomatic children age (<18 years) for most
hereditary ataxias is not considered appropriate, particularly without established
effective treatment. Exceptions exist for subtypes where symptomatic intervention
may prevent or ameliorate disease progression (i.e., sibs of a proband with AVED).

Hereditary ataxias can have a profound impact on families and family dynamics.
For many individuals with SCAs, emotional control can be problematic. Inappro-
priate social responses, uncontrolled outbursts, and lack of a “filter” when speaking
can sometimes be the confusing, first symptoms of disease. Unfortunately, it is
rarely recognized as such, particularly when individuals are unaware of the disease
in their family. Patients presenting in clinic may already have strained relationships
or unstable employment because of the psychiatric symptoms. Genetic counselors



80 A.L.P. Kirschner and J.S. Goldman

should specifically ask about psychosocial issues, and not leave the focus only on
symptom progression. As a patient’s disease progresses and the patient’s cognition
and speech decline, caregivers play an increasingly important role in clinical
encounters. However, including the patient in conversations is important. This
can be a delicate balance when caregivers and patients both require emotional
support. Patients and family members should be encouraged to reach out to other
professionals such as counselors, psychologists, and social workers to help work
through the challenges of these diseases.

Issues of safety can be problematic. A patient may take longer than is considered
“safe” for them to realize or admit their inability to adequately perform their
employment duties or continue with their usual activities of daily living. High
functioning adults often find it difficult to decide when to cut back on hours or
duties, when to use an assistive device for ambulation, or when to stop driving.
Memory loss, confusion, or psychiatric disturbances in later stages of disease can
compound these decisions. Genetic counselors must realize the fine line between
safety hazards and a patient’s livelihood, and attempt to incorporate both the patient
and caregivers in the counseling conversations about these issues. In extreme cases,
genetic counselors need to decide when or if they have a duty to report unsafe
behavior, particularly when this concerns the safety of others (for example, if the
patient has a high-risk job such as a surgeon or a school bus driver).

Genetic testing for the SCAs can be frustrating and expensive. Even with a
family history, negative results on an SCA panel are not unusual, as many SCA
genes have yet to be identified. Whole exome testing will not usually help the
discovery process because of repeat expansions. As a result, presymptomatic
testing may not be available to family members trying to make life decisions. As
PGD would not be possible in this scenario, counseling about adoption and sperm/
egg donation can be beneficial.

Patients with progressive FRDA diagnosed in childhood or with adult-onset
FRDA now benefit from advanced medical management and a longer life expec-
tancy. Genetic counselors should be aware of the individual and family issues
associated with the transition out of the pediatric medical home into an adult care
setting. This can pose a challenge for patients, particularly regarding making
appointments and medical management. This transition may be difficult for the
patient’s primary care providers (usually the parents), who have become accus-
tomed to taking on many of these tasks, and being fully integrated into the patient’s
medical management. In addition, many patients with FRDA may also be
transitioning out of their parents’ home to college. Genetic counselors can provide
the family with additional resources or referrals for FRDA patients moving away
from home or to another state.

Genetic counseling for patients with FXTAS requires a discussion of associated
risks for other family members, including premature ovarian failure (POF) and
Fragile X syndrome. Although some patients with FXTAS are ascertained because
a grandchild has Fragile X, others have no family history. Thus, family members
should be offered genetic counseling and Fragile X screening.
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5.5.1 Family History Questions for Ataxia

When taking a family history of a patient with ataxia (or a relative with ataxia), the
following questions should be asked:

* Did anyone in the family have problems walking or walk unsteadily?

¢ Did anyone have any other movement disorder or neurological disease?
« Did anyone in the family have dementia or cognitive problems?

« Did anyone have psychiatric or behavioral problems?

« Did anyone have problems with vision?

« Did anyone have diabetes?

* Did anyone have heart problems?

* Did anyone have mental retardation of learning disabilities?

¢ Did anyone have fertility problems?

If the answer to any of these questions is “yes,” the age of onset and nature of
these problems should be determined.

5.6 Case Histories

5.6.1 Case History 1 (Fig. 5.1)

Mr. and Mrs. H came for a clinical evaluation with their daughters: 7 year-old,
Lauren, and 3 year-old, Ellie. Mrs. H, a 46-year-old woman, contacted the
neurogenetics specialty clinic to request further clinical investigation and possible
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Fig. 5.1 Ataxia case history pedigree
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genetic testing of stored DNA samples from her deceased son, Max. Prior to Max’s
death, he had been evaluated at several medical centers across the country, but none
had been able to give the family a specific diagnosis. Mrs. H hoped that another
clinical team’s review of Max’s medical records might result in consideration of
alternative diagnoses. It had been approximately 1 year since Max passed away, and
it was troubling to the family that they still did not have a genetically confirmed
diagnosis of his condition. The family traveled over 2,000 miles to get to the clinic
appointment.

At age 8 Max presented to the family’s pediatrician with concentration problems
and “clumsiness.” Upon evaluation, the family’s pediatrician found no evidence for
concern, and reassured the family that their observations were typical of many
8-year-olds. The doctor attributed the clumsiness to a growth spurt, and assured the
family that he would keep an eye out for further signs of “ADHD-like” behavior.
After additional complaints and concerns from the family over a 9-month period,
Max was referred to a local pediatric neurology clinic for further evaluation. He
showed subtle signs of gait ataxia and was followed continuously thereafter by a
neurologist. No family history of childhood-onset ataxias, movement disorders, or
dementia was noted.

During the time of Max’s evaluations, the H’s also found out they were pregnant
with Ellie. Max’s condition continued to progress slowly, and by age 11 Max was
found to have progressive ataxia, dysarthria, dysphagia, and cerebellar degenera-
tion on MRI. Though Max’s neurologist felt confident that his symptoms fit the
diagnosis of childhood onset ataxia, genetic testing for Friedreich ataxia (FRDA)
and ataxia telangiectasia (AT) were both negative. At age 12, subsequent genetic
testing for a panel of spinocerebellar ataxias (SCAs) was also negative. Max’s
condition was treated with symptom management and palliative care, and rapidly
progressed until he passed away at age 13. Since he never received a genetically
confirmed diagnosis before his death, the family requested that tissue, blood, and
brain samples be collected on autopsy, and DNA from Max be extracted and stored.

Upon first meeting the family in clinic, it was clear to the genetic counselor that
Mrs. H was not only concerned about finding a diagnosis for Max’s condition but
was also concerned about the potential for her daughters to develop the same
problems. Even though Mrs. H reportedly felt that both girls were currently
asymptomatic, Lauren was 7% years old at the appointment, and Max began
showing symptoms at age 8. Prior to the formal clinical review and evaluation
with the neurogenetics multidisciplinary team, the genetic counselor had Mr. and
Mrs. H sign institution-specific consent forms related to the use of their son’s
specimens. While doing so, the genetic counselor noticed that Mr. H had a moderate
hand tremor and slight dysmetria when touching the pen to the signature line.

The genetic counselor decided that, even though a family history had been
collected in the past at an outside medical center, it was worth repeating. A very
different family history began to emerge from the one included in Max’s medical
records. Mr. H’s father was 78 years old and was in relatively good health. Mr. H’s
mother died suddenly at age 49 in a car accident during inclement weather, but did
not have any known chronic health conditions prior to her death. However, several



5 Ataxia 83

of Mr. H’s maternal cousins (ages 35-69) had mild slurred speech. Two other
maternal cousins needed a walking stick because they were “unsteady.” Another
cousin never lived on his own, even in adulthood, because he just wasn’t “savvy
enough” to handle his own finances or hold a job for a prolonged period of time.
This cousin was not very “active” and seemed ‘“‘shaky” when he moved around,
though he had never undergone a formal medical or psychiatric evaluation for his
issues. Most of Mr. H’s maternal family members proudly consider this the ‘wacky’
side of the family. Mr. and Mrs. H continue to describe erratic, impulsive, adven-
turous (but mostly harmless) behavior in several of the cousins.

Through the conversation, Mr. and Mrs. H became aware of the genetic coun-
selor noting different symptoms and behaviors on the pedigree. They realized that
some of these family “quirks” were symptoms they never would have recognized as
related to Max’s condition. Though they had not previously discussed Mr. H’s
health, both Mr. and Mrs. H told the genetic counselor that recently they had also
begun to notice some “odd” things happening to him, similar to some of the issues
seen with Mr. H’s cousins. For example, Mr. H had recently asked his cousin where
to buy a good walking stick because he had been feeling a little unsteady on his feet.
In fact, recently Mr. H had fallen off of a ladder while doing some repair work
around the house. Mr. H also reported that he frequently become “tongue-tied” and
felt like his head was “cloudy” at work because putting thoughts together was
becoming more difficult. Mr. H stated that he felt frustrated and a little
embarrassed, like he has been “failing in some way” because it has been taking
him longer than usual to complete his work duties. In fact, Mr. and Mrs. H had
argued about the increasing amount of time he was spending at work, even though
his work load had not increased. Mrs. H also told the genetic counselor that she had
felt embarrassed a few weeks ago because Mr. H had yelled loudly at a waitress
when she brought him the wrong soft drink. Since Mr. H generally had a “laid back,
easy-going” personality, Mrs. H thought this was quite out of character. After Mrs.
H told the story, Mr. H stated that he did not remember doing this.

After finishing the family history, the genetic counselor briefly presented the
information to the rest of the multidisciplinary neurogenetics team, and everyone
proceeded to meet with the family. Since both Mr. and Mrs. H were already
concerned about Lauren (and to a lesser degree, Ellie), and were growing increas-
ingly concerned about some of Mr. H’s recent difficulties, the neurogeneticist
performed a clinical evaluation of Lauren, Ellie, and Mr. H. It was determined
that Mr. H was showing some mild clinical symptoms of dysarthria, ataxia, and
dysmetria. The clinical team recommended that Mr. H have an MRI. The team
discussed the SCAs in great detail with the H’s, including the possibility that Mr. H
could be showing symptoms of Max’s condition. Abbreviated neurological exam-
inations were also performed on Lauren and Ellie, which were both normal. Neither
showed evidence of ataxia, dysarthria, dysphagia, or memory trouble. Their draw-
ings appeared to be age appropriate dysmetria.

The genetic counselor reviewed the panel of SCAs that Max had had 3 years
previously, and discovered a more comprehensive SCA panel that had not been
clinically available during Max’s lifetime. The genetic counselor also reviewed
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autosomal dominant inheritance and trinucleotide repeat expansions, but since the
H’s had already been through testing for the SCAs with Max, they felt comfortable
with the information and did not have any additional questions. The family decided
to send extracted DNA from Max’s autopsy for further testing. Mr. H also decided
to provide a blood sample for DNA extraction and storage at the clinic’s laboratory,
in the event a diagnosis was determined using Max’s sample and testing could be
performed on him. Since the H’s lived so far away, they wanted to make sure that
the clinical team would have all of the necessary specimens and information to
order further genetic testing on Mr. H, should the need arise. The genetic counselor
arranged the genetic testing with the family. The H’s and the genetic counselor
made a follow-up plan to receive the genetic test results by phone in approximately
8 weeks.

Discussion questions:

* What are ways in which a genetic counselor can address difficult anniversaries
for their patients? How might this differ between past patients and current
patients? In the case of the H’s, both the anniversary of their son’s passing and
the anniversary of their daughter arriving at the age at which their son became
symptomatic coincide. How much do you think these types of anniversaries
influence a patient’s motivations to seek medical evaluation, genetic testing, or
support? What other factors may have a similar influence?

* Working with long-distance patients presents its own set of challenges. What are
some strategies genetic counselors can put in place to ensure that both the
patient’s time and the clinical team’s time is well spent? What potential prob-
lems do you see arising when working with long-distance patients and what are
ways to mitigate some of these issues?

¢ In general, in-person results disclosure for genetic testing is preferable (but not
always possible). Are there certain types of genetic test results that you would
not consider returning by phone? What information should genetic counseling
“contracting” or anticipatory guidance include when both parties are agreeing to
distance-based results disclosure?

¢ When counseling and evaluating for genetic conditions where new variations of
the disease are consistently continuing to be discovered or testing technologies
continually improving, how confident can you be in a negative test result that
was performed greater than 3-5 years ago? How about 10 years ago? What are
the risks, benefits, limitations, or concerns of retesting a gene(s) that was tested
previously?

Several weeks later, genetic test results on Max’s sample showed a deleterious
trinucleotide repeat expansion in the TBP gene, diagnostic for SCA17. The genetic
counselor arranged a telephone call with the H’s to disclose the results. At first, the
H’s were very excited and said they were thankful and relieved to finally have a
diagnosis for their son. The H’s said that this was the “end of a long road” and that
having an answer might help them “move on” in the wake of their son’s death. After
a few minutes, however, their concern naturally turned to Mr. H. After speaking
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with the H’s about Max’s results, reviewing the testing information, and obtaining
consent, Mr. H’s sample was also sent for genetic testing for SCA17. A few weeks
later, Mr. H’s results also came back positive for SCA17, with a smaller number of
trinucleotide repeats. The H’s were saddened by this news, but stated that they were
expecting the diagnosis. Several months had passed since the family’s initial clinic
appointment and Mr. H had continued to exhibit symptoms. Mr. H was now seeing
a neurologist regularly and had been started on antidepressants due to a developing
mood disorder.

About 3 months after Mr. H’s genetic test results came back positive, Mrs. H
began calling the genetic counselor “to talk” at regular intervals. Initially, Mrs. H
was experiencing anxiety due to uncertainty for the future, and wanted both Lauren
and Ellie to testing. The genetic counselor discussed with Mrs. H the issues
surrounding predictive testing in minors, including the current recommended
genetic testing and counseling protocols. Mrs. H ended the conversation agreeing
that she had a lot to think about before proceeding with testing. When she called
back 4 weeks later, Mrs. H said that she was trying not to worry so much about her
daughters. Since the H’s had been counseled together, this was a good opportunity
to speak with Mrs. H alone and assess her psychological wellbeing and support
system. Mrs. H told the genetic counselor that she had strong family support and her
circle of close friends. However, she had been growing increasingly concerned
about her husband, and worried about her ability to care for him. The genetic
counselor acknowledged these challenges and concerns, and praised Mrs. H’s
ability to seek the necessary help from her family and friends. She also provided
Mrs. H with some information on local support groups and additional resources,
and suggested that Mrs. H consider reaching out to a local psychologist to help her
cope with her current life stressors. Mrs. H seemed amenable to the suggestion.

Nine months later Mrs. H called back and again requested that Lauren be tested
(but not Ellie). Mrs. H was now convinced that Lauren was becoming symptomatic.
Lauren was now 9 years old, and had started forgetting her books at school once or
twice per week, and seemed withdrawn. When asked if Lauren had seen a doctor
recently, Mrs. H said that her examination by her primary care provider last month
had been normal. The genetic counselor asked if Lauren’s forgetfulness had been
similar to the early signs of Max’s condition. Mrs. H gave a noncommittal answer,
stating that some things seemed similar, but that might not look the same. She stated
that she did not believe Lauren’s exam had been normal, and again stated that she
just “knew something was wrong.” Mrs. H said that Lauren recently asked her if she
was going to “get what Max had,” and told her mother that she was sad because her
dad did not play with her as often. The genetic counselor empathized with Mrs. H
about how difficult that conversation must have been, and also asked if Mrs. H had
talked to anyone about her fears. Mrs. H mentioned that she had begun seeing a
psychiatrist who was treating her for depression and situational anxiety.

After conferring with the clinical team, the genetic counselor called Mrs. H and
offered the opportunity for the family to come back to clinic to reevaluate Lauren.
Though hesitant, the clinical team and genetic counselor also agreed to meet with
the family and begin a series of counseling sessions for predictive testing. The
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uncertainty was causing the family (and Mrs. H, in particular) distress and anxiety.
The long-distance trip to the clinic was a huge financial strain on the family, so the
genetic counselor suggested that Lauren could be seen by another pediatric neurol-
ogist and genetic counselor closer to the family’s home; however, Mrs. H said that
they felt most comfortable with this clinical team and did not want to “start over.”
The H’s were going to look into other funding to finance the trip back.

Three months later, Mrs. H called the genetic counselor again. Mrs. H had taken
Lauren to the family’s local neurologist to be evaluated. Though no obvious clinical
symptoms were present upon exam, Mrs. H’s request for testing and reports of
Lauren’s forgetfulness persuaded the physician to order the test without going
through the recommended presymptomatic genetic counseling protocol. Mrs. H
had received a call from the neurologist yesterday saying that Lauren’s results had
come back diagnostic for SCA17. After sharing the news with Lauren, Mrs. H was
devastated. She was worried that the genetic counselor would be upset because she
did not go through the recommended process to get Lauren’s testing. However,
Mrs. H stated that she needed to talk to someone who would understand the results,
and was calling to seek further advice and counseling.

Discussion questions:

*  What are the genetic counselor’s obligations to continue to follow-up with Mrs.
H and her family? What is the best way to do this, while also trying to transition
them to a local care team even when the family seems resistant to the change?

*  What are some coping strategies for dealing with a patient when you disapprove
of their actions? What are ways for genetic counselors to help manage their own
feelings of anger, disappointment, sadness, or shock?

* How much weight should a medical professional place on a “gut feeling” when
weighing the risks and benefits of testing a patient?

¢ Genetic testing of minors for adult-onset genetic conditions is a complicated
issue, particularly since the testing affects not only the child but also the parent
(s). When discussing predictive testing with parents, how much emphasis should
be placed on autonomy and the child’s “right not to know” versus the potential
benefit of early diagnosis and potential alleviation of parental anxiety?

5.6.2 Case History 2

Mr. M, a 67-year-old man with a 5-year history of a progressive gait disorder and
more recent cognitive problems, presented to a movement disorders clinic. His wife
and two adult children, Samantha and Luke, accompanied him. After a complete
evaluation, Mr. M’s diagnosis was still unclear. Despite the lack of family history,
the physician suspected a genetic etiology, and asked the genetic counselor to meet
with the family for a more complete family history and a discussion of genetic
testing for the SCAs and GSS, a familial prion disease.
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The genetic counselor introduced the purpose of the meeting, and proceeded to
take a three-generation family history, which was negative for any neurological or
psychiatric condition. She then asked about the fourth generation. Samantha, age
34, was newly married and had no children. Luke, age 38, had two sons who were
3 and 1, and were both healthy. Mr. M had two sisters and a brother, all of whom
were healthy. His brother had three healthy children. One sister was childless, and
the other had two adopted children. Mrs. M commented that both sisters had had
fertility problems. The genetic counselor thanked them for the history, and said she
wished to consult with the neurologist and would be back shortly.

Upon finding the neurologist, the counselor shared the family history findings,
and suggested that Mr. M be tested for FXTAS because of his sisters’ fertility
problems. The neurologist agreed. The counselor returned to the M family and
explained her concerns. She discussed the symptoms of FXTAS. Though Mr. M did
not have a significant tremor, he had the other hallmark features of FXTAS,
cerebellar ataxia, cerebellar hyperintensities on MRI, and cognitive impairment.
The family history of premature ovarian failure was consistent with the diagnosis.
She explained the genetics of FXTAS, including the nature of the triple repeat
expansion, the difference between a premutation and a full mutation, and the
ramifications for other family members. The family became very quiet. Luke
commented that he already had children. The counselor reassured him that neither
he nor his children would carry the premutation. However, if Mr. B were found to
be a premutation carrier, Samantha would be at 50 % risk for being a carrier.
Samantha understood her risk and felt that Mr. B should be tested. She said that she
was already 34 and would want to try to get pregnant immediately.

Mr. B’s FMRI testing revealed a CGG repeat of 127, thus confirming his
diagnosis of FXTAS. At the result session, the genetic counselor first addressed
the patient and asked him how he felt about knowing the diagnosis. Mr. B became
quite agitated as he understood that he had a genetic disease that his children could
also have. The genetic counselor acknowledged his feelings, but reminded him that
even the neurologists hadn’t figured it out. He had no way of knowing that he
carried the gene and had now empowered his daughter to protect her children. The
counselor then turned to Samantha, who had remained very quiet. She asked if
Samantha had thoughts about what she would do with the information. She said that
she wanted to be tested and then would want a referral for prenatal counseling. The
genetic counselor agreed to facilitate both.

Discussion questions:

» How does genetic counseling specialty training help with the analysis of family
history?

» How does a pleiotropic effect of a gene (in this case FXTAS, POF, and Fragile X
syndrome) impact genetic counseling and the effect of genetic diagnosis?

e Although Mr. B was the patient, Samantha became the focus of genetic counsel-
ing. Should a genetic counseling session be divided between family members?
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5.7 Resources for Patients

National Ataxia Foundation (NAF)

2600 Fernbrook Lane, Suite 119

Minneapolis, MN 55447

Phone: (763) 553-0020

E-mail: naf@ataxia.org

Web site: http://www.ataxia.org

International Network of Ataxia Friends INTERNAF)
E-mail: internaf-owner@yahoogroups.com

Web site: www.internaf.org

Worldwide Education And Awareness For Movement Disorders (WE MOVE)
204 West 84th Street

New York, NY 10024

Phone: (212) 875-8312

E-mail: wemove@wemove.org

Web site: www.wemove.org

National Organization for Rare Disorders, Inc. (NORD)
55 Kenosia Avenue

P.O. Box 1968

Danbury, CT 06813-1968

Phone: (800) 999-6673

Web site: http://www.rarediseases.org
Friedreich’s Ataxia Research Alliance (FARA)
533W. Uwchlan Ave

Downingtown, PA 19335

Phone: (484) 879-6160

E-mail: info@cureFA.org

Web site: www.curefa.org

National Fragile X Foundation

1615 Bonanza St. Suite 202

Walnut Creek, CA 94596

www.fragilex.org
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Chapter 6
Overview of the Dementias

Jill S. Goldman

The dementias are a group of conditions that are usually progressive and often
neurodegenerative. Diagnosis is made on the basis of the patient’s clinical history,
neurological examination, neuroimaging (MRI, PET, SPECT), neuropsychological
testing, and standard laboratory testing. The laboratory testing is performed to rule
out reversible causes of dementia including vitamin deficiency, thyroid dysfunc-
tion, liver function (i.e., Wilson’s disease), markers of infection or inflammation
(i.e., HIV, autoimmune diseases), and paraneoplastic disease. Additionally several
cerebrospinal fluid (CSF) biomarkers may increase or decrease the risk of various
dementia diagnoses (refer to Chap. 8 for complete description of testing).

In the new Diagnostic and Statistical Manual of Mental Disorders (DSM-5), the
term dementia has been replaced by “major neurocognitive disorder.” Criteria for
this diagnosis include impairment in any of the domains of cognitive function
(cognitive domains include memory, language, visual/spatial function, executive
functioning including reasoning, judgment, and planning, and behavior/personality/
mood) resulting in impairment in the activities of daily living (ADL’s) at home, at
work, or in social activities to the extent that independence is compromised
[1]. Additionally this condition cannot be explained by delirium or a psychiatric
condition. As mentioned above, dementias can be reversible or irreversible. The
most common causes of irreversible dementia include Alzheimer disease, vascular
dementia, and dementia with Lewy bodies (DLB, related to Parkinson’s disease).
All types of dementia may have associated motor disorders that can develop before
or after the cognitive dysfunction. Initial symptoms usually dictate which specialist
is consulted when the patient first enters the diagnostic process. Entry areas include
the neurological specialties of memory disorders, movement disorders, neuromus-
cular disorders, and stroke, as well as psychiatry.
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This chapter will cover several primary neurodegenerative dementias. Dementia
with Lewy Bodies is discussed with Parkinson’s disease (Chap. 3) and CADASIL
will be discussed in the chapter on stroke (Chap. 11). Many metabolic genetic
diseases can result in secondary dementia (e.g., leukodystrophies, adult Tay Sachs
disease, Kufs disease, mitochondrial diseases). Although these diseases are not be
discussed in this book, many of the dementia counseling issues may apply to them
as well.

6.1 Genetic Counseling Issues for All Dementia

Dementia presents several unique issues for genetic testing and counseling.
Because these issues apply to all types of dementia, they are discussed here rather
than in each section:

1. Purpose of diagnostic genetic testing: The motivation for genetic testing may be
to attain information for the family or to confirm diagnosis during the patient’s
lifetime. However, in most cases, this clarification will not alter treatment and
cannot be said to be medically necessary. Therefore, insurance may not pay for
genetic testing.

2. Presymptomatic genetic testing: For relatives interested in predictive testing, it
is recommended that in all but a few exceptional cases, mutations be identified
first in an affected family member before testing an unaffected individual.
Several reasons lead to this recommendation:

* Symptoms overlap considerably across all dementia diagnoses. Without
confirmation of a mutation in an affected family member, a negative
presymptomatic result could be due to testing the wrong genes.

» A great portion of dementia is not autosomal dominant. Familial clustering is
common, especially for late-onset Alzheimer disease, and is probably due to a
combination of genetic susceptibility genes and epigenetic factors that are not
yet understood.

e The finding of variants of unknown significance is common in these genes,
and will become even more common when testing is performed using whole
genome or exome sequencing. Thus, to determine whether such variants have
clinical meaning, the mutation should be seen to segregate with the disease in
the family.

When presymptomatic testing is an option, clinicians should follow the
Huntington Disease protocol that includes several genetic counseling ses-
sions, clinical evaluation by a neurologist, neuropsychologist, and/or a psy-
chiatrist, and a face-to-face result counseling session with a support person
[2]. Although this protocol may be seen as paternalistic, most patients are
compliant and many choose to forego testing after going through the protocol.
Thus, although most patients who choose to proceed cope well with their
results, the great majority of people at risk for these diseases opt not to test
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because they feel the results would negatively impact their lives [3, 4]. When
treatment trials are available for mutation carriers, it is likely that more
people will choose to be tested.

3. Testing an affected individual: Capacity to consent is an essential element of

genetic testing for dementia. The genetics of these diseases and implications for
family members are quite complex and demand significant cognitive ability. As
a result, a family member or person authorized to make health care decisions
should be present during the pretest discussion of genetic testing, the signing of
the informed consent, and the posttest result session. Regardless of the family’s
wishes, testing of the patient should not be coercive. Additionally relatives
helping with the decision may actually be at as much as a 50 % risk, and,
therefore, have their own agenda for recommending or discouraging testing.
Thus, reasons for testing need to be explored prior to actual testing [5].
Determining what type of genetic testing to do. As next generation sequencing
(NGS) panels and whole exome sequencing become more common and less
expensive, ordering these tests rather than single gene sequencing and small
disease-specific panels will be tempting. However, the amount of the genome
being tested influences the complexity of results. Finding gene variants in
several genes may lead to more, not less, diagnostic confusion for the physician,
counselor, and patient. When the clinical presentation is clear, single gene or
disease-specific panels may still be the first line of action, reflexing to an NGS
panel as necessary. For example, presentation of an autosomal dominant rapidly
progressive dementia should result in testing PRNP not in NGS. However, if a
patient presents late in a disease course with symptoms that could overlap FTD
and AD, a full dementia panel more be more efficacious.

6.2 Family History Questions Pertinent to Dementia

Targeted questions about family history can help determine if a condition is
hereditary and assist with diagnosis. A pedigree consisting of 3 or more generations
should always be taken and include documentation of any neurological or psychi-
atric condition with age of onset and age of death. When taking the pedigree, the
patient and informant should be asked the following questions:

Did anybody have dementia, senility, or memory loss?

Did anybody have a change in personality or behavior?

Did anybody have a mental illness including chronic depression? Did anyone
have a nervous breakdown?

Was anyone in a nursing home or mental institution? If so, why?

Was anyone an alcoholic or drug addict?

Were there any suicides in the family?

Did anyone have a neurological disease such as Parkinson’s disease or ALS? Did
anyone have a tremor or trouble walking?
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Did anyone have migraines?
Did anyone have a language or speech problem?
Did anyone have hypertension, stroke, or cardiovascular problem?

If the answer to any of these questions is affirmative, age of onset and details of

symptoms should be explored and documented.
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Chapter 7
Alzheimer Disease

Jill S. Goldman

With a prevalence of 5.2 million people in the USA, Alzheimer disease (AD) is the
most common dementia and the most common of all neurodegenerative diseases. It
is estimated that the incidence will double by 2050 [1]. Although AD is more
common among women, this difference is largely due to length of life. The disease
is found around the world in all ethnic groups. In the USA, African-Americans and
Hispanics are at greater risk for AD, probably because of their increased risk of
other diseases such as hypertension and diabetes [1].

Of those people with AD, approximately 200,000 are under the age of 65. It is
this group with early-onset AD that is more likely to have a familial form of the
disease. Although the genetic burden of AD is likely to be quite large, overall less
than 1 % of all AD is due to autosomal dominant genes. Regardless of the cause, the
definitive diagnosis of AD is made at autopsy [1].

7.1 Clinical Presentation

Alzheimer disease typically has an insidious onset with forgetfulness demonstrated
by repeating conversation and questions, misplacing items, forgetting events,
getting lost, having trouble with calculations such as making correct change or
balancing a checkbook, and having word-finding problems. However, diagnostic
criteria for Alzheimer disease are in a state of flux largely due to advances in
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neuroimaging and CSF biomarkers, as well as in clinical and pathological assess-
ment. Atypical presentations of AD have been described where patients demon-
strate relatively preserved memory but autopsy reveals AD pathology. Whereas the
existing diagnosis of AD required impairment in memory and another cognitive
domain, the proposed revised criteria state that there must be a gradual onset of
symptoms with progression to cognitive impairment in any domain which impairs
the activities of daily living, and that other forms of dementia are largely ruled out
[2—4]. Atypical AD presentations include mood/behavior change, language impair-
ment resulting in a progressive aphasia, or cortically derived vision problems
resulting from posterior cortical atrophy. About a third of people with early-onset
AD have atypical features [5].

As AD progresses, all areas of cognitive function will be affected. In early to
middle stages of the disease, short-term memory is primarily affected. Later, long-
term memory will become impaired. Eventually the ability to recognize faces,
including family, will be lost. People with middle to late stage AD may have
psychiatric symptoms such as depression, agitation, delusions, and hallucinations.
They will have poor judgment, may become disoriented to time and place, lose
language and the ability for self-care, and become incontinent. Many people
develop parkinsonian features that can lead to an increased risk of falling. Myoc-
lonus and seizures also can develop. Ultimately, patients will be bedridden. Disease
duration is variable with the mean being approximately 12 years from onset (6 years
from clinical presentation) [6]. The ultimate cause of death is likely to be an
unrecognized infection, aspiration pneumonia, or dehydration.

People with AD and their caregivers often become progressively isolated. The
need for maintaining a good quality of life for both patient and caregivers should be
addressed by healthcare providers including genetic counselors, and appropriate
resources should be given.

7.2 Diagnosis

In addition to the neurological history, AD is diagnosed by meeting the clinical
criteria and ruling out infection, paraneoplastic disease, hormonal, and metabolic
causes of dementia through routine laboratory testing and lumbar puncture. A quick
neuropsychological screen that can be performed during a clinical visit is the Mini
Mental Status Exam (MMSE). However, much more extensive neuropsychological
testing is necessary to reveal the type and extent of cognitive impairment. Addi-
tionally, the diagnostic process includes neuroimaging, neuropsychological testing,
and often a lumbar puncture to test the CSF markers, f-amyloid and tau proteins. In
typical AD, MRIs show reduced hippocampal volume and temporal—parietal atro-
phy. Functional imaging shows reduction in metabolism and blood flow in the
temporal—parietal cortex [3]. PET imaging using amyloid staining can assist with
diagnosis, but as of this writing, has limited availability and is very expensive. The
CSF biomarker profile increasing the likelihood of an AD diagnosis is low amyloid
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B42 and high total tau and phosphorylated tau. Neuroimaging and biomarkers as
well as the neuropsychological profile help to improve diagnostic confidence, but
are not foolproof. The finding of amyloid deposition in the brains of some elderly
people who do not develop AD demonstrates how even amyloid neuroimaging is
not 100 % predictive [4, 7]. Definitive diagnosis is autopsy with the pathological
findings of amyloid plaques and neurofibrillary tangles composed of hyperpho-
sphorylated tau protein.

7.3 Treatment and Management

Treatment for Alzheimer disease is largely symptomatic. Although there are many
clinical trials, at the present time available treatments include cholinesterase inhib-
itors ((donepezil, rivastigmine, galantamine) and an NMDA receptor antagonist,
memantine. These compounds slightly improve cognition and function in some
patients and may slow the rate of disease, but do not stop or cure it. Yet other
patients gain no benefit from these medications and complain of side effects
including gastrointestinal complications and sleep disorder [8]. Additionally, symp-
toms such as depression and agitation can be treated through antidepressants and
antipsychotics.

Non-pharmacological treatment includes behavior modification, cognitive
retraining, and stimulation activities. As social isolation is a problem for patients
and their caregivers, support groups, daycare centers, and cultural programs
designed for families living with dementia can be helpful. Organizations, such as
the Alzheimer Association, run workshops for families on essential topics such as
legal issues and handling difficult behaviors.

7.4 Genetics

Three genes have been linked to autosomal dominant AD: Presenilin 1 (PSEN/) at
14q24.3, Presenilin 2 (PSEN2) at 1q31-g42, and the amyloid precursor protein gene
(APP) at 21g21.2. Of these, approximately 50 % of autosomal dominant AD has
been attributed to PSENI. Whereas several cases of asymptomatic PSEN2 gene
carriers have been reported, PSENI and APP are thought to be 100 % penetrant (see
Table 7.1).

Over 180 mutations have been described in PSENI. Genotype/phenotype cor-
relations exist for some mutations; however, phenotypic variation can be signifi-
cant, even within families. Age of onset is usually in the 40s or 50s, although cases
have been reported as young as the 20s and possibly as old as 70. Yet onset after
60 is highly unusual. In addition to typical Alzheimer type dementia, which begins
with memory loss and/or visual/spatial problems, all areas of cognition can be
affected including behavior, mood, executive function and language. Aphasia and
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Table 7.1 Genetic risk factors for Alzheimer disease

Gene Chromosome | Inheritance Penetrance Age of onset
PSENI |14q24.3 Autosomal dominant | 100 % 24-65 (AAO 45)
PSEN2 |1q31-g42 Autosomal dominant | <100 % 39-75 (AAO 54)
APP 21g21.2 Autosomal dominant | 100 % 40s—60s

APOE |19ql13.2 Autosomal dominant | Dosage related risk factor | Highly variable

AAO average age of onset

behavioral/psychiatric symptoms are relatively common. Additionally parkinson-
ism, ataxia, myoclonus, seizures, and spastic paraparesis have all been reported [9,
10].

APP accounts for 10-15 % of autosomal dominant AD. Approximately 25 point
mutations and duplications have been found in this gene [11]. In addition to
cognitive impairment, the APP phenotype can include autonomic failure, seizures,
behavioral changes, intracerebral hemorrhage, and cerebral amyloid angiopathy
found on autopsy [12, 13].

PSEN2 mutations are very rare. Approximately 15 mutations have been found in
families of Volga German, Italian, and Spanish descent [14]. Age of onset is quite
variable, and reduced penetrance has been reported. Seizures are also relatively
common. Autopsy often reveals Lewy Body pathology (associated with
Parkinson’s disease) in addition to amyloid plaques and tau tangles, which accounts
for occurrence of hallucinations [15].

Whereas less than 1 % of AD is due to these autosomal dominant genes, a
significant portion is thought to involve genetic susceptibility factors. Heritability
of AD is estimated at 58—79 % [16]. Through GWAS studies, numerous loci have
been associated with risk. Of all the identified genes, only the apolipoprotein E gene
(APOE) repeatedly shows a significant effect on risk.

APOE has 3 alleles, €2, €3, and e4. The e4 allele is associated with increased
Alzheimer risk in a dose dependent manner, while the e2 allele is thought to be
protective. A single e4 allele increases risk 2-3 times, whereas individuals with an
e4/e4 genotype have about a 15-fold increase in lifetime risk [17, 18]. Risk is
age-dependent and in e4/e4 individuals is about 50 % in males and 60 % in women
by age 85. Individuals with e3/e4 have a 23 % (males)—30 % (females) risk by age
85 [18].

The significant increased risk conferred by this locus has led to interest in
predictive testing. However, practice guidelines and position statements have not
supported the use of APOE testing whether for diagnostic or predictive reasons
[19]. This gene is neither necessary nor sufficient for developing AD. However, the
REVEAL study has demonstrated that the select group of research patients who opt
to hear their APOE status after genetic counseling generally cope well with their
results. Yet a small minority (9 %) experienced depression up to a year after
receiving results. Additionally the study showed that genetic counseling helped to
reduce anxiety, perhaps by focusing on the difference between perceived risk and
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objective risk [20]. APOE disclosure in the study group resulted in some behavioral
change of APOE e4 positive as compared to negative individuals. Individuals
testing positive were 4.75 times more likely to increase their use of vitamins and
supplements (for which there is no good scientific basis), but not to increase
exercise (which has been shown to be beneficial) [21]. Likewise, those testing
positive were more likely to buy long-term care insurance [22]. Long-term care
insurance is beneficial; however, since it is not covered by GINA, it should be
purchased before testing to avoid any claim of insurance fraud or discrimination.
APOE testing is available through DTC with or without counseling; thus, healthcare
professionals may be asked questions about the implications of testing after it has
already been performed.

In addition to APOE, other loci in combination contribute approximately 35 % to
AD risk [23]. Of these, replication studies have confirmed PICALM, BINI, CLU,
CR1, where others including SORLI, CD33, EPHAI, ABCA7 have been replicated
in some populations [23-25]. More recent GWAS studies are concentrating on
specific endophenotypes, such as age of onset or psychotic features, to increase
significance of findings. Additionally, ethnic differences are being studied. The
ABCA7 gene seems to double the risk of AD in African-Americans [26]. Identifi-
cation of these genes is important for a better understanding of Alzheimer disease
pathways, even though testing for predictive purposes will not be productive.

7.5 Genetic Counseling Issues

Since interventions are not currently available, genetic testing for Alzheimer
disease lacks clinical utility. Yet for some individuals or families, testing provides
a better understanding of the family disease and closure to uncertainty. Genetic
testing of an affected individual reveals the risk of disease for other family
members, and therefore, the possibility of taking action on one’s own risk. For
many individuals, having this option increases anxiety. Thus, an important job of
the genetic counselor is to prepare the family for possible backlash from extended
family members. For many families, discussions prior to testing can prevent this
backlash. Other families feel that they do not want to raise family anxiety until
necessary or decide not to share results with others.

As mentioned in the introduction to this section, the genetic counselor should
understand who and what is driving the interest in testing. If there is not family
consensus and the patient is not fully competent, the genetic counselor can attempt
a family meeting to reach consensus. Additionally, the family should be provided
alternatives to testing, such as DNA banking and autopsy. If consensus cannot be
reached, the counselor must accept the wishes of the legal power for healthcare
decisions or next of kin.

In families for whom a mutation is unknown, the process of testing a person with
AD is complicated by the existence of the three autosomal dominant genes as well
as APOE. The strategy for testing is driven largely by whether insurance will cover



102 J.S. Goldman

testing, as well as the ages of onset of family members. If cost is not an issue, the
autosomal dominant AD panel can be ordered. If cost is of concern, testing should
be done sequentially: first PSENI, then APP (point mutations then duplications),
and lastly, PSEN2 (unless the family is of Volga German origin in which case
PSEN2 should be first). While whole exome or genome testing will expedite this
process, results of unknown significance must be taken into account. The family
needs to understand that a possible negative result for all three genes would reduce,
but not eliminate, the risk of autosomal dominant inheritance. Testing for APOE is
not recommended for diagnostic purposes. Although an APOE e4/e4 genotype
might explain early onset and family clustering, this conclusion is not definitive.
Likewise, in an autosomal dominant family, if the AD genes are negative, consid-
eration should be given to testing for frontotemporal degeneration (FTD) and prion
disease.

Once a mutation has been found in the family, other family members are eligible
for testing, at which time the Huntington Disease protocol should be followed. As
stated above, guidelines do not advocate APOE testing. However, patients may
wish to proceed anyway. Genetic counseling should be offered, followed by testing
at the physician’s discretion. Some patients may present for counseling after DTC
testing. These patients need to understand that carrying an e4 allele does not mean
that they will definitely develop the disease, and conversely, that even if they do not
carry an e4 allele, but have a positive family history, their risk only decreases
slightly. They may wish to prepare for the possibility of developing AD.

7.6 Alzheimer Disease Case History (Fig. 7.1)

Mrs. L was a 59-year-old woman with a 3-year history of progressive cognitive
impairment starting with memory loss. A complete neurological evaluation resulted
in a diagnosis of probable Alzheimer disease. At the time of her initial evaluation,
Mrs. L’s Mini Mental Status Exam (MMSE) score was 24/30. Although she was
very forgetful and had word-finding problems, she was still working. Yet, because
of anxiety, she was having more problems at work. When the neurologist discussed
applying for disability, she became agitated. The neurologist then referred Mr. and
Mrs. L for genetic counseling about early-onset Alzheimer disease.

They presented at clinic with their 30-year-old daughter Maria. The counselor
began the session by asking the family to explain the reason for referral. They
understood that their doctor was concerned about hereditary AD. The family,
especially the patient, seemed quite anxious during the initial discussion. A review
of family history revealed that Mrs. L had 2 older sisters and a younger brother. Her
oldest sister, now 62, developed memory problems at age 57. Their father, 2 out of
4 paternal uncles, and paternal grandmother died in their 70s with dementia. Mrs. L
had been the primary caregiver to her father since her mother had died several years
before his death. Mr. L reported that when Mrs. L started having symptoms, she
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Fig. 7.1 AD case history
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became terrified that she would deteriorate to her father’s state, and had refused
evaluation until now. Mrs. L and her daughter both cried during this discussion.
The genetic counselor acknowledged how scary it is to be part of a family with a
hereditary disease, especially when one has watched the dementia process. She
asked Mrs. L if she wished to learn more about the inheritance of the disease and the
possibility of testing for it. Mrs. L nodded yes. The counselor then discussed AD
genetics and used Mrs. L’s family tree to demonstrate autosomal dominant inher-
itance. She explained that it was possible to test for the 3 known autosomal
dominant AD genes, and that if a mutation were found in any of them, it would
prove the cause of the dementia in the family. Mr. L asked whether it would make
any difference to her diagnosis or treatment. The counselor told him that testing
would confirm diagnosis, but not change treatment. The discovery of a mutation
would provide information for the children and other family members who might
wish to find out whether they carry the mutation. It would also allow family
members to enroll in a national research study looking at the earliest markers for
the disease and/or a drug trial only open to families with a known mutation (DIAN-
Dominantly Inherited Alzheimer Network). However, if no mutations were found,
or the result was a variant of unknown significance, presymptomatic testing would
not be possible. Maria said that she was newly engaged and would not want to
discover her status at this time, but perhaps would in the future. She added that her
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oldest brother already had a child and had disengaged himself from his mother and
would not want to receive any information, but her other brother had gotten married
recently and might be interested in results for reproductive options. At this point,
Mrs. L became very agitated. When the counselor asked whether she was worried
about her children, she cried that she did not want them or her husband to have to
care for her, and she was terrified that they too would get the disease.

Again, the genetic counselor acknowledged Mrs. L’s fears, but also asked her to
consider how much research is being done on AD and how the world might be very
different in 20 years. Both women nodded their heads and grinned. Maria said that
she thought it was important for the family to find out everything they could. Mr. L
agreed, but raised concerns about insurance discrimination. The counselor said that
testing Mrs. L would not further affect her insurance since she was already
diagnosed. She discussed GINA and suggested that anyone in the family who was
interested in presymptomatic testing consider long-term care and/or life insurance
prior to testing. She then asked whether the family would communicate results to
other family members. She suggested asking people if they wished to know Mrs.
L’s results before any testing took place so that the family could honor the right not
to know. However, she also discussed the difficulty of keeping family secrets. Once
again Mrs. L became agitated because she feared her older son would get mad at
her. Mr. L stepped in and said that he would handle it. The plan was to have a family
meeting to discuss the genetic testing.

Discussion Questions

¢ How does diminished capacity influence a genetic counseling session and
informed consent for genetic testing?

 How should consenting for AD testing take place in light of family
disagreement?

* How do family secrets influence decisions to test?

¢ How much should a genetic counselor challenge optimism? Should hope for
future treatment and prevention be a part of counseling?

Mr. and Mrs. L returned a month later, this time with their younger son, David.
The men stated that they wanted Mrs. L to have genetic testing to provide infor-
mation to this son and his wife, and perhaps to his sister, for future reproductive
decisions. They said that the older son was not interested in testing, nor in learning
the results, and that they would respect his choices. Mrs. L still seemed upset, and
when asked if she wanted to be tested said, “I guess so.” The counselor reminded
her that testing was voluntary, and asked what was upsetting her. She said that she
would test for David, but was scared that her children would get the disease. The
counselor emphasized that knowledge of the genetic result would not alter her
children’s risk, but rather provide information enabling them to have choices. Mrs.
L agreed to sign the consent and blood was drawn. Because she was found to be
competent by a physician, no other signatures were necessary. Mr. and Mrs. L and
David returned for results, which were positive for a PSENI mutation. David said
that he would like to arrange an appointment with the genetic counselor.
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Several months later David contacted the counselor for an appointment. He and
his wife were going to try to get pregnant so he wanted presymptomatic testing. The
counselor suggested that both come for the appointment. In the office she reviewed
Mrs. L’s result and what it implied for David. She explored David’s motivation for
testing, which was largely for reproductive reasons. She then asked David whether
he thought much about his risk. He denied being very concerned, saying that he was
generally an optimistic guy. She asked him to imagine getting a positive result and
how he would feel. Once again he reacted unemotionally, saying he would be fine.
His wife, however, became tearful. When the question was addressed to her, she
said she would be sad and scared about the future, but added that she thought David
could cope with the information and that she could as well. Finally, she concluded
that she would also want to have children sooner rather than later. The counselor
reminded the couple that presymptomatic genetic testing would tell them if David
carried the mutation, but not when he would develop symptoms. The family’s
average age of onset was in their 50s, which would, therefore, be the most likely
age of onset for him as well. She also spoke about whether he would inform his
relatives of his result. He said that he would not; that telling his mom would destroy
her, and he did not want to burden his sister or father. They also spoke about the
possibility of non-disclosing PGD and obtaining long-term care insurance prior to
testing. David said that he would work to obtain the insurance.

The genetic counselor made several follow-up calls to David who continued to
say he was pursuing long-term care insurance. On the second call he informed the
counselor that he and his wife were expecting. He participated in the DIAN study
and found the neuropsychological testing very stressful and then began to worry
about his own cognitive ability. He never called back.

Discussion Questions

« What is the responsibility of a genetic counselor to follow up with patients who
are considering testing? Does follow-up lead to pressure?

» Can giving “an out” like getting insurance be a good way for a genetic counselor
to give a patient a legitimate excuse for not testing?

¢ How does a pregnancy influence the choice to get predictive testing for a late-
onset disease?

¢ How does participation in a genetic family study influence the choice for clinical
testing?

7.7 Resource for Patients

Alzheimer Association: www.alz.org/

Family Caregiver Alliance: www.caregiver.org

Alzheimer Disease Education & Referral Center (National Institute on Aging)
www.nia.nih.gov/Alzheimers/


http://www.alz.org/
http://www.caregiver.org/
http://www.nia.nih.gov/Alzheimers/
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Chapter 8
Frontotemporal Degeneration

Jill S. Goldman

Frontotemporal degeneration (FTD) is the second most common presenile dementia
[1]. The mean age of onset is in mid-50s [2]. Prevalence estimates vary with the
population studied and range from 9.4/100,000 to 15-22/100,000 [1]. This wide
range of prevalence may be due to both the research methodology and accuracy of
diagnosis. Disease duration is between 2 and 20 years (depending on perceived first
symptoms as well as true variation). Likewise, the wide range of estimates of
inherited FTD is due to ascertainment bias and founder mutations. Thus, between
30 and 50 % of FTD has some genetic basis, with 10-30 % due to autosomal
dominant Mendelian genes and the rest to as yet unknown susceptibility genes [2].

FTD typically presents as a behavioral or language disorder. Although memory
dysfunction is a less common presenting symptom, misdiagnoses of AD occur
frequently. FTD can be complicated by symptoms of parkinsonism or motor neuron
disease. Interestingly, a strong clinical, genetic, and pathological overlap exists
between some forms of FTD and amyotrophic lateral sclerosis (ALS).

Pathological studies have led to the understanding that FTD is a group of
diseases with overlapping symptoms. In approximately half of all FTD cases,
brain autopsy reveals neuronal inclusions of the TAR DNA-binding protein
43 (TDP-43). About 40 % of FTD brains have abnormal accumulations of the tau
protein (including cases of Pick’s disease, the original name for FTD), and the
remaining 10 % contain the protein FUS [3]. When there is a possibility of inherited
FTD, autopsy can help to guide genetic testing [4].

Electronic supplementary material Supplementary material is available in the online version of
this chapter at 10.1007/978-1-4899-7482-2_8. Videos can also be accessed at http://www.
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8.1 Clinical Presentation

(FTD video clip Part 1).

Early symptoms of FTD are variable, however, unlike Alzheimer disease,
memory is usually relatively preserved at the onset of the disease. FTD generally
presents with changes in personality and behavior (behavioral variant FTD, bvFTD)
or with language dysfunction, primary progressive aphasia (PPA), as demonstrated
by word finding problems and nonfluent speech (primary nonfluent aphasia,
PNFA), or with a loss of semantic meaning (semantic dementia). Although not
every patient will display all symptoms, diagnostic criteria for bvFTD include the
following:

¢ Behavioral disinhibition (saying or doing inappropriate things such as “boy, are
you fat” or touching someone’s breasts in public).

* Loss of insight (the patient does not realize that anything is unusual).

* Loss of empathy (the patient does not identify the emotional needs of others).

e Blunted affect (the patient does not express facial emotion, similar to what
occurs in Parkinson’s disease).

» Apathy (loss of interest in normal activities, even family).

« Ritualistic behavior (repetitive behaviors and/or speech).

« Hyperorality or changes in eating (overeating to the point of large weight gains
or ritualistic eating patterns).

¢ Aberrant motor behavior (a need to walk or pace).

» Speech changes (perseverative speech, echolalia)

Diagnosis is often quite delayed because the patient may be unaware of symp-
toms and the family often blames changes on depression, stress, or “midlife crisis.”
Even when a physician is consulted, a psychiatric diagnosis is common. Alterna-
tively, when the patient appears to have memory problems (usually because of
executive dysfunction), a diagnosis of Alzheimer disease may be made. This
diagnostic delay is extremely stressful to families that are trying to understand
what is happening [2, 5].

As the disease progresses, symptoms change, and other parts of the brain become
affected. In addition to cognitive dysfunction, some patients develop parkinsonism
and/or motor neuron disease, even full-blown ALS. These motor features increase
the difficulty of caring for the patient, and usually shorten the disease duration.
Additionally, 2 parkinsonism diseases, progressive supranuclear palsy (PSP) and
cortical basal degeneration (CBD), are closely related pathologically to FTD-tau.
Both diseases can include FTD-like dementia. Ultimately the course of FID is
similar to AD, but the duration tends to be shorter (6—10 years).

FTD is a devastating disease for families. Like early-onset AD, children may
still live at home. They may have a hard time understanding the emotional absence
of their parent or why their parent does bizarre and embarrassing things. Addition-
ally, not only can the family lose a breadwinner, but also the person with FTD may
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deplete family savings through poor judgment or compulsive buying. The mental
and physical health of the well spouse is also at risk.

8.2 Diagnosis

An FTD diagnosis is made through a careful clinical history in which both the
patient and a knowledgeable informant are interviewed. The presence of the
informant is essential since the patient may have little insight into the problem.
As with AD, a thorough neurological examination, neuropsychological testing,
neuroimaging, and routine laboratory tests are used to rule out other diagnoses.
Typical neuroimaging findings that increase the likelihood of an FTD diagnosis are
atrophy of the frontal and/or temporal lobes (either symmetrical or not) on MRI,
and decrease metabolism or blood flow in these areas on functional imaging.
Neuropsychological testing may find impaired executive function and/or language
impairment with relatively preserved memory. However, both imaging and neuro-
psychological findings are variable, and can overlap with those of other dementias.
To investigate this overlap further, a lumbar puncture may be performed to measure
levels of CSF amyloid and tau. Currently there are no specific biomarkers for FTD.

8.3 Treatment and Management

Currently treatment for FTD is symptomatic. Selective serotonin re-uptake inhib-
itors (SSRIs) are the first choice of medication, as FTD is thought to cause a
serotonin deficit unlike AD, which causes a depletion of acetylcholine. Different
symptoms may respond to different SSRIs. Antipsychotics may also be used,
though with caution because of potential side effects. Although the anticholines-
terase inhibitors are not effective treatments for FTD, some doctors will try them in
case the underlying cause is actually AD. FTD drug trials for specific inherited
forms of FTD will soon be under way. Because of the different FTD pathologies, it
is highly unlikely that any one drug will treat all forms of FTD [2, 6].

8.4 Genetics

Depending on the population, 30-50 % of FTD cases have some family history of
dementia or related neurological disease. Of these, approximately 25 % demon-
strate autosomal dominant inheritance [1, 7]. With 3 relatively common genes, and
4 rare ones, autosomal dominant FTD is quite heterogeneous. The first common
genes to be linked to FTD, MAPT and PGRN (GRN), are both on chromosome 17p,
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and each causes approximately 89 % of familial FTD [6]. Additionally, PGRN
mutations have been found in about 3 % of sporadic FTD [8].

MAPT encodes the tau protein. MAPT’s more than 40 mutations are 100 %
penetrant, but show both intrafamilial and interfamilial phenotypic variability of
onset, symptoms, and duration. Behavioral variant FTD (including the old diagno-
sis of Pick’s disease) is the most common presentation, however, PPA, and the
related parkinsonism diseases, PSP and CBD, are all possible diagnoses with
MAPT’ mutations. The average age of onset is in the 50s with a range from the
30s to 70s. The duration is about 9 years from symptom onset with a range of 5-20
years [2]. Tau pathology is found on autopsy in all cases [3].

Like MAPT, PGRN mutations are highly penetrant (although some sporadic
cases have had PGRN mutations which may indicate reduced penetrance in the
parent) and have highly variable presentations. While bvFTD, particularly with
apathy, and PNFA are the most common presenting symptoms, corticobasal syn-
drome (CBS) with parkinsonism and even memory dysfunction are not unusual.
CBS caused by PGRN mutations will have TDP-43 pathology, not the tau pathol-
ogy seen in pathological CBD. Neuroimaging may reveal that the parietal lobe, as
well as the temporal and frontal lobes, is involved [1, 9]. Again, age of onset is
variable with the average being around 60 years of age and ranging from the 30s to
80s, thus slightly older than cases with MAPT mutations. Mean duration is 8 years
with a range of 3-22 [1]. The pathological hallmark of PGRN mutations is neuronal
intranuclear inclusions of TDP-43 [3].

The 2011 discovery of a hexanucleotide (GGGGCC) intronic expansion in the
C9o0rf72 gene changed the face of FTD and ALS genetics. This expansion has been
found in the great majority of families that have a history of both FTD and ALS. In
addition it appears to account for the greatest portion of familial FTD. C90rf72 is
responsible for 12-24 % of familial and 6 % of sporadic FTD, as well as 23-39 % of
familial and 4 % of sporadic ALS [10-12].

Once again, intra- and inter-familial variation is common. Some individuals will
have only FTD clinically, some only ALS, and some a combination. Typically ALS
reduces life expectancy greatly. The mean age of onset is approximately 55 years
with a range from 34 to 76 years. Duration averages 6 years with a range from 1 to
22 years. Presenting symptoms can be bvFTD or memory dysfunction, with PPA
less common. However, these cases may also present with motor weakness, par-
kinsonism, or ataxia. Hallucinations, delusions, and psychosis occur much more
frequently than with other FTD mutations. In fact, a psychiatric prodrome may
occur before the onset of classic FTD symptoms [13—15]. Autopsy reveals TDP-43
pathology with ubiquitin and p62 positive, TDP-43 negative neuronal cytoplasmic
and intranuclear inclusions, particularly in the cerebellum, hippocampus and den-
tate gyrus [16].

A hexanucleotide expansion in C9orf72 results in an increase from under
30 repeats to hundreds, even thousands. It is unclear whether the number of repeats
influences symptoms or age of onset, or if anticipation occurs [13]. At the time of
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this writing, much is still unknown about penetrance and anticipation [14, 15].
The expansion is very unstable, and repeat numbers can differ between tissue
types of the same individual. Thus, as of now, presymptomatic testing is very
difficult.

In addition to MAPT, PGRN, and C9orf72, genetic etiology for FTD has been
attributed to mutations in five rare genes. Mutations in the VCP gene are associated
with inclusion body myopathy, Paget’s disease of the bone, and FTD (IBMPFD).
Approximately 35 % of patients in these families develop FTD. Without a family
history of the other two findings, testing for VCP would be unlikely to reveal a
mutation [17].

The CHMP2B gene is a very rare cause of FTD and results in bvFTD with other
cognitive dysfunction, parkinsonism, dystonia, and myoclonus. It has only been
reported in two Danish families [17]. Unlike the other genes, ubiquitin positive, tau
and TDP-43 negative staining distinguish CHMP2B mutation carrier autopsies.

The TARDBP and FUS genes are each responsible for about 5 % of the familial
ALS cases. Extraordinarily rare cases of FTD have been reported with these gene
mutations [18, 19]. Families with another ALS gene, UBQLN2, may also develop
FTD [20] (Table 8.1).

Several GWAS studies have indicated the possibility of susceptibility loci for FTD.
However, none have yet to be associated with enough risk to warrant genetic testing.

As is obvious from this discussion of the heterogeneous nature of FTD genetics,
autopsy can greatly help guide genetic testing. Thus, particularly when families are
hesitant to test during life, autopsy should be encouraged to narrow diagnosis and
freeze tissue for later testing if needed. A close examination of presenting clinical
symptoms may also assist genetic testing [4] (see Fig. 8.1).

Table 8.1 Autosomal dominant genes causing FTD [21-25]

Percent of
Gene Age of onset FTD characteristics familial FTD
MAPT 50s (30s=70s) bvFTD, PPA parkinsonism, CBD, PSP 5-20 %
PGRN 60 (30s—-80s) bvFTD, PPA, memory impairment CBS 5-20 %
(GRN) (parkinsonism) ~1-5 % spo-
radic FTD
C9orf72 55 (34-76) bvFTD, ALS (MND), PPA (less frequent), | ~12-24 %
memory impairment, parkinsonism, ~6 % sporadic
ataxia, psychosis FTD
CHMP2B 51(43-68) bvFTD, MND (rare) parkinsonism, Rare
dystonia, myoclonus
vce ~55 for FTD bvFTD, IBMPFD, ALS Rare
TARDBP >25 bvFTD, ALS Very rare
FUS 55 (43-68) bvFTD, CBS, ALS Very rare
UBQLN?2 Late teens-30s bvFTD, ALS,PLS Very rare
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Fig. 8.1 FTD case history
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8.5 Genetic Counseling Issues

(FTD video clip Part 2).

Treatments for FTD are not yet available, thus, like Alzheimer’s disease, genetic
testing for FTD lacks clinical utility. However, family members may want genetic
information for reproductive options or future planning. Since FTD is heteroge-
neous, testing an affected individual is necessary before presymptomatic testing
should be offered. A cardinal feature of FTD is the loss of insight. Therefore, the
affected individual may not be aware of symptoms and may not agree to testing. In
this situation, the genetic counselor can raise the alternatives of DNA banking or
autopsy. No matter how frustrating it is to family members, genetic testing should
not occur against a patient’s will. In the same vein, family members may be aware
of a relative’s early symptoms and ask for genetic testing as evidence. Once again,
testing should only occur with the patient’s consent or assent, even if he is declared
incompetent. If indeed the individual is in early stages, a clinical diagnosis can be
made as the disease progresses. Other genetic counseling issues such as family
consensus and communication are similar to the issues raised with AD (see
Chaps. 6 and 7).

A careful study of clinical symptoms and family history can sometimes assist the
determination of which FTD genes to test, particularly if an autopsy has been
obtained on a family member. However, for many individuals, it will be necessary
to send for a panel. Additionally, if an autosomal dominant FTD panel is negative,
consideration should be given to testing for AD and prion disease.

Once a mutation has been found in the family, other relatives may wish to have
presymptomatic testing, and the Huntington Disease protocol should be followed
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(see Chap. 2). However, accurate prediction of age of onset and symptoms cannot
be given to the mutation carrier.

FTD is a very painful and difficult disease for the patient’s spouse and children.
It typically strikes at a young age, is often difficult to diagnose, and changes the
personality. The genetic counselor can play a key role in educating the family about
the disease, validating their feelings, and supporting them through referrals to
therapists, support groups, and resources such as the Association for
Frontotemporal Degeneration.

8.6 FTD Case History (Fig. 8.1)

Mr. P was a 58-year-old man who presented at the Memory Disorders Center with
his older sister, Anna. Over the previous 5-years he had exhibited odd behavior and,
recently, had problems with the law. Mr. P was an established businessman who
owned 12 retail stores in the Midwest. He had been married and divorced twice. The
most recent divorce had taken place two years prior, when the ex-wife had discov-
ered that Mr. P had spent half of their bank account on a “get rich quick” scheme in
the Caribbean. He had also become emotionally remote and uninterested in his
previous hobbies of golf and travel. Mr. P’s sister was forced to get involved when
he was arrested after reneging on business loans. As a result, his business was lost
and he was in bankruptcy. Anna knew that something was terribly wrong with him,
and first sought out a psychiatric assessment. The psychiatrist treated him for
bipolar disease, but his condition began to decline further. He lost his ability to
use the computer and even the TV remote. The psychiatrist referred him for a
neurological evaluation at an academic medical center.

On initial screening, Mr. P scored 27/30 on the MMSE, losing 1 point for recall,
1 for repetition, and 1 for WORLD backwards. He was a large man who appeared
slightly disheveled. He was apathetic and unengaged in the conversation, and while
admitting to having financial problems, he seemed unconcerned and took no
responsibility for these problems. He was very annoyed, however, that his computer
was not working, preventing him from buying things on favorite websites. He
repeated this complaint obsessively.

Anna reported that she was very concerned that Mr. P might have the same
disease as their mother, who died of a dementing condition called Pick’s disease.
The neurologist agreed that this was a possibility and referred her to the genetic
counselor. An MRI revealed significant frontal atrophy and some mild atrophy in
the temporal and parietal lobes. A complete neuropsychological evaluation found
significant deficits in attention and executive function; language, visuospatial
function, and memory were in the low normal range, which was below his
premorbid ability. Analysis of illness history and test results led to the diagnosis
of bvFTD.

Anna came to see the genetic counselor alone. She gave a family history that
revealed that her mother had started acting strangely around 50 years of age, but
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that everyone assumed that she was depressed and was having symptoms due to
menopause. Her behavior included pacing, and despite this constant movement, a
30 pound weight gain due to hoarding food and eating what ever was near her,
including other people’s food. Over time she became more docile and apathetic,
and eventually mute. She died at age 62. Anna said that her mother was an only
child and little was known about her family history except that the mother’s mother
had been institutionalized in a mental hospital. The other significant piece of family
history was that Mr. P had a 22-year-old son from his first marriage, but had been
totally uninvolved in his upbringing and hadn’t been in touch with him since the
divorce. The counselor reviewed the genetics of FTD and how both Anna and
Mr. P’s son were at 50 % risk of inheriting the same gene. Anna was not concerned
about herself since, at 65, she was older than either her mother or brother had been
when developing symptoms. However, she felt a commitment to provide genetic
information to her estranged nephew. The counselor asked how she could know
whether he would even want the information, and Anna said she didn’t, but would
want to have the testing just in case. The counselor told her that Mr. P could be
tested, but that it would be extremely expensive since both MAPT and PGRN (this
case was before the discovery of C90rf72) would need to be tested. She said that
this could be done sequentially, but also suggested that if there was resistance from
her brother, that she consider autopsy to narrow down pathology and, therefore,
testing. Anna said that she would think about it.

Anna called several months later to say that she was extremely frustrated
because Mr. P had refused to be tested. The counselor said that they would not
test against a patient’s wishes, even if that person was demented. She reinforced
that, if he did not change his mind, testing would be possible from autopsy tissue,
and put Anna in touch with the Brain Donation Program’s nurse.

Discussion Questions:

¢ Who is “the patient”, Mr. P or Anna? How does defining “the patient” impact
genetic counseling?
» How does genetic testing on autopsy tissue differ from testing during life?

Four years later, the nurse informed the counselor that Mr. P had died, and that
an autopsy had been performed. The autopsy confirmed the FTD diagnosis and
revealed TDP-43 pathology, thus eliminating MAPT as the cause of the family
disease. The nurse said that when the autopsy report was given, Anna said that she
was still interested in genetic testing for PGRN. The genetic counselor called and
informed her that, in the interim since they had last talked, another gene causing
TDP-43 pathology had been discovered so that there were still two major genes to
test and several other very rare ones to test if those two were negative. The
counselor asked whether she had contacted her nephew. She hadn’t, but intended
to do so after testing. The counselor encouraged her to start the process before
results came back to provide him with the right not to know. They also discussed
whether Anna would consider her own testing. She said no as she had no children.



8 Frontotemporal Degeneration 117

She had already purchased long-term care insurance, had given legal authority for
healthcare and financial decisions to her best friend, and would simply live what-
ever life was in store for her.

Genetic testing of Mr. P’s autopsy tissue was arranged so that PGRN was to be
tested first, reflexing to C9orf72 if negative. When results came back, the genetic
counselor informed Anna that a PGRN mutation was discovered. She asked
whether Anna had reached her nephew. She said that she had contacted his mother
who would not inform her son, as she felt her son had just started his life and she did
not wish to disrupt the chosen path. Anna said she tried to get her to understand that
he should have the option of knowing, but she refused. The counselor acknowl-
edged her frustration, but told her that this reaction was not uncommon, and that she
had still provided them with information for the future.

Discussion Questions:

* In many families, one person seems to take responsibility for everyone else.
Why does this dynamic occur, and how can it help or hinder the genetic
counseling process?

¢ In this scenario, had Mr. P tested for PGRN during life and it was found to be
negative, what responsibility would the counselor have had about informing
Anna that a second gene was now available for testing?

8.7 Resources for Patients

Association for Frontotemporal Degeneration:
www.theaftd.org
866-507-7222
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Chapter 9
Prion Disease

Jill S. Goldman

Prion diseases are rare conditions occurring in both animals and humans. The
animal diseases include chronic wasting disease in deer, scrapie in sheep, and
bovine spongiform encephalitis in cows (also known as mad cow disease)
[1]. The three main forms of human prion disease that occur in 1-2/1,000,000
persons are Creutzfeldt—Jakob disease (CJD), Gerstmann—Straussler—Scheinker
disease (GSS), and fatal familial insomnia (FFI) [2]. Although 85-90 % of
human prion disease occurs sporadically, 10-15 % is familial. Additionally, there
are rare iatrogenic sources including contaminated human growth hormone, brain
electrodes, corneal transplant, and the variant CJD (vCJD) caused by consuming
contaminated brain tissue (mad cow disease). In fact, the first prion disease to be
discovered was Kuru in Papua New Guinea. The disease resulted from cannibalistic
funeral rituals of eating the dead, and was more common in women and children
who prepared the bodies [3].

This group of diseases causing transmissible spongiform encephalopathy results
from the conversion of normal prion protein (PrP°) from an alpha helix form to the
pathogenic beta sheeted scrapie form, PrP*. Whether due to spontaneous conver-
sion of normal protein, an abnormal protein structure caused by a mutation, or the
introduction of iatrogenic abnormal protein, the initial misfolded protein acts as a
template for conversion of PrP to PrP*°. A domino effect is produced, which causes
a rapidly progressive disease [4]. Both intraspecies and interspecies transmission
can occur. There are two main strains of mutant protein that form PrP*°, Type 1 and
2. The type of mutant protein and a polymorphism at codon 129 are contributing
factors to the phenotype that is expressed both in sporadic and genetic forms of the
disease [5]. Prion protein is highly protease resistant. Therefore, special precautions
need to be taken when handling tissue from an individual with suspected prion
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disease and equipment that has been used on them. Recently a very rare third strain
that is protease sensitive has been identified. This strain leads to a distinct pathology
and longer disease duration [6].

The average age of onset for sporadic CJD (sCJD) is 67 with a range of 17-90.
Disease duration averages 4 months and is usually less than 1 year. Variant CJD
usually occurs in the late teens or 20s and lasts about 1.5 years. Familial CJD has an
average age of onset of less than 55 with a range from the 20s to 80s and disease
duration of 1-5 years. GSS also usually occurs before 55 (range 20s to 60s) and has
a duration of 2-10 years. FFI’s age of onset is about 48 (range 25-61) and duration
is about 1 year [4].

9.1 Clinical Presentation

The three major prion disease forms have different clinical presentations. CJD can
present with psychiatric or personality changes (especially depression), confusion,
memory loss, vision problems, hallucinations, insomnia, headache, weight loss, or
neurological symptoms (including myoclonus, hyperreflexia, eye movement prob-
lems, ataxia, neuropathy, chorea, parkinsonism, and cortical blindness). Both
cognitive and neurologic symptoms progress rapidly.

GSS is extremely rare (1-10/100,000,000) and always familial [7]. It usually
presents with motor symptoms including ataxia and parkinsonism. However, cog-
nitive and behavioral changes can also be seen. The disease course is appreciably
longer than CJD, typically about 5 years or longer. As is obvious in the name, FFI
usually begins with several months of insomnia followed by a movement disorder
and then cognitive impairment [8]. Though usually inherited, rare sporadic cases
have occurred [9].

9.2 Diagnosis

A neurological evaluation may reveal any of the above symptoms. In addition to
routine laboratory testing, CSF from a lumbar puncture may be assayed for elevated
14:3:3 protein and tau protein. These findings, which indicate neuronal death, are
relatively nonspecific. Diffusion weighted MRI is the best method for detecting the
classic findings of cortical ribboning and hyperintensities in the basal ganglia
[4, 6]. Additionally an EEG may be abnormal with periodic biphasic or triphasic
complexes. A brain biopsy will reveal pathogenic prion protein, but is invasive and
expensive to perform. If there is a family history of neurological disease (especially
when it is rapidly progressive), genetic testing for PRNP should be considered. The
brain biopsy analysis for prion protein, 14:3:3 testing, and gene sequencing are
performed at the National Prion Surveillance Laboratory at Case Western
University.
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9.3 Treatment and Management

Management of prion disease is completely symptomatic. Despite several drug
trials, no treatment has been found to slow progression of or cure the disease.
Psychiatric symptoms such as depression and agitation can be treated pharmaco-
logically with SSRIs and antipsychotics. Some of the movement disorders may
respond to appropriate medication.

Families of people with CJD need significant support. They are faced with such a
rapidly progressive disease that they often feel as if they cannot swim to the surface.
They must obtain diagnosis, manage financial and legal concerns, and take care of
end-of-life issues almost at the same time. The healthcare team should refer to
support services and the CJD Foundation.

9.4 Genetics

The genetic form of human prion disease is due to mutations in the prion gene
(PRNP) on chromosome 20. Inheritance always follows an autosomal dominant
pattern and mutations are nearly fully penetrant, but expression is variable. Over
30 mutations have been reported [10]. Certain mutations exhibit consistent geno-
type/phenotype correlations, while others are more unpredictable. In some cases,
phenotype is influenced by a polymorphism in codon 129 of this gene. This
polymorphism is also thought to play a part in the risk for sporadic CJD and new
variant CJD (mad cow disease). Codon 129 can code for methionine (Met) or valine
(Val). Homozygosity (Met/Met or Val/Val) is a risk factor for sCJD and Met/Met is
also a risk factor for variant CJD as found in cases exposed to Mad Cow [11]. This
genotype also predicts a more rapid progression of sCJD. Other polymorphisms
may also contribute to phenotypic variability of familial forms [4]. Additionally the
genotype at codon 129 may influence the strain of PrP>° produced in familial CJD,
with cis M to the mutation associated with type 1 and cis V associated with
Type 2 [5].

Point mutations and octapeptide repeat deletion/insertion mutations in PRNP
have been found to cause human prion disease [5]. The most common mutation is
E200K that causes CJD with variable presentation, but very rapid decline (duration
averaging just 5 months). In comparison, an octapeptide repeat insertion causes a
slowly progressive disease beginning with personality and psychiatric changes and
dementia. Not only does phenotype differ between mutations, but pathology does
as well.

The most common mutation causing GSS is the P102L mutation. This mutation
often causes a progressive cerebellar disease resembling spinocerebellar ataxia
(SCA). In fact, for patients with ataxia for whom SCA testing has been negative,
PRNP testing should be considered. Particularly interesting is the D178N mutation
which, when coupled in cis with codon 129 M, causes FFI, but, when in cis with
129 V, causes CJD [5]. Since 60 % of inherited prion disease cases lack family
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history of similar neurological disease, genetic etiology is not always considered.
Whether de novo mutations occur is unknown. Family history may be lacking
because of lost information, misdiagnosis, premature death, false paternity, or
undisclosed adoption. Thus, counseling about penetrance is compromised [12].

9.5 Genetic Counseling Issues

The issues confronting genetic counseling for prion disease should be divided into
counseling about diagnostic testing and counseling individuals interested in
presymptomatic testing. This discrepancy is due to the often urgent need for
diagnostic testing. CJD is characterized by a rapid decline in clinical status. In
early stages of the disease, the family is focused on getting a diagnosis, and when
they do, are left reeling from its implication and how to best care for the patient. To
insert the possibility of a genetic etiology is often too much for the family to
comprehend and handle. Yet at the same time, if a family history indicates the
possibility of hereditary CJD, a positive genetic test from a blood sample can
confirm the diagnosis and eliminate the need for a brain biopsy. Having the patient
and family together at the hospital presents the perfect time for genetic counseling
and obtaining the blood sample. However, the ease of doing so must be weighed
against the emotional impact and ability to absorb the information.

Counseling for diagnostic testing may also be complicated by the lack of family
history or misdiagnoses. As stated above, about 60 % of inherited prion disease
cases lack family history of similar neurological disease. Since most mutations have
high penetrance, a lack of family history may be due to lost family members, early
death from unrelated causes, false paternity, undisclosed adoption, or de novo
mutations. Even when there is a family history of neurological disease, diagnoses
of Alzheimer disease, ataxia, or Parkinson disease can be attributed to cases of GSS
that have a long duration and can present as memory disorders or with ataxia or
parkinsonism. Thus, families may be unwilling to accept the possibility of hered-
itary prion disease.

As with all dementia genetic counseling, the proband may not be sufficiently
cognizant for informed consent. Thus, a durable power of attorney or next of kin
must be present. Agitation is a common symptom of moderate to late prion disease
and may be exacerbated in stressful situations. Cooperation from the patient may be
impossible. In this situation, genetic testing should be delayed in favor of testing of
autopsy tissue (when possible).

Presymptomatic genetic counseling for prion disease is similar to that for other
dementias. A modified HD protocol should include genetic counseling sessions as
well as a psychiatric evaluation. Because of the lack of a prodromal syndrome, and
depending on the proximity to the average age of onset in the family, a neurological
and neuropsychological evaluation may be unnecessary. The patient should, how-
ever, expect to bring a support person, at least to the result session.

The presymptomatic patient needs to understand that testing will reveal a mutation,
but age of onset and presentation are not predictable. The variability of phenotype is
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dependent not only on the specific mutation and the codon 129 genotype, but also on
the strain of PrP that will eventually arise. The patient may have experienced a
particular presentation in a family member, but must be prepared for these ambiguities.
Yet, although certain mutations (such as E200K) are slightly less than 100 % penetrant,
the patient must expect that he will eventually develop the disease.

9.6 Prion Disease Case History (Fig. 9.1)

Mr. B was a 72-year-old man with a 2-month history of a rapidly progressive
cognitive and movement disorder. His wife and daughter accompanied him to the
Memory Disorders Clinic. Mr. B’s first symptoms were balance problems and
dizziness. Within a month, he developed insomnia, depression, and short-term
memory loss. More recently, gait problems, slurred speech, worsening cognition,
confusion, behavior changes, and paranoia were noted. On examination he was
found to have ataxic gait and speech and right arm dystonia. The neurologist
ordered a full blood workup including B-12 level, a paraneoplastic panel, and
HIV testing. Neuropsychological testing, an EEG, and a diffusion weighted MRI
were also ordered. Neuropsychological testing done three weeks later showed a
5 point decline in the MMSE and multi-domain cognitive problems. The MRI
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Fig. 9.1 CIJD case history pedigree
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revealed frontotemporal atrophy, dilated ventricles, and some mild cortical
ribboning. The EEG was normal, as were all blood test measures. The neurologist
suspected that the patient had CJD. He scheduled a lumbar puncture to draw CSF
for 14-3-3 analysis. By the time the patient returned, he was extremely agitated. The
physician met with the family to discuss his diagnostic suspicion. That same day,
the family had received a call from a distant relative saying that they should ask
about CJD because another relative had died recently from the disease and had
similar symptoms. The neurologist called the genetic counselor to meet with the
family to discuss genetic testing for PRNP.

Upon entering the room, it was obvious to the counselor that the family was in
shock. Not only had they learned that their loved one had an incurable disease and
would die within months, but that this disease was probably genetic. At the same
time, the counselor felt a sense of urgency from the doctor to obtain a blood sample
for genetic testing. The patient was recovering from the LP and was not in the room.
The counselor first acknowledged the family’s shock and sorrow. She reviewed the
family pedigree and what the family had learned about other relatives with CJD. It
appeared that the patient’s mother had died of cancer in her 50s, but a maternal aunt
had died in her 60s of a mysterious disease and her son had recently died in his 60s
of CJD. His family had agreed on genetic testing at autopsy from the National Prion
Surveillance Laboratory. The result revealed a genetic etiology. Documentation of
an E200K mutation was obtained at a later date.

The family had little understanding of genetics. The genetic counselor reviewed
CJD and its genetics, including autosomal dominant inheritance, and discussed how
the patient’s mother was probably a carrier of the gene, but died before it was
expressed. She discussed implications for the patient’s children and grandchildren
were a genetic mutation found. She then attempted to discuss the informed consent
for testing. The family was clearly distressed and could not absorb the information
or confront the testing at that time. The genetic counselor asked if they would prefer
to take the informed consent home and discuss testing at a later date. They said yes.

Discussion Questions

¢ Once the genetic counselor assessed the situation, should formal genetic
counseling been immediately delayed to another time? Why or why not?

* How do you think the genetic counselor’s directive to obtain the blood sample
influence her actions?

* What role should the neurologist have played in preparing the family for the
blood test?

Approximately a week later, the counselor spoke with the son, Evan, on the
phone. He had many questions concerning penetrance, and felt that he and his sister
were in disagreement about the testing as he might want to know his own status and
she would not. His mother was having a very hard time with the realization that she
might lose her children, as well as her husband, to the disease. The counselor
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reinforced that learning the cause of his father’s illness did not necessitate testing
any other family member, and that that was a very personal decision. She also
reminded him that if he were to eventually test himself, the test would not reveal the
age of onset of the disease, as demonstrated by the family history. She told him that
she would be glad to speak to his sister on the phone or have another family
meeting. Evan said that he would encourage his sister to call. However, a week
later, the nurse who directed brain donations for the university called to say that
Mr. B was in hospice and the family wished to complete paperwork for genetic
testing to be done on brain tissue. The counselor prepared the paperwork without
further communication with the family. Mr. B died later that week.

Discussion Questions

» To what extent should the genetic counselor become involved with family
disputes about genetic testing?

¢ Once a family member contacts the counselor for consultation, should that
person then be considered a patient?

¢ Inthis case, the person being considered for genetic testing cannot give informed
consent. His wife is his healthcare proxy, but is not at risk for inheriting the gene.
If she rejects testing, should her children be able to obtain testing for themselves
despite guidelines to test the affected first? Try to consider this question in the
absence of a known family history or autopsy.

» Discuss whether growing up with the knowledge of a genetic disease in the
family versus finding out late in a disease stage would change perspective on
genetic testing.

Three months later the family returned for a meeting with the doctor and genetic
counselor to discuss autopsy and genetic testing results. Mrs. B, her son and
daughter, their spouses, and her daughter’s daughter, Carol age 26, attended.
They were told that the autopsy confirmed CJD caused by a mutation in the prion
gene. The mutation was the same as the cousin’s, E200K, and had the same codon
129 polymorphism. However, the species of prion differed between the two cases.
At the present time, there was no explanation for the cause of different prion types
or the difference in age of onset of family members.

The counselor reviewed much of the previous discussion about the genetics of
prion disease. Evan’s sister repeatedly asked if onset could be later than her father’s
or even never happen. The counselor acknowledged how scary it is to think of the
future, and reiterated that onset was unpredictable, but that it would usually occur
within the range of the ages of onset in the family, and that it was highly unlikely
that the gene would not be expressed if a person lived to be elderly. Evan told his
sister that “everyone must die of something,” and that “they just needed to go on
living as usual.” Mrs. B’s granddaughter, Carol, remained silent through the
discussion. The genetic counselor discussed how, since there was a known muta-
tion, reproductive options, such as PGD, were available. Carol nodded but did not
participate.
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Carol called the counselor for an appointment by herself. She said she wished to
be tested without having her family know. Exploration into her motivation revealed
that she was in a significant relationship and expected to marry. She felt it was only
fair to her boyfriend to have full knowledge of her genetic status for life planning
purposes as well as reproductive options. She said that she had discussed this with
her boyfriend who said that he wanted to continue together regardless, but thought it
was important to understand where they were headed. However, she had not
discussed testing with her family and had no intention of doing so.

Discussion Questions

¢ How do you respond to someone who does not want to hear that a gene is fully
penetrant and that they have a 50 % chance of dying of their relative’s devas-
tating disease?

¢ What does a counselor do when she knows that the consultand is seeing the
counselor against her family’s wishes and will not discuss testing or its outcome
with the family?

» Should the counselor have referred Carol to another counselor because of the
existing relationship with the family?

o If Carol tests positive, she will automatically have knowledge of her mother’s
genetic status. How does the counselor deal with this fact?

After a second discussion with Carol and her boyfriend, the counselor concluded
that Carol had legitimate reasons for testing. She had reflected on what it would
mean for herself personally, for them as a supportive couple, and for their relation-
ship with her family. Carol was determined to go ahead with testing and to keep the
results from her family. The counselor referred them to the neurogeneticist for final
counseling, psychiatric evaluation, and testing. Carol was found not to have the
family mutation.

9.7 Patient Resources

CJD Foundation
341W. 38th Street, Suite 501 New York, NY 10018
212-719-5900, 1-800-659-1991
http://www.cjdfoundation.org
National Prion Surveillance Laboratory
216-368-0587
http://www.cjdsurveillance.com
UCSF Memory and Aging Center Web site:
www.memory.uscf.edu
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Chapter 10
Overview of Cerebrovascular Disease
and Stroke Risk Factors

Heather Workman

Stroke is the fourth leading cause of death in the USA. The term “stroke” is used to
describe an interruption of blood and oxygen flow to the brain, without which brain
cells begin to die within minutes. If blood supply is not restored, permanent damage
will occur. About 795,000 Americans suffer from a stroke every year, and 137,000
will die because of the stroke. Thus on average, a person dies from a stroke every
4 min.

Medical literature often refers to a stroke as a cerebral vascular accident (CVA).
The majority of CVAs are due to ischemic stroke (80-90 %), with the remainder
due to hemorrhagic stroke (10-20 %). Ischemic stroke is caused by a complete
blockage of a cerebral artery, blocking the flow of blood and oxygen to the brain.
The blockage is commonly caused by artherosclerosis, which is the narrowing of
the arteries due to cholesterol deposits. If the narrowing is too great, blood cells can
accumulate and develop a blood clot. Another cause of ischemic stroke is a clot that
forms in the heart (sometimes as a result of atrial fibrillation) and travels through a
blood vessel until it becomes lodged and obstructs blood flow. Individuals may also
experience TIAs (transient ischemic attacks), which are often referred to as “mini
strokes.” A TIA is a minor clot that typically resolves in a short period of time
without lasting damage. TIAs can be a precursor to ischemic stroke.

Hemorrhagic stroke is caused by sudden rupture of a brain vessel. The rupture
occurs in the presence of a weakened blood vessel resulting from an aneurysm or
arterial venous malformation. A ruptured vessel can occur within the brain (intra-
cerebral hemorrhage) or surrounding the outside of the brain (subarachnoid
hemorrhage) [1].
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10.1 Clinical Presentation

Warning signs of a stroke include weakness in face, hands or feet, headache, sudden
confusion, abnormal speech, or visual problems in one or both eyes. Some people
may have trouble with balance and walking. Others will experience a sudden,
extreme headache. The effects of stroke largely depend on the area and amount
of the brain affected. Common after effects include weakness, paralysis, and
problems with speech and cognitive skills. The acronym F.A.S.T. has been adopted
by the American Stroke Association to educate the public on the warning signs of a
stroke. F.A.S.T. stands for F—face droop; A—arm weakness; S—speech difficulty;
T—time to call 9-1-1.

10.2 Diagnosis

Medical history, a neurological exam, blood flow testing, and imaging studies
confirm a suspected diagnosis of a stroke. MRI is used to look for brain and
blood vessel abnormalities that suggest damage from a stroke. An EEG (encepha-
logram) may show unusually slow brain waves that are suggestive of a stroke.
Blood flow tests are usually guided by ultrasound to look for vessels that have
blockage (carotid and vertebral arteries).

10.3 Treatment and Management

For ischemic stroke, the FDA-approved drug, tissue plasminogen activator (tPA)
may be able to dissolve the blockage; however, it must be administered within a few
hours of stroke onset. An endovascular procedure, using a catheter to remove the
blood clot from the blocked vessel, may be used alone or in conjunction with tPA.
For an ischemic stroke, a coil is placed near the aneurysm or arteriovenous
malformation (AVM) to prevent rupture of the artery. In certain cases,
endovascular procedures may also be used for hemorrhagic stroke. However,
hemorrhagic stroke due to an aneurysm may require surgery to place a clip to
stop the bleeding.

After a stroke, individuals will need varying levels of personal care assistance as
well as physical, occupational, and speech therapy. Many individuals will develop
personality changes, persistent cognitive processing difficulties, and depression.
Aphasia is a common side effect of stroke, and is characterized by difficulty in both
verbal and written expressive language and possibly semantic understanding of
language.
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10.4 Genetics

Many factors can affect an individual’s risk for stroke. Genetic syndromes make up
a relatively small percentage (around 1 %). Common risk factors for ischemic
stroke include age, gender and ethnicity. Some medical conditions, including
hypertension, smoking, and diabetes, increase the risk of stroke. However, it is
important to keep in mind that many of the risk factors for stroke include a
hereditary component in themselves: hypertension, high cholesterol,
artherosclerosis, and obesity are some examples [2].

Family studies and twin studies show that stroke is heritable. Twin studies
demonstrate that concordance rates are 65 % greater in identical than in fraternal
twins. Cohort and case—control studies have showed that having a family history of
stroke increases the odds of stroke by about 3075 %. When stroke occurs before
the age of 70, these studies suggest an even stronger genetic component. After
adjusting for age, sex, hypertension, diabetes, cholesterol, smoking, and obesity,
having a family history of stroke increases the odds of developing stroke by 38 %
[3]. Women have a greater risk for ischemic stroke than men [4].

African Americans also have an increased susceptibility to stroke, perhaps
because of a higher incidence of conditions that can increase stroke risk including
smoking, diabetes, high blood pressure and obesity. This population also has a
greater risk for first time stroke and a higher risk for complications and
mortality [5].

Several monogenic syndromes include stroke as a symptom of the condition,
including: sickle cell disease, Fabry disease, Hereditary Hemorrhagic Telangiecta-
sia, Homocystinuria, MELAS, CADASIL, and connective tissue disorders. Stroke
is also a known complication of hereditary cardiomyopathies, dysrhythmias, hemo-
globinopathies, coagulopathies, dyslipidemias, and vasculopathies. CADASIL will
be discussed in the following chapter as an example of an autosomal dominant
stroke disorder (Table 10.1).

Sickle cell disease is an autosomal recessive condition affecting 1 in 300-500
individuals of African American descent. It is characterized by vaso-occlusive
events that lead to chronic pain and inflammation. A common feature in infants is
dactylitis (pain and swelling of the hands and feet). Ischemic stroke can occur in
up to 11 % of children and young adults with sickle cell disease. Approximately
22-35 % of individuals will develop silent cerebral infarcts. Though individuals are
typically asymptomatic at the time the infarcts are noted, they may be a precursor to
ischemic stroke.

Fabry disease is an X-linked condition that has a significant clinical course in
males, with many women carriers also developing symptoms. The condition occurs
from a deficiency of the enzyme o-galactosidase (a-GAL A), which leads to a
buildup of globotriaosylceramide (GL-3). The first manifestations of the condition
include angiokeratomas (cutaneous lesions) and acroparesthesias (periodic severe
pain in the extremities). Specific eye changes are also present in both males and
females, and are noted as cornea verticillata and “Fabry cataracts.” Adults with the
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Table 10.1 Mendelian stroke syndromes

Syndrome Gene Inheritance Symptoms

CADASIL Notch3 AD Recurrent stroke; migraines;
depression; cognitive impair-
ment; dementia; white matter
lesions on brain MRI

EDS, Vascular COL3AI AD Vascular complications, uterine and
intestinal rupture; uncommon
cause of stroke in young adults

Fabry disease GLA X-linked ESRD; TIAs/stroke,
acroparesthesias,
angiokeratomas, cardiovascular
disease

Hereditary Hemor- ENG, AD Mucocutaneous Telangiectasias,

rhagic ACVRLI, AVMs, recurrent nosebleeds
Telangiectasia SMAD4

Homocystinuria CBS AR Developmental delay, lens disloca-
tion, thromboembolism

MELAS MT-TLI Mitochondrial Seizures, dev delay, stroke-like epi-

sodes, diabetes, elevated lactate
and pyruvate

Pseudoxanthoma ABCC6 AR Skin papules, angioid streaks on
Elasticum (MRPO6) eye, retinal hemorrhage, arteri-
ole narrowing

condition may develop progressive end-stage renal disease (ESRD), as well as left
ventricular hypertrophy, conduction abnormalities, and stroke/TIAs or frank cere-
bral hemorrhage. Stroke or TIAs have been noted in up to 13 % of individuals with
Fabry disease, and is a significant cause of morbidity and mortality.

Hereditary Hemorrhagic Telangiectasia (HHT) is an autosomal dominant con-
dition that is characterized by cutaneous and mucosal telangiectasias and epitaxis,
which are frequent nosebleeds. Arteriovenous malformations (AVMs) are another
common feature and may occur in the brain, GI tract, lung, and liver. AVMs are at
risk for bleeding, and this leads to the increased risk for brain bleeds. In addition,
pulmonary AVMs may lead to TIAs.

Homocystinuria is a rare autosomal recessive condition that is caused by a
cystathionine B-synthase (CBS) deficiency. Features of the condition include devel-
opmental delay and intellectual disability, Marfanoid habitus, severe myopia and
lens dislocation. Individuals have an increased risk for blood clots due to an
increase in plasma homocysteine levels. The risk of blood clots puts individuals
at increased risk for stroke, and is a major cause of morbidity and mortality in
homocystinuria.

MELAS, Mitochondrial Encephalopathy, Lactic Acidosis, and Stroke-like epi-
sodes, is a syndrome that includes seizures, developmental delay, and elevated
lactate and pyruvate levels. Seizures have been reported in conjunction with stroke-
like episodes. Symptoms of the stroke-like episodes include paralysis/weakness on
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one side of the body (hemiparesis), altered vision, and possible change in con-
sciousness. Although symptoms can occur any time in life, typically affected
individuals have a period of normal development followed by the onset of symp-
toms between the ages of 2 and 10. MELAS is a mitochondrial condition with most
affected individuals having one of 3 common mutations in the MT-TLI gene.

Autosomal dominant polycystic kidney disease (ADPKD) is caused by mutations
in the PKD1 and PKD?2 genes. It is mainly characterized by bilateral renal cysts, as
well as cysts in other organs such as the liver. There is a risk for intracranial and
arterial aneurysm. Intracranial aneurysms occur in approximately 10 % of individ-
uals with ADPKD and may be asymptomatic.

Pseudoxanthoma Elasticum (PXE) is an autosomal recessive condition that is
associated with skin papules, and retinal complications including angioid streaks of
the retina and retinal hemorrhage. Vascular manifestations are rare but can be
related to arterial narrowing significant enough to cause claudication (a problem
with blood flow which can cause pain and fatigue) in the arms or legs, myocardial
infarction, intestinal angina, and stroke.

10.5 Genetic Counseling Issues

There is currently no genetic testing for idiopathic stroke. An individual who
presents with a family history of ischemic stroke may be looking for screening
tools and methods to decrease their own risk. Genetic counselors should involve a
physician to discuss manageable environmental risk factors, such as high choles-
terol, hypertension, and diabetes. Hereditary factors that can predispose to blood
clots, such as Factor V Leiden, prothrombin, and protein C deficiency, should also
be explored.

The hereditary clotting factors conditions, factor V Leiden, prothrombin, and
protein C deficiencies, are all autosomal dominant conditions that carry varying
risks of thrombosis. The association of these disorders with the risk of stroke in both
adults and children is controversial, but bears consideration [6].

If the individual has a family history of hemorrhagic stroke, the genetic coun-
selor should screen for possible hereditary explanations, such as connective tissue
disorders and hereditary hemorrhagic telangiectasia.

10.5.1 Family History Questions for Stroke

When taking a family history in the context of stroke, it is important to keep in mind
known risk factors such as age and ethnicity. A three-generation family history
should include the type of stroke in affected individuals and age of onset. Also be
mindful of medical findings that are suggestive of an underlying syndrome (i.e.,
nosebleeds and AVM are associated with HHT; renal disease and TIAs are
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associated with Fabry disease). When taking the pedigree, ask the family and
patient the following questions:

¢ Does anyone in the family have atherosclerosis or clogged arteries?

¢ Does anyone in the family have diabetes, high cholesterol, or high blood
pressure?

¢ Would anyone in the family be considered obese?

* Does anyone suffer from extreme headaches or migraines?

* Has anyone ever experienced a brain bleed?

« Has anyone ever had bleeding in an unusual part of the body such as the
abdominal area or bowel?

¢ Does anyone in the family have developmental delays or a learning disability?

» Has anyone in the family had normal function and learning, but started to loose
these skills as they got older?

» Does anyone in the family experience seizures?

« Has anyone in the family experienced a sudden episode when they lost muscle
control, became disoriented? Have they experienced these symptoms coupled
with vomiting that was so severe they had to seek emergency medical treatment?

» Has anyone in the family had unusual findings on an eye exam such as angioid
streaks on the eye or retinal detachment?

« Has anyone in the family experienced repeated periods of extreme pain espe-
cially in the hands or feet?

» Does anyone in the family experience recurrent nosebleeds or needed surgery for
nosebleeds?

¢ Has anyone in the family ever been diagnosed with an AVM or arteriovenous
malformation?

e Does anyone in the family experience blood clots or been diagnosed with a
genetic clotting problem such as Factor V Leiden or prothrombin deficiency?

¢ Has anyone in the family been diagnosed with polycystic kidney disease?

10.6 Stroke Case History (Fig. 10.1)

Mr. B is a 33-year-old male whose father passed away unexpectedly from a
hemorrhagic stroke which autopsy revealed to be related to an AVM. Mr. and
Mrs. B recently discovered they are expecting a baby and have become concerned
about Mr. B’s chance of developing a stroke. They posed their concern to their OB
who then referred them for genetic counseling.

The counselor begins the session by asking the family about the questions they
want answered at this visit. Mr. B’s is concerned that he too could pass away
suddenly and not be able to care for his growing family. Mrs. B is concerned not
only about her husband but also the risks for their child.
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Fig. 10.1 Stroke case
history pedigree —O
54

/I 33D

G Nosebleeds
E Cerebral AVM

A review of the family history reveals that Mr. B’s father was a healthy 54-year-
old male with a history of high cholesterol. He was found unconscious in his home
by Mr. B’s stepmother. He was then taken to the hospital and diagnosed with a
hemorrhagic stroke. He was on life sustaining machines for 48 h before the family
decided to withdraw support. Mr. B was 29 at the time that his father passed away.
An autopsy was performed revealing a cerebral AVM. Mr. B has had a longstanding
history of nosebleeds from adolescence to adulthood. He reports that his father also
had a history of nosebleeds, but he doesn’t know when they started.

The genetic counselor then discusses the couple’s pregnancy. Mrs. B is 8 weeks
pregnant and reports no complications or exposures. During the pregnancy discus-
sion, Mrs. B becomes emotional. The couple explains that they have been trying to
conceive for over 2 years, and had been undergoing fertility treatments. They are
very happy about the pregnancy, but now concerned about the family history.
Mr. B’s 2 siblings and mother are all living. He is not able to comment on their
medical history as he is estranged from the rest of the family. He reports that he was
very close to his father, and his loss was devastating. Mrs. B’s parents live close to
the couple and provide a great deal of support. The couple also states that they have
the support of friends and draw strength from each other.

The counselor acknowledges Mr. B’s loss. The counselor uses empathy and
rephrasing to draw out how Mr. B’s impending role as a father has made him more
aware of his own father’s loss, and how this has deeply affected him. Mr. B states
that he does not want his own child to experience the same loss, and is anxious to
take action.

The genetic counselor then reviews the family history, which is most notable for
Mr. B’s nosebleeds and his father’s history of an AVM and nosebleeds. The
medical geneticist performs a brief physical exam and notes mucosal telangiectasia
on Mr. B’s tongue and inside his mouth. These findings raise the possibility of
Hereditary Hemorrhagic Telangiectasia (HHT). The counselor reviews the natural
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history of the condition as well as autosomal dominant inheritance. The counselor
states that genetic testing is available, and asks if Mr. B is interested in discussing
this further. He and Mrs. B are very interested in hearing more about testing and
what it might tell them. The genetic counselor also gently discusses that should a
mutation be identified then his 2 siblings would be at risk for the condition as well.
At this point, Mr. B becomes angry and states that his brother and sister are
ignorant, and wouldn’t do anything with the information even if he did share it
with them.

The counselor discusses how genetic testing for HHT involves looking for
mutations in 3 different genes. The risks and benefits of the testing are reviewed.
Mr. B states that it would be helpful to have a tangible answer for his own risk as
well as his father’s history. The genetic counselor also discussed that if a mutation
were found, then Mr. B. could undergo routine screening for cerebral AVMs and
other AVMs, and that he could be followed in a nearby HHT multidisciplinary
clinic.

Since the couple is pregnant, the genetic counselor also broaches a discussion of
prenatal testing for HHT. The couple is adamant that they are not interested in
prenatal testing/screening of any kind and do not want information on available
options.

At the end of the visit, Mr. B. consents to genetic testing for HHT. A follow up
appointment is made to discuss the results in person. Mr. B and his wife are
encouraged to come to the appointment together. Mrs. B. is concerned about
missing work since she has just started a new job, so the counselor makes arrange-
ments for them to come late in the day.

Genetic testing reveals that Mr. B carries a pathogenic mutation in the ACVRLI
gene. Mr. and Mrs. B both start crying. The genetic counselor acknowledges that
they must be anxious about the implications of the result. However, Mr. and Mrs. B
both state they are relieved to not only have an explanation for Mr. B’s father’s
death, but to also have a name for the condition and a plan of action. Mr. B wants to
be seen in the local HHT multidisciplinary clinic, and a referral is made for him
that day.

Again, the genetic counselor discusses the positive result and implications for
other family members. At this point the couple gives each other a knowing look.
Mrs. B states that they discussed at length what to do about his siblings. In the end,
Mr. B decided it would be best to contact them since he has nieces and nephews and
is concerned about how this would affect them. Mrs. B had even gone so far as to
find Mr. B’s sister on Facebook and has a plan to contact her after this appointment.

The genetic counselor makes a call to the couple a month after the results
appointment. Mr. B is not available, but the counselor speaks with Mrs. B who
states that Mr. B. has his appointment with the HHT clinic the following week, and
they are looking forward to the information. She states that the genetic test results
have given them a sense of relief and optimism. Mrs. B also says that she had
reached out to Mr. B’s sister on Facebook, but has not gotten a response. The
genetic counselor commends Mrs. B for attempting to notify her in-laws of the test
results. The genetic counselor also notes that there is no guarantee that other
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relatives would be as eager to act on the information. Mrs. B comments that her
sister-in-law’s silence only further confirms Mr. B’s feelings that his estranged
family is “ignorant.” Mrs. B feels that she may have done more harm than good by
trying to contact Mr. B’s sister. The genetic counselor says that they have a right to
know if they wish to, and that she had acted appropriately. She offers to speak to
any family member who might like more information.

Discussion Questions:

How did the couple’s knowledge of the expected baby influence the genetic
counseling referral?

How did the couple react to learning that there could be a genetic explanation for
Mr. B’s father’s death?

How should the counselor handle Mr. B’s reaction to sharing genetic informa-
tion with his siblings?

What are possible reasons for why the couple was not interested in prenatal
testing options?

What is the genetic counselor’s role in guiding notification of at-risk family
members?

What impact has attempting to contact estranged family members had on
Mr. and Mrs. B?
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Chapter 11
CADASIL

Jamie C. Fong

Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoence-
phalopathy, known as CADASIL, is the most common inherited cause of stroke and
vascular dementia in adults. First described in 1955, this hereditary condition of
small cerebral arteries was eventually mapped to a locus on chromosome 19q12
[1]. Linkage studies that followed refined the genetic interval, culminating in the
identification of the NOTCH3 gene as harboring pathogenic mutations [2, 3].

Since 1996, CADASIL has been reported in more than 500 families worldwide,
though its overall prevalence remains unknown. Despite increasing awareness of
the condition, it likely remains underdiagnosed. The estimated prevalence of the
disease is 4.14 per 100,000, and about 0.05 % of individuals with lacunar stroke
carry a NOTCH3 gene mutation [3]. However, when considering individuals with
both lacunar stroke and white matter abnormalities on neuroimaging, NOTCH3
gene mutations are responsible for about 2 % of disease with onset by age 65 years,
and about 11 % of disease with onset by age 50 years.

In contrast to sporadic ischemic stroke and vascular dementia of the elderly,
CADASIL usually occurs in the absence of traditional vascular risk factors. None-
theless, many of the clinical manifestations of CADASIL, as well as its cognitive
profile and neuroimaging abnormalities, overlap with that of sporadic small artery
diseases with subcortical ischemic vascular dementia. While sporadic small artery
diseases in the elderly are frequently associated with Alzheimer-type neuropathol-
ogy, CADASIL is not associated with amyloid plaques and neurofibrillary tangles.
Consequently, in contrast to sporadic disease, clinical-pathological correlations are
not confounded in CADASIL,; thus this relatively rare monogenic disorder serves as
a model for the more common, sporadic forms of ischemic stroke and vascular
dementia.
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11.1 Clinical Presentation

The clinical presentation and age of onset of CADASIL are variable. Despite intra-
and inter-familial variability, CADASIL has several key features: migraine with
aura; subcortical ischemic events, including ischemic stroke and transient ischemic
attacks (TIA); cognitive impairment with progression to dementia; and mood
problems or other psychiatric disturbances. Approximately 5—-10 % of patients
have epileptic seizures, but rarely as the presenting symptom [4, 5].

About 2040 % of patients with CADASIL experience migraine with aura.
Though affecting fewer than half of all patients, migraine with aura occurs at a
four- to five-fold greater frequency among individuals with CADASIL than in the
general population [6]. When present, migraine with aura is often the first symptom,
with mean onset in the late 20s (age range 6-48 years) [4, 6]. Auras are usually
characterized by visual or sensory disturbances, but motor or speech problems may
also occur. Visual aura symptoms frequently include blind spots with flickering or
shimmering light traveling in a zigzag pattern across the visual field (scintillating
scotomas); impaired vision involving half of a visual field of both eyes (lateral
homonymous hemianopia); or blurred vision. Sensory symptoms usually include
numbness or tingling. Migraine accompanied by atypical features affects more than
half of CADASIL migraineurs and include basilar headache, aura without head-
ache, or prolonged aura [7-9]. The clinical picture prior to onset of ischemic disease
may not be different from that of other migraineurs in the general population.

Ischemic stroke and TTA are predominant features of CADASIL, affecting about
60-85 % of patients [6]. In most families with CADASIL, stroke is the first
recognized symptom of disease. Ischemic events usually begin in middle age,
with mean onset in the middle to late 40s (age range 20-70 years), and often in
the absence of conventional vascular risk factors [4, 6, 10]. They usually present as
classic lacunar syndromes that yield motor or sensory symptoms [11]. However,
some events are clinically silent, while others occur as mild or vague symptoms of
fatigue, dizziness, or confusion. Still others occur abruptly as focal neurologic
deficits: dysarthria with or without motor or sensory symptoms, weakness or
abnormal sensations of a single limb, isolated gait impairment, or nonfluent aphasia
[11]. These acute deficits may be associated with headache and, when transient, can
mimic migraine with aura [7]. Ischemic events usually recur, with many patients
experiencing two to five strokes over several years. As the strokes recur, deficits
accumulate and lead to stepwise cognitive and functional decline.

Up to 90 % of patients have cognitive deficits characterized by deficits in
attention, processing speed, and executive function [12, 13]. These deficits are
observed prior to the onset of stroke or TIA, and begin as subtle changes in the
middle 40s, possibly as early as in the late 20s; mutation carriers may not come to
medical attention until faced with either significant disability or the onset of
ischemic disease [12]. However, difficulty with tasks involving set-shifting,
response inhibition, working memory, verbal fluency, and abstract reasoning can
be detected by formal neuropsychological assessment well in advance of ischemic
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disease [13, 14]. These deficits are consistent with patients’ subjective complaints
of reduced mental efficiency, disorganization, and poor recall during the early
stages of illness [15]. In contrast, episodic memory tends to be well preserved,
even in later stages of illness [12]. Taken together, the cognitive profile of
CADASIL is similar to that of sporadic subcortical ischemic vascular dementia,
although impairment in CADASIL occurs at much younger ages. A dysexecutive
syndrome is also observed in post-stroke patients with CADASIL, with deficits
worsening not only in the presence of infarction [12], but also with age
[4, 15]. Focal deficits in CADASIL eventually progress to diffuse impairment in
multiple cognitive domains, with 60 % of patients older than 60 years of age
meeting DSM-1V (Diagnostic and Statistical Manual of Mental Disorders, fourth
edition) criteria for dementia [13]. About 10 % of patients have dementia in the
absence of any other symptoms. In later stages of illness, patients with dementia
frequently have gait impairment, urinary urgency with or without incontinence, and
pseudobulbar palsy [11]. By the time of death, most patients are completely
dependent and require assistance in performing activities of daily living [16].

Psychiatric disturbances are also prominent features of CADASIL. About
2045 % of patients have a significant mood disorder, including major depression
and major depressive episodes that alternate with periods of mania, the latter of
which may be mistaken for bipolar disorder rather than features of a CADASIL
prodrome [4, 10, 11, 17, 18]. Though age of onset varies, mood disorders often
present concurrently with cognitive impairment and/or ischemic disease. Families
characterize early signs of illness by the presence of mild depression and changes in
patients’ behavior or personality, including new or increased irritability, as well as
decreased motivation and interest in home and work life. In addition to mood
lability and apathy, sleep disturbances are frequently observed in patients with
CADASIL. Few patients experience delusions or hallucinations, and few have
histories of attempted suicide [17, 18].

In summary, despite CADASIL’s variability, some generalizations about the
disorder’s temporal course are possible. CADASIL becomes evident in young or
middle adulthood with migraine, if present, or with an ischemic event. The mean
age of onset is approximately 37 years. Subtle cognitive impairment and psychiatric
disturbances can appear in early stages of disease, though they may be overlooked
until functional decline is disabling, or a stroke or TIA occurs. Functional disability
before age 40 is rare, but its incidence increases rapidly with age. Frank dementia,
frequently associated with motor problems, is usually apparent after age 60, and
nearly 40 % of patients are unable to walk without assistance by age 65. The mean
duration of disease is about 20 years, and mean age at death is 65 years among men
and 70 years among women. Pneumonia with or without aspiration is the most
frequent cause of death [4, 10, 16].
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11.2 Diagnosis

Clinical history and neurologic exam are used in the clinical confirmation of
CADASIL. Subcortical infarcts and leukoencephalopathy of CADASIL are best
detected by magnetic resonance imaging (MRI). In addition to neuroimaging, skin
biopsy is used with limitations. Skin biopsy immunostaining using a NOTCH3
antibody is highly sensitive (96 %) and specific (100 %) for a diagnosis of
CADASIL [23]. However, the gold standard for diagnosis of CADASIL is molec-
ular analysis of the NOTCH3 gene.

Widespread diffuse white matter hyperintensities on MRI are the imaging
hallmarks of CADASIL. The white matter lesions first appear between ages
20 and 30 years, preceding the onset of ischemic disease by about 10-15 years
[8, 19]. Little is known about the presence of hyperintensities in individuals under
age 20 years, as they have not been extensively studied, but all mutation carriers
have evident leukoencephalopathy by age 35 [8]. With age, the punctate lesions
become more diffuse and symmetric. These neuroimaging findings, while not
pathognomonic, are highly suggestive of CADASIL. White matter hyperintensities
may occur in the basal ganglia and thalamus, distinguishing CADASIL from
multiple sclerosis, which can mimic CADASIL [8, 19, 20]. The brainstem and
corpus callosum may also be affected. By contrast, orbitofrontal and occipital white
matter are usually spared.

Lacunar infarcts typically appear at age 4050 years in the same areas as white
matter hyperintensities [19]. Microbleeds are also observed in about one-third of
patients with CADASIL, frequently after age 50 years. However, they are not
unique to the disorder, and, in addition to the extent of white matter hyperintensities
and lacunar infarction, are associated with hypertension and poor glucose
control [19].

Although brain atrophy may be a better marker of disease progression, MRI
studies show a positive correlation between leukoencephalopathy burden and/or
lacunar infarct volume in CADASIL and the extent of cognitive impairment and
functional disability [21, 22].

11.3 Treatment and Management

There is currently no cure for CADASIL. Treatment involves secondary preven-
tion, although no medication with proven efficacy exists. Prophylactic treatment of
migraine with aura may be needed depending on the frequency of attacks. Patients
with frequent migraines may benefit from antiepileptic medications or beta
blockers. A few case studies and a preliminary report suggest that acetazolamide
is effective [24]. Patients in need of symptomatic treatment of migraine should
avoid vasoconstrictors including ergot derivatives and triptans, and should instead
use nonsteroidal anti-inflammatory analgesics [24, 25].
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Although empiric data are sparse, prevention of ischemic events in patients with
CADASIL is based on the treatment of sporadic, non-cardioembolic ischemic
stroke. For example, patients should use antiplatelet agents instead of anticoagu-
lants like warfarin because of the latter’s associated risk of hemorrhage.

Cognitive symptoms are difficult to treat in CADASIL. The only randomized,
placebo-controlled clinical trial investigated the impact of donepezil in patients
with a broad range of cognitive impairments [26]. While the study demonstrated
improvement on certain measures of executive function, it failed to achieve the
primary goal of improved performance on a subscale of the vascular Alzheimer
disease assessment scale. The clinical significance of these findings is unclear, and
administration of donepezil in CADASIL would constitute off-label use, as is the
case for sporadic subcortical ischemic vascular dementia.

11.4 Genetics

CADASIL is caused by mutations in the NOTCH3 gene. The NOTCH3 gene
encodes a single-pass transmembrane receptor that is primarily expressed in vas-
cular smooth muscle cells. About 200 mutations have been reported. The NOTCH3
gene has 33 exons, but most CADASIL-associated mutations occur in exons 2-24.
More than 70 % of CADASIL patients carry a mutation in either exon 3 or 4 [27].
Genotype-phenotype correlations in CADASIL are weak [28]. De novo mutations
have been reported, although their exact frequency is not known [29]. Homozygous
state NOTCH3 mutations have been reported and appear indistinguishable from
those in heterozygous mutation carriers [30].

11.5 Genetic Counseling Issues

Genetic testing is appropriate for patients with a characteristic clinical syndrome,
distinct neuroimaging, and a family history of stroke or dementia in at least one
first-degree relative before age 60. The additional presence of migraine with aura
and the absence of cardiovascular risk factors in the proband increase the likelihood
of detecting an underlying NOTCH3 mutation, although the opposite scenarios do
not preclude the presence of a mutation. Genetic testing may also be considered for
patients with characteristic white matter burden and cognitive impairment, even in
the absence of a clear family history [31]. Genetic testing lacks clear benefit if the
patient only has migraine with aura, a few hyperintensities on neuroimaging, and a
negative family history.

As with other neurodegenerative conditions, genetic counseling for CADASIL
raises unique issues about diagnostic and predictive testing. Family history should
be assessed thoroughly, with specific focus on relatives with a history of migraine
with or without aura, stroke or TIA, dementia, epilepsy, and/or psychiatric
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diagnosis or hospitalization. Special attention should be given to a family history of
multiple sclerosis. A three-generation pedigree should include ages of disease
onset, diagnoses, and ages at death. Medical records, including neuroimaging
data, autopsy studies, and skin biopsy analysis (if available), may clarify diagnoses.
Relevant family history may be obscured by incomplete health information, mis-
diagnoses, early death, false paternity, or undisclosed adoption. In the absence of a
family history, the likelihood of detecting a NOTCH3 mutation is probably small.
Genetic counseling should include a discussion of 50 % risk to offspring of a
NOTCH3 mutation carrier, regardless of whether or not a mutation is de novo.
Penetrance is complete [11].

While the presence of a NOTCH3 mutation confirms a diagnosis, genetic testing
in CADASIL offers limited clinical utility, as no cure exists and current approaches
to symptom management have unproven effectiveness. The goals of diagnostic
testing, therefore, involve clarification of a diagnosis and identification of at-risk
family members. Diagnostic confirmation through NOTCHS3 testing can be invalu-
able to the patient and family because it offers closure to the question of etiology of
the family illness. Genetic counseling should help patients and their families
consider not only the potential comfort that accompanies diagnostic confirmation,
but also the potential burden that accompanies the remaining uncertainty, as the
presence of a NOTCH3 mutation cannot predict exact disease course. For the
patient with significant cognitive impairment, genetic counseling should involve a
healthcare proxy, legal guardian, or next of kin. If the proxy is an at-risk offspring
or sibling, genetic counseling should address any conflicting motivations for testing
among multiple family members equally at risk. At-risk family members can
disagree about whether or not they support genetic testing to confirm a diagnosis
for which there is no cure or prevention. Disparate opinions frequently arise from
different perspectives about the implications of the patient’s genetic test result for
at-risk individuals and the cognitive, emotional, or social burden that might arise.

Genetic counseling should foster a decision about diagnostic testing that best
serves the family, rather than a single individual. If family members fail to reach a
consensus, the decision about testing usually falls to next of kin. While the need for
involvement of a proxy for a patient with profound cognitive impairment is
undeniable, the extent to which the other family members’ wishes should be
considered for a patient with mild-to-moderate impairment is less obvious. An
example of this dilemma is a patient with impaired judgment and altered decision-
making capacity who still functions semi-independently in activities of daily living.
In this case, family members may be reluctant to name a proxy who makes a
decision about diagnostic testing that supports the family’s wishes if it opposes the
patient’s wishes. Genetic counseling should facilitate decision-making efforts that
are respectful of both the patient’s and family’s wishes. Families who are not ready
to pursue diagnostic genetic testing may consider DNA banking for future testing
purposes.

Once a patient is determined to carry a NOTCH3 mutation, genetic testing
becomes available to family members. For many asymptomatic, at-risk individuals,
the experience of illness in the family is a catalyst for pursuit of genetic testing.
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Issues of caregiver distress and psychosocial burden should be a focus of genetic
counseling. Predictive genetic testing for CADASIL should be offered according to
the Huntington disease protocol [32]. The protocol calls for at least one pretest
genetic counseling session, baseline neurologic and cognitive assessment, psycho-
logical evaluation, in-person disclosure, the presence of a support person, and
posttest genetic counseling. Predictive genetic testing should not be offered to
asymptomatic minors.

Predictive testing should be offered only after a NOTCH3 mutation has been
identified in the family. In the absence of a known mutation, a negative result from
predictive genetic testing in an asymptomatic, at-risk individual is uninformative;
the result cannot discriminate someone who is a true negative for the mutation from
someone who is at risk for an inherited neurodegenerative disease mimicking
(or misdiagnosed as) CADASIL. Genetic counseling should help families identify
who in the family is the most appropriate individual to test first.

Identification of a familial NOTCH3 mutation leads asymptomatic, at-risk indi-
viduals to pursue predictive genetic testing for multiple reasons: to reduce uncer-
tainty, to plan for the future, to make health and lifestyle choices, and to plan a
family. Genetic counseling should address each concern, particularly given the
limitations of predictive genetic testing, including the fact that no proven health or
lifestyle behavior can reduce the risk for CADASIL. Asymptomatic, at-risk indi-
viduals should consider future financial and care planning irrespective of any
predictive test outcome. A positive result from predictive testing can be used
directly in reproductive decisions through PGD or prenatal testing.

NOTCH3 mutations display near 100 % penetrance. However, age of onset,
severity of symptoms, and disease course are variable between and among families,
and are consequently difficult to predict for any given individual. This means that
an asymptomatic individual who learns that he carries a familial NOTCH3 mutation
may be inclined to engage in symptom-seeking behavior as he foresees the inevi-
table onset of subtle symptoms that gradually worsen over time. The difficulty of
discriminating a NOTCH3-related symptom in the early stages of CADASIL from
an isolated, non-syndromic health concern (i.e., headache, minor aging-related
cognitive changes, minor sensory changes) can exacerbate the burden of symptom
seeking. That the frequency of migraine without aura in CADASIL is comparable
to that in the general population contributes to this burden. Pretest genetic counsel-
ing should help asymptomatic, at-risk individuals anticipate the variability of
disease expression and begin to adapt to the unpredictability that remains even
after a NOTCH3 mutation is identified by predictive testing.

Although CADASIL is primarily an adult-onset condition, symptoms in children
have been reported, usually in the setting of a known family history of CADASIL.
Of the few NOTCH3-confirmed cases of pediatric onset, most children presented
with migraine with aura or atypical features in addition to stroke [31, 32]. One
8-year-old child had nonspecific symptoms of anxiety and mild cognitive and
behavior problems at school, accompanied by characteristic white matter
hyperintensities on neuroimaging. The child came to medical attention and
underwent neuroimaging because of a diagnosis of CADASIL in his mother.
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The child was subsequently found to carry a NOTCH3 mutation. This case raises
concerns about the appropriateness of performing neuroimaging in children at risk
for CADASIL who have equivocal symptoms. Because of the ability to use MRI to
identify hallmark white matter signs, which can appear years before symptom
onset, neuroimaging has the potential to predict a CADASIL diagnosis in ambig-
uously symptomatic, at-risk children with a positive family history. Pretest genetic
counseling should, therefore, help individuals appreciate the implications of knowl-
edge of a family’s CADASIL diagnosis on how asymptomatic, at-risk minors are
medically served, even in the absence of genetic testing. If neuroimaging occurs
prior to pretest genetic counseling and NOTCH3 genetic testing, parents may be
unprepared for the potential consequences of what effectively becomes predictive
testing of a minor by MRI.

Pretest genetic counseling for predictive NOTCH3 genetic testing should include
a discussion about potential genetic discrimination and the Genetic Information
Nondiscrimination Act (GINA) of 2009, as well as some state anti-discrimination
laws. However, neither federal nor any state legislation currently encompasses
long-term care, life, or disability insurance. Pretest genetic counseling should
address making future care plans in advance of receiving predictive genetic test
results.

Asymptomatic, at-risk individuals should consider the potential for psycholog-
ical distress as the result of predictive NOTCH3 genetic testing. The consummate
concern for clinicians should be their patient’s potential risk for major depression or
suicide following receipt of predictive genetic test results. Since baseline distress
has been described as a better predictor of posttest counseling distress than the
genetic test result itself, pretest genetic counseling should also help identify at-risk
individuals’ need for ongoing psychological support or other resources [32].

11.6 CADASIL Case History (Fig. 11.1)

A 50-year-old patient and her husband were referred for genetic counseling due to a
probable diagnosis of CADASIL. The patient had an 11-year intermittent history of
focal neurologic deficits, first characterized at age 39 by a sudden occurrence of left
arm and face numbness that lasted for 2 min with no sequelae. She had no other
neurologic problems for the next 10 years. At age 49, she had an episode of
confusion, dizziness, right-sided weakness, general fatigue, and slow speech.
Three months after her second episode, she experienced acute onset of urinary
urgency and pseudobulbar affect.

The patient also had a 10-year history of reduced processing speed. While
driving she took longer at intersections to register signs, signals, and the actions
of other drivers. She had one minor vehicular accident, in which she backed into a
parked car on her driveway. She had a 5-year history of decreased concentration
and increased difficulty with planning, organization, and multitasking. She
endorsed recent word-finding problems as well as minor trouble with balance.
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Fig. 11.1 CADASIL case
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Her husband noted the patient’s recent declining interest in household activities,
such as preparing meals, which the patient previously enjoyed. He also thought that
she had become more irritable and impatient.

The patient had a significant family history of neurodegenerative disease. Her
father, who died at age 57, had a history of strokes beginning in his 40s. At around
this time, the patient’s father also had behavior and cognitive changes. He retired
early from his job in construction management because he had increasing difficulty
planning and coordinating multiple projects. He reportedly became withdrawn and
depressed. Symptoms eventually progressed to dementia and he became function-
ally impaired. Bedridden and mute during the later stages of illness, he eventually
died of pneumonia.

In addition, the patient’s paternal grandmother had an unspecified dementia, and
died at age 61. The patient had one paternal aunt, who carried a diagnosis of
multiple sclerosis. Several years into illness, the aunt required help with all activ-
ities of daily living in a nursing facility before death in her 60s. The patient’s two
siblings were reportedly in good health. The patient had two children, a 22-year-old
daughter in good health and a 15-year-old son with a history of attention-deficit
disorder. During the past 8 months, the son had been having difficulty concentrating
on school activities, and had been getting into frequent altercations with his peers.
The son also complained of foot pain.

The patient and her husband were counseled about the significant likelihood that
the patient’s symptoms and her family history were caused by CADASIL due to a
NOTCH3 mutation. The neurologist who reviewed the patient’s MRI study noted
multiple white matter hyperintensities in the anterior part of the temporal lobe.
Though they had never before heard of CADASIL, the patient and her husband
were not surprised to hear that the patient’s symptoms were likely related to that of
her father and paternal grandmother, simply because they suspected some illness
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ran in the family. They were also not surprised to consider a misdiagnosis of
multiple sclerosis in the patient’s aunt. The patient, who had been her father’s
caregiver during the last 4 years of his life, recalled how strokes left her previously
fiercely independent father helpless. That her father’s cognitive and functional
deterioration robbed him of his dignity pained her. The patient had always expected
that she, like her father and grandmother, would die young and demented. The
patient’s recent cognitive slowing and disorganization were worryingly reminiscent
of her father’s early symptoms.

The patient and her husband were counseled about the risks, benefits, and
limitations of NOTCH3 genetic testing. Though disappointed about poor clinical
utility, the patient was eager to pursue genetic testing. She wanted to know with
certainty whether or not she had CADASIL. The patient’s husband was ambivalent
about genetic testing. According to him, their daughter, who was keenly aware of
the family history, had disapproved of the patient’s desire to pursue genetic
counseling and testing. She thought that her mother worried needlessly about the
future, and believed that the family would confront symptoms as they presented, if
ever. In the daughter’s view, her mother was not yet sick, and current cognitive
complaints were likely transient and stress related. The patient’s husband believed
that the daughter was in denial of the patient’s health problems.

The couple was counseled to consider the daughter’s perspective, particularly
since identification of at-risk family members would be one of the few direct
consequences of genetic testing. The patient acknowledged the multifaceted impli-
cations of genetic test results for her children, but refused not to know simply
because her daughter was unprepared for the information. The patient wanted a
definitive diagnosis. The patient also believed that her daughter minimized the
potential benefit of the information given her recent engagement and desire to have
a family. Nonetheless, the patient wanted to respect her daughter’s perspective, and
said that she would write a letter, including genetic results, to her daughter, and
would seal it. The daughter could choose to open the letter at a later time. The
patient’s husband thought that it would be difficult to keep results from the daughter
before she read the letter because he anticipated that his wife was mutation positive.
He dreaded future conversations with the daughter about the patient’s health,
especially if the symptoms worsened. The patient and her husband were counseled
about the importance of having honest, ongoing dialogue with their daughter. In this
way, the patient and her husband might begin to address their daughter’s concerns
and perhaps reach a mutual understanding.

Discussion Questions

¢ How does the caregiving experience inform a patient’s perspective about diag-
nostic or predictive genetic testing?

e How do clinicians help reconcile different attitudes among family members
about genetic testing, especially when the proband’s results have direct impli-
cations for each relative?
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* How can the clinician be sure that the patient with some cognitive impairment
has a true understanding of the implications of genetic testing?

The patient and her husband were equally worried about their 15-year-old son
with school and peer trouble and pain complaints. If the patient carried a NOTCH3
mutation, she said that she would want her son to undergo genetic testing. She
understood that onset of CADASIL in childhood was a rare occurrence, but worried
that her son could have subtle, early symptoms. She wondered whether or not her
son should have a brain MRI scan. The patient was informed that neither NOTCH3
genetic testing nor neuroimaging was recommended for her son due to ethical
concerns arising from the limitations of using genetic testing or neuroimaging to
confirm or rule out equivocal symptoms in a child. Mild attention and behavior
problems with chronic pain are nonspecific findings that are not overtly suggestive
of CADASIL. Although a mutation-positive test result would predict their son’s
future diagnosis of CADASIL, the result could not confirm an early stage of illness
manifesting as his current complaints. The patient was counseled about the possi-
bility that, even if her son carried a NOTCH3 mutation, his history of distractibility,
peer fights, and foot pain could be unrelated to CADASIL, and could instead have
another etiology. If the latter were the case, the son would most likely have years of
symptom-free life to enjoy before disease onset. The patient was counseled to
consider how differently she might treat her son, consciously or unconsciously, if
she knew his genetic fate years in advance of its occurrence. The patient could
unintentionally hamper her son’s process of self-actualization if he were burdened
by unsolicited information about his future. She was also counseled about how the
decision to test her son would deny him the autonomy to make his own decision as
an adult. She acknowledged that each person should have the right to decide
whether or not he wants deterministic genetic information, particularly when no
cure for CADASIL currently exists. The patient’s husband agreed that genetic
testing of their son was premature.

On the other hand, a mutation-negative test would mean that the patient’s son
would not be at increased risk for CADASIL, information that the patient and her
husband would be overjoyed to learn. However, a negative result would still leave
unanswered questions about etiology of the son’s current symptoms. To that end,
the patient and her husband said that they would vastly prefer searching for an
explanation for isolated behavior problems to anticipating the onset of an incurable,
progressive disease.

The couple was counseled about potential risk for genetic discrimination. The
patient had prudently purchased life insurance and long-term care insurance many
years ago because of her experience with her father’s illness. She understood that
her genetic information would neither help nor hurt her insurability. However, the
patient planned to tell her two siblings about the value of obtaining such insurance
prior to their own pursuit of predictive genetic testing.

The patient, who was cognitively competent, albeit impaired, consented to have
her blood drawn for NOTCH3 genetic testing. Six weeks later she returned with her
husband to receive results. To no one’s surprise, she was determined to carry a
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NOTCH3 mutation. The patient was glad to finally have a definitive diagnosis, but
was saddened about her future and the potential burden she placed on her family.
She planned to work through these negative ruminations with her therapist, and
hoped that her husband would also consider talking to someone about his concerns.
She planned to write a letter to her daughter, who still had no desire to know the
patient’s genetic status. The patient and her husband intended to share information
with their son, but had not yet thought about how best to do so. The son was vaguely
aware of family history of dementia. They were counseled to be honest with their
son in an age-appropriate manner. The couple was given the information about
“CADASIL, Together We Have Hope,” a national source and advocacy organiza-
tion for families with CADASIL.

Discussion Questions

¢ How do ambiguous or nonspecific symptoms in a child raise ethical concerns
about genetic testing of minors?

¢ How does the possibility of detecting hallmark neuroimaging features warrant
caution when considering the clinical evaluation of minors with ambiguous or
nonspecific symptoms?

11.7 Patient Resources

CADASIL, Together We Have Hope
http://cadasilfoundation.org/
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Chapter 12
Overview of Motor Neuron Diseases

Alice B. Schindler

Motor neuron disorders (MNDs) are a clinically and pathologically heterogeneous
group of sporadic and hereditary neurologic diseases characterized by progressive
degeneration of motor neurons. Either or both of the following two sets of motor
neurons can be affected:

» Upper motor neurons (UMN:S, also called corticospinal neurons), which origi-
nate from the primary motor cortex of the cerebrum (precentral gyrus) and
possess long axons forming corticospinal and corticobulbar tracts

» Lower motor neurons (LMNs), which originate in the brainstem (cranial nerve
[CN] motor nuclei) and spinal cord (anterior horn cells) and directly innervate
skeletal muscles

MNDs can be classified into those affecting primarily the UMN:Ss, those affecting
primarily the LMNs, and those affecting both, and the nomenclature is used
accordingly. The patient’s symptoms vary by the set of motor neurons involved.

The motor neuron diseases are progressive neurological disorders that destroy
motor neurons, the cells that control voluntary muscle activity such as speaking,
walking, breathing, and swallowing. Normally, messages from nerve cells in the
brain (UMNSs) are transmitted to nerve cells in the brain stem and spinal cord
(LMNs) and from there to particular muscles. Upper motor neurons direct the
lower motor neurons to produce movements such as walking or chewing. Lower
motor neurons control movement in the arms, legs, chest, face, throat, and tongue.

When signaling disruptions occur between the lower motor neurons and the
muscle, the muscles do not work properly; the muscles gradually weaken, may
begin wasting away (atrophy), and develop uncontrollable twitching ( fascicula-
tions). When signaling disruptions occur between the upper motor neurons and the
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lower motor neurons, the limb muscles develop stiffness (spasticity); movements
become slow and effortful, and tendon reflexes such as knee and ankle jerks become
overactive (hyperreflexive). Over time, the ability to control voluntary movement
can be lost.

No specific tests can diagnose most MNDs definitively, although molecular
genetic testing is available for some hereditary forms of MNDs such as spinal
and bulbar muscular atrophy (SBMA)/Kennedy disease (KD), hereditary spastic
paraplegia (HSP), spinal muscular atrophy (SMA), and some forms of amyotrophic
lateral sclerosis (ALS)/Lou Gehrig Disease. Symptoms may vary among individ-
uals and, in the early stages of the disease, may be similar to those of other diseases,
making diagnosis difficult. A physical exam should be followed by a thorough
neurological exam. The neurological exam will assess motor and sensory skills,
nerve function, hearing, speech, vision, coordination and balance, mental status,
and changes in mood or behavior. Diagnostic evaluations may include electromy-
ography (EMG) with nerve conduction studies (NCV), brain and spine MRIs with
and without contrast to evaluate for structural anomalies and changes in white
matter, laboratory testing of blood and urine, and in some cases a nerve and/or
muscle biopsy.

This chapter focuses on upper motor neuron diseases, such as HSP; lower motor
neuron diseases, such as SBMA or Kennedy disease (KD); and those diseases
affecting both systems, such as ALS or Lou Gehrig disease.

12.1 Genetic Counseling Issues for MNDs

Molecular genetic testing is often essential for diagnosis of MNDs. Due to clinical
overlap of MNDs, genetic testing can be useful for confirming a clinical diagnosis
or, in some instances, ruling out another disorder. Individuals with SBMA, for
example, are often initially diagnosed with ALS. Molecular genetic diagnosis
enables health providers to offer patients information regarding natural history,
prognosis, inheritance pattern, and possible treatment and/or research trials.

Patients often report a lack of family history, and are therefore perplexed and in
denial when molecularly diagnosed, as neither of the parents had overt symptoms.
This is certainly the case with autosomal recessive forms of ALS and HSPs.

For family members interested in undergoing presymptomatic genetic testing to
determine their mutation status, the familial mutation must be known. Once the
familial mutation is known, most centers follow the protocol established for
Huntington disease (HD) or have adopted a condensed protocol. At the very least,
an individual should be offered face-to-face, pre- and post-test genetic counseling, a
complete neurological examination performed by a neurologist familiar with the
MND in question, and have a support person accompany them to each visit.
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12.2 Family History Questions Pertinent to Motor Neuron
Diseases

Targeted questions about family history can help determine if a condition is
hereditary and assist with diagnosis. A three or more generation pedigree should
always be taken that includes documentation of any neurological or psychiatric
condition with ages of onset and ages of death.

When taking the pedigree, the patient and informant should be asked the
following questions:

Upper Motor Neuron Diseases

* Does anyone in your family have spasticity?

* Does anyone in your family have balance or coordination problems?

» Does anyone in your family have stiffness in their legs (hamstrings or Achilles)?
» Does anyone in your family have exaggerated reflexes?

* Does anyone in your family have slurred speech or swallowing difficulties?

Lower Motor Neuron Diseases

* Does anyone in your family have muscle twitches?

* Does anyone in your family have muscle weakness?

* Does anyone in your family have muscle wasting/atrophy?

* Does anyone in your family have muscle cramping?

* Does anyone in your family have slurred speech or swallowing difficulties?



Chapter 13
Amyotrophic Lateral Sclerosis

Elisabeth McCarty Wood

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease
characterized by involvement of both the upper and lower motor neurons. In the
USA, ALS is more commonly known as Lou Gehrig’s disease, while other coun-
tries primarily use the term “motor neuron disease.” The prevalence of ALS ranges
from 2.7 to 7.4 per 100,000 in European populations with a lifetime risk of 1 in 400.
There is a slight increased rate of ALS in men, with a male-female ratio of 1.5 to
1[1].

The onset of ALS is primarily seen in the sixth and seventh decades of life, with
a median onset age of 65. Incidence markedly increases around age 40, peaks
between ages 60 and 79, and then gradually declines at age 80 [2]. The one clinical
feature that differs between genetic and non-genetic forms of ALS is a slight
reduction in the average age of onset in genetic/familial forms of ALS [3]. However,
genetic or not, the majority of ALS is adult-onset, with only 5 % classified as
juvenile-onset (<30 years) [1].

Research on the molecular basis of ALS has provided considerable insight into
the biology of this severely progressive neurodegenerative condition. Genetics has
played an important role in furthering ALS research, as there are now 16 known
ALS genes [4]. While environmental factors have long been thought to be involved
in the pathogenesis of ALS, no environmental factor has been proven to play such a
role. ALS is now considered to have a primarily multifactorial basis with complex
genetic-environmental interactions [1]. Research is ongoing to further elucidate the
role of environmental factors in ALS.

Electronic supplementary material Supplementary material is available in the online version of
this chapter at 10.1007/978-1-4899-7482-2_13. Videos can also be accessed at http://www.
springerimages.com/videos/978-1-4899-7481-5.
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13.1 Clinical Presentation

ALS is a rapidly progressive disease with a median survival of 3 years, but a wide
range of duration from only a few months to over 10 years [5]. The most common
presenting symptom, seen in approximately two-thirds of cases, is asymmetric limb
weakness presenting in either a lower limb, affecting gait and/or movement, or an
upper limb, affecting strength and/or dexterity. About one-third of patients have
initial onset of bulbar symptoms, such as dysarthria and dysphagia, and only a small
subset present with respiratory weakness. The onset and progression of respiratory
weakness are important prognostic features given that respiratory complications are
the most common cause of death. Other classic features of ALS include muscle
atrophy and cramps, fasciculations, and pseudobulbar affect (emotional lability).
The disease spreads from the point of origin to other regions of the body. For limb-
onset ALS, the typical disease course is to spread to the opposite limb and then
elsewhere in the body, whereas bulbar onset typically first affects the upper limbs
before spreading to the lower limbs.

While severely progressive muscle weakness and wasting are the hallmark
clinical feature of ALS, a subset of patients also develop cognitive decline.
Approximately 5 % of patients fulfill clinical criteria for frontotemporal degener-
ation (see Chap. 8), while 30-50 % have documented cognitive involvement, but do
not meet clinical dementia criteria [6-8]. Though the overlap between motor
neuron symptoms and dementia has been historically well documented, the molec-
ular relationship between ALS and FTD has only been proven recently because of
the advances in understanding the neuropathology and genetics of these conditions.

13.2 Diagnosis

Like many neurodegenerative conditions, the clinical diagnosis of ALS is depen-
dent on ruling out other possible causes of the symptoms and meeting established
clinical criteria; there is no diagnostic test that confirms an ALS clinical diagnosis.
Clinical retrospective studies have shown that an average of 8—13 months pass
between initial symptom onset and receiving a clinical diagnosis [9, 10]. This
length of time is highly significant in a condition with an average duration of
3 years, affecting not only the provision of appropriate clinical care, but also
eligibility for clinical trials looking to include patients with early stage of disease.
In order to help standardize ALS clinical diagnoses for research purposes, the El
Escorial criteria were established in 1994, and then revised in 2000 as the Airlie
House criteria [11]. These criteria are used by many centers as the standard for
documenting a clinical diagnosis of ALS. The criteria include the following:

» The presence of lower and upper motor neuron degeneration with documented
progressive spread of symptoms, either within a region or to other regions
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» The absence of electrophysiologic or pathologic evidence of other disease
processes that could cause lower and/or upper motor neuron degeneration

¢ The absence of neuroimaging evidence of other disease processes that could
explain the clinical and electrophysiologic signs

Based on these criteria, a clinical ALS diagnosis can be categorized as clinically
definite ALS, clinically definite familial ALS, laboratory-supported ALS, clinically
probable ALS, clinically probable laboratory-supported ALS, clinically possible
ALS, and clinically suspected ALS.

In order to gather the clinical evidence to apply these criteria, an individual
would typically undergo a diagnostic work-up that includes a neurological exam-
ination, an electromyogram (EMG), neuroimaging (MRI) of the brain and spinal
cord, a spinal tap for cerebrospinal fluid analysis, and blood work. An EMG is often
considered the most critical diagnostic tool for ALS, as it is able to identify loss of
lower motor neurons, even in areas that are clinically unaffected. Neuroimaging of
the brain and spinal cord, CSF analysis, and blood work are all conducted to rule out
possible causes that could mimic ALS symptoms. A systematic approach to the
clinical diagnosis of ALS is needed, as there are many ALS-mimic syndromes, such
as cervical spondylosis, multiple sclerosis, and thyroid disorders. There are also
closely related clinical phenotypes, including progressive muscular atrophy (PMA),
primary lateral sclerosis (PLS), and progressive bulbar palsy (PBP), which can also
complicate the clinical diagnosis of classic ALS.

A diagnosis can be confirmed postmortem by means of an autopsy focusing on
the brain and spinal cord. Classic neuropathological features of ALS include
degeneration of motor neurons in the anterior horns and motor nuclei of the cranial
nerves VII, X, XI, and XII, as well as neuronal loss and gliosis in the primary motor
cortex with associated axonal loss in the corticospinal tracts. Ubiquitinated inclu-
sions are an associated hallmark to the degenerative changes of ALS pathology. An
initial breakthrough in understanding the neuropathology of ALS came in 2006,
with the discovery that TDP-43 was the major disease protein seen in inclusions in
the overwhelming majority of ALS cases [12]. Interestingly, a minority of ALS
patients had inclusion bodies and resultant neurodegeneration that were not com-
posed of TDP-43. Many of these cases were proven to have mutations in SODI,
which, at the time, was the most common genetic cause of familial ALS. Subse-
quently, other disease proteins associated with genetic forms of ALS, such as FUS,
OPTN, UBQLN?2, and NEFH, have also been identified as inclusions in neuropath-
ological studies of these TDP-43 negative cases of ALS [13]. For reasons that
currently are uncertain, the newly discovered C9orf72 pathogenic hexanucleotide
expansions are associated with both ALS and FTD with TDP-43 inclusions [14, 15].
Thus over the past decade, neuropathological and genetic advances in ALS have
gone hand in hand with those of FTD, as a new discovery in either field has
provided insight and research direction for the other.
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13.3 Treatment and Management

The treatment of ALS focuses primarily on the management of symptoms and
provision of supportive care and resources to maximize a patient’s quality of life.
ALS is a complex disease, so it is not surprising that a multidisciplinary approach to
treating ALS has been correlated with improved prognosis [16]. Many medical
professionals are involved in ALS care and management, including neurologists,
nurses, nutritionists, pulmonologists, social workers, genetic counselors, as well as
therapists in speech, physical, occupational, respiratory, and mental health
specialties.

There is currently only one FDA-approved medication that is considered a
disease-modifying treatment for ALS: riluzole (brand name Rilutek), which delays
progression of ALS by several months in some patients. Clinical trials have been
conducted for many neuroprotective agents in both animal and human models, but
to date there are no other medications for ALS-specific treatment. Given the
considerable advances in understanding the molecular basis of ALS, as well as
advances in the fields of gene- and stem cell-based therapies, there is considerable
hope for future therapies specifically developed for the treatment of ALS [1,
17]. Medications and non-pharmacological treatments are currently used in the
management of ALS symptoms, like muscle cramping, spasticity, excessive oral
secretions, and emotional lability [18]. Patients with ALS also have secondary
symptoms, such as fatigue, pain, and depression, which can be treated both phar-
macologically and non-pharmacologically.

Nutrition is a concern as swallowing difficulties, limb weakness, depression, and
constipation can all have a negative impact on food intake. While nutritional
guidance and supportive therapies can help improve nutritional intake in early
stages, many patients will eventually need to consider options for enteric feeding,
such as a gastronomy tube. Progressive weakness typically leads to respiratory
impairments, which should be closely monitored given that respiratory complica-
tions are the most frequent cause of death. Pharmacological treatments, as well as
noninvasive ventilation by means of bilevel positive pressure device (biPAP), are
used to ameliorate respiratory issues.

Assistive technologies play a significant role not only in the management of
ALS, but also in improving quality of life. For example, a motorized wheelchair
greatly improves the mobility of a patient who is no longer able to walk. Large
electronic switches that require only a small amount of pressure ease the ability to
control any electronic device in the home. Communication devices now range from
simply amplifying an individual’s voice to a computerized vocalization system
controlled by the patient’s eye movements. There are even assistive communication
applications available for personal electronics, such as smartphones and tablets.

Due to the progressive nature of ALS, discussions of end-of-life care are
important to include in the management plan. Advance directives provide patients
with the autonomy to address their healthcare wishes and make their decisions
known. Hospice care can provide expert management and care to both the patient
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and family members during the final stages of ALS. Like any chronically progres-
sive disease, there is a long-lasting impact on family members and caregivers from
both a financial and psychological standpoint. Ideally, support for family members
and caregivers should be provided in conjunction with a patient’s care and man-
agement. Social workers, nurses, mental health professionals, and genetic coun-
selors can all provide professional services to help address not only the needs of the
patient, but also the concerns, questions, and anxieties of those close to the patient.

13.4 Genetics

ALS can be separated into familial ALS (FALS) and sporadic ALS (SALS) forms.
For several decades, the rate of FALS was generally accepted to be 10 %, but
careful review of clinical ALS cohorts has revised the actual FALS rate to approx-
imately 5 % [19]. Because mutations in most ALS genes have been found in both
SALS and FALS, there is suggested caution in using the term “sporadic,” as this
term typically identifies a non-genetic disease. Likewise, the FALS label does not
exclude the possibility that non-Mendelian factors, such as environment or epige-
netics, may also contribute to the cause of ALS within a family [4]. Furthermore,
since two relatives within an extended pedigree could both have ALS by chance,
there is concern that the generally accepted definition of familial as having one or
more affected first- or second-degree relatives may not be specific enough to
identify truly genetic cases of ALS [20].

As the clinical features of genetic and non-genetic ALS are indistinguishable,
the assessment of family history may be the only clinical tool available to try to help
guide genetic testing decisions. Criteria to define FALS pedigrees as definite,
probable, and possible, in terms of the likelihood of a genetic cause, have been
proposed as follows: “definite FALS” for kindred with three or more affected
relatives and kindred with two or more affected relatives with gene positive
co-segregation; “probable FALS” for kindred with one affected first- or second-
degree relative; and “possible FALS” for either (1) ALS in a distant relative, (2) a
known ALS gene mutation in a patient with apparently sporadic ALS, or
(3) frontotemporal degeneration in a first-degree relative [20]. These criteria are
still being tested in the ALS research community [21].

The incidence of juvenile-onset ALS (JALS) is 5 % or less of the ALS popula-
tion. However, JALS is most strongly correlated with a possible genetic etiology,
and the use of clinical genetic testing to establish a cause is more common.
Identified genes associated with jJALS are reviewed in Table 13.1.

Alsin, a protein abundant in motor neurons with known and unknown functions
related to cell life, development, and transport, is the most common genetic cause of
JALS thus far [22, 23]. As an autosomal recessive disorder, there is typically no
known family history. The phenotype caused by ALS2 mutations ranges from
infantile ascending hereditary spastic paraplegia (IAHSP) to juvenile-onset primary
lateral sclerosis (jJPLS) to jALS. The phenotypes of IAHSP and jPLS are closely
linked; both are associated with onset within the first 2 years of life, present with
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Table 13.1 Genetic factors for juvenile/young-onset ALS

Locus Gene Chromosome Inheritance Penetrance | Age of onset
ALS2 ALSIN 2q33.1 Autosomal Complete Range from infant
recessive to 20 years,
depending on
phenotype
ALS4 SEXT 9q34.13 Autosomal Unknown Range 8-17 years
recessive
ALS16 SIGMAR]I 9pl13.3 Autosomal Unknown 1-2 years
recessive

Source: http://alsod.iop.kcl.ac.uk/als—The Amyotrophic Lateral Sclerosis Online Database

upper motor neuron findings, and are slowly progressive into adulthood [22, 24]. In
contrast, the JALS phenotype of ALS2 has a somewhat older age of onset, averag-
ing 6 years, but ranging anywhere from 3 to 20 years. The phenotype of jJALS due to
ALS?2 has been characterized by pseudobulbar affect with facial muscle spasticity
and spastic gait. Muscle atrophy is not characteristic of ALS2-related jALS, but
mild atrophy does occur [25].

ALS4 is associated with SETX, a gene that can cause a juvenile-onset form of
ALS, as well as ataxia and oculomotor apraxia type 2. The gene encodes senataxin,
a helicase protein with a possible role in RNA processing. Mutations in SETX are
rare and associated with a slowly progressive disease course that allows some
individuals to live a normal life-span [26].

Homozygous mutations in SIGMARI were found to be the cause of jALS in a
consanguineous family in Saudi Arabia. Onset was noted in the first 2 years of life
with a slowly progressive course through childhood [27]. Other loci have been
linked to jJALS, but the causative genes have yet to be identified.

The first gene identified in FALS for adult-onset forms of ALS was discovered in
1993: SOD1, encoding superoxide dismutase [28]. For years, SODI was the only
gene associated with an autosomal dominant form of classic ALS. It accounts for
about 20 % of FALS cases, as well as 3 % of SALS. Over 160 mutations have been
identified in SODI that are believed to cause a toxic gain of function leading to
degeneration of the upper and lower motor neurons [13]. Mutations in SOD! cause
misfolding of SODI, a protein that typically protects cells from oxidative damage
by metabolizing superoxide radicals. It has been hypothesized that the toxic gain of
function relates to instability of the misfolded protein, leading to an increased
propensity for self-aggregation [29].

Clinically, ALS due to SODI mutations is similar to non-genetic ALS, but does
tend to have fewer upper than lower motor neuron signs and is less often associated
with FTD. There are several genotype-phenotype correlations in the SOD/ litera-
ture. The most common mutation in North America, accounting for half of all
SODI positive cases, is A4V. The A4V mutation is associated with an extremely
rapid course of disease, with an average survival of 1 year. G85S mutations are also
associated with a rapid course of disease. Other mutations correlate with a slower,
prolonged course of ALS, including D90A, G37R, G41D, G93C, and DI11Y
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[30]. The D90A mutation can be inherited in either an autosomal dominant or
recessive fashion. The recessive form of ALS, caused by homozygosity for the
D90A mutation, is known to have a predominantly lower motor neuron and lower
limb weakness [13]. Overall, the average age of onset in SOD/-associated ALS is
lower than in sporadic ALS, but this can vary even within families. Certain
mutations, including L106V, G37R, and L38V, are associated with young-onset
ALS. The neuropathology of SOD1-related ALS is similar to that of classic ALS,
but an important distinction is the lack of positive staining for the TDP-43 protein.

In 2006, the protein TDP-43 (TAR DNA-binding protein-43) was found to be a
significant component of the ubiquitinated inclusions of motor neurons seen in both
SALS as well as non-SODI FALS [12]. This neuropathological discovery quickly
led to the analysis of the responsible gene, TARDBP. TDP-43 plays a role in gene
expression and RNA activity. Other ALS-associated genes share a similar function,
giving rise to new hypotheses regarding the molecular pathways of ALS
pathogenesis.

Over 40 TARDBP mutations have been identified. While overall the rate of
TARDBP mutations is rare, accounting for 1-4 % of FALS, one particular mutation,
p.-A382T, is found in one-third of ALS cases in Sardinia [31]. Clinically, the
phenotype of TARDBP-mediated ALS does not differ significantly from the
non-genetic forms of ALS or SOD/-mediated ALS. The neuropathology of ALS
due to TARDBP mutations is similar to sporadic, non-genetic ALS.

FUS (fused in sarcoma) mutations were discovered to cause ALS in 2009 [32,
33]. Similar to TDP-43, the FUS protein plays a role in DNA and RNA metabolism.
FUS mutations are seen in approximately 4-6 % of FALS, and rarely in SALS. FUS
mutations have also been identified in jJALS. Clinically, FUS-mediated ALS has
lower ages of onset than other forms of FALS, with a reported average onset age of
44 years, and has been shown to be the most common cause of young-onset ALS
(<40 years old) [34]. Neuropathological features of ALS due to FUS include motor
neuron loss that is more severe in the spinal cord than the brain stem and mild-to-
moderate upper motor neuron loss in the motor cortex. Unlike classic ALS, FUS-
mediated disease rarely has ubiquitin-positive cytoplasmic inclusions in the ante-
rior horn of the spinal cord, and overall is negative for TDP-43 pathology [32, 33].

The most recent and highly significant discovery in the field of ALS genetics is
C90rf72 (chromosome 9 open reading frame 72). In late 2011, two separate
research groups published the identification of an expanded hexanucleotide repeat
(GGGGCCO) in a noncoding region of chromosome 9 as a cause of both ALS and
FTD. C90rf72 is now considered to be the most common genetic cause of both
familial and sporadic ALS; a review of C90rf72 population frequency data esti-
mates that C9orf72 accounts for approximately 34 % of FALS and 6 % of SALS
[35]. While repeat size correlations are in the process of being defined, the value of
30 repeats has been used as the cutoff between normal (<30) and pathogenic (>30).
However, some laboratories use 21 repeats as the top end of the normal zone, 22-30
as borderline, and greater than 30 as positive. Future research will likely further
define the clinical significance of C90rf72 repeat lengths. Currently, therefore, the
cutoff value of 30 should be used with caution [35, 36]. Anticipation is also being
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investigated in C9orf72, as occurrence of earlier ages of onset in subsequent
generations has been reported, but the significance has not been proven [37].

ALS due to C9orf72 expansions is associated with a slightly younger age of
onset (~56 years) and more rapid progression than sporadic, non-C9orf72-related
ALS. There is also a higher rate of bulbar onset ALS seen among C90rf72 positive
carriers [38, 39]. The most notable clinical feature of C9orf72-associated ALS is the
strong association with frontotemporal degeneration (FTD), as C9orf72 expansions
are also the most common genetic cause of familial FTD. Approximately 27 % of
C9orf72 positive ALS cases also exhibit symptoms of dementia [35]. Family
histories can display great heterogeneity in clinical phenotypes, exhibiting ALS,
FTD, and ALS/FTD with a range of symptoms, ages of onset, and severity. For
families with both diseases in the pedigree, C90rf72 is the most consistent cause.

The specific findings of C90rf72 pathology are considered to be highly distinc-
tive, even predictive of the presence of the hexanucleotide expansion. Neuropath-
ological features of C9orf72-mediated ALS include the presence of both TDP-43
positive inclusions in the anterior horn neurons of the spinal cord and ubiquitin-
positive, TDP-43 negative inclusions in other specific regions of the central nervous
system, such as the hippocampus and cerebellum [13].

A number of rare ALS genes have been identified as either Mendelian causes of
ALS or susceptibility factors. The following provides a brief review of
distinguishing characteristics and facts to assist in genetic counseling and testing
discussions.

« VAPB mutations are associated with an atypical ALS phenotype that is also
known as spinal muscular atrophy (SMA) IV, or Finkel-type SMA. Phenotypic
heterogeneity has been observed within families. ALS due to VAPB mutations is
characterized by primarily lower motor neuron findings, but phenotypic hetero-
geneity has been observed within families including more classic ALS
presentations [40].

¢ ANG mutations have primarily been described in patients of European ancestry
with classic ALS, although bulbar onset is slightly more common. Mutations
have been found in both FALS and SALS cases, as well as Parkinson disease
(PD), and research is ongoing to better understand this gene’s role as a risk factor
for both ALS and PD [41].

» FIG4 mutations were previously known to cause a recessive peripheral nerve
disorder CMT4]J. Research suggests that heterozygous F/G4 mutations are risk
factors for classic ALS as well as primary lateral sclerosis (PLS) [42].

» Both heterozygous and homozygous mutations in OPTN have been described in
association with ALS. Reported ages of onset range from the third through sixth
decades of life. These mutations are extremely rare, primarily described in
kindreds of Japanese ancestry [43].

e ATXN2 is known to cause spinocerebellar ataxia type 2 due to a
CAG-trinucleotide expansion of >34 repeats. Repeats in the intermediate
range (27-33) are considered a risk factor for ALS [44].
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e VCP (ALS14) was first associated with inclusion body myopathy with Paget
disease of bone and frontotemporal dementia IBMPFD), a specific syndrome
that fell under the spectrum of FTD. Further research showed that individuals
with VCP mutations were also at risk for ALS, thus expanding the phenotype of
IBMPFD [45].

e Mutations in UBQLN2 cause an X-linked autosomal dominant form of classic
ALS. This gene can also be associated with jALS, as the reported range in onset
age spans from 16 to 71. ALS with dementia is also observed in cases due to
UBQLN?2 mutations [46]. For individuals who test negative for UBOQLN2, but
present with an ALS phenotype in an X-linked pedigree pattern, clinicians
should consider the differential diagnosis of spinal bulbar muscular atrophy
(Kennedy’s disease) (see Chap. 14).

e PFNI mutations were linked to autosomal dominant, adult-onset ALS and
account for 1-2 % of FALS [47].

* CHMP2B mutations were first described as being a rare cause of FTD. Subse-
quent research has shown that they are also a rare cause of ALS, found in
approximately 1 % of patients. ALS due to CHMP2B has predominant lower
motor neuron degeneration. ALS with and without dementia has been reported
[48] (Table 13.2).

13.5 Genetic Counseling Issues

Genetic counseling for ALS presents both scientific and psychological challenges.
ALS is an extremely complex disease with multiple genetic contributions. It is also
a severely debilitating disease, typically with a rapid course toward death and little
that can be offered in terms of medical intervention. The possibility that such a
condition can be inherited could understandably have psychological impacts on
patients and families. The recent scientific advances in ALS are considerable and
may lead to improved treatment options, and, hopefully, improved patient out-
comes. It is more important than ever for clinicians and genetic counselors to stay
educated and updated regarding the molecular basis of ALS in order to provide the
highest level of patient care.

In the case of jJALS due to autosomal recessive inheritance, the parents are
obligate carriers and therefore have a 25 % recurrence risk. In this scenario, parents
would likely benefit from genetic counseling services, not only for recurrence risk
counseling and education on the cause of their child’s condition, but also for
psychological support because of feelings such as guilt or depression regarding
their child’s diagnosis. Siblings may require genetic counseling in the future
regarding their two-thirds chance of being a mutation carrier. Any offspring of an
individual with autosomal recessive jALS would have a 100 % chance of being a
mutation carrier.

While mutations in many of the genes described have been found in SALS, the
greatest risk of a genetic cause is in familial cases. An accurate family history is
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vital for assessing this risk. A three-generation pedigree that includes first- and
second-degree relatives of the patient (children, siblings, parents, aunt/uncles, and
grandparents) should be collected. According to proposed ALS pedigree criteria,
the greatest risk of a detectable genetic mutation exists in those pedigrees that have
>3 family members with ALS, or pedigrees that contain parent-child affected pairs
[20, 21].

Still, pedigree collection should not be limited to questions pertaining to classic
ALS. Documentation of symptoms and diagnoses in family members must include
other possible neurodegenerative disease symptoms (such as dementia and parkin-
sonism), late-onset psychological disorders (due to the possibility of misdiagnosed
FTD or other dementia), other neurological diagnoses (such as ataxia), as well as
bone or joint complaints (due to the Paget disease of bone and inclusion body
myopathy associated with VCP mutations). If there are family members with any of
these symptoms or diagnoses, medical and/or autopsy records should be requested
whenever possible in order to provide a means of confirming the diagnosis or
providing insight into possible differential diagnoses. This thorough approach to
family history collection will best enable the genetic counselor or clinician to guide
the patient regarding genetic testing decisions.

Given the large number of genes associated with ALS, it can be overwhelming to
provide genetic counseling on all known causes of genetic ALS. Baseline genetic
counseling should include information regarding the two most common genetic
causes of ALS: C9orf72 and SODI1, together accounting for over half of FALS
cases. Then, when appropriate, the patient’s own symptoms and the symptoms in
their family members should be used to customize the genetic counseling session.
For example, patients with symptoms or a family history of FTD/dementia may
benefit from a more detailed conversation regarding C90rf72 and its association
with both ALS and FTD. Also, for patients with cognitive impairment, it will be
necessary to include a patient advocate, such as a spouse or other family member, in
the genetic counseling and testing decisions. For patients with a young age of onset
(<40), a discussion of FUS may be appropriate given that it is more often seen in
patients with younger onset. Given the rarity of juvenile ALS (JALS), genetic
counseling should be offered to all JALS cases to review the known genetic causes
and provide testing options.

The majority of sporadic ALS cannot be explained by known gene mutations
and therefore, most SALS patients, if they pursue genetic testing, will receive
negative results. However, a small percentage will have a positive test, and it is
important for clinicians and genetic counselors to keep this possibility in mind
when providing pre- and post-test counseling services. Patients and families with
SALS should be educated about the chance that a genetic mutation could be found,
despite the lack of other affected family members. While discussions of testing
motivation should always be included in genetic counseling sessions, the reason a
patient with non-familial ALS desires genetic testing may be less apparent than a
patient with clearly familial disease. For example, there could be a misunderstand-
ing regarding the purpose of genetic testing, such as a patient thinking that the test
outcome will provide a potential treatment benefit. Other patients with SALS may



174 E. McCarty Wood

want testing in order to prove that the disease is not genetic, thereby ensuring that
their own family members are not at increased risk. A discussion of testing
motivation in both cases would allow an opportunity for the genetic counselor to
address the patient’s specific concerns. For patients with SALS that do test positive
for a known ALS gene mutation, genetic counseling will be vital in the test
disclosure and follow-up. A patient and family with a previously low risk of
hereditary disease may require additional support in dealing with the impact of a
positive result.

For patients and families with genetic concerns, but no identified mutation, DNA
banking and autopsy should be discussed. Once new genetic associations are
discovered, DNA banking or autopsy tissue will provide a dependable source of
material for testing. DNA banking may also prove beneficial if there are future
improvements in genetic testing technologies, such as improved quantification of
the C9orf72 repeat.

For most positive genetic test results, the immediate major impact is on the
family members, not the patient, as the genetic finding does not change a patient’s
treatment options. In the future, genetic test results may have greater impact on a
patient’s treatment options, such as providing eligibility for certain clinical trials.
There are some specific gene results that could offer prognostic information to
patients, such as the more rapid progression of the SODI A4V mutation. Overall,
however, a positive gene result will provide information regarding the risk to other
family members. The majority of ALS genes are inherited in an autosomal domi-
nant fashion meaning that the patient’s own offspring will be at 50 % risk, as well as
the patient’s siblings. Due to the reduced penetrance of some genes and mutations,
it is also possible that a positive result could reveal risk to the patient’s parents.

Due to the complex genetic heterogeneity of ALS, it is advisable that predictive
(presymptomatic) genetic counseling and testing only be offered when a known
genetic mutation has already been identified in the family. If a mutation has not
been previously identified in an affected family member, the application and
interpretation of genetic testing in a healthy, at-risk individual can be difficult, if
not impossible. For those with a family history consistent with autosomal dominant
inheritance, but no identified family gene mutation, at-risk individuals may still
benefit from counseling to address life and financial planning concerns, as well as
ongoing psychosocial and educational support regarding their possible lifetime risk
for ALS [49].

For an individual at 50 % risk of a known ALS gene mutation, genetic counsel-
ing should always precede any genetic testing decisions. Many neurodegenerative
conditions, including ALS, follow the guidelines developed in the Huntington
disease community for the provision of predictive genetic testing services
[49-51]. The predictive counseling model includes two genetic counseling sessions
prior to testing, as well as consultations with a neurologist, psychologist, and/or
neuropsychologist, and an in-person disclosure of the result accompanied by a
support person. Like other neurodegenerative conditions, there are no preventative
measures and no medical interventions that can be offered to a healthy individual
who tests positive for an ALS-causing mutation. Therefore, the testing should only
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be pursued because the individual finds a personal benefit in learning his or her own
status. As in symptomatic testing, a discussion of testing motivation can provide
valuable insight into the concerns and issues that are most important to an individ-
ual’s predictive genetic testing decision. For individuals interested in learning their
genetic status for family planning reasons, the genetic counseling session should
include a detailed discussion of prenatal options such as preimplantation genetic
diagnosis, prenatal testing, gamete donation, adoption, natural conception with no
testing, and the decision not to pursue pregnancy. Genetic discrimination risks
should be discussed with all individuals, including a discussion of the national
Genetic Information Nondiscrimination Act (GINA) as well as any local state laws.

The specific mutation for which the individual is at risk can also impact the
initial genetic counseling session. C90rf72 and TARDBP present the challenge of
not only being at risk for ALS, but also for FTD. VCP carries the risk of FTD, as
well as inclusion body myopathy or Paget disease of bone. There is no way to
predict which symptoms will eventually develop for any of these three genes and
the individual needs to be counseled accordingly so that he or she can consider the
wide range of potential symptoms in their testing decision. Predictions regarding
age of onset are limited for most ALS genes; however, average ages of onset and
ranges of onset can be provided. In addition to the spectrum of ALS and FTD
phenotypes, C9orf72 predictive testing is also complicated by the fact that this
hexanucleotide expansion is not yet fully understood. As the most common genetic
cause of ALS, interest in C9orf72 predictive testing is potentially high. Clinicians
and genetic counselors need to remain updated on future developments in C9orf72
that could impact predictive genetic testing, such as the stability of the expansion
and phenotypic correlations with repeat length.

13.6 Case History (Fig. 13.1)

Mr. J, a 50-year-old Caucasian male, presents in the general neurology clinic with
complaints of weakness in his right leg. He indicates that the weakness has gotten
progressively worse over the past 6 months and he is now struggling to complete
many of his physical duties both at home and at work. Medical history is
unremarkable. He is married with three children. Family history is negative for
any relatives with similar symptoms or movement disorders. A neurology exam
notes lower limb weakness. Further tests are ordered, including blood work, spinal
tap, MRI, and electromyogram (EMG). Blood work and CSF analysis are negative;
MRI is unremarkable; EMG provides evidence of lower motor neuron involvement
in both his right and left leg.

The neurologist explains to Mr. J that the most likely diagnosis is ALS, a
progressive neurodegenerative disease with no cure or preventative treatment.
Educational materials and support resources are provided, as well as a referral to
an ALS specialty clinic. Mr. and Mrs. J express concern for their children, Steve
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Fig. 13.1 ALS case history pedigree

aged 25, Brian aged 23, and Kelly aged 20, wondering if they will also be at risk for
ALS. The doctor reassures them that without a family history of ALS the risk of a
genetic cause is low, but provides them with the information for a genetic counselor
that specializes in neurogenetics.

Discussion Questions

» Like many neurodegenerative diseases, a clinical diagnosis relies on ruling out
other known possible causes of a patient’s symptoms before making the diag-
nosis based on clinical criteria. Could including genetic testing as part of the
routine work-up be beneficial in establishing an ALS diagnosis?

e Mr. Jones’ ALS is described as being sporadic. What genes have been associated
with sporadic ALS? Which, if any, are most likely based on the case report?

Mr. and Mrs. J meet with the genetic counselor and explain their interest in
learning if there is an increased risk of ALS for their children. The genetic
counselor explains that family history information would help to better guide
their discussion, and proceeds to collect a three-generation pedigree. The family
history is negative for ALS. Mr. and Mrs. J are unsure about the diagnosis, but
report that Mr. J’s maternal grandmother was senile in her mid-70s, dying at age
79 in a nursing home. She was unable to move or communicate for the last year of
her life. There was a maternal uncle that was described as having Alzheimer disease
in his 50s, presenting with personality changes and language difficulties that
progressed until his death at 60 of pneumonia. His mother died at 48 of colon
cancer and he has three younger siblings, ages 48, 45, and 43.
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The genetic counselor explains that ALS can be associated with another neuro-
degenerative condition called frontotemporal degeneration (FTD), a type of demen-
tia. She explains that, due to his positive family history of dementia, she feels that
he and his family should be aware of the possible connection between these two
diseases. Although the symptoms of FTD and ALS are very different, they do share
certain disease proteins and can both be caused by a genetic mutation on chromo-
some 9. The genetic counselor provides information about this gene, C90rf72, as
well as a brief review of other known genetic causes of ALS. Both autosomal
dominant inheritance and multifactorial inheritance are discussed. The genetic
counselor explains that Mr. J can choose to have genetic testing for a panel of
ALS genes or just the C9orf72 gene. Mr. J is anxious regarding any possible risk
and wants to get the full panel of ALS genes offered by a commercial laboratory.
The genetic counselor explains that he may have to pay for the test himself if his
insurance will not cover it. Mr. J expresses that the cost is not an issue if it could be
potentially helpful to his children.

Discussion Questions

» Is either testing approach, the full panel of ALS genes versus the single test for
C9orf72, the most appropriate course of action and why?

« Patient-reported family history information can be influenced by the specific
questions asked by the clinician. In the field of neurogenetics, what approaches
or types of questions could help capture the most complete overview of a
patient’s family history?

The results of the genetic testing panel are positive for a C9orf72 expansion. The
genetic counselor meets with the patient to review the results. Mr. and Mrs. J appear
to be shocked by the information. The genetic counselor prompts them, asking if
this is the result they expected. Mrs. J explains that they had both hoped that the
testing would be negative, allowing them to tell their children that they were not at
risk for ALS. The genetic counselor asks what questions they have about the result,
but Mr. and Mrs. J are both visibly upset and reluctant to speak. The genetic
counselor excuses herself, saying that she wants to get a few educational materials,
in order to give Mr. and Mrs. J a moment alone. Upon returning, the counselor states
that she understands that the result is not what they were expecting, but she hopes to
work with Mr. and Mrs. J to help them use this information in the most beneficial
manner possible. Mr. J shares that, while the result is still upsetting, it was not
entirely unexpected as he does feel that his uncle was likely misdiagnosed with
Alzheimer disease, but really had FTD. He expresses fear that his children are at
risk not only for ALS, but also for FTD. The couple shares that they have not told
any of their children that Mr. J was having genetic testing; just telling them about
their father’s diagnosis of ALS was difficult enough. They are unsure how to
proceed now that they have the results. The genetic counselor spends time explor-
ing options for communicating the information to their adult children. Due to
Mr. and Mrs. J’s emotional state, she suggests that they allow themselves some
time to come to terms with the result themselves, prior to approaching a discussion
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with any of their children. The couple agrees. The genetic counselor explains that
Mr. J likely inherited the C90rf72 mutation from his mother, which means that his
three siblings are also at risk. Mr. and Mrs. J indicate that they understand, but note
that they are not in regular contact with his siblings.

Discussion Questions

¢ Receiving a positive genetic test result can put a patient into the role of being the
“messenger” of this news for the entire family. How can a genetic counselor or
other clinician best prepare and help a patient in this type of situation?

» Given that there are no cures or preventative measures for ALS or FTD, is there
an immediate need to tell other family members about the risk?

Three months later, Mrs. J contacts the genetic counselor by telephone. Her
eldest son is newly engaged. Mr. and Mrs. J have not yet told their children about
the genetic test result, nor have they told any other family members. She feels that
they must tell their children, especially now that her son and his fiancée may be
thinking about future family planning. She notes that her husband agrees with the
decision to share the information, but that he is feeling depressed and guilty about
the hereditary risk. The genetic counselor and Mrs. J discuss a plan for disclosing
the information to their children and review some basic facts about the genetic
result, including the 50 % inheritance risk. The genetic counselor encourages
Mr. and Mrs. J to recontact her after their discussion with their children.

Two weeks later, Mrs. J calls back; they told their children about the C9orf72
result. The genetic counselor asks Mrs. J how she feels the discussion went. Mrs. J
reports that it was difficult at first, as their children had many initial questions and
concerns. However, they felt that their children were very optimistic and support-
ive, telling their father that they loved him and that they would all work together to
conquer this disease. Their children have used the Internet to research the genetic
cause, and are trying to connect both their father and themselves to any research
efforts to better understand this genetic form of ALS. She feels that Mr. J’s mood
has improved somewhat now that their children are aware and engaged in accepting
this new information about the family’s risk of disease. She and her children are
working together to contact other family members to inform them about the genetic
finding. They are also making plans for a small family reunion in the upcoming
months, hoping to bring the family together before Mr. J’s symptoms become
progressively worse. She reports that none of their children wish to pursue predic-
tive genetic testing at this time, but feels that they may change their minds when
preventative treatment becomes an option.

Discussion Questions

*  What issues would be important to discuss in terms of family and personal future
planning with an individual at 50 % risk of an inherited form of ALS?

¢ What other support resources or referrals could be beneficial to Mr. and Mrs. J
and their family members as they deal with both his recent diagnosis of ALS and
a positive genetic test result?
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13.7 Patient Resources

. ALS Association

Website: www.alsa.org
National Headquarters: 1275 K Street NW, Suite 1050
Washington, DC 20005
Phone: (202) 407-8580

. NCBI—GeneTests and GeneReviews: www.ncbi.nlm.nih.gov/sites/GeneTests/

review

. National Institute of Neurological Diseases and Stroke (NINDS)

ALS Fact Sheet: www.ninds.nih.gov/disorders/amyotrophiclateralsclerosis/
detail_ALS.htm

. Center for Disease Control: National Amyotrophic Lateral Sclerosis (ALS)

Registry
http://wwwn.cdc.gov/als

. International Alliance of ALS/MND Associations: http://www.alsmndalliance.

org/
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Chapter 14
Spinal Bulbar Muscular Atrophy: Kennedy
Disease

Alison La Pean Kirschner

Spinal and bulbar muscular atrophy (SBMA), also known as Kennedy disease, is a
relatively rare form of motor neuron disease. It has an estimated worldwide
prevalence of 1:40,000 to 1:50,000. Like most late-onset motor neuron diseases,
SBMA is generally diagnosed well into adulthood, most commonly in the fourth or
fifth decade of life. Genetics may play a role in age of onset. SBMA is inherited in
an X-linked recessive manner, and therefore manifestations of diagnostic clinical
symptoms only affect men (however, mild symptoms have been reported in homo-
zygous and heterozygous females). Due to its rarity, SBMA is not usually the first
diagnosis considered, but can be diagnosed quite easily with a single-gene test
commonly available through many testing companies. SBMA is found around the
world, but most commonly in Caucasians (Northern European decent, particularly
Finnish) and Japanese.

14.1 Clinical Presentation

SBMA is a slowly progressive, adult-onset motor neuron disorder. Patients typi-
cally present with proximal (greater than distal) spinal muscle weakness and bulbar
muscle weakness between the ages of 20 and 66 years, most commonly in the early-
to-mid-40s [1]. Patients report initial lower extremity weakness more often
(50-70 %) than upper extremity weakness (31 %) [2]. Bulbar muscles are those
of the tongue, pharynx, and larynx, and atrophy of these areas results in facial
weakness, dysarthria (difficulty articulating words resulting in slow or slurred
speech), and dysphagia (difficulty swallowing). Another common symptom is
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fasciculations (involuntary muscle twitching) in the tongue and around the mouth
and chin. These symptoms may be preceded by muscle cramping, especially in the
upper limbs and torso, and hand tremors with average age of onset in the early-to-
mid-30s [2]. Patients may experience clinical or subclinical levels of sensory loss
(lower motor or primary sensory neuropathy) and hyporeflexia [3]. Patients may
also present with symptoms of androgen insensitivity, including gynecomastia,
reduced fertility, erectile dysfunction, and testicular atrophy [2]. However,
SBMA should not be ruled out based on the absence of androgen insensitivity
since gynecomastia may only be present in 50 % of patients.

In general, disease progression in SBMA is slow. Patients usually experience
progressive muscle weakness leading to mobility issues, first needing to use
handrails for stair climbing, and then a cane or walking aid, and may become
wheelchair dependent approximately 20-30 years after symptom onset, usually in
their mid-50s to -60s [1]. Dysarthria and dysphagia typically occur in the early-to-
mid-50s and progress as well. Patients with SBMA may suffer from bulbar palsy
causing aspiration, which can lead to life-threatening respiratory tract infections
(pneumonia) in later stages of disease [1, 4]. In general, patients with SBMA have a
long, even normal, life span. However, it is estimated in Japanese populations that
life span for men with SBMA can be 10-15 years shorter than that of the general
population [4]. The most common cause of death is aspiration pneumonia.

Female heterozygous carriers of SBMA are usually asymptomatic. However,
mild symptoms have been reported in female homozygous carriers and heterozy-
gous carriers [3]. The most common symptoms are twitching and frequent muscle
cramping, mild muscle weakness, hand tremor, and evidence of mild-to-chronic
denervation on EMG, though more severe symptoms also have been reported [3, 5].

14.2 Diagnosis

Along with a thorough clinical neurological examination, molecular genetic testing
for SBMA is considered the “gold standard” for diagnosing disease. Targeted
mutation analysis is typically done using polymerase chain reaction (PCR) ampli-
fication of the trinucleotide repeat region and fragment length determination by
molecular weight standards after capillary electrophoresis [1]. Given the rarity of
the condition and that X-linked pedigrees can prove uninformative in many
instances (particularly in small families or families with several female relatives),
patients generally undergo a series of primary care and neurological evaluations
prior to genetic testing. As with many slowly progressive conditions, significant
delays can occur between onset of symptoms, recognition of those symptoms,
initial medical evaluation (possibly including misdiagnosis), and diagnosis of
SBMA. Patients with SBMA are commonly misdiagnosed. Though exact estimates
are unknown, reports range from 2 to 32 % of patients who are misdiagnosed with
amyotrophic lateral sclerosis (ALS) or familial ALS (FALS) due to overlapping
symptoms, lack of “classic” SBMA symptoms, or subtle symptoms in early stages
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of disease [2]. SBMA should also be considered in the differential diagnosis of
patients with essential tremor, including familiar tremor [3]. As potential therapies
are developed and clinical trials continue, prompt diagnosis in order to provide
early intervention is likely to become increasingly important.

The following evaluations may be done as part of a neuro-diagnostic work-up,
but are not required or necessary for diagnosing SBMA:

¢ Electromyogram/nerve conduction studies (EMG/NCS) showing [2, 6]:

— Progressive lower motor neuron dysfunction in arms, legs, and face
Low SNAP amplitude (94—100 %)

Low CMAP amplitude in median and perineal nerves (52 %)

— MUNE'’s greater than 1 standard deviation from the mean

¢ Serum laboratory tests showing [1, 2]:

— Likely decreased levels of creatinine and/or elevated levels of creatine kinase
two to five times above normal (~85 % show abnormalities in both, 88-99 %
will show abnormality in one)

— Possible elevated levels of aspartate aminotransferase (AST) (72 %) and
alanine aminotransferase (ALT) (60-70 %)

— Possible elevated levels of lactate dehydrogenase (LDH) (35 %)

— Glucose intolerance

* Muscle or nerve biopsy showing:

— Chronic or partial denervation
— Demyelination and remyelination on individual fibers
— Unmyelinated fibers throughout sural nerves

¢ Barium pharyngeal videofluorography (a clinical measure of dysphagia) show-
ing [1]:

— Increased amounts of pharyngeal barium residue

Objective and quantitative assessments (not functional scales or subjective
outcome measures) are more sensitive measures of early or preclinical symptoms
of disease [1].

14.3 Treatment and Management

Treatment for SBMA remains primarily symptomatic, though clinical treatment
trials have been done with androgen inhibitors (androgen-depleting therapies), a 5,
agonist, and exercise therapy. Some treatment trials have shown positive improve-
ments in strength (compared to declines in the placebo group), quality of life
(specific to physical activity, particularly falls), motor function (by timed 6-min
walk), and less progressive dysphagia compared with controls [7—12]. Another
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report suggests that longer term antiandrogen therapy may inhibit the toxic accu-
mulation of mutant androgen receptor protein in the motor neurons of the spinal
cord and brainstem [10]. Though these clinical treatment trials have not shown
significant results in their primary outcome measures, the results do indicate that
these therapies hold some promise, particularly for those treated in the early stages
of disease (<10 years from onset of symptoms). Additionally, several other ther-
apeutic interventions that alter different molecular pathways show promise in
humans, in the laboratory, or in mouse models of SBMA.

To date, no drug treatments are considered standard of care or recommended for
patients with SBMA. Eating a healthy diet and incorporating regular exercise to
maintain muscle mass (in order to slow disease- and age-related decline in muscle
mass) and to control weight gain are generally recommended. This can potentially
help patients maintain their ability to walk without the use of assistive devices;
however, family and health care providers may need to encourage the use of
assistive devices for safety or to preserve energy, which can improve quality of
life. Patients may benefit from physical, occupational, and speech therapy referrals,
as well as periodic mobility and fall assessments. Some patients with SBMA may
have difficulties adjusting to their decline in physical functioning or its impact on
their employment or family. Mental health assessments can be beneficial for
patients with SBMA, and antidepressants and antianxiety medications may be
recommended.

14.4 Genetics and Pathogenesis

SBMA is caused by a CAG trinucleotide repeat expansion in the first exon of the
androgen receptor (AR) gene on Xql2, and thus exhibits a sex-linked recessive
inheritance pattern. The nucleotides CAG, along with CAA, encode the amino acid
glutamine, signified by a single-letter code, Q. Glutamine expansion diseases,
therefore, are often said to have a poly-Q expansion or poly-Q tract. SBMA is
part of a group of nine neurogenetic disorders caused by poly-Q expansions, the
other eight of which are categorized as movement disorders (Huntington disease,
dentatorubral-pallidoluysian atrophy, and six forms of spinocerebellar ataxia) [6].

Genetic testing for SBMA is widely available, though some debate exists about
pathogenic and pre-mutation “borderline” repeat numbers, and lab reporting varies
slightly. In general, <34 CAG trinucleotide repeats is within normal limits and
>35-38 CAG trinucleotide repeats is considered pathogenic, and diagnostic of
SBMA [13]. These same reference ranges apply to diagnosing carrier status in
females, whereby one of the two X chromosomes carries a pathogenic CAG
trinucleotide repeat expansion in the AR gene. The clinical significance of 35, 36,
and 37 CAG trinucleotide repeats is unclear, and many genetic testing companies
note that results in this range must be interpreted within the context of the proband’s
clinical presentation and that of other affected family members. In general, normal
CAG trinucleotide repeat lengths in SBMA have been shown to be highly
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mitotically stable [14]. However, it has been proposed that repeats in the abnormal
and “borderline” range show somatic and germline instability, likely to expand
during transition to subsequent generations [15, 16]. It is also possible that repeats
in the “borderline” range may represent alleles with reduced penetrance.

As with many trinucleotide repeat expansion disorders and all neurogenetic
poly-Q expansion disorders, anticipation is seen during transmission and should
be included in genetic counseling as appropriate. Larger poly-Q expansions
inversely correlate with age of onset and clinical severity of symptoms, such as
scored disability assessments, quantitative muscle strength, and activities of daily
living [2]. Though there is some debate, poly-Q expansion length has not shown to
be significantly correlated with disease progression [1, 2, 4]. Indeed, there is an
indication that factors other than the CAG trinucleotide repeat length play a role in
symptom severity and disease progression, and some studies have suggested that
physical ability before the onset of symptoms may play an important role [1].

Unlike the other poly-Q expansion disorders, the structure and function of the
mutant AR protein are well characterized. AR belongs to a family of steroid
hormones, which have reduced androgen binding in patients with SBMA [17]. Stud-
ies suggest that poly-Q expansions lead to low levels of transcription of the receptor
mRNA in androgen-responsive genes, thus causing some of the symptoms of
androgen insensitivity seen in patients with SBMA [18]. In addition, pathogenesis
for neurological symptoms is thought to be a toxic gain-of-function mechanism
induced by the accumulation of aggregate mutant AR proteins in the nucleus and
cytoplasm of spinal cord and brainstem motor neuron cells [19]. Accumulation of
these aggregates (or nuclear inclusions) leads to neuronal dysfunction, initiating
cell degeneration and loss of motor neurons [20]. Several hypotheses exist to
explain the exact nature of this relationship, and most of these pathways are
theoretical targets for treatment.

14.5 Genetic Counseling Issues

As with most genetic conditions, genetic testing of the proband or another affected
family member will prove most informative. Establishing a genetic cause for
symptoms will, in turn, provide risk information for other family members. Once
a diagnosis through genetic testing has been found in one family member, other
family members will be eligible for clinical assessment and genetic testing. As with
all X-linked recessive disorders, all female offspring of an affected male are
obligate genetic carriers, while all male offspring will be unaffected. Carrier testing
for at-risk female relatives is available through the same genetic testing process.
Prenatal diagnosis for carrier females is also available, though not commonly
requested due to the late age of onset, relatively slow progression of symptoms,
and the lack of effect on cognition or life-span. Presymptomatic testing of at-risk
male family members is technically possible, but also an uncommon request for the
similar reasons. If presymptomatic testing is requested by an at-risk adult, a clinical
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neurological assessment is recommended along with appropriate genetic counsel-
ing. Genetic testing of asymptomatic children (age <18 years) is not considered
appropriate, particularly while no established effective treatment exists for the
condition.

Clinicians should be aware of some of the potential psychosocial issues for
patients with SBMA. In general, this patient population consists of smart, highly
motivated older men, many of whom have families of their own for which they are
the financial and/or caregiving patriarch. Many patients begin to show initial
symptoms during significant life events, such as children leaving for college
(“empty nest”) or retirement. Dealing with a significant change in daily life,
along with physical decline, can prove emotionally taxing. For patients who work
in professions requiring a great deal of physical ability, there can be significant
impact on a patient’s ability to retain gainful employment. As genetic counselors, it
is important to specifically ask about psychosocial issues.

Targeted family history questions

» Has anyone in the family been diagnosed with a neurological disorder?
» Has anyone in the family had a tremor?

» Has anyone in the family had muscle weakness?

« Has anyone in the family had trouble walking or used a cane or walker?
« Has anyone in the family had speech or swallowing problems?

¢ Has anyone in the family had sexual dysfunction or fertility issues?

14.6 Genetic Counseling for Kennedy Disease (SBMA)
Case History (Fig. 14.1)

Mr. K was a 47-year-old man with a 6-year history of hand tremors, muscle cramps,
and progressive muscle weakness. Upon initial evaluation at age 43 (2 years after
mild symptom onset), Mr. K was initially diagnosed with “likely ALS” by his
primary care physician. A referral to neurology was given, but clinic slots for new
consults were booked out several weeks. In the meantime, Mr. K underwent an
EMG/NCS, which showed mild lower motor neuron dysfunction. Mr. K worked as
a handyman, “‘jack of all trades,” for a local university and picked up extra weekend
hours working for his friend’s roofing company. Mr. K presented in neurology
clinic 6 weeks later with his wife.

Genetic counseling began by asking the couple to explain the reason for referral.
They understood that Mr. K had a current “likely” diagnosis of ALS, but that this
consult had been recommended because his primary care physician was not a
neurologist and some of his symptoms “didn’t quite fit that picture,” particularly
his slow progression of symptoms. Mrs. K was especially anxious about the
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Fig. 14.1 SBMA case
history pedigree

54 81
Stroke
/s Cane

ZG}' 78

Q% BTO
El IJ__IZ'Z ©20 élﬁ

/| Possible SBMA
@ Carrier

potential ALS diagnosis, since she had done quite a bit of Internet research. She was
also concerned that they’d both spent years dealing with the slow progression of
symptoms that were becoming more apparent and also about the recent uncertainty
of not having a “firm” clinical diagnosis. The Ks both expressed frustration that no
one had been able to tell them what he really had or what prognosis to expect. The
genetic counselor acknowledged the feelings of fear and frustration, and assured
them that the purpose of this initial appointment was to review the findings of
previous studies, have a formal neurological examination, and ultimately try to find
answers for the family regarding diagnosis.

A review of the family history revealed that Mr. K had an older brother and an
older sister. Mr. K was on good terms with both siblings, but didn’t feel particularly
comfortable asking them about their medical histories. Both siblings had been quite
shocked when told about Mr. K’s potential diagnosis of ALS, and both denied any
progressive muscle weakness, speech, or breathing issues. Mrs. K thought that
Mr. K’s brother had complained about a hand tremor at a recent family reunion,
but no real details were discussed. The rest of the family pedigree was largely
unremarkable for neurological symptoms, aside from Mr. K’s maternal grandfather
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who used a cane to walk for a few years before an early, sudden death due to stroke.
By Mr. K’s mother’s report, his grandfather had “knee issues” for many years, but
couldn’t recall a specific accident or injury that caused the problems.

Mr. K expressed concern about his employment, since it was becoming difficult
to accomplish some of his usual tasks. He and Mrs. K had three children aged
16, 20, and 22, and were “nowhere near retiring” since two of the children were in
college and one was still living at home in high school. They considered themselves
just barely financially stable. Though Mrs. K had a part-time position as a dental
receptionist, Mr. K was the family’s primary financial provider. They regretted that
their college-aged children had to take out student loans in order to attend univer-
sity. When the genetic counselor asked what modifications or options were open to
Mr. K, he became very quiet and tearful. He stated that he didn’t think he had many
options, and felt like he was letting his family down. Though Mrs. K disagreed and
reassured him that no one in the family felt that way, Mr. K just nodded his head and
quickly changed the subject.

A complete neurological evaluation was performed and findings were similar to
those found by Mr. K’s primary care physician. The genetic counselor and neurol-
ogist discussed with the Ks that the two most likely diagnoses were ALS and spinal
and bulbar muscular atrophy (SBMA or Kennedy disease). Because of the slow
disease progression, genetic testing for SBMA was ordered. The genetic counselor
reviewed the genetic information for both ALS (likely sporadic) and SBMA
(X-linked inheritance), including risks to the K’s three children and other family
members. The genetic counselor pointed out that if his genetic test results came
back positive, Mr. K’s daughter would be an obligate carrier for SBMA. Again,
Mr. K appeared to be quite upset by this information. When asked how he felt, Mrs.
K interjected that it was too soon to “play the guessing game” and that they couldn’t
worry about it yet. She stated that caring for Mr. K was their priority right now, and
that their focus was finding out his diagnosis. They would “deal with anything else
after that.” When the counselor pressed the issue a bit more, asking how the Ks
planned to tell their children about the testing and potential diagnoses, Mrs. K said
that it was premature to involve the children in the conversation. She said that they
would tell the children when they knew something definitive, particularly since
both high school and college final exams were approaching. She stated that they
didn’t want the children to worry unnecessarily or cause a distraction for their
exams. Mr. K nodded his head in agreement.

Discussion Questions

*  What happens when genetic counseling turns up an ambiguous or uninformative
family history? How much weight should be given to the information when
deciding on genetic testing options?

* How do you help patients deal with uncertainty: short-term uncertainty or
preparation for the potential of longer term uncertainty?

« Given the K’s frustration over lack of information thus far, how much informa-
tion should the genetic counselor provide about both ALS and SBMA including
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diagnosis, disease progression, and treatment options (or lack thereof) at this
initial appointment?

e How much should the genetic counselor address the family’s financial and
employment concerns at this initial appointment, considering that the medical
team is still unclear about the diagnosis and disease course (which differs greatly
between ALS and SBMA)? What, if any, resources should be discussed?

e What is the best way to deal with a family member who answers questions for
the patient? Given Mr. K’s emotional responses to his disease symptoms and its
impact (or potential impact) on his family, how important is it to assess Mr. K’s
psychological state at this time in the presence of his wife? When, where, or how
might be the best way to go about this?

Genetic test results for Mr. K were available a few weeks later. Because the
family lived over 2 h from the clinic, the results were initially given to the Ks by
phone (both were available for the call). The genetic counselor explained that the
results were positive (diagnostic) for SBMA, with 42 CAG trinucleotide repeats in
the AR gene. Both of the Ks seemed genuinely relieved at the news, and Mrs. K
wept with joy and kept repeating, “I’m just so happy it’s not ALS.” Mr. K seemed to
have taken the news well, but after an initial excited shout, he was fairly quiet on the
phone. A follow-up appointment was scheduled a few weeks later to meet for
additional genetic counseling and follow-up with the neurologist.

Mr. and Mrs. K came to clinic for the follow-up appointment with their 20-year-
old daughter, Melanie, who was home on a college break. The Ks had informed all
of the children about Mr. K’s genetic diagnosis, but they told the counselor that it
had been particularly hard on Melanie. Melanie said that she was concerned for her
father, but now had concerns about herself. Since she had been out of state during
the testing process, she said that she felt shocked and upset that her parents “sprang
the information about carrier status on her out of the blue” when she returned home
from college for the summer. It was clear from Melanie’s description that she had
been unprepared to hear the news, and particularly distressed that this felt like a
solitary burden since her brothers did not share the same risks. She had just entered
a new relationship and “didn’t want to have to deal with this.” When the genetic
counselor asked her to say more about her feelings and worries, she stated that she
was worried about what this meant for her romantic and reproductive future, and
she had no idea what to tell her boyfriend. She also said that she felt embarrassed
having to discuss this information in front of her parents. Mrs. K. kept repeating that
she “thought her daughter should be tested.”

The genetic counselor suggested that they talk briefly about X-linked inheritance
and a few reproductive options with Melanie, highlighting the fact that genetic
carrier testing for SBMA was certainly possible, but not medically necessary at this
time (since Melanie would be an obligate carrier). The genetic counselor also
highlighted that medical research is advancing rapidly for SBMA treatment options
(should she have an at-risk child in the future). A brief description of ART, PGD,
sex selection, and prenatal testing were also discussed. After that, the genetic
counselor suggested that Melanie could make her own follow-up appointment to
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discuss these issues and options in further detail. Melanie chose to leave the room,
but said that the information provided was enough to “calm her down” because it
gave her alternative options to think about.

Once the attention for the appointment was turned back to Mr. K and his new
diagnosis, the genetic counselor asked how the Ks had been processing the infor-
mation. Mrs. K said that she was thrilled with the information and thanked the
genetic counselor. Mr. K said that he was also happy with the diagnosis of SBMA,
given the alternative. Mrs. K mentioned that Mr. K had been depressed over the past
few months, and, since the telephone call, had seen his primary care provider and a
psychologist. They were monitoring him for depression, and had started him on a
low dose of antidepressant medication. Mr. K said that he didn’t notice any
improvement, but acknowledged that he had only been taking the medication for
1 week. He repeated his initial concern about being able to provide for his family.
He acknowledged that his wife was very supportive, but that sometimes it was
difficult to talk to her about those issues. The genetic counselor suggested that
Mr. K get in touch with the KDA support network, so that he might share his
experiences and concerns with other men who had his diagnosis. Both of the Ks
seemed to appreciate this idea.

Discussion Questions

e What do you do when a support person or family member unexpectedly takes
over an appointment, particularly when it is at the patient’s request?

¢ How appropriate are large family discussions during genetic counseling? If you
feel like the discussion is becoming too personal for one of the participants,
when do you draw the line? How do you mitigate or steer the conversation?

14.7 Resource for Patients

Kennedy Disease Association website: www.kennedysdisease.org/
Kennedy Disease Association Facebook page: www.facebook.com/pages/
Kennedys-Disease-Association/325990476576/
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Chapter 15
Hereditary Spastic Paraplegia

Alice B. Schindler

Hereditary spastic paraplegia (HSP), also called familial spastic paraparesis (FSP),
refers to a group of inherited disorders that are characterized by length-dependent
distal axonopathy of the corticospinal tracts (upper motor neurons), resulting in
progressive, lower limb spasticity (stiffness), and weakness. The cell bodies of
these neurons are located in the motor cortex area of the brain. The axons travel to
the brainstem and down the spinal cord and relay instructions to lower motor
neurons located along the brainstem and spinal cord. Lower motor neurons then
carry the message out to the muscles. When upper motor neurons degenerate, the
correct messages cannot reach the lower motor neurons, and the lower motor
neurons cannot transmit the correct messages to the muscles. As the degeneration
continues, spasticity, and weakness increase. The legs are affected because degen-
eration occurs primarily at the ends of the longest nerves in the spinal cord, which
control the legs. In some cases, the upper body can be minimally affected as well,
leading to problems with the arms or speech and swallowing muscles [1, 2].
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HSPs occur in all ethnicities and occur with equal frequency in men and women.
While data is limited, the prevalence of autosomal dominant hereditary spastic
paraplegia has been estimated in some countries, such as Ireland where it affects
about 1.27:100,000 [3]. Founder effects have been reported [4].

15.1 Clinical Presentation

The HSPs are categorized as either pure/uncomplicated or complex/complicated.
Another helpful way to think about HSPs is in genetic terms, as “non-syndromic”
vs. “syndromic.” HSPs are classified as pure/uncomplicated if neurologic impair-
ment is limited to progressive lower extremity spastic weakness, hypertonic urinary
bladder disturbance (urinary urgency), and mild decrease of lower extremity vibra-
tion sensation. Complicated forms include progressive lower limb spasticity and
weakness accompanied by other symptoms. Additional features can include
impaired vision due to cataracts, problems with the optic nerve and retina of the
eye, ataxia (lack of muscle coordination), epilepsy, cognitive impairment, periph-
eral neuropathy, and deafness. The diagnosis of HSP is primarily by neurological
examination and testing to rule out other disorders. Brain MRI abnormalities, such
as a thin corpus callosum, may be seen in some of the complicated forms of HSP.
Symptoms may begin in childhood or adulthood depending on the particular HSP
gene involved [5].

The prognosis for individuals with HSP varies greatly. Some individuals are
very disabled and others have only mild disability. Mild gait difficulties and
stiffness may occur early in the disease course. These symptoms typically progress
very slowly throughout a person’s lifetime. In most cases, individuals with HSP
require the assistance of a cane, walker, or wheelchair. The majority of individuals
with HSP have a normal life expectancy, especially with uncomplicated HSPs.

The age of onset of symptoms varies based on the subtype of HSP (Table 15.1).
Inter- and intra-familial variation is common [6]. This variability is important to
communicate to families.
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Table 15.1 Hereditary spastic paraplegias
HSP name HSP type Age of onset Inheritance
SPG3A Pure/complex | Childhood AD
SPG4 Pure/complex | Variable AD
SPG6 Pure Early adulthood AD
SPG8 Pure Variable AD
SPG9 Complex Variable AD
SPG10 Pure/complex | Infancy/childhood AD
SPG12 Pure Childhood to early adulthood | AD
SPG13 Pure Adolescence-adulthood AD
SPG17 Complex Adolescence-adulthood AD
SPG19 Pure Adulthood AD
SPG29 Complex Adolescence AD
SPG31 Pure Childhood + AD
SPG33 Pure Adulthood AD
SPG34 Complex Childhood AD
SPG36 Complex Early adulthood AD
SPG37 Complex Variable AD
SPG38 Complex Adolescence AD
SPG39 Complex Adulthood AD
SGP5 Pure Childhood + AR
SPG7 Pure/complex | Early adulthood AR
SPG11 Pure/complex | Childhood-adulthood AR
SPG14 Complex Adulthood AR
SPG15 Complex Adolescence-adulthood AR
SPG20 Complex Childhood AR
SPG21 Complex Childhood AR
SPG23 Complex Childhood AR
SPG24 Complex Childhood AR
SPG25 Complex Childhood AR
SPG26 Complex Childhood AR
SPG27 Pure/complex | Childhood AR
SPG28 Complex Childhood AR
SPG30 Complex Adolescence AR
SPOAN syndrome Complex Infancy AR
SPG1 Complex Congenital XL
SPG2 Complex Childhood-adolescence XL
SPG16 Pure/complex | Childhood XL
Allan-Herndon-Dudley Complex Congenital XL

SLC16A2
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15.2 Diagnosis

HSP is diagnosed through a careful neurological examination, MRI, and electro-
physiology (EMG/NCV5s), family history, molecular genetic testing, and exclusion
of acquired causes of spasticity.

A comprehensive neurological examination should demonstrate corticospinal
tract deficits (upper motor neuron deficits), affecting bilateral lower extremities.
Features will include spastic weakness, hyper-reactive reflexes (hyperreflexia),
bilateral extensor plantar responses, and positive Babinski sign. In many cases,
impaired vibration sensation in the distal lower extremities is noted and patients
report hypertonic urinary bladder [1].

Tests to rule out other diseases or to measure muscle involvement may include
the following (Table 15.2):

¢ Electromyography (EMG) to diagnose disorders of lower motor neurons, as well
as disorders of muscle and peripheral nerves: During an EMG, a physician
inserts a thin needle electrode attached to a recording instrument into a muscle
to assess the electrical activity during a voluntary contraction and at rest. The
electrical activity in the muscle is caused by the lower motor neurons. When
motor neurons degenerate, characteristic abnormal electrical signals occur in the
muscle. Testing usually lasts for about an hour or more, depending on the
number of muscles and nerves tested.

¢ EMBG is usually done in conjunction with a nerve conduction velocity study.
Nerve conduction studies measure the speed and size of the impulses in the
nerves from small electrodes taped to the skin. A small pulse of electricity
(similar to a jolt from static electricity) is applied to the skin to stimulate the
nerve that directs a particular muscle. A second set of electrodes transmits the
responding electrical signal to a recording machine. Nerve conduction studies
help to differentiate lower motor neuron diseases from peripheral neuropathy
and can detect abnormalities in sensory nerves.

» Laboratory tests of blood, urine, and CSF can rule out muscle diseases and other
disorders that may have symptoms similar to those of MND. For example,
cerebrospinal fluid (CSF) analysis can detect infections or inflammation that
can also cause muscle stiffness. Blood tests may be ordered to measure levels of
the protein creatine kinase (needed for energy production for muscle contrac-
tions); high levels may help diagnose muscle diseases such as muscular
dystrophy.

» Magnetic resonance imaging (MRI) is often used to rule out diseases that affect
the head, neck, and spinal cord. MRI images can help diagnose brain and spinal
cord tumors, eye disease, inflammation, infection, and vascular irregularities that
may lead to stroke. MRI can also detect and monitor inflammatory disorders,
such as multiple sclerosis, and can document brain injury from trauma.

» Magnetic resonance spectroscopy (MRS) is a type of MRI scan that measures
chemicals in the brain and may be used to evaluate the integrity of the upper
motor neurons.
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Table 15.2 Helpful clinical diagnostic tests

Test Purpose

Brain and spine MRI To evaluate for structural anomalies such as white matter lesions or
thin corpus callosum, indicating SPG11 or -15 vs. lesions that
may indicate non-genetic cause of spasticity, like multiple
sclerosis (MS)

EMG To evaluate for neuropathy, indicating subtype of HSP

HTLV1/2 testing To r/o viral cause of spasticity

Vitamin B12 level, thy- To r/o B12 deficiency, thyroid dysfunction
roid function

Lumbar puncture R/o MS and/or Lyme disease

Disorders that can be ruled out with testing are ALS, tropical spastic paraparesis
(TSP, such as HTLV1 and 2), vitamin deficiencies (B12 or E), thoracic spine
herniated disks, spinal cord tumors or injuries, and multiple sclerosis. HSP can
resemble cerebral palsy; however HSP is degenerative and thereby causes increas-
ing spasticity and weakness of the muscles. Two other disorders with spastic
paraplegia symptoms termed Lathyrism and Konzo are caused by toxins in the
plants Lathyrus sativus and cassava [7].

15.3 Treatment and Management

Currently, there is no cure or specific treatment for HSP. Instead, treatment is based
on management of spasticity with physical therapy, occupational therapy, assistive
walking devices, ankle-foot orthotics, and medications that reduce clonus and
muscle tightness.

Physical therapies generally focus on reducing muscle tone, maintaining or
improving range of motion and mobility, increasing strength and coordination,
and improving comfort. Programs may also include treatments designed to prevent
complications such as frozen joints, contractures, or bedsores. A physical therapy or
physiatry consult will often involve a gait assessment and strength examination to
determine whether assistive devices would be helpful. A variety of assistive devices
(such as canes, walkers, crutches, and wheelchairs) can improve gait, steady
balance, provide extra support and stability, and avoid fatigue from overexertion.
Additionally, orthotics, special shoe inserts, splints, or braces help relieve gait and
foot problems, and increase balance.

The most commonly used drugs for spasticity include oral and intrathecal
baclofen and tizanidine, diazepam and clonazepam, and dantrolene. Various levels
of improvement are reported. In extreme cases of spasticity, some individuals
benefit from botulinum toxin (botox), which is injected directly into the muscle.
Botox has been effective for leg, arm, and bulbar (speech/swallowing) muscles.
Medications to help control bladder urgency and clinical depression can be
prescribed.
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15.4 Genetics

Since the first HSP locus was described in 1986, over 50 loci have been identified
[8]. HSPs are inherited in autosomal dominant (AD), autosomal recessive (AR), or
X-linked (XL) patterns. Most forms of HSPs are AD, with the second most common
form being AR, and extremely rare forms being XL. The most common genes
associated with uncomplicated AD HSPs are SPG4 and SPG3A. SPG4 accounts for
50 % of AD HSPs and approximately 10-15 % of all HSPs, while SPG3A causes
more than 30 % of childhood-onset AD HSPs and 10 % of all AD cases [9-14,
19]. Mutations in SPG31 cause about 7 % of SPG4-negative AD cases [19]. SPG11
is the most frequent AR HSP, comprising 20 % of cases presenting with complex
HSP. Its hallmarks are abnormal white matter changes and a thin corpus callosum.
Fifty-nine percent of SPG11 are simplex cases. In SPG11 negative cases with a thin
corpus callosum and cognitive impairment, SPG15 mutations cause 33 % of cases.
SPGS5 accounts for 16 % of cases and about 3 % of simplex cases [15-18, 20-22].

15.5 Genetic Counseling Issues

Targeted questions about family history can help determine if a condition is
hereditary and assist with diagnosis. A three or more generation pedigree should
always be taken that includes documentation of any neurological condition with age
of onset and age of death.

When taking the pedigree, the patient and informant should be asked the
following questions:

* Was anyone in your family clumsy as child (including frequent tripping/falls)?

» Does anyone have difficulties running/keeping up with peers?

* Does anyone have high arches or difficulties finding shoes that fit?

* Does anyone have hammertoes or toes that curled in or clawed?

* Does anyone have difficulties going up or down stairs?

* Does anyone have difficulties with balance? Does anyone have to hold onto
walls for support?

* Does anyone have difficulties with coordination of feet/legs?

* Does anyone have an abnormal walk/gait? Walking like they are drunk? Do the
legs scissor?

¢ Did anyone use a cane, walker, or wheelchair before 50 years of age?

¢ Does anyone have slurred speech or difficulties swallowing?

* Does anyone have urinary urgency or bladder problems?

HSPs have variable expressivity. For instance, two individuals with the same
deletion in SPG4 may present at different ages (one in adolescence and the other in
their 40s), may present with different findings (one may have hyperreflexia while
the other has spasticity and weakness with bladder dysfunction), and may present
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with different levels of symptoms (one is ambulatory well into the 60s while the
other begins to use a cane in the 30s and a wheelchair in the 60s). In addition to
inter- and intra-familial variability, HSPs show incomplete penetrance. Thus,
genetic testing of siblings without clinically discernible symptoms may reveal the
pathogenic mutation. Lastly, the frequency of de novo mutations in HSPs has not
been well explored. In some cases, the proband is presumed to be a simplex or
isolated case because there is no apparent, positive family history. Without parental
testing, an accurate de novo mutation rate cannot be determined.

There are currently more than 50 loci associated with HSPs for which CLIA
testing is available. When offering genetic testing, several different approaches can
be considered: (1) targeted and tiered approach, (2) panel approach (costly single-
gene sequencing vs. more cost-effective NextGen panels), and (3) CLIA or research
exome.

A targeted, single-gene approach is based on phenotype and inheritance, whether
an individual has complicated or uncomplicated HSP, and whether the inheritance
pattern is autosomal dominant, recessive, or X-linked. For example, if there is a
strong, family history of uncomplicated HSP presenting in late adolescence or
adulthood with an autosomal dominant inheritance pattern, single-gene testing for
SPG4 could be pursued. If there is no apparent family history, the individual has
childhood onset, and brain MRI reveals abnormal white matter changes or a thin
corpus callosum, then SPG11 and -15 could be pursued.

In some cases, an HSP panel proves the most beneficial given the individual’s
phenotype, family history, and funds. CLIA panels include those based on inheri-
tance pattern (i.e., autosomal dominant/autosomal recessive panels), a “complete”
panel, and uncomplicated and complicated panels that include up to 14 genes.
These panels can be expensive. CLIA-certified labs are now offering
HSP-specific nextgen panels that include 52 genes and growing. However, these
panels do not include deletion and duplication studies, which would have to be
ordered separately, if needed.

A third option, used for difficult cases in which prior CLIA testing has yielded no
results or in the case of large family cohorts, is whole exome or genome sequencing.
These tests are available on a clinical (CLIA) and research basis. Before consider-
ing this option, it is important to have a protocol in place establishing who will
interpret the results, who will provide pre- and post-test counseling to patients, and
what type of data will be shared with patients (e.g., pathogenic incidental findings,
variants of unknown significance).

15.6 HSP Case History (Fig. 15.1)

Mrs. X, a mother of two adult children affected with an unknown form of HSP,
contacted the genetic counselor by e-mail to learn more about an HSP study and see
whether her son (John, age 20 years) and daughter (Jane, age 22 years) would
qualify for the study. The genetic counselor contacted Mrs. X by phone to discuss
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Fig. 15.1 HSP case history D_ O
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the study and to learn more about her son’s and daughter’s medical histories. Mrs. X
indicated that she was very concerned about her children as their symptoms of
weakness and stiffness seemed to be progressing rapidly. Though the family had a
clinical diagnosis and was happy with their neurological care, Mrs. X was interested
in learning the genetic diagnosis. Medical records were obtained on both the
daughter and son. Mrs. X followed up with the genetic counselor on a daily basis
until their visit. Jane and John were accompanied to clinic by their mother and
father. Their unaffected 25-year-old sister was working overseas and unable to
attend the visit.

The counselor began by explaining the study and obtaining informed consent.
While gaining a better understanding of the family’s concerns and goals for their
visit, the counselor noticed that Mrs. X seemed agitated, speaking very quickly and
loudly, while the other family members either remained silent or squabbled quietly
amongst themselves. Mrs. X reiterated that she was extremely concerned about her
children’s well-being, and would like a specific genetic diagnosis so that treatment
could begin immediately. The counselor acknowledged Mrs. X’s concerns, and
hoped that the study would help everyone learn more about their symptoms. The
counselor continued to review the family’s goals and the goals of the study,
reminding the family that the study was a purely diagnostic and natural history
study, and did not provide clinical or research treatment. The counselor discussed
how the diagnostic journey could be a lengthy one because of HSPs’ heterogeneity,
but added that research was identifying new HSP-associated genes and new drugs
to treat spasticity. In an attempt to get everyone’s perspective, the counselor asked
Mr. X, John and Jane to discuss the symptom history. The medical history revealed
that both patients had a childhood onset of running and jumping difficulties, leg
weakness, and dysarthria, and that symptoms slowly progressed over the years.
Both children had a history of learning difficulties, especially with math and
reading comprehension, and required additional time to take tests. Both attended
regular classes and graduated high school. John was cheerful and talkative, provid-
ing the counselor with long responses. He was taking classes at a local community
college to earn his Associate’s Degree; he was ambulatory without any assistive
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devices, and drove himself to and from school. Jane worked as a teaching aide at a
preschool. She used a walker to ambulate and was having difficulties driving a car,
and therefore had to be driven by her brother or parents or take public transporta-
tion. She was rather quiet and became anxious when responding to questions,
frequently glancing at her mother in the hopes that her mother would elaborate,
which Mrs. X often did. The counselor then tried to elicit Jane’s and John’s
concerns. John expressed that he was really not very concerned at the moment,
that he enjoyed his classes and socializing with his friends, but that he wished he
could run a bit better. Jane remained silent, became tearful, and seemed very
embarrassed. The counselor tried to reassure Jane, telling her that she was allowed
to be upset and cry, and that she was not going to be judged. Mrs. X responded that
Jane struggled with her weight and movement because her legs were weak and, as a
result, she might not be able to continue working at a local preschool. Mrs. X had
signed Jane up for some online art classes. When asked if she would like to speak in
private, Jane declined and asked to leave the room until the neurological exam. The
counselor took the opportunity to discuss Jane’s affect and possible depression.
Mr. and Mrs. X denied that she was depressed and indicated that she was incredibly
shy and self-conscious about her symptoms and her weight. The genetic counselor
offered to speak with Jane privately, mentioning that people responded differently
to having physical difficulties during childhood and adolescence. Many individuals
sought counseling or reached out to others with the same condition by joining a
support group, such as the Spastic Paraplegia Foundation (SPF). The parents shook
their heads, saying that it was unnecessary at that time.

The counselor proceeded with the family history, which was unremarkable for
any neurological problems. Mrs. X became agitated, insisting that she and her
husband and their respective families were perfectly healthy. She resented that
every time they saw a physician, they were asked whether they were related to one
another. The counselor agreed that it could be an awkward question, and explained
autosomal recessive inheritance and why this question was important to pose to
families. The counselor explained that the family would meet with the neurologist
who would review the medical history in greater detail, examine both Jane and
John, and then perform a brief exam on Mr. and Mrs. X to determine whether they
had any findings. The counselor explained that after the examination was complete,
the neurologist and counselor would meet with the family to discuss what type of
testing would be offered to the family. The counselor reviewed the genetic testing
process, turnaround time, and the possible types of results. Based on the patients’
presentations, family history, and previous MRI results (demonstrating a thin
corpus callosum in both patients), the group discussed the likely inheritance pattern
(autosomal recessive) and genes to be investigated (SPG11 and SPG15). The family
agreed to return to clinic if the results of the first round of genetic testing were
positive. The counselor contacted Jane separately by phone and e-mail, but did not
hear back from her.
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Discussion Questions

¢ How might childlike behavior and parental dependency influence genetic
counseling?

¢ How might family dynamics make discussing suspected depression in one
family member difficult? Where are the counseling boundaries? How much
should the counselor intercede?

¢ How could variable expressivity affect individuals psychosocially?

While the results of the SPG11 testing were negative, sequencing of SPGI15
revealed that both Jane and John were compound heterozygotes for mutations in
SPG15, confirming the diagnosis of SPG15. The results were communicated to the
family by phone and they returned for a follow-up visit to discuss results and
undergo parental testing. Mrs. X indicated that her oldest daughter would be
attending clinic and was desperate to learn her status, so the entire family presented
for the second visit. The family dynamics were unchanged from the previous visit.
Both the neurologist and genetic counselor were present to discuss the results with
the family. Mrs. X indicated that she was relieved to finally have a diagnosis for her
children, and was excited by the prospect of beginning drug therapy and possibly
stem cell therapy. Since her last visit, she had been doing a lot of research on the
Internet. She explained that her children were prepared to try anything to find a
cure. She believed that since the neurologist worked on HSPs in his lab, he would
begin studying her children and would subsequently develop a cure. The neurolo-
gist and genetic counselor discussed the results of the testing in detail, clarifying
that the SPG15 mutations explained Jane’s and John’s symptoms. The genetic
counselor discussed the inheritance pattern of SPG15, describing how Mr. and
Mrs. X were most likely both unaffected carriers who, unknowingly, had each
passed on an SPG15 mutation to their children. Mrs. X was flabbergasted and
indicated that she and her husband were in no way related and did not understand
how this could have happened to them. The counselor explained the nuances of the
compound heterozygous results again and agreed that families are often puzzled
and stunned by these types of results, given parental health status and lack of family
history. Even in conditions that are extremely rare and have a low carrier frequency,
it was still possible for parents to be carriers and have affected children; parental
testing would help to clarify this. In these cases, the families have no prior
knowledge, so it can be quite upsetting and may take time and further discussion
to accept. When asked, both Jane and John indicated that it was important for them
to have a diagnosis, but that they did not anticipate that the diagnosis would change
anything. Mr. X agreed. Mrs. X added that she was extremely fearful for her oldest
daughter who might be a carrier; she was successful and was engaged, and she did
not want her carrier status to affect her life. The genetic counselor asked the older
sister how she felt, and she admitted that she was terrified of being a carrier and did
not want to have children who were affected like her siblings. The counselor tried to
engage the family in exploring how HSP had impacted their lives and affected their
relationships with one another. Both Jane and John responded that they had grown
up with this progressive condition and had learned to deal with it. Mrs. X indicated
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that she preferred to focus on the future and on curing her children by participating
in research. Mr. X said that he would continue to support his children in their
endeavors. The oldest sister stated that she left home for college when she was
18 years old and later had traveled for work, only returning home for holidays. She
did not take an active role in her siblings’ lives, and this was her first time attending
a clinic appointment. She came to the visit in the hopes of learning her status and
helping her siblings by being part of the research.

The neurologist and counselor revisited the goals of their research and discussed
that, while there were currently no treatments or cures for HSPs, through continued
research, therapies might be identified. The counselor acknowledged that partici-
pating in research on rare conditions can be frustrating for both families and
researchers because the science does not always move as quickly as everyone
would like. She reiterated the importance of remaining hopeful and of continuing
physical and occupational therapy. She encouraged them to join the SPF, a group
she felt was helpful for emotional as well as medical support. The counselor also
invited all family members to contact her or the neurologist on a regular basis with
questions about new therapies, as navigating the information available on the
Internet, especially with regard to stem cells and gene therapies, could be difficult
and, in some cases, misleading.

The parents and the oldest daughter elected to proceed with carrier testing and
had their blood drawn. The results were returned 2 months later with the following
results: Mr. and Mrs. X were heterozygotes and the oldest daughter was negative for
both mutations. The tetrad (Mr. and Mrs. X, Jane, and John) returned to clinic
annually for follow-up and natural history studies.

Discussion Questions

¢ What are some challenges when counseling several family members in a group
setting?

* How could the counselor address the older sister’s anxiety without detracting
from the experience of the affected patients?

¢ How can managing patient and family expectations influence counseling? How
does the absence of specific therapies or medical management change this?

¢ How can managing expectations in a research setting be different from a clinical
setting?

15.7 Patient Resources

Spastic Paraplegia Foundation, Inc.
PO Box 1208
Fortson GA 31808-1208
Phone: 877-773-4483 (toll-free)
Email: information@sp-foundation.org
sp-foundation.org


http://sp-foundation.org/

206 A.B. Schindler

National Institute of Neurological Disorders and Stroke (NINDS)

PO Box 5801

Bethesda MD 20824

Phone: 800-352-9424 (toll-free); 301-496-5751; 301-468-5981 (TTY)
Hereditary Spastic Paraplegia Information Page
www.clinicaltrials.gov
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Part V
The Neuropathies and Channelopathies



Chapter 16
Charcot Marie Tooth

Carly E. Siskind

Charcot Marie Tooth disease (CMT) is the eponym for hereditary peripheral
neuropathies, named after the three researchers who first described the condition.
CMT is the most common inherited neurological disease, affecting 1:2,500 people
[1]. CMT affects the peripheral nerves—those that leave the spinal cord and travel
to the feet and hands. It is a length-dependent condition that affects the nerves at the
farthest points first and then progresses proximally. Thus, people typically have
trouble controlling their toes, then feet, and then ankles. CMT affects both motor
and sensory nerves, causing difficulty walking due to foot drop and numbness, or
neuropathic pain, such as burning or feeling pins and needles. Proprioception, the
ability of the brain to know where the limbs are in space, is often affected, leading
to balance difficulty.

16.1 Clinical Presentation

The “classic” CMT phenotype is that of the most common form, CMT1A, which is
caused by a duplication of the PMP22 gene. CMT1A accounts for about 55 % of
genetically defined CMT and 37 % of all CMT [2]. Onset of CMT1A occurs in the
first or second decade of life with either delayed walking or, more often, toe
walking. Children are often described as clumsy and having difficulty walking
along curbs or other activities involving balance, such as ice skating and
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rollerblading. The disease advances slowly, with motor and sensory findings begin-
ning in the toes and progressing proximally. Weakness typically stops at the knee or
elbow. Foot deformities, including pes cavus (high arches), pes planus (flat feet),
and hammertoes, are very common. Ninety-five percent of people with CMT1A are
never wheelchair bound. Those who need a wheelchair usually have a concurrent
disease, such as diabetes, compounding the neuropathy [3].

Some types of CMT are more severe than the classic presentation of CMTI1A.
CMT2A, due to mutations in MFN2, usually presents in early childhood and pro-
gresses quickly. The majority of children are wheelchair bound by the time they are
20 years old [4]. Some recessive types of CMT, including CMT4A, CMT4B2, and
CMTA4F, can also be severe, causing children to use wheelchairs from an early age.

16.2 Diagnosis

CMT is categorized both by the part of the nerve that is affected and the inheritance
pattern in the family. Diagnosis is made by neurological exam, nerve conduction
studies, and family history; genetic testing is used for confirmation. Depending on
the type of CMT and the age of the patient, neurological examination will show
reduced motor and/or sensory findings distally, with proximal progression. A
common finding, caused by foot drop, is steppage gait, requiring the patient to lift
the leg from the hip to provide clearance of the toes.

Since CMT is defined as a peripheral neuropathy, nerve conduction studies
(NCS), which measure the nerve function, must be abnormal for a CMT diagnosis.
NCS uses an electrical charge and recording stickers to measure the function of the
nerves, as opposed to electromyography (EMG), which uses needles to measure the
function of the muscle. Based on the motor nerve conduction studies (MNCYV) and
the compound muscle action potential amplitudes (CMAP), NCS classifies disor-
ders into general groups: axonal, demyelinating, or intermediate. Demyelinating
conductions are considered to be <38 m/s in the upper extremities (normal >50 m/
s). Conductions between 38 and 45 m/s are considered intermediately slowed, and
over 45 m/s and accompanied by a decrease in CMAP are axonal [2].

CMT can occur as an autosomal dominant (most commonly), autosomal reces-
sive, or X-linked condition. Recently, a mitochondrial gene mutation (m.9185
T > C in MT-ATP6) was found to cause CMT [5]. A family history is useful in
establishing the diagnosis, but is not required since de novo mutations cause up to
10 % of CMT1A. Additionally, the lack of family history may be due to autosomal
recessive inheritance or misattributed paternity [6].

General subtypes have been assigned to help categorize CMT and to help direct
genetic testing:

— CMT type 1: Autosomal dominant and demyelinating conduction studies
— CMT type 2: Autosomal dominant and axonal conduction studies
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— CMT type X: X-linked inheritance, any conduction (usually intermediate or
demyelinating)
— CMT type 4: Autosomal recessive inheritance, any conduction

Additionally, the CMT umbrella encompasses the subsets of distal hereditary
motor neuropathy ({HMN—pure or mostly pure motor neuropathy without sensory
symptoms) and hereditary sensory and autonomic neuropathy (HSN or HSAN—
pure or mostly pure sensory neuropathy without motor symptoms, with or without
autonomic symptoms). Genes have been found specific for these subtypes.

Due to the genetic heterogeneity and based on the NCS phenotype, researchers
have at times named the form of CMT based on presentation rather than the above
conventions. Instances of this include CMT DI (CMT—dominant intermediate) and
CMT RI (CMT—recessive intermediate). Occasionally a phenotype was given a
name prior to identification of the gene. When the gene was later found, it was a
gene already known to cause a different CMT phenotype. Therefore, some genes
can cause multiple types of CMT, most notably MPZ.

16.3 Treatment and Management

Currently, CMT has no cure. Clinical trials examining the effects of high doses of
ascorbic acid (vitamin C) on symptoms of people with CMT1A found no improve-
ment [7-9]. Other medications are being investigated, but clinical trials have not yet
been planned.

At present, all management for CMT is supportive. Most patients will need
ambulation aids, such as ankle foot orthoses (AFO). These devices fit into a shoe
with a footplate and extend up past the ankle to just below the knees. The goal of an
AFO is to protect the foot and the ankle joints. This appliance keeps the foot
dorsiflexed during the swing phase of gait (to prevent foot drop), and is molded
so that the foot lands in a neutral position when stepping. AFO can also increase
proprioception, and thereby increase balance.

Pain can be an issue for a proportion of people with CMT. Neuropathic pain
includes burning, tingling, and shooting pains. There are some medications that can
help with this pain, including Neurontin and Lyrica. Opiates are not usually needed
and do not usually help with neuropathic pain.

16.4 Genetics

While CMT can be divided into types 1, 2, X, and 4, the complete classification of
each subtype (e.g., CMT1A, CMT2A, CMT4C) is dependent on genetic testing. At
least 51 genes and 30 loci have been identified to date (http://www.molgen.ua.ac.
be/cmtmutations/Home/IPN.cfm). Each gene corresponds to a letter that defines a
genetic subtype (see Table 16.1).
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Table 16.1 Selected genetic subtypes of CMT

C.E. Siskind

Gene CMT subtype (alternate name) Inheritance
*PMP22 dup CMT1A AD
*PMP22 del HNPP AD
PMP22 point mut CMTIE AD
*MPZ CMT1B (CMT2I, CMT2J) AD
LITAF CMTIC AD
EGR2 CMTID AD
*MFN2 CMT2A AD
RAB7 CMT2B AD
LMNA CMT2B1 AD or AR
MED25 CMT2B2 (ARCMT2B2) AR
TRPV4 CMT2C AD
GARS CMT2D (dHMN V) AD
NEFL CMT2E AD
HSPBI CMT2F (dHMN V) AD
GDAPI CMT2K AD
HSPBS CMT2L (dHMN 2A) AD
DNM?2 CMT2M (CMT DI B) AD
AARS CMT2N AD
DYNCIHI CMT20 AD
LRSAM1 CMT2P AD or AR
DHTKD] CMT2Q AD
TRIM?2 CMT2R AR
HSPB3 dHMN 2C AD
BSCL2 dHMN V AD
DCTNI dHMN 7B AD
TRKT3 HMSN——proximal type AD
SPTLC1 HSAN 1A AD
DNMTI1 HSAN 1E AD
WNK1 HSAN 2A AR
FAM134B HSAN 2B AR
KIFIA HSAN 2C AD
NGFB HSAN V AD
DST HSAN VI AR
YARS CMT DI C AD
INF CMT DI E AD
GNB4 CMT DI F AD
KARS CMT RI B AR
PLEKHGS CMTRIC AR
GDAPI CMT4A AR
MTMR?2 CMT4B1 AR
SBF2 CMT4B2 AR
SBF1 CMT4B3 AR

(continued)
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Table 16.1 (continued)

Gene CMT subtype (alternate name) Inheritance
SH3TC2 CMT4C AR
NDRG1 CMT4D AR

PRX CMT4F AR

HK1 CMT4G (HMSN—Russe type) AR

FGD4 CMT4H AR

FIG4 CMT4J) AR

*GJBI CMT1X XL

PRPS1 CMTX5 XL

PDK3 CMTX6 XL
MT-ATP6 Mitochondrial

Key: * Most common genetic causes of CMT [2], dHMN distal hereditary motor neuropathy,
HMSN hereditary motor and sensory neuropathy, HSAN hereditary sensory and autonomic neu-
ropathy, CMT DI CMT dominant intermediate, CMT RI CMT recessive intermediate

16.5 Genetic Counseling Issues

CMT presents several unique issues that should be addressed during a genetic
counseling session. Anecdotally, many patients with autosomal dominant forms
of CMT believe that their condition is inherited in an X-linked pattern. Thus,
clarifying the difference between autosomal dominant and X-linked inheritance is
important for all patients.

Natural history studies can provide anticipatory guidance for some types of
CMT (CMTI1A, CMT1X, CMT2A) [4, 10-12]. Genetic testing can help provide
families with proper information. Yet, because some types of CMT have inter- and
intra-familial variability in expression of symptoms, natural history studies will
only give a baseline idea of what to expect.

Phenotypic variability, even within the same family, leads some carriers to
erroneously believe that they do not have the family gene. NCS can be helpful in
these situations. For example, people with CMT1A will have conductions under
35 m/s [2]. If an NCS is performed on a CMT1A family member who believes
himself or herself to be unaffected and a slow velocity is found, that person is
diagnosed with CMT1A. The implications of this diagnosis could then include
insurance, job, and family concerns. In this situation, a non-genetic test becomes
akin to genetic testing. Therefore, caution should be taken before testing asymp-
tomatic family members with an NCS. The genetic counselor should probe for
reasons they want the test, and make sure that the patient understands the potential
implications of the testing.

Females with CMT1X are usually affected with a mild or moderate disability.
However, about 10 % of those who carry the gene mutation will not show any
symptoms or electrophysiological evidence of the condition [13]. Daughters of men
affected with CMT1X are obligate carriers of the condition. Daughters of women,
though, are at a 50 % risk. If CMT could impact the daughter’s reproductive
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options, she would need to have genetic testing to confirm her status, even if she
shows no evidence of CMT.

In addition to discussing natural history, management issues should also be
raised. While patients may want to know what to do about the condition, they
may also be frustrated by the lack of available medications. A common concern for
patients and families is the progressive loss of ambulation. Patients may need
psychological help transitioning to the next level of ambulation aid, such as shoe
inserts, AFOs, or walkers/wheelchairs/scooters. Each stage of ambulation progres-
sion requires the patient to come to terms with their diagnosis and true needs. A
helpful website is bareyourbrace.com, which highlights people who have embraced
their disability and AFOs.

Although there is no published data addressing the length of time between
symptom development and diagnosis of CMT, anecdotal evidence suggests that
many people with CMT may be misdiagnosed. Additionally, some affected people
may feel that medical treatment is unavailable. Yet, there are treatments to help
symptoms: AFOs for ambulation and medication for neuropathic pain. Research
opportunities are available and often make patients feel that they are being proac-
tive in dealing with their disease [14].

16.6 Case History (Fig. 16.1)

A woman presented at a neurology clinic with her 3-year-old daughter. The child
had been referred to the clinic by an orthopedic surgeon because of tight heel cords.
Her pediatrician had originally referred her to the orthopedic surgeon because she
was walking on her toes. The orthopedic surgeon took a thorough family history
(Fig. 16.1) and found it suggestive of neuropathy. Examining the mother, the
surgeon found that she had moderately high arches and fatigue. A motor and
sensory exam on the mother found reduced strength in foot dorsiflexion (raising
the foot) and foot eversion, as well as some atrophy of the intrinsic hand muscles. A
nerve conduction study was ordered for both mother and daughter, and both
velocities were found to be slowed—22 m/s in the ulnar nerve for the mother
(normal >50 m/s), and 12 m/s for the daughter (normal >22 m/s for a 3-year-old).
Genetic testing was ordered on the mother, and she was found to have a duplication
of the PMP22 gene, confirming a diagnosis of CMT1A. The mother returned to
receive her results from the genetic counselor.

The genetic counselor (GC) met with the patient (P) for genetic counseling about
CMT. She asked P if she knew the reason for the referral, and P understood that she
was diagnosed with CMT. P told GC that she had done some reading on the Internet
and wondered if other people in her family were affected, like her brother who had
“funny-looking” feet. Examining P’s pedigree, GC noted this possibility, but
suggested that they discuss CMT and P’s specific type of CMT based on the genetic
testing results, before discussing the potential risk to other family members.


http://bareyourbrace.com/
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Fig. 16.1 CMT case history pedigree

GC and P then discussed the nature of CMT. During this discussion, P was
surprised to learn that some of the symptoms she had were part of CMT. GC
mentioned difficulty with proprioception and the feelings of imbalance that may
occur when closing the eyes or in dark or crowded areas. P noted that she needed to
place her elbow against the shower wall when washing her hair. GC then discussed
the mechanism by which an elbow can keep the whole body steady.

GC also talked to P about bracing. Since she was having difficulty with balance
and proprioception, a reasonable next step was AFOs. Although her physician had
already recommended AFOs, she was initially resistant to trying them. She believed
that her walking was fine, just a little slower than others. GC agreed that thinking
about using AFOs was a big step, and acknowledged that this must be quite a shock.
P had just received this new diagnosis of CMT, and she had to think about various
recommendations for changes in her daily life. P agreed, but noted that she was
getting used to the diagnosis, as it explained a lot about her and the way she grew
up. She knew that she was slow and clumsy, but she thought it was just she. Now
she had a condition that she could cite as the reason for her problems. That being
said, she still did not think that AFOs would be of use to her.

GC asked if she could talk to P more about her walking. She asked questions
aimed at determining whether P had a noticeable foot drop: “Do people know it is
you coming down the hall before they see you?” “Would you say that your feet slap
when you walk?” “Do you get tired when walking a long distance?” “When
standing still, do you feel like you are steady or do you need to step backward or
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bob up and down to maintain balance?” P answered that people always knew that
she was coming down the hall, her feet slapped, she got tired when walking (and
occasionally used walking aids such as a grocery cart to help with distances), and
she could stand still, but in a crouch. Based on these answers, GC told her that she
was experiencing foot drop because of the CMT. She discussed the mechanism
behind the foot drop and the tiring steppage gait that results. She told P that, though
she was not going to want to hear it, proper bracing could help all of these things. P
understood this, but still did not have interest in pursuing braces. Probing more, GC
was finally able to discover that P was actually worried about other people noticing
that she was wearing braces. GC was frank—she told P that braces would make her
impairments less noticeable, not more. People would not know it was she walking
down the hall because they would not hear her coming. Furthermore, by wearing
pants and socks, the brace would not be visible. Additionally, braces would help
keep the Achilles tendon stretched, preventing the arches from getting high. They
also would align the feet properly to reduce the stress on her ankles, knees, hips, and
back, making arthritis less likely in the future. P was surprised. GC then challenged
her to try one on and just see how it felt. P reluctantly agreed.

Discussion Questions

» The genetic counselor spent a lot of time on disease management. Do you see
this as part of the role of a genetic counselor?

» The patient offered some reasons why she was resistant to AFOs. Do you think
there are other reasons why she did not want to get a pair? What would these be?
How could the genetic counselor have addressed these other unspoken issues?

Having discussed management issues, GC redirected the conversation back to
the type of CMT that was in the family and the inheritance pattern. P knew from her
doctor that she had CMT1A. GC asked P what she knew about CMTI1A, and
discussed information about the extra copy of PMP22 that causes the condition.
GC raised the possibility that P’s father, who had high arches and walked with a
walker, could also be affected with CMT1A. P appeared prepared for this possibil-
ity; however, she made a sarcastic comment thanking her dad for her CMT. P asked
again about her brother, whom she had brought up previously in the conversation.
She had read on the Internet that men cannot pass down the condition to their sons,
but her brother seemed to have some symptoms similar to herself. GC then
explained autosomal dominant inheritance versus X-linked inheritance. She
discussed how CMT 1A is inherited in an autosomal dominant manner, so there is
a 50/50 chance of passing down the condition in each pregnancy of a person
affected with the condition. P’s reading about the lack of male-to-male transmission
applied only to people with X-linked forms of CMT. GC then informed P that her
brother could be tested either genetically or through an NCS to see if he was
affected with CMT1A. In this case, if he were found to have slowed nerve
conductions, he would be given a genetic diagnosis of CMT1A, even without a
genetic test. It would be his decision, and GC and P discussed the pros and cons of
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testing. GC told P that she would be happy to speak with her brother about these
issues if he had questions or concerns.

P suddenly looked tearful. When GC asked what was upsetting her, P answered
that she was responsible for passing the condition on to her daughter. Even though
she had not known about the condition and couldn’t have kept her daughter from
getting it, she clearly felt very guilty. GC expressed empathy for P and asked her if
she was also upset at her father, who may have passed the condition on to her. She
said no, she couldn’t be mad at her father for doing something he didn’t know he
was doing and had no control over. GC then asked P why she would feel guilty for
doing the same thing. She, too, had no control over which chromosome was passed
to her children.

P wondered whether all of her children could be affected, since each had the
chance of inheriting the extra copy of the gene. GC again discussed the 50/50
chance in each pregnancy for a child to inherit the extra copy of PMP22. P asked if
she should have her other children tested. GC stated that, in general, asymptomatic
children were not tested, and only if difficulties developed that required a diagnosis
for proper management would testing be discussed. Otherwise it was better not to
label the children. P responded that they were good kids. P sighed, indicating that
she had learned more information than she had expected. GC acknowledged that
these meetings could be overwhelming. GC told P that she would be happy to go
over any of this information again in the future and would send her a summary
letter. P was grateful for both of these and left feeling more empowered about her
condition.

Discussion Questions

* What does the genetic counselor mean by “non-genetic genetic testing” and do
you feel that this is a good option for some patients?

¢ What do you think about the genetic counselor not testing the other children of
the patient, but offering to discuss it again in the future?

16.7 Patient Resources

Charcot Marie Tooth Association (CMTA)—www.cmtausa.org
— Support and Action Groups
Muscular Dystrophy Association (MDA)—http://www.mda.org

— Support groups (may be in conjunction with CMTA)

— Funding of CMT research

— Provide $500 per year in repairs to AFOs or other aids

— Can provide items from loan closet if needed (some wheelchairs, bath seats, etc.)

Hereditary Neuropathies Foundation (HNF)—http://www.hnf-cure.org
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Chapter 17
Channelopathies

Carly E. Siskind

The periodic paralyses are a group of autosomal dominant disorders characterized
by episodes of paralysis with corresponding fluctuations in serum potassium levels.
The periodic paralyses, caused by defects in the calcium or sodium ion channels,
are collectively known as channelopathies. The periodic paralyses caused by
reduced serum potassium are called hypokalemic periodic paralyses (HypoKPP).
Hyperkalemic periodic paralysis (HyperKPP) is a condition caused by increased
serum potassium, though some people with HyperKPP have a normal serum
potassium level during an attack.

17.1 Clinical Presentation

HypoKPP is the most common of the periodic paralyses, affecting about 1:100,000
people, with reduced penetrance in women [1]. During an attack, the characteristic
findings are by episodic flaccid paralysis of the limbs (but not the breathing or facial
muscles) and corresponding decreased serum potassium levels. Between attacks,
the serum potassium levels are normal. Patients often wake up with paralysis after a
day of vigorous exercise and/or a salty, carbohydrate-rich dinner, both of which are
common precipitants [2, 3]. Usual onset of symptoms occurs during the first two
decades of life, with an average age of onset at 15 years [3]. The attacks usually last
for hours to days with gradual resolution. The frequency of the attacks can vary and
tend to decrease after 40 years of age. The day prior to an attack, some patients may
have a slight prodrome, including parasthesias, fatigue, or cognitive changes [4].
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Some people with HypoKPP develop a progressive proximal myopathy of the
pelvic girdle, as well as the proximal lower and upper extremity muscles [2, 4]. This
myopathy occurs independently of the frequency or severity of paralytic attacks.
The actual number of people who develop this fixed weakness is unknown, but it is
more common in older individuals, and probably affects all people with HypoKPP
over 50 years of age to some degree [5].

Although the actual incidence of HyperKPP is unknown, it is probably less
common than HypoKPP. The typical onset is younger than that of HypoKPP, often
during the first decade or even first year of life [3]. HyperKPP attacks include
episodic paralysis of the limbs with corresponding increased or normal serum
potassium levels. Since up to 50 % of people with HyperKPP have normal serum
kalemic levels during an attack, serum potassium may not be the most sensitive
diagnostic tool [2]. Attacks, which may last for several hours, are usually shorter
but more frequent than those in HypoKPP. Except in cases of severe paralysis,
bulbar and respiratory muscles are rarely involved [4]. Common triggers for attacks
include rest after exercise, dietary factors such as hunger, fasting, or eating
potassium-rich foods, and cold weather [3]. Other triggers include alcohol, stress,
and pregnancy [4]. Often, attacks can be alleviated or aborted by sustaining exercise
after onset. Although vigorous exercise followed by rest should be avoided, people
with HyperKPP can exercise by doing sustained moderate workouts with a cool
down (such as walking or swimming) [4].

Unlike HypoKPP, clinical and electrical myotonia are common in patients with
HyperKPP [3]. The myotonia can be associated with paralytic attacks, though if
present during an attack, it will also be found between attacks. Patients may have
muscle cramps or stiffness during exercise or in cold weather. Eyelid myotonia can
be seen during a clinical exam by asking the patient to repeatedly open and close the
eyes. The lid-lag sign, in which the sclerae of the eyes are visible when the patient is
looking downward, is another indicator of eyelid myotonia [2].

As in HypoKPP, the majority of people with HyperKPP will develop fixed
proximal weakness over time [3]. The weakness develops independently of num-
ber, duration, or severity of paralytic attacks. The muscle weakness is most severe
in the proximal lower extremities, and some patients may require ambulation aids
later in life.

17.2 Diagnosis

The diagnosis of HypoKPP and HyperKPP requires a history of transient episodes
of weakness, determination of serum potassium levels during an episode, EMG, and
exclusion of secondary causes (such as thyrotoxic periodic paralysis) [4]. Since as
many as 50 % of patients will have normal potassium levels, even during an attack,
EMG is the most sensitive diagnostic test for myotonia, and for HyperKPP in
general. The weakness during a HypoKPP or HyperKPP attack is present either
diffusely or in recently exercised muscles. In HypoKPP, the serum potassium level
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is low during attacks and normal between attacks. As thyrotoxic periodic paralysis
is indistinguishable from HypoKPP, thyroid status (TSH, free T4, or free T3) must
be assessed, particularly in patients without a family history or presenting after
20 years of age [4]. In HyperKPP, the serum potassium level may be elevated or
normal (50 %) during attacks [2]. Response to administration of potassium also can
be diagnostic. HypoKPP attacks can be alleviated by taking oral potassium. How-
ever, attacks in HyperKPP can be provoked by administration of potassium, making
it essential to distinguish between Hyper- and HypoKPP before treating with
potassium.

EMG exercise testing is used in conjunction with age of onset, type of attack,
and serum potassium levels to make a diagnosis of HypoKPP or HyperKPP. Since
exercise is a trigger for both forms of PP, an EMG will measure sustained voluntary
contractions following exercise [6]. During two different types of exercise tests,
patients are asked to contract a muscle, such as the abductor digiti minimi (which is
controlled by abducting the pinky finger) or the extensor digitorum brevis (con-
trolled by dorsiflexing the foot), as strongly as possible in isometric conditions. In
the short exercise test, the contractions last for 10—-12 s and then the combined
muscle action potential (CMAP) is recorded after 2 s and then every 10 s for 50 s. In
the long exercise test, the contractions last for 5 min with 3—4-s rest periods every
3045 s to prevent ischemia. The CMAP is recorded 2 s after exercise and then
every minute for 5 min and finally every 5 min for 4045 min.

This testing results in two characteristic EMG patterns. The HyperKPP pattern
(caused by the T704M SCN4A gene mutation) is characterized by a slight, transient
increase of CMAP amplitude with a delayed CMAP amplitude decrease occurring
10-20 min after exercise [6]. This is called an EMG pattern IV. Furthermore,
patients with HyperKPP may increase their CMAP amplitude through a short
exercise trial during the phase of significant CMAP decline (which corresponded
with induced paralysis). This pattern is consistent with HyperKPP patients’ ability
to alleviate or abridge a paralysis attack through moderate exercise during the
episode.

The HypoKPP (caused by R528H CACNAIS gene mutation) pattern is charac-
terized by a delayed decrease in CMAP amplitude after long exercise, without
immediate change after either short or long exercise. This pattern is called an EMG
pattern V. In one study, these EMG patterns provided 83 % sensitivity for diagnosis
of HyperKPP and 84 % sensitivity for diagnosis of HypoKPP [6].

17.3 Treatment and Management

Much of the management for the periodic paralyses is avoidance of triggers.
Changes in exercise routine can impact the occurrence or the duration of an attack,
particularly for HyperKPP, where mild activity at the onset of an episode has been
seen to prevent or shorten attacks. People with HyperKPP should exercise at a
moderate, not vigorous, intensity, and should have a long, gradual cool down
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period. Dietary changes include eating frequent small meals and avoiding high
carbohydrate loads. In addition, people with HyperKPP should avoid fasting.

Supplemental potassium administered at the beginning of a HypoKPP attack can
decrease the length and/or intensity of paralysis. The usual recommended dose is
20-30 mEq/1 orally every 15-30 min until serum potassium is normalized [4].

Randomized clinical trials have been performed using acetazolamide and
dichlorphenamide. Acetazolamide is a carbonic anhydrase inhibitor that causes
potassium to be excreted in urine. This medication was found to improve muscle
strength in patients with HypoKPP, particularly in the limb-girdle muscles, and to
decrease the number of attacks [5, 7]. Acetazolamide appears to be effective in
people with specific mutations, but some patients are nonresponders, and some
patients have worsened on the medication [3]. In some patients with HyperKPP and
myotonia, acetazolamide was found to be effective for episodic weakness [8]. This
benefit may be mutation specific [3].

A randomized double-blind placebo-controlled crossover trial of dichlor-
phenamide for both HypoKPP and potassium sensitive periodic paralysis (which
included HyperKPP and paramyotonia congenita with periodic paralysis) demon-
strated a significantly lower rate of attack using the medication than during the
placebo phase [9]. Patients may benefit from one or both medications.

Since people with HypoKPP are at increased risk for pre- and post-anesthetic
weakness and malignant hyperthermia, medical providers should be notified of the
condition whenever anesthesia is to be given.

17.4 Genetics

The periodic paralyses are autosomal dominant conditions. Incomplete penetrance
is seen in HypoKPP, with males being affected more than females in a ratio of 2:1
[3]. In particular, the R528H CACNAIS mutation seems to have lower penetrance
than other mutations [10—-12]. Penetrance for the R528H mutation is 45 % in
females versus 90 % in males, and for the R1239H mutation is 71 % in females
and 91 % in males [12]. Males and females are affected equally in HyperKPP.
HypoKPP is caused by mutations in two genes: CACNAIS and SCN4A. The first,
causing HypoKPP1, is a calcium ion channel gene and the second, causing
HypoKPP2, encodes a sodium ion channel. Sixty-four percent of people with
HypoKPP have a mutation in one of these two genes [3]. About 1/3 of HypoKPP
mutations are the result of de novo mutations. HyperKPP is also caused by
mutations in SCN4A, making it allelic to HypoKPP2. Common mutations in the
SCN4A gene causing HyperKPP are T704M and M1592V [8] (Table 17.1).
HypoKPP and HyperKPP exhibit some genotype-phenotype correlations. In one
study on HypoKPP patients with mutations in CACNAIS or SCN4A, the mean age
of onset was found to be 10 years versus 22 years for those without a known
mutation [3]. Those with the CACNAIS R1239H mutation presented at an average
age of 7 years versus 14 years with an R528H mutation. HypoKPP attacks were
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Table 17.1 Features of HypoKPP and HyperKPP (based on [3, 13])

HypoKPP1 HypoKPP2 HyperKPP
Gene CACNAIS SCN4A SCN4A
Age of onset | First/second decade Later onset First decade
Potassium K levels decreased K levels decreased K provokes attack
features during attack during attack K levels may or may not

be increased at the
beginning of attack

Attack length | Hours to days Hours 1-4h

Attack Carbohydrate load, rest | Rest after exercise, K loading, rest after exer-
triggers after exercise, salty sweets/high carbs, cise, cold, hunger,

foods, stress salt, cold, stress stress, illness

Fixed proxi- Present Less likely to develop | Possible
mal
weakness

Myotonia - Rare 55-90 %

most common during the teenage years, regardless of mutation. Exercise was found
to be the most common trigger, regardless of specific mutation. Residual weakness
after an attack occurred in 72 % of patients with mutations in these genes and only
20 % in those without [3].

The same study looked at characteristics of people with HyperKPP. Of the
99 people with HyperKPP, 82 had mutations in SCN4A. Two mutations in
SNC4A account for the majority of mutations—T704M (61 %) and M1592V
(16 %). The average age of onset was younger for those with mutations (2 years
of age) than those without mutations (14 years of age). All patients with a T704M
mutation presented with symptoms before 1 year of age. The average number of
attacks per month was 16 in mutation carriers and 6 in non-carriers. Those with
T704M mutation averaged 1 attack per day lasting for 8 h; those with the M1592V
mutation had 3 attacks per month lasting for 89 h. However, for all patients with
mutations in SCN4A, attacks averaged 16 per month with 24 h per attack. The
triggers for HyperKPP were also analyzed. The most common trigger was rest after
exercise, causing attacks in 80 % of SCN4A mutation carriers and 69 % of those
without mutations. The second most common trigger was cold temperature, causing
an attack in 54 % with a mutation and 38 % without. Clinical myotonia (with
corresponding electrical myotonia) was present in 74 % of those with mutations and
55 % of those without. Fixed proximal weakness was found in 60 % with mutations
and 89 % without [3].
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17.5 Genetic Counseling Issues

The periodic paralyses have a unique set of issues affecting patients. Because they
are autosomal dominant conditions, usually a parent has been affected with the
condition and is able to note symptoms in the children. However, if there is a new
mutation in the family, getting a diagnosis of periodic paralysis can be both
medically and psychologically challenging. Often the first issue that arises is the
fear that accompanies waking up paralyzed, as the person believes that he/she is
dying. Then, because of the intermittent symptoms, as well as the normal exams and
laboratory studies between attacks, the medical community may question patients’
reports, and patients may be suspected of faking symptoms or of having psychoso-
matic symptoms. These issues can cause some patients to refrain from seeking
medical attention or to be distrustful of the medical profession. Fear of disbelief
may also cause them to avoid sharing symptoms with friends or relatives. Providers
should be careful about the terms they use with these patients.

A lack of family history may be due to de novo mutations, incomplete pene-
trance, misattributed-paternity, or undisclosed adoption. When family history is not
present, the genetic counselor must address the utility of testing the parents in order
to predict the risk for other family members. Although the neurologist should
handle medical management, the genetic counselor may wish to reinforce lifestyle
management and anesthesia dangers.

17.6 Case History (Fig. 17.1)

A 17-year-old male presented to neurogenetics clinic after a very disconcerting
episode at home in which he awoke unable to move. Although able to breathe, he
could not move any of his extremities. He was terrified and thought that he was
dying. His mother found him and called 911. By the time he was transported to the
hospital and seen by a doctor, he had started to recover from his paralysis. The ED
(emergency department) doctor pulled his mother aside and told her that the patient
was faking or was having a psychosomatic episode of weakness, and suggested that
she take him to a psychiatrist. The mother called her ex-husband from the ED. He
reported having had similar episodes when younger and had seen a neurologist
about the condition. At his suggestion, the family made an appointment with the
neurogenetics clinic.

The genetic counselor (GC) welcomed the patient (P) and his mother (M). The
three of them discussed the reasons for presenting to neurogenetics. P was very
withdrawn, but M said that they had come at the suggestion of her ex-husband
because of his history of similar symptoms. The GC began by addressing P and
asking him about his attack. P mumbled a bit and seemed hesitant, but eventually
told the GC about waking up paralyzed. The GC acknowledged that the attack must
have been very scary, and asked about his experience in the Emergency
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Fig. 17.1 HypoKPP case D_
history pedigree _. | | ( )75

72 70 77

Q O,

Sx 20s

0

O

30 16

27717

B =ypoxep

Department. P turned red, seemed angry, and shook his head. The GC asked P if he
was upset about his time in the ED. P nodded.

The GC asked P if he knew the name of his condition. P shook his head no. The
GC told him that it was called periodic paralysis, which causes sudden episodes of
weakness, often when people are sleeping, and then goes away. Between attacks,
lab tests and clinical exams are normal. It is common for people with periodic
paralysis to be told that they are faking their reported symptoms. During this
discussion, P’s demeanor changed. His eyes got wider, and he leaned forward in
his chair. When asked whether this sounded similar to his situation, he responded
yes—that he had woken up paralyzed and terrified, only to go to see the doctors
(who are supposed to help!) and be told that he was making it up. This was
frustrating and embarrassing. His mother didn’t know what to do.

GC turned to the mother, asking whether this experience was frustrating and
embarrassing for her as well. M nodded her head. She was flabbergasted—how
could nothing be wrong when just an hour before, her son was unable to move? She
had called his father from the ED, and that was when she was told that he had had
similar symptoms when he was a child. GC asked if this made her feel better. M said
no, but at least it was a lead in the right direction. GC asked P if knowing his father
had the same trouble helped with adjusting to the diagnosis. P seemed to consider
this point and eventually said yes, but he wished he had known about it before the
episode. M, though, was clearly angry.

GC took a detailed family history, and found that the paternal grandmother had
been in a wheelchair since 60 years of age. She asked M if the grandmother had
experienced any paralytic episodes when she was younger. M did not know of any
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such episodes. GC talked to M and P about incomplete penetrance in females who
have periodic paralysis, explaining that a person can have the gene mutation
without paralytic attacks. It is possible, then, that P’s paternal aunt also carried
the gene mutation with no symptoms. Her daughter could also be a carrier. As some
mutations have lower penetrance than others, genetic testing on P could clarify the
risks to his aunt and cousin. As GC discussed this reason for genetic testing, P
appeared to be getting angry. GC asked P what he was thinking about. He wondered
why he would find out information to help his dad’s side of the family when they
had never done anything to help him. GC explored P’s feelings of abandonment,
and also discussed the benefits and risks of testing.

Discussion Questions

¢ The genetic counselor spent a lot of time discussing non-genetic issues. Why did
she do this and was it a good use of time?
» How does this case demonstrate the importance of “being present” for patients?

GC, M, and P discussed the diagnosis of periodic paralysis. Based on the disease
prevalence and P’s age of onset, HypoKPP type 1 was the likely diagnosis. GC
discussed other features of HypoKPP that can occur over time, including muscle
weakness, as might have been the case for P’s paternal grandmother. Management
issues, such as lifestyle changes, were discussed. Additionally, GC explained the
genetics of the disease and that genetic testing was possible. M asked about her
other children and grandchild. GC addressed the possibility that they could be
tested if a mutation was found in P. At the end of the session, the family elected
to pursue genetic testing for HypoKPP. He was found to carry a mutation in
CACNAIS.

Discussion Questions:

» Should P’s brother or sister be worried about HypoKPP, given that they have not
had any symptoms?

*  What other issues could be discussed in a counseling session with a family such
as this one when a parent has an unrevealed disease and the parents are divorced?

¢ How does the genetic counselor’s knowledge of the condition assist with
anticipatory guidance?

17.7 Patient Resources

The Periodic Paralysis Association: http://www.periodicparalysis.org/
The Muscular Dystrophy Association: www.mda.org
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Chapter 18
Overview of Adult Muscular Dystrophies

Joline Dalton and Jacinda B. Sampson

Muscular dystrophy (MD) is defined as a deterioration of normal muscle structure,
with a resultant increase in connective and adipose tissue around muscle fibers. It is
genetically determined and genetically diverse. Although MD is characterized by
its principal effect on skeletal muscles, some forms of MD also affect the heart,
smooth muscle, brain, eye, gastrointestinal tract, and reproductive and endocrine
systems. Consequently, disease-related symptoms during the course of the illness
can be surprisingly diverse, ranging from muscle weakness, stiffness, and pain to
syncope, swallowing difficulties, mental deficits, vision problems, and infertility.

The prognosis for patients varies markedly according to the type of MD. The
onset of MD may vary significantly between subtypes, ranging from the neonatal
period to late adulthood. Many classic childhood-onset forms of MD can present in
adulthood with a different clinical course. Regardless of age of onset, MD may also
vary significantly in its progression.

This chapter focuses on genetic counseling for adults affected with several forms
of muscular dystrophy. The heterogeneity between and within different subtypes
presents genetic counselors with challenges in genetic diagnosis and explanation of
the clinical course of the conditions.
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18.1 Genetic Counseling Issues for All Muscular
Dystrophies

Over 500 genes are associated with neuromuscular disease. These genes play a role
in different pathways involved with muscle development, structure, and function.
Genetic phenomena, such as anticipation, germline mosaicism, and pleiotropy, are
demonstrated by certain muscular dystrophies, and impact diagnosis and genetic
counseling.

» Purpose of genetic testing: Genetic testing for muscular dystrophy can provide
several benefits for the patient and their family. For many forms of muscular
dystrophy, genetic testing is the first line of testing for confirmation of the
diagnosis. Genetic confirmation can shorten the diagnostic odyssey and avoid
invasive testing. Genetic confirmation can also allow for inclusion in clinical
trials, which may be specific to the mutation type as well as the gene mutated.
Some of the current treatment strategies are gene specific, so a definitive
diagnosis can aid management of the conditions. In addition, genetic confirma-
tion is often essential to provide accurate information about inheritance and
allow carrier and presymptomatic testing of family members.

e Presymptomatic and carrier genetic testing: Once a causal mutation has been
identified in an affected family member, presymptomatic or carrier testing is
possible. However, because testing formerly was not as available and had lower
sensitivity, identification of the affected family member might not have been
possible. In these cases, medical records, including past electromyography
(EMG), nerve conduction velocities (NCVs), and muscle biopsy reports, can
be essential to establish the diagnosis in the affected individual and allow for
testing of the family.

e Pregnancy and neuromuscular disease: Family planning for people with mus-
cular dystrophy family histories raises significant genetic counseling issues. Not
only do couples need to consider the risk of mutant gene transmission, but also
women affected with a neuromuscular condition may be at a higher risk for
pregnancy complications. Complications can sometimes include decreased fer-
tility, miscarriage, preterm labor and the need for intervention during delivery
(including cesarean delivery), and increased anesthesia risks. Additionally,
pregnancy can worsen symptoms, which may or may not return to baseline
after delivery. Though many women affected with neuromuscular disease have
uneventful pregnancies, pregnancy management and risks warrant discussion
during genetic counseling.

e Genetic testing for muscular dystrophy: The muscular dystrophies are a hetero-
geneous group of conditions. The number of genes associated with any subtype
of muscular dystrophy ranges from 2 to 30 [1]. The heterogeneity has led to the
clinical availability of testing panels, which allow for testing several genes
simultaneously. Determination of the best approach for testing is based on
several factors including clinical presentation, management questions, patient’s
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insurance, and the patient’s motivation for testing. The increasing clinical utility
of whole-exome or -genome sequencing may change testing strategies and
diagnostic approaches.

e Pleiotropic presentation of muscular dystrophy: Some genes associated with
muscular dystrophy have several different phenotypes associated with them.
Currently almost 700 described neuromuscular conditions are associated with
mutations in over 300 genes [1]. Thus, some genes causing neuromuscular
disease cause a myriad of clinical presentations. The laminopathies provide
one such example. Laminopathies, a group of inherited conditions caused by
mutations in the LMNA gene, exhibit a wide variety of clinical symptoms and
syndromes, including Emery-Dreifuss muscular dystrophy, limb-girdle muscu-
lar dystrophy type 1B, dilated cardiomyopathy with conduction system disease
(DCM-CSD), familial partial lipodystrophy, Charcot-Marie-Tooth type 2, and
progeria [2]. Given the rarity of the conditions and the complexity of clinical
presentations, patients often struggle with the “name” of their condition and the
best way to describe it to others. Likewise, patient literature on these conditions
may be limited. Genetic counselors play an important role in translating the
diagnosis to the patient, helping the patient describe it to others, and guiding
patients toward appropriate information on the Internet.

o Transition services for muscular dystrophy: Improvements in clinical care have
increased the life-span from the teens to the third and fourth decades for several
childhood-onset muscular dystrophies. Genetic counselors can play an important
role not only in helping young adults understand the genetics of their condition,
but also helping to provide support and access services.

* Genetically unconfirmed diagnosis of muscular dystrophy: Despite the growing
number of identified genes causing muscular dystrophies, 30-50 % of affected
individuals do not have genetic confirmation of their diagnosis, even after
comprehensive genetic testing. The lack of diagnosis makes patients uneasy
about their prognosis. The progressive nature of muscular dystrophies implies
that patients will lose skills and independence. However, if patients do not know
their diagnosis and prognosis, decisions about education, housing, career plan-
ning, and family planning are difficult.

e Implications for the patient and their family: A genetic diagnosis of muscular
dystrophy has a potential impact on the patient and their family members. These
diseases can affect the ability to work, type of housing, participation in hobbies
and activities, and reproductive options. Families struggle with the intricacies of
going on disability collecting social security, and health insurance. In addition,
these conditions can often change the roles of family members, forcing a spouse,
sibling, or child to become a caregiver and/or breadwinner. Some patients will
need personal care attendants (PCAs) or nursing to assist with activities of daily
living, including dressing, personal cares, and household needs. While home
modification and arranging PCA service are certainly outside the scope of
genetic counseling, this information is important when talking about prognosis
and what it means to have a form of muscular dystrophy.
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18.2 Family History Questions Pertinent to Muscular
Dystrophy

The clinical descriptions and names of muscular dystrophies often focus on muscle
involvement and loss of muscle function; however, many are multi-system condi-
tions. In addition, many muscular dystrophies are variable within families,
presenting with different ages of onset, progression, and clinical manifestations.
A detailed family history can be instrumental in establishing the diagnosis. The
following questions can help determine the presence or absence of muscle diseases
in the family:

o Is there any family history of diabetes? If so, was it type 1 or 2?

e Is there any family history of cataracts? If so, at what age did they present?

¢ Does anyone use assistance walking devices like a wheelchair, cane, or brace? If
so, at what age did they start using them?

» Did anyone have polio or post-polio symptoms?

e Is there a family history of heart issues, cardiomyopathy, ICD placement,
pacemaker, transplant, etc.? If so, at what age?

e Is there any family history of muscle disease or consistent muscle aches?

e Is there any family history of intellectual disabilities or behavioral issues (i.e.,
autism, ADHD)?

18.3 Treatment of Myopathies, Muscular Dystrophy,
and Myotonic Disorders

No cures exist for genetic myopathy, muscular dystrophy, or myotonic disorders,
and treatment remains supportive. However, a growing number of novel therapeutic
approaches are being developed. Notifying patients, families, and other health
professionals about new treatment trials can provide hope and optimism. Practice
guidelines and/or care standards are available for some forms of neuromuscular
disease and should be used as guides for care and management. Some medications
are available to help treat symptoms associated with these conditions. Prednisone
has been shown to prolong ambulation in Duchenne muscular dystrophy (DMD)
[3]. Physical and occupational therapy can help patients find adaptive means to
perform activities of daily living and conserve energy, and maintain independence.
Orthotics can help maintain ambulation and prevent falls. Power mobility is often
necessary to maintain independence; however, it can require significant home
modification and the need for new transportation [4]. Preventing fractures and
maintaining bone health can help preserve function and independence [5]. Cardiac
and respiratory screening should be performed on all affected individuals or
presumed affected individuals regardless of the subtype of neuromuscular disease
[6, 7]. Often cardiac and respiratory deficiencies can be present long before an
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individual reports symptoms. Keeping up to date on vaccination for influenza,
pneumococcus, and pertussis may be beneficial in preventing morbidity
[7]. Detecting respiratory decline can prompt important discussions of advance
directives and choices regarding tracheostomy/mechanical ventilation. Noninva-
sive ventilation (NIV) if respiratory decline is detected can provide symptomatic
relief, as well as prolong survival.

Anesthesia can pose a risk for malignant hyperthermia in certain types of
neuromuscular disease [8, 9]. Likewise patients with or at risk for respiratory
deficiencies may need additional monitoring of cardiac and respiratory function
during and after a procedure [8, 9]. Some forms of neuromuscular disease, includ-
ing the dystrophinopathies and myotonic dystrophy, have significant CNS involve-
ment including cognitive impairment and behavior issues; thus, neuropsychological
assessment can help identify potential issues to assist educators and family mem-
bers in helping the patient reach their potential [10]. Education of community
medical providers about management and diagnosis of neuromuscular disease is
an important role for neuromuscular care centers. This field has exploded with new
care standards, genetic tests, and clinical trials. The improvement in care has
changed many of these conditions from childhood killers to chronic diseases.
Genetic counselors in these clinics can help educate the community about these
advances.
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Chapter 19
The Myopathies

Joline Dalton, Jill S. Goldman, and Jacinda B. Sampson

The myopathies refer to any disease of muscle—acquired (including toxic and
inflammatory) or genetic (including metabolic and mitochondrial). This chapter
focuses on two common genetic forms of adult-onset myopathies, myofibrillar
myopathy, and distal myopathy.

19.1 Myofibrillar Myopathy

Myofibrillar myopathy is a heterogeneous group of conditions that present with
slowly progressive muscle weakness and a distinct pattern of myofibrillar disorga-
nization. These rare conditions typically present in adulthood, usually after age
40 [1]. Given the variability of clinical presentation including neuropathy and
cardiomyopathy, these conditions may be underdiagnosed or managed by other
specialties including cardiology.
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19.1.1 Clinical Presentation of Myofibrillar Myopathy

Myofibrillar myopathy is characterized by slowly progressive weakness. Distal
muscle weakness is present in about 80 % of individuals and is more pronounced
than proximal weakness in about a quarter of cases [2]. A minority of individuals
also experience sensory symptoms and muscle stiffness, aching, or cramps. Periph-
eral neuropathy is present in about 20 % of affected individuals, and overt cardio-
myopathy occurs in 15-30 % of cases. Currently myofibrillar myopathy includes
eight genetically distinct subtypes, which are relatively homogenous [2].

19.1.2 Diagnosis of Myofibrillar Myopathy

The gold standard for diagnosis of myofibrillar myopathies is muscle biopsy.
Muscle biopsy histology shows variable fiber sizes with grouping of small fibers
and trichrome staining demonstrates amorphous, granular, or hyaline deposits. In
addition, rimmed vacuoles and congophila can be seen. Although muscle biopsy
remains the gold standard, the characteristic findings are dependent on obtaining the
biopsy from the correct muscle and on the pathological interpretation [3].

19.1.3 Genetics of Myofibrillar Myopathy

The myofibrillar myopathies are primarily inherited in an autosomal dominant
pattern. However, isolated autosomal recessive cases and an X-linked dominant
form have been described. Sporadic cases resulting from de novo mutations have
been reported, and the absence of a family history does not exclude the diagnosis
(Table 19.1).

19.1.4 Genetics Testing for Myofibrillar Myopathy

Genetic testing is available for myofibrillar myopathy; however, clinically avail-
able genetic testing only provides genetic confirmation in 50 % of cases
[4]. Research exome testing has led to the identification of novel forms of myofi-
brillar myopathy [5]. While genetic confirmation is often the most desirable end-
point for diagnosis, most mutations are private, and interpretation of variants of
unknown significance is complicated by limited family history and/or limited or
lack of a muscle biopsy sample. Alternatively, muscle magnetic resonance imaging
(MRI) and ultrasound can help in determining the pattern of involved muscles and
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Table 19.1 MFM subtypes (adapted from [1])

241

Gene/ Age of
MFM subtype protein onset Clinical features Inheritance
Alpha-B CYRAB 11-62 Distal and proximal weakness; AD, AR
crystallinopathy respiratory involvement; cata- (rare)
racts; hypertrophic
cardiomyopathy
BAG3-related BAG3 Childhood | Rigid spine; cardiomyopathy; AD
myofibrillar respiratory insufficiency; ele-
myopathy vated CK
Desminopathy DES 11-62 Distal, proximal, scapuloperoneal | AD, AR
and facial muscle weakness;
respiratory insufficiency;
dilated cardiomyopathy;
arrhythmia
DNAIJB6-related DNAJB6 | Adulthood | Distal weakness AD
myofibrillar
myopathy
FHL1-related myo- | FHLI Childhood | Manifesting carriers; rapidly X-linked
fibrillar progressing; scapuloperoneal
myopathy involvement
Filaminopathy FLNAC |38-57 Distal weakness; elevated CK; AD
respiratory insufficiency;
peripheral neuropathy
Myotilinopathy TTID Adulthood | Distal weakness; cardiomyopathy; | AD
peripheral neuropathy
Zaspopathy LDB3 Adulthood | Distal weakness; cardiac disease; | AD

peripheral neuropathy

aid in diagnosis or selection of muscle to biopsy [6—8]. Genetic counseling is
essential for patients to understand the benefits and limitations of testing and the

implications of a positive, negative, or indeterminate genetic test result.

19.2 Distal Myopathies

The distal myopathies refer to a heterogeneous group of disorders that predomi-
nantly affect the distal muscles. This rare group of disorders can be misdiagnosed as
a neuropathy because of the pattern of weakness.
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19.2.1 Clinical Presentation of the Distal Myopathies

The distal myopathies present with atrophy and/or weakness of the muscle in the
hands, feet, forearm, and lower leg. Distal myopathies can have creatine kinase
(CK) elevations ranging from slightly increased to greater than ten times normal.
Over 20 subtypes have been described that vary in age of onset, primary muscle
affected, and multi-systemic features. Most forms of distal myopathies only cause
muscle weakness and present in adulthood, even after the fifth or sixth decade of
life. However, myotonic dystrophy (discussed in Chap. 20) can occur at any age.

19.2.2 Diagnosis of Distal Myopathy

Diagnosis of the distal myopathies is typically established by creatine kinase
(CK) level, electromyogram (EMG), nerve conduction velocities (NCV), and
muscle biopsies. The pattern of muscle weakness involved in distal myopathy is
clinically similar to that of Charcot-Marie-Tooth (CMT), a form of hereditary
peripheral neuropathy; however, distal myopathy is not associated with sensory
changes. An EMG is essential to exclude neuropathy. Muscle biopsy changes can
range from mildly myopathic to dystrophic, and may or may not contain rimmed
vacuoles. Some features in muscle biopsy may be more common in certain subtypes
of distal myopathy and may aid in diagnosis [10]. The patchy muscle involvement
of the distal myopathies makes muscle MRI and ultrasound extremely beneficial to
diagnosis and clarification of variants of unknown significance obtained through
genetic testing [6].

19.2.3 Genetics of Distal Myopathy

The genes associated with the distal myopathies encode proteins that play a role in
muscle structure, development, and regulation of contraction. Some proteins have
isoforms that play a role in all three. The location and type of mutations within the
gene may account for the multiple disease phenotypes [9]. Most distal myopathies
are autosomal dominant, but can appear to be sporadic because of de novo muta-
tions. The early onset forms may typically have an autosomal recessive inheritance
pattern (Table 19.2).
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Table 19.2 Hereditary distal myopathies (adapted from [10])
Decade

Condition Gene/protein affected

Autosomal dominant forms

Welander distal myopathy TIA1/T-cell intracellular antigen-1 5th—6th

Tibial muscular dystrophy TTN/Titin 4th-5th
(TMD, Udd myopathy)

Distal myotilinopathy TTID/Myotilin 6th—7th

Zaspopathy (Markesbery— LDB/Z-disk alternatively spliced PDZ-domain- 5th—6th
Griggs) containing protein (ZASP)

Matrin3 distal myopathy MATR3/Matrin3 4th—5th
(VCPDM, MPD2)

VCP-mutated distal VCP/Valosin-containing protein 4th—5th
myopathy

Alpha-B crystallin-mutated CRYAB/aB-crystallin 2nd-3rd
distal myopathy

Desminopathy DES/Desmin 2nd-3rd

Distal ABD-filaminopathy FLNC/Filamin-C 2nd-3rd

Laing distal myopathy MYH7/Beta-MyHHC st
(MPD1)

KLHL9-mutated distal KLHL9/Kelch-like homologue protein 9 Ist
myopathy

Myotonic dystrophy type 1 DMPK trinucleotide expansion Any age

Autosomal recessive forms

Distal nebulin myopathy NEB/Nebulin 1st

Miyoshi myopathy (MM) DYSF/[Dysferlin 2nd-3rd

Distal anoctaminopathy ANOS/Anoctamin-5 3rd—4th

Distal myopathy with rimmed | GNE/bifunctional UDP-N-acetylglucosamine 2nd-3rd
vacuoles (DMRV) 2-epimerase/N-acetylmannosamine kinase

19.2.4 Genetic Testing for the Distal Myopathies

The distal myopathies can be clinically indistinguishable, and additionally some
mutations in the same gene can present with different muscle involvement. Thus,
testing with genetic panels is often the most cost-effective option [11]. Due to the
rarity of the distal myopathies, sensitivity of genetic testing is unknown. At least six
clinically described phenotypes still lack identified genetic causes. Families without a
genetically confirmed diagnosis may be ideal candidates for whole exome sequencing
or research testing. Variants of unknown significance are found frequently. Myotonic
dystrophy, a polynucleotide repeat disorder, is one of the most common distal
myopathies, and should be considered on the differential, since patients may not
complain of myotonia—it will be discussed separately. Several of the known genes
have been well described, and review of genetic literature, as well as consultation
with experts, may help in clarifying the pathogenicity of the variants of uncertain
significance. Given the late onset of several of these conditions, most individuals have
already made many of their life choices by the time they are diagnosed.
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19.2.5 Genetic Counseling for Distal Myopathy Case History
(Fig. 19.1)

Mr. T was a 65-year-old male with a 20-year history of a progressive distal
myopathy. He now required braces for ambulation. He contacted the genetic
counselor to make an appointment to discuss genetic testing for the distal myopa-
thies. During this phone conversation, it became apparent that Mr. T had no
ongoing neurological care for his myopathy and, in fact, had not seen a neurologist
since he was diagnosed. The genetic counselor said that in order to better diagnose
his condition, he could be seen in the Muscular Dystrophy Association clinic with
which the genetic counselor was associated. Mr. T agreed, and an appointment was
made in the multidisciplinary clinic.

Mr. and Mrs. T came to the appointment and Mr. T was evaluated by the
neurologist and physical therapist, and was registered with the Muscular Dystrophy
Association (MDA). The neurological exam revealed distal muscle weakness and a
modestly elevated creatine kinase of 800 U/L. An electromyogram (EMG) was
performed and demonstrated a myopathic process. The neurologist provided the
clinical diagnosis of a distal myopathy. Mr. T was referred back to the genetic
counselor to discuss genetic confirmation. Mr. T revealed that for the past two

o
" . K
x

. Welander Distal
Myopathy

Fig. 19.1 Welander distal myopathy case history pedigree
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decades he had chosen not to tell his adult children of his diagnosis. However, the
recent death of a family member due to complications of familial distal myopathy
prompted the disclosure of his diagnosis to his children. Mr. T’s two adult children
were in their 30s and had completed their families. The revelation resulted in such
tension in the immediate family that his children refused to speak to him. Mr. T
decided to pursue genetic testing in hopes of family peace. His children wished to
have presymptomatic testing in order to know their risk and the risk to their
children. Mr. T was aware that the first step for their presymptomatic testing was
providing genetic confirmation of his diagnosis.

The genetic counselor then obtained a five generation pedigree, which revealed
that Mr. T’s father, paternal grandmother, paternal aunt, paternal uncle, and pater-
nal first cousin were clinically diagnosed with Welander distal myopathy. The
family was of German decent. After reviewing the family history, the genetic
counselor described autosomal dominant inheritance and the risk to his children
and grandchildren. The genetic counselor reviewed the genetic tests available for
distal myopathy, and told them that the gene for Welander distal myopathy, TIAI,
was not yet available as a single gene test. Given the clinical overlap between the
distal myopathies, testing for known forms, including sequencing CAV3, TTN, and
VCP, was a reasonable option. If these were negative, they would pursue testing for
the myofibrillar myopathies, given the respiratory involvement note in Mr. T’s
father’s medical record. The genetic counselor also discussed the potential benefits
of genetic confirmation, explaining that it might provide more prognostic informa-
tion about his condition and could potentially help direct care and management.
Likewise knowing the diagnosis could help establish services for needed care.
Mr. T and his wife were very motivated to establish a genetic diagnosis to allow
for presymptomatic testing and begin mending the broken family relationships. The
genetic counselor had a frank discussion about the limitations of genetic testing,
and that it was likely that these tests might not provide genetic confirmation.
Additionally, the genetic counselor discussed how they would move forward with
the family if the results were negative. Mr. and Mrs. T remained very hopeful and
said that they would “cross that bridge when they came to it.” Observing that Mrs. T
took copious notes throughout the session, the genetic counselor asked if it would
be helpful to have a detailed clinic note about the session. They were enthusiastic
about providing evidence for their children that they were obtaining additional
information. The genetic counselor also provided them with contact cards so that
the family could call the genetic counselor directly.

Discussion Questions

» Are decisions to obtain genetic confirmation ever without external influence? To
what extent does the genetic counselor need to assure that the patient is acting
autonomously?

e What is the value of providing patients with copies of their medical records
including genetic counseling clinic notes?
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*  What role should genetic counselors play in care coordination? Is there a conflict
of interest in referring the patients to the genetic counselor’s clinic?

¢ How could the diagnosing clinic have helped Mr. T to be more honest with his
children?

Despite extensive testing, Mr. T s diagnosis remained genetically unconfirmed.
Mr. T established clinical care in the MDA clinic and started attending clinic
regularly. The genetic counselor became part of his ongoing care team and helped
coordinate newly available genetic tests for distal myopathy. Mrs. T and the
counselor had a long conversation about his decision not to tell his children. She
had hoped for years that Mr. T would say something every time a grandchild asked
about his braces. She had felt very conflicted about her relationship with her
husband, children, and grandchildren. She was very loyal to her husband, as he
now needed more and more of her help with activities of daily living. At the end of
the conversation she stated that it was good to talk to someone who could
understand.

Mr. and Mrs. T became involved in the MDA, and participated in annual
education and social events. Mr. T provided his family with notes from clinic visits.
Eventually his sons came to an understanding, and the family dynamic continued to
improve. Mr. T’s condition progressed considerably. He could not ambulate long
distances and required a scooter. Mr. and Mrs. T purchased an accessible home. The
genetic counselor stayed involved in the case, and called to tell the couple that
testing was now available for a newly identified Welandar distal myopathy gene,
TIAI [12]. Once again, the genetic results were negative.

Discussion Questions

* How does a genetic counselor establish an ongoing relationship with patients
and families?

¢ What role should patient advocacy groups play in clinic? What benefit do you
think they had on this family and others?

* How does a genetic counselor display understanding and empathy? How do you
gain skills of empathy for conditions for which you have no personal
experience?

¢ For how long is a genetic counselor responsible for updating patients on new
genetic testing?

19.3 Metabolic Myopathies

The metabolic myopathies refer to inherited forms of exercise intolerance and
rhabdomyolysis that lead to progressive muscle weakness, chronic pain, and
fatigue.
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19.3.1 Clinical Presentation of the Metabolic Myopathies

The metabolic myopathies are a rare group of inherited conditions caused by
inefficient or ineffective energy production within the muscle [13]. The three
primary metabolic myopathies are mitochondrial myopathies, lipid metabolism
myopathies, and glycogen metabolism myopathies [14].

The mitochondrial myopathies may present with multi-systemic features
[15]. The age of onset can range from childhood to adulthood. The associated
muscle fatigue is generalized and not necessarily correlated with strenuous or
aerobic exercise. Proximal and ocular muscles, resulting in ptosis, are sometimes
involved. Mitochondrial disorders are often suspected if two or more organ systems
are involved and/or there is a persistently elevated lactic acid level.

Disorders of glycogen storage associated with myopathy typically result in
exercise-induced muscle pain and fatigue and progressive muscle weakness
[16]. Elevated CK can occur with exercise; when severe, extensive muscle break-
down, or rhabdomyolysis, can occur, manifesting as muscle pain, weakness,
myoglobinuria (dark urine), hyperkalemia, and kidney failure. Onset varies from
childhood to adulthood. The subtype of glycogen storage disease may determine the
extent to which the first few minutes of aerobic exercise are tolerated [17].

In some cases, after about 7 or 8 min of exercise the muscle can start to use
alternative sources of energy from fats and sugars supplied from the liver and so the
symptoms ease. This phenomenon is called the “second wind” and is most common
in glycogen storage disease type V or McArdle disease [18]. A subset of individuals
affected with a glycogen storage disease can have progressive muscle weakness.
For example, acid maltase deficiency can mimic limb-girdle muscular dystrophy in
muscle pattern involvement and progression [19, 20].

Disorders of fatty acid oxidation or lipid metabolism that present with myopathy
include CPT2 deficiency. The myopathic forms of these conditions are rare and can
present any time from childhood to adulthood. Fatty acid oxidation disorders are
variable both within and between subtypes, ranging from isolated trigger-induced
attacks of muscle weakness to progressive muscle weakness and frequent muscle
pain with moderate exercise. In fatty acid oxidation disorders, exercise is the most
common trigger, but infections, fasting, cold, anesthesia, and sleep deprivation can
also trigger attacks [21].

19.3.2 Diagnosis of Metabolic Myopathy

Since most events of thabdomyolysis are situation based, a metabolic myopathy is
not considered unless there are several reported episodes. Diagnosis of metabolic
myopathies can be a long process. Due to nonspecific symptoms of muscle cramps,
general pain, fatigue, and inability to exercise or stay active, affected individuals
may appear to be lazy or malingering. The gold standard of diagnosis for metabolic
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myopathies is muscle biopsy. The sample can be evaluated by histological and
biochemical analysis to look for reduction or absence of enzyme activity
[22]. Some forms of mitochondrial myopathies have histological features such as
ragged blue or red fibers that provide insight for diagnosis as well as a direction for
genetic testing [15].

19.3.3 Genetics of Metabolic Myopathy

The metabolic myopathies are a heterogeneous group of conditions that can be
inherited in most known inheritance patterns: matrilineal, autosomal dominant, or
autosomal recessive. The disorders of glycogen storage and fatty acid oxidation are
typically autosomal recessive; however, some are X-linked forms.

19.3.4 Genetic Testing for the Metabolic Myopathies

Genetic confirmation may be pursued after diagnosis is established by muscle
biopsy. If a muscle sample is not available or if patients do not want invasive
procedures, a skin biopsy can be utilized or genetic testing can be performed.
Genetic testing for the mitochondrial disorders can be complicated by the
heteroplasmy of mitochondrial mutations in different tissues. Additionally a num-
ber of nuclear genes are associated with these conditions, e.g., POLG-related
mitochondrial disorders, which is one of the more common mitochondrial myop-
athies [23]. Although a variety of algorithms can be used to guide testing, a
neuromuscular expert best establishes diagnosis. Establishing a diagnosis either
by biopsy, genetic testing, or other means can be an important part of the coping
process for patients with these conditions. If acid maltase deficiency is identified,
enzyme replacement therapy can improve symptoms. For other metabolic myopa-
thies, definitive diagnosis can give validation to their symptoms that may have been
dismissed for much of their lives.
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Chapter 20
The Muscular Dystrophies

Joline Dalton, Jill S. Goldman, and Jacinda B. Sampson

The muscular dystrophies are a heterogeneous group of conditions that cause
progressive muscle weakness, characterized on muscle biopsy by degenerating/
regenerating muscle fibers, fibrosis, and fatty replacement.

20.1 Dystrophinopathies

The dystrophinopathies include a spectrum of muscle diseases caused by mutations
in the dystrophin gene, DMD, including Duchenne muscular dystrophy, Becker
muscular dystrophy, and isolated dilated cardiomyopathy.
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20.1.1 Clinical Presentation of the Dystrophinopathies

Duchenne muscular dystrophy affects 1 in 3,500 males. Onset is typically at age
3 and results in progressive muscle weakness, cardiomyopathy, respiratory insuf-
ficiency, and loss of ambulation at or before age 12, though this can be delayed with
corticosteroid treatment [1]. DMD can be associated with specific learning disabil-
ities, autism spectrum disorder, and/or attention-deficit/hyperactivity disorder
(ADD/ADHD) [2, 3]. In the last decade, the life expectancy of DMD has increased
from the teens to the 30s or 40s [4, 5]. Families should be informed that living into
adulthood is now the norm instead of the exception.

Becker muscular dystrophy (BMD) is a less severe form of dystrophinopathy.
The age of onset can range from childhood to late adulthood; BMD is defined as
loss of ambulation after age 13; however, due to the blurring of boundaries caused
by DMD corticosteroid use, a classification of an intermediate form with loss of
ambulation between age 13 and 16 is being used. Late-onset BMD may be mutation
specific, with some mutations consistently showing a milder clinical presentation,
with ambulation being retained much longer [6—10].

Female carriers of DMD can manifest any or all of the symptoms [11], though
typically less severely than in males with DMD. For example, only a small
percentage of female carriers are at risk to develop cardiomyopathy (10-30 %) or
progressive weakness (7-10 %). However, being a manifesting DMD carrier is now
recognized as an underdiagnosed form of muscular dystrophy, and can be seen
without a family history of an affected male [12, 13].

20.1.2 Diagnosis of Dystrophinopathies

(DMD video clip Part 1)

Dystrophinopathy is generally suspected if a male or female has a highly
elevated creatine kinase (CK) (often greater than 10,000 U/L), proximal muscle
weakness, and hypertrophic calves. A reduction or absence of dystrophin on muscle
biopsy demonstrated either by immunohistochemistry or western blot analysis
remains the gold standard in the absence of genetic confirmation. Genetic testing
is often the first line of diagnosis due to high sensitivity and specificity of current
methodologies.

20.1.3 Genetics of Dystrophinopathies

The DMD gene is located on the X chromosome and is the largest known gene in
the genome. The large size is thought to play a role in the high de novo mutation rate
[14]. The dystrophinopathies are hallmark examples of genetic phenomena such as
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germ line mosaicism and skewed X-inactivation in manifesting carriers [15—
17]. Since the dystrophin protein is involved in maintaining muscle cell membrane
integrity, insufficient production or defective dystrophin can cause muscle cell
breakdown. When cell breakdown is greater than cell replacement, progressive
muscle weakness occurs. Over 5,000 identified dystrophin mutations have been
identified, the majority of which (60-70 %) are deletions. The location and type of
mutation (reading frame rule) can provide some insight for prognosis [18]. Addi-
tionally several genetic modifiers are thought to play a role in disease variability
[19, 20].

20.1.4 Genetic Testing for the Dystrophinopathies

(DMD video clip Part 2)

Several methodologies are employed to identify genetic mutations within the
dystrophin gene. Since therapeutic approaches may be mutation dependent, genetic
confirmation is essential for inclusion in clinical trials [21]. Most laboratories
employ a stepwise approach, first searching for the more common mutations—
deletions and duplications, and then, if no mutations are identified, sequencing the
gene. This process is typically more cost effective. Patient advocacy groups recog-
nize the importance of genetic confirmation, and, when cost is prohibitive,
have initiated programs to cover genetic testing. Carrier testing is generally
recommended after the identification of a family mutation. However, if an affected
individual is unavailable, genetic testing for dystrophin mutations can be performed
and is becoming highly sensitive. Due to the high de novo mutation rate and germ
line mosaicism, genetic counselors can help families understand carrier risk.

20.2 Limb-Girdle Muscular Dystrophy

Limb-girdle muscular dystrophy (LGMD) is characterized by progressive proximal
muscle weakness, an elevated creatine kinase level, and muscle degeneration/
regeneration pattern on muscle biopsy [22].

20.2.1 Clinical Presentation of the LGMD

LGMD refers to a group of inherited muscular dystrophies that are characterized by
muscle weakness and wasting of shoulder and pelvic girdle muscles. Depending on
the specific subtype, LGMD affects 1/123,000 to 1/14,500 people. LGMD is a
progressive condition with onset from childhood to adulthood. Proximal (close to
the trunk) skeletal muscles are affected first, but with disease progression, more
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distal muscles can become weak. LGMD can also present like a metabolic myop-
athy; however, in these conditions unlike the metabolic myopathies, CK seldom
returns to normal after a rhabdomyolysis event [23].

20.2.2 Diagnosis of LGMD

Generally, the diagnosis of LGMD is made if an individual has predominantly
shoulder and hip muscle weakness, elevated creatine kinase (CK) levels, and
dystrophic changes on muscle biopsy [24-26]. A muscle biopsy can help reveal
the type of LGMD. Special stains can be used to determine the absence or presence
of proteins. Finding an absent or reduced protein narrows the causal gene candi-
dates [27]. Because dystrophin is an important part of the dystrophin-sarcoglycan
complex, it is important to rule out mutations in dystrophin as the cause of the
muscular dystrophy. Finally, muscle imaging is becoming a helpful and noninva-
sive tool in the diagnosis of LGMD [27].

20.2.3 Genetics of LGMD

The dystrophin-sarcoglycan complex (DSC) is located on the membrane of the
muscle cell and helps the muscle withstand everyday wear and tear. Improperly
formed DSC can cause a rapid breakdown of muscle, which results in the loss of
muscle cells and muscle weakness. Over 20 forms of LGMD are known, and can be
divided into two types based on inheritance pattern: autosomal dominant LGMD1
and autosomal recessive LGMD2. LGMDI1 and LGMD?2 are further divided into
subtypes based on the causative mutation. The subgroups are designated by letters
(Table 20.1).

20.2.4 Genetic Testing for the LGMD

Because the different forms of LGMD can be clinically indistinguishable, testing
with gene panels is the most efficient way to provide genetic confirmation
[28]. Families without a genetically confirmed diagnosis may be ideal candidates
for whole exome sequencing. As with all muscle diseases, private mutations and
variants of unknown significance can complicate results.
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Table 20.1 The LGMDs (adapted from [26])

255

Populations with founder Gene

Disease name (synonym) mutations symbol Inheritance
Myotilinopathy (LGMD1A) None MYOT AD
LGMDI1B None LMNA AD
Caveolinopathy (LGMDI1C) None CAV3 AD
LGMDI1D None DES AD
LGMDIE None DNAJB6 AD
Alpha-sarcoglycanopathy (LGMD2D) | None SGCA AR
Beta-sarcoglycanopathy (LGMD2E) | Amish SGCB AR
Gamma-sarcoglycanopathy (formerly | North Africans; Gypsies SGCG AR
SCARMD) (LGMD2C)

Delta-sarcoglycanopathy (LGMD2F) | Brazilian SGCD AR
Calpainopathy (LGMD2A) Amish, La Reunion Island, | CAPN3 AR

Basque (Spain), Turkish

Dysferlinopathy (LGMD2B) Libyan Jewish DYSF AR
LGMD2G Italian TCAP AR
LGMD2H Manitoba Hutterites only TRIM32 AR
LGMD2I Unknown FKRP AR
LGMD2]J Finland TTN AR
LGMD2K Turkish POMTI AR
LGMD2L Northern European ANOS AR
LGMD2M Unknown FKTN AR
LGMD2N Unknown POMT2 AR
LGMD20 Unknown POMGNTI | AR
LGMD2Q Turkish PLEC AR

20.3 Emery-Dreifuss Muscular Dystrophy (EDMD)

Emery-Dreifuss muscular dystrophy (EDMD) is a rare form of MD affecting an
estimated 1/100,000 individual [29]. EDMD is characterized by joint contractures
that precede muscle weakness and progressive, often severe cardiac involvement
with cardiac conduction defects [30].

20.3.1 Clinical Presentation of the EDMD

EDMD is suspected in the presence of contractures prior to weakness. EDMD is
considered a slowly progressive muscular dystrophy. It is often associated with
cardiac problems including both cardiomyopathy and cardiac conduction
defects [31].
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20.3.2 Diagnosis of EDMD

Diagnosis is typically made clinically by the presence of contractures, especially at
the elbows.

20.3.3 Genetics of EDMD

EDMD is caused by a mutation in any of the three genes that encode proteins
associated with the nuclear envelope, LMNA, EMD, and FHLI [29]. Both EMD and
FHLI are X-linked, with FLH1 being X-linked dominant and female are affected.
LMNA mutations typically cause an autosomal dominant form of EMD but can be
recessive, and is often the result of a de novo mutation.

20.3.4 Genetic Testing for EDMD

Genetic testing for EDMD is usually done in a stepwise manner beginning with the
most common genes, LMNA and EMD [29]. Other rare causes, including FHLI and
other contracture disorder such as the collagen-VI-related disorders, are investi-
gated if the first tier of testing is negative.

20.4 Facioscapulohumeral Muscular Dystrophy (FSHD)

Facioscapulohumeral muscular dystrophy (FSHD) causes slowly progressive mus-
cle weakness and is characterized by scapular winging [32].

20.4.1 Clinical Presentation of the FSHD

FSHD is characterized by muscle weakness in the face, shoulders, upper arms, and
lower legs. The weakness may be asymmetric [33]. Typical onset is in the teens or
twenties. However, FSHD shows significant inter- and intra-familial variability
both in age of onset and presenting symptoms, which can lead to difficulties in
diagnosis. Infantile-onset FSHD with hearing loss and retinal changes is considered
a rare form of FSHD [33, 34]. Hearing loss and retinal changes (Coats’ disease) are
also complications sometimes seen in the adult-onset form. The infantile form may
be underdiagnosed and symptoms of FSHD may be unrecognized during childhood.
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20.4.2 Diagnosis of FSHD

Diagnosis of FSHD is typically made clinically, with genetic testing as the gold
standard. Muscle biopsy shows no specific changes [35], but may have an inflam-
matory infiltrate, which may be misleading, and result in misdiagnosis of myositis.

20.4.3 Genetics of FSHD

FSHD is an autosomal dominant condition primarily caused by a deletion on
chromosome 4. The deletion within the D474 repeat region results in changes in
methylation [36-38]. A second FSHD gene, SMCHD, has been identified and can
be either a genetic cause of FSHD (in the presence of the permissive haplotype) or
act as a disease modifier [39].

20.4.4 Genetic Testing of FSHD

A deletion of the D4Z4 repeat region on chromosome 4 is present in 95 % of
individuals affected with FSHD. Detection of the deletion is complicated by the
large size of the region and a genetically similar region located on chromosome 10.
The deletion of D4Z4 repeats on chromosome 10 does not cause FSHD. A trans-
location between the chromosome 10 region and the D474 region on chromosome
4 occurs frequently, occurring in 20 % of the general population without causing
disease [36]. The D4Z4 deletion alone is not sufficient to cause FSHD1; a permis-
sive allele, 4qA161, which allows polyadenylation and stabilization of DUX4
transcripts, is required to manifest FSHD1. Genetic strategies have been developed
to detect both copies of D4Z4. In general the normal size of the FSHD region is
greater than 40 kbs (or 40,000 base pairs). In individuals with FSHD, the size of the
region is less than 35 kbs (or 35,000 base pairs). A grey zone of 3540 kbs exists
where some individuals will be symptomatic and others will not. In the event that
genetic testing for the common mutation is negative and clinical suspicion is high,
follow-up testing with alternate probes can be helpful. Additionally, testing of
SCHMDI] can be performed for the second less common cause of FSHD, now
clinically called FSHD?2 [40].

20.5 Oculopharyngeal Muscular Dystrophy (OPMD)

Oculopharyngeal muscular dystrophy (OPMD) is characterized by late-onset pto-
sis, dysphagia, and lower extremity weakness.
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20.5.1 Clinical Presentation of the OPMD

OPMD is a condition that typically affects the muscles necessary for swallowing
and eyelid movement. The muscles of the upper arms and legs can also be affected.
Typically symptoms start appearing in the 50s and progress slowly; however a great
deal of variability exists, even within families. OPMD is more common in the
French Canadian population, but may be under-recognized in other
populations [41].

20.5.2 Diagnosis of OPMD

OPMD is generally a clinical diagnosis, which is confirmed by genetic testing.
EMG or muscle biopsy can be useful in excluding mitochondrial disorders or bulbar
onset ALS early in the disease.

20.5.3 Genetics of OPMD

OPMD is an autosomal dominant condition caused by a polyalanine repeat within
polyadenylate binding protein nuclear 1 encoded by the PABPNI gene located on
chromosome 14 [42]. When homozygous, a modifier allele of seven GCG repeats
can cause autosomal recessive OPMD, and also increase severity. The size of the
polyalanine repeat appears to correlate with the severity of the condition and the age
of onset.

20.5.4 Genetic Testing for the OPMD

Genetic test for OPMD involves determining the size of the GCN repeat within the
PABPNI gene (abbreviated GCN because all four codons, GCA, GCT, GCC, and
GCQG, encode alanine). The normal size of the GCN repeat is ten repeats. At least
one copy of 12 or more GCN repeats confirms the diagnosis of OPMD. When
homozygous the GCN repeat size of 11 can cause autosomal recessive OPMD.
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20.6 Congenital Muscular Dystrophy (CMD)

Congenital muscular dystrophy (CMD) is a clinically and genetically heteroge-
neous group of disease that presents from infancy through childhood, but will not be
discussed in this chapter. Many of the genes associated with CMD can cause an
LGMD phenotype [43].

20.7 Genetic Counseling Case History of a Transitional
Age Patient

Mr. R, a 23-year-old male patient affected with Duchenne muscular dystrophy,
requested a genetic counseling appointment for genetic testing and discussion of
research participation. Mr. R was a long-standing patient in the Muscular Dystro-
phy Association (MDA) clinic. He had genetic testing during childhood, which did
not identify a genetic mutation.

Mr. R, accompanied by his mother, arrived for the genetic counseling session.
The genetic counselor began by asking Mr. R if he had any specific questions. Mr. R
told her how his online research regarding possible treatment strategies had caused
him to wonder about his mutation and research participation. The genetic counselor
then inquired about his current life. He was enrolled in a part-time master’s program
in computer science and living independently.

The genetic counselor then reviewed family history and learned that Mr. R was
an only child, and that there was no family history of any neuromuscular disorder.
She discussed the inheritance of the dystrophinopathies and the fact that one-third
of cases are due to a new mutation. She stated that if he wanted to have children,
none of his sons would be affected or at risk of passing on the dystrophin mutation;
however, all of his daughters would be carriers. Mr. R’s mother remained quiet
during the session, and denied having any questions or concerns. However, when
the genetic counselor discussed the risk to DMD carriers for cardiomyopathy, and
that cardiac screening was recommended for DMD carriers, she said that she was
not interested in carrier testing and was already undergoing cardiac care for an
arrhythmia. The genetic counselor discussed how other women in the family might
be at risk, and could be offered carrier testing.

The counselor then explained the changes in technologies that allowed for better
analysis of the dystrophin gene, and that most (>90 %) mutations were now
identifiable. She discussed different mutation types and the research study for
dystrophin nonsense mutations at their clinic. Mr. R elected to have genetic testing,
and the genetic counselor and Mr. R made arrangements to discuss the results by
phone.

The results revealed a deletion of exons 8—17 within the dystrophin gene. The
genetic counselor explained how this meant that he was not eligible for the
nonsense mutation clinical trial. The genetic counselor also discussed that the
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current exon skipping antisense polymers under development were not directed at
this region. Mr. R asked about participation in other clinical studies. The clinical
research team was currently enrolling for a natural history study for
non-ambulatory DMD patients. The genetic counselor described the study, and
facilitated Mr. R’s enrollment.

Several years later, the genetic counselor met Mrs. R at an MDA function.
Mrs. R remarked about the hope that was generated by her son’s genetic counseling,
testing, and research participation, and thanked her for arranging them.

Discussion Questions

< In this scenario the genetic counselor was both a genetic counselor and research
coordinator. How do genetic counselors balance wearing many hats without
creating a conflict of interest?

* How do you tailor a genetic counseling session if the primary information sought
is not inheritance and risk to future generations? What is the genetic counselor’s
responsibility to raise awareness in family members of carrier-associated risks?

¢ How often should return patients be offered genetic counseling? Is the need for
genetic testing or reviewing results the only reason for a follow-up consult?

¢ Working closely with a patient advocacy group, like the Muscular Dystrophy
Association (MDA), often requires attendance at social functions and support
groups. What positive and negative impact can this have on the providers’
clinical practice?
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Chapter 21
The Myotonic Dystrophies

Joline Dalton, Jill S. Goldman, and Jacinda B. Sampson

The clinical definition of myotonia is delayed relaxation of muscles. Myotonia can
be caused by various factors, including genetic mutations. The conditions that cause
myotonia are subdivided by their associated clinical symptoms as either myotonic
dystrophy or non-dystrophic myotonia.

21.1 Myotonic Dystrophy: DM Type 1

(DM Type 1 video clip Part 1 and 2)

Electronic supplementary material Supplementary material is available in the online version of
this chapter at 10.1007/978-1-4899-7482-2_21. Videos can also be accessed at http://www.
springerimages.com/videos/978-1-4899-7481-5.
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21.1.1 Clinical Presentation

Myotonic dystrophy is a progressive, multi-systemic condition that causes muscle
weakness and myotonia (the inability of muscles to relax after use). Individuals
with myotonic dystrophy can have cataracts, intestinal pseudo-obstruction and
other gastrointestinal abnormalities, male infertility, insulin insensitivity and dia-
betes, and cardiac conduction defects [1]. Fatigue is common and can neither be
completely controlled by medication nor explained by respiratory insufficiency
[2]. Both myotonia and weakness can lead to decreased hand dexterity, which can
interfere with activities of daily living and work. Muscle weakness is typically more
pronounced in distal and facial muscles, and swallowing can be affected. Myotonia
and muscle weakness associated with myotonic dystrophy can become more pro-
nounced during pregnancy [3-5].

Two types of myotonic dystrophy, type 1 (DM1) and type 2 (DM2), have been
described. They are genetically heterogeneous, but the adult-onset forms have
overlap of clinical symptoms. Myotonic dystrophy type 2 (DM2), previously
described as proximal myotonia and muscle weakness (PROMM), can present
with either proximal or distal weakness. In general, although musculoskeletal
pain is more problematic in DM2, it is generally milder than DM1 and includes
respiratory insufficiency less often [6, 11] (Table 21.1).

A more severe form of myotonic dystrophy type 1, called congenital myotonic
dystrophy type 1, is characterized by neonatal hypotonia and failure to thrive due to
respiratory and feeding difficulties. Sometimes polyhydramnios, club feet, and
other signs of decreased fetal movements are detectable by ultrasound during
pregnancy [8]. Infants that survive past the first few years of life have delayed
developmental milestones, often have some degree of learning difficulties and/or
behavioral problems, and often later develop progressive muscle weakness. Addi-
tionally, a juvenile form of myotonic dystrophy type 1 causes progressive weak-
ness, and intellectual, psychiatric, and behavioral problems [9, 10]. The congenital
form has not been described in myotonic dystrophy type 2.

Adult myotonic dystrophy type 1 can include facial weakness (with ptosis,
temporal muscle wasting, and “fish-mouth”), male-pattern baldness, hypophonic
speech, “Christmas tree” cataracts, grip myotonia, distal greater than proximal

Table 21.1 Clinical Symptom DM1 DM2
symptoms of DM1 and DM2

(adapted from [7]) Myotonia
Iridescent cataracts

Weakness
Cardiac arrhythmia

Testicular failure

Hyperinsulinemia
Hypo IgG
Cognitive difficulties

4+

Congenital/juvenile onset
CNS effects

[+ |+ +

+/—
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weakness, and increased risk of cardiac arrhythmias and cardiomyopathy. The risk
of sudden death due to cardiac conduction abnormalities and arrhythmias requires
cardiac monitoring [11].

21.1.2 Diagnosis of Myotonic Dystrophy

The diagnosis of myotonic dystrophy can be established by identification of clinical
or electrical myotonia and presence of other multi-systemic features. However,
EMG sometimes may not reveal myotonia in DM2 [11]. Muscle biopsy may
sometimes show ringbindin, a swirling pattern of cytoskeletal elements, but is
more often abnormal but non-diagnostic. With its high sensitivity and specificity,
genetic testing is often pursued instead of invasive testing. Due to the multi-
systemic features of myotonic dystrophy, patients should be followed for symptoms
for other conditions. Since the constellation of DM features is not recognized, a
diagnostic odyssey may occur [12].

21.1.3 Genetics of Myotonic Dystrophy

Myotonic dystrophy type 1 is caused by a CTG expansion in the 3'UTR of the
DMPK gene located on chromosome 19. An expansion of 100 or more CTG repeats
typically causes symptoms of the condition. Some degree of correlation between
age of onset and repeat number exists; however, because of the overlap in symp-
toms, the size of expansion cannot predict the prognosis [13]. There is also
variability in repeat size among tissues and over time. Because the expansion can
increase in each generation, anticipation is seen in DMI1. Thus, in subsequent
generations, age of onset may decrease and severity increase [14, 15]. The size of
the repeat tends to expand more when maternally transmitted. Therefore, a greater
risk of congenital myotonic dystrophy type 1 exists with maternal transmission,
though cases have been reported with paternal transmission [16]. Most infants with
congenital myotonic dystrophy have greater than 1,000 repeats, with a range of
500-2,000 [17]. The repeat range of 4-37 is considered normal and 38-50 is
considered a premutation range, which may expand in the next generation. People
with repeats of 51-100 not only have a risk of next generation expansion, but also
may develop mild symptoms such as cataracts late in life [11].

Myotonic dystrophy type 2 (DM2) is caused by a CCTG repeat expansion in the
ZNF9 gene. The expansion ranges from approximately 75 to greater than 11,000
CCTG repeats. The CCTG repeat tract is very unstable and tends to increase as a
person ages (somatic expansion). However, the size of the repeat cannot predict age
of onset or severity [11].

Genetic testing for myotonic dystrophy is greater than 90 % accurate
[18]. Genetic confirmation helps to explain many symptoms and clinical issues
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they may have experienced, and allows for better treatment of present symptoms,
and appropriate surveillance for cardiac complications.

21.2 Non-dystrophic Myotonia

21.2.1 Clinical Presentation of the Non-dystrophic Myotonia

Non-dystrophic myotonic disorders are conditions that produce myotonia without
associated with muscle weakness or symptoms other than cramping or pain [19].

21.2.2 Diagnosis of Non-dystrophic Myotonia

The non-dystrophic myotonias are typically diagnosed by the presence of clinical
myotonia and/or electromyogram (EMG) evidence. Depending on patient’s desire
and the clinical suspicion, genetic confirmation may be warranted.

21.2.3 Genetics of Non-dystrophic Myotonia

As many as one-third of cases of non-dystrophic myotonia are caused by mutations
in the ion channel genes, specifically the chloride channel gene, CLCN/, and the
sodium channel gene, SCN4A [20, 21]. Myotonia congenita is associated with
CLCNI; it is referred to as Thomsen myotonia if dominant, and Becker myotonia
if recessive. Paramyotonia, which is myotonia worsening with exercise, is mostly
associated with SCN4A, and rarely CLCNI [22-24]. The role of the chloride
channel is to keep skeletal muscle electrically stable. It works to maintain voluntary
use of muscles by regulating the flow of chloride ions. Ions act as cell signals, and
too much or too little of an ion produces a reaction, such as a muscle contraction. If
the chloride channel is not working properly, the muscle cannot repolarize or relax
efficiently after contraction, leading to stiffening of the muscle. Sometimes cold can
make this process even slower, and people with myotonia often have a “warm-up
effect” in which their muscle responds “normally” when warmed up. Mutations in
the chloride channel gene can also be a modifier gene in myotonic dystrophy type
2 [25].

SCN4A encodes a voltage-gated sodium channel, which can be associated with
paramyotonia or hyperkalemic periodic paralysis. The disruption of the sodium
levels results in changes in potassium levels, which causes weakness or myotonias
depending on the SCN4A mutation. SCN4A-related myotonia is significantly worse
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when muscles are cold. The SCN4A-related conditions are inherited in an autosomal
dominant pattern [26].

21.3 Myotonic Dystrophy Case History

Mr. A was a 37-year-old man with progressive muscle weakness and fatigue. He
presented to his family physician because he felt sluggish and depressed. The
physician ran some routine lab tests that revealed that Mr. A had borderline diabetes
and hypothyroidism. However, the doctor also noted a myotonic grip and
hypophonic voice, and referred him to a neurologist. The neurological exam and
medical history led to a diagnosis of myotonic dystrophy, and he was referred to
cardiology and ophthalmology for evaluations and to genetic counseling for genetic
confirmation of his diagnosis.

The genetic counselor (GC) greeted Mr. A and asked if he understood why he
had been referred. Mr. A replied that he was supposed to have a test to prove that he
had DM. The counselor then explained that there were two different forms of DM,
and that the test was important to differentiate between them in order to guide
prognosis and management. She also explained that it was important information
for Mr. and Mrs. A if they wished to have children, as well as for other family
members. He replied that they wanted children but could not get pregnant. The
counselor told him that male infertility was a possible but not universal symptom of
DM1, and that he might still father a child. The counselor then explained the
genetics of DM1 and 2, and the difference in symptoms between the two. Mr. A
remarked that he had no family history of DM. The counselor said that she would
like to take a more detailed family history. The family history revealed that Mr. A
was an only child. Mr. A’s father was a 65-year-old melanoma survivor and was
generally in good health, as were the extended members of the paternal side. The
paternal grandparents had lived into their 80s and died of liver failure and stroke.
His mother was 63, had no neurological problems, but had a heart condition of some
kind. Mr. A did not know the details. His maternal grandmother had died of breast
cancer in her 60s and the maternal grandfather had died of a heart condition in his
70s. His maternal aunt also had a heart problem and one of her sons had died
suddenly at age 46 of a heart attack. Mr. A remarked that he felt that his greatest risk
was heart disease, not a neurological disease. The genetic counselor explained that
cardiac conditions could be a part of DM, and asked if his mother had ever been
evaluated by a neurologist. He did not know the answer to this question. The GC
suggested that he ask her and ask if she would be willing to have a neurological
evaluation. He said that he would do so. Mr. A completed the paperwork, informed
consent for genetic testing, and set up an appointment to come back with his wife
for results.

A month later Mr. and Mrs. A came for the result session. Mr. A was found to
have an expansion of 234 CTG repeats in the DMPK gene. The genetic counselor
told the couple that this confirmed that Mr. A had DM1. They then talked about his
symptoms, including the infertility, and his prognosis for the future. She reminded
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him of the importance of being followed by an ophthalmologist and cardiologist.
She also discussed the couple’s plans for reproduction and the risk to children. Mrs.
A said that they were thinking about the possibility of sperm donation, but had not
yet decided. They wanted to wait until Mr. A was fully evaluated to better
understand his prognosis. Contraceptive use until his evaluation by a fertility
specialist was recommended.

The GC then returned to his family history, pointing to the cardiac history and
sudden death of his cousin. Mr. A became very concerned about his mother, but
then the concern turned to anger. He asked how she could have had this family
history and never pursued a full work-up. The GC reminded him that without the
neurological symptoms, it was unlikely that a cardiologist would think about DM1.
She acknowledged that he must be feeling some anger that he inherited the gene,
but said that his mother clearly had no way of knowing that she carried it. The GC
explained anticipation and how his mother probably carried a much lower repeat
number. To be balanced, she discussed that it is also possible his father has a low
repeat number—an increased incidence of certain cancers, including melanoma,
has been reported in DM1 [27]. She asked him if he planned to share the informa-
tion with his mother. He said that he probably would. The GC said that it was
actually important information for her and her doctor. Mr. A agreed to discuss it
with her. The GC gave him her card to pass onto his mother.

Later that week, the GC received a call from Mr. A’s mother. She was very
concerned both about her son’s health and about her own genetic status. She was
horrified that she might have “caused his disease.” The GC validated her feelings and
explained that she had no way of knowing that she carried the gene and could not be
held responsible. She asked if the senior Mrs. A would like to make an appointment
for herself to learn more about DM1 and genetic testing. She said that she would.

Mr. A’s mother attended a genetic counseling session and decided to move
forward with her own testing. She said that she would schedule a neurological
evaluation and have testing at that time. The neurological evaluation revealed very
mild weakness, with mild myotonia on EMG. The genetic testing revealed a CTG
expansion of 142. The genetic counselor encouraged Mrs. A to pass this informa-
tion on to her cardiologist and to schedule an ophthalmology exam for cataracts.
They also discussed informing the extended family about the diagnosis. Mrs. A said
that she would do so.

Discussion Questions

¢ In what ways do disorders with anticipation affect patients and families differ-
ently than disorders without anticipation?

* How does counseling about multi-systemic diseases differ from single system
disorders?

» In the above case history, the genetic counselor accepted several family mem-
bers as her patients. How do you prevent conflict of interest and confidentiality
breaches when you see different family members?

* How much reproductive counseling would you do for Mr. and Mrs. A at the
result session?
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Neurocutaneous Syndromes



Chapter 22
Overview of Neurocutaneous Syndromes

Amanda Bergner

The neurocutaneous syndromes are a diverse group of over 100 described disorders
that are unified by involvement of the nervous system and the skin. Other organ
systems, such as the eyes, kidneys, and heart, are often involved. Outside of the
nervous system, common findings include hypo- or hyper-pigmentation of the skin,
cutaneous and/or internal vascular dysplasias, neoplasms (primarily benign, but
sometimes malignant) and overgrowth. Primary neurocutaneous syndromes are
developmental conditions that involve genetic dysregulation. Secondary
neurocutaneous disorders are not developmental in nature, but rather result as a
complication of another condition, often metabolic. The distinction between pri-
mary and secondary neurocutaneous syndromes is important, as both pathogenesis
and prognosis differ.

Diagnosis of primary neurocutaneous syndromes is typically made using a
combination of clinical exam and diagnostic testing. Most primary neurocutaneous
syndromes can be diagnosed based on established clinical criteria and do not
require genetic testing, though genetic testing can sometimes assist with the diag-
nostic process and is often used to inform management of the family. The most
frequent clinical evaluations include neurology, dermatology, and ophthalmology
to obtain the clinical history and examine the most commonly affected body
systems for the presence of characteristic features of each condition. Diagnostic
testing that can assist evaluation includes X-ray, MRI, CT scan, EEG, and blood
and/or urine tests.

Although the majority appear to be sporadic, many primary neurocutaneous
syndromes exhibit Mendelian inheritance patterns. All types of Mendelian
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inheritance patterns have been described among the primary neurocutaneous syn-
dromes, including autosomal dominant (as in neurofibromatosis and tuberous
sclerosis), autosomal recessive (as in ataxia telangiectasia), and X-linked (as in
incontinentia pigmenti) [1]. The most common syndromes based on known inci-
dence are neurofibromatosis (including neurofibromatosis 1, neurofibromatosis
2, and schwannomatosis) and tuberous sclerosis, which will be discussed in this
chapter. As with other conditions addressed in this book, the counseling issues
presented in the context of the conditions reviewed in detail here may be relevant to
many other primary neurocutaneous syndromes.

22.1 Genetic Counseling Issues for Neurocutaneous
Syndromes

Primary neurocutaneous syndromes are developmental, and therefore, present at
birth. However, many symptoms may not appear until later in life. As such, patients
can experience lifelong issues and concerns. When considering the genetic counsel-
ing issues for adults with primary neurocutaneous syndromes, several common
themes recur.

22.1.1 Accuracy of Diagnosis

In many primary neurocutaneous syndromes, features present at birth or in child-
hood may recede, fade, be corrected, or be removed by adulthood, potentially
making a physical exam less than fully informative when assessing for specific
diagnostic criteria. Additionally, medical records from childhood may not be
readily available for review, and adults may not remember the details of their
medical care from childhood. Another concern is that a diagnosis made in child-
hood may no longer be accurate given changes in medical understanding during the
intervening years. Prior to offering genetic counseling for an adult with a primary
neurocutaneous syndrome, it is imperative to confirm the diagnosis by current
standards. A thorough physical exam coupled with a detailed medical history and
review of medical records is often necessary to determine the accuracy of a
diagnosis. In cases in which the current diagnostic criteria cannot be met, but a
particular diagnosis is suspected, genetic counseling should be undertaken with the
caveat that the information provided only applies if the diagnosis is in fact accurate.
In these situations, genetic testing can often assist in confirming a specific
diagnosis.
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22.1.2 Inheritance Pattern and De Novo Mutations

In order to provide accurate genetic counseling, the inheritance pattern of the
condition in question must be known, as primary neurocutaneous syndromes can
be inherited in a variety of ways. Additionally, in the setting of autosomal dominant
conditions, not every affected adult has an affected parent. Each autosomal dom-
inant primary neurocutaneous syndrome has its own rate of de novo mutation. For
instance, while 50 % of adults with neurofibromatosis have an affected parent, only
about a third of adults with tuberous sclerosis do [1, 2].

22.1.3 Mosaicism

Adults with an autosomal dominant primary neurocutaneous syndrome due to a de
novo mutation may have a mosaic form of the condition in question. The original
putative mutation could have been somatic and occurred during the cascade of cell
divisions during pregnancy rather than in the germ cells. Mosaicism can impact the
calculation of reproductive risk for an adult with a primary neurocutaneous syn-
drome who is interested in having children, as the mutation may not be present in
every cell of their body, including their germ cells. The possibility of mosaicism
can also impact the ability to locate a mutation, depending on the tissue type that is
used for testing [3].

22.1.4 Availability of Comprehensive Genetic Testing

The availability of comprehensive genetic testing for primary neurocutaneous
syndromes varies. Many conditions are single-gene disorders for which genetic
testing is available and comprehensive. For example, one gene, NfI, causes
neurofibromatosis 1 (NF1), and approximately 97 % of people meeting clinical
criteria for this condition are found to have a mutation in this gene [3]. Some
conditions are associated with multiple genes, though still have a fairly high rate of
mutation detection when combined. Thus, tuberous sclerosis, which is associated
with TSCI and TSC2, has a combined sensitivity of approximately 85 % for people
meeting clinical criteria for this condition [4]. However, other primary
neurocutaneous syndromes have not yet been fully characterized, such as
schwannomatosis for which the known genes only account for approximately
40-50 % of affected individuals.

Without the availability of comprehensive genetic testing, many aspects of
genetic counseling can be complicated, such as confirming a diagnosis, offering
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reproductive options, and interpreting negative test results. Additionally, it is
important to know the conditions for which one gene test is appropriate versus a
panel of gene tests. One must also know which tissue to send for testing to allow for
the greatest likelihood of mutation detection. Thus, prior to offering genetic testing
to an adult with a primary neurocutaneous syndrome, a complete understanding of
the genes involved, the tests available, the sensitivity of each test, and the appro-
priate tissue to send for testing must be obtained.

22.1.5 Reproductive Decision-Making

Adults with primary neurocutaneous syndromes are often diagnosed prior to having
children themselves, though this is not always the case. Symptoms may be sub-
clinical and diagnosed only when an affected child is born. When working with an
adult with a primary neurocutaneous syndrome, it is important to assess whether
they already have children and whether they are desirous of having children in the
future. Genetic testing and counseling regarding recurrence risk and options for
prenatal testing and interventions are appropriate for this population and frequently
requested. Some adult patients indicate that they have already decided not to have
children of their own, either to prevent passing a syndrome to their children or
because of the uncertainty about their own health and capacities as they age. It is
important to assess the patient’s understanding about the inheritance pattern and
likelihood of passing a syndrome to a child to be certain that the information upon
which these decisions are based is correct and complete.

22.1.6 Stigma and Discrimination

Many adults with primary neurocutaneous syndromes will have symptoms that are
evident to others, including both physical and functional differences. It is common
for people with these disorders to report experiences of stigmatization and discrim-
ination throughout their life, particularly if symptoms occur in routinely exposed
parts of the body, such as the face or hands [5]. In order to provide appropriate
support to maximize current psycho-emotional functioning, it is important to assess
whether stigma or discrimination has been a large part of a patient’s life. It is also
common for these experiences to impact reproduction and medical care decision-
making. Providers with an understanding of this aspect of their patients’ experience
are often better able to form positive partnerships around management choices.
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22.1.7 Recurrent Loss/Progression of Symptoms

Primary neurocutaneous syndromes are often progressive, with symptoms increas-
ing in number and/or severity across the life span. Additionally, medical interven-
tions can themselves introduce further morbidity, as in the loss of hearing upon
surgical removal of a vestibular schwannoma that was impinging on the brain stem
of a patient with neurofibromatosis 2 (NF2). By adulthood, many people with
primary neurocutaneous syndromes have already experienced multiple functional
losses and may have many ahead of them. It is important for providers working with
this population to appreciate the chronicity of loss that might exist for their patients
and to address this directly as part of the management plan. Depression and anxiety
are frequently reported comorbidities with primary neurocutaneous disorders, and
can be related to the current or expected progression of symptoms.

22.1.8 Uncertainty

Uncertainty about possible future symptoms is a reality with these conditions. It is
not possible to predict which symptoms will occur, when they will arise, or how
much of an impact they will have. This uncertainty can challenge both emotional
and psychological well-being. Directly addressing the uncertainty can be beneficial
to the patient by identifying ways in which they may manage this aspect of their
condition most successfully.

22.2 Family History Questions Pertinent to Primary
Neurocutaneous Syndromes

Targeted questions about family history can help determine if a condition is
hereditary and assist with diagnosis. A three generation pedigree should always
be obtained and include documentation of any medical condition, particularly those
impacting the neurologic, dermatologic, and ophthalmologic systems. When taking
a pedigree, questions that are relevant to the specific diagnosis under consideration
should be asked. Some examples are listed below:

» Does anyone have spots on their skin that are either darker or lighter than the rest
of their body?

» Does anyone have cancer or tumors?

« Has anyone had a growth/mass removed?

* Does anyone have lumps or bumps under their skin that do not go away?

» Does anyone have trouble hearing or have ringing in their ears?

¢ Does anyone have trouble seeing or any other eye problems?
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Does anyone have seizures?

Does anyone have a heart defect or an arrhythmia?

Did anyone have bone problems at birth or as a young child?

Does anyone have kidney problems, including diabetes?

Does anyone have trouble walking?

Does anyone have hypertension, stroke, or other vascular problems?
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Chapter 23
Neurofibromatosis

Amanda Bergner

Neurofibromatosis 1 (NF1) is the most common inherited neurologic disease, with
an estimated incidence of 1/3,300 and approximately 100,000 affected individuals
in the USA [1]. NF1 is an autosomal dominant genetic condition that results from
mutations in the NfI gene. Mutations in this gene appear to be fully penetrant, such
that any person with an underlying NfI mutation will exhibit symptoms of NF1.
About 50 % of people with NF1 have inherited an NfI/ mutation from one of their
parents; the other 50 % have a de novo Nfl mutation. Symptoms of NF1 can vary
widely within and between families, indicating the likely role of modifier genes in
this disease process, though none have yet been identified [2]. NF1 is thought to be
pan-ethnic without gender bias. Highly specific and sensitive clinical criteria exist
which are the basis for the majority of diagnoses, though genetic testing is available
and can be of assistance in cases involving individuals who do not yet meet clinical
criteria.

23.1 Clinical Presentation

(NF video clip Part 1)

Electronic supplementary material Supplementary material is available in the online version of
this chapter at 10.1007/978-1-4899-7482-2_23. Videos can also be accessed at http://www.
springerimages.com/videos/978-1-4899-7481-5.

A. Bergner (24)
Department of Neurology, Johns Hopkins University School of Medicine, 600 North Wolfe
Street, Phipps 117, Baltimore, MD 21287, USA

McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins University School of
Medicine, 600 North Wolfe Street, Phipps 117, Baltimore, MD 21287, USA
e-mail: abergnel@jhmi.edu

© Springer Science+Business Media New York 2015 279
J.S. Goldman (ed.), Genetic Counseling for Adult Neurogenetic Disease,
DOI 10.1007/978-1-4899-7482-2_23


http://dx.doi.org/10.3174/ajnr.A3534
http://www.springerimages.com/videos/978-1-4899-7481-5
http://www.springerimages.com/videos/978-1-4899-7481-5
mailto:abergne1@jhmi.edu

280 A. Bergner

NF1 is a congenital condition, though symptoms may not be present at birth. If
evaluated by an NF specialist, the vast majority of children born with NF1 meet
clinical criteria by the age of 9. Individuals may ultimately be diagnosed with NF1
after being referred to a specialist due to the presence of one or more signs known to
be associated with NF1. Clinical criteria are well-established and dictate that an
individual has NF1 if they exhibit at least two of the following [3]:

¢ Six or more cafe-au-lait spots (>5 mm prior to puberty and >15 mm after
puberty)

¢ Two or more neurofibromas, or one plexiform neurofibroma

e Optic pathway glioma

¢ Typical bony abnormality (i.e., pseudoarthrosis, sphenoid dysplasia)

* Axillary or inguinal freckling

* Two or more Lisch nodules

¢ First-degree family relative with NF1

Cafe-au-lait spots, Lisch nodules, and skin fold freckling in the axillary and
inguinal regions of the body are the most common first symptoms in childhood, and
are present for the majority of people who have NF1. During puberty, most
individuals begin to develop cutaneous neurofibromas. These lesions are uniformly
benign, but can contribute to significant morbidity depending on their location and
number. About half of people with NF1 are thought to have at least one plexiform
neurofibroma. These tumors begin as benign lesions, but are associated with a
lifetime risk of approximately 10-12 % for malignant conversion. Plexiform
neurofibromas can also exert significant mass effect and lead to neurologic dys-
function [3]. They are distinguished from cutaneous neurofibromas by both their
location (plexiform tumors tend to involve more than the dermal tissue of the body)
and their constitution. They are thought to arise in utero, but may not initially be
apparent.

A small percentage of individuals with NF1 will have pathognomonic bony
lesions at birth, such as tibial bowing, pseudoarthrosis, or sphenoid wing dysplasia
[2]. Other complications of NF1 typically present later in life, including an
increased risk for vascular complications (hypertension, stroke, renal artery steno-
sis, AV malformations), breast cancer (in women), pheochromocytoma, gastroin-
testinal malfunction and GIST, and renal malignancies. The median life expectancy
is about 8 years shorter than the general population, likely due to malignancy and
vasculopathy [2].

NF1 is a progressive condition and symptoms will typically increase in number,
size, and/or severity with age. Therefore, the disease burden of NF1 in adults, and
the need for more frequent and varied medical appointments, is often higher than in
childhood. NF1 can be highly variable both within and between families. Affected
individuals can have any combination of associated symptoms, and there are no
means by which to prognosticate symptom development or progression, which is
often frustrating to affected individuals and their families [2]. This variability is
particularly important when working with adults involved in reproductive decision-
making, as prenatal testing can indicate whether a baby has inherited an NfI
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mutation, but does not provide a means to know how the disease course will unfold
for this child. This uncertainty is often troubling to potential parents and is the basis
for choices to intervene in pregnancies or pursue other reproductive options.

Pain and neurologic disability can become paramount concerns for some adult
patients with NF1. As neurofibromas grow within the nerve sheaths of the body,
tumors can impact normal nerve function by means of mass effect or nerve
compression. Depending upon the location of the tumor(s) within the central and
peripheral nervous system, some patients experience difficulty with mobility, bowel
and/or bladder function, and sexual function. Though not typical, chronic pain
syndromes can occur for some patients [3].

Adults living with NF1 are often isolated and can have difficulty accessing the
support and services that they need to best manage their medical and emotional
concerns. Stigma from visible lesions is reported frequently and can impact
relationships [4]. Communities in which people have a chance to meet others living
with NF1, whether virtual or in person, are of great assistance. Care providers
should stress the importance of maintaining a good quality of life and receiving
appropriate support, as well as providing resources as appropriate.

Adults with NF1 may also face feelings of guilt and shame as they consider
starting a family of their own and grapple with the inherited nature of their
condition and concomitant 50 % chance of passing NF1 on to each child. Addi-
tionally, some women with NF1 report a noticeable increase in their symptoms
during pregnancy, particularly in the number and size of cutaneous neurofibromas
and cafe-au-lait spots [2]. This can be a significant factor in reproductive decision-
making. Women with NF1 who are pregnant are not considered to be at high risk
unless they have uncontrolled hypertension or known tumors located within the
reproductive system.

23.2 Diagnosis

Most people are diagnosed with NF1 by clinical evaluation. A skin exam completed
by a specialist well-acquainted with features of NF1 and a thorough ophthalmologic
exam will be sufficient for diagnosis in most cases. Genetic testing can be used to
supplement the clinical evaluation for cases in which diagnostic criteria are not
entirely met. MRI and other imaging are not routinely conducted for diagnostic
purposes, though images that exist for other purposes may be reviewed at the time
of evaluation. Segmental or regional NF1 is diagnosed in individuals who have
symptoms of NF1 confined to one region of the body and whose parents are
unaffected by NF1. Segmental NF1 is caused by somatic, rather than germline,
NfI mutations [2].
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23.2.1 Distinguishing NF1 from NF2 and Schwannomatosis

Two disorders related to NF1 are neurofibromatosis 2 (NF2) and schwannomatosis.
It is important to distinguish between NF1, NF2, and schwannomatosis, as there are
different management strategies and counseling issues for each [3].

NF2 is characterized by multiple benign nervous system tumors, primarily
schwannomas, meningiomas, and ependymomas, none of which are seen as part
of NF1. People with NF2 can also have juvenile cataracts. The hallmark of NF2 is
bilateral vestibular schwannomas, which can cause progressive hearing loss and
often lead to deafness in the third or fourth decade. Very little overlap exists
between NF1 and NF2. Occasionally, people with NF2 can have cafe-au-lait
spots or cutaneous neurofibromas, but tend to have many fewer in number than
people with NF1 [1]. The average age of onset of symptoms for NF2 is between
18 and 24 years of age, while people with NF1 tend to show symptoms in the first
decade of life. The gold standard for diagnosis of NF2 is a high-resolution brain
MRI with thin cuts through the internal auditory canals. If this study shows no
evidence of vestibular tumors by the age of 30, the person is unlikely to have NF2
[5]. Molecular testing can also be helpful when distinguishing NF1 from NF2.

Schwannomatosis causes growth of multiple benign schwannomas, which are
not part of NF1. In fact, there is no known clinical overlap between NF1 and
schwannomatosis. As both NF2 and schwannomatosis can present with multiple
schwannomas, the distinction between these two diseases is more challenging. The
primary difference between schwannomatosis and NF2 is that people with
schwannomatosis do not develop vestibular schwannomas. The schwannomatosis
phenotype may not yet be fully appreciated because it is a rare disease and only
recently described. A clinical exam by an NF expert, MRI review, and pathology
reports from any removed lesions are often typically sufficient for accurate diag-
nosis. Molecular testing can be helpful, but not always conclusive, as the two genes
that have been associated with schwannomatosis thus far do not explain all diag-
nosed cases [5, 6].

23.3 Treatment

Treatment for NF1 remains symptomatic. Surgery is the mainstay for addressing
symptomatic tumors, though in many instances surgically-induced nerve damage
results in a poor outcome. For this reason, any adult NF1 patient with a symptom-
atic tumor should be seen by an NF specialist prior to pursuing surgery. Plastic
surgery can be pursued to remove cutaneous neurofibromas and minimize the
resultant scarring [3]. Medications can address hypertension and pain. Mind-body
therapies, such as acupuncture and biofeedback, can assist with pain management,
as well. No known compounds or medications can prevent the symptoms of NF1.
Clinical trials for adults are focused primarily on treating aggressive tumors that
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either have undergone malignant conversion or are not amenable to surgery
[3]. Access to support groups or other communities of people living with NF1
can assist with feelings of isolation and stigma, thereby potentially reducing risk
factors for depression and anxiety.

23.4 Genetics

(NF video clip Part 2)

NF1 is caused by mutations in the NfI gene at 17q11.2. Approximately 97 % of
people meeting the clinical criteria for NF1 will be found to have a mutation within
this gene. It is thought that the remaining individuals might either have a low level
of mosaicism for an Nf/ mutation or may have a mutation in a control region for this
gene that is not found at this locus [2]. Alternatively, a number of individuals with
cafe-au-lait spots and skin fold freckling have been found to have mutations in a
different gene called SPRED . This constellation of features is referred to as Legius
syndrome and can appear to mimic NF1 [7]. However, individuals with Legius
syndrome do not appear to be at risk for developing neurofibromas or other tumors
within the NF1 spectrum, which is important both for individual prognosis and for
reproductive decision-making [7]. SPRED] testing is often performed as a reflex
test following negative genetic testing for NF1.

Over 500 mutations have been described within the NfI gene, including
in-frame, frameshift, and truncating mutations, as well as small and large deletions.
Mutations in NfI are thought to be 100 % penetrant by adulthood [8]. Only a few
genotype/phenotype correlations exist at this time:

1. Whole gene deletions/NF1 microdeletion: Deletion of the whole NfI gene is
associated with a large number and early appearance of dermal neurofibromas,
somatic overgrowth, and more severe intellectual impairment than usual [9].

2. A 3 base pair in-frame deletion of exon 17 (c.2970-2972 delAAT) results in
typical pigment abnormalities but no cutaneous or superficial plexiform
neurofibromas [10].

3. NF1 microduplication results in a lack of NF1 features but possible seizures and
intellectual disabilities [11].

The variability of NF1 is probably due to a combination of genetic and
non-genetic factors, making genotype/phenotype correlation difficult.

23.5 Genetic Counseling Issues

While genetic testing for NF1 can be of assistance in some cases, it lacks consistent
clinical utility. Identification of a mutation within the NfI gene can help to confirm
a diagnosis of NF1 and provide information to test other family members, but does
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not impact management or prognostication of symptoms. Additionally, there are no
identified interventions at this time that can prevent or decrease the symptoms of
NF1. As symptoms of NFI tend to occur early in life, issues surrounding
presymptomatic testing typically do not arise and clinical evaluation is often
sufficient for diagnosis [3].

Genetic testing is important for adults who are considering starting a family and
might want to pursue either preimplantation genetic diagnosis (PGD) for NF1 or
prenatal testing once a pregnancy is achieved. Both of these options require an
individual to have a known mutation within the NfI gene. PGD has not been widely
used in the NF1 community, and most couples that choose to undergo prenatal
testing are doing so in order to be prepared. As NF1 can be widely variable within a
family, understanding that a baby has inherited the mutation from a parent does not
allow for prediction of clinical course. Thus, prospective parents may not take the
risk of invasive prenatal testing.

23.6 Neurofibromatosis 1 Case History

W.Y. is a 32-year-old man who was diagnosed with NF1 in childhood based on
multiple cafe-au-lait spots and bilateral axillary freckling. In puberty, he began to
develop cutaneous neurofibromas on his chest, back, and arms. He had some
difficulty in school, and required support in several of his subjects in junior high
and high school. He is not married and has no children. He is a warehouse manager
and has recently noticed significant pain in his left leg at work causing him to have
difficulty completing various aspects of his job. MRI revealed a large plexiform
neurofibroma growing along the sciatic nerve. The neurologist discussed medical
and nonmedical pain management options, as well as the potential need to adjust
some of his daily activities. W.Y. told the neurologist that he had some questions
about NF1 and was referred for genetic counseling. He presents with his mother.

The counseling session begins by asking W.Y. to explain the reason for referral.
He indicates that he wants to learn more about NF1 and how it might affect him. He
states that as a child, he had never thought much about it, but by adolescence was
bothered by the appearance of the cutaneous neurofibromas, especially those that
were noticeable to others. He says that he learned to live with that aspect of NF1,
but now he is hearing that he might have to reduce or change his work. He wants to
know what else might happen to him in the coming years. He becomes noticeably
anxious as he says this. His mother adds that she has always wondered why he has
NF1, since neither she nor his dad have symptoms, and there is no other family
history of this condition. She muses about whether it had to do with her being sick
and using antibiotics while she was pregnant with W.Y.

The genetic counselor acknowledges how scary it is to consider losing a mean-
ingful portion of one’s life and to hear that symptom progression might cause the
future loss of other abilities. She also validates that it is normal for W.Y.’s mother to
wonder what caused NF1 in her son and to blame herself. She explains that she
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would like to ask some family history questions to understand more about the origin
of NF in their family.

As they talk, the counselor notes that there are no other people in the family who
have symptoms consistent with NF1. She indicates to W.Y. that this is fairly
common, as half of the adults with NF1 are the first person in their family to be
affected. The counselor then discusses the genetics of NF1 and uses the family
history to normalize W.Y.’s situation.

The counselor asks if W.Y. has ever had genetic testing to locate his NfI
mutation. He shakes his head no, so she offers to coordinate testing. W.Y. asks
whether it would make any difference to his diagnosis or treatment, and the
counselor tells him that testing would confirm the diagnosis, but not change
treatment. The discovery of a mutation would provide information for W.Y ., should
he choose to have children of his own in the future and want to pursue preimplan-
tation genetic diagnosis (PGD) or prenatal testing. W.Y.’s mother seems interested
and asks if she could have testing as well. The counselor inquires about her
motivation. She replies that it would help “clear her mind” by verifying that she
did not contribute to her son having NF1. The counselor agrees that it would be
desirable to be able to let go of the self-blame, and reviews that there are no known
links between behavior, diet, or medications taken during pregnancy and the
development of NF. W.Y.’s mother says that she knows this, but still wants to
consider testing. W.Y. says that he doesn’t care about testing, but will go ahead if
his mom wants him to and if it would be beneficial if he ever wants to have kids.

The counselor inquires about whether W.Y. is involved in a relationship and
whether his partner has any knowledge of NF1. W.Y. says that he is not seeing
anyone, and comments that he sometimes thinks it might be better for him to stay
single and not have children. When the counselor invites him to say more about this,
he shares that dating has been hard for him because of his appearance and his
feeling that women often judge him or aren’t attracted to him because of this, and
that he isn’t sure how or when to talk with potential partners about the genetic
nature of NF1. W.Y.’s mother seems suddenly upset, and interjects that his tumors
shouldn’t matter because they don’t change who he is as a person. She also states
that the “right” woman will be fine with all of it. W.Y. rolls his eyes. The counselor
asks whether this is a subject that they have discussed before. They both say that it
is. The counselor then asks what their experiences have been around these conver-
sations. W.Y. talks about how his mother wants everything to be okay and so
always responds to these concerns by saying that he will find someone who will
love him for who he is and not care about the disease. W.Y. goes on to say that he
worries about it, sees people look at him differently, and has lived through hearing
derogatory comments. He ends by saying, “She doesn’t understand because she
doesn’t have NF1.” W.Y.’s mother appears frustrated and says that, of course, she
doesn’t know exactly what it is like to live with NF1, but she does know her son’s
many wonderful attributes, and it hurts her to think that people wouldn’t take the
time to see these because of bumps on his skin.

The counselor comments that everything they have shared with her is very
typical, and that W.Y. and his mother are both expressing valid and important
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perspectives. She encourages them to listen to each other and try to understand each
other’s viewpoint. She asks whether he is connected with any other adults with
NF1, and if he is aware of the group that gathers monthly at a local restaurant to talk
about living with NF1. She also spends a few minutes brainstorming with
W.Y. about how and when it might feel right to him to bring up his diagnosis
with a potential partner. By the end of the conversation W.Y. seems more confident
that he will know when the situation presents itself.

The genetic counselor asks W.Y. if he is ready to go ahead with testing, and he
indicates that he is. She gathers the necessary insurance information and proceeds
with an informed consent discussion for NF1 genetic testing. Testing is sent and a
follow-up appointment is made for return of results.

Discussion Questions

* How does having both the adult client and his mother present impact the
counseling session?

¢ How important is it to spend time in the session addressing the mother’s views
on why her son has NF1?

¢ Given that the client’s diagnosis is not in question and he is not considering
children of his own right now, should the counselor challenge the client to
further consider his decision to pursue genetic testing that has no current clinical
utility?

 Is the balance between providing information and providing supportive counsel-
ing appropriate in this session? Why or why not?

W.Y. does not return to clinic for his scheduled appointment. The genetic
counselor had reviewed results in advance of the appointment and is aware that a
mutation in the NF1 gene was found. She phones W.Y. to reschedule and leaves a
message. She does not hear back for a week, so she tries again and leaves another
message. After another week passes with no contact, the counselor becomes
concerned and phones the neurologist who had initially referred W.Y. to her. The
neurologist indicates that W.Y. had called about 4 weeks ago due to increasing pain
in his leg. He ordered a PET scan and a needle biopsy of the plexiform neurofi-
broma in W.Y.’s left leg, and he was ultimately diagnosed with a malignant
peripheral nerve sheath tumor (MPNST). W.Y. was referred to oncology and is
about to start a course of radiation therapy followed by surgical resection, though
the neurosurgeon feels that an amputation of his leg would be the best hope for a
cure. The counselor thanks the neurologist for the update and indicates that she has
genetic test results for W.Y. The neurologist asks if the result could impact the
treatment recommendations, and the counselor says no. She indicates that she will
call W.Y. once more the following week and if she does not reach him, she will mail
the neurologist a letter with his test results.

The counselor phones W.Y. the following week and this time reaches him. She
indicates that the neurologist has informed her about his laboratory results. The
counselor asks how this news is affecting him emotionally, and he says that he is
scared of what might happen and doesn’t want to lose his leg. The counselor says



23 Neurofibromatosis 287

that she can understand his reactions to this news. She goes on to ask about his
mother and how she is doing with the information. W.Y. states that she is really
positive and keeps telling him that he will be okay, but that he knows she is upset
and scared too. The counselor inquires about his other support. He has shared this
information with friends and the guys at his workplace. He says that they are a
second family and have been really supportive. They are planning a fundraiser to
help cover his out-of-pocket medical expenses. The counselor indicates that,
although this is an unexpected complication and the unknown can be scary,
W.Y. is doing a good job accessing his social support system, which will likely
be valuable to him during his treatment. She also offers to talk to him at any time.
He thanks her.

As the conversation is drawing to a close, the counselor states that she has
received genetic testing results, and asks W.Y. if he would like to receive them now.
He says he’s not sure and that maybe he can call her in the upcoming months so that
they can talk about it then. The counselor agrees, and they end the call.

Discussion Questions

¢ How does a genetic counselor determine the urgency of communicating genetic
test results to a patient? How would it differ in situations in which the result
might impact clinical management?

» How does an unexpected intervening event, such as a cancer diagnosis, impact
the process of returning genetic testing results to a patient?

*  When and how should a genetic counselor recontact a patient in a situation such
as this?

23.7 Resources for Patients

Children’s Tumor Foundation: www.ctf.org
NF Network: www.nfnetwork.org
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Chapter 24
Tuberous Sclerosis

Amanda Bergner

Tuberous sclerosis complex (TSC) is the second most common primary
neurocutaneous syndrome, with an estimated incidence as high as 1/5,800 and
approximately 50,000 affected individuals in the USA. TSC is an autosomal
dominant genetic condition that is expressed in individuals harboring a mutation
in either the TSCI or TSC2 gene, found at 9q34.13 and 16p13.3, respectively
[1]. About 15 % of people who meet the clinical criteria for TSC do not have a
mutation in either 7SC/ or TSC2, indicating further genetic heterogeneity. TSC is
thought to be fully penetrant with variable expressivity both within and between
families, likely due to modifying genes and microenvironmental factors. Approx-
imately two-thirds of people with TSC have de novo mutations, while the remaining
one-third have inherited a mutation from a parent [2]. TSC is pan-ethnic and affects
men and women equally, though women tend to have milder disease than men
[2]. The majority of diagnoses are based on highly specific and sensitive clinical
criteria. As the diagnostic criteria have become more specific over the past several
decades, and clinicians are better acquainted with TSC features, the incidence
estimates have increased due to the detection of many previously undiagnosed
individuals with milder features. Genetic testing can assist diagnosis in cases
involving individuals who do not yet meet clinical criteria.
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24.1 Clinical Presentation

TSC is a progressive condition in which symptoms typically worsen with age and
affected individuals can have any combination of associated symptoms, making it
difficult to predict disease course for an individual. However, TSC2 mutations
typically cause more severe symptoms than 7SC/ mutations [2]. Additionally a
higher number of cortical tubers are generally correlated with a higher level of
cognitive impairment and a greater seizure burden [3].

The diagnostic features of TSC primarily involve the skin (i.e., ash leaf spots, facial
angiofibromas, Shagreen patches, ungual/periungual fibromas), the kidneys (i.e., renal
cysts, renal angiomyolipoma), the lungs (i.e., lymphangioleiomyomatosis), the heart
(i.e., cardiac rhabdomyoma), and the brain (i.e., cortical tubers, subependymal giant
cell astrocytomas, subependymal nodules) [4]. There can also be retinal lesions
including hamartomas and achromic patches; though these findings are common for
people with TSC, they are typically asymptomatic [4]. Even when symptoms are not
present at birth, TSC is considered a congenital condition. In childhood, the two most
common presentations of TSC are seizures/infantile spasms and autism with devel-
opmental delay [1]. Occasionally, children may be diagnosed because of renal or
cardiac dysfunction. Once children come to medical attention and a full evaluation is
undertaken, most are found to have hypomelanotic macules and brain lesions consis-
tent with TSC. As children age, they can acquire additional cutaneous manifestations,
such as facial angiofibromas and forehead plaques. The facial angiofibromas of TSC
are the most disfiguring and can lead to social-emotional concerns, but none of the skin
lesions of TSC cause medical complications.

Certain brain lesions can progress over time, causing further medical complica-
tions. Seizures can begin at any age and continue throughout life. When individuals
are diagnosed prior to the onset of seizures, families may experience a great deal of
anxiety as they “wait” for this particular and frequent feature to present. Most
individuals require multiple antiepileptic drugs for treatment; seizures associated
with TSC are often medically intractable [4]. Status epilepticus is a major cause of
premature death.

Some individuals with TSC have cardiac rhabdomyomas, which develop in
utero and begin to regress after birth. In a minority of cases, these growths can
cause arrhythmias or infant sudden cardiac death. Dependent on the size and
location of the rhabdomyoma, tumor resection may be considered [1]. Otherwise,
these masses are asymptomatic and require no treatment.

Kidney complications continue to progress throughout the lifespan, and kidney
failure and hemorrhages are the second most common causes of premature death for
people with TSC.

Lung features can become evident in the third and fourth decades of life, and
almost exclusively affect women; estrogen has been identified as a possible source
of proliferation of particular cells in the lung [5]. Lymphangioleiomyomatosis
(LAM) is a progressively degenerative pulmonary disorder that causes reduced
lung capacity, thus limiting daily activities. Some people progress to respiratory
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failure and death, and currently no treatment other than lung transplantation exists
[1]. Bronchopneumonia is another major cause of premature death for people
with TSC.

Psychiatric manifestations of TSC in childhood are primarily autism and devel-
opmental delay; some children exhibit signs of hyperactivity or attention-deficit
hyperactivity disorder (ADHD). A significant proportion of these individuals will
go on to be diagnosed with mental retardation; very few adults with TSC are
cognitively intact [1]. Adults with TSC have a higher rate of depression, aggression,
schizophrenia, and bipolar disease than the general population [4].

Most adults with TSC do not function independently. They may live in special-
ized group homes or require ongoing support from family, and can benefit from
employment and vocational rehabilitation services. Incarceration is not uncommon
for adults with TSC due to aggressive or violent behaviors that are frequent
psychiatric manifestations of their condition. Some adults with TSC have a milder
presentation with less cognitive and psychiatric burden [4]. Adults living with TSC
are often isolated and can, therefore, have difficulty accessing the support and
services that they need to best manage their medical concerns. Virtual or
in-person TSC support communities can be beneficial. The medical team should
address how to maintain a good quality of life and access appropriate support, and
provide resources as needed [4].

Given the frequency of significant medical problems, many adults with TSC do
not have children. Those who do may face feelings of guilt, shame, and fear as they
grapple with the inherited nature of their condition. Many couples consider preim-
plantation genetic diagnosis (PGD) and/or prenatal testing, as symptoms of TSC
cannot be predicted and are known to vary within a family. Therefore, an affected
adult cannot presume that their child will have similar symptoms. In fact, a child
who inherits TSC from a parent has a fairly high likelihood to develop at least one
significant medical problem, such as seizures or kidney disease. Depending on their
symptoms and medication, women with TSC who are pregnant may be managed as
high risk, particularly those with seizures. The balance between maintaining seizure
control and limiting the risk of birth defects in the unborn child due to the known
teratogenicity of multiple antiepileptic medications can be challenging [1].

24.2 Diagnosis

TSC diagnosis is made by clinical evaluation, and the classification of definite,
probable, or possible TSC is based on the features detected at the time of evaluation
[4]. In most cases, a skin exam completed by a specialist well acquainted with
features of TSC, an ophthalmologic exam, and kidney and brain imaging are
sufficient for diagnosis. Genetic testing can supplement the clinical evaluation for
cases in which diagnostic criteria for definite TSC are not met. Individuals with
TSC may not receive a definitive diagnosis for many years; delayed diagnosis can
complicate adjustment to the disorder and lead to increased anxiety in individuals
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and families as they wait for other potential symptoms to develop. Surveillance is
continued during this time, and anxiety should be addressed and treated.

24.3 Treatment and Management

Treatment for TSC remains symptomatic. Brain tumors may require surgical
resection. Renal ultrasounds are used for surveillance to detect masses or cysts,
which, if over a certain diameter, are resected to reduce the risk of hemorrhage and
renal failure. Poly-drug anticonvulsant therapy is standard for patients with sei-
zures, and epilepsy surgery may be considered for individuals whose seizures
remain resistant to medication [4]. Oopherectomy can be considered for women
with LAM to reduce the exposure to estrogen; oxygen supplementation and lung
transplantation are other possible treatments [1]. Multiple research protocols using
chemotherapies and anti-angiogenesis factors, such as mTOR inhibitors, are
currently underway and will hopefully lead to other treatment options for patients.

24.4 Genetics

Two genes have been implicated in TSC: TSCI and TSC2. Approximately 85 % of
people with definite TSC will harbor a mutation in one of these two genes. About
31 % have a mutation in TSCI and 69 % have a mutation in TSC2 [5]. TSCI
mutations are primarily small deletions, insertions, and nonsense mutations, while
TSC2 mutations include large deletions or rearrangements [4]. Genetic testing
should be pursued by first sequencing both genes and, if negative, following up
with deletion/duplication analysis of both genes.

Some individuals who receive negative genetic testing results may actually have
a low level of mosaicism for a mutation in one of the two genes; empiric data based
on multiple studies estimates the frequency of somatic mosaicism to be about 1 %
of all people with TSC [2]. Alternatively, individuals with negative testing for the
two known genes may have a mutation in a gene that has not yet been described.
Some individuals have a deletion that encompasses both the TSC2 locus and the
adjacent PKD] locus, which has been implicated in autosomal dominant polycystic
kidney disease (ADPKD). Individuals with this molecular finding will have features
of both TSC and ADPKD [1].

TSC is thought to be 100 % penetrant by adulthood. Several genotype/phenotype
correlations exist at this time. However, the variability of TSC is likely due to a
combination of genetic and stochastic factors, making genotype/phenotype corre-
lation difficult. The following correlations are known:
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e TSC2 mutations generally produce a more severe phenotype than 7SC/ muta-
tions, including increased likelihood of renal malignancy, intellectual disability,
autistic disorder, and infantile spasms [1].

*  Women with mutations in the carboxy terminus of the 7SC2 gene are more likely
to develop LAM, or to have more significant symptoms of LAM [6].

¢ Renal cysts occur more frequently with TSC/ mutations, small 7SC2 mutations,
and large deletions/rearrangements of the contiguous genes 7SC2 and PKD].

24.5 Genetic Counseling Issues

Genetic testing for TSC can provide information for families, but lacks consistent
clinical utility. As with most genetic testing, an affected individual is generally
tested first in order to have the best opportunity to locate the mutation in that family.
Identification of a mutation within the TSC/ or TSC2 gene can help to confirm a
diagnosis of TSC. However, determining the specific mutation does not impact
management choices or prediction of symptoms, other than the likelihood that
manifestations of TSC due to mutations in 7.SC2 will be more severe. Additionally,
no interventions exist at this time to prevent or decrease the symptoms of TSC. As
symptoms of TSC tend to have an early onset, issues surrounding presymptomatic
testing do not frequently arise and clinical evaluation is often sufficient for
diagnosis.

Genetic testing is important for adults who are considering starting a family of
their own and might want to pursue either PGD or prenatal testing. Both of these
options require knowledge of the individual’s specific mutation. As TSC can be
variable within a family, understanding that a baby has inherited the mutation from
a parent does not allow for prediction of clinical course. Thus, prospective parents
may not risk invasive prenatal testing unless they are considering pregnancy
termination.

If there is an affected parent, recurrence risk of TSC is 50 %. If a child is
diagnosed and thought to be the first person in the family with TSC, both parents
should undergo a comprehensive skin exam, retinal exam, kidney imaging, and
brain imaging to assess for a mild phenotype that has not yet been diagnosed [4]. If
molecular testing in the child reveals a mutation, parents should undergo genetic
testing. If neither parent is found to be affected or carry a TSC/ or TSC2 mutation,
the recurrence risk for a future pregnancy is about 5 %, which represents the
estimated rate of germline mosaicism in this population [7].

When coordinating genetic testing for TSC, it is important to understand the
relative frequency of mutations in each of the two implicated genes, as well as the
most appropriate methods by which to undertake molecular analysis. Additionally
when interpreting a negative test result, the possibility of somatic mosaicism should
be recognized [4].
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24.6 Case History (Fig. 24.1)

K.Y. is a 21-year-old woman who has a family history of TSC. Her older brother
was diagnosed as a child and followed by the local neurologist for seizures.
K.Y. has recently become engaged and has questions regarding her risk of having
a child with TSC, so the local neurologist referred her for genetic counseling. She
presents for her genetic counseling appointment with her fiancé.

The genetic counselor opens the appointment by asking K.Y. to describe her
reasons for coming. K.Y. indicates that her brother is 25 years old and has had
seizures since he was about 8. He takes medication, but sometimes still has seizures.
When she was about 15 years old, her mother told her that her brother had TSC.
Since her engagement, she has become concerned about transmitting TSC to future
children and wants more information.

The counselor asks K.Y. what it was like growing up watching her brother
manage the symptoms of TSC. K.Y. recalls that his condition was a big part of
her childhood, and it often scared her to see her brother have a seizure. She
frequently attended her brother’s medical appointments and recalls that she secretly
wondered if he was going to die. As he got older, she noticed some growths on his
face and wasn’t sure if she could “catch” whatever it was that he had. Later when
she was told that her brother’s symptoms were due to TSC, she went online to learn
more, and discovered that TSC is genetic. This information has caused her to worry
that she might have a child with TSC. The counselor says that it can be very scary to
have a sibling with a chronic medical condition, and that K.Y.’s emotional expe-
rience is typical. She also affirms that it is reasonable to wonder about her own risk
of having a child with TSC.

The counselor asks K.Y. how her brother is doing now. K.Y. indicates that he
had some learning and behavior difficulties in school, so he never finished high
school. He still has seizures occasionally, and has recently become more
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Fig. 24.1 TSC case history pedigree
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aggressive. He was living at home until last month when his mother chose to move
him into a specialized group home because she could no longer manage his
challenging behavior. Though the house is calmer and she feels safer, K.Y. says
that she and her mother are both sad and miss him. The counselor listens and reflects
back that, although this transition is hard right now, it seems that K.Y. has been able
to identify some positive aspects of the change as well.

The counselor suggests that they start by reviewing K.Y.’s family history.
K.Y. has another brother who is 28 and in good health. Her mother has hypothy-
roidism, but no other medical concerns. Her father died when she was a baby, and
her mother and stepfather raised her. She has several stepsiblings who are all well.
K.Y. indicates that she has had migraines since she was a teenager and was recently
diagnosed with asthma, but has no other medical concerns. There is no other family
history related to TSC. When asked about the cause of her father’s death,
K.Y. indicates that she isn’t sure, but thinks it had something to do with his
stomach. The counselor asks K.Y. if her brother or her family has done any genetic
testing for TSC. K.Y. isn’t sure, but says she can ask her mother.

The counselor reviews the family history with K.Y, indicating that it is possible
that her brother is the first person in her family to have TSC, which is the case for
about 2/3 of people who have this diagnosis. She also discusses that, without
knowing more about K.Y.’s father and his cause of death, she cannot exclude the
possibility that K.Y.’s father also had TSC. She then states that understanding
which of these possibilities is most likely will influence the calculation of her
recurrence risk. If her father had TSC, K.Y. would be at a 50 % chance of having
inherited a gene mutation from him. If he did not have TSC, she would have a 5 %
chance. Her lack of seizures, learning problems, or other major medical concerns is
a good sign, but she will likely need further evaluations to determine whether she
has a mild form of TSC.

The counselor then reviews the genes involved with TSC and the process of
genetic testing. She indicates that K.Y.’s brother should be tested first, and then, if a
mutation is identified, K.Y. can pursue testing. K.Y. agrees to ask her mother about
whether her brother has had genetic testing and about her father’s health and the
cause of his death. She will also gather any relevant medical records that she can for
review. A follow-up appointment is scheduled for the following month.

K.Y. presents 1 month later for follow-up. The counselor summarizes the prior
appointment and asks whether K.Y. was able to locate any further information.
K.Y. indicates that her mother does not think they have done any genetic testing for
her brother. She then presents her father’s medical records, including a hospitali-
zation note. The hospital report indicates that her father had multiple renal cysts and
lists his cause of death as renal hemorrhage. The counselor says that in light of these
records, it is more likely that her father had TSC, and, therefore, a higher chance
that K.Y. herself could have inherited a gene mutation from him.

The counselor inquires whether K.Y. thinks that her brother could undergo
genetic testing. She says that their local neurologist sees him regularly and perhaps
could coordinate this at his next visit. The counselor provides K.Y. with written
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information for the neurologist about testing and K.Y. agrees to follow up with the
counselor again once her brother’s genetic testing has been completed.

Discussion Questions

* How can the experience of growing up with a sibling who has a significant
chronic disease impact an individual’s attitude about the possibility of having a
child with the same disease?

* How can a thorough investigation of family history affect coordination of
genetic testing and calculation of recurrence risk?

K.Y. returns to clinic 5 months later. In the meantime, her brother has undergone
genetic testing for TSC and no mutations were found in either the TSC/ or TSC2
gene. The counselor reviews the lab report and confirms that both genes were tested
by sequencing and by deletion/duplication analysis at a lab familiar with TSC
testing. The counselor reminds K.Y. that about 15 % of people with TSC will
have negative genetic testing, but that they still have TSC. The counselor goes on to
tell K.Y. that her brother’s results mean that K.Y. cannot have genetic testing for
TSC. In the absence of any other information, her recurrence risk could be esti-
mated, but not specifically determined. K.Y. asks how she might be able to gather
more information to further refine her risk for carrying a TSC mutation. The
counselor indicates that she could undergo a series of evaluations, including a
skin and eye exam, and brain and kidney imaging to determine whether she has
any mild symptoms of TSC. K.Y. elects to pursue this option and the counselor
agrees to have their clinic assist in coordinating these evaluations. They agree to
meet again once the evaluations are complete.

Over the next several months, K.Y. undergoes the recommended evaluations and
her records are forwarded to the counselor. As the counselor prepares to see K.Y. in
follow-up, she reviews the results and learns that K.Y. is found to have five
hypopigmented macules, a retinal achromic patch, and multiple kidney cysts. The
counselor reviews the records with the geneticist with whom she works, who agrees
that K.Y. appears to have TSC. The counselor knows that this will be new
information for K.Y. and so prepares for the clinic visit by blocking the appoint-
ment following K.Y.’s in case they need extra time.

K.Y. returns to clinic to review her results. The counselor indicates that,
according to the skin evaluation report, the renal ultrasound report, and the oph-
thalmology report, K.Y. has a mild case of TSC. K.Y. appears surprised and doesn’t
say anything for a moment. Then she says, “Are you sure?” The counselor replies
that she is sure and has reviewed the records with a knowledgeable physician. They
then review the common features of TSC and what is likely to arise for K.Y. in the
future. The counselor reminds her that it is difficult to predict specific symptoms
given the variability of the condition.

K.Y. then asks about her future children. The counselor indicates that she
probably has a 50 % chance of passing a mutation to each child. Because her
brother’s genetic testing was already completed and no mutation was located in
TSCI or TSC2, PGD and prenatal testing for TSC are not possible. The counselor
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reviews several findings that can sometimes be seen on prenatal ultrasound, but says
that these are not always present and so cannot be considered a reliable form of
diagnosis. The counselor reminds her that even if they knew whether the baby had
inherited a TSC mutation, they would not be able to predict the course of the
disease. K.Y. begins to cry and the counselor comforts her. K.Y. indicates that she
is okay, but wants to think about all this for a while, and then come back with her
fiancé to discuss their options. The counselor agrees that this sounds reasonable and
they set a follow-up appointment for 2 month’s time.

Discussion Questions

¢« What are some of the challenges in disclosing a diagnosis of an inherited
condition to a fiancé?

» What responsibility does the genetic counselor have to ensure that the lab tests,
radiology scans, and clinical evaluations are complete and reliable, as this is the
information upon which the diagnosis and recurrence risk are based?

¢ How does a lack of mutation identification affect a counseling session, and
would you have discussed other reproductive options without the presence of
the fiancé?
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The Clinical Evaluation



Chapter 25
The Neurological Examination and Testing

Jacinda B. Sampson

Genetic counselors working in neurology should be informed about the neurolog-
ical examination. They can help explain findings to patients, but also may be called
on to collate outside medical records for the clinical team. For the adult patient, this
could be decades of records from multiple physicians. When sifting through piles of
medical records inches thick, what information is relevant? Which studies or
findings will the neurologist or geneticist need, and why were they ordered? An
understanding of the general and neurological exam, and commonly ordered tests
and studies, can help find the relevant records or, importantly, which ones are
missing. This chapter is not meant to be a substitute for medical school, but to orient
the genetic counselor to exams and tests encountered in daily practice.

25.1 The General Physical Exam

Suspicious exam findings may direct the doctor from an environmental or acquired
cause of disease toward a genetic one, prompting the neurogenetics referral. In the
interview portion of the visit, the review of systems queries subjective symptoms
related to the major body organs and functions. The physical examination, from top
to toe, seeks objective signs of disease. Exam elements are chosen based on the
patient’s reported symptoms, so they often vary from patient to patient.

Electronic supplementary material Supplementary material is available in the online version of
this chapter at 10.1007/978-1-4899-7482-2_25. Videos can also be accessed at http://www.
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25.1.1 Cardiovascular Exam and Studies

The cardiovascular exam begins with the vital signs of heart rate and blood
pressure. Auscultation of the heart may detect rhythm irregularities and murmurs,
or bruits may be heard over the carotid or other arteries. The pressure of a finger can
inform about peripheral pulses, the return of color to blanched skin about capillary
refill, and residual indentation in the skin about edema.

Complaints of dizziness, fainting, dyspnea upon exertion, chest pain, or palpi-
tations may prompt cardiac referral or further testing. A normal cardiac catheter-
ization (coronary artery angiogram) in the setting of congestive heart failure (CHF)
may be the “dog that did not bark,” alerting the referring physician that a genetic
etiology, rather than coronary artery disease, may be responsible.

A 12-lead electrocardiogram (ECG) detects the electrical activity of the heart. A
Holter monitor or event monitor is worn for a longer period of time and is a more
sensitive test for episodic rhythm abnormalities. Mention of a pacemaker or pacer/
defibrillator suggests that a medically significant arrhythmia was found. Arrhyth-
mia may be genetic in origin (Brugada and long QT syndrome) or an element of a
syndrome (Kearn-Sayre syndrome and myotonic dystrophy).

An echocardiogram is an ultrasound that shows the muscular function of the
heart. A transthoracic echocardiogram is a noninvasive test in which the probe is
applied to the chest wall. A transesophageal echocardiogram is performed by
inserting a probe down the esophagus to the level of the heart, which gives a better
view of the cardiac valves and aortic root; it can be informative in an obese
individual when the transthoracic technique does not adequately visualize the
heart. Alternatively, a cardiac MRI can detect the early fibrosis of cardiomyopathy.
The heart muscle is affected in certain muscular dystrophies, mitochondrial, and
storage disorders.

25.1.2 Pulmonary Exam and Studies

Decreased breath sounds at the lung bases, abdominal paradoxical breathing, use of
accessory muscles of the neck in breathing, and interruption of speech for breaths
may indicate weakness of intercostal muscles and the diaphragm. Lung function is
prognostically important in many neuromuscular disorders. An example of a
genetic disorder for which respiratory impairment may be the presenting symptom
is acid maltase deficiency.

Pulmonary function testing (PFTs) quantifies lung volume and breathing
strength, and can distinguish asthma and emphysema (or chronic obstructive
pulmonary disease, or COPD) from neuromuscular respiratory weakness.

A home overnight oximetry is a screening test for nighttime breathing problems.
Polysomnography (a sleep study) may reveal hypoventilation or obstructive breath-
ing pattern due to weak bulbar muscles of the neck and throat.
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25.1.3 Dermatologic Exam

The skin may be a superficial organ, but can be deeply meaningful in the diagnosis
of neurogenetic disorders (e.g., café-au-lait spots in the neurofibromatoses). Other
symptoms, such as ash-leaf spots in tuberous sclerosis, may only be visible when
illuminated by a Wood’s lamp (ultraviolet light). The skin can be a clue to vascular
abnormalities (e.g., angiomata in Fabry’s disease, arteriovenous malformations in
hereditary hemorrhagic telangiectasia, port-wine stains in Sturge-Weber syndrome,
and caput medusa veins in end-stage liver failure).

Skin elasticity, the appearance of scars, and even skin texture (velvety skin, or
follicular hyperkeratosis) can suggest a connective tissue disorder such as Ehlers-
Danlos syndrome, Marfan’s syndrome, or Ullrich muscular dystrophy. A history of
unexplained poor wound healing or surgical incision dehiscence (pulling apart)
would be significant for these disorders.

25.1.4 Orthopedic Exam

Skeletal proportions (Marfan’s), stature (tall in Marfan’s, short in mitochondrial
disorders), and joint mobility can be meaningful. Spine abnormalities such as
scoliosis, joint abnormalities, such as the presence and pattern of contractures
(e.g., at the elbows for Emery-Dreifuss muscular dystrophy, but also the deep finger
flexors for Bethlem myopathy), or hypermobility or history of dislocation can be
meaningful in connective tissue and muscular dystrophies.

25.2 Neurologic Examination

The neurologic exam is designed to localize a neurological problem within the
“black box” of the brain, spinal cord, peripheral nerves, and muscles [1]. Areas of
the brain testable by the neurologic exam are considered “eloquent” (i.e., the exam
findings “tell” the examiner localizing information). However, portions of the brain
remain ineloquent, and for these areas, ancillary testing can aid localization.

25.2.1 Mental Status and Neuropsychiatric Evaluation

The mini mental status exam (MMSE) and Montreal Cognitive Assessment (MoCA)
exams are brief screening tools for cognitive function, and can be performed in a
routine neurology visit. In contrast, a neuropsychological evaluation may take 6 h
or several sessions and is composed of multiple tests assessing different areas of
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cognitive function, such as language, visuospatial function, construction, motor
function, verbal and nonverbal memory, attention, abstract thinking, and executive
function [2]. Depending on the test, weaknesses can localize to the frontal, tempo-
ral, or parietal lobes, and to cortical or subcortical areas. Neuropsychological
testing may help identify developmental and learning disabilities. It can help
distinguish memory problems related to depression, dementia, or feigned symp-
toms. Repeated neuropsychiatric evaluation can document cognitive decline (see
Chap. 26 for more detailed explanation of testing).

25.2.2 Cranial Nerves

Cranial nerves (CN) serve the special senses, sensation of the head and other areas,
and muscles of the eyes, head, and some of the neck [3].

The olfactory nerve (CN I) is not routinely tested (which is why medical records
documentation may read “cranial nerves II through XII intact”). Patients may be
unaware of loss of smell, or report a loss of taste instead. However, degeneration of
the sense of smell can be an early finding in dementias and Parkinson’s disease.

Ophthalmologic exam (cranial nerves I1, Ill, 1V, and VI, and more): The eye is
not just a poetic “window to the soul,” but also a direct view of the optic nerve
(CN 1II), which is an extension of the brain, as well as of the retinal vessels
representing the circulatory system. Using the exam room’s direct ophthalmoscope,
the eye can be panned from the anterior portion to the back of the orb. Tortuous
vessels in the sclera may suggest ataxia telangiectasia. Swirling opacities of the
cornea may indicate Fabry’s disease. Dislocation of the lens may be a symptom of
Marfan’s syndrome, and cataracts may suggest a number of diagnoses. The “Christ-
mas tree” cataracts of myotonic dystrophy were a diagnostic sign before genetic
testing became available. The optic nerve, if swollen (papilledema), may indicate
increased intracranial pressure and an emergency situation. If pale, the optic nerve
may attest to a genetic optic atrophy or demyelination, such as in multiple sclerosis.
Degeneration of the macula, the portion of the retina that serves central vision, can
have a genetic basis, as can the abnormal pigmentation of retinitis pigmentosa. A
“cherry red” spot is a red flag for lysosomal storage disorders such as hexosamin-
idase deficiency. The arteries and veins of the retina can display the changes from
systemic disease: hypertension, atherosclerosis, diabetes, vasculitis, and even arte-
rial emboli. So, if the neurologist seems to spend an inordinate amount of time
peering in the patient’s eyes when the chief complaint is elsewhere, she may be
using the ophthalmoscope as a detective’s magnifying glass seeking a specific clue.
An excellent online reference for eye findings is the Neuro-ophthalmological
Virtual Library (http://library.med.utah.edu/NOVEL) [4]. As retinal imaging
becomes more routine, printed retinal photos may accompany the medical records.
An electroretinogram (ERG) tests the responses of retinal ganglion cells, which can
be informative in retinal degenerative and mitochondrial disorders.
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Eye movements (CN III, IV, and VI): Decreased range of motion of the eyes is
seen in the mitochondrial disorders, chronic progressive external ophthalmoplegia
(CPEO), and Kearns—Sayre syndrome. Some abnormal eye movements, such as
nystagmus (rhythmic beats), or abnormal saccades (eye movements from switching
gaze directions), as seen in ataxias and some dementias, localize to the motor
control upstream of the cranial nerves III, IV, and VI.

The trigeminal (V') controls sensation of the face, cranial vessels, and meninges,
as well as the muscles of mastication. It is also the nerve that conveys the sensation
of headache.

The facial nerve (VII) controls facial strength, a tiny muscle controlling tension
of the eardrum, and taste. Upper facial strength is tested with eye closure and brow
furrowing and lower facial strength by smile or cheek puff. Facial weakness can be
a feature of some muscular dystrophies or a central neurological insult, such as
stroke.

The acoustic nerve (VIII) serves hearing and vestibular function. This can be
screened at a visit by testing hearing with the sound of finger rubs or a tuning fork.
Audiometry can give additional information about symmetry and affected wave-
length ranges. Deafness has many genetic causes, and hearing loss can be an
element of a syndrome, such as a mitochondrial disorder or facioscapulohumeral
muscular dystrophy.

Grouped together, bulbar muscles control speech and swallowing, and are
controlled by CN IX, X, and XII. The glossopharyngeal nerve (CN IX) delivers
sensation from the mouth and taste from the back of the tongue. The
glossopharyngeal and vagus (CN X) together control salivation and swallowing
muscles. The hypoglossal nerve (XII) controls the tongue. Slurred or nasal speech
can be signs of bulbar dysfunction. Tongue fasciculation, from the loss of CN XII
input, can be seen in amyotrophic lateral sclerosis (ALS); bulbar weakness can be
an initial symptom of ALS, as well as some muscular dystrophies.

The vagus (X) nerve extends into the chest and abdomen, and is difficult to
isolate in direct testing. The vagus nerve controls the vocal cords, and delivers
sensation from the throat, and viscera—heart, lungs, and most of the gastrointesti-
nal tract, but its predominant function is autonomic.

The spinal accessory nerve (XI) controls the sternocleidomastoids (strap muscles
of the neck) and part of the trapezius muscles, which are tested with strength of head
turn and shoulder shrug. Examples of disorders that cause weakness of the CN XI
muscles include facioscapulohumeral muscular dystrophy and amyotrophic lateral
sclerosis.

25.2.3 Autonomic Examination

The autonomic nervous system includes sympathetic and parasympathetic func-
tions, which control many “housekeeping” functions of the body, the examination
of which is incorporated into other areas of the general and neurologic exam.
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Autonomic fibers extend along the cranial nerves and down a plexus alongside the
spinal cord. The cranial nerve exam tests autonomic fibers that travel with those
nerves and which control pupil responses, facial sweating, tears, and saliva. Auto-
nomic functions dominate vagal (X) nerve functions, and include heart rate vari-
ability, blood pressure regulation, and gut motility. Outside of the cranial nerves,
the autonomic system controls skin sweating, the lower gastrointestinal tract,
urination, and erectile function.

Tilt table testing examines autonomic control of cardiac function and vascular
tone. EMG testing of superficial skin responses tests sweat function. Thermoregu-
latory sweat testing with alizarin dye can show regional changes in sweating.
Clinical examples of genetic disorders involving the autonomic nervous system
are the hereditary sensory autonomic neuropathies (HSAN), and Riley-Day
syndrome [5].

25.2.4 The Motor Examination

Motor testing requires the cooperation and effort of the patient when asked to push,
pull, grip, lift, and walk. Muscle examination not only includes strength, but also
muscle bulk and tone. The examiner looks at muscle bulk for hypotrophy (low
muscle bulk from birth), atrophy (loss of muscle bulk), or pseudohypertrophy
(“woody” texture due to fibrosis). Testing for tone, or resistance to passive move-
ment, actually tests descending inhibition from the brain or spinal cord; its absence
results in increased tone, or spasticity. The pattern of muscle weakness (proximal,
distal, symmetry, involvement of facial, speech, or swallowing muscles) gives
significant clues for diagnosis of neuromuscular disorders (refer to http://neuromus
cular.wustl.edu).

25.2.5 The Sensory Examination

Sensory testing requires the patient to report what can or cannot be felt. The
examiner can use cotton balls, safety pins, tuning forks, or the cool metal of the
reflex hammer, and move toe or finger joint position to test the modalities of light
touch, pain, vibration, temperature, and proprioception. Deficits in all or some of
these modalities may localize to nerve fiber size, spinal cord level, or peripheral
nerve length. Electromyography (EMG) or nerve biopsy described later can give
additional details about peripheral nerve function.


http://neuromuscular.wustl.edu/
http://neuromuscular.wustl.edu/

25 The Neurological Examination and Testing 307
25.2.6 Reflex Exam

Deep tendon reflexes are typically tested at the biceps, triceps, brachioradialis,
patellas, and Achilles tendons, and can be thought of as a circuit test of the synapse
of the sensory and motor nerves in the spinal cord, “tuned” by inhibition descending
from the brain down the spinal cord. Brisk reflexes can indicate loss of that
descending inhibition; lost reflexes can indicate a loss of the “circuit” at the
peripheral nerve or muscle, such as in peripheral neuropathies and muscular
dystrophies.

Spinal reflexes also can indicate an upper motor neuron defect. Hoffman’s reflex
is elicited by flicking the middle finger, and watching for reflex spread to the thumby;
crossed adductors are present if tapping the adductor results in spread of reflex to
the opposite side. The Babinski sign is tested by looking for upward movement of
the great toe when the sole of the foot is scraped, and is a primitive reflex that is
normal in infancy before corticospinal tracts are fully myelinated. However, it is
abnormal in adults.

Other primitive reflexes include glabellar (failure to suppress blinking when
tapped between the eyebrows), rooting or snout (lip puckering when the cheek is
stroked or lips are tapped), and palmomental (chin twitching when the palm is
scratched), which are normally present in infancy, but disappear as the brain
matures. Their reappearance can signal brain injury or a degenerative process
involving the frontal lobes.

25.2.7 Coordination and Gait

Coordination testing can include asking the patient to tap their fingers or feet, but
also more complex movements such as handwriting. Gait testing includes not only a
normal walk, but also walking on a line and on heels and toes. Gait is a complex
task requiring cooperation of many brain functions: strength, sensation, tone,
coordination, and motor planning.

During the interview, and even during the walk from the waiting room, the
physician will observe the patient’s movements. Findings of movement disorders
can be detected through all portions of the neuro exam: blinking frequency may be
decreased in Parkinson’s disease, increased in tics, or prolonged in blepharospasm.
Eye movements may be abnormal in ataxias and Huntington’s disease, to the point
where a patient may turn their head, rather than their eyes, to change the object of
their gaze. Speech may be soft in Parkinson’s, changed in rhythm and volume in
ataxia, or interrupted by outbursts in Tourette syndrome. Tremor types may be
distinguished by their frequency (speed), or whether they are worse at rest or with
action. Dystonia can vary by time of day (Segawa syndrome) or worsen with an
action (writer’s cramp). The neurologist uses all manner of exam techniques to try
to bring out a movement disorder: examining writing, different rhythmic
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movements, distraction, and stress, asking a patient to take or hold a medication
before an exam, or scheduling a visit early or late in the day, to both diagnose and
optimize medication management.

25.3 Neuroimaging

Imaging can further define lesions localized to eloquent brain regions or discover
lesions in non-eloquent regions. Different imaging modalities are used for brain,
spine, and peripheral nerves and plexi; the area and suspected abnormality will
determine which imaging modality will be most helpful [6].

25.3.1 Computed Tomography (CT)

Computed tomography (CT) is an X-ray based modality that sensitively detects
hemorrhage and calcifications. It is not well suited for imaging the cerebellum,
spinal cord, or peripheral nerve, but is excellent at imaging the vertebral column.

An intravenous dye (contrast) can give details about whether a brain lesion
enhances on a CT scan. CT angiograms give excellent information about brain
vessels; CT perfusion scans can detect regions of abnormal blood flow to the brain.
Allergies to iodine or contrast, and renal function must be assessed before ordering
contrast with a CT scan.

For even more detailed information about brain vessels, a conventional angio-
gram (performed via arterial catheterization) may be done, which can give dynamic
information about blood flow for familial arteriovenous malformations, or deciding
on management of aneurysms.

25.3.2 Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) is based on the response of water or paramag-
netic elements (such as iron) to magnetic fields. Different protocols (such as T1, T2,
proton gradient, and FLAIR) provide different structural information. Some pro-
tocols might need to be specifically requested: gradient recall echo (GRE) pro-
tocols give additional information about iron deposition (such as in
neurodegeneration with brain iron accumulation) or iron left behind by
microhemorrhages (such as cerebral amyloidosis). Iron is an important element in
the enzymes making dopamine, and the iron-rich stripe of the substantia nigra can
be seen to fade on MRI GRE in Parkinson’s disease as those cells are lost.
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Diffusion-weighted imaging protocols detect loss of cellular control of water
permeability. This imaging can be abnormal in prion disease (Creutzfeldt-Jakob
disease), metabolic disorders (MELAS), or ischemia.

MRI scans can also be done with contrast that is chemically different from CT
scan contrast. A lesion that is highlighted by contrast indicates a loss of the blood—
brain barrier, and can distinguish active from older multiple sclerosis plaques, and
differentiate between brain tumor types, and infectious and inflammatory processes.

25.3.3 Magnetic Resonance Spectroscopy (MRS)

Magnetic resonance spectroscopy (MRS) is able to determine certain biochemical
signatures within a selected volume of brain tissue, such as lactate (which can be
elevated in mitochondrial disorders) and choline-to-creatine ratio (which are dis-
tinctive in tumors and demyelination).

25.3.4 Single-Photon Emission Computed Tomography or
SPECT

Single-photon emission computed tomography or SPECT uses a radioisotope to
detect blood flow in the brain. It is, therefore, a method of functional imaging. A
DaTscan is a SPECT that uses a radioactive drug to measure dopamine availability
in the brain. This scan can distinguish between dopamine-deficient diseases, such as
Parkinson’s disease, and those without dopamine deficits.

25.3.5 Positron Emission Tomography (PET)

Positron emission tomography (PET) scan detects isotope decay of radio-labeled
compounds and can add functional information to structural information on CT or
MRI scans. Fluorodeoxyglucose (FTG) is labeled with 18-fluorine and shows areas
of higher metabolic activity or areas of asymmetry. Pittsburgh compound B
(or PiB) is an 11-carbon-labeled compound that binds to amyloid, and is useful in
imaging dementia.
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25.4 Neurophysiology

Neurophysiology testing is based on the innate electric nature of the brain, nerves,
and muscles (analogous to electrical wiring, insulation, and circuits). Abnormalities
in the function of the central and peripheral nervous systems and muscle can be
localized based on their electrical activity or by observing their response to
depolarization [7].

25.4.1 Nerve Conduction Studies (NCS)
and Electromyography (EMG)

Nerve conduction studies test peripheral nerves by applying small electrical shocks
to the proximal part of the nerve, and detecting the speed and amplitude of the
nerve’s response distally. NCS studies can distinguish between the demyelinating
(type 1) and axonal (type 2) forms of Charcot—Marie—Tooth disease. EMG detec-
tion of low amplitude, complex discharges is characteristic of myopathy. Irritability
upon needle insertion can signal a myositis. Large-amplitude motor units and
decreased recruitment can indicate a neuropathic or denervating process. Defining
regions of denervation is part of the El Escorial Criteria for amyotrophic lateral
sclerosis. Unusual muscle electrical discharges, such as myotonia, can be seen in
the myotonic dystrophies and acid maltase deficiency.

25.4.2 Electroencephalography (EEG)

Electroencephalography (EEG) is the detection of cortical electrical discharges by
surface electrodes. EEG recordings can be done as an outpatient or inpatient with
video recording to capture seizure semiology. Sometimes several EEGs must be
done before capturing seizure discharges. EEG is often normal in neurodegenera-
tive disorders. EEGs are also used to detect other abnormal cortical activities, such
as periodic lateralized epileptiform discharges (PLED) and slowing, such as seen in
encephalopathies.

Evoked potentials use EEG surface electrodes to test sensory pathways. Somato-
sensory evoked potentials (SSEPs) test the integrity of the sensory pathways in the
spinal cord. Visual evoked potentials (VEPs) use alternating black and white grid
patterns to test the visual pathways. Auditory evoked potentials use audible clicks
to test hearing, and are the basis of the newborn hearing screening.
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25.4.3 Transcranial Magnetic Stimulation (TMS)

Transcranial magnetic stimulation (TMS) uses magnetic stimulation over the skull
to activate the motor cortex; the speed and amplitude of the signal are then
measured over its course to the limbs. It can be valuable in characterizing upper
motor neuron function in hereditary spastic paraparesis and primary lateral
sclerosis.

25.5 Cerebrospinal Fluid Studies

Cerebrospinal fluid (CSF) bathes and cushions the brain and spinal cord. Routine
studies on CSF obtained by lumbar puncture (commonly termed a “spinal tap”)
include cell count, glucose, and protein. Oligoclonal bands are an indication of an
inflammatory process in the CNS. CSF studies can be useful in excluding
non-genetic disorders, such as multiple sclerosis, paraneoplastic disorders, or
neoplasm. Another CSF biomarker, protein 14-3-3, can be elevated in prion dis-
eases, but also in other disorders. Neurotransmitter metabolites can be detected in
CSF, and are abnormal in dopamine-responsive dystonia. Measurements of amy-
loid and tau proteins are now useful in distinguishing Alzheimer’s disease from
other forms of dementia.

25.6 Biopsy

Muscle biopsy can be useful in the diagnosis of muscular dystrophies. Small fibers,
central nuclei, and increased intramyofascial connective tissue indicate a dystro-
phic process. Antibody staining for sarcolemmal proteins, such as dystrophin,
dysferlin, merosin, emerin, the sarcoglycans, alpha dystroglycan, and caveolin
3, can be diagnostic for the muscular dystrophies caused by defects in those pro-
teins. Other features found on muscle biopsies, such as cytoplasmic inclusions
including central cores, rods, rimmed vacuoles, or ragged red fibers, can be
diagnostic or be a diagnostic clue. When mitochondrial disease is suspected, muscle
biopsy also allows measurement of muscle respiratory chain enzymes. If fiber-type
grouping is found, muscle biopsy can reveal a neurogenic process.

Nerve biopsies are carefully selected to decrease the chance of leaving a region
of numbness or weakness served by that nerve. Nerve biopsies can help distinguish
a demyelinating from an axonal neuropathy or a multifocal process. They can show
if reinnervation or remyelination is occurring. Non-genetic, systemic disorders,
such as inflammatory disorders, sarcoid, amyloid, and vasculitis, can also be
diagnosed by muscle or nerve biopsy.
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25.7 Conclusion

Sifting for clues to a genetic diagnosis in a medical record that spans years of
medical reports and tracking down results for important studies not included with
the initial referral can be time consuming. However, knowing what to look for, both
to exclude and include, can help narrow the differential diagnosis list and avoid
redundant and expensive testing. Knowing what was found previously can make the
patient’s initial visit more productive, closer to definitive diagnosis, and allow more
clinical time for other services to the patient and family, such as education,
counseling, and plan of care.
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Chapter 26
The Neuropsychological Evaluation

Elise Caccappolo

Neurological diseases are often associated with changes in cognition and behavior.
The evaluation of an individual’s cognitive and emotional function is performed via
neuropsychological testing, which uses a battery of standardized measures that
possess a high degree of predictive validity. Neuropsychological assessment pro-
vides more detailed information than mental status testing, given the breadth of
assessment that occurs, and is more sensitive, given the use of standardized
administration procedures and normative data for interpretation purposes.

26.1 Purposes of Neuropsychological Testing

26.1.1 Diagnosis

With its high degree of sensitivity, neuropsychological assessment is particularly
valuable when a thorough, precise evaluation of cognitive function is required. In
this way, neuropsychological assessment often serves as a diagnostic tool. The
pattern of scores obtained on tests can help differentiate between various condi-
tions. In cases where standard neuro-diagnostic procedures, such as the neurolog-
ical exam, mental status testing, EEG, or imaging, are negative, neuropsychological
assessment may offer valuable information regarding strengths and weaknesses in
cognitive functioning, which often detects or helps to confirm suspected neurolog-
ical disease. Subtle cognitive changes, identified through neuropsychological test-
ing, often represent the earliest symptoms in patients at risk for neurodegenerative
disorders, including Alzheimer’s disease (AD), frontotemporal dementia (FTD),
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Huntington disease (HD), Parkinson’s disease dementia (PDD), dementia with
Lewy bodies (DLB), cortical basal degeneration (CBD), vascular dementia
(VaD), including CADASIL, as well as other conditions such as multiple sclerosis
[1-12].

Like many specialized tests, neuropsychological assessment cannot identify the
etiology of impairment in isolation, i.e., solely based on the pattern of test scores,
but requires interpretation that is grounded on other information such as clinical
symptoms, imaging data, or lab findings. In this context, data obtained from a
neuropsychological evaluation can provide information about etiology. In neuro-
degenerative disorders, the pattern of impairment on testing can assist with differ-
ential diagnosis as each disorder leads to circumscribed atrophy in distinct neural
networks, which affect cognitive functioning in characteristic ways. Testing can
also differentiate between specific conditions such as dementia and depression
(previously referred to as “pseudodementia”).

26.1.2 Patient Care and Planning

Results from neuropsychological testing are often used to assist in treatment
planning and care for patients. Assessments can be made regarding an individual’s
insight and capacity for self-care, including his or her ability to follow a medication
or other therapeutic regimen (e.g., rehabilitation), maintain or return to school or
employment, safely operate a motor vehicle, or manage finances. Characterizing an
individual’s specific cognitive strengths and weaknesses and identifying psychiatric
or emotional conditions that may be a factor in one’s functional status can contrib-
ute to the development of a management plan. Caregivers and patients can then use
this information to make informed decisions about the future.

26.1.3 Documenting Change in Cognitive Status Over Time

Neuropsychological evaluations are often repeated at regular intervals to assist in
monitoring disease progression. Data from serial testing provides valuable infor-
mation regarding the status of a neurological condition; that is, comparisons of
performance across time, considered in the context of measurement error and
practice effects, can help to reveal whether a condition is changing and if so, at
what rate and in what ways. Longitudinal clinical testing is particularly useful in
cases where there is a memory complaint or a suspicion of dementia, as it can assist
in differentiating between normal age-related cognitive decline, mild cognitive
impairment (MCI), and dementia. A decline on repeated testing is often used to
identify conversion from MCI to dementia. In neuro-oncology patients, neuropsy-
chological scores have been found to be more sensitive to tumor growth than
MRI [13].
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26.2 The Neuropsychological Evaluation

While predesigned batteries exist, most neuropsychologists select a battery of tests
to be used for individual patients based on the referral question. A battery typically
consists of paper and pencil tests and may also include questionnaires and comput-
erized tasks. A comprehensive neuropsychological evaluation typically includes
assessment of the following areas, which are categorized into cognitive domains
and will be described in greater detail below: Intellectual functioning, attention and
concentration, memory, language, visuospatial skill/visuoconstruction, and execu-
tive functioning.

26.2.1 Screening Tests

Cognitive impairment is often broadly assessed by means of screening batteries,
rating scales, and inventories. These measures are beneficial in that they are brief
and can provide an overall estimate of the patient’s level of general cognitive ability
while also alerting the clinician to specific areas of cognitive function that will
require more formal assessment [14]. The Mini-Mental Status Examination
(MMSE) is likely the most frequently used brief screening instrument in both
research and clinical settings, and is particularly useful as a dementia screen. The
MMSE uses a 30-point scale to assess orientation, word recall, language abilities,
attention and calculation, and visuospatial ability, but has been criticized for its lack
of executive function measures and its focus on the domains of orientation and
language, which are often preserved in MCI and even dementia [15]. The MMSE is
most effective when differentiating dementia patients with moderate or severe
deficits from controls, as opposed to differentiating controls and mildly impaired
patients [16]. Recently, screening instruments have been developed to more ade-
quately assess for dementia. The cognitive portion of the Cambridge Examination
for Mental Disorders (CAMCOG) includes all of the items from the MMSE so as to
allow for the calculation of an MMSE total score (subsequently, the two measures
correlate strongly), but assesses additional cognitive areas such as perception
(recognition of famous faces and objects from unusual angles) and abstract thinking
(identifying similarities between objects) as well as functional status [17]. The
Montreal Cognitive Assessment (MoCA) was specifically designed to assess for
mild cognitive dysfunction and as such includes measures of executive functioning
[18]. In this way, it may be a more useful cognitive screening test for neurological
diseases that affect younger populations.
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26.3 Formal Neuropsychological Evaluation

26.3.1 Intellectual Abilities

General intellectual functioning, or IQ, is assessed to provide, among other items,
an estimate of an individual’s level of pre-morbid functioning so as to allow for
comparison for other test scores. Specific measures, such as word-reading tests that
include irregularly spelled words, are resistant to brain damage and can also be used
to assess an individual’s abilities pre-injury or disease state. Intellectual ability
measures such as those on IQ testing allow for comparison between verbal and
nonverbal abilities, which, roughly speaking, localize hemispherically, and assess
processing speed and working memory. An individual’s IQ is typically assessed
with the Wechsler Adult Test of Intelligence (WAIS). Nonverbal measures, such as
tasks that require conceptual thinking, are less commonly used, but are available for
nonverbal patients or for those who do not speak English to assess general intel-
lectual function.

26.3.2 Attention and Concentration

The ability to sustain or divide attention is often affected by brain disorders. A
patient with attentional difficulties may present as distractible or complain of
having difficulty maintaining concentration. Increased vulnerability to interference
may affect an individual’s ability to maintain attention. Slowed processing speed,
manifesting as slowed reaction time, may underlie an individual’s difficulty with
dividing attention. Common tests of auditory attention include the Digit Span
subtest of the WALIS, in which the patient is required to repeat increasingly longer
strings of numbers read aloud by the examiner. Working memory becomes
involved when the patient is asked to repeat a string of numbers in reverse. Many
elderly patients, and even those with severe brain damage, are able to perform
similarly to normal controls on this measure due to its reliance on immediate
memory which is, overall, often immune to the effects of aging and frequently
remains intact in brain-damaged patients. Other tests that require oral alphanumeric
sequencing, such as the Letter-Number Sequencing subtest from the WAIS, provide
a more sensitive measure of mental tracking and working memory. Tests that
incorporate scanning and visuomotor tracking, such as the Trail Making test,
provide measures of divided attention. Computerized vigilance tests, such as the
Continuous Performance test, assess reaction time and accuracy.
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26.3.3 Memory

Comprehensive memory testing is multi-faceted given that the concept of learning
and memory is generally understood from a dual-function point of view, where
declarative/explicit memory is differentiated from nondeclarative/implicit memory
[19]. Declarative memory can be further divided into semantic (memory for facts)
and episodic (autobiographical) memory, while nondeclarative memory is catego-
rized into item-specific and procedural memory subsystems [20, 21]. Neuropsycho-
logical assessment of memory is performed via tests of verbal and nonverbal (i.e.,
visual) learning and retention. Verbal learning and recall can be assessed with tests
of prose, where the patient is read aloud a story and asked to recall it following a
brief delay as well as following a longer delay period. Rote learning is assessed with
word-list tests, where a list of words is repeated numerous times to the patient so
that a learning curve can be obtained, as well as a measure of the patient’s
immediate and delayed retention and recognition. Other word learning tests incor-
porate cues, such as the Paired Associates subtest of the WMS. Tests of visual
memory attempt to assess learning and retention with similar means, i.e., by
presenting the patient with stimuli to be learned and freely recalled or recognized
following a delay. The assessment of visual memory is often confounded by verbal
associations that are not easily removed, even with the use of abstract designs.
Many visual memory tests require stimuli to be reproduced or copied by the patient
following immediate and longer delay periods.

26.3.4 Language

Neurologic patients may present with deficits in expressive or receptive speech
(aphasia). Patients may complain of a decline in the speed and ease of verbal
production; tests of expressive speech include measures of confrontation naming
which require specific word retrieval ability. Patients with anomia are unable to
adequately retrieve words or names, and often make phonemic or semantic
paraphasic errors when attempting to name a particular item. Fluency of speech is
assessed by asking the patient to generate as many words as possible that belong to
a particular group within a short time frame. Phonemic fluency testing requires that
the individual produce words that begin with a particular letter. Semantic fluency
tests require the generation of words that are included in specific categories, i.e.,
“tell me as many animals/fruit/types of clothing as possible.” Pure writing deficits,
i.e., acquired agraphia that occurs separately from a motor cause, are relatively rare.
Repetition is assessed with tests of varying syntactic complexity. Problems with
receptive language may manifest as comprehension difficulties that can be assessed
with a variety of tasks designed to assess verbal comprehension. Acquired alexia, or
the inability to read, can be measured with various reading tests that examine speed,
word recognition, and comprehension.
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26.3.5 Visuospatial Skill/Visuoconstruction

Many aspects of visual perception can be affected by neurological disease. Patients
with spatial changes may present with difficulty navigating new or even familiar
routes (topographic disorientation) or an increased tendency to forget where an
object was placed. Patients with hemispatial neglect are unable to attend to one side
of their body, usually the left, and may be unable to “see” objects on the left side of
space. In neuropsychological assessment, visuoperceptual tests assess the ability to
recognize abstract shapes and designs, familiar and unfamiliar faces, and angular
relationships. Perceptual organization is assessed with copying tests or tests that
require visual organization of disarranged pieces. Facial processing is tested with
tasks requiring facial perception and discrimination ability. Tests of visuocon-
struction, where the patient is instructed to copy two- and three-dimensional figures
with increasing complexity require perceptual, spatial, and motor abilities. Three-
dimensional building tasks such as the Block design subtest of the WAIS involve
the spatial component of perception and require motor execution.

26.3.6 Executive Functioning

Executive processes are integral to higher order processing, so that executive
dysfunction is reflected as impairment in the ability to strategically plan, self-
monitor, formulate goals, regulate (activate and inhibit) responses, and coordinate
complex cognition and motor control. Generation and follow-through can be
assessed with tests of verbal fluency or design fluency. Impairments in set shifting
ability are a notable feature of executive dysfunction and can be assessed with
sequencing tasks requiring the individual to alternate between items, either verbally
or motorically, in order to complete tasks requiring flexible thinking. Problem
solving, abstract thinking, and judgment are evaluated with tests requiring higher
order information processing, or the ability to apply generalized information to
specific situations, sometimes while integrating feedback. Response inhibition is
assessed with tests that require the patient to suppress an automatic action, like
responding to a stimulus or naming the color that a word is printed in as opposed to
reading the word aloud (Stroop effect). Decreased response inhibition is also tested
with tests of motor programming, and can be manifest as stimulus-bound behavior,
e.g., compulsive imitation of the examiner’s movements or utilization behavior.
Executive dysfunction is also associated with emotional dysregulation, which can
manifest as chronic depression, anxiety, or hyperemotionality.
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26.3.7 Personality/Emotional Functioning

Changes in personality and behavior often accompany neurological diseases, either
as a direct effect of a brain disorder or as a secondary reaction to an individual’s
experiences of loss or frustration. It may be difficult to tease apart the specific
causality of emotional distress given the interactions between these processes.
Questionnaires are frequently used to assess the patient’s subjective mood state or
to evaluate for psychiatric (axis I and axis II) disorders.

26.3.8 Effort

Motivation and effort are often assessed as part of a formal neuropsychological
evaluation, particularly when clients are seeking financial compensation for inju-
ries, or cognitive complaints are not typical of the associated injury or illness.
Forced choice tests or symptom validity tests are used to identify malingering or
insufficient effort. Pattern analysis, or the analysis of test performance patterns, is
also used [22, 23].

26.4 Interpreting Neuropsychological Test Performance

Test scores are evaluated within an empirical frame of reference. In this way, an
individual’s performance on neuropsychological tests is interpreted by comparing
his or her scores to the mean performance of a large sample of “normal” subjects,
i.e., normative data, which is usually organized by age and education and, at times,
by gender and race. This process allows an individual’s performance to be com-
pared to that of appropriate peers.

Neuropsychological testing is not without its shortcomings. A primary drawback
is the length of time required to perform a thorough assessment. A formal neuro-
psychological evaluation can take anywhere from 2 to 8 h, depending on the ability
level of the patient, the nature of the referral question, and the intended purpose of
the evaluation results. The neuropsychologist must be attentive to the patient’s
energy and motivation to be confident that a valid assessment of an individual’s true
ability is obtained. The effects of cultural differences on test performance represent
another major obstacle in providing valid assessments for individuals who were not
born and raised in the USA. Neuropsychological tests, while standardized, do not
have adequate norms for minority populations. Cultural differences contribute to a
high degree of variability in test performance, often leading to lower scores on tests.
While the availability of tests in languages other than English has increased over the
past two decades, most tests are administered in English and are normed on
English-speaking populations, putting nonnative English speakers at a disadvantage
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given that the effects of biculturalism and bilingualism on test performance are not
fully understood.

26.5 Patterns of Test Performance

Traditionally, neuropsychological profiles have been roughly categorized into
“cortical” and “frontal-subcortical” profiles. Cortical dementias, which include
Alzheimer’s, frontotemporal dementia, and the asymmetrical cortical atrophies,
typically present with deficits involving the cerebral cortex and may include
aphasia with confrontation naming difficulty, impaired memory, deficits in com-
plex visuoprocessing, including poor visuoconstruction ability, and executive dys-
function such as poor insight and judgment. Other dementias, including most forms
of VaD and dementia associated with movement disorders such as PDD, CBD, PSP,
and DLB, present via a “frontal-subcortical” profile and are characterized by
slowed speed of processing and executive dysfunction as well as memory impair-
ment that reflects a pattern of poor encoding and retention as opposed to a retrieval
problem. Finally, mood changes including depression, apathy, and amotivation are
more common in subcortical than cortical dementias.

Other neurological disorders besides dementia are characterized by specific
profiles on testing. Mild cognitive impairment, amnestic subtype, is diagnosed
when the patient demonstrates memory impairment but no other areas of deficit;
that is, tests within all other domains are performed within normal limits, and there
is no significant functional decline. Non-amnestic MCI is diagnosed when subtle
impairment is observed across one or more domains other than memory. Cognitive
deficits associated with MS can vary and may present as slowed information
processing, memory deficits, executive impairment, or even visuospatial difficul-
ties. Depression manifests as slowed processing and psychomotor speed and poor
effort throughout testing.

26.6 Summary

Obtaining an understanding of the role of the neuropsychological evaluation in the
diagnosis of genetic disorders illustrates its value, not only as a sensitive diagnostic
tool, but also as a means of providing recommendations for treatment care to
patients with neurologic diseases and their caregivers.
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Glossary

Alexia Loss or impairment of the ability to read.

Anomia The inability to name objects or to recognize the written or spoken names
of objects.

Agraphia An acquired disorder of writing or spelling.

Aphasia Acquired language impairment resulting from neurologic damage.

Declarative (explicit) memory Events, experiences, or facts that can be con-
sciously recalled, such as episodic or semantic events.

Measurement error The difference between the actual value of a quantity and the
value obtained by a test.
Nondeclarative (implicit) memory Memory that is altered without conscious
mediation, such as procedural memory, priming, and classical conditioning.
Phonemic paraphasia Substitution of a word that sounds similar to the intended
word (kite for mite)

Semantic paraphasia Substitution of a related word for the intended word (wife
for husband)

Stimulus-bound behavior Difficulty disengaging or focusing attention or behav-
ior from one stimulus in the perceptual field to another.

Malingering Intentionally feigning or exaggerating symptoms for external gain.

Pseudodementia A psychiatric condition that resembles dementia. Often results
from depression but may be associated with other psychiatric disorders.

Utilization behavior The act of grasping or using objects that are within reach or
in the field of vision, regardless of whether they are related to the present task.
Associated with bilateral frontal lesions, particularly inferior frontal lesions.

Working memory A limited capacity system that stores information temporarily
so as to allow for its manipulation, especially with complex tasks such as
learning.
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