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Preface

The cornerstone of achieving best care and maximizing out-
come for disease management is the partnership between
health care provider and patient. This “Handbook” was
therefore targeted to primary physicians to help them under-
stand more about the underlying physiology, diagnosis, and
treatment of the rare disorder, Wilson disease. We have
focused the subjects included on what we consider relevant
care issues for patients. Patients may also benefit from read-
ing this book and discussing specific subject matter with their
caregivers. Whether read by the primary care or other treat-
ing health care provider or patient, our aim is to stimulate
conversation between patient and their caregivers in order
for them to achieve the individualization of care they need,
recognizing that many patients have different expression of
their disease and differing degrees of disability. We therefore
have tasked our authors to cover important topics with an
eye toward making the subject matter both informative and
practical. I am grateful for the time and effort of the many
experts from the Center of Excellence for Wilson Disease at
Yale and for my colleagues outside of our institution who
have graciously shared their expertise to make this very read-
able and useful guide to Wilson disease. As editor and con-
tributing author, I must also acknowledge my debt of
gratitude to my mentor, the late Professor Irmin Sternlieb,
who shared his passion for learning and care of patients with
me, and to the many patients with Wilson disease from whom
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Vi Preface

I continue to learn and share life experiences. We hope you
find this “Handbook” useful and that it helps foster better
care partnerships between patient and health care providers
and thereby improve quality of life and outcomes for patients
with Wilson disease.

New Haven, CT, USA Michael L. Schilsky
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Chapter 1

Introduction to Copper
Metabolism and Wilson
Disease

Uyen To and Michael L. Schilsky

Introduction

Copper is an essential trace element that is important for
proper growth and development [1]. It belongs to a class of
trace elements known as essential elements because we require
them for critical body functions and need to obtain them from
our environment through our diets. A primary function of cop-
per in the body is in metabolic reactions where it functions as
an oxidizing agent [5]. Copper can participate in these reactions
by changing its oxidation state. Some enzymes contain several
copper atoms per molecule of protein and are known as multi-
copper oxidases. These include the proteins ceruloplasmin,
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hephaestin, and zyklopen that can take advantage of the change
in oxidation state of copper to help with iron metabolism,
allowing reduction of iron from Fe?* to Fe** to facilitate iron
transport and absorption [5]. Copper is also important for the
function of lysyl oxidase, an enzyme that functions in cross-
linking collagen and elastin in connective tissue in the muscle,
bone, heart, and blood vessels [6]. Copper is incorporated into
enzymes that act as antioxidants such as superoxide dismutase
that remove damaging free radicals, and can also regulate
expression of certain genes, based on the cellular level of oxida-
tive stress [7]. It is also an important cofactor for blood cell
formation and neurotransmitter synthesis [2]. Hence, deficien-
cies in copper can lead to low blood counts, infections, poor
bone health, and neurologic symptoms [3].

In an average diet, daily dietary intake of copper is approxi-
mately 2-5 mg per day with a recommended minimum intake of
0.9 mg per day in adults [1, 8]. In infants and children, the recom-
mended intake is approximately 0.2-0.7 mg/day [8]. When
ingested, cells in the gut located in the duodenum and proximal
small intestine absorb approximately 50% of dietary copper [1].
The copper then enters the portal venous system and is trans-
ported mostly bound to the protein albumin and some other
peptides from which it is absorbed by the liver. In the liver, a
portion of it is used for metabolic functions and incorporation
into proteins, some is stored in the cells, some is released into the
circulation, and the remaining copper not needed for metabo-
lism is excreted into bile [9]. Most excess dietary copper is
excreted into bile, but unlike other bile content such as bile acids
that are reabsorbed, copper that enters bile is excreted into the
stool. Excretion of copper by the kidneys that extract copper
from the circulation is normally a minor pathway (<30 mg per
day) [9]. The balance of copper in the body is achieved through
regulation of uptake from the small intestine and excretion into
the bile [10] (Fig. 1.1). Processes that impair the balance of cop-
per uptake and excretion can lead to the toxic accumulation of
copper in organs, first in the liver and then in the brain, kidney,
retina, and other organs [1, 10].

The liver is central to copper metabolism, and therefore it
is important to understand its normal function and potential
dysfunction following injury. The liver performs approxi-
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Ficure. 1.1 Copper absorption in the body. Daily dietary intake of
copper is approximately 2-5 mg per day. Approximately 50% of cop-
per absorption occurs in the cells in the gut located in the duodenum
and proximal small intestine. The copper then enters the portal venous
system and is transported to the liver mostly bound to the protein
albumin. In the liver, a portion of transported copper is used for meta-
bolic functions and incorporation into proteins. Some of the copper is
stored in the cells, some released into the circulation, and the remain-
ing copper (not needed for metabolism) is excreted into bile. In normal
individuals, excess dietary copper is ultimately excreted into bile, and
excretion of copper by the kidneys is normally a minor pathway

mately 500 functions in the human body [11]. It synthesizes
a number of biologically important molecules including fats,
carbohydrates, and amino acids and metabolizes a broad
range of molecules [11]. The liver also facilitates the diges-
tion and storage of nutrients [11]. The liver has a dual blood
supply and is fed predominantly from the hepatic portal vein
(which brings blood rich with nutrients from the intestine
and blood from the spleen) and to a lesser extent also
receives blood supply from the supply hepatic artery [11].
The primary liver cells known as hepatocytes also produce
and export bile into the bile canaliculus that leads to the bili-
ary tracts that form the larger bile ducts, bringing the bile to
the intestine [11].
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Injury to the liver can occur immediatel (acutely) or from
chronic inflammation [11]. In response to chronic injury, spe-
cialized cells in the liver called hepatic stellate cells become
activated and induce scarring through the secretion of colla-
gen, which is known as fibrosis. Over time, extensive and
advancing fibrosis can lead to cirrhosis with its complications
of changes in blood supply known as portal hypertension. The
clinical manifestations of portal hypertension and the compli-
cations that ensue in patients are discussed in a later chapter.

Cellular Mechanisms of Copper Transport

While general mechanisms for copper transport outside the liver
are not affected in WD, it is useful to have a good understanding
of copper transport to better understand overall copper metabo-
lism. This process is reviewed in Fig. 1.2. To facilitate transport,
copper in the intestinal lumen is initially changed in its oxidation
state and reduced from Cu ** to Cu * by an enzyme called metal-
loreductase on the cell membrane of a small intestine cell called
an enterocyte [12]. Copper is then transported into the cell by a
membrane protein called CTR1 that is expressed in all human
tissues and which is abundant in the liver. Human cells have

»
'

FiGure. 1.2 Copper metabolism in the liver cell. Copper bound to
albumin is transported from the blood into the liver cell by a mem-
brane protein called CTR1. After copper uptake into the cell, carrier
proteins known as metallochaperones shuttle copper to enzymes and
other metal ion transporters. The liver utilizes the copper for meta-
bolic needs and the hepatocyte incorporates it into important
enzymes, such as ceruloplasmin, and stores it bound to small mole-
cules like metallothionein that keep it from injuring other cell com-
ponents. ATP7B is usually located in cells in an organelle known as
the trans-Golgi network in normal conditions and functions here to
transport copper for incorporation into ceruloplasmin. However,
when copper levels are high, ATP7B transports copper into vesicles
that move to the apical portion of the cell membrane to release their
contents that includes copper into bile
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adapted to their environment by clever mechanisms for changing
the amount of this copper transporter on the surface of cells.
CTR1 normally resides in small envelopes called vesicles within
cells, and moves to the cell surface when copper levels are low to
facilitate new copper uptake, but this transporter is degraded in
states of copper abundance to reduce new transport into cells [13].

After copper uptake into cells, a carrier protein called a
metallochaperone shuttles copper to enzymes and other metal
ion transporters, including ATP7A (the Menkes disease gene
protein) and ATP7B (the WD gene protein) [14]. Both of
these proteins are important for maintaining copper balance,
as they transport copper to other compartments of the cell for
incorporation into copper-dependent enzymes and for export
to the bloodstream [15]. ATP7A is present in many tissues, but
ATP7B is predominantly expressed in primary liver cells or
hepatocytes and, to a lesser degree, in the kidney, brain, heart,
cornea, erythrocytes, joints, and lungs [15].

ATP7A exports the absorbed copper from enterocytes into
the bloodstream. The copper then travels bound to albumin or
the amino acid histidine to the liver. The liver utilizes the cop-
per for metabolic needs and incorporates it into important
enzymes, such as ceruloplasmin, superoxide dismutase, and
cytochrome proteins, and stores it bound to molecules like
metallothionein that keep it from injuring other cell compo-
nents. Both ATP7A and ATP7B proteins can relocate within
cells to facilitate copper export or import depending on the
abundance or scarcity of copper [16]. ATP7B is usually located
in cells in an organelle known as the trans-Golgi network in
normal conditions and functions here to transport copper for
incorporation into ceruloplasmin. However, when copper lev-
els are high, ATP7B transports copper into vesicles that move
to the apical portion of the cell membrane to release their
contents that includes copper for excretion into bile [17].

Wilson Disease

Wilson disease (WD) is a rare autosomal recessive disorder
of copper metabolism that affects multiple organ systems
throughout the body [1]. The World Health Organization
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estimates the global prevalence of WD as between 1 in 10,000
and 1 in 30,000 people [18]. WD was initially described in
1912 by the American-born but British-trained neurologist,
Sir Samuel Alexander Kinnier Wilson, who identified charac-
teristic changes in the brain and liver and linked the neuro-
logic disease to cirrhosis of the liver [19]. However, it was
neuropathologist John Nathaniel Cumings who made the link
between copper accumulation in the liver and the brain as the
etiology of WD [20]. It was not until 1993 that three different
groups reported on the discovery of the WD gene and identi-
fied the defect as affecting the copper-transporting protein
ATP7B, located on chromosome 13q14 [21-23].

WD results from mutations or defective function of the
ATP7B protein [24]. Many different specific variants of the
ATP7B gene have been identified, including single or multi-
ple missense mutations, frameshift deletions, splice site muta-
tions, or truncating mutations, among others [25]. Certain
variants are more common in specific populations, likely
reflecting a founder effect. There are over 500 disease-causing
mutations of ATP7B that have been recorded for the ATP7B
gene. The most common mutations are H1069Q in exon 14,
commonly seen in patients of European descent, and the
R778L mutation in Asian populations. We all have two copies
of our genes on our chromosomes. To have WD a patient
needs to have a mutation of both copies of the gene. Given
the wide range of genetic backgrounds in populations, most
individuals with WD carry two different mutations, one on
each allele (with one copy of the gene on each) of chromo-
some 13 [26,27]. More information on ATP7B is discussed in
the next chapter that focuses on WD diagnosis.

Abnormal Copper Metabolism and Injury
in Wilson Disease

Lack of the ATP7B protein or its dysfunction leads to toxic cop-
per accumulation within hepatocytes due to an inability to
export the copper into bile [16]. The mechanism of copper-
induced injury cellular is the generation of reactive oxygen
species [30]. In the presence of reducing agents, Cu** is reduced
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to Cu'* and then is reoxidized via an oxygen molecule, thus
generating an O, radical from oxygen and OH radical from
H,0, [7 30]. These hydroxyl radicals can cause DNA oxidation
and breaks and membrane lipid peroxidative damage, directly
inhibit protein activity, impair mitochondrial function, and
induce cell death by a mechanism called apoptosis (pro-
grammed cell death) via its inhibition of the antiapoptotic pro-
tein X-linked inhibitor of apoptosis (XIAP) [7 30, 31] (Fig. 1.3).
The oxidative damage produced by copper can then activate
hepatic stellate cells within the liver to secrete collagen and
produce scarring or fibrosis in the liver and, over time, this leads
to cirrhosis. The degree of liver injury and timing of the disease
are variable between patients. This is due not only to different
degrees of ATP7B dysfunction in some patients but to many
factors including the dietary intake of copper, an individual’s
antioxidant capacity, hormonal influences, and individual sus-
ceptibility to hepatic fibrosis [32, 33]. The natural course of the
histology findings in the liver that is seen in WD is demon-
strated in Fig. 1.4. Initially copper accumulation in the liver can

Glulathlone
Protein damage

Cell necrosis
Cu?+ 0, /
\y/ / HZOZqOH Lipid perOX|dat|on—> Cell injury
VN VAN N\

DNA damage Inhibition of the
anti-apoptotic protein X

Catalase linked inhibitor of
apoptosis (XIAP)

l

Cell apoptosis

FiGure. 1.3 Copper-induced cell injury. The mechanism of copper-
induced injury cellular is the generation of reactive oxygen species.
In the presence of reducing agents, Cu?* is reduced to Cu'* and then
is reoxidized via an oxygen molecule, thus generating an O, radical
from oxygen and OH radical from H,O,. These hydroxyl radicals can
cause DNA oxidation and breaks and membrane lipid peroxidative
damage and directly inhibit protein synthesis and activity. Depending
on the conditions and cell type, it can induce cell death by “necrosis”
or “apoptosis” (aka programmed cell death)
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FIGURE. 1.4 (a) On liver biopsy, copper (arrow pointing at red pig-
ment) can be stained, detected, and quantified in liver cells.
(Micrographs courtesy of Dr. Romulo Celli, used with permission).
(b) Inflammation (black arrow shows areas of dense inflammatory
cells that appear as denser purple dots on the micrograph) and focal
Mallory’s hyaline (blue arrow indicating aggregates of the cell “skel-
eton” that are in the cell that result from liver cell injury appearing
as more dense pink areas) are typically seen in earlier stage of the
disease. (Micrographs courtesy of Dr. Romulo Celli, used with per-
mission). (¢) Inflammation and scarring (fibrosis) occurring from
the chronic inflammation is seen here (black arrow). Large droplets
of fat (steatosis) can also be seen early on in Wilson disease. (seen as
clear areas in cells, blue arrow). (Micrographs courtesy of Dr.
Romulo Celli, used with permission). (d) Cirrhotic liver as end stage
of Wilson disease. Here we see a regenerative nodule that is sur-
rounded by a band of fibrosis. (black arrow). (Micrographs courtesy
of Dr. Romulo Celli, used with permission)
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Mallory Hyaline

FIGURE. 1.4 (continued)
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FIGURE. 1.4 (continued)

present with moderate steatosis (fat in the liver cells) and mild
steatohepatitis(fat with associated inflammation). As the
inflammation progresses, the steatosis can become more severe
and fibrosis occurs, ultimately resulting in cirrhosis.

Lack of ATP7B transport function also leads to failure of
copper incorporation into ceruloplasmin [15] in the trans-
Golgi network of hepatocytes. Apoceruloplasmin (cerulo-
plasmin peptide without copper) has a shorter circulating
half-life than holoceruloplasmin (with copper), and thus the
apoprotein is cleared more rapidly, accounting for the low
steady-state level of ceruloplasmin in the serum of most
patients with WD [1].
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Ceruloplasmin: A Marker of Wilson Disease
and Copper Status

Ceruloplasmin is synthesized by hepatocytes in the liver and
secreted from the liver into circulation as a copper-carrying
protein. It is the major copper-containing protein in the blood
[1]. It also functions mainly as a “ferroxidase” by assisting in
iron absorption by reducing Fe2+ to Fe3+ within the entero-
cyte to allow it to be transported via a protein called ferro-
portin [5]. Interestingly, a mutation in the ceruloplasmin gene
leading to complete loss of production of this protein, a dis-
order known as aceruloplasminemia, results in iron but not
copper overload in the liver, brain, and pancreas [28].
Although ceruloplasmin is low in WD, iron overload does not
contribute to the natural pathogenesis of the disease unless
the patient also has a disorder of iron metabolism as well as
WD [29]. Interestingly, overtreatment of WD can lead to a
relative copper deficiency and further reduction of levels of
ceruloplasmin with subsequent iron accumulation in liver
cells that can be injurious. This is discussed in the chapter on
treatment of WD.

Levels of ceruloplasmin can fluctuate in a normal individ-
ual, and cannot (in isolation) be reliably used as a single test
in isolation for diagnosis of WD [1] (see section on diagnosis
of WD). The serum non-ceruloplasmin-bound copper con-
centration can be used to monitor treatment of WD and is
reviewed later in the section on treatment monitoring. The
excretion of copper in the urine increases when there is
excess copper in the circulation in untreated or poorly treated
WD and is helpful for diagnosis and also for treatment
monitoring.
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When Copper Is in Excess

Beyond the liver, copper accumulation can also cause injury
to cells within the brain. Although the mechanism is not
entirely clear, copper injury in the brain results from an
increase in brain copper and impaired copper homeostasis
and repair mechanisms. In particular astrocytes in the brain
are prone to copper injury. Normally metallothionein and
glutathione in these cells binds, stores, and detoxifies metals
including copper. In the presence of high amounts of copper,
glutathione can become oxidized and this metallothionein-
bound copper can become harmful as their oxidative by-
products attack the binding sites of the metal-protein complex.
Over time the copper accumulation then leads to cellular
swelling and death. The other potential neurotoxicity of cop-
per overload is copper’s interference with the synthesis of the
neurotransmitter dopamine, which along with injury to the
basal ganglia may lead to the clinical findings of Parkinsonism
seen in the disease [34, 35].

Summary and Conclusion

WD is caused by defects in the ATP7B gene that encodes a
copper-transporting ATPase mainly expressed in liver cells.
In WD, copper accumulates in the liver where it causes oxida-
tive injury and cellular dysfunction and cell death, and the
response to injury leads to progressive fibrosis and cirrhosis.
Once the liver accumulates copper beyond its safe storage
capacity, copper then accumulates in other organs, in particu-
lar in the brain, where it may cause injury and clinical disease.
In the following chapters, we detail how the pathophysiology
of defective copper metabolism in WD leads to clinical dis-
ease in children and adults. We discuss disease diagnosis,
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treatments, and monitoring of treatment for patients. Having
a knowledge of the normal metabolism of the essential ele-
ment copper and the changes that occur in WD helps us to
better understand the natural history of the disease, its vari-
ability, and approaches to treatment and monitoring.
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Chapter 2

Diagnosis Confirmation
and Screening of Wilson
Disease

Marinos Pericleous, Claire Kelly, and Michael L. Schilsky

Introduction

Wilson disease (WD) is a rare disorder of impaired copper
metabolism whose underlying defect is in the hepatocytes in the
liver. The inability to excrete normal quantities of copper in
excess of metabolic needs eventually leads to copper overload
with pathologic effects mainly in the liver and later in the central
nervous system. The first report of WD and its associated neuro-
hepatic presentation was described more than 100 years ago by
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Kinnier Wilson as part of his MD thesis [1]. The disorder is inher-
ited in an autosomal recessive Mendelian fashion [2, 3]. This
implies that patients must inherit one abnormal allele on chro-
mosome 13 from each parent. The prevalence of WD is estimated
to be around 1:30,000 [4]. A defect on chromosome 13 in the
ATP7B gene is responsible for WD. ATP7B is a copper-trans-
porting protein primarily expressed in liver cells (hepatocytes)
[5-11], and therefore defective function of this protein leads to
excess copper accumulation in liver cells. For this reason, the first
expression of WD is typically related to the liver, occurring in the
first and second decades of life. Neurologic and psychiatric mani-
festations typically present later on, and other organs of the body
may be affected as well. In this chapter, we will focus on in whom
to consider a diagnosis of WD (Table 2.1), how we establish a
diagnosis of WD, and discuss screening of other family members
for this disorder once the diagnosis of WD is established.

Fatients to Test for Wilson Disease

It is important to know when to consider the diagnosis and
initiate the appropriate testing for WD. Given the inherited

TaBLE 2.1 When to consider a diagnosis of Wilson disease
Unexplained abnormal liver function tests

Unexplained neurologic symptoms including tremor and other
involuntary movements such us the ones seen in Parkinson’s
disease

Unexplained psychiatric presentations
Unexplained behavioral and personality changes

In children who underperform at school and there is no other
explanation, e.g., neglect

In patients with incidental finding of Kayser-Fleischer rings on
a routine eye exam

Unexplained hemolytic anemia

In family members of a patient with known or newly diagnosed
Wilson disease
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Mother of patient;
carrier of abnormal
Wilson disease
allele

Ch

h

Father of patient;
carrier of abnormal
Wilson disease
allele

Patient’s brother does
not have Wilson
disease and has not
inherited any
abnormal Wilson
allele from his parents

Patient’s sister is a
carrier of Wilson
disease because she
has only inherited one
abnormal Wilson
allele which could
have come either
from her mother or
father

Patient with Wilson
disease has inherited
2 abnormal alleles,
one from each parent

50%

Patient’s brother is a
carrier of Wilson
disease because he
has only inherited one
abnormal Wilson
allele which could
have come either
from his mother or
father

FiGure. 2.1 Wilson disease is an autosomal recessive condition which
means that a patient must inherit two abnormal alleles with ATP7B
mutations from his/her parents. If both parents are carriers as shown in
this pedigree, then there is a 25% chance that the offspring will have
Wilson disease, 50% chance that the offspring will be a carrier like the
parents, and a 25% chance that the offspring will not inherit any abnor-
mal alleles in relation to Wilson disease. Male and female offspring are
affected by this mode of inheritance at equal levels. It should be noted
that in this pedigree, circles represent females, squares represent males,
half-shaded shapes indicate that a person is a carrier, and a fully
shaded shape indicate that a person is affected by Wilson disease

nature of this disorder as autosomal recessive, all siblings and
primary relatives should be considered for testing (Fig. 2.1). In
young children in whom the diagnosis is established, parents
should be tested for WD as infrequently there are some fami-
lies in which parent and child are affected. Other patients in
whom WD should be considered are those with unexplained
liver disease, with early onset of neurologic symptoms typical
of Parkinson’s disease, with neurologic findings such as tremor
and who have abnormal liver tests, and with mood disorders
and abnormal liver tests or neurologic findings. In addition,
there are rare patients with unusual findings such as the fortu-
itous identification of Kayser-Fleischer rings on a routine eye
exam or investigation of hemolytic anemia or aminoaciduria
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1 person in 90 carries
the abnormal gene

Abnormal
ATP7B gene

Abnormal

ATP7B gene
from father

1 person in 30,000 live
Wilsonidioe h 13 births has the disease
2 abnormal genes required

from mother

Abnormal copper "
excretion by the liver cells :
Development of liver disease

Inflammation
Fibrosis
Cirrhosis
Liver failure

Copper accumulates in
liver and then spills out to
other organs
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psychiatric rings 4 Arrhythmia

symptoms

Other issues: pancreatitis (pancreas), Infertility ork I riages (reproductive organs), low calcium
levels (parathyroid gland in the neck)

FiGURE. 2.2 Wilson disease is an autosomal recessive multisystem
disease resulting from excess copper. Failure of the ATPase copper
transporter in the liver, ATP7B, leads to excess amounts of copper
in the liver and later in the circulation which is deposited in the
peripheral tissues and central nervous system. A proportion of
patients present primarily with neuropsychiatric symptoms without
clinical findings of significant liver disease
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(Fig. 2.2). Each of these categories is considered separately
below in more detail, as well as the approach to testing needed
to establish a diagnosis of WD.

Liver Disease and Extrahepatic Involvement
in Wilson Disease

Unexplained liver disease is one of the more common reasons
to seek a diagnosis of WD as liver disease is most often the
earliest manifestation of WD. A separate chapter is devoted
to the signs and symptoms of liver disease in WD and treat-
ment for this, and therefore we will focus this section on the
specific findings seen and diagnosis. As the liver is unable to
excrete excess copper, this metal begins to accumulate and
affects liver function. Abnormalities of the liver may range
from abnormal liver tests to cirrhosis to overt liver failure.
Liver tests commonly performed on biochemical analysis of
blood include alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT or “gamma-GT”), bilirubin,
albumin, and clotting studies, i.e., prothrombin time (PT) or
international normalized ratio (INR). Elevated levels of ALT
and AST above the laboratories’ normal range indicate a
degree of inflammation (hepatitis) from damage to the liver
cells (hepatocytes). The ALT is more specific to the liver than
the AST since the latter is also found in the muscle. ALP is
found in the bile ducts (the drainage system of bile within the
liver), and its combination with GGT can indicate injury of
bile ducts or physical blockage. A raised GGT can also poten-
tially indicate toxic injury to the liver, as can occur with alco-
hol and following drug reactions. Bilirubin is a pigment
created by the liver from recycled red blood cells, and it is
found in abundance in bile. Jaundice occurs when accumu-
lated bilirubin pigment alters skin coloration and can be
caused by liver damage or blockage or injury of the bile ducts.

The liver is also responsible for synthesizing and exporting
into the circulation of many proteins such as albumin and
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clotting factors. Albumin is an important molecule that func-
tions as a carrier of other molecules and as a factor that
maintains the body’s fluid balance. A damaged liver will pro-
duce lower levels of albumin which can lead to swelling,
especially in the lower limbs (peripheral edema), and fluid
accumulation in the abdomen (ascites). Clotting factors are
important proteins that ensure appropriate clot formation
that is an important part of wound healing. A damaged liver
will produce less of these factors which may lead to excessive
bruising or predispose the patient to bleeding. The inability of
a damaged liver to produce these useful proteins is called
“impaired synthetic function,” and measuring levels of the
protein or indirectly the function of the protein to aid clotting
(prothrombin time or the INR) helps to determine the
degree of liver dysfunction.

In some circumstances WD may present in a way that it
overlaps with other liver disorders. For instance, some pediat-
ric patients have serum markers that overlap with autoim-
mune hepatitis and are treated for this disorder. In this
setting, failure of liver tests to improve with treatment
directed at the autoimmune hepatitis should prompt further
consideration of WD. Another feature of WD that overlaps
with other liver disorders is the accumulation of hepatic fat
(steatosis) as one of the earliest findings of liver disease in
WD, so the diagnosis should be considered in patients with
nonalcoholic fatty liver disease or with steatohepatitis, fatty
liver disease with inflammation. WD must also be considered
in the setting of acute liver failure (ALF), and this is dis-
cussed separately below.

The Neuropsychiatric Manifestations
of Wilson Disease: More than Meets the Eye

In his original publication, Kinnier Wilson coined the term
“progressive lenticular degeneration” which described the
degenerative changes observed at the lens-shaped lenticular
nucleus (or lentiform nucleus) in the brain [1]. Anatomically,
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the lenticular nucleus is composed of the putamen and the
globus pallidus which are areas within the basal ganglia of the
brain. The role of the lenticular nucleus is to orchestrate body
movements which have been initiated by other parts of the
brain. This ensures that any motor activity of the body is
smoothly coordinated. WD leads to the accumulation of
excess copper in the basal ganglia and other areas of the
brain such as the midbrain, pons, thalami, and cerebelli.
Though other areas of the brain have copper, the basal gan-
glia appear more susceptible to injury. This explains the
movement and speech disorders often observed in WD
patients [12]. It is believed that 40% of patients with WD will
present with neurological signs [13]. The progressive inability
to control movement may lead to long-term disability and
inability to cope with activities of daily living. Patients who
present with neuropsychiatric symptoms are usually older,
and a majority already have advanced liver disease, including
cirrhosis [14].

Tremor

The tremor of WD is usually present in the hands and arms,
but many parts of the body may be affected. The tremor is
usually proximal, low frequency, and high amplitude and has
been described as coarse and sometimes has a wing-beating
appearance [15]. The tremor can be intermittent, present sym-
metrically on both sides of the body, or unilateral. The tremor
may be unresponsive to dopaminergic medication (such as
those used for Parkinson’s disease) or alcohol, which often
dampens essential tremor [16]. If tremor is present and there
is any evidence of liver disease on exam or on biochemical
testing, then a diagnosis of WD must be considered.

The Cranial Nerves

The cranial nerves are responsible for smelling, eyesight and
eye movements, tasting, saliva production, facial movement
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and sensation, balance, hearing, talking, swallowing, and head
and tongue movement. In WD, several of these 12 cranial
nerves can be affected in clusters, or there may be involve-
ment of one in isolation [16, 17]. Cranial nerve involvement
can explain why some patients may present with involuntary
blinking, abnormal neck posture, facial grimacing, speech dif-
ficulties, drooling, and difficult swallowing. This involuntary
and uncoordinated change in muscle tone — often painful — is
called dystonia and may be commonly encountered in
patients with WD with neurologic symptoms. There are sev-
eral types of dystonia, and these are summarized in Table 2.1.
In patients with cranial nerve findings or with dystonia and
abnormal liver tests, then WD must be considered.

The Cerebellum

The part of the brain known as the cerebellum plays an
important role in coordinating voluntary motor activity such
as walking and speech, and it is also involved in balance and
posture control. The cerebellum is involved in cognition and
affect, so patients with cerebellar injury may present with
anxiety, depression, and impaired language skills [18, 19]. WD
is known to affect the cerebellum, and the resulting symp-
toms that may be found are outlined in Table 2.2.

Psychiatric Symptoms

Up to 30-40% patients with WD will present with behavioral
or psychiatric symptoms, and 20% would have seen a psy-
chiatrist prior to the diagnosis [4, 20]. Most commonly,
patients will present with affective disorders involving their
mood such as depression, mania, and bipolar disorder as well
as behavioral disorders which can include anxiety, obsessive-
compulsive disorder (OCD), and attention deficit hyperactiv-
ity disorder (ADHD) [20]. Delayed diagnosis is not unusual,
especially when symptoms are subtle and patients may be
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misdiagnosed at a young age as poor school performers or
with puberty-related behavior abnormalities. Older patients
may be misdiagnosed with Parkinsonism or dementia.
Table 2.3 summarizes the spectrum of psychiatric manifesta-
tions encountered in patients with WD. If any of these are
present in concert with liver disease, then WD must be
excluded.

Other Organs Involved in Wilson Disease

Damage due to copper in WD is not limited to the liver, and
other organs of the body, in particular in the brain, may be
affected (discussed in the next section). Aside from the brain,
there may be involvement of other organs due to excess cop-
per. These include the eyes, kidneys, heart, gonads, gallblad-
der, joints/bones, heart, and red blood cells (Fig. 2.2 and
Table 2.4) [4,21-32].

TaBLE 2.3 List of psychiatric diagnoses often seen in patients with
Wilson disease

Psychiatric/behavioral manifestations of Wilson disease

Falling behind with school Hallucinations
Personality and behavioral Deliberate self-harm
change

Depression/mania/bipolar Euphoria

disorder

Anxiety Apathy

Mood changes Suicidal ideation
Memory impairment Hypersexuality
Paranoia Disinhibition
Schizophrenia/psychosis Catatonia

Delusions Obsessive-compulsive disorder
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TaBLE 2.4 Nonhepatic nonnervous system manifestations of Wilson
disease

Joints/bones Premature arthritis
Arthralgia
Chondrocalcinosis

Pancreas Pancreatitis

Pituitary Gigantism
Infertility
Impotence

Heart Cardiomyopathy
Arrhythmias

Gonads Impotence
Infertility
Abortions

Kidneys Renal stones

Renal tubular acidosis

Bone marrow and red blood cells Hemolytic anemia

Confirming the Diagnosis

As discussed above, WD may present with a wide range of
clinical presentations and present clinically in younger or
even older patients. The diagnosis can be challenging at times
even for the most observant physician, but cannot be made
unless considered. For this reason, a formal scoring system
was created to help physicians determine if their evaluation
has established a diagnosis of WD or if further testing is still
needed. This scoring system, known as the Leipzig score, was
developed at a meeting of experts on WD held in Leipzig,
Germany [33]. The Leipzig score utilizes a combination of
clinical and biochemical parameters, each with a weighted
score for the elements of the testing. It was also the first scor-
ing system to include molecular genetic testing for ATP7B
mutations as one of the elements of the testing.

In setting out to evaluate a patient using the Leipzig score,
a reasonable diagnostic approach should begin with noninva-
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sive parameters such as serological and urine tests as well as
slit-lamp examination. If necessary, these could be followed
by a liver biopsy for histological evaluation and genetic
analysis. The exception for doing the molecular testing as a
first order test is when using this for screening of siblings for
WD when the mutations have been identified in a patient
(see below). An algorithmic approach to this testing is out-
lined in the guidelines published by the American Association
for the Study of Liver Disease [30]. Some of the individual
components of the Leipzig score used for WD testing are
discussed separately below.

Slit-Lamp Examination for Kayser-Fleischer (KF)
Rings

The German physicians Bernhard Kayser and Bruno
Fleischer first described corneal deposits in the eye (Kayser-
Fleischer rings) in 1902 and 1903, but it was not until years
later, in 1922, that these deposits in Descemet’s membrane of
the cornea were composed of copper (Fig. 2.3) [34, 35].
Approximately 95% of patients who primarily present with
neurological and/or psychiatric WD will have KF rings,
whereas KF rings will be absent in approximately 50% of

FiGure. 2.3 Kayser-Fleischer ring in a 25-year-old with Wilson disease
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patients presenting with liver disease [36, 37]. KF rings may
also be absent in younger patients, and testing for these is not
typically needed before the age of 5 years. In some cases, KF
rings may be seen by the naked eye on a bedside examination;
nevertheless, a slit examination by an experienced ophthal-
mologist is always required to confirm their presence as other
findings such as arcus may be confused for KF rings. There
are rare instances where KF rings can be found in other liver
disorders where bile flow is obstructed, such as primary bili-
ary cholangitis and primary sclerosing cholangitis [38, 39].
Because of these rare happenings and because there may be
false-positive reports of KF rings, the finding of KF rings
should not be used in isolation to make the diagnosis of WD.
A slit-lamp examination can also identify the presence of
another less common finding of sunflower cataracts, which are
also caused by copper deposition in the center of the lens of
the eye. This finding also supports the diagnosis of WD [40].

Serum Ceruloplasmin

Ceruloplasmin (from Latin caeruleus = dark blue and Greek
nhdopa-plasma = formation) is the main copper-carrying pro-
tein in the human blood. It is also an acute-phase reactive
protein which means that it can be elevated when there is
inflammation in the body. Ceruloplasmin is sensitive to estro-
gen, and its levels may increase during pregnancy or in patients
who are taking supplementary hormonal therapy with estro-
gens. Ceruloplasmin also has antioxidant properties [41], but
more importantly, it plays a role in iron metabolism where it
serves as a ferroxidase. When the peptide for ceruloplasmin is
initially produced in liver cells, it is without copper and is also
known as “apo”ceruloplasmin. When ceruloplasmin contains
bound copper, it is known as “holo”ceruloplasmin (six copper
atoms per molecule). The association of a low ceruloplasmin in
the circulation of patients with WD was made in 1952 by
Scheinberg and Gitlin [42]. Low ceruloplasmin levels in ~20%
of asymptomatic carriers, heterozygote individuals without
WD, were also reported for the first time in 1968 [43].
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Approximately, 85-90% of homozygous patients with WD will
have low ceruloplasmin levels (<0.2 g/l OR 20 mg/dL or
200 mg/L, depending on the range of normal for the individual
laboratory) [44-46]. Extremely low levels (<0.05 g/L or < 5 mg/
dL or < 50 mg/L) are more strongly associated with the diag-
nosis of WD. The mechanism for having low ceruloplasmin
levels in WD is related to the ineffective placement of copper
into apoceruloplasmin and the shorter half-life of apocerulo-
plasmin in the circulation due to more rapid degradation of
this form of the protein compared to holoceruloplasmin.
Ceruloplasmin levels may also be low in patients with very
poor liver function where all proteins produced by the liver are
low, when there is severe protein loss from the kidney or the
gut and in states of copper deficiency. The causes of a low
serum ceruloplasmin level are shown in Table 2.6.

There are some patients with WD who have normal ceru-
loplasmin levels [36, 37, 47-50]. Therefore ceruloplasmin can-
not be used in isolation for establishing or excluding the
diagnosis of WD.

Free (Unbound) Serum Copper

Free copper levels are often measured by the labs as part of
the diagnostic workup of patients with suspected WD; how-
ever, its measurement is particularly useful in the clinical
setting as marker of treatment monitoring, providing the cli-
nician with an insight into the effectiveness of de-coppering
therapy and compliance with prescribed treatment. Most
commercial assays measure total serum or plasma copper
that includes both copper bound to apoceruloplasmin (to
form holoceruloplasmin) and unbound circulating copper, or
non-ceruloplasmin copper. It is only the unbound copper that
is actively involved in copper metabolism as this is the copper
that is used by cells as cofactors in metabolism and can
deposit in the liver and in organs outside the liver when pres-
ent in excess. As most conventional assays do not provide a
direct measurement of unbound copper, its concentrations
can be measured indirectly using:
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Free(Unbound)Serum Copper =
[Serum Copperinpug/ L] - [3.15 x Serum Ceruloplasmin inmg / dL]

Normally, levels are less than 25 pg/dL, and in patients who
are overtreated that may become copper-depleted, levels are
less than 5 pg/dL. Serum levels of unbound copper are not
part of the Leipzig score since there are difficulties in many
patients with this estimate using commercial assays. This is
discussed further in the chapter on treatment monitoring.

Twenty-Four-Hour Urinary Copper

Unlike unbound serum copper, 24-h urinary copper levels are
one of the elements of the Leipzig score. Twenty-four-hour
urinary copper excretion of >100 pg/24 h (>1.6 pmol/24 h) is
strongly suggestive of the diagnosis in symptomatic patients,
but approximately a quarter of confirmed asymptomatic cases
of WD will have lower or normal levels [48, 51, 52]. It is gener-
ally accepted that levels >40 pg or > 0.6 pmol (or > 600 nmol)
should raise suspicion of WD and lead to further investiga-
tions. Special cases include patients with chronic liver disease
who may have higher levels but typically not >100 pg/24 h and
heterozygotes for WD who may have intermediately elevated
levels of 24-h urinary copper. Patients with proteinuria and
acute liver failure may present with falsely elevated levels of
urine copper. The collection of urine requires a metal-free
container and should be a full 24-hour collection.

Genetic Analysis: Testing for ATP7B Mutations

Molecular testing is a useful adjunct in establishing the diagnosis
of WD in patients with unexplained liver disease but also the
first-line investigation for screening the siblings of a patient with
a secure diagnosis of WD [30]. Patients with WD inherit two
defective ATP7B alleles (one from each parent). The inherited
gene may be mutated at the same location (homozygous) or at
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different location on ATP7B (compound heterozygote). Most
patients are compound heterozygotes. To date, there are several
mutations identified often with a geographical predilection [53].
It is possible that some mutations may be more pathogenic than
others, with large deletions or changes that produce absence of
functional ATP7B protein, though good data on genotype and
phenotype correlation is not definitive. There may be some muta-
tions with partial function where disease is speculated to be
milder or later in its onset. Interestingly, patients with the same
mutations may present differently (phenotype). We believe this is
due to differences in their dietary intake of copper as well as
other modifying factors, such as resistance to oxidative injury or
different regenerative capacity of their livers.

Genetic analysis may involve genotyping of the whole
ATP7B gene and looking for more than 600 areas of potential
abnormalities or even exploring for new mutations not previ-
ously described. Whereas previously, the process of whole-gene
sequencing was lengthy and technically challenging, recent
technologic advancements have allowed for quicker, elaborate,
and more affordable analysis. As certain mutations were shown
to be more prevalent in particular geographical areas and spe-
cific populations, allele-specific probes can be used to look for
predominant mutations. Identification of one mutation will
support the diagnosis of WD, and two mutations will establish
it. This is reflected in the Leipzig scoring system with different
point designations for these findings (see Table 2.5).

Liver Biopsy: Histology and Hepatic Copper
Concentration

When noninvasive tests are still not conclusive or when staging
of liver disease is required, then a liver biopsy should be
requested. The biopsy can provide information about the extent
of histological damage including the degree of scarring (fibrosis)
or the presence of cirrhosis (end-stage liver scarring). Histological
findings in WD may resemble those seen in fatty liver disease,
nonalcoholic steatohepatitis, and autoimmune hepatitis.
Moreover, a liver biopsy can be used for copper staining and for
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TasLE 2.5 The Leipzig scoring system for Wilson disease consists of
seven parameters, and a score of >4 can establish the diagnosis
(1) Kayser-Fleischer rings

Present 2
Absent 0
(2) Neurologic symptoms or typical imaging at brain magnetic
resonance imaging

Severe 2
Mild 1
Absent 0
(3) Serum ceruloplasmin

Normal (>0.2 g/L) 0
0.1-0.2 g/L 1
<0.1 g/L 2
(4) Coombs negative hemolytic anemia

Present 1
Absent 0
(5) Liver copper (in the absence of cholestasis)

>x5 ULN (>4 pmol/g) 2
0.8-4 pmol/g 1
Normal (<0.8 pmol/g) -1
Rhodanine-positive granules (if no quantifiable copper 1
available)

(6) Urinary copper (in the absence of acute hepatitis)

Normal 0
1-2x ULN 1
>2 ULN 2
Normal but >5x ULN after D-penicillamine 2
(7) Mutation analysis

On both chromosomes Al‘
On one chromosome 0

No mutation detected

Total score:

4 or more = diagnosis established

3 = diagnosis possible, more tests needed
2 or less = diagnosis very unlikely

From Ferenci et al. [33]
Patients with a score of <4 should complete the appropriate testing to
exclude the diagnosis
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Table 2.6 Wilson disease

Conditions which

may lead to low Heterozygote carriers of the APT7B
serum gene (Wilson disease)
ceruloplasmin Menkes disease (ATP7A defect)
levels

Malnourishment leading to copper
deficiency

Malabsorption, e.g., gastric bypass
surgery

Protein-losing enteropathy/nephropathy
Aceruloplasminemia

Excessive zinc administration

Impaired synthetic liver function; end-
stage liver disease

quantifying the content of dry copper in the liver. This is in fact
one of the parameters of the Leipzig score (Table 2.5).

Normally the dry copper concentration in the liver does not
exceed 50 pg (0.8 pmol)/g dry weight. Heterozygous patients
will often have levels 50-250 pg (0.8—4 pmol)/g dry weight and
homozygous patients often >250 pg (4 pmol)/g dry weight [54].
It has been reported that the sensitivity and specificity using a
cutoff of >250 pg (4 pmol)/g dry weight of the diagnosis of WD
are 83% and 99%, respectively [55]. Just like the other diagnos-
tic tests for WD, interpretation of results should be taken in the
context of the biochemical findings, medical history, and clini-
cal presentation. It should be noted that cholestatic conditions
such as PBC and PSC may display higher-than-normal levels
of dry weight liver copper, but these have specific histological
findings that help establish the correct diagnosis.

Hemolysis (Breakdown of Red Blood Cells)

Patients with WD may present with hemolysis, a condition
describing the breakdown of red blood cells (RBCs). This often
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leads to anemia and increased levels of bilirubin and the
appearance of jaundice. Even though in many other chronic
diseases hemolysis is driven by an autoimmune process (misdi-
rected immune process), this does not appear to be the case in
WD. Even though the exact mechanism is not fully understood,
the hemolysis is probably due to toxic accumulation of copper
in RBCs and the destabilizing effect of excess copper on the cell
membranes. In some reported cases, hemolysis might be the
first presenting feature in WD [4,25-29]. The suggested workup
for a patient with suspected hemolysis is shown in Table 2.7

Imaging Tests

Several types of scans can be useful in identifying direct and
indirect signs of chronic liver disease, including WD. Imaging
investigations (scans) normally start by performing an ultra-
sound scan (USS) which is an excellent modality in identify-
ing (a) changes in the outline of the liver (which could be

TaBLE 2.7 Suggested workup for patients with suspected hemolysis

Parameter Findings/interpretation/rationale
Coombs (or direct Positive in autoimmune hemolysis,
antiglobulin) test negative in Wilson disease
Reticulocyte count Increased

Full blood count Anemia

Iron studies To identify cause of anemia
Vitamin B12 To identify cause of anemia
Folate levels To identify cause of anemia
Thyroid function tests To identify cause of anemia
Haptoglobin levels Decreased

Unconjugated Increased

(indirect) bilirubin

Blood film/smear May show fragments of red blood cells
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suggestive of cirrhosis), (b) liver masses, (c) liver fat (steato-
sis), and (d) abnormal flow of blood in the main blood vessels
within the liver. Cross-sectional imaging including computed
tomography (CT) and magnetic resonance imaging (MRI)
provide a better definition of the liver anatomy and are often
used as second-line imaging investigations. A special type of
MRI (MRCP) is the test of choice when suspecting issues
with the biliary drainage of the liver and pancreas. Cross-
sectional imaging is particularly useful in identifying signs
such as (a) engorged/collateral blood vessels (varices), (b)
blocked arteries and veins (thrombosis), (c) enlarged spleen
(splenomegaly), and (d) fluid collection in the abdomen
(ascites) which could allude to liver cirrhosis, high-pressure
blood circulation in the liver (portal hypertension), higher
risk of bleeding from ruptured varices, and liver cancer.

Cross-sectional imaging can be a useful adjunct for the
diagnosis of WD, but copper itself cannot be seen on any
imaging modality. Patients with neuropsychiatric presenta-
tions may display T2 hyperintensity in the brain’s white mat-
ter, basal ganglia, and brainstem on magnetic resonance
imaging (MRI). One of the commonly reported radiological
findings is the panda sign where T2-weighted MRI sequences
demonstrate the face of a giant panda in the midbrain of
patients with neuropsychiatric WD [56]. This sign was previ-
ously regarded as pathognomonic of WD, but we now know
that it can be also found in other conditions such as Japanese
encephalitis and sarcoidosis. MRI scans of patients with
purely hepatic disease are often normal. MRI is generally
preferred to computed tomography (CT).

Acute Liver Failure Secondary to Wilson Disease

WD can uncommonly present with acute liver failure (ALF) in
patients who have not been previously aware of having any pre-
existing liver disease. According to the ALF study group data,
approximately 1.2% (29/2436) of cases of ALF in the USA are
due to WD [57]. Patients will commonly present with Coombs
negative hemolytic anemia, progression to kidney failure from
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the tubular damage caused by the copper, deranged blood clot-
ting,modest elevation of serum aminotransferases (<2000 IU/L),
normal or low alkaline phosphatase (ALP) (<40 IU/L), and
female predilection [30]. The combination of hepatic failure
with hemolysis leads to elevated total bilirubin levels. A biliru-
bin: ALP ratio of >2 IU/L is an indirect indicator of WD in the
context of ALF [30, 58, 59]. Serum ceruloplasmin is usually low,
but reduced ceruloplasmin levels in ALF are not exclusive to
WD. Serum ceruloplasmin levels can be normal in 15% of
patients presenting with ALF secondary to WD [60]. Hepatic
and urinary copper levels are usually greatly elevated and can
support the diagnosis; however, these results are not always
rapidly available. Uric acid levels may also be low. Physical
examination may reveal KF rings in approximately 50% of
these patients [59]. A rare but useful finding of a blue discolor-
ation of the nails (lunulae ceruleae) may suggest WD [61].
Table 2.8 provides a summary of the commonest presenting
features of WD in the setting of ALF. Treatment for stabilizing
patients includes albumin dialysis, continuous hemofiltration,
plasmapheresis, and plasma exchange, but ultimately these
patients require liver transplantation. The management of
patients presenting with ALF secondary to WD is discussed in
more detail in different chapter of this book.

Family Screening

It is recommended that first-degree relatives of patients with
WD should be screened for the disease using molecular
genetic testing (described above) [4, 30]. These include sib-
lings and offspring of the proband (first patient identified in
the family with WD). The risk of a sibling having the disease
follows Mendelian inheritance and is 25%, while the risk of
being a carrier is 50%. Mutation-specific or haplotype screen-
ing should be undertaken for all siblings based on the pro-
bands’ identified mutations. This method is quicker and more
cost-effective than whole-genome sequencing. If two muta-
tions (see Leipzig score; Table 2.5) or identical haplotype
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Table 2.8 Summary Female patient

of the main

biochemical and Coombs negative hemolytic anemia
clinical features of
Wilson disease
presenting in the Low/normal alkaline phosphatase
context of acute (usually <40 TU/L)

liver failure

Rapid progression to kidney failure

Modest elevation of aminotransferases
(usually <2000 TU/L)

Elevated total bilirubin

Raised bilirubin: ALP ratio (>2 IU/L)
Coagulopathy

Low serum ceruloplasmin

Elevated urinary copper

Elevated hepatic copper

Low uric acid levels

Kayser-Fleischer rings

Lunulae ceruleae

(patterns of sequences around the gene) is found, then the
diagnosis of WD is established, and treatment should be con-
sidered. If genetic analysis is indeterminate for the siblings or
if molecular testing is not available, then the standard inves-
tigations described above should be employed. Similarly, the
children of the proband should be considered for noninvasive
tests initially when they are older than 2 years of age and
asymptomatic or sooner if symptomatic. The risk of the off-
spring of a proband having WD is believed to be 0.5% [4].

Conclusion
The diagnosis of WD can be established using the Leipzig

scoring system developed to provide a diagnostic framework
for clinicians. This scoring system uses clinical, biochemical,
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and molecular testing and provides an evidence-based struc-
ture for the diagnosis of patients. Consideration of WD in the
appropriate patients, its prompt diagnosis and identification
of the disease, and early treatment are associated with better
clinical outcomes. Family screening is recommended for first-
degree relatives of patients and may detect the disease prior
to the appearance of signs or symptoms.
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Treatment Options for Wilson Disease

Once a diagnosis of Wilson disease (WD) is established, treatment
is needed. Treatment includes medical therapy directed at reducing
the excess copper in the liver and other organs but also aimed at
reducing symptoms of disease arising due to damage of the liver,
brain, or other organs. Treatment also includes dietary manage-
ment, physical or speech therapy if needed, or other interventions
that try to enhance the quality of the patient’s life. In those in
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whom medical therapy is not possible due to liver failure or whom
fail medical therapy, liver transplantation can be curative.

Treatment of patients diagnosed with WD can be divided
into different stages and also has situations where there are
special considerations:

1. Initial therapy that aims to remove excess copper from
newly diagnosed symptomatic patients or initial therapy
that aims to prevent signs and symptoms of disease in pre-
symptomatic patients.

2. Maintenance therapy begins when stability of copper
metabolism and symptomatic and continues lifelong.

3. Liver transplantation when medical therapy doesn’t or will
not work.

4. Other special circumstances: pregnancy and surgery (dis-
cussed in chapter 10).

Successful treatment of patients with WD requires a global
view of the patient and the state of their disease, and for com-
plex patients a multidisciplinary approach is often needed to
achieve best outcomes. This chapter will focus mainly on drug
therapy aimed at controlling the disordered copper metabo-
lism which is the basis of this disorder but also on liver trans-
plantation and when it is indicated. Treating other potential
complications of WD, including those resulting from advanced
liver disease, effects on the brain (neurologic and psychiatric
disease), as well as dietary therapy to reduce intake and
address nutritional needs that are important for overall
health are addressed elsewhere in this book.

Drug therapy for WD was initially introduced in the 1950s,
but the relatively rare nature of this condition and the manner
in which the initial treatments were introduced (without dose-
ranging studies, strict pharmacokinetic analysis, and head-to-
head comparison studies between treatments to know which
is best or safest) have left gaps in our knowledge of how best
to use the currently available treatment regimens. Indeed, the
choice of treatment for WD is often based on preferences of
the treating physician or patient and may be guided by other
factors (e.g., insurance coverage) as well as variable access to
specific medications rather than by any available studies
showing superiority of one treatment over another.
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How then is a patient to choose between treatments? A
working knowledge of the available medications and treat-
ment options is the responsibility of the specialist who is pre-
scribing the medications, but given the rarity of the disorder, it
is likely that in any one community, there are not many treating
physicians with experience. Patients and caregivers are there-
fore encouraged to learn more about their treatment options
themselves and to seek further consultation at centers of excel-
lence (designated by the patient-run Wilson disease Association,
https://www.wilsonsdisease.org) where expert multidisciplinary
teams are able to provide comprehensive consultation and
make recommendations that incorporate the latest informa-
tion, including participation in clinical trials.

A summary of the available oral therapies is shown in
Table 3.1.

Drug Therapy

Dimercaprol (British Anti-Lewisite, BAL)

Dimercaprol (British anti-lewisite, BAL) was the first drug
that successfully treated WD and provided dramatic improve-
ment in patients with neurologic symptoms due to WD in
whom no prior treatment was available. Recordings of some
of the incredible responses to the treatments with this ther-
apy are available [1]. BAL chelates (binds) and then causes

TaBLE 3.1 Oral therapy for Adults with WD

Treatment Dosing regimen Mode of action

D-penicillamine Usually 750— Chelator promoting
1000 mg in 3-4 urinary excretion of
divided doses copper

Trientine Usually 1000- Chelator promoting
1500 mg in 2-3 urinary excretion of
divided doses copper

Zinc salts 150 mg elemental ~ Reduces copper

(gluconate, sulfate  zinc in three absorption

and acetate) divided doses
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removal of copper in the urine. This drug is rarely used now
as it requires regular intramuscular injection and may cause a
systemic hypersensitivity reaction and local sterile abscesses
at the injection sites. The oral chelators D-penicillamine and
trientine, discussed next, were developed in a bid to over-
come the problems associated with BAL. A summary of the
characteristics of these oral medications is shown in Table 3.2.

TaBLE 3.2 Characteristics of comminly used therapies in adults for WD

Treatment

Advantages

Disadvantages

D-Penicillamine

Trientine

Zinc salts

Lengthy clinical
experience
Data supporting
use

Suitable for all
presentations of
WD

Less side
effects than
D-penicillamine
Suitable for all
presentations of
WD

Well tolerated
Neurological
deterioration is
uncommon

Frequency of side effects
Hypersensitivity (fever and
rash)

Requires supplemental
pyridoxine

Marrow suppression
Paradoxical neurological
worsening during initiation
of treatment

Lupus-like syndrome

Skin changes

Colitis®

Frequency of dosing

Needs to be kept
refrigerated Sideroblastic
anemia

Paradoxical neurological
worsening during initiation
of treatment

Hemorrhagic gastritis®
Duodenitis®

Loss of taste

Rash

Gastrointestinal side effects
Elevated lipase and/or
amylase?

Frequency of dosing
Unclear if safe as
monotherapy in hepatic
disease

aRare events
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D-Penicillamine

D-Penicillamine was first used in WD in 1956 [2]. It acts by
binding the copper and increasing its urinary excretion, but it
may also induce metallothionein (a naturally occurring peptide
that can safely bind copper) in the liver [3]. D-Penicillamine
was shown to be useful in treating WD in many clinical studies
[4-11]. In patients with liver disease, recovery of synthetic
function of the liver and improvement in signs and symptoms
related to WD can be seen in the initial 2-6 months of treat-
ment, with even further recovery possible during the next year
and beyond. There are even reports of advanced fibrosis (scar-
ring in the liver) and cirrhosis improving on prolonged therapy
[12]. In patients with neurologic WD, improvement of symp-
toms is often slower and may continue for a few years [6].

To improve tolerability, it is recommended to start with a
low-dose regimen initially and slowly increase the dosage;
starting with 125-250 mg/day that is increased by 250 mg
every 4-7 days to a maximum of ~1500-2000 mg/day in 2—4
divided dosages in adults or to ~ 20 mg/kg in children. If
taken with food, absorption of D-penicillamine is decreased
[13], and therefore it is recommended to take this medication
1 h before or 2 h after meals. For children who cannot swallow
capsules or for those with severe neurologic impairment and
have difficulty swallowing and have either a gastric feeding
tube or naso-enteral feeding tube, D-penicillamine is avail-
able in a liquid formulation. After successful treatment for a
period of ~ 6-12 months during which time most excess cir-
culating copper has been removed (see monitoring chapter
for details of testing to follow while on treatment), the dose
of D-penicillamine can be reduced by about 30-15% mg/kg
for those who continue on D-penicillamine for maintenance
therapy. Additionally, D-penicillamine interferes with vitamin
B6 action; therefore supplemental pyridoxine should be pro-
vided (25-50 mg/day) as well to WD patients on
D-penicillamine therapy.

While the majority of WD patients do well on treatment
with d-penicillamine, unfortunately, worsening of neurologic
symptoms may occur in some who are started on
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D-penicillamine during their initial phase of treatment [6] or
who restart this medication after long gaps in therapy. This
neurological worsening is not unique to this drug and has
been reported for other treatments used for WD, but it may
be more frequent with D-penicillamine [14]. It is thought that
worsening of neurologic symptoms or appearance of new
neurologic symptoms following the initiation of WD treat-
ment may be related to the mobilization of copper from sites
within cells to the circulation given that the chelator-bound
copper is still bioactive. However, it is important to remem-
ber that neurologic symptoms will certainly progress without
treatment, and therefore the benefits of therapy outweigh
risks. To reduce the risk of this occurring, many experts rec-
ommend a slow ramping up of the dose of D-penicillamine
over a period of 1-2 months’ time. Although some patients
that do develop worsening of their neurologic status recover
with continued use of D-penicillamine, it is recommended
that the medication be stopped, or at least the dosage
decreased when this occurs. There is a lack of clear evidence
as to what is the best next step if neurological worsening
occurs on treatment. One option is to consider changing
treatment to include both zinc and a reduced dosage of
chelating drug in combination (but given apart from each
other, discussed below).

Another problem with D-penicillamine is the frequent
occurrence of side effects, which leads to a change in treat-
ment in around 25% of WD patients [7]. Side effects that are
seen early on in treatment include hypersensitivity with fever
and rash, marrow suppression, and, as noted above, early
paradoxical neurological worsening. Other reactions include
a lupus-like syndrome (rash, fever, kidney dysfunction),
development of isolated kidney dysfunction with nephropa-
thy (severe protein loss), a Wegener-like syndrome (inflam-
matory granulomas in the lung and other tissues), myasthenia
gravis with muscular dysfunction, as well as dermatological
changes including a keloid-like scar known as elastosis perfo-
rans serpiginosa and rarely colitis. In general, many of the
side effects due to penicillamine are reversible when patients
are changed to alternative therapies, trientine or zinc.
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Copper-deficient states induced by high-dose
D-penicillamine or prolonged treatment on standard dosages
in those with strict restrictions of dietary copper.
Overtreatment and a copper-deficient state can lead to iron
overload in the liver and fatty change in liver cells, and this
may contribute to liver injury independent of copper.

Trientine

Trientine is another copper chelator that was introduced in
the late 1960s as an alternative to D-penicillamine for
patients who could not use this drug. There is published evi-
dence on the use of trientine, but clinical experience has
outpaced this, with both suggesting trientine is as effective as
D-penicillamine [7, 15-17]. Trientine seems to have fewer side
effects and is useful in patients who are intolerant of
D-penicillamine or where intolerance is more likely (history
of renal disease, splenomegaly with severe thrombocytope-
nia, autoimmune tendencies) as well as for first-line therapy
including in those with decompensated liver disease [18, 19].

The usual initial dose in adults is 20 mg/kg per day,
rounded to the nearest 250 mg, given in two or three divided
doses, with typical dosages of 900-2700 mg/day, with 900-
1500 mg/day used for maintenance therapy in divided doses.
The drug should be taken 1 h before or 2 h after meals.
Trientine is not stable at high temperatures and should be
refrigerated.

Trientine has few side effects. Neurological worsening with
treatment initiation is seen with trientine but appears to be
less common than with D-penicillamine [20]. No hypersensi-
tivity reactions have been reported, but there is case report-
ing of a cutaneous drug reaction. Pancytopenia has rarely
been reported. Lupus-like reactions have been reported, but
almost all of these had previously had D-penicillamine.
Rarely, trientine may cause hemorrhagic gastritis, colitis, duo-
denitis, loss of taste, and rash.

A reversible sideroblastic anemia has been described in
case reports possibly because of the effects of trientine on
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iron metabolism [21, 22]. Trientine chelates iron, and this
trientine-iron complex is nephrotoxic; thus iron supplementa-
tion should be avoided. Copper deficiency as a result of high-
dose trientine over time can lead to iron overload in the liver,
as is also seen with D-penicillamine [23].

Zinc

Zinc was found to be effective WD treatment in the early
1960s [24-27]. It works differently to the chelators described
above. It interferes with the uptake of copper from the gastro-
intestinal tract through enterocyte metallothionein which
binds copper, inhibiting its entry into the portal circulation
[28,29]. Once bound, the copper is lost as enterocytes are shed
[6]. As copper also enters the gastrointestinal tract from saliva
and gastric secretions, zinc treatment can generate a negative
balance for copper and so remove stored copper [30].

Experience of zinc in the treatment of WD was gained
through maintenance therapy after initial chelator use [31]. It
has, however, been used as the initial treatment in patients
who developed worsening neurologic symptoms with
D-penicillamine, during pregnancy, in young children and in
presymptomatic patients [5, 24, 25, 30-39]. The role of zinc in
hepatic disease is controversial with conflicting reports over
its efficacy. Deterioration has been reported, which proved
fatal in one case [40, 41], but other reports suggest equivalent
outcomes as is seen with D-penicillamine [42].

It has been suggested zinc may have a role as first-line
therapy in patients with neurologic disease as there is no
paradoxical worsening; however as it takes longer to reduce
copper levels, the disease may progress on therapy. Thus, cur-
rent guidelines recommend that all symptomatic patients
diagnosed with WD should receive a chelating agent
(D-penicillamine or trientine) [43, 44].

In presymptomatic patients, zinc is as effective as penicil-
lamine but has less side effects [5].

Zinc is prescribed as zinc salts, with the common salts used
being zinc sulfate, acetate, and gluconate. Zinc is dosed as
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milligrams of elemental zinc to allow consistent dosing across
the different salts used though absorption of each may differ.
The recommended dose in adults is 150 mg elemental zinc/
day administered in three divided doses, 30 min before food.
Taking zinc with food that contains phytates (a component of
many grains in bread and cereals) interferes with absorption
(a component of many grains in bread and cereals) [45].
Compliance with the three times per day dosage can be an
issue, with twice daily still effective, but once daily is not [24].
Zinc has few side effects, with gastrointestinal issues the com-
monest which may be dependent on the salt employed with
acetate and gluconate probably more tolerable than sulfate,
but this varies with individuals. Elevations in serum lipase
and/or amylase may occur, without clinical or radiologic evi-
dence of pancreatitis. Neurological deterioration is uncom-
mon with zinc [5, 46]. It is uncertain whether zinc is safe for
patients with renal dysfunction.

Combination Therapy: Chelator and Zinc

The use of a combination of chelation therapy along with zinc
(given separately) can be considered with the different mech-
anisms of action (preventing copper absorption and removal
of excess copper, respectively) felt to have an advantage over
either treatment alone.

Patients who present with decompensated cirrhosis have
been treated with D-penicillamine [19, 47] or trientine [48],
plus zinc. The chelator and zinc must be spread out through-
out the day with usually 5-6 h between administrations of
either drug, in order to avoid having the chelator bind the
zinc. Typically zinc (50 mg elemental adult) is given as the
first and third doses and trientine (500 mg) as the second and
fourth doses. This is an intense treatment regimen in unwell
patients which some will not respond to or tolerate [19, 47 48].
Therefore, it is important these patients are treated in con-
junction with a transplant center. Those who respond may be
transitioned to full-dose zinc or full-dose trientine (or
D-penicillamine) as monotherapy after 3-6 months. The com-
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bination of D-penicillamine and zinc may increase the risk
for development of sideroblastic anemia.

Liver Transplantation

Liver transplantation may be the only option for patients
who present with acute liver failure (occurs in ~5% with WD)
and in those with decompensated liver disease who do not
respond to medical therapy [49-54].

Patients with acute liver failure due to WD can have sug-
gestive lab results including an aspartate aminotransferase
(AST) to alanine aminotransferase (ALT) ratio >2.2, an alka-
line phosphatase to bilirubin ratio <4, hemolytic anemia, and
elevated serum copper >200 mcg/dL. These excess copper
ions contribute to the hemolytic anemia.

Patients require treatment and stabilization in ICU and
may well require urgent liver transplantation. Rapid removal
of excess copper in the blood is crucial, and given the time for
decoppering through drug therapy, various alternative meth-
ods have been used including hemodialysis, hemofiltration,
albumin dialysis, plasma exchange, and molecular adsorbent
recirculating system (MARS). A thorough workup for liver
transplantation can occur in parallel with ICU care.

Transplantation corrects the hepatic metabolic defects of
WD [55], and so patients do not require WD-specific treat-
ment posttransplantation. While the posttransplantation out-
comes for liver disease are excellent, transplantation is not
recommended as a primary treatment for neurologic WD
because any liver disease in these patients is stabilized by
medical therapy, and outcomes with liver transplantation are
not always beneficial [50, 54, 56-59]. Liver transplant assess-
ment is covered in more detail in chapter 11.

Assessment of Therapy

An important assessment in the treatment of WD is 24-h
urine copper excretion (see Table 3.3) which changes in pro-
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TaBLE 3.3 Typical results seen in monitoring of therapy in WD

NCC
24-h urinary Cu (calculated)
Healthy individuals 20-50 pg/day 5-15 pg/dL
Untreated WD 100 pg/day (or Elevated
greater) (>25 pg/dL)
Penicillamine therapy 200-500 pg/day 5-15 pg/dL
(optimized)
Trientine therapy 200-500 pg/day 5-15 pg/dL
(optimized)
Zinc therapy <100 pg/day 5-15 pg/dL
(optimized)
Overtreated WD <100 pg/day Very low
(chelators) <20 (zinc)
Poor compliance with <200 pg/day Elevated
therapy (>25 pg/dL)

portion to the tissue stores depending on whether chelation
or zinc therapy is used. Patients taking D-penicillamine or
trientine should have 24-h urinary copper excretion values of
200-500 pg/day (3-8 mol/day); for patients on zinc, it should
be <100 pg/day (1.2 mol/ day).

For patients on chelation therapy, elevated values for urine
copper may suggest nonadherence to treatment. This is par-
ticularly important as lack of compliance with treatment
leads to significant progression of liver disease and poten-
tially liver failure within 1-12 months following discontinua-
tion of treatment.

Adjunctive Therapy

Some authorities consider the use of other compounds in the
treatment of WD. They can be used in conjunction with the
therapies outlined above. They are not recommended in US
or European guidelines due to a lack of clinical trial data sup-
porting their use.
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Curcumin

Curcumin is a naturally occurring compound in the spice tur-
meric. It could be helpful in WD through its antioxidant
properties and may also have a role in copper chelation [60].
There is also experimental work looking at whether curcumin
could have capacity to help increase the levels of protein
expressed by the ATP7B gene and therefore improve copper
export from cells [61]. There is not yet any data to support the
clinical use of this compound, but some clinicians add it in to
therapy after an individualized assessment.

Vitamin E

Vitamin E is an antioxidant. It has been found to be low in
the blood and liver in patients with WD [62]. There have been
reports of individuals improving symptomatically with sup-
plementation, but there have also been reports of no correla-
tion with low vitamin E and symptomatology. Therefore, its
role is yet to be elucidated in the treatment of WD.

Chinese Herbal Medications

Various Chinese herbal medications (CHM) have been used
in the management of WD, both alone and in conjunction
with the therapies described earlier. A systematic review of
nine randomized trials of varying quality of these medica-
tions found the evidence was not sufficient to make a clinical
recommendation on their use [63].

Unmet Needs in Treatment of WD

There may be the opportunity to participate in clinical trials
in discussion with a WD specialist due to unmet needs in the
treatment of this condition.

Treatment can still take time (years) to improve symptoms and
this can be compounded by worsening of neurologic symptoms
seen in early treatment with existing chelators. A new formulation
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of tetrathiomolybdate (TTM) (bis-choline) which acts as first-in-
class copper-protein-binding molecule is being investigated, with
phase 2 data and extension phase reported [64, 65]. This com-
pound was well tolerated and seems to be promising in addressing
the paradoxical worsening of neurologic symptoms seen with
other chelators. Phase 3 work is now underway (NCT03403205).

Patients can experience side effects on therapy which can
impact on compliance, along with the multiple-dosing regimen of
the currently available drugs. Clinical trials are ongoing to try to
address these issues. The novel compound TTM described above
also confers the advantage of once daily administration. Similarly,
there are also trials in once daily administration of trientine [66].

There are issues regarding the affordability of existing
therapy. This has led to attempts to develop biosimilar drugs.
These are highly similar medicines to others already approved
and have the same pharmaceutical quality, safety, and effi-
cacy. Currently there is a clinical trial involving a biosimilar
for trientine (EudraCT Number: 2016-003876-29).
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Chapter 4

Dietary Copper and Diet
Issues for Patients
with Wilson Disease

Anne Marie Rivard

Copper in Human Nutrition

Roles of Copper and Food Sources

Copper is a mineral critical to human health. It is an essential
component of copper-dependent metalloenzymes which play
roles in energy production, connective tissue formation, iron
metabolism, central nervous system function, melanin forma-
tion, antioxidant functions, and regulation of gene expression
[1]. The recommended dietary allowance (RDA) for copper
for adults is 0.9 mg/day (900 pg/day) with median copper
intake from foods in the United States of 1.0- mg/day as seen
in the US National Health and Nutrition Examination Survey
[2]. Any excess of copper ingested above the body’s daily
need will be excreted through the biliary system. Absorption
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of copper occurs in the small intestine, and the percent of
copper absorbed declines with increasing daily intake. For
example, more than 50% is absorbed when intake is <1 mg
per day, whereas absorption is only 20% when intake rises
above 5 mg per day. With the abovementioned median US
copper intake, roughly 35% dietary copper absorption can be
assumed [2]. For patients diagnosed with WD, the inability to
excrete excess copper leads to a buildup throughout body tis-
sues, and consequently, the sequelae of organ damage can
then later occur.

Copper is found in a wide variety of foods. It is challenging
to assign foods a “label,” i.e., high copper versus low copper
as the copper content of foods may vary depending on
numerous factors, not all of which have been identified. It was
proposed that copper content of soil may influence the min-
eral content of the plant, yet studies have not supported this
theory [3]. In his 2016 article in the Journal of Food
Composition and Analysis, Robin J Marles, a Canadian senior
scientific advisor concludes that recent popular press reports
noting declining mineral content of foods related to agricul-
tural depletion of mineral content of soil can be explained
simply by natural variation in the growing process [4]. The
factors that affect this variation are not yet known. It was
proposed that ripeness may affect the mineral content of
foods, but there are few data to support this. For many years,
researchers have studied the mineral content of foods, dating
back as early as 1929. Lindow et al. published a study which
identified the highest copper containing foods as liver, oys-
ters, cocoa, nuts, dried legumes, cereals, dried fruits, poultry,
fish, green legumes, roots, leafy vegetables, fresh fruits, and
non-leafy vegetables [5]. Though the exact number of milli-
grams of copper found in these foods has changed over the
years, even today these remain some of the top copper-dense
foods. When searching the USDA food nutrient database for
the copper content of specific foods, the foods with the high-
est amount of copper include liver, seaweed, sesame seeds,
oysters, sweetbread, soy flour, cocoa, soy beans, cashews,
mixed nuts, lentils, and sunflower seeds [6]. These are not the
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only foods that contain copper. The vast majority of foods
within our food system contain some amount of copper, the
amount varying greatly depending on portion size. In the
USDA nutrient list, approximately 3% of foods or only 9.5 of
the 293 pages of provided content have foods with zero cop-
per content. The remaining 97% of foods within our food
system have some copper content. Since dietary copper can-
not be completely avoided, it is challenging for patients with
WD to determine their optimal diet.

Copper Through the Life Span

Newborns

As WD is a genetic disorder, it is present in infancy. Even so,
up until recently it was rare for young children to be tested
and diagnosed as they did not show symptoms prompting
testing. With genetic testing being much more common today,
some individuals with this disorder are being diagnosed ear-
lier in life. There is little research to date on the dynamics of
copper intake and absorption in infants with WD, and there-
fore, very few recommendations on diet for these young
individuals. There is no recommended level of copper intake
for this group; rather, an adequate intake (AI) level of
0.2 mg/day is set for infants that reflects the observed mean
copper intake of infants fed principally human milk [2]. For
the first 4-6 months of life for all infants, the main source of
nutrition should be breastmilk or an infant formula to ensure
adequate nutrient intake during this critical period of growth.
The copper content of human milk is found to be on average
0.36 mg/L [7], though the actual content appears to change
significantly throughout the course of lactation, being highest
within the first few weeks after birth (0.452 mg/L), decreasing
by month 4 (0.298 mg/L), and then rising again by month 9
(0.556 mg/L) [8]. Entry of copper in to breastmilk appears to
be via active transport, meaning copper content of breastmilk
is independent of maternal copper status. Studies have
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confirmed that maternal copper status does not influence
copper content of breastmilk. The changes in copper concen-
tration of breastmilk throughout the lactation period as
noted above will occur regardless of the mother’s diet [9].
Regardless of point in lactation, cow’s milk as compared to
human milk is significantly lower in copper at 0.06-0.09 mg/L
[2]. Although cow’s milk would provide much less copper to
an infant, it is an otherwise nutritionally inadequate option
for infants in general and should not be introduced prior to
12 months of age. Cow’s milk is low in iron content, present-
ing a significant risk of anemia for infants. Cow’s milk is also
much higher in calcium and casein than breast milk, leading
to a high renal solute load. The renal solute load refers to the
waste substances of both dietary and endogenous origin that
require excretion by the kidneys. The high solute load from
the casein content of cow’s milk requires increased amounts
of water for excretion through the kidneys and therefore can
increase the risk of dehydration in an infant [10]. For these
reasons and more, cow’s milk should not be given to children
under 1 year of age. If breastmilk is not an option, infant for-
mulas are recommended. These contain the proper concen-
tration of nutrients and mimic breastmilk as closely as
possible to provide ideal nutrition. The copper content of
most infant formulas is comparable to breastmilk [7], with
most standard commercially available brands in the United
States providing 0.4-0.6 mg/L. Based on these numbers,
either breastmilk or infant formulas appear to be appropriate
choices for infants with WD, with further research being
needed on the impact of dietary copper intake in the first
year of life in these individuals.

Toddlers and Children

As children begin to take table food and wean away from
breastmilk and/or infant formula around 4-6 months, their
copper intake begins to vary based on their dietary intake. A
recommended dietary allowance (RDA) has been set for this
group for the amount of copper that needs to be ingested to
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meet the needs of 97.5% of this population. The RDA for
copper intake for children 1-3 years old is 0.34 mg/day, chil-
dren 4-8 years old is 0.44 mg/day, 9-13 years old is 0.7 mg/day,
and children 14-18 years old is 0.89 mg/day [2]. As stated
previously, cow’s milk is quite low in copper content and pro-
vides a significant portion of calories for the growing toddler
(>1 year of age) and young children. It is helpful to introduce
a wide variety of foods in the first years of life to present vari-
ous tastes to a developing palate. This may also play a role in
reducing risk of developing food allergies, though the recom-
mendations in this field continue to change with ongoing
research [11]. There is no reason to overly restrict a child’s
diet, especially since the portions consumed are quite small.
That being said, it might be helpful to steer intake toward
lower copper foods to help develop taste preferences for
these foods, making diet later in life feel less restrictive.
Parents should be encouraged to offer all foods to their child
while guiding them to base their daily intake around lower
copper foods choices which will be discussed later in the
chapter.

Dietary Modifications in Wilson Disease

Food

Copper is present in a wide variety of foods within our food
system. For this reason, a true low-copper diet can be chal-
lenging to follow and still maintain nutritional adequacy. At
present, there is no data on the effect of dietary copper intake
on WD progression and therefore no research to support an
overly restrictive diet in patients on effective medical therapy.
Information currently available to patients ranges from rec-
ommendations for very low-copper diets to no dietary restric-
tions at all [12]. Most commonly, it is suggested that individuals
with WD limit dietary copper intake to 1 mg or less per day,
which is comparable to the RDA. The American Association
for the Study of Liver Diseases (AASLD) recommends that
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“patients should avoid intake of foods and water with high
concentrations of copper, especially in the first year of treat-
ment”[13]. This broad variability in recommendations pres-
ents challenges when educating a newly diagnosed WD
patient. Do they need to follow a low-copper diet? What
foods should be eliminated? The needle of consensus on this
topic seems to be moving slowly toward less restrictive diets
in WD patients with stable disease on therapy.

As noted previously, on average approximately 35% of
copper from food is absorbed. Even consuming only foods
considered higher in copper, very large quantities would be
needed for the amount of copper absorbed to be clinically
significant. Additionally, restricting copper intake to a very
low-copper diet will actually cause an increase in the percent
of copper absorbed from foods, therefore defeating the pur-
pose of trying to decrease copper intake. Presently, there is
minimal evidence-based research which supports overly
restrictive diets.

Questions remain regarding the effects of omnivorous
diets versus vegetarian/vegan diets. While the plant-based
foods consumed through a vegan diet may provide roughly
twice the copper content of an omnivorous diet, the pres-
ence of fiber and phytates within these foods makes the
copper less bioavailable [14]. Therefore, a vegetarian or
vegan diet is not contraindicated for a WD patient.
Although these points minimize the need for a very
restrictive diet, diet and nutrition still play a role within
management of WD. Some foods have such a significantly
elevated copper content that even with an assumed 35%
absorption, copper intake would be over 1 mg per serving.
These foods include liver (6-13 mg per average serving)
and most shellfish (5 mg per average serving, excluding
scallops). These foods should be avoided during the first
year of treatment and then included in the diet only on
rare occasions thereafter.

While a true dietary restriction is not necessary based on
current evidence, patients should still be provided with nutri-
tional counseling. In practice, patients view diet as an area in
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which they have control and are often looking for guidance
on what foods to eat. While diet alone cannot manage WD,
when included with medical therapy, it can be an integral part
of overall management. It may not be appropriate for all
individuals, yet in practice there is found to be large subset of
patients who benefit from clear and specific guidelines on
beneficial food choices. Diet advice can be provided in a clear
and nutritionally sound fashion. These patients often do their
own research and end up overly restricting foods based on
the varying evidence they find online. They benefit from spe-
cific information from a nutrition professional on the copper
content of foods with guidelines laid out on what foods to
enjoy, what foods to moderate and what foods to minimize.
When presenting this information, it is important to do itin a
one-on-one setting with a registered dietitian (RD) who
assesses the individual’s level of understanding and tailors
education accordingly. Nutritional consultation is also recom-
mended to provide guidance to patients on how to best main-
tain an optimal nutritional status as excess intake, weight
gain, and elevated cholesterol panels can all contribute to
long-term liver dysfunction in a group of patients that is
already at risk for liver compromise due to their underlying
disease.

The table below (Table 4.1) provides recommended dietary
intake guidelines to patients based on copper content of
foods. It should be noted that foods are divided into three
categories: low-copper foods, moderate-copper foods, and
high-copper foods. Those low in copper provide less than
0.08 mg of copper per average serving and do not pose a sig-
nificant copper burden when consumed. Moderate-copper
foods provide up to 0.2 mg of copper per serving and, if con-
sumed in larger portions, could provide a significant amount
of copper. For that reason, the portion size of these foods
should be monitored, but they do not need to be avoided
altogether. High-copper foods are those that have more than
0.2 mg per serving. The copper content of these foods can add
up quickly, and they should be consumed less frequently
(weekly to monthly).
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Water

Copper content of drinking water can vary, often depending
on the plumbing which brings water to the tap. Copper in
drinking water will be in an inorganic form, meaning it is in
metal salt-based form as opposed to the carbon-based
organic form found naturally in foods. Copper is often used
in pipes and other building materials, and over time, the cop-
per from the pipes can leach into water. Studies have found
the copper content of water varying from <0.005 mg/L to as
high as 30 mg/L [15] due to varying infrastructure. Copper
content of municipal water sources are monitored and fall
under the Lead and Copper Rule (LCR) published by the
Environmental Protection Agency (EPA) in 1991. This
requires utility companies to monitor the copper content of
water at the customer tap level. If levels of copper exceed
1.3 ppm in >10% of taps surveyed, action must be taken to
lower copper content of the water by addressing infrastruc-
ture issues [16]. When the water source is a private well, there
could be varying levels of copper in the water based on the
ground source. It is recommended that all patients, regardless
of water source, have their water checked for mineral content
upon initial diagnosis. Water with a copper content over
0.1 mg/L is considered elevated for this patient population,
and steps should be taken to reduce copper content of water.
Copper levels are highest when taps are first turned on if
water has been sitting in contact with copper containing
plumbing. Most of the older copper plumbing has surfaces
that are oxidized and therefore will leach less copper and do
not have to be replaced for patients with WD. However,
copper content decreases considerably as the water runs, and
individuals with WD should be encouraged to use cold tap
water and allow the tap to run for a short period of time until
the water is cool before collecting water for cooking or drink-
ing. Additionally, home water filters can be used to safely
further decrease the copper content of tap water. It is impor-
tant that the replaceable filters from these units be changed
at the recommended intervals per the manufacturer’s guide-
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lines to ensure proper removal of copper. At this time, there
are no published data regarding the efficacy of specific
brands of filters, so no specific recommendations can be pro-
vided at this time.

Cooking Methods

Copper cookware, including pots, pans, utensils, and mugs, are
marketed as excellent cooking vessels with the ability to
change temperature quickly while evenly spreading out heat.
Over time, they can leach some of their copper content into
foods, especially when more acidic foods such as tomatoes are
added to the cooking vessel. This will increase the copper
content of food without increasing nutritional value.
Therefore, all individuals with WD should be encouraged to
avoid copper containing cooking and dining utensils.

Nutritional Supplements

The nutritional supplement industry is a multi-billion-dollar
industry that pervades many aspects of everyday life. From
well-meaning friends and family, to television personalities
and celebrities, the average individual is presented with sup-
plement marketing on a regular basis. It is important that
patients understand the distinction between prescription
medications and dietary supplements; dietary supplements
do not require proof of safety or efficacy before being
brought to market. For this reason, one cannot be 100% sure
that what is represented on the label of a supplement is actu-
ally contained in that product. Patients should be encouraged
to research the safety and efficacy of a product with their
practitioner before use, ideally seeking out supplements that
are certified by independent labs such as US Pharmacopeia
(USP) dietary supplement verification program. Copper is
present in many supplements from standard multivitamins
(Centrum®- 1 mg copper per serving) to supplements mar-
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keted to help with liver function, depression, infertility, and
many other conditions. These supplements often contain
approximately 2 mg copper per serving, well above the
RDA. They are present in an inorganic salt form, and it is
unclear how much is actually absorbed. As most individuals
can get the micronutrients they need from a well-balanced
diet, it is recommended that all supplemental copper be
avoided by individuals with WD to eliminate this unneces-
sary source of copper ingestion.

Oral liquid nutritional supplements are another source of
inorganic copper in the diet. These drinks (such as Ensure®,
Boost®, and Carnation Breakfast Essentials®) are marketed
to individuals with poor appetite and a busy schedule or for
anyone that needs ready-to-go nutrition. As these are made
to supplement the diet of individuals who are assumed to
have inadequate intake, these are fortified with a wide range
of vitamins and minerals, including copper. These mineral-
fortified supplements should be avoided for individuals with
WD, as should supplements with pea protein as their main
source of protein due to the high-copper content of peas. If
individuals require a concentrated source of nutrition in
shake format, SlimFast® is one option (180 calories and 10
grams protein per bottle) as it is not fortified with copper and
uses milk protein as its base. Individuals can also make their
own shakes and smoothies using low-copper food including
milk, fruit, yogurt, and with whey-based protein powder or
powdered egg whites as indicated. Individuals are encour-
aged to meet with a Registered Dietitian to determine their
nutritional requirements.

Special Considerations

Liver Disease

Due to the inability to excrete excess copper in WD, copper
deposition may occur throughout the body, most notably in
the liver. If left untreated, this can progress to cirrhosis, which
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presents a unique set of nutritional considerations. Patients
with cirrhosis may be hypermetabolic, requiring increased
calories and protein to maintain nutritional homeostasis. This
often coincides with a decrease in appetite and intake and
can lead very quickly to malnutrition. Approximately 50-90%
of patients with cirrhosis have been found to have protein
calorie malnutrition [17]. This is concerning, in that poor
nutritional status is associated with increased mortality and
other complications [17]. Early nutrition intervention can
prevent nutritional decline and maintain robust nutritional
status throughout the course of cirrhosis. Calorie and protein
needs for patients with cirrhosis are elevated to 35-40 kcals/
kg ideal body weight and 1.0-1.5 g protein/kg ideal body
weight [17]. Individuals with cirrhosis are encouraged to have
small, frequent, balanced meals with encouragement of a
bedtime snack to prevent nocturnal hypoglycemia and
improve lean body mass [18]. These individuals are also at
increased risk for development of ascites and are encouraged
to choose foods in their diet that are lower in sodium such
that their daily intake is 2 grams or less. Patients are discour-
aged from adding salt to their foods and encouraged to read
labels to monitor sodium content. It is recommended that
they avoid alcohol intake to prevent further hepatic compro-
mise. They should seek out a consultation with an RD to
evaluate their diet and optimize intake.

Neurological Involvement
Dysphagia

If WD progresses such that there is neurological impairment,
an individual’s ability to safely swallow must be evaluated.
All patients with suspected neurological involvement should
have a consultation with a speech language pathologist (SLP)
to determine optimal diet consistency. If any dysphagia is
noted, thickened liquids and altered diet consistencies may be
required. There are many commercially available thickening
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agents which use cornstarch as a base and can safely thicken
food. Individuals should continue to work with an SLP
throughout the course of their treatment as their swallowing
capabilities may change. If it is deemed unsafe for patients to
swallow any consistency, alternative nutrition support may be
needed, and this is discussed next. In patients who were
unable to swallow or had limitations and who improve with
therapy, repeat testing for swallowing under observation by a
professional is recommended prior to restarting a standard
diet.

Nutrition Support

Individuals with a compromised ability to swallow due to
neurological involvement in their WD may require tube feed-
ing to maintain nutritional status while lowering risk of aspi-
ration. The challenge lies in crafting the optimal nutrition
support regimen. Most commercially available tube feeding
preparations have added copper and provide close to 3 mg of
copper per day, far beyond the recommended ~1 mg per day
for WD patients. As this is mostly in an inorganic form,
absorption may differ from the absorption of organic copper
in food, though data in humans is not available to say conclu-
sively at this time. Various recipes exist to make homemade
low-copper tube feeding using ingredients such as evaporated
whole milk, baby food, and protein powders. Patients should
work closely with an RD when mixing homemade enteral
formulas. Aseptic techniques must be used while mixing and
ingredients and recipes should be evaluated by an RD to
ensure nutritional adequacy.

Another option is to use a concentrated commercially
available formula (such as TwoCal® by Abbott) but meet
only approximately 50% of calorie needs with this formula.
The remaining 50% of calorie needs can be met using evapo-
rated whole milk and a carbohydrate modular product. The
below recipe (Table 4.2) provides 2294 calories and 87.8
grams protein with approximately 48% of calories coming
from carbohydrate, 16% from protein, and 36% from fat,
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TaBLE 4.3 Low-copper tube feed option using standard pediatric
formula

Calories CHO Pro Fat Copper Volume
6.5 cans Pediasure 1.5® 2275 247 91 104 1.3 1540

appropriate for most adults with average nutritional needs.
This recipe can be further modified under the guidance of an
RD to ensure appropriate macronutrient and micronutrient
intake on a patient-specific basis. The amount of PolyCal®
can be adjusted (carbohydrate modular), a protein modular
can be added (such as BeneProtein®), or a combined fat and
carbohydrate modular may be added (DuoCal®) to optimize
the formula as needed. Additionally, the amount of free water
added can be adjusted to ensure fluid needs are met.

Commercially prepared formulas for the pediatric popula-
tion may also present an option for adult patients needing
lower copper formulations. Their mineral content is lower to
meet the RDA’s of younger children but in larger volumes
can still provide nutritionally adequate options for adults.
Pediasure 1.5® is a calorically dense formula that only has
0.2 mg of copper per 8 oz can. Using 6 V2 cans per day would
provide the nutritional equivalent of a homemade formula in
a ready-to-feed formulation (Table 4.3). Insurance coverage,
patient support system, home environment, and patient toler-
ance all must be taken in to consideration when choosing an
appropriate enteral nutrition regimen.

Resources

One-on-One RD Assistance

Living with WD can be a challenging course to navigate
alone. Patients are encouraged to reach out to all members of
their care team and ensure they have adequate support to
optimize their lifestyle. An RD is an integral member of that
team. Every individual has unique diet and lifestyle factors
which cannot be captured in a chart format. For that reason,
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all patients should be encouraged to meet one on one with a
nutrition professional to plan their optimal diet. Patients can
visit http://www.eatright.org/find-an-expert to find a nutrition
professional in their area. Or they can call their local hospital
to inquire about outpatient nutrition services. Patients are
encouraged to check with their insurance when scheduling
such visits to understand their coverage and out of pocket
costs. Patients can also ask if there is an RD working with
their gastroenterologist or hepatologist.

USDA Food/Nutrient Database

The USDA, through its Nutrient Data Laboratory, keeps an
online record of the nutrient content of most standard foods,
found at https://ndb.nal.usda.gov/ndb/ [19]. This is kept up to
date and includes data on the micronutrient content of foods,
including copper content. As noted below (Fig. 4.1), when
searching for copper content of foods, ensure the data source
is “standard reference” as opposed to “branded food prod-
ucts” to ensure there is data on copper content.

Once the desired food is found in the database, select “Full
Report” to see the copper content (Fig. 4.2).

After scrolling down, the copper content will be listed under
the “minerals” section, and content for the selected food is
listed in milligrams for the selected portion size (Fig. 4.3).

[ s s —l . ﬂ Reset
S —— . ‘

Fi1G. 4.1 Choosing “standard reference” in the USDA food composi-
tion database, found at https://ndb.nal.usda.gov/ndb/search/list
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FiG. 4.3 Finding copper content in the USDA food composition
database, found at https://ndb.nal.usda.gov/ndb/search/list

This can be a useful tool for individuals who wish to under-
stand the copper content of foods and find lower copper
substitutes for commonly consumed foods.

Conclusion

There is still much to be learned about the connection
between diet and WD. While we know that overly restrictive
diets are likely unnecessary, as well as cumbersome and
potentially nutritionally inadequate, nutrition has a central
role in WD management. Diet is one important piece in the
health maintenance for individuals with this diagnosis and
can play a role in maintaining liver health as well. Further
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research is needed in many areas, including nutrition support

regimens, nutrition management for infants with WD, dietary
copper’s impact on disease progression, and more.

References

—

. Copper. http://lpi.oregonstate.edu/mic/minerals/copper

2. Press NA. Institute of Medicine (US) Panel on Micronutrients.
Dietary Reference Intakes for Vitamin A, Vitamin K,
Arsenic, Boron, Chromium, Copper, lodine, Iron, Manganese,
Molybdenum, Nickel, Silicon, Vanadium, and Zinc.; 2001. https://
www.ncbi.nlm.nih.gov/books/NBK222312/

3. Badilla-Ohlbaum R, Ginocchio R, Rodriguez PH, Céspedes
A. Relationship between soil copper content and copper content
of selected crop plants in central Chile. Environ Toxicol Chem.
2001;20(12):2749-57. http://onlinelibrary.wiley.com/doi/10.1002/
etc.5620201214/full

4. Marles RJ. Mineral nutrient composition of vegetables, fruits
and grains: the context of reports of apparent historical declines.
J Food Compos Anal. 2017;56:93-103. https://doi.org/10.1016/j.
jfca.2016.11.012.

5. Lindow C, Elvehjem C, Peterson W. The copper content of plant
and animal foods. J Biol Chem. 1929;82:465-71.

6. US Department of Agriculture, Agricultural Research Service,
Nutrient Data Laboratory. USDA National Nutrient Database
for Standard Reference, Release 28. Version Current: September
2015, slightly revised May 2016. https://ndb.nal.usda.gov/ndb/.
Accessed 12 July 2017

7. Khaghani S, Ezzatpanah H, Mazhari N, Givianrad MH,
Mirmiranpour H, Sadrabadi FS. Zinc and copper concen-
trations in human milk and infant formulas. Iran J Pediatr.
2010;20(1):53-7.

8. Songul Yalcin S, Yalcin S, Ihsan Gucus A. Zinc and copper con-
centrations in breast milk during the first nine months of lacta-
tion: a longitudinal study. Pediatrics. 2015;135:S13—4. https:/doi.
org/10.1542/peds.2014.

9. Domell6f M, Lonnerdal B, Dewey KG, Cohen RJ, Hernell

O. Iron , zinc , and copper concentrations in breast milk are

independent of maternal mineral status. Am J Clin Nutr.

2004;79(1):1-3.


http://lpi.oregonstate.edu/mic/minerals/copper
https://www.ncbi.nlm.nih.gov/books/NBK222312/
https://www.ncbi.nlm.nih.gov/books/NBK222312/
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620201214/full
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620201214/full
https://doi.org/10.1016/j.jfca.2016.11.012
https://doi.org/10.1016/j.jfca.2016.11.012
https://ndb.nal.usda.gov/ndb/
https://doi.org/10.1542/peds.2014.
https://doi.org/10.1542/peds.2014.

10.

11.

12.

13.

14.

15.

16.
17

18.

19.

Chapter 4. Dietary Copper and Diet Issues for Patients 85

Ziegler EE. Adverse effects of cow’s milk in infants. Nestle Nutr
Workshop Ser Pediatr Program. 2007;60:185-99.

Fleischer DM, Sicherer S, TePas E. Introducing highly aller-
genic foods to infants and children. https://www.uptodate.com/
contents/introducing-highly-allergenic-foods-to-infants-and-
children#H2497362924. Published 2017 Accessed 12 July 2017
Russell K, Gillanders LK, Orr DW, Plank LD. Dietary copper
restriction in Wilson’s disease. Eur J Clin Nutr. 2017;72:326.
https://doi.org/10.1038/s41430-017-0002-0.

Roberts E, Schilsky M. Diagnosis and treatment of Wilson dis-
ease: an update. Hepatology. 2008;47:2089-111.

Bost M, Houdart S, Oberli M, Kalonji E, Huneau JF, Margaritis
I. Dietary copper and human health: current evidence and unre-
solved issues. J Trace Elem Med Biol. 2016;35:107-15. https://doi.
org/10.1016/j.jtemb.2016.02.006.

WHO. Copper in drinking-water. America (NY). 2011;3:23.
doi:https://doi.org/10.1016/j.kjms.2011.05.002.
lead-and-copper-rule @ www.epa.gov

Cheung K, Lee SS, Raman M. Prevalence and mechanisms
of malnutrition in patients with advanced liver disease, and
nutrition management strategies. Clin Gastroenterol Hepatol.
2012;10(2):117-25. https://doi.org/10.1016/j.cgh.2011.08.016.
Tsien CD, Mccullough AJ, Dasarathy S. Late evening snack:
exploiting a period of anabolic opportunity in cirrhosis. J
Gastroenterol Hepatol. 2012;27(3):430-41.  https://doi.
org/10.1111/j.1440-1746.2011.06951.x.

US Department of Agriculture, Agricultural Research Service,
Nutrient Data Laboratory. USDA National Nutrient Database
for Standard Reference, Release 28. Version Current: September
2015. Internet: /nea/bhnre/ndl


https://www.uptodate.com/contents/introducing-highly-allergenic-foods-to-infants-and-children#H2497362924
https://www.uptodate.com/contents/introducing-highly-allergenic-foods-to-infants-and-children#H2497362924
https://www.uptodate.com/contents/introducing-highly-allergenic-foods-to-infants-and-children#H2497362924
https://doi.org/10.1038/s41430-017-0002-0
https://doi.org/10.1016/j.jtemb.2016.02.006
https://doi.org/10.1016/j.jtemb.2016.02.006
https://doi.org/10.1016/j.kjms.2011.05.002
http://www.epa.gov
https://doi.org/10.1016/j.cgh.2011.08.016
https://doi.org/10.1111/j.1440-1746.2011.06951.x
https://doi.org/10.1111/j.1440-1746.2011.06951.x

®

Check for
updates

Chapter 5

Treating Other Symptoms
of Wilson Disease: The Liver

Michelle Camarata and Michael L. Schilsky

Introduction

Symptoms of Wilson disease (WD) normally first present between
the ages of 5 and 35 years old with liver-related symptoms occur-
ring more frequently in younger patients and neurological symp-
toms occurring in patients presenting at an older age. Around
40-50% of WD patients will present with symptomatic liver dis-
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TaBLE 5.1 Summary of clinical signs and symptoms and their medi-
cal treatment options

Clinical symptom/ Treatment options

sign

Jaundice Decoppering therapy

(Advanced liver Low copper diet

disease) Avoidance of toxic liver injury (alcohol,

liver toxic medications)

Varices Nonselective beta-blockers (e.g.,
propranolol, nadolol)
Endoscopic band ligation (esophageal)
Sclerotherapy with glue (gastric)
TIPS
BRTO

Ascites Salt restriction
Diuretics
Paracentesis
TIPS or surgical shunt

Hepatic Lactulose

Encephalopathy Enemas (if oral route not possible)
Nonabsorbed antibiotics (e.g., rifaximin,
neomycin)

ease [12]. The severity of symptoms related to the liver in WD can
be very variable and is related to the degree of inflammation and
damage to the liver. The most common signs and symptoms of
liver disease are yellowing of the skin (jaundice) and loss of appe-
tite (anorexia) (37-44%), followed by fluid accumulation in the
abdominal cavity (ascites) (23-26% ) and enlargement of the liver
and spleen (16-29%) [8, 17, 26]. Table 5.1 provides a summary of
the clinical signs and symptoms that can present in patients with
Wilson disease and their medical treatment options.

Asymptomatic or Mild Symptoms

Persistently abnormal liver blood tests, in particular liver
transaminases (ALT and AST) can indicate hepatitis,
which simply implies inflammation of the liver. At this
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early stage when there may only be abnormal lab tests and
patients lack symptoms, the most common and only find-
ing on physical examination might be a mildly enlarged
liver. Asymptomatic WD patients with only a mild eleva-
tion of liver tests are reported to occur in about 18-25% of
patients [8, 26]. Persistent liver inflammation can eventu-
ally result in scarring or fibrosis of the liver tissue. For the
purposes of standardization, the degree of fibrosis present
can be divided into stages. The last stage characterized by
scarring and regenerative growth of remaining areas in
response to injury to form nodules of the liver is called cir-
rhosis. Initially, cirrhosis can begin as compensated disease
and sometimes can be clinically silent with few symptoms
noted by patients. When the liver disease progresses, symp-
toms may include skin changes such as jaundice and icteric
sclerae (yellowing of the white part of the eye) and spider
nevi which are small spiderlike blood vessels that develop
on the surface of the skin, commonly found on the face,
neck, and upper part of the trunk and arms. Other symp-
toms may include easy bruising or bleeding (including
nosebleeds or bleeding gums), red palms of the hand
known as palmar erythema, and muscle wasting. Physical
examination of the abdomen may also demonstrate an
enlarged spleen.

Portal Hypertension

With progression of liver disease and cirrhosis, more serious
symptoms can develop due to the increased resistance to the
blood flowing through the liver causing a raised portal
venous pressure which is the blood pressure in the hepatic
vein. Raised portal venous pressure is termed portal hyper-
tension. Measuring the hepatic venous pressure gradient
(HVPG) is accepted as the gold standard for assessing the
severity of portal hypertension [10]. It is determined by
wedging a catheter in a hepatic vein to occlude it and measur-
ing the pressure of the proximal static blood to calculate the
wedged hepatic venous pressure (WHVP). The HVPG is the
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pressure gradient between the WHVP and the free hepatic
venous pressure [10]. Portal hypertension is defined as an
HVPG greater than or equal to 5 mm Hg and is clinically
significant when the HVPG exceeds 10-12 mm Hg. Table 5.2
illustrates the complications that can occur as portal hyper-
tension progresses.

Measuring the portal pressure is invasive and clinically
impractical and therefore clinicians are more often guided by
clinical signs and symptoms as well as imaging and endo-
scopic findings. For instance, new development of varices on
endoscopic appearance indicates the recruitment of collateral
vessels and increase in portal pressure.

Varices (Esophageal and Gastric)

A very serious complication of portal hypertension is bleed-
ing from varices, abnormally enlarged veins (similar to vari-
cose veins) that form within the lining of the esophagus or
within the stomach and rarely in other places in the gut (see
Figs. 5.1 and 5.2). They form because of the increased portal
pressure that encourages the development of collateral blood
flow around the liver. When enlarged, these varices can
become fragile due to increased wall tension and can sud-
denly burst to cause serious, life-threatening bleeding.

In some patients with WD, bleeding from the varices may
be the first presenting symptom of their disease. In others
found to have cirrhosis, an upper endoscopy should be per-
formed to screen for varices, and repeat testing (surveillance)
performed on a yearly basis as varices will develop over time
with disease progression. If larger varices are found on direct
examination, medications such as nonselective beta-blockers
(e.g., propranolol or nadolol) can also reduce portal pressure
and thereby the blood flow running through the varices and
decrease the risk of variceal bleeding [27]. Nonselective beta-
blockers should be taken at the maximum tolerated dose and
are adjusted based on pulse or blood pressure. Once a patient
is committed to nonselective beta-blocker therapy, yearly
endoscopic surveillance for varices may no longer be needed.
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FIGURE 5.1 AND 5.2 Esophageal varices. Endoscopic view of esopha-
geal varices. Figure 5.1: Prominent varix (arrow) in the distal esoph-
agus just above the gastroesophageal junction (GOJ). Figure 5.2:
Shown are multiple esophageal varices in the distal esophagus
(arrows)



94 M. Camarata and M. L. Schilsky

Direct measurement of the change in the portal pressure due
to the medication is rarely performed. If nonselective beta-
blockers are not tolerated, bleeding from esophageal varices
can also be prevented by endoscopically placing rubber
bands on the blood vessels to collapse them, a procedure
known as variceal ligation (see Figs. 5.3 and 5.4). This ligation

FIGURE 5.3 AND 5.4 Varix post band ligation therapy visualized
through an endoscope. Shown are two images of esophageal varices
post band ligation therapy visualized through the banding apparatus
via endoscopy. Note black rubber band at neck of each varix (arrow)
post procedure
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therapy should be repeated at intervals until varices are no
longer visible, thereby reducing the risk of bleeding [14].
Portal hypertension can be associated with changes affect-
ing the lining of the stomach known as portal hypertensive
gastropathy (see Fig. 5.5) and can also result in the formation
of gastric varices (see Fig. 5.6). Gastric varices are not typi-
cally treated with band ligation, but these may require trans-
jugular intrahepatic portosystemic stent shunt (TIPS)
placement if beta-blockers are not tolerated or bleeding
recurs [9]. TIPS implantation is performed by an interven-
tional radiologist under x-ray guidance. A device that creates
a conduit between the portal vein with elevated pressures
and the outflow through the hepatic vein is inserted within
the liver to establish communication between these two cir-
culations. By creating an alternative pathway for blood flow,
a reduction in the pressure in the portal circulation occurs
[28]. One other treatment for gastric varices is the use of cya-
noacrylate “glue” for obliterating the gastric varices [9]. This
is not uniformly performed at most centers and does carry

FiGURe 5.5 Portal hypertensive gastropathy. The image demon-
strates the lining of the stomach with a mosaic like appearance that
resembles snakeskin, consistent with changes of portal hypertensive
gastropathy



96 M. Camarata and M. L. Schilsky

FiGUre 5.6 Gastric varices with portal hypertensive gastropathy.
Shown are gastric varices at the gastric fundus visualized on retro-
flexion of the endoscope (arrow)

other risks as well. Surgical shunts to decompress the portal
system were performed more commonly in the past but are
infrequent now due to the success of the TIPS procedure.
One other alternative for treating gastric varices is balloon-
occluded retrograde transvenous obliteration (BRTO), per-
formed by interventional radiologists, where the presence of
spontaneous connections between the high-pressure portal
system and the systemic venous system can be used as a
conduit to access the portal system and the varices closed off
by use of coils or special glues or sclerosing agents [15, 16].

Management of Variceal Bleed

Active bleeding can present with hematemesis (vomiting
blood) or passing melena (black stool containing altered
blood). This situation can be life-threatening with a high mor-
tality rate and requires emergent hospitalization and care as
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detailed. When active bleeding from varices occurs, volume
resuscitation and airway protection (sometimes requiring
placement of an endotracheal tube and use of a ventilator)
are needed. Patients should undergo emergency endoscopy
and intravenous infusions of medications such as octreotide
or vasopressin (that reduce portal blood flow) as required to
control the bleeding, as well as treatment with antibiotics to
prevent complications of SBP and sepsis that often accom-
pany the bleeding episode. Admission to an intensive care
unit is needed for support and monitoring. If bleeding is
uncontrolled, then TIPS may be considered as an option for
emergently reducing the bleeding from varices.

Ascites

Portal hypertension may result in the retention of salt and
water and fluid shifts outside the vascular space, clinically
seen as swelling initially in the lower extremities (edema) and
by abdominal distension with ascites. Ascites and edema can
be treated with sodium restriction and diuretics, a class of
medications which cause increased loss of salt and water in
the urine. The initial diuretic used is often the aldosterone
antagonist spironolactone [24]. Some male patients may
experience discomfort from breast enlargement (gynecomas-
tia) due to the hormonal action of spironolactone, and
alternative diuretics may be needed. If the ascites and edema
are not adequately reduced, the addition of a second-loop
diuretic (e.g., furosemide) can be considered [4]. Sodium
restriction and sufficient protein intake (1.2-1.5 g/kg/day)
have also been recommended as an adjunct to treatment [18].
Careful monitoring of renal function and electrolytes on ini-
tiation and during dose adjustments is required to prevent
electrolyte imbalance and deterioration of kidney function.
Deterioration in kidney function can also occur indepen-
dently of diuretic use in patients with advanced liver disease
with significant portal hypertension. This progressive deterio-
ration in kidney function, in the absence of any identifiable
triggers, is referred to as hepatorenal syndrome (HRS).
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Treatments available for HRS include stopping medications
that can contribute to deteriorating kidney function, volume
expansion of the plasma with albumin given intravenously,
treatment with analogues of vasopressin, placement of TIPS,
and dialysis [11, 31]. Despite treatment initiation, mortality
remains high in patients with HRS, and prognosis without
transplantation is poor [2].

Treatment of Resistant Ascites

If medications are not effective at improving the ascites or in
patients that are unable to tolerate diuretics, the ascitic fluid
may require direct drainage (abdominal paracentesis). This is
a simple bedside procedure performed most often in an out-
patient setting, where a needle or catheter is inserted into the
peritoneal cavity to directly remove the excess fluid. In cases
where medications to control ascites are ineffective or not
tolerated due to side effects and where regular paracentesis
becomes necessary due to rapid fluid re-accumulation, place-
ment of a TIPS by nonsurgical methods can be considered to
reduce portal pressures and ascites [22, 23], alongside evalua-
tion for liver transplantation. Patients with a history of
uncontrolled hepatic encephalopathy (see below) as well as
cardiac and pulmonary disease may need careful consideration
prior to TIPS insertion due to a risk of deterioration after the
shunt is placed [12].

Spontaneous Bacterial Peritonitis

Patients with advanced liver disease with ascites have a
reduced resistance to infection and have an increased fre-
quency of passage of bacteria across the gut wall (increased
bacterial translocation). Ascites can become infected and
result in the development of spontaneous bacterial peritoni-
tis (SBP). SBP can present with abdominal pain or with fea-
tures of overwhelming infection that include bacterial or
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toxin spread in the circulation causing sepsis associated with
fever, rapid heart rate, low blood pressure, and sometimes
reduced oxygen saturation. Diagnosis is by analysis of ascites
fluid by paracentesis, demonstrating most often an increase in
white blood cells in the ascites above 250 granulocytes per
microliter or less commonly by a positive microbial culture
[21]. Treatment is with antibiotics, intravenous infusion of
albumin to preserve kidney function, and supportive care.
Diuretics are held during treatment of SBP. Once SBP occurs
in an individual, patients may be advised to continue an oral
antibiotic on a daily or weekly basis to prevent further epi-
sodes from occurring.

Sepsis

Patients with advanced liver cirrhosis are also at a higher risk
of other bacterial infections, and these are one of the main
causes of hospitalization. [13] This reflects an impaired
immune system occurring due to advanced liver disease. SBP
and urinary tract infections are the most frequent infections,
followed by pneumonia, skin and soft tissue infections, and
bacteremia [13]. Gram-negative bacteria from intestinal ori-
gin can play a role in a considerable proportion of patients,
yet gram-positive bacteria are a frequent cause in hospitalized
patients. Atypical and even fungal pathogens need to be con-
sidered in patients not responding to treatment. Early diag-
nosis and prompt initiation of appropriate antibiotics or
antifungal treatment are essential [7].

Hepatic Encephalopathy

One of the primary roles of a functioning liver is that it metab-
olizes potentially toxic substances in the body to make them
harmless. When the liver does not fully function due to scarring
and bypass of the normal circulation through the liver or with
severe inflammation and impairment of normal metabolism,
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toxins can build up in the blood stream. The accumulation of
certain toxins and chemicals such as ammonia can precipitate
a condition known as hepatic encephalopathy with resulting
brain dysfunction and altered mental status. The finding of a
raised serum ammonia level can support the diagnosis of
hepatic encephalopathy. There are a range of symptoms of
hepatic encephalopathy, beginning with an altered sleep-wake
cycle and progressing to altered mentation and daytime drows-
iness. This can evolve further to difficulty in responding to the
patient’s surroundings and eventually to a full-blown coma
state. The earliest stages of hepatic encephalopathy, now called
subclinical or minimal hepatic encephalopathy, can be detected
by standardized neuropsychiatric tests [30]. Overt hepatic
encephalopathy is detected by altered mentation and the pres-

TaBLE 5.3 Stages of hepatic encephalopathy

State of Clinical Exam findings
Stage consciousness symptoms
Covert 0 Normal None Normal
examination

1 Mild lack of  Altered sleep Altered mental
awareness pattern acuity on testing,
impaired addition
or subtraction, mild
asterixis or tremor

Overt 3 Lethargy or  Mild Obvious asterixis,
apathy disorientation, slurred speech,
forgetful, altered mental
inappropriate acuity
behavior
3 Somnolent but Drowsy, Somnolent, altered
arousable severe mentation
disorientation
4 Comatose Not arousable Not arousable

This table based on the West Haven criteria of Hepatic Encephalopathy.
It demonstrates the various stages of encephalopathy and the progres-
sion from covert to overt symptoms (Adapted from Bajaj et al. [5]).
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ence of a flapping tremor (asterixis) (see Table 5.3 for stages of
hepatic encephalopathy).

Management of hepatic encephalopathy focuses initially
on identifying and treating a precipitating cause. Hepatic
encephalopathy is made worse by medications that are sedat-
ing, variceal bleeding, infection or constipation, the latter due
to buildup of toxins and ammonia generated by the gut bac-
teria, or by kidney dysfunction. Medications to reduce ammo-
nia levels and improve clearance of nitrogenous waste
products absorbed in the gut can also be used. In mild cases,
a simple laxative such as lactulose can reduce the production
of ammonia by converting the energy source of gut bacteria
to lactulose instead of protein [3,20], as well as by its effect to
increase bowel movements due to an osmotic diarrhea (the
undigested sugar reduces fluid absorption by the gut). In
severely impaired patients that cannot take lactulose by
mouth, encouraging bowel movement with enema treatments
(tap water or with lactulose) can help clear the buildup of
nitrogenous waste products. Non-absorbed antibiotics such as
rifaximin or neomycin are another treatment option for
hepatic encephalopathy that are thought to eliminate
ammonia-producing colonic bacteria [6]. Due to its increased
safety profile, rifaximin is used more often than neomycin
which has been associated with kidney dysfunction and hear-
ing loss in some patients. Often a combination of treatments,
lactulose and a non-absorbed antibiotic, is used. In severe
hepatic encephalopathy resulting in a comatose state, sup-
portive measures including mechanical ventilation can be
required. After an episode of hepatic encephalopathy, sec-
ondary prophylaxis to prevent future episodes is recom-
mended using lactulose and occasionally rifaximin [30].

Malignancy

Occasionally symptoms such as jaundice, abdominal pain, vari-
ceal bleeding, and bleeding into abdominal space (hemoperito-
neum) can suggest a more sinister underlying cause such as the
development of hepatocellular carcinoma (primary liver can-
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cer). Hepatocellular carcinoma (HCC) is a recognized compli-
cation of liver cirrhosis and can occur even in patients with
compensated disease, though most often with advancing portal
hypertension. Although the risk for developing liver cancer in
Wilson disease appears to be lower than for other etiologies of
cirrhosis [19], expert opinion recommends screening on a
6-month basis with ultrasonography imaging and analysis of the
tumor marker alpha-fetoprotein. Occasionally alternative
dynamic imaging such as computerized tomography (CT) or
magnetic resonance imaging (MRI) may be performed for fur-
ther characterization if results of the ultrasound examination
are inconclusive or suspicious for an abnormal finding. The
purpose of screening and surveillance is to detect a liver tumor
at a time when it can be treated effectively, by surgery or by
ablation or with liver transplantation. HCC can be asymptom-
atic or present with symptoms that resemble decompensated
liver disease. Tumor infiltration of the liver with HCC can result
in worsening jaundice. Abdominal pain can be a feature result-
ing from enlargement of the tumor mass causing pressure on
the liver capsule. Complications of portal hypertension (vari-
ceal bleeding, ascites, and encephalopathy) can worsen in the
presence of an HCC due to occlusion of the hepatic vein which
drains the liver. Obstruction can occur either by direct tumor
infiltration or due to blood clot formation from a prothrom-
botic state. Hepatocellular carcinomas are hypervascular, and
spontaneous rupture is a complication that is seen in 3-15% of
cases [29]. In patients with a coagulopathy due to poor liver
synthetic function from cirrhosis and tumor invasion, this com-
plication can cause hemoperitoneum, often with peritonitis and
hemodynamic instability resulting in a poor prognosis.
Another less common liver tumor is cholangiocarcinoma
that arises from bile duct cells. These can also present with a
deep jaundice which is cholestatic in nature due to the tumor
location causing obstruction of the biliary drainage system.
Methods of relieving the obstruction include stenting of the
biliary tree by endoscopic retrograde cholangiopancreatogra-
phy (ERCP) or with external drainage systems placed using
percutaneous transhepatic cholangiography (PTC). These
tumors can be very aggressive, but if found at an early stage
and localized to the liver, surgical resection may be possible.
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Acute Liver Failure

In some instances, disease progression in undiagnosed Wilson
disease follows a more rapid course resulting in liver failure.
Acute liver failure can also occur in those who were previ-
ously treated but who have discontinued their medications.
Symptoms from acute liver failure include a rapid onset of
jaundice, an altered level of consciousness due to encepha-
lopathy, and sometimes stomach discomfort from abdominal
swelling with ascites. A telltale sign for WD is anemia from
rupturing red blood cells and the release of their contents, a
process known as hemolysis. Untreated liver failure in Wilson
disease carries an almost 95% mortality. Liver transplanta-
tion must be considered and a referral made emergently to a
transplant center. A discussion of liver transplant for Wilson
disease follows in a separate chapter.
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Chapter 6

Treatment of Neurological
Symptoms in Wilson Disease

Ana Vives-Rodriguez, Daphne Robakis,
and Nigel S. Bamford

Introduction

Neurological symptoms are extremely common in Wilson disease
(WD), occurring as the initial manifestation of WD in 40-70% of
cases [1-6]. Patients that present initially with neurological symp-
toms usually have a later onset than patients with initial liver
manifestations, exhibiting symptoms in their 20s [1, 6-9].

Current de-coppering therapy provides in most cases only
partial improvement of the neurological aspects of WD, and, in
10-15% of cases, there can be an initial worsening of neuro-
logical symptoms after starting therapy [6]. For these reasons,
the use of medications to treat residual neurological symptoms
often improves patients’ quality of life. However, few studies
assess the efficacy of these medications. This chapter aims to
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TaBLE 6.1 Summary of symptomatic therapeutic options for neuro-
logical manifestations of Wilson disease

Neurological
manifestations Clinical features Treatment Options
Action tremor Tremor present with Propranolol 20-240 mg
manual activities or with daily, divided into two
arms outstretched against or three doses
gravity (kinetic and Primidone 25-750 mg
postural tremor) daily, divided into two
or three doses
Dystonia Focal dystonia (involving Botulinum toxin

one body part) injections every
12 weeks. Dose will
depend on location and
severity

Multifocal or generalized Trihexyphenidyl
dystonia Starting dose: 1-2 mg
daily
Usual effective dose:
8-30 mg daily divided
into two or three doses
Baclofen
Starting dose 10 mg
daily
Usual effective dose:
60-120 mg daily
divided into two or
three doses

Parkinsonism  Masked face, rigidity, Levodopa 300-
bradykinesia, resting 1200 mg per day

tremor divided into three
doses
Ataxia Dysarthria, Physical therapy,
incoordination, dysmetria, speech therapy, home
broad-based gait safety evaluation
Sialorrhea Hypersalivation Botulinum toxin

injections every
12 weeks
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review the most common neurological manifestations in WD
and the therapeutic options currently available (Table 6.1).

Neurological Manifestations of WD

For unclear reasons, copper accumulation in the brain centers
in the basal ganglia and brainstem structures which modulate
movements [10, 11]. Therefore, many of the neurological
manifestations of WD are movement disorders such as
tremor, dysarthria, parkinsonism, dystonia, or gait impair-
ment. Other neurological manifestations that have been
described less frequently include epilepsy, neuropathy, and
headaches [1, 12, 13].

The diagnosis of WD in a patient with initial neurologic
manifestations requires a high clinical suspicion. At first,
patients may seek medical evaluation for non-specific symp-
toms such as learning difficulties, anxiety, or tremor. Therefore,
physicians who suspect WD should order a comprehensive
neurological examination. Laboratory investigations often
include a ceruloplasmin level that is the major copper-carry-
ing protein in the blood. Additional studies often include
serum and urine copper levels, liver and renal function stud-
ies, and a complete blood count. With high clinical suspicion,
an ophthalmological evaluation is performed, where a slit-
lamp examination can detect copper deposition in the iris,
known as Kayser-Fleischer rings. Brain imaging studies (dis-
cussed below) should be considered.

A patient with a suspected or confirmed diagnosis of WD
should be referred to a neurologist for evaluation. The most
common neurological manifestations of WD and treatment
options are summarized in Table 6.1.

Tremor

Tremor is a predominant neurologic feature, presenting in
approximately half (39-83%) of WD patients [3, 6, 13, 14].
Some authors describe tremor as the most frequent neuro-
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logical manifestation of WD [9]. It can involve the head, arms,
or legs. Tremor can be present at rest, when the patient is not
performing any activities, or with action. At first, it often
appears during manual activities such as writing, getting
dressed, or pouring liquids (called kinetic tremor) or when
the patient is holding the arms outstretched against gravity
(called postural tremor) [6, 9]. As the disease progresses, the
tremor may adopt other characteristics such as a “wing-beat-
ing” tremor. This is a high-amplitude tremor present with
arms abducted and flexed at the elbows. Tremor can also
accompany other neurological manifestations such as dysto-
nia, cerebellar ataxia, and parkinsonism, which will be dis-
cussed in the following sections.

Symptomatic treatment can be tried if the tremor is both-
ersome to the patient or if it is interfering with fine motor
activities or other activities of daily living. Only case series
and case reports have addressed the effect that standard anti-
tremor medications have on WD tremor [15-17]. Therefore,
these medications are often used as off-label indications,
based on the characteristics of the tremor.

Medications for Action Tremor

If tremor demonstrates a more postural and kinetic quality,
medications classically used for this type of tremor might be
tried. Propranolol is usually the first line of treatment for
action tremor given its low incidence of side effects and low
risk of interaction with other medications. The dose that has
been typically used ranges from 20 to 240 mg daily, and it is
usually divided into two or three doses per day. Its most com-
mon side effects are bradycardia and hypotension. Therefore,
an initial low dose and slow titration are recommended [18,19].
Primidone is another medication frequently used for other
types of action tremor. Nevertheless, it is extensively metabo-
lized by the liver, therefore its use in the WD population should
be considered with caution, especially in patients with impaired
liver function. Other medications that have some evidence for
the treatment of tremor are benzodiazepines, gabapentin and
topiramate. However, the benefit in WD tremor is unknown.
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Dystonia

Dystonia has been reported in a wide range of patients with
WD (18-65%) [3, 13, 14] and has been described as the most
disabling and refractory neurological feature [1, 6, 9, 20].
Dystonia is a neurological disorder characterized by involun-
tary sustained muscle contractions that cause twisting, repeti-
tive movements, and abnormal postures [21]. It can involve
any body part such as the face, neck, trunk, and limbs.
Sustained muscle contraction involving the face and jaw caus-
ing jaw opening or forced fixed smile is known as risus sar-
donicus. These abnormal muscle contractions may interfere
with eating, performing manual activities, standing, and
walking. In some cases, dystonia is accompanied by a dystonic
tremor.

Dystonic tremor is characterized by a postural or kinetic
tremor that occurs in a body region affected by dystonia [22,
23]. Some clues that can aid this diagnosis are abnormal pos-
turing in the hands with arms outstretched such as asymmet-
ric flexion or extension of the wrists or fingers, improvement
of the tremor in certain positions (hands pronated vs supi-
nated), or the presence of abnormal postures in adjacent
body parts such as the neck.

Treatment Options for Dystonia

Medications that have been commonly used for the treat-
ment of dystonia are botulinum toxin, anticholinergics, and
baclofen. The treatment of choice is going to depend on the
distribution of the dystonia.

Botulinum Toxin Injections

Botulinum toxin is the first line of treatment for focal dys-
tonia (dystonia affecting one isolated body part) because of
its high efficacy and low rate of side effects. Botulinum toxin
is directly injected into the affected muscle to produce
paralysis, thus avoiding any systemic side effects. After the
injection of the toxin, an effect is expected within 3 days,
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with a peak effect at 2 weeks, and is completely reversible.
Patients may require periodic injections every 3 months [24,
25]. Side effects can be related to the injection, such as
bruising or pain, or they can be associated to the toxin
effect, such as excessive muscle weakness, dysphagia (if the
neck is injected), double vision (if the face is injected), or
flu-like symptoms that can appear a few days after the injec-
tions are performed [25].

Botulinum toxin can also be directly injected to the sali-
vary glands to reduce excessive salivation or drooling which
is a common complaint of patients with WD.

Oral Medications

Oral medications are recommended in patients with dystonia
or dystonic tremor that involves multiple regions of the body.
Botulinum toxin is generally not recommended in these cases
due to the high dose of toxin and number of injections
required and the increased likelihood of systemic side effects.
The most commonly used oral drugs for dystonia are anticho-
linergics and baclofen [26].

Trihexyphenidyl (Artane) is the only anticholinergic with
sufficient evidence supporting its use in dystonia [27, 28].
Trihexyphenidyl should be started at a low dose of 1-2 mg
daily and weekly titrated to a usual effective dose of 8-30 mg
per day, divided into two or three doses per day [17]. It is
generally well tolerated in younger patients even at high
doses, but adults are more sensitive to side effects [29].
Common side effects are dry mouth, constipation, blurred
vision, slowness in thinking, and urinary retention.

Baclofen is effective for the treatment of dystonia due to
its muscle relaxant effects. It should be started at a low dose
of 10 mg daily and up-titrated slowly to an average dose of
60-120 mg daily [26, 27]. Its main side effects are drowsiness,
nausea, and dizziness. The dose should be tapered slowly
when discontinuing treatment. Combined therapy with anti-
cholinergics can be considered.
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Parkinsonism

Parkinsonism is a clinical syndrome characterized by the
combination of rigidity, resting tremor, bradykinesia, and pos-
tural instability [24]. Parkinsonism is present in about half
(38-62%) of WD cases. Masked face, bradykinesia, postural
imbalance, and cogwheel rigidity are the most common par-
kinsonian features documented [6]. A rest tremor in the
hands or legs can be seen in patients with WD, but it is rare
[6], and when present, it is generally asymmetric [9].

The medication that is most commonly used for parkinso-
nian features is levodopa. It is prescribed as a combination of
levodopa and carbidopa (Sinemet). Carbidopa inhibits the
peripheral metabolism of levodopa so is added to increase
efficacy and improve tolerability. In some countries, the avail-
able formulation consists of benserazide rather than
carbidopa.

There are no reports that systematically assess the response
of parkinsonian features seen in WD to levodopa or dopa-
mine agonists. Nevertheless, in patients with significant par-
kinsonian signs, a trial of levodopa can be offered. A small
dose of carbidopa/levodopa (25 mg/100 mg) three times a day
can be initiated and slowly increased, at weekly intervals, to
1200 mg of levodopa per day to determine responsiveness
[30]. The patient should be monitored for side effects, mainly
nausea, orthostatic hypotension, hallucinations, and impulse
control disorders.

Cerebellar Ataxia

Cerebellar ataxia as a feature of WD has been documented in
roughly one third (28-51%) of the patients [4, 6, 13]. The cer-
ebellum is a brain structure that modifies the quality of
movement to make them harmonious and precise. Ataxia is
the medical term used to describe incoordination of fine
motor activities that leads to clumsiness with under- or
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overshooting of the limbs as they attempt to reach a precise
target. Tremor can also be a feature of cerebellar ataxia. This
tremor is known as intention tremor. It is absent at rest and
present with action, with worsening of its amplitude when
approaching a visual target, as when performing finger-to-
nose maneuvers. Ataxia can also involve the trunk (tituba-
tion) and lead to significant postural instability and increased
fall risk. Dysarthria, or slurred speech, is commonly encoun-
tered in patients with WD, but its neurological origin appears
to be multifactorial and arises secondary to cerebellar ataxia,
dystonia, and/or parkinsonism [10, 22].

At present, no pharmacological therapy has proven effective
for the treatment of ataxia. Physiotherapy-based interventions,
such as balance, postural control, gait training, and the use of
compensatory orthotics and aids, may be offered to patients.

Dysphagia

Patients with WD frequently have trouble swallowing; such dif-
ficulties are reported in half of cases with neurological manifes-
tations. Dysphagia may be due to impairment of chewing,
swallowing, and esophageal motility which are related to incoor-
dination, slowness, and weakness of deglutition muscles [9, 31].
Dysphagia can lead to aspiration pneumonia, weight loss,
and malnutrition [32]. Therefore, the physician should inquire
about this symptom at every visit and obtain a swallow function
evaluation as soon as such difficulties are suspected. Monitoring
of the patient’s nutritional status by weight, calorie counts, and
laboratory-based measurements are also recommended.

Neurological Manifestations in Children

While WD patients most frequently present with symptoms
during adolescence and young adulthood, symptom onset can
occur in a broad age range that includes toddlers and young
children [7, 33-35].
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Hepatic liver disease is the most common presentation of
WD in children and is most frequently suspected by detecting
hepatosplenomegaly on examination or by abnormal liver
function tests incidentally found during routine blood studies
[36]. However, there are several reports of children and young
adolescents with neurological manifestations at disease onset.
Tremor, dystonia, dysarthria, and deterioration of school per-
formance are the features most frequently described [13, 36,
37]. Symptoms can be subtle and non-specific at first; thus a
high index of suspicion is required to make a timely diagnosis.
Younger at-risk patients may be identified early by obtaining a
positive family history of the disease.

Clinical Scales Used for Neurological
Evaluation of WD

Neurologists rely on clinical rating scales as tools to quantify
changes in the neurological examination over time. This is
important in Wilson disease for the objective assessment of
response to chelating therapy and symptomatic treatment. In
the last decade, two scales have been published and validated
for the assessment of neurological manifestations of WD: the
Unified Wilson Disease Rating Scale (UWDRS) and the
Global Assessment Scale (GAS) for WD [38,39]. The UWDRS
includes a comprehensive neurological assessment and a ques-
tionnaire to assess activities of daily living and functionality.
The GAS, in addition to the neurological assessment, includes
liver disease and psychiatric and cognitive symptoms evalua-
tion. Both scales are validated tools for the clinical assessment
of WD patients in clinical and research settings [40].

Neuroimaging in WD

Current practice guidelines recommend radiologic imaging of
the brain, preferably by magnetic resonance imaging (MRI),
in all patients with neurologic WD [41, 42]. Almost all
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patients with neurological manifestations of the disease dem-
onstrate abnormalities on brain MRI, with hyperintense
lesions in the basal ganglia, thalamus, and pons in T2-weighted
and FLAIR sequences being most frequently reported [2,
43-45]. Hyperintense and hypointense lesions in the basal
ganglia in T1-weighted images have also been described [43,
46]. It is important to add that roughly half (42-70%) of
patients with only hepatic manifestations and 20% of
asymptomatic patients can also have MRI abnormalities [44,
45]. Findings described on imaging are not specific for
WD. Therefore, additional testing, such as laboratory screen-
ing, a liver biopsy, or an ophthalmological examination,
maybe needed to confirm the diagnosis. The utility of per-
forming routine MRI after starting treatment is unclear and
is not performed in clinical practice.

Conclusion

Neurological manifestations of WD can involve multiple
domains of the central nervous system with movement disor-
ders being most frequently encountered. Despite the removal
of excess copper by chelating agents, residual neurological
symptoms often persist in WD patients. Treating residual neu-
rological signs and symptoms in WD is challenging but can
significantly improve quality of life. Little has been written
about specific treatments for the neurological manifestations
of this condition, and further research in this area is needed.
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Chapter 7

Psychiatric Aspects of Wilson
Disease

Sahil Munjal and Paula C. Zimbrean

Introduction

The psychiatric manifestations of Wilson disease (WD) have
been reported since the original paper by Samuel Alexander
Kinnier Wilson (1878-1937) was published in 1912 [1]. In his
report, Wilson describes psychiatric symptoms in 8 of 12 cases
and “schizophrenia-like psychosis” in 2 of the cases. Other
reports describe a wide spectrum of psychiatric disorders,
including cognitive impairment [2-4], dementia [5], mental
retardation, anxiety [6], “schizophrenia-like states” [7], and
behavior abnormalities and personality disorders [8], suicid-
ality [6, 9], and obsessive—compulsive disorder [10]. In chil-
dren and adolescents, reports of psychiatric symptoms with
Wilson disease are rare and include psychosis [11] and non-
specific behavioral difficulties [12, 13].
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The estimated lifetime prevalence of psychiatric symptoms
in WD patients varies widely, between 30 and 100% among
symptomatic patients [8].The reason for this variability
includes reports by clinicians without mental health training,
use of ill-defined terminologies, lack of prospective evalua-
tion, assessment during remission phase, and lack of informa-
tion regarding diagnostic criteria [14].

Due to the variety of psychiatric symptoms described in
patients with WD, the illness has been called “a great mas-
querader” [15]. In this chapter, we are going to discuss rele-
vant aspects of the clinical evaluation of psychiatric symptoms
in WD (depressive disorders, bipolar and related disorders,
anxiety disorders, psychosis, personality issues, other relevant
behavior abnormalities such as nonadherence), prevalence of
psychiatric symptoms, significance of psychiatric symptoms,
and treatment considerations.

Evaluation of Psychiatric Symptoms in WD

Psychiatric symptoms in WD had been typically believed to
be present along with neurological symptoms, and patients
were labeled as having neuropsychiatric disturbances. More
recently, however, it became apparent that neurologic and
psychiatric symptoms do not always present concurrently.
Psychiatric evaluations traditionally rely primarily on the
patient interview, on the patient’s report of internal experi-
ences, and on mental status evaluation. When neurological
problems are present, they can impact the psychiatric evalua-
tion in multiple ways: any significant speech impairment can
affect communication and reduces the information that can
be obtained from the patient. Memory difficulties, when pres-
ent, render history taken unreliable. Neurological symptoms
may be confused with psychiatric symptoms (e.g., bradykine-
sia being mistaken for psychomotor retardation, a sign of
depression). Medications used for neurological symptoms in
WD may have side effects that present like psychiatric symp-
toms (e.g., benzodiazepines and lethargy).
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When the liver function is significantly impaired, the pres-
ence of hepatic encephalopathy may preclude a proper psy-
chiatric evaluation and delay an accurate diagnosis. Hepatic
encephalopathy (HE) represents a broad continuum of neu-
ropsychiatric abnormalities, from subtly altered mental status
to deep coma, seen in patients with liver dysfunction. As a
neuropsychiatric disorder, HE affects consciousness, person-
ality, behavior, emotion and affect, memory, and cognition
[16, 17]. These symptoms may mimic almost all of the major
psychiatric syndromes: delirium, dementia, confusion, anxi-
ety, depression, mania, and psychosis or personality disorder
[18, 19] rendering the diagnosis of underlying psychiatric
disorder more difficult.

In order to mitigate these difficulties in accurately diag-
nosing psychiatric problems in WD patients, two major tools
must be considered: extensive collateral information from
family members, friends, and previous providers and the use
of structured psychiatric assessments. Patient’s family, previ-
ous medical providers, and hospital records can be extremely
helpful in obtaining a good history of psychiatric symptoms
and the relationship with coexisting neurological and active
liver disease. In addition to obtaining a detailed history of the
psychiatric and medical symptoms, collateral information my
produce helpful information about the patient’s adjustment
to having WD. The mental health clinician must pay attention
to cognitive distortions such as denial of illness and to health
related behaviors (e.g., adherence with treatment or lack of
their off). It is not uncommon to see patients who have suf-
fered with psychiatric symptoms for many years to almost
embrace the WD diagnosis when finally found and attribute
all prior difficulties to the disease, which may not always be
accurate. For instance, somebody with antisocial personality
disorder may readily accept WD as the main cause for their
poor judgment and impulsivity and disregard the fact that
WD alone does not explain fully their personality traits. In
addition to detailed collateral information, the use of
structured instruments can help in assessing psychiatric prob-
lems in patients with WD. At this time, there are no psychiatric
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scales that have been fully validated in this population. Below
we discuss some instruments which have been studied exten-
sively in patients with chronic medical illness and have been
used in WD. Most of these instruments have been used exten-
sively in primary care settings and can be administered by
nonmental health clinicians, such as primary care providers
or nurses. If the patients screen positive, they should be
referred to a facility where they will be appropriately diag-
nosed, treated with evidence-based psychiatric treatment
with adequate follow-up [20].

Patient health questionnaire 9 (PHQ-9) is a 9-item self-
report questionnaire that can help to detect the presence of
depression and supplement a thorough psychiatric and mental
health interview. It scores the 9 Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for
depression on a scale of 0 (not at all) to 3 (nearly every day). It
is a public resource that is easily available online without any
cost. PHQ-9 has shown excellent test-retest reliability in
screening for depression, and normative data on the instru-
ment’s use are available in various clinical populations [21].

In one study, a PHQ-9 score of >10 had 88% sensitivity
and specificity for detecting depression, with scores of 5, 10,
15, and 20 indicating mild, moderate, moderately severe, and
severe depression, respectively [22]. In addition to its use as a
screening tool, PHQ-9 is a good measure of depression treat-
ment outcomes [23]. It has been used to assess depression in
WD population [24].

Generalized Anxiety Disorder 7-item scale (GAD 7) is a
brief, self-administered questionnaire for screening and mea-
suring severity of GAD [25]. It asks patients to rate seven
items that represent problems with general anxiety and
scores each item on a scale of 0 (not at all) to 3 (nearly every
day). Sensitivity and specificity are 89% and 82%, respec-
tively [26]. It performs well for detecting and monitoring not
only GAD but also panic disorder, social anxiety disorder,
and posttraumatic stress disorder [27].

Mood Disorder Questionnaire (MDQ) is another brief,
self-report questionnaire that is available on the internet. It is



Chapter 7. Psychiatric Aspects of Wilson Disease 125

designed to identify and monitor patients who are likely to
meet diagnostic criteria for bipolar disorder [28, 29]. The first
question on the MDQ asks if the patient has experienced any
of 13 common mood and behavior symptoms. The second
question asks if these symptoms have ever occurred at the
same time, and the third asks the degree to which the patient
finds the symptoms to be problematic. The remaining two
questions provide additional clinical information, because
they address family history of manic—depressive illness or
bipolar disorder and whether a diagnosis of either disorder
has been made. It has a specificity of >97% which means that
it will effectively screen out just about all true negatives [28].
Several other rating scales are readily available which are
brief, useful, and easy to incorporate into clinical practice
which may be helpful for not only screening of psychiatric
problems, but, also for monitoring the trajectory of the treat-
ment. Few others include Columbia Suicide Severity Rating
Scale (C-SSRS) for evaluation of suicidality, HAM-D
Hamilton Depression Rating Scale and Beck Depression
Inventory (BDI) for depression, Adult ADHD Self-Report
Scale (ASRS) for ADHD, Montreal Cognitive Assessment
(MOCA), Mini-Mental Status Evaluation (MMSE), etc.

Prevalence and Significance of Psychiatric
Symptoms in WD

Some authorities have speculated that psychiatric symptoms
indicate a more severe or advanced disease, may be related to
irreversible brain damage secondary to copper toxicity, or are
secondary to alternative metabolic influences produced by
the malfunction of the liver such as hyperammonemia associ-
ated with hepatic encephalopathy [6]. Many patients with
WD will have psychiatric symptoms develop after diagnosis
and initiation of treatment or following lapses in therapy [30].
WD is characterized by chronic course and need of treat-
ments, impairment of functional outcomes, and high fre-
quency of psychiatric symptoms. Some reports showed a link
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between presence of bipolar disorders diagnosis, cerebral
damage, and low quality of life (QOL) [31]. Recognition of
the relationship of the psychiatric symptoms to WD can help
with administration of appropriate therapy aimed at both the
psychiatric issues and underlying WD. Therefore, knowledge
of the psychiatric aspects of WD is essential for psychiatrists
and other medical professionals practicing in a general hospi-
tal setting.

It has been reported that the median time for initial pre-
sentation to diagnosis for patients with psychiatric symptoms
alone was 2.4 years (S.D. =2.9), much higher than for neuro-
logic WD (1.5 years) or hepatic WD (0.5 years) [9, 32].

The causes for delay in diagnosis are varied in literature [30,
33]. Walshe and Yealland [33] attributed these to underestima-
tion and lack of awareness among treating physicians and labo-
ratory errors in estimation of copper and ceruloplasmin levels.
They emphasized that KF rings should be evaluated by an
experienced ophthalmologist, using a slit lamp. Further, it is
important to recognize that KF rings may not be present when
illness manifests with non-neuropsychiatric features.

There is not much literature, and further investigation is
indicated to better understand the manifestation of Wilson’s
heterozygous disease, with special emphasis on psychiatric
symptoms.

Cognitive Impairment

Memory change is one of the most common impairments, but
other cognitive changes have been reported, including
dementia in untreated cases [34], impairment in executive
function, working memory, and abstract reasoning [35].
Several clinical accounts have described cases of WD which
showed cognitive abnormalities leading to functional impair-
ment, corresponding to clinical features that resemble a
dementia syndrome [1, 5, 36].

Patients showing neurological motor symptoms usually
also present with, from the outset, changes in behavior or
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cognitive decline [33]. This decline appears in approximately
25% of the patients [37]. Depending on the test used and
whether the patients present with more hepatic or neurologi-
cal symptoms, this figure can reach up to 40% [33, 38].
Patients suffering from WD show a significantly poorer per-
formance on global cognitive tests such as the Mini-Mental
State Examination [38] and the Mattis Dementia Rating
Scale [39] compared to healthy voluntary participants.
Memory deficits have been described by several authors [3,
39, 40]. These authors have found that patients suffering from
WD show lower capacity to both learn words and recall them
across all stages of the Rey Auditory-Verbal Learning Test
(RAVLT).

Although initially considered irreversible, the association
of Wilson disease with irreversible cognitive decline is no
longer the rule in the context of effective medical therapy for
the disorder [32].

Depression

Prevalence of depression and in patients with WD varies
between 4% and 47% [41]. Depression seems to be corre-
lated with alterations of serotoninergic transmission in the
thalamus-hypothalamus and midbrain—pons region, in par-
ticular with low density of the presynaptic serotonin trans-
porter (SERT) [42].

In psychiatry, we make distinction between MDD and
other types of depression, such as dysthymia and adjustment
disorders. When symptoms are considered to be exclusive to
a medical condition, we call it “depression secondary to
another medical condition.” The essential feature of depres-
sive disorder due to another medical condition is a prominent
and persistent period of depressed mood or markedly dimin-
ished interest or pleasure in all, or almost all, activities that
predominates in the clinical picture (Criterion A) and that is
thought to be related to the direct physiological effects of
another medical condition (Criterion B). In determining
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whether the mood disturbance is due to a general medical
condition, the clinician must first establish the presence of a
general medical condition. Further, the clinician must estab-
lish that the mood disturbance is etiologically related to the
general medical condition through a physiological mecha-
nism. There are a couple of considerations to keep in mind.
One consideration is the presence of a temporal association
between the onset, exacerbation, or remission of the general
medical condition and that of the mood disturbance. A sec-
ond consideration is the presence of features that are atypical
of primary mood disorders (e.g., atypical age at onset, sudden
onset, or absence of family history).

Adjustment disorders define the presence of psychiatric
symptoms such as depression or anxiety in reaction to a
clear identified stressor. According to DSM-5, the reaction
must occur within 3 months of the onset of the stressor(s).
These symptoms or behaviors are clinically significant, as
evidenced by one or both of the following: marked distress
that is out of proportion to the severity or intensity of the
stressor and significant impairment in social, occupational,
or other important areas of functioning. The clinician must
take into account the external context and the cultural fac-
tors that might influence symptom severity and presenta-
tion. In order to be diagnosed as adjustment disorder, the
stress-related disturbance does not meet the criteria for
another mental disorder and is not merely an exacerbation
of a preexisting mental disorder. Once the stressor or its
consequences have terminated, the symptoms do not persist
for more than an additional 6 months. Adjustment disorders
can present with depressed mood, anxiety, mixed depressed
mood and anxiety, disturbance of conduct, mixed distur-
bance of emotions and conduct, and unspecified. It is impor-
tant to note that in many cases depression has been
described in the beginning of clinical manifestations of WD,
before the disease cost disability, financial burden, or rela-
tionship problems. Therefore in many cases, depression can-
not be exclusively attributed to an adjustment to coping
with the chronic disease.
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The most common and most likely treated type of depres-
sion is major depressive disorder (MDD). In order to diag-
nose an episode of MDD, five or more symptoms from the
following must be present nearly every day during same
2-week period: depressed mood most of the day, nearly daily,
diminished interest or pleasure, excessive or inappropriate
guilt or feelings of worthlessness, fatigue or loss of energy,
difficulty concentrating, significant weight loss (5% of body
weight in 1 month) or decrease or increase in appetite, psy-
chomotor agitation, insomnia/hypersomnia and/or thoughts
of death, or suicidal thoughts or behaviors [43].

The essential feature of persistent depressive disorder
(dysthymia) is a depressed mood that occurs for most of the
day, for more days than not, for at least 2 years or at least
1 year for children and adolescents [43]. Only two cohort
studies have described specific types of depressive disorders
in WD patients: Shanmugiah (2008) found that 4% of
patients with WD had major depressive disorder while 2%
met the diagnostic criteria for dysthymic disorder [44]. More
recently, Carta et al. found that 47.8% of patient with WD met
criteria for major depressive disorder [45].

Bipolar Disorders and Bipolar Spectrum

Bipolar presentations can vary from a full manic episode (which
includes abnormally and persistently elevated, expansive, or
irritable mood, persistently increased goal-directed activity or
energy, inflated self-esteem or grandiosity, decreased need for
sleep, more talkative or pressure to keep talking, flight of ideas
or subjective racing thoughts, distractibility, increase in goal-
directed activity activities with high potential for bad conse-
quences and last for at least a week) to various degrees of mood
instability or impulsivity. Prevalence of bipolar disorder in
patients with WD varies between 18% and 39% [41]. In addition
to formally diagnosed bipolar disorders, patients with WD may
present with various degree of mood instability that may not
meet criteria for mania or hypomania but may significantly
impact the quality of life [9, 45].
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It is also important to know that WD patients may present
at various points in their lives with behavioral changes that
do not meet criteria for specific psychiatric disease [46]: irri-
tability (prevalence 15-25%) [47, 48], impaired social judg-
ment or disinhibition [9, 48], apathy [48], “belligerence” [9], or
“incongruent behavior” [47]. Personality changes are
described in up to 57% of patients with WD [8, 47].

Differentiating psychiatric symptoms in WD from an under-
lying primary psychiatric disorder is extremely challenging.
Features that point toward psychiatric symptoms being second-
ary to WD are coexistence between psychiatric symptoms and
neurological or liver disease, abrupt onset of psychiatric symp-
toms, psychiatric symptoms not meeting the criteria for com-
mon DSM-5 syndromes, and evidence of laboratory or brain
imaging abnormalities. Distinguishing between primary psychi-
atric disease and psychiatric symptoms secondary to WD may
guide the length of treatment as we will discuss below.

Psychosis

Psychosis has been described at various points in the course of
WD and has included frank delusions and/or thought disorder
or disorganized thinking [49-53]. In a cohort of 71 Chinese
patients with WD, 11.3% had been diagnosed with schizophre-
nia [54]. Cases have been reported of patients carrying the diag-
nosis of schizophrenia for years, prior to being diagnosed with
WD. Psychosis may result in refusal of WD treatment, and this
vicious circle can lead to deterioration of patient’s neurological
state. It is not fully clear whether the resolution of psychosis in
these patients is caused by antipsychotic or WD medication.

Suicidality

There is no formal data about the rate of suicide in patients
with WD. For psychiatric illness, the estimated lifetime suicide
rate varies from about 15% for major depressive disorder [55]
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to 6% for schizophrenia [55] and 4% for alcoholism [55]. Any
mental health evaluation must include a thorough safety
assessment. If the patient has any suicidal ideations, the clini-
cian must assess access to means, active intent, lethality of
means, method, onset, frequency, intensity, duration, precipi-
tants, and plans. The presence of psychotic symptoms, com-
mand hallucinations, severe anxiety, and alcohol or substance
use, history and seriousness of previous attempts, and family
history of or recent exposure to suicide must be also evalu-
ated. If patient is deemed to be an immediate risk, arrange-
ments must be made for urgent psychiatric care and constant
observation. This may include transfer to a psychiatric emer-
gency room and psychiatric unit and psychiatric commitment;
however provided that safety is ensured, the least restrictive
setting is preferred. Acute treatment should consist of estab-
lishing therapeutic rapport, targeting modifiable risk factors,
involving friends and family, and establishing safety plan (ver-
sus a safety contract) and discharge plan if hospitalized [55].

Disease Detection and Pathogenesis

Establishing a diagnosis of WD is crucial since early detec-
tion and treatment may prevent disease progression and even
reverse damage in some patients. About 40% of all patients
with WD first present with liver abnormalities, 40% with neu-
rological abnormalities, and 20% with psychiatric
abnormalities [56]. 10% to 20% of patients present with psy-
chiatric disorders 1-5 years before the diagnosis of WD, and
one-third of these patients receive psychiatric treatment,
including hospitalization [8].

There are not enough studies to guide us in determining
the extent of evaluation for WD that should be implemented
in the general psychiatric population for patients at their first
presentation [57]. Recent guidelines recommend that Wilson
disease should be ruled out in any patient with hepatic
impairment, irrespective of severity, in combination with any
neurological or neuropsychiatric manifestation [58§].
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Screening for WD in psychiatric patients via ceruloplasmin
levels has been attempted [59]; however, results were not
promising due to the lack of sensitivity of the testing [60].

A recent study was done to evaluate the relevance of
serum copper (Cu) and ceruloplasmin (Cp) measures in
hospitalized patients with psychiatric disorders and to
identify possible mutations in the ATP7B gene in patients
with abnormal biological copper profile. Results of ceru-
loplasmin and/or serum Cu concentrations below the nor-
mal limits are common in patients with psychiatric
disorders and nonrelevant and/or informative for the WD
diagnosis [61].

Screening tests for all suspected patients are covered in
other chapters on disease diagnosis but should include slit-
lamp examination for KF ring by an experienced ophthal-
mologist, abdominal ultrasound for architectural changes in
the liver, and the use of serum copper, ceruloplasmin, and
24-h urinary copper from a reliable laboratory [62]. Kayser—
Fleischer rings are an important diagnostic sign; unfortu-
nately it is not present in all WD patients, not even when
neurological disease is noticeable [63, 64].

The mechanism of psychiatric symptoms in Wilson disease
is not clear. Because symptoms can occur at the start of the
illness, they are not fully explained by the psychosocial
impact of a medical condition. Initially it was thought that
basal ganglia abnormalities led to various psychiatric symp-
toms through dopamine dysregulation. More recent studies
have explored the role of copper and other microelements in
schizophrenia and bipolar illness [65, 66].

Treatment of Psychiatric Symptoms in WD

Although it is well recognized that WD often presents with
psychiatric problems, little is known about the treatment or
the prognosis of these clinical manifestations. Two treatment
approaches to psychiatric symptoms in WD patients have
been described [32]:
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1. Primary treatment of Wilson disease directed at removal of
pathological copper deposition (chelation therapy or treat-
ment with zinc) alone leads to an improvement in psychiat-
ric symptoms [67, 68]. Up to one-third of patients with
psychiatric symptoms will improve with de-coppering
treatment alone [46]. Modai et al. reported on
d-penicillamine efficacy in acute psychotic disorders [68].

2. Psychotropic medication or psychotherapy is used to
address specific psychiatric presentations independent of
medical therapy for WD. Trials of various psychotropic
medications have been reported, including lithium, halo-
peridol, tricyclic antidepressants, benzodiazepines, que-
tiapine, risperidone, and clozapine, as well as trials of ECT
[41, 52, 69, 70]. It should be noted that high incidences of
neurological side effects caused by psychotropic medica-
tions have been reported in patients with WD [71].

Typical or atypical antipsychotics have been used to good
clinical effect with the overall warning that WD patients are
very sensitive to neuroleptics and prone to develop extrapy-
ramidal symptoms [41]. There is evidence supporting the
practice of selecting antipsychotics that are less likely to
cause extrapyramidal symptoms (such as quetiapine) and
titrating the dosage slowly [32]. Clozapine [69], quetiapine
[70], and olanzapine [72] have been used effectively to treat
symptoms in patients with WD with psychiatric manifestations.
But severe extrapyramidal syndrome had been reported with
the use of neuroleptics [72].

Since lenticular (source of dopamine) degeneration is the
hallmark of this disorder, dopamine is already depleted in the
affected regions. With the addition of atypical antipsychotics
(which blocks nigrostriatal dopamine), already depleted
basal ganglia are further deprived of dopamine. This could
also explain the sensitivity of the patients to atypical antipsy-
chotics. Also, patients with WD are more vulnerable to
agranulocytosis due to hypersplenism and/or d-penicillamine.
It has been reported that there is an increased risk of neutro-
penia and agranulocytosis with concomitant use of
d-penicillamine and neuroleptics [73]. Clozapine, sometimes
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used in WD patients [69], might not be a suitable option in
such patients as it can enhance the risk of agranulocytosis.

Bipolar disorder has been treated with a combination of
lithium and olanzapine, which has led to a gradual mood sta-
bilization and successful recovery [74]. Lithium is a preferred
agent as a mood stabilizer, considering its renal excretion and
many of these patients have significant hepatic dysfunction. It
also stimulates granulocyte production and might be a much
safer option over clozapine in certain patients [75]. However,
it should be prescribed with caution as it may exaggerate the
tremor.

ECT in control of acute psychosis of WD has also been
reported, especially in patients who have extrapyramidal
symptoms along with psychosis as neuropsychiatric symp-
toms of WD [76].

There have been cases when penicillamine or zinc sulfate
was reported as useful for psychiatric symptoms [77], without
any employment of neuroleptic medications [78].

Patients with WD may have active medical problems
requiring prompt management that psychiatric units often
are not equipped to provide. Close collaboration with the
medical team is essential in the long-term management of
these patients. Often a psychiatrist in a consultative role fol-
lows patients with WD when they are hospitalized on a medi-
cal unit [32].

Colocated models of care have been reported to improve
the quality of life of patients with liver [79] and neurological
disease [80]. This model, which implies the presence of men-
tal health professionals in the medical clinic, needs to be
considered for WD because of the high prevalence of psychi-
atric symptoms. WD Centers for Excellence provide physi-
cians who are well trained in the diagnosis and treatment of
WD, physician training and research regarding WD, broad
services needed by WD patients and their families, multidis-
ciplinary treatment, and technical support required by
patients [81]. Psychoeducation and/or referral to support
organizations, such as the Wilson Disease Association, can
ease the burden on caregivers.
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There are no data to guide the duration of treatment with
psychotropics in WD, since there have been no systematic
studies of the correlation of biological markers with psychiat-
ric symptoms in the disorder. Close ongoing observation is
advocated to identify when the psychiatric symptoms resolve
and the disease markers are normalized. At that time,
attempts should be made to discontinue the psychotropic
medications to reduce short- and long-term side effects.

The results showing the impact of liver transplantation
upon psychiatric symptoms in WD are mixed. There have
been cases of psychiatric improvement after orthotopic liver
transplantation (OLT) [82]. Studies also have shown neuro-
psychiatric problems may worsen after liver transplantation
[83] or leaving them unchanged [84, 85]. At this time, liver
transplantation is not recommended for treatment of neuro-
psychiatric symptoms in WD in the absence of liver
impairment.

Many studies have demonstrated motor and cognitive
improvement after initiating clinical treatment for WD. This
observation led to WD being categorized as a reversible
dementia, both after clinical treatment [5, 36] or after hepatic
transplant [86]. The association of WD with irreversible cog-
nitive decline is no longer the rule in the context of effective
medical therapy for the disorder [41].

Summary

Psychiatric manifestations represent a significant part of the
clinical presentation of WD. They can present at any point in
the course of the illness, including in the absence of hepatic
or neurologic involvement, leading to delays or misdiagnosis
of WD. They should be carefully evaluated from the patient
interview, using collateral information from family members,
friends, and previous providers, and the use of structured
psychiatric instruments. Establishing a diagnosis of WD is
crucial since early detection and treatment may prevent dis-
ease progression and even reverse damage in some patients.
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Good outcomes can be expected with specific therapies for
WD, adherence to medicaments, and clinical monitoring.
Along with therapy directed at the prevention of accumula-
tion and the removal of copper, treatment of psychiatric
symptoms in Wilson disease may require psychotropic medi-
cations. Selecting psychotropics that are less likely to cause
extrapyramidal symptoms and titrating the dosage slowly are
the preferred approaches. The aim of care should be full
recovery, since patients may maintain remission for years
after psychotropic medications have been discontinued.
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Chapter 8

Monitoring Treatment
of Wilson Disease

Tamir Miloh and Michael L. Schilsky

Monitoring for Effectiveness of Treatment

Treatment of WD in an asymptomatic patient aims to prevent the
development or progression of signs and symptoms of disease. In
symptomatic patients, the goal is to achieve stabilization and
improvement of signs and symptoms of disease. Monitoring is the
means by which we determine if these goals are met. Monitoring
for effectiveness utilizes clinical parameters (symptoms and physi-
cal exam for signs of disease), laboratory testing (blood and urine
and in some liver biopsy), and assessment of adherence with
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TaBLE 8.1 Monitoring of patients with Wilson disease

Clinical
evaluation
history

Physical exam

Blood test

Urine tests

Adherence

Scoring systems

Medication side
effects

Hepatic, neurologic, and
psychiatric assessment

Focus on chronic liver
disease and neurologic
exam, mental health
testing if appropriate
history obtained

CBC with platelets, PT/
INR, liver panel, serum
copper, and ceruloplasmin

Urinalysis, 24-h urine
collection for copper (also
zinc for patients on Zn)

Discuss adherence and
any barriers to adherence,
assess by clinical and
biochemical parameters,
input from pharmacies
about refills

Child-Pugh-Turcotte and
MELD-Na, (in those
with cirrhosis) modified
Nazer (in those with
liver failure), UWDRS or
equivalent for tracking
neurologic disease

Look for neurologic or
psychiatric worsening,
dyspepsia, bone marrow
suppression, nephropathy,
arthropathy, skin changes

Every visit

Every visit

Every 6 months
for maintenance
therapy, more
frequent during
treatment
initiation and to
follow abnormal
results

At least every
6 months, after
changes in
treatment

Every visit

As clinically
indicated

Every visit
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TaBLE 8.1 (continued)

Overtreatment Neuropathy, low At least every
(in patients white cell count and 6 months
on long-term thrombocytopenia,
therapy) lower serum and urine

copper, and reduced

ceruloplasmin
Dietary Ask about dietary copper  Every visit,
adherence restriction consultation

with registered
dietician at
caregiver or
patient request

Liver panel = ALT, AST, alkaline phosphatase, total and direct bili-
rubin, GGTP

medications and diet. A summary of monitoring labs is given in
Table 8.1 [1]. To some degree, monitoring is tailored to each
patient’s clinical status, degree of hepatic, neurologic and psychi-
atric disease, and special needs, but there are common elements
that help us determine if treatment is successtul. The frequency of
monitoring is higher during the initial phase of initiation of medi-
cal therapy and can be less frequent once disease stabilization is
achieved, which is hereafter referred to as the maintenance phase.
Patients are encouraged to use tools such as the Lab Tracker (see
the Wilson Disease Association Website for download) to help
maintain records of their monitoring that can be reviewed with
their health-care providers. In this chapter, we will review the dif-
ferent aspects of monitoring of treatment of patients with WD.

Monitoring: Visit Frequency

During the first year of therapy, patients should be seen by their
health-care providers and undergo laboratory testing at least
every 3 months and afterward at 6-month intervals. Patients with
decompensated cirrhosis or unstable neurologic or psychiatric
symptoms may need to be seen and monitored more frequently,
weekly or twice monthly, while the dosage of medication is
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increased to goal, and it is clear medications are being tolerated,
or when medical treatments are changed. Once the patients’
disease becomes more stable, visit and testing frequently may be
decreased. If there is evidence or suspicion of nonadherence to
treatment, patients may be seen more frequently, and assistance
from family and other providers, counselors, or pharmacists is
sought to try to improve this problem [2].

Monitoring: Clinical Examination

The aim of clinical examinations by health-care providers dif-
fers in asymptomatic and symptomatic patients. In asymptom-
atic patients, the examination should focus on confirming the
lack of any signs of liver disease, neurologic disease, or psychi-
atric symptoms. In symptomatic patients, there are unique
areas to focus on, including signs of liver, neurologic, or psychi-
atric disease. Careful attention to history as well as physical
examination is important for each of these categories. For
instance, a new history of darkening urine, generalized itching
(pruritus), or easy bruising may indicate the presence of liver
disease. For children who are in school, a decline in school
performance may indicate signs of cognitive change or of
mood disturbance. Similarly, in adults, falls may indicate
changes in coordination or balance and increase suspicion of
neurologic disease, while a disruption of personal relationships
may be a sign of a mood disorder, all possibly related to WD.

With respect to clinical signs of liver disease seen on
examination, new onset of jaundice and scleral icterus (yel-
lowing of the conjunctiva of the eyes), excoriations from
pruritus, bruises from a low platelet count and coagulation
defect, the appearance of ascites, or signs of hepatic encepha-
lopathy (altered mentation, tremor or flapping tremor known
as asterixis) may indicate disease worsening and progressive
liver disease [3].

With appropriate medical therapy over time, many of the
signs and symptoms of liver dysfunction are expected to
improve. Therefore monitoring must take into account what



Chapter 8. Monitoring Treatment of Wilson Disease 147

signs and symptoms were present, and these must be followed
over time. The initial response to treatment should be disease
stabilization, but over time further improvement often occurs.
However for patients with very advanced liver disease and
decompensated cirrhosis, though a trial of therapy may be
warranted, a referral to a transplant center for evaluation for
liver transplant is also appropriate [4]. Some with advanced
disease with jaundice, pruritus and bleeding (due to coagu-
lopathy), or ascites may improve over time on medical ther-
apy. Initially patients with ascites may find it easier to control
the ascites, and medical treatments such as diuretics may be
reduced or even stopped when the ascites is resolved. For
those with varices and bleeding, there may be a reduction in
size of the varices. Hepatic encephalopathy may also become
easier to control or resolve altogether as treatment takes
effect and liver function improves [1].

For those with Kayser-Fleischer (KF) rings due to WD, these
resolve with treatment, but the rate of their disappearance may
vary with the treatment and the size of the ring at time of initia-
tion of treatment (larger and concentric rings would take longer
to disappear than faint rings only found superiorly and inferiorly
on the cornea) and may not reflect the rate of change in neuro-
logic or psychiatric symptoms if these are present. Similarly, the
rare finding of sunflower cataracts also may improve with treat-
ment aimed at copper removal. In patients without KF rings or
sunflower cataracts, their appearance may reflect disease wors-
ening or nonadherence. Similarly, nonadherence should be sus-
pected in those with KF rings that become larger with time on
serial examination [1].

Neurologic symptoms may exacerbate with the initiation of
chelation in a minority of patients, and in these individuals,
there may be progression of tremor and increased muscle tone
(dystonia) leading to at times painful contractures and even
fixed deformity. In most however, the initial symptoms that are
present may improve with time; however some may develop
fixed changes and permanent disability [5]. Patients with neuro-
logic signs or symptoms should see a neurologist at the outset
of their disease to be able to track their progress on treatment
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and also treat any neurologic symptoms. There are some vali-
dated scales that have been used to define the degree of neuro-
logic impairment. One such example is the Unified Wilson
Disease Rating Scale (UWDRS), a scoring system developed
by neurologists to help give an objective score to the degree of
neurologic impairment in WD [6]. Use of the UWDRS is
mostly for clinical trials where tracking is mostly for clinical
trials where tracking of improvements in the score would indi-
cate neurologic disease due to WD is improving. Practically,
patients’ caregivers may take a video of the patient doing a
specific activity at home and then repeat this over time doing
the same activity. In addition, comparison of the ability of the
patient over time to do daily tasks helps gauge the degree of
improvement in their disease [7]. Monitoring neurologic or
psychiatric signs and symptoms in WD is complex and dis-
cussed in a different chapter. The UWDRS was developed to
standardize the clinical assessment of neurologic involvement
in patients with WD and is mostly used for clinical studies.

Psychiatric symptoms may be present at the outset and
often precede the establishment of the diagnosis of WD. They
may be as subtle as emotional mood swings to full-blown
depression and psychosis. If they are absent at the start, their
appearance in well-treated patients often indicates nonadher-
ence with treatment or underlying psychiatric disease that
could occur independent of WD or be worsened by WD. In
many who develop symptomatic disease, there may be
improvement with treatment of their WD, but careful atten-
tion to patient’s symptoms is important, and pharmacologic
treatment of the psychiatric symptoms may improve the
patient’s status [8].

Monitoring: Laboratory Testing

Biochemical monitoring of patients with WD includes blood
and urine testing. Liver biopsy with histology and copper
quantitation is most often a one-time event at time of
diagnosis, and serial biopsy and evaluation are only needed
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when there is a question of treatment failure or a secondary
liver injury or disease as well as WD.

Blood testing for monitoring includes complete blood
count (CBC) and platelets, liver tests, and coagulation param-
eters. Often a comprehensive profile that includes electro-
lytes and liver tests is ordered, and this enables tracking of
kidney function as well.

Blood counts should be monitored at regular intervals as
noted above or more frequently if there are abnormalities. A
low value for hemoglobin on the CBC may be a marker of
non-autoimmune hemolytic anemia, most often in untreated
patients or in patients with acute liver failure. Specific testing
can be ordered to determine if this is present, including a
blood smear to look for cells with signs of hemolysis and
other biochemical markers of hemolysis such as haptoglobin.
However a low hemoglobin, or anemia, can occur with iron
deficiency or due to other causes such as bone marrow sup-
pression from medications or toxic agents [1]. In long-term
treated patients, anemia can be due to overtreatment and a
relatively low copper state for the bone marrow. In this set-
ting, tests such as ferritin that reflect tissue iron are elevated,
and biopsy of bone marrow or liver will show excess iron
stores [9].

Low white blood cell count (WBC) can be a marker of
portal hypertension but can also occur due to bone marrow
suppression from D-penicillamine. Low WBC can also be
found in copper deficiency and is seen in WD patients with
overtreatment with any agent. With current therapies, this
typically does not occur for years after treatment is initiated.

Low platelets (thrombocytopenia below 150,000) are
marker of progressive portal hypertension but can also be a
marker of bone marrow suppression from treatment for WD
(D-penicillamine or trientine) or overtreatment after time on
any therapy [10]. With respect to worsening portal hyperten-
sion, lower platelet counts accompanied by new splenomeg-
aly, ascites, or varices (seen on endoscopy) portend treatment
failure, and this is discussed below. When there is no gross
evidence of advanced liver disease as seen by signs of portal
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hypertension, then the degree of liver fibrosis can also be
estimated and used for monitoring. There are some useful
serum tests that can be applied, APRI score and FIB-4 [11],
but also types of liver imaging known as elastography can be
helpful as well (discussed below).

Liver enzymes, ALT and AST, typically normalize over the
first 6-18 months of treatment. Some liver tests in patients
with advanced liver disease may not normalize but should
improve and stabilize. Persistently abnormal liver enzymes
(more than twice upper limit of normal) may be a marker of
underdosing, nonadherence, treatment failure, or secondary
liver injury [12]. Dose adjustment, assessing adherence, or
alternative therapy should be considered. Normalization of
liver enzymes is expected to reduce the risk of fibrosis pro-
gression. Total bilirubin may be elevated with hemolysis, and
increased direct bilirubin is a marker of liver dysfunction.
Coagulopathy (INR) often improves with chelation and cor-
rection of vitamin K deficiency (which may be common in
patients with cholestasis). Levels of serum albumin are
expected to improve with therapy and nutrition. Electrolytes,
in particular renal function, should be monitored, as some
chelation therapy may be associated with nephrotoxicity.
Patients on D-penicillamine and trientine should have moni-
toring with urinalysis to monitor nephropathy (nephritis and
proteinuria) [1].

Although serum transaminases (ALT and AST) are referred
to as liver tests, they really are markers of liver injury. Albumin
and INR are markers of the true function of liver cells; how-
ever albumin is influenced by inflammation (it is a negative
acute phase marker), by nutritional state (low in malnourished
states), and when there is loss of albumin from the kidney (pro-
teinuria) or from the gut (in protein-losing enteropathy).
Therefore following the international normalized prothrombin
time (PT) or INR reflects liver function more directly, with
some exceptions. There are vitamin K-dependent factors that
make up the coagulation cascade that is measured by the PT,
and in states with vitamin K deficiency as can occur if there is
prolonged elevated bilirubin (cholestasis), then PT and INR is
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elevated. In those individuals, INR after vitamin K replace-
ment will represent true liver function and coagulation status
better. Other rare clotting disorders also can give elevation in
PT and INR without indicating liver dysfunction, but these are
extremely rare. Therefore elevation of INR in a patient with
WD indicates hepatic synthetic dysfunction and is a parameter
that can be followed with time to show healing with treatment
[13]. Other clinical scores that can be monitored in a patient
without acute presentation include PELD (patients younger
than 12 years of age), MELD (for patients older than 12), and
the Child-Pugh scores.

Monitoring: Copper Status

Copper levels can be measured in the blood and urine and liver
tissue. While routine monitoring of liver copper is not typical
due to the need to perform liver biopsy for this measurement,
monitoring of copper status using parameters from blood and
urine is important to evaluate response to therapy, adjust medi-
cation dosing, and assess nonadherence to therapy. Non-
ceruloplasmin copper (NCC), sometimes referred to as “free
copper” in the circulation, is an important marker of copper
status. NCC can be estimated by measuring total serum copper
(mcg/dl) directly and subtracting from this the estimated
amount of copper in the protein ceruloplasmin (calculated
using the serum level of ceruloplasmin (mg/dl) times 3.15).
Before treatment, especially in symptomatic patients, NCC is
typically higher than 15 mcg/dl. With treatment patients should
have values between 5 and 15 mcg/dl. Patients who are nonad-
herent with medication or dietary copper content and who had
a normal range NCC will often have a higher value when
retested for this estimation. On the other end of the spectrum
are those who are over treated. These individuals will have lev-
els below 5 mcg/dl, often with accompanying changes in their
blood counts (low white blood cell count and anemia).

In about 20% of patients, commercial assays for measure-
ment of copper and ceruloplasmin do not give a positive
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value for NCC, and in these patients, it is not very useful to
follow this estimated value. In this instance, measurements of
urine copper and following liver tests and blood counts may
be the only way to characterize their copper status and treat-
ment effectiveness. More accurate methods to monitor effi-
cacy by standard copper and copper protein analysis remain
to be developed [1].

Urine copper excretion is thought to mirror NCC as urine
copper is derived from this exchangeable blood component.
Urine copper excretion over 24 h is commonly used as a mea-
surement for copper status. Single “spot” measurements do not
reflect the true overall copper balance and may lead to under- or
overestimates for an individual. Twenty-four-hour urine copper
is typically elevated above 100 mcg at the time of diagnosis and
before treatment in symptomatic patients. In asymptomatic
patients and some younger patients with silent liver disease, the
value may not reach diagnostic levels of 100 mcg/day and may
even be within the upper limits of the normal range. With intro-
duction of chelation therapy with D-penicillamine or trientine,
urine copper may initially increase to more than 1000 mcg/24 h,
as renal excretion is the mode of copper elimination with these
drugs. Over time, urine 24 h copper excretion decreases to about
150-250 mcg daily in patients on maintenance doses of trientine
and 250-500 mcg for those on maintenance D-penicillamine
treatment. In patients on zinc therapy, the 24-h urine excretion
of copper decreases with treatment if it was elevated at the start,
as the mode of action is decreased intestinal copper absorption
and urine copper excretion in these patients reflects the status of
their NCC [2]. Shown in Table 8.2 are treatment goals for urine
copper excretion for each treatment discussed above.

Monitoring: Liver and Brain Imaging

An ultrasound or sonogram is a useful baseline test for any
patient with WD. At times, it is also helpful to perform a
Doppler study of the blood flow through the liver to exclude
any blockage of flow in the portal or hepatic vein and look at
hepatic arterial blood flow. A Doppler study is typically done
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at the same time as the ultrasound of the liver. The presence of
an enlarged spleen along with ascites or change in the liver
shape may suggest cirrhosis is present. For patients with earlier
stage liver disease, an ultrasound can also suggest the presence
of fatty change that may be present at the outset due to WD
but also can occur in patients with fatty liver disease or after
alcohol use. More advanced imaging, CT or MR, and even MR
spectroscopy can be used to estimate the degree of fatty liver.
Alternatively the amount of fatty change can be estimated on
liver biopsy. In most patients with fatty change in the liver due
to WD, the fat deposition decreases with treatment and the
above modes of liver imaging can often be used to look for this
improvement. In those where the fatty change in the liver is
independent of the WD, this will not resolve.

The standard for evaluating and demonstrating progres-
sion of liver fibrosis is by liver biopsy; however there are now
noninvasive imaging methods for estimating the amount of
hepatic fibrosis. Examples of technology to measure fibrosis
noninvasively include sonographic methods using sound
waves (acoustic radiation force elastography or Fibroscan™)
and MR elastography (MRE). There are few validated stud-
ies for these methods for WD, but their use in general liver
practice has been increasing [11, 14, 15].

Initial screening and surveillance for primary liver cancer,
HCC, should be performed in cirrhotic patients with
WD. Imaging for routine surveillance should be by ultra-
sound; however when abnormalities are seen on ultrasound,
dynamic imaging with CT or MRI with contrast is needed.
Surveillance imaging is typically done on a 6-month basis;
however when abnormalities are seen and closer follow-up is
warranted, then the follow-up studies often are recom-
mended at 3 months’ time [16].

When there is identification of abnormal brain MRI or CT
seen on the initial imaging, it may be useful to obtain a follow-
up study if there is clinical change, especially if there is worsen-
ing. Usually,repeat brain imaging is something that aneurologist
would request in the course of their assessment [17, 18].
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Monitoring: Defining and Monitoring
for Treatment Failure

Treatment failure for patients on therapy with WD can be
assessed by progression or lack of improvement in patients’
symptoms, laboratory tests (liver tests, coagulation, and cop-
per parameters), or intolerable side effects of medications or
safety concerns [1]. In one retrospective study in Europe, the
presence of liver tests (ALT and AST) that are twice the
baseline value or more than that after treatment for a time
(typically beyond 3-6 months) would be considered a possi-
ble treatment failure and dose changes or alteration in ther-
apy considered [19]. For copper parameters, failure to improve
NCC and urinary copper to desired goals should prompt a
look at patient adherence and diet. If both of these have been
good, then changes in therapy are appropriate [1].

With respect to side effects from the medications, these
may range from laboratory abnormalities to clinical findings
and symptoms or both. Changes in therapy for patients on
D-penicillamine due to side effects can range up to about
25-30% of patients, less frequent on trientine [10]. Zinc does
not cause known lab abnormalities other than an elevation in
pancreatic amylase or lipase without any true pancreatitis
(either by symptoms or imaging) [2].

Treatment would be considered as failing in patients on
therapy with serious clinical deterioration such as the devel-
opment of jaundice in a patient without this sign, persisting
jaundice in a patient with jaundice after treatment, or wors-
ening signs and symptoms of portal hypertension such as a
new onset of ascites, upper GI bleeding due to varices,
hepatic encephalopathy, or change in kidney function due to
hepatorenal syndrome. For patients with cirrhosis of the liver,
the Child-Pugh-Turcotte status or MELD-Na score can be
assessed, and rising scores indicate a failed response to ther-
apy. These patients then need to be urgently referred for liver
transplantation while maintained on treatment if possible [1].
The modified Wilson disease score can also guide on treat-
ment failure for those patients with severe hepatic disease or
acute liver failure at the outset [20]. A rising score, even if
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below the threshold of 10 below which medical therapy is
thought to work most of the time, should prompt more fre-
quent observation and close tracking of the patient. A contin-
ued rising score would be considered treatment failure.

Monitoring: Overtreatment of WD

Overtreatment for WD (over chelation) can present with
symptomatic copper deficiency including hematological side
effects such as anemia and neutropenia and neurological
symptoms including sensory or motor-sensory neuropathies
and myelopathies which normally reverse with correction of
the deficiency if detected in time. Monitoring for overtreat-
ment is important on all treatments for WD and can be diag-
nosed by low NCC and 24-h urine copper [9, 21].

Adherence should be monitored with every visit as it is
key in the long-term follow-up of patients with WD and is
lifelong after diagnosis. Nonadherence may lead to acute
hepatitis, hepatic failure, neuropsychiatric deterioration, and
ultimately death [22]. Nonadherence has been reported in
more than 50% of the patients, in particular those without
overt symptoms. Ongoing monitoring of medication intake
significantly contributed to total and partial improvements of
symptoms, self-assessment of well-being, and decreased risk
of clinical deterioration. Self-report and physician assessment
of adherence have its limitations and are not always accurate.
Evidence of nonadherence includes appearance or reappear-
ance of Kayser-Fleischer rings, fluctuating liver enzymes,
elevated NCC, and increased or decreased 24-h urinary cop-
per (depending on treatment). Adherence in WD patients
taking zinc can be confirmed by urinary zinc excretion
>2 mg/24 h, though this only demonstrates the use of zinc
around the time of the treatment. Another measure to follow
adherence is by appropriate pharmacy refills; however this
may be complicated by changing insurances and use of mul-
tiple pharmacies. Barriers to nonadherence should be
addressed. These include medications’ side effects, complexity
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of regimen, cost, and limited access [1]. Cognitive impairment
and lower executive functioning were documented in some
patients with WD, particularly patients with neurologic symp-
toms, and this can affect adherence as well. The presence of
psychiatric symptoms such as depression may also result in
lower adherence. A neuropsychological assessment may be
valuable to assess the presence and consequences of cogni-
tive impairments or psychiatric symptoms that may be a tar-
get for intervention [23]. Adherence to a low copper diet may
be challenging for a few patients and is further discussed in
the nutrition chapter. The dietary restrictions on copper
should be stricter within the first year of therapy, especially in
symptomatic patients. Consultation with a dietitian is
advisable for individual patients and families. Patients with
suspected nonadherence should be monitored more
frequently.

Conclusions

Monitoring of treatment for WD is important for determin-
ing treatment efficacy and safety. Monitoring should be more
frequent around initiation of therapy in symptomatic patients
but should continue at regular intervals after for maintenance
therapy. Monitoring includes clinical examination, blood and
urine testing, and imaging of the liver or brain when appro-
priate. Parameters that are used to assess copper status, esti-
mation of NCC, and 24-h urine copper determinations should
be followed over time. Monitoring and measures to address
barriers to good adherence to medication and diet should be
performed over time. Changes of therapy should follow treat-
ment failure or identification of safety issues. Overtreatment
that necessitates holding of current WD treatment or dose
reduction of medication can be identified by changes in cop-
per status, presence of a new low WBC or anemia that is not
due to iron deficiency, or appearance of new neurologic
symptoms. Lifelong care monitoring is required for the treat-
ment of WD and is best accomplished by a partnership
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between patient and their health-care providers. The use of
tools that help patients track their monitoring, such as the lab
tracker, aids in this process and can facilitate discussion
between patients and providers.
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Introduction

Overall, WD is a rare cause of liver disease in childhood.
However, children and adolescents comprise a considerable
proportion of patients that present with WD [1, 2]. In this
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regard, it is interesting to point out that all patients originally
described by Dr. Wilson were young when they initially
became symptomatic [3]. Although rare, clinically apparent
WD in infants within the first year of life is increasingly rec-
ognized [4-6]. Therefore, WD should be considered in those
with suggestive symptoms or biochemical abnormalities
regardless of age. Assessing for WD through prenatal testing,
at birth, or in asymptomatic first-degree relatives of patients
with WD may reduce the age of diagnosis by early identifica-
tion of presymptomatic patients. Early identification is criti-
cally important as it results in the timely institution of
treatment and a more favorable outcome than in those who
are identified late [7-10].

As commonly occurs in pediatrics, a major challenge in
identifying and managing children with WD is the relative
paucity of age-specific data to inform practitioners about best
therapies. There are only a few small-sized studies that
describe WD exclusively in children. However, the diagnosis,
treatment, and monitoring guidelines for WD as carefully
detailed for adults in other chapters elsewhere in this hand-
book are generally applicable for children. A clinical position
statement on WD in children was also recently published [11].
In the following we highlight some salient features of WD
that we consider unique to children.

Diagnosis

Wilson disease predominantly presents clinically with hepatic
or neuropsychiatric symptoms or commonly some combina-
tion of these. Most children with WD present with liver dys-
function [12, 13]. In general, approximately 50% of children
(less than 18 years old) and up to 75% of those less than
10 years old present with liver disease [14]. It is likely that this
is related to the natural history of WD as copper presumably
accumulates first in the liver. Some have speculated that in
addition, the predominance of hepatic presentation may be
linked to the presence of gene deletion mutations that are
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associated with early-onset disease [12, 13]. As for adults, the
spectrum of liver disease in children and adolescents varies
widely from asymptomatic derangement of biochemical liver
tests (most common) to chronic hepatic disease — cirrhosis to
acute liver failure. Hematological, endocrinological, and
other abnormalities are infrequently the initial findings at
presentation of WD in childhood [14].

Although hepatic presentation of WD is most common in
childhood, it is critically important to avoid overlooking the
disease in young patients with neuropsychiatric symptoms,
particularly those that arise rather suddenly. These symptoms
may include neurologic symptoms typically found in adults
with WD, like speech difficulties, drooling, and tremors.
However, changes such as worsening handwriting can be
subtle and easily missed until it is severe. Some symptoms
may be too non-specific to attract much parental attention.
For example, gait incoordination may be ascribed to simple
clumsiness or athletic inaptitude rather than to a primary
neurologic problem. Psychiatric symptoms may include diffi-
culty with concentration and memory resulting in deteriorat-
ing academic performance in school that may be perceived as
laziness or irresponsible childhood behavior. Depression,
withdrawal, and antisocial and other abnormal behaviors,
particularly in adolescents, may be ascribed as “normal” for
age or related to social stressors and not psychiatric disease.

As in adults, the diagnosis of WD in children depends on a
composite of clinical features and specific laboratory, histo-
logical, and genetic test results. The diagnosis of WD can be
particularly challenging in the very young child [15]. Several
aspects of data interpretation and sample collection are
unique to the pediatric population and can be particularly
challenging in this group.

Kayser-Fleischer (KF) rings, a yellow-brown pigmentation
in the periphery of the cornea, represent abnormal copper
deposition in this structure’s Descemet’s membrane. Kayser-
Fleischer rings can support the diagnosis of WD but are often
absent in children. When they are present, these rings first
arise as an arc in the superior pole of the cornea and then in
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its inferior pole, and finally with persistent copper accumula-
tion, the arcs link to complete the ring. Kayser-Fleischer rings
are occasionally present on simple eye examination but are
most often only visible on slit-lamp assessment by an experi-
enced practitioner [16]. Pediatric series suggest that overall,
they occur in some 40% of children with WD (range 14-88%)
[17]. Tt should be highlighted that the absence of KF rings
does not exclude the diagnosis of WD. However, when pres-
ent, particularly in those with neuropsychiatric symptoms, it
strongly suggests the diagnosis of WD and should expedi-
tiously prompt further investigation. Of note, KF rings are
not unique to WD and can be seen rarely in other chronic
cholestatic diseases and cirrhosis where secondary copper
accumulation leads to corneal deposition of this metal.
Elevated 24-h urinary copper excretion can be useful in
establishing the diagnosis of WD, but in asymptomatic chil-
dren with WD, the urine copper may be normal. Contamination
of the urine sample and incomplete collections can affect the
accuracy of the result for 24-h urine copper testing and hinder
its interpretation. Hence, strict precautions during the collec-
tion process need to be taken that can be particularly chal-
lenging in infants and young children. To minimize potential
problems, urine collection should be undertaken on a dedi-
cated day without distractions, trips, or other planned activi-
ties. The use of urine “hats” under toilets can be especially
useful for collection in girls. Collecting samples from babies
may involve the use of a special bag attached to the skin with
adhesive tape and a diaper placed over the bag. The infant
will need to be monitored often and the sample bag changed
and emptied into a dedicated container after each urination.
The penicillamine challenge test (PCT) was suggested as a
way of improving the accuracy of the 24-h urine copper test
inchildren [18].In this modification of the test, D-penicillamine
(a copper chelator) is administered at a dose of 500 mg at the
start of the 24-h urine collection and midway through it, 12 h
later. Urinary copper excretion of more than 1675 mg over
24 h after the challenge is considered suggestive of
WD. However, further experience has provoked reassess-
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ment of the PCT [19]. For example, the frequency of falsely
normal or elevated copper excretion with the D-penicillamine
challenge and the lack of studies for this test in unaffected
heterozygous carriers of WD limit the interpretation of its
true sensitivity and specificity [20]. A subsequent pediatric
study suggested that PCT was of little use to diagnose WD in
asymptomatic children with abnormal liver tests [21].

Low serum ceruloplasmin level is another important diag-
nostic marker of WD. Although normal ceruloplasmin con-
centration is stable for adults, it considerably varies with age
in children: from very low during infancy through the first
6 months of life (less than 10 mg/dL) to peak levels in early
childhood (30-50 mg/mL) before settling in the adult range
(greater than 20 mg/dL) [22]. Thus, interpreting results of
serum ceruloplasmin concentration in children requires care-
ful appraisal.

If the diagnosis of WD remains uncertain with blood and
urine tests, a liver biopsy may be necessary. A percutaneous
liver biopsy is a procedure where a small tissue sample is col-
lected using a needle inserted through the skin and into the
liver. The liver tissue is fixed and prepared for examination
under a microscope, and its concentration of copper can be
determined from a sample as well. To perform the procedure
safely, children usually require sedation or anesthesia.
Although liver biopsy is safe, major complications such as
bleeding requiring transfusion, surgery, or intensive care
management and chest complications including, pneumotho-
rax or hemothorax, occur uncommonly [23,24]. Nicastro et al.
(2010) noted a significant difference between hepatic copper
in children with WD and unaffected controls [21]. These
investigators noted liver copper levels less than 75 micro-
grams (pg)/gram of dry weight (gdw) in only 2/30 (7%) of
pediatric patients with WD and greater than 50 pg/gdw in
only 4/24 (6%) controls. Thus, these investigators proposed a
hepatic copper concentration threshold of 75 pg/gdw as opti-
mal to diagnose WD in children [21, 25].

Delivering distressing news about the diagnosis of a life-
long illness such as WD is always difficult, particularly when
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the patient is a child. In addition, the pediatric practitioner is
always faced with dealing with several “patients” simultane-
ously (the affected child or adolescent, their parents, and
potentially other relatives). To ensure success, all interested
close family members need to be involved in these discus-
sions during which complex information is conveyed in an
age-appropriate manner. Having these important discussions
in a private, child-friendly space other than the usual exami-
nation room may be best as such places may put the child and
family at greatest ease. It is important to avoid underestimat-
ing a young child’s ability to understand, and therefore health
team members must remain vigilant about body language
and facial expressions, as these sometimes say more than
plain words. Initially, assess the child’s knowledge, often
repeat information, and avoid long explanations. The use of
diagrams and other age-appropriate visual cues may be help-
ful aids to improve understanding and keep the child engaged.
After initial discussions, ascertain the child and parent’s
understanding of what has been explained. Children may
need extra time to understand and process the diagnosis,
treatment, and monitoring plans. Be prepared to answer the
same questions on repeated occasions. Listen to the ideas,
concerns, and expectations of the patient-family nucleus.
Because it may be difficult for patients and relatives to fully
comprehend all of the information during an initial discus-
sion, unanswered questions or concerns should be sought at
subsequent follow-up visits.

Older children and adolescents may be particularly vul-
nerable to perceptions of being different and may struggle
with the potential impact of a chronic illness in their future.
Innovative peer-group support mechanisms such as blogs,
electronic apps, and social media support groups can be
useful for helping older children and adolescents engage with
patients in a similar age group with WD. Similarly, parents
frequently feel guilty about having passed down a genetic
disease. Because parents may perceive shame, they may with-
hold this information; hence, it is critically important for
practitioners to actively strive to discuss these issues in a
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nonjudgmental manner, particularly during initial visits.
Practitioners should encourage parents to seek support from
community resources such as church, a social group, or
trained counselor. It is important for the child and parents to
develop a dedicated support system. Alerting and educating
individuals involved in the child’s life, such as teachers, baby-
sitters, and other parents, about WD may be helpful in ensur-
ing successful management and in uncovering potential
difficulties.

Treatment

Wilson disease treatment is lifelong, and compliance with the
prescribed medical regimen is essential to prevent clinical
progression and achieve a favorable outcome. As for adults,
treatment options include oral chelators (trientine and
D-penicillamine) and zinc salts. Chelators exert their thera-
peutic effect by binding to copper and increasing its urinary
excretion, whereas zinc salts act by reducing intestinal copper
absorption (see chapter on treatment of WD and below). In
children, finding a tolerable drug and formulation is particu-
larly important to enhance adherence. Cost and treatment
availability may also dictate treatment options.

In symptomatic patients with WD, trientine is as effective
and probably has fewer side effects than D-penicillamine;
therefore, it is becoming the preferred initial treatment, when
available. Accumulating pediatric-specific data suggests that
trientine is safe and effective in children with WD [26,27]. As
is generally common in pediatric practice, dosage in children
is weight based (20 mg/kg/day for both trientine and
D-penicillamine, divided into at least two doses) [17]. As
such, dosing needs careful appraisal during follow-up and is
progressively adjusted with normal childhood growth. As
detailed elsewhere in this handbook for adults, a potential
risk of chelator therapy in children is the apparently para-
doxical worsening of neuropsychiatric symptoms following
treatment initiation [28-32]. Bis-choline tetrathiomolybdate
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(WTX101), a potent copper chelator that has not been linked
to treatment-related neurological deterioration, is under
development and, in the future, may provide a reliable thera-
peutic alternative. However, WTX101 remains an investiga-
tional agent and is currently unavailable for pediatric WD.

Zinc treatment is often the preferred treatment of very
young and asymptomatic or presymptomatic children; as for
adults, it is also a reasonable option for maintenance therapy.
Pediatric dosing of zinc (particularly for the very young
patient) is based on scarce age-specific data. In an initial
study, zinc was effectively administered at 25 mg twice daily
for patients 1-5 years old, 25 mg thrice daily for those
6-15 years old, and 50 mg thrice daily for older children (or
those who weigh more than 125 pounds) [33]. Several other
small studies generally confirm that these doses are safe and
effective to treat WD in children based on clinical and bio-
chemical parameters and basal urinary copper excretion
[34-37]. As for adults, zinc is generally well tolerated, although
gastric irritation can limit its use. Because this irritation typi-
cally occurs while fasting before breakfast with the first
morning dose, consuming it midmorning is sometimes useful.
Also, the salt used as zinc linker may be the culprit for the
gastric complication. Hence, another way to potentially cir-
cumvent this problem is by consuming a different zinc prepa-
ration (e.g.,changing from zinc acetate to sulfate to gluconate).
However, there may be differences in absorption between the
zinc salts, and it is important to monitor the patient for the
effectiveness of the chosen preparation, that it is absorbed
and achieving the same effect on keeping the patient clini-
cally stable.

Untreated WD is fatal and medical treatment is lifelong.
Prompt initiation of treatment following the diagnosis of WD
in asymptomatic patients prevents the onset of hepatic and
neurological complications of the disease [9, 10]. Interestingly,
poor compliance with therapy is associated with the develop-
ment of hepatic and neurological impairment in a consider-
able proportion of these presymptomatic patients identified
through family screening [9]. These data highlight both the
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importance of early treatment and the difficulty with
adherence in the asymptomatic population. The precise age
to begin therapy in presymptomatic children is unknown.
However, treatment is generally initiated at around 2-3 years
old, because clinical manifestations of WD are rarely seen
before this age [11]. Furthermore, the risk of treatment-
related copper depletion during a critical stage of neurologi-
cal development is a concern when treating very young
asymptomatic patients (below 2-3 years of age), particularly
since reliable monitoring of copper status is challenging.
Several aspects of WD therapy are especially challenging
in young patients. A frequent problem with treatment is the
need for multiple daily medication doses. This is especially an
issue for zinc with three times daily dosing and the need for a
midday dose in children attending school. Another frequent
issue encountered is the need for some of these medications
(D-penicillamine, trientine, and WTX101) to be kept cold,
requiring careful forethought for storage (especially during
activities away from the home). Because the bioavailability of
chelators and zinc is decreased by foods, they need to be con-
sumed at least 1 h before or 2 h after eating or drinking (any-
thing but water), further complicating their consumption.
Young children or those with swallowing difficulties may
struggle with consuming medication tablets as these need to
be ingested whole without crushing. An effective method of
teaching children to swallow tablets is by initially practicing
with small-sized candies and gradually increasing their size
until they become comfortable ingesting those of similar
dimensions as the medication pills. Also, the use of special
cups with pill holders may be useful in this regard. Trientine
is exquisitely sensitive to moisture and is quickly degraded in
water; thus, this medication cannot be compounded as a
liquid. By contrast, D-penicillamine and zinc can be prepared
as liquid solutions, but these formulations are typically more
costly than their tablet counterparts and recently have not
been available for purchase; additionally, compounding costs
may not be covered by insurance. Also, because com-
pounded formulations are not federally regulated, they are
less likely to have been thoroughly tested for potency and
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contamination and may have different shelf lives than the
capsule or tablet formulations. Finally, practitioners need to
remain vigilant about the potential risks of overtreatment
associated with copper depletion and deficiency when treat-
ing WD, particularly in very young children.

Treatment adherence is key in ensuring successful out-
comes in the management of chronic illnesses. Medical com-
pliance in infants, toddlers, and young children is exclusively
determined by parents and caregivers. Providing these indi-
viduals with educational materials detailing the disease pro-
cess, treatment rationale, and expectations is critically
important in this process [36]. It is also essential to provide
information about complications and common treatment-
related side effects and offer practical ways to address these
(e.g., adjusting a zinc dose to midmorning for gastric irrita-
tion). This is especially necessary with complex treatment
regimens. Helping patients, caregivers, and families link medi-
cation schedules to regular activities and daily routines that
create habits may also enhance compliance. Similarly, reward-
ing appropriate behavior and making adherence “fun”
encourage compliance. For example, providing “stickers” or
“stars” on a chart for ingesting medicines and rewarding
upon the acquisition of a predefined number can enhance
adherence, particularly in younger children. All involved in
the care of children with WD should approach barriers with
creative solutions, for example, as already mentioned, using
gradually larger candies to teach young children to swallow
pills. Also, finding a child-friendly laboratory for monitoring
bloodwork may go a long way in alleviating anxiety that is
typically associated with blood draws.

For parents and children, daily hassles of living, stress, and
typical family conflict are some of the biggest barriers to com-
pliance [38]. Addressing poor adherence requires the use of a
comprehensive biopsychosocial and a team approach [39]. A
therapeutic alliance involving close collaboration between
child, parents, and clinician is important and should ideally be
in place from the start of treatment. Involving the patient and
parents in devising a plan to improve adherence is important.
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Presurgical and Peri-operative Management
of the Patient with Wilson Disease

The consideration for surgical management of patients with
Wilson disease should include considerations that are appropri-
ate for any patient undergoing surgery, but also need to include
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consideration of how to adjust medication dosages for chelation
and how to deal with dosages during times when nothing is
allowed by mouth.

Patients with advanced liver disease must consider that there
may be increased operative risk due to their liver disease. This
typically occurs when the patient has cirrhosis and has decom-
pensated disease (see section on liver disease, chapter 5).
Avoidance of any elective procedures is recommended for
these patients. However, in patients with stable cirrhosis with-
out complications, surgery or other procedures may be consid-
ered. There should be attention to the platelet count and also
the INR as a low platelet count (typically below 50,000) and
elevated INR (above 1.5) may indicate a higher risk for postop-
erative bleeding. For some high-risk procedures, patients may
need a transfusion of platelets (or use of a platelet stimulating
factor) and plasma to prevent bleeding.

Another consideration for operations and procedures is
wound healing. Copper plays an important role in cross-
linking collagen by virtue of it being a cofactor for lysyl oxi-
dase. For patients on zinc with good copper balance, there is
no dose modification recommended. For those on chelation
with D-penicillamine or trientine, a dose reduction of ~50%
is recommended to begin about a week prior to the proce-
dure and continue until there is adequate wound healing.

There are times when patients cannot take medication or
food perioperatively. If the time period is only for a few days,
then treatment likely can be temporarily held and resumed
when possible given that copper intake is also likely low during
this time. If there are prolonged periods of perioperative fasting
when patients need to receive food supplements from an enteral
or gastric feeding tube, then liquid preparations of dissolved
drug or zinc given separate from food can be considered.

Treatment in Pregnancy for Wilson Disease
In considering treatment of WD during pregnancy, both the

health of the fetus and the mother must be considered. For
the mother, it is essential that treatment for WD continues
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during pregnancy to avoid complications from WD such as
worsening liver disease or development of neurologic symp-
toms. For the fetus, it is very important to pick therapies with
the lowest risk for fetal complications while enhancing fetal
growth and development.

When patients are on zinc therapy, there is no dose reduc-
tion needed when patients are trying to conceive or during
the pregnancy if the patient is well treated and has stable liver
function and stable or no neurologic disease. If the patient or
physician is concerned about keeping a patient on chelation
therapy during pregnancy, then switching to zinc ahead of
pregnancy is an option. However, switching during pregnancy
may not be the best course of action as patients may not tol-
erate the zinc due to worsening issues of reflux and dyspepsia
due to uterine enlargement and increased intra-abdominal
pressure from the developing fetus and amniotic fluid.

If patients are on chelation therapy, their current regimen
might be maintained as a recent series showed successful preg-
nancies under all available medical therapies [1]. However, with
respect to best practices, dosing modifications are suggested for
those with stable disease on chelation therapy as early as possi-
ble because the risk to the fetus for any teratogenicity is highest
in the first trimester of life and risk of fetal copper deficiency
would be lowered [2]. Therefore, exposure to either
D-penicillamine or trientine should be minimized by dose
reduction as early as possible during the pregnancy or even in
anticipation of the pregnancy. This means that female patients
who are trying to become pregnant should consult their physi-
cian and consider minimizing treatment. If the dosage is reduced,
the patient needs to step up monitoring frequency while on this
lower dosage. What the safest dosage is for reduction of treat-
ment is unknown, but on average, a 30-50% dose reduction with
monitoring every 3—4 months is advised. Similarly, this would
translate into monitoring once each trimester for pregnant
patients. Once the patient delivers, then if there was no operative
intervention, the medication can be returned to the prepreg-
nancy dosage. If the delivery was by caesarian section or if an
episiotomy was performed, then the therapy should remain at
the lower dosage until there is wound healing.
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The Earliest Age for Initiating Wilson Disease
Therapy

One of the most difficult questions to answer when a new
diagnosis of WD is made in neonates and very young children
under the age of 3—4 years is when to initiate treatment. Most
current recommendations are to wait until the age of 3-5 years
as there are only rare reports of symptomatic disease before
then. Furthermore, the neonatal and early growth periods are
important for neuronal development, and copper is a neces-
sary element during this time.

Arguments for earlier initiation of treatment are that one
can prevent any development of hepatic copper toxicity by
reducing the concentration of copper that is already elevated
in the newborn liver. In a report by Socio et al. [3], two
asymptomatic patients began early treatment with
D-penicillamine at ages 2 and 3 years. However, data from
these patients showed that they had a low non-ceruloplasmin
copper at baseline, and it is possible that they may have done
just as well or better if treatment were delayed and the only
intervention was a low copper diet. If treatment is initiated in
the very young, monitoring should include both growth and
development as well as laboratory monitoring for copper
deficiency such as blood counts looking for anemia,
neutropenia, or thrombocytopenia. Other issues regarding
which medication to choose in the very young and how to
administer the medication in young patients are not well
described. Issues regarding giving medication to pediatric
patients are discussed in chapter 9.

Breastfeeding While on Wilson Disease
Therapy

The evidence base on whether it is safe to breastfeed while on
treatment for Wilson disease is limited, and currently no ran-
domized controlled trials have been performed. Currently,
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guidelines do not support breastfeeding on treatment
although there are reports of infants that have not had
adverse effects while doing so.

Limited information indicates that both trientine and
penicillamine are not detectable in breast milk. In a small
study of four patients receiving trientine for WD at dosages
of 1000, 1500, and 1750 mg, trientine was not detectable by
HPLC in the breast milk of any of the maternal milk samples
[5]. Four patients received penicillamine for WD at dosages
of 800, 600, and 500 mg daily while breastfeeding, and it also
was not detectable by HPLC in the breast milk of any of the
maternal milk samples [5]. In infants who breastfeed infre-
quently, taking the medication straight after breastfeeding
and avoiding breastfeeding for 4-6 h should further minimize
the amount of drug in breast milk.

Zinc and copper serum levels have been shown to be nor-
mal in a study of three infants breastfed on maternal treat-
ment of WD with trientine [6]. Data on milk concentrations
of zinc and copper in patients on treatment with trientine is
conflicting one abstract reporting normal breast milk concen-
trations [4], while another by the same authors reported
lower concentrations [5]. In patients breastfeeding on treat-
ment with penicillamine for WD, the levels of zinc and copper
in breast milk have been shown to be reduced [5-8].

Data demonstrating the effect of treatment with chelation
therapy on breastfed infants is limited. A case report of one
woman who had breastfed two infants on treatment with
penicillamine 750 mg daily reported prolonged icterus in one
infant which was felt to be unlikely related to penicillamine
[9]. Another woman taking penicillamine 1500 mg daily for a
different disorder, cystinuria, breastfed her infant for 3 months
with no apparent side effects in her infant [10]. A center in
Turkey reported on 23 infants that were breastfed by mothers
with WD on treatment over a 20-year period. Although all
infants were breastfed, the extent and duration were not
specified. Drug doses were reduced during pregnancy. Twenty-
one mothers were on treatment with penicillamine 600 mg
and zinc 100 mg daily, one was treated with trientine 600 mg
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and zinc 100 mg, and one was treated with zinc monotherapy
once a day. One premature infant died at 3 weeks of age
(maternal drug not specified). No other infant complications
occurred over a median of 51 months of follow-up (range
13-105 months) [11].

Safety of zinc treatment during lactation has not been
clearly established. Elemental zinc is known to be excreted in
breast milk [12]. The recommended daily allowance of ele-
mental zinc during lactation is 19 mg during the first 6 months
and 16 mg during the second 6 months. Zinc is required for
normal growth and development in infants that are breastfed.
The effect of breastfed infants at higher dosages used in WD
is not known. The concern is that maternal treatment with
zinc while breastfeeding may lead to copper deficiency in the
nursing infant.

Currently, due to lack of supporting evidence, breastfeed-
ing under chelation therapy and on zinc treatment is not
recommended although there are reports that have demon-
strated no adverse effects on infants while breastfeeding on
treatment with chelators and zinc [2, 9-11, 13].

In summary, medication adjustments for patients undergo-
ing surgery and during pregnancy are recommended for those
on chelation therapy. Breastfeeding is currently not recom-
mended in patients on treatment for WD. When to start ther-
apy in young patients and which is the best therapy will need
further study to delineate best practice recommendations.
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Chapter 11

Liver Transplantation
for Wilson Disease

Tamir Miloh and Michael L. Schilsky

Introduction

The natural history of untreated Wilson disease (WD) is
progressive liver failure and/or neurological deterioration
which leads to death. Liver transplantation (LT) for WD
allows for replacement of the defective or absent ATP7B cop-
per transporter responsible for WD, which is mainly expressed
in the primary liver cells (hepatocytes) in the liver.
Approximately 5% of WD patients present with acute liver
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failure (ALF) which rarely responds to medical management
and requires urgent evaluation and listing for LT with the
highest priority for transplant, status la as designated by the
United Network for Organ Sharing (UNOS). Approximately
10% of WD patients present with advanced end-stage liver
disease (ESLD) and either fail or are not responsive to medi-
cal therapy and therefore require a LT [1]. Options for donor
organs included deceased donors (cadaveric) and orthotopic
(replacement of the recipient’s liver), living liver donation
where a partial liver is implanted in place of the recipient’s
liver. In addition, though rarely performed, there is an option
to augment liver function by placing a partial or whole liver
into the patient in addition to the patient’s own liver, and this
is known as heterotopic or auxiliary LT. Data from the USA
and other countries demonstrate excellent short-term and
long-term outcomes for LT for WD [2, 3]. LT is recommended
for WD-related liver disease, whereas LT for severe neuro-
logic disease remains controversial.

Indications for Liver Transplantation

Acute Liver Failure (ALF)

Approximately 5% of patients of patients with ALF have
WD [4]. ALF is the primary presentation for approximately
5% of WD patients, occurring more frequently in females
(4:1) and in the second decade of life [5]. ALF due to WD
may also develop in some patients with previously well-
treated liver disease following discontinuation of their medi-
cal therapy [6]. Acute liver failure (ALF) is defined as acute
onset of coagulopathy (INR > 2) and hepatic encephalopathy
in a patient without known pre-existing liver disease and with
an illness of <26-week duration. The injury to liver cells
caused by copper in ALF due to WD involves different
mechanisms known as apoptosis and acute cellular necrosis
[7]. Patients may have nonimmune hemolytic anemia and
renal dysfunction as a consequence of the release of large
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amounts of copper from injured liver cells. Early identifica-
tion of patients with ALF due to WD is critical as these
patients rarely respond to medical management and are at
high risk of mortality without a LT.

Patients presenting with ALF due to WD should be referred
promptly to a liver transplant center, rapidly evaluated, and
listed for LT. While on the transplant wait list, the therapeutic
goal is to rapidly reduce the excess circulating copper released
from injured liver cells to reduce red blood cell loss by hemo-
lysis, spare the kidney from further injury from copper com-
plexes that cause renal tubular injury, and slow further injury
to the remaining functioning liver cells prior to LT. Strategies
that have been used to rapidly lower copper from the circula-
tion include plasma exchange [8], albumin dialysis [9], plasma-
pheresis [10], hemofiltration [11], fractioned plasma separation
and absorption (FPSA) [12], liver dialysis with single-pass
albumin dialysis (SPAD) [13], and early institution of renal
replacement therapy and molecular adsorbent recirculating
system (MARS) [14]. The choice of a particular therapy may
depend on the availability of the devices needed to perform
these treatments and the experience of the treating team with
their use. These strategies may also improve patient outcomes
after LT as some of the injury to other organs that is caused by
copper during this critical time can be mitigated. Patients with
ALF due to WD should be referred to a liver transplant center,
where they should be evaluated promptly and barring any fac-
tors that would prevent a good outcome, listed as status la (see
organ allocation policy below).

LT for Chronic Liver Disease

Patients with ESLD due to WD typically present in the third
decade of life and are usually older than patients presenting
with ALF. Patients may have ESLD at the time of initial WD
diagnosis In some that are treated, the disease may progress
over time, mostly due to nonadherence with medical therapy
for WD or injury from other unrelated liver disease. LT is
indicated for patients with WD and chronic liver disease who
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develop severe hepatic insufficiency and decompensated cir-
rhosis, defined as having jaundice, ascites, variceal bleeding,
or hepatorenal syndrome. Patients with ESLD who do not
fulfill criteria for ALF are listed with their PELD/MELD
score with appropriate sodium adjustment. In some cases, an
appeal for exception is required (see organ allocation below).

In some of these patients, chelation therapy may be effec-
tive and thereby avoid LT [15]. The AASLD guidelines on
WD suggest that a 3-month trial of medical therapy be con-
sidered; however, if there is a decline in the clinical or bio-
chemical status, patients should be evaluated for LT earlier
[5, 16]. The Nazer score was initially proposed to help deter-
mine if medical therapy is useful [8]. This has been updated
to the modified WD scoring system [9]. This scoring system
that uses biochemical data and data from blood counts can be
applied to predict the response to medical therapy, with
scores >11 predicting death without LT [17]. However, there
have been cases reported of successful chelation therapy
without LT of WD patients with scores above 10 [18], and
therefore, the trajectory of the patients score must be taken
into consideration. Overall, it is recommended that patients
with advanced disease are evaluated for LT and given a trial
of medical therapy while on the LT wait list. Continuous and
sustained clinical and biochemical improvement that corre-
lates with a decrease in their modified WD score would then
warrant reassessment of the patient’s need for LT. Some
patients may even be made inactive or taken off the LT wait
list if their condition remains improved.

The decision to evaluate, list, and transplant patients with
WD may be different among transplant centers. In a retro-
spective review of LT at multiple centers in the USA and
Europe, data from 55 transplants where 43 survived over a
span of 20 years showed some transplanted with scores below
the threshold noted by Nazer et al. [8], perhaps reflecting
center choice more than objective evidence that treatment
had failed [19]. Other factors such as continued GI bleeding
from esophageal or gastric varices or the presence of ascites
or hepatic encephalopathy independent of the overall liver
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score may have driven the choices to move forward with LT
at that time.

While on the LT wait list, patients should be managed for
any complications that can arise from their chronic liver dis-
ease including management of complications of portal hyper-
tension, screening and surveillance for esophageal and gastric
varices, screening and surveillance for hepatocellular carci-
noma, other complications of portal hypertension affecting
oxygenation due to blood shunting in the lungs (hepatopul-
monary syndrome) or changes due to increased pressures in
the lung arterial circulation (portopulmonary hypertension),
management of volume with sodium restriction and diuretics,
treatment for hepatic encephalopathy, and treatment and
prophylaxis for spontaneous bacterial peritonitis. In addition,
optimization of nutrition is important to avoid malnourish-
ment and loss of muscle mass (sarcopenia) that typically can
worsen as a patient’s liver disease progresses. For future
transplantation, this is important to help with post-LT
recovery.

LT for Neuropsychiatric Manifestations of WD

LT primarily for neurologic and psychiatric manifestations of
WD without the presence of acute or chronic liver failure is
controversial for two main reasons. Patients with neurologic
disease may improve with chelation therapy. There are no
firm clinical or radiologic criteria to accurately predict neuro-
logic outcomes for treatment of WD patients with neurologic
impairment. LT carries significant morbidity and mortality
risk and requires lifelong immunosuppressive medications.
However, restoration of normal biliary copper excretion with
LT will over time reduce brain copper accumulation and pre-
vent further injury. There are some reports of improvement in
neurologic symptoms after LT [20-23]. Overall in 56-77% of
the cases with neurologic symptoms due to WD at the time of
LT, complete recovery is possible, usually at least 6 months
after LT, and may take up to 18 months [15, 21, 23]. However,
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there are other studies noting permanent disability, severe
injury and worsening of symptoms and quality of life, and
even death post-LT for WD patients with neurologic features
pretransplant [3, 15, 24-28]. Patients transplanted solely for
neurologic WD had a worse prognosis than patients trans-
planted for liver disease alone [3]. In this study from France,
three of the seven patients transplanted for neurologic WD
that had severe axial Parkinson’s syndrome died from infec-
tion at 2, 4, and 36 months post-LT without any neurologic
improvement. The other patients with severe intractable neu-
rologic impairment required continuous nursing care prior to
LT. Neurologic dysfunction could increase the potential risk
of infection, either through a prolonged duration of being
bedridden, frequent hospitalization, or also the risk of aspira-
tion. However, these same authors report that one patient
with dystonia and chorea, another with dystonia and myoclo-
nia, and a third with ataxia and frontal syndrome were
reported to have had major improvements. The other 19
patients transplanted for hepatic indications had mixed neu-
rologic post-LT outcomes; 3 recovered, 5 partially recovered,
1 was unchanged, and 1 worsened after LT.

It is recommended that WD patients with neurologic
abnormalities be evaluated by a neurologist, preferably a
movement disorder specialist, before transplantation. It may
be helpful to use a validated neurologic rating scale to assess
patients’ degree of neurologic involvement before and after
transplant, especially if neurologic symptoms are present. The
Unified Wilson Disease Rating Scale (UWDRS) for neuro-
logic and psychiatric features of WD has been used for this
purpose and was applied before and after LT in a study per-
formed in Turkey, indicating demonstrating improvement
after LT [29].

There are no good reports of outcomes for psychiatric
symptoms post-LT in WD. Without standardization of the
examination of patients before and after LT, it is difficult to
evaluate psychiatric outcome, especially given the potential
for many of the posttransplant medications and hospitaliza-
tion to influence a patient’s symptoms.
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The presence of psychiatric symptoms could be considered
as a partial contraindication for LT if they are severe and
there are concerns regarding such issues as suicidality and
adherence to the use of the required medications that would
follow LT. Patients with a combination of neuropsychiatric
conditions deserve careful evaluation. LT may also be contra-
indicated in cases of severe neurologic impairment where
there may be little chance for improvement. This is some-
times very challenging to determine given the lack of good
information about predictability of recovery; however, a use-
ful rule of thumb is that the longer symptoms have been pres-
ent, the lower likelihood there is of their recovery.

Despite confidence in our ability to determine which
patients with liver disease are doing poorly with medical
therapy and are in need of LT, it is still unclear when and
whether LT should be considered in patients with neuropsy-
chiatric manifestations of WD not responding to medical
therapy. For instance, important questions of how long to
treat before declaring a treatment failure and which treat-
ment at what dosage to use remain to a large degree unan-
swered. The term “non-response” therefore requires better
definition in this population, and better studies are needed to
guide future care. Overall, the decision to perform LT in WD
patients solely on the basis of their neurologic impairment
should still be considered experimental, and data carefully
collected to inform future use of LT for these individuals.

Organ Allocation Policy for LT and WD

Patients older than 12 years of age are placed on the national
UNOS wait list and prioritized according to the model for
end-stage liver disease (MELD) scoring system. The MELD
score is calculated using variables that are determined by
blood testing. These variables are the INR, creatinine, and
bilirubin levels, with a more recent attribution of extra points
to those with low serum sodium (hyponatremia) (MELDNa).
Organs are offered to candidates on the wait list in accor-
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dance with their degree of illness. The sickest patients as
determined by their MELDNa score are offered organs first,
with consideration for the appropriate blood type match. In
addition, the size of the organ may matter, and there is some
size matching between donor and potential recipient that has
to be determined by the surgeons who are performing the
operation. For instance, an extremely large organ from a
donor may need to be either split for use or declined for a
smaller recipient due to practical size considerations for the
transplant operation.

Patients younger than 12 years are prioritized on the
UNOS wait list according to the pediatric end-stage liver
disease (PELD) score that differs slightly from MELD in that
it additionally uses the patients’ serum albumin and age and
whether they have “failure to thrive,” a term referring to a
lack of appropriate normal growth and development. If the
calculated score does not reflect disease severity, there is a
process of appealing for exception points to increase a
patient’s priority on the waiting list. An appeal can be made
to the UNOS regional review board, and a group of trans-
plant physicians on the board have to approve the application
to increase points on the wait list. Patients presenting with
acute liver failure (INR > 2 and encephalopathy) can be
listed differently as status la, granting top priority on the LT
wait list. Therefore, confirming a diagnosis of WD is impor-
tant, so that patients with ALF due to WD with advanced
fibrosis or cirrhosis (which would otherwise disqualify these
patients for this designation) may achieve the highest priority
for organ allocation. Policies for organ allocation can be
found at http://optn.transplant.hrsa.gov/media/1200/optn_
policies.pdf#nameddest=Policy_09.

The Eurotransplant, which is the European counterpart to
UNOS, gives a priority to WD patients presenting with ALF
as well. Their policy can be found at http://www.eurotrans-
plant.org/cms/index.php?page=public_meld.

UNOS policy for organ allocation also allows increased
priority for transplantation of patients with liver disease with
hepatocellular carcinoma (HCC) that meet special criteria.
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The HCC must be what is known as Milan criteria (three
tumors less than 3 cm or one less than 5 cm) and confined to
the liver without vascular invasion (as seen on imaging) and
must not be able to be surgically resected due to location or
to underlying liver disease. Recent UNOS policy changes also
permit slightly larger HCC with total size of less than 8 cm in
aggregate to be treated, and if the remaining tumor is within
Milan criteria, candidates may also be granted increased pri-
ority. A meta-analysis showed a lower overall annual risk of
0.04% (95% CI 0.01-0.10) of the development of HCC in
WD patients, a lower rate compared with patients with cir-
rhosis of other etiologies [30]. However, further prospective
study is needed to know the true incidence of development of
HCC in WD patients.

Options for LT for WD

Orthotopic LT for WD

The liver has two lobes (right and left) and eight lobules
(1-8). Donor livers that are utilized for transplantation may
be whole livers or part of the liver, segmental grafts. The tech-
nical variants may be reduced size or split livers that can be
used for LT. Here usually the smaller left lateral segment
(liver segments 2 + 3) is used for children, and the extended
right lobe is used for adult recipients. Overall the success rate
using split and whole livers is equivalent [31]. Cadaveric or
deceased liver donors may originate from brain death (DBD)
or non-heart beating or cardiac death (DCD). Some donors
may be considered as increased risk, for example, due to their
incarceration, drug use, history of hepatitis B or C, or other
medical issues such as infection or cancer. In these settings,
the potential recipient is made aware of the donor risk factors
and asked to either consent to use the organ or decline its use
for them. The benefit of using an increased risk donor should
be considered against the cost of not doing the transplant in
the recipient, i.e., risk of dying waiting for an organ while on
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the waiting list. There is a shortage of donor organ availabil-
ity,and there is approximately 20 % mortality on the transplant
wait list. While accepting a higher-risk organ is a way to
potentially reduce time on the wait list, another way is to
perform living donor LT. Living donor liver transplant, where
a part of a liver from a donor is given to the recipient, can be
used successfully for patients with WD, even when the parent
is a carrier (heterozygous) for WD [32]. In living donor LT,
the partial liver remaining in the donor and the partial graft
given to the recipient grow in size to match their appropriate
individual liver size (i.e., proportional to their own size).
Before considering living donor LT, patients have to first be
suitable candidates for LT and then placed on the UNOS
wait list. Living liver donation offers the option for a sched-
uled LT at a time that is best for both recipient and donor.
The living donor is assessed thoroughly by a separate dedi-
cated medical team to assure the suitability and safety of the
living liver donation.

Auxiliary or Heterotopic LT for WD

Auxiliary liver grafts are partial grafts that are placed in the
patient in addition to some or all of the patient’s original
liver. For WD, the ability to clear copper from the circulation
to bile is enhanced by the auxiliary liver. Later on, if there is
adequate recovery of the native liver, it is possible to with-
draw immune suppression, leaving the auxiliary graft to
undergo acute and chronic rejection. In a case report on
auxiliary LT for a patient with WD, Park et al. reaffirm the
great degree of technical demand and the potential prob-
lems, such as the development of HCC that are associated
with leaving an injured organ in place, limiting the use of this
technology [33].

Another case of auxiliary liver transplant was performed
on a 36-year-old with WD without cirrhosis but with neuro-
logic symptoms. The patient was treated with chelation ther-
apy and had normal liver enzymes. The donor was the
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patient’s 57-year-old father. The operation was performed
utilizing the left lobe, and the graft-to-recipient weight ratio
was excellent for safety and function at 1%. The patient’s
serum ceruloplasmin normalized after the transplant and
their neurologic symptoms improved. Liver function tests
were normal. These authors concluded that progressive neu-
rological deterioration with no hepatic insufficiency may be
considered a suitable indication for auxiliary partial ortho-
topic liver transplant [34]. However, it is unclear whether use
of alternative medical therapies or a longer period of treat-
ment with the same therapy might have yielded a different
outcome with therapy and perhaps transplantation avoided
in this patient.

Living Donor Liver Transplant (LD LT)
for Wilson Disease

The worldwide shortage of donor livers led to LDLT as an
alternative to the conventional deceased donor LT (ortho-
topic liver transplantation and heterotopic auxiliary liver
transplantation). LDLT is essential for pediatric patients who
require reduced size grafts, in some countries where deceased
donor (cadaveric) transplantation is not culturally or reli-
giously accepted or allowed, and for individuals in need of LT
but who are not prioritized by the current allocation system.
When considering live donation, surgical risks to the donor as
well as disease transmission and other complications that
may affect the liver recipient’s outcome are assessed prior to
LT. As most living donors are related to patients, usually par-
ents, children, or siblings, for LDLT for WD, it is important to
exclude those donors who may either be WD patients them-
selves or who might have other conditions jeopardizing their
own or the recipient outcome. These assurances are obtained
by careful clinical and biochemical testing that sometimes
includes the analysis of a liver biopsy from the donor for his-
tology and liver copper content. Molecular diagnostic testing
for ATP7B mutations now also contributes to potential
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donor selection. Before acceptance as a candidate for dona-
tion for LDLT, a person’s age, evidence for any clinical
feature of liver disease, and recipient indication for transplan-
tation, time on the waiting list, outcome of medical treatment,
other extrahepatic conditions (especially neurologic status in
WD), and serological data are all important considerations in
determining need and timing of LT.

In addition to excluding that a potential liver donor was not
actually a patient with WD, it was initially unknown whether
those relatives who were carriers for WD would provide the
same excellent outcomes as unaffected donors. Data on LDLT
for WD by several centers demonstrate that the use of a living
related donor who is a heterozygote carrier for WD is safe and
provides effective function in the recipient with WD [35].

There are reports that long-term graft survival is increased
and rejection rates decreased in patients undergoing LDLT.
This may be explained by multiple factors including immuno-
logic advantages, improved donor quality and shortened cold
ischemia, and psychosocial factors leading to increased
adherence [36].

Outcomes and Monitoring After LT

Since the first successful LT for WD in 1963, WD with liver
failure has been considered an appropriate indication for LT
with the ability to achieve excellent long-term survival. This
has been supported by a number of publications summarized
in Table 11.1. Copper metabolism normalizes with a restora-
tion of activity of the ATP7B copper transporter in liver cells,
helping to reduce extrahepatic copper overload over time.
Early after LT, there may be a surge in urinary copper excre-
tion due to the excess accumulation of copper outside of the
liver. Over an average period of 6 months, there is normaliza-
tion of the urine copper excretion in most post-LT patients as
serum ceruloplasmin, serum copper concentration, and uri-
nary copper excretion return to normal. Portal hypertensive
symptoms will improve after transplanting a cirrhotic liver.
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Neurologic symptoms may improve, stabilize, or worsen after
LT. Psychiatric symptoms usually do not improve after LT,
but this has not been as rigorously evaluated.

Several reports support the excellent short- and long-term
outcomes for post-LT pediatric and adult patients trans-
planted for ALF or ESLD due to WD. The results improved
in more recent years due to improvements in surgical tech-
nique and medical management (LT post-2000 have better
patient outcomes). In a UNOS registry study that included
data collected by the US transplant registry for 170 pediatric
patients and 400 adults with WD, graft and patient l-year
survival was 90.1% and 89% and 88% and 96%, respectively,
superior to many other LT indications [2]. Analysis of a com-
parable European transplant registry reported no statistically
significant difference in patient survival rates according to
gender, age at transplantation, blood group, CHILD-Pugh
score, and medical therapy or whether LT was performed for
ALF or for ESLD due to WD [37]. The major cause of post-
surgical death was sepsis. Data from France showed excellent
overall patient long-term survival rates post-LT for WD of
89% at 1 year and 87% at 5,10, 15, and 20 years [3]. The major
cause of mortality after LT was sepsis, but some also died
from intracranial hypertension due to brain swelling, bleed-
ing, cardiogenic shock, ARDS, and hyperacute graft rejection
and for unknown reasons.

The excellent long-term outcomes post-LT for WD may be
explained by the fact that in contrary to other indications for
LT (HCV, NAFLD, HCC), WD does not recur in the graft.
Also, with the relatively short period that elapsed between
onset of the severe disease and LT in those with ALF, patients
were not as debilitated as those with chronic ESLD. Patients
with WD were transplanted at a relatively younger age and
have a lower rate of other medical problems compared to
other LT indications. Long-term renal function of WD
patients after LT was excellent despite the high frequency of
pre-liver copper-induced kidney injury, and patients who
require pre-LT renal support (dialysis or equivalent) can be
weaned off [25]. Following LT, there can be prolongation of
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kidney dysfunction from exposure to calcineurin inhibitors
such as tacrolimus and cyclosporine A used for immune sup-
pression following LT.

LDLT provides the same excellent results for LT for WD
as deceased donor LT. In a large series, patient survival data
at 1 and 5 years after LDLT was 91.7% and 75%, and corre-
sponding graft survival was 86.1% and 75%, respectively [38].
Similarly a second series provided data of 1-, 5-, and 10-year
cumulative patient survival rates of 90.6%, 83.7%, and 80%,
respectively, following LDLT [39].

Immunosuppression After Liver
Transplantation in WD Patients

Patients undergoing LT need to take lifelong immunosup-
pressant (IS) medication to prevent graft rejection. There is a
very small subset that may develop tolerance and weaned off
IS, and this is discussed below. Common IS agents used are
tacrolimus, steroids, mycophenolate, azathioprine, and siroli-
mus. Each IS carries a unique spectrum of potential side
effects. Dosing of tacrolimus, cyclosporine, everolimus, and
sirolimus is managed by measurement of levels in the circula-
tion. The trough levels (the lowest level in the body prior to
the next dose of medication) can be evaluated from serum
and the dosage adjusted accordingly. The target level of IS
post-LT changes with time from the transplant. In the early
phase (usually the first 3 months), the target levels are higher
and gradually decrease over time as the risk of rejection of
the donor organ is highest in this time period. After the first
3—-6 months, levels of these drugs are usually lower. However,
in some patients with a history of graft rejection, higher levels
need to be maintained, or a combination of IS agents is used
in order to treat and prevent future rejection. There is a fine
balance between adverse side effects of IS and benefit of
preventing rejection of the donor organ. Young patients with
ALF WD may have a functional immune system and require
higher IS. However, the choice of IS and target levels may
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need to be customized for those with severe hepatic encepha-
lopathy or neurologic injury prior to LT. Tacrolimus, the most
common IS used after LT, can induce neurologic disease such
as tremor, seizure, and PRESS. Therefore some advocate the
use of cyclosporine A instead of tacrolimus as there theoreti-
cally may be less neurologic toxicity early on or alternatively
consider medications such as everolimus or sirolimus after
8 weeks post-LT. To minimize neurologic complications, lev-
els of tacrolimus or cyclosporine A may be kept at the low
end of the therapeutic range (sometimes aided by using
mycophenolate or azathioprine at the same time), and mag-
nesium levels should be monitored and supplementation
given to keep magnesium levels normal and the seizure
threshold higher.. Patients with WD and renal disease may
require IS regimens that are less nephrotoxic, such as keeping
target levels of tacrolimus or cyclosporine A lower with the
addition of mycophenolate or azathioprine. There are a few
regimens for IS that avoid use of tacrolimus and cyclosporine
as well for patients with advanced renal disease, but the risk
of graft rejection may be higher, and there may be other com-
plications with their use. However, in most patients with WD,
renal function due to the copper load returns to normal after
LT. Nephrotoxicity may develop over time due to the IS
effect [40], and kidney function must be monitored closely.
Some pediatric and very rare adult patients are able to
wean and ultimately withdraw dependency on immunosup-
pressant medication post-LT, including some with WD;
however, protocols for withdrawal of these agents are still
experimental [37]. Factors such as age (more favorable in
pediatric patients) and time out from transplantation in addi-
tion to biochemical indices, gender, and rejection episodes
contribute toward assessing the possibility of successful
weaning. Further research on immunosuppressive medica-
tions and the basic mechanisms of transplant immunology
will help improve long-term patient survival post-LT for all
patients and thereby benefit those with WD who had LT.
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Conclusion: The Future of LT for WD

Although medical therapies are available for WD, there is a
role for LT for some patients with WD found either with
ALF or with chronic ESLD beyond our capacity to restore
function with medical therapy. LT for patients with neuro-
logic WD without liver failure should be undertaken with
caution and preferably as part of a research study to help
guide its future use. Careful choices and monitoring of medi-
cations posttransplant can reduce the risk of seizure and
allow better renal recovery in those with copper-induced
acute kidney injury that occurred during their liver failure.
Outcomes for LT for WD are excellent. LDLT helps expand
the pool of livers for those in need of LT and allows for the
optimal timing of transplantation to achieve best outcomes.
Future advances in liver support devices in addition to novel
methods for acutely lowering circulating copper may be use-
ful for those with ALF due to WD and may someday bridge
them to recovery instead of LT.

In summary, LT remains lifesaving for those with WD in
need and restores normal copper metabolism by providing
correction of the underlying metabolic defect present in the
native liver of the recipient. In addition, for those transplanted
for ESLD due to WD, portal hypertension and its complica-
tions are removed. Though gene therapy and even gene repair
hold promise as future WD therapies, until we can universally
detect this disorder in presymptomatic patients, there likely
will continue to be a need for LT for WD in the future.
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The Physician Team: Diagnosis

Patients often report that their diagnostic journeys to
establish a diagnosis of WD involve a complicated process of
visiting different healthcare providers. At times patients are
misdiagnosed, with the result being a delay in establishing a
diagnosis of WD, sometimes for many years [1]. To ensure
that your patient being considered for a diagnosis of Wilson
disease (WD) receives the best care, assistance from special-
ists with experience in diagnosing and treating this disorder
should be sought. This includes finding an experienced
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ophthalmologist who has seen Kayser-Fleischer rings before
doing the slit-lamp examination and working with an experi-
enced liver specialist or neurologist who has previously been
involved in the diagnostic evaluation of patients with WD. As
this disease is relatively rare, most gastroenterologists or
neurologists have never seen or have seen only a single
patient with WD, and therefore finding liver specialists or
movement disorder specialists with the appropriate exper-
tise is important.

If you are unable to travel from your local area to see a
WD specialist because of insurance or other issues, here are
some tips on how to partner with other specialists who have
had experience treating patients with WD:

e Ask prospective physician specialists if they have ever
diagnosed or treated WD patients.

e Find out if they are familiar with the current practice
guidelines that were published by the American Association
for the Study of Liver Disease (AASLD) [2] or by the
European Association for the Study of the Liver [3].

e Ask if they are willing to consult with expert Wilson dis-
ease treating physicians at one of the WDAs Centers of
Excellence (COE) [4].

e Call or e-mail the WDA, and ask if they can refer you to
an experienced physician in your geographic area [5]. A
partial list of treating physicians is on the WDA website,
and another list is maintained internally in the WDA:ss files.

The Patient’s Role

Information about WD should be shared with your patient,
and they should be encouraged to continue to read and ask
questions to learn how to be good partners in their care. You
may have access to other electronic media with medical infor-
mation about WD; however most patients will not have
access to these same advanced medical sites that have
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peer-reviewed and other vetted publications. There are useful
resources on the WDA website that you can refer your
patients to. Information on the WDA website is accurate and
is reviewed by the Medical Advisory Committee (MAC) of
the WDA before it is posted.

Patients should be encouraged to ask for copies of their
laboratory results or enroll in programs that allow them
access to their laboratory and testing data in electronic medi-
cal records. To help them organize their data, we suggest you
encourage them to use the Wilson Disease Patient Lab
Tracker provided on the WDA website to enter their historic
data about disease diagnosis, medications, and lab results. The
Tracker lists all of the laboratory tests that are recommended
for diagnosis and routine monitoring and helps patients with
portability of information that can be used to share with all
their providers. The Tracker is organized in a flow sheet for-
mat for looking at relevant data for managing patients and
adjusting treatments. A sample of the Lab Tracker is included
in the Appendix, and a link to the site for download is pro-
vided in reference [6] below (Fig. 12.1).

If you are managing your patient’s medications for their
WD, you will also need to become familiar with what the
recommended target result ranges are for good copper con-
trol in treated patients. These are discussed in Chap. 6, on
Monitoring. The targets for results may differ between
treated and untreated patients and for the type of therapy the
patient is taking for their WD. These data can be found on the
Lab Tracker page on the WDA website [6]. Encourage
patients to ask about results that are out of appropriate
ranges, and make sure they know when to obtain their next
testing. Be aware that reference laboratories report highs or
lows based on what they would be in a person without WD,
not for a person with WD. Consult with one of our COE
directors if the data is concerning or difficult to interpret.
These physicians are very experienced in the intricacies of
WD treatment and monitoring and can give advice on data
interpretation and help with treatment plans.
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Advocates

Sometimes patients have difficulty advocating for themselves
when they are ill. A social worker can be of great assistance
in identifying patients’ needs and their available resources. If
you have a social worker available to refer patients to, that
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can often help patients and caregivers with finding the help
they may need in a timely fashion (see Chap. 11). If not,
patients can hire social workers or other healthcare advo-
cates that may enable them to navigate the complexities of
the healthcare system. Many patients may not realize that to
share information they may need to sign the proper release of
information or records forms, and you may be able to assist
them with this process so that they are in compliance with
HIPPA regulations [8]. Other patient advocates may include
family or friends that can serve as a proxy to effectively com-
municate the patient’s needs to healthcare team members on
their behalf [7]. The WDA also aids in patient advocacy. The
WDA is not a covered entity as defined by the HIPAA regu-
lations but does everything possible to maintain patient con-
fidentiality while assisting with helping patients and their
caregivers obtain the necessary resources for their care.

Wilson Disease Centers of Excellence

What Is a COE?

A Wilson disease Center of Excellence (COE) is designated
as such by the WDA and must be affiliated with an aca-
demic medical institution. There are currently nine COEs.
Six that are located in the United States include Baylor
College — Texas Children’s Hospital and St. Luke’s Hospital
in Houston; Northwestern University in Chicago; Seattle
Children’s Hospital (affiliated with the University of
Washington); University of California at Los Angeles;
University of Michigan Hospital in Ann Arbor; and Yale
University Medical Center in New Haven, CT. Two are
located in India at Jaslok Hospital and Research Center in
Mumbai and K.E.M in Pune. The ninth and newest COE is
located in the United Kingdom at the Royal Surrey Hospital
in Guildford [9].

A COE has a healthcare team composed of physicians and
other healthcare professionals who are committed to the care
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of Wilson disease patients. They are well trained in the
diagnosis and treatment of WD patients. The director of the
COE is responsible for organizing the center and can coordi-
nate referrals and patient care to subspecialists within the
center. Often patients require the assistance of more than one
specialist, and the ability of these enters to provide multidis-
ciplinary care needed for this disease with the wide range of
patient symptoms. There are over 15 specialists at each
Center of Excellence. Our COEs, as opposed to most local
physicians, diagnose and treat anywhere between 20 and 300
patients annually. When the WDA developed its COE strat-
egy, it had a vision for exceptional patient care. A COE has
academic physicians who, in addition to being well informed
about WD, are involved in the education of the next genera-
tion of physicians, conduct research on WD and publish their
work in peer-reviewed journals to advance knowledge among
other medical professionals, and provide many of the other
services that some patients and families need. The WDA also
asks that the institution acts as a counseling resource to
patients and other healthcare professionals. They also advise
the WDA on medical matters and support various WDA ini-
tiatives [10] (Table 12.1).

Why Your Patient Should Visit a COE?

Having your patient treated at a Center of Excellence has
many advantages. One of the problems with local care is that
you may need to see many different specialists in different
locations. The various specialists may not communicate with
one another, which can be detrimental to your continuity of
care. When you seek treatment at a COE, every healthcare
professional and your medical records are all in one place.
Many of the centers have regularly scheduled WD clinics
when every member of the care team is available to see you
on the same day. Appointments can also be arranged as
needed outside of scheduled clinic dates. Another advantage
is that you may be eligible to participate in any clinical trials
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TaBLE 12.1 Members of the healthcare team at a WDA Center

of Excellence

Director

Hepatologist (adult
and pediatric)

Neurologist (adult
and pediatric)

Movement
disorders specialist

Ophthalmologist

Psychiatrist

Transplant
hepatologist

Fellow

Resident

R.N. (registered
nurse)

Physician in charge of the Wilson disease
healthcare team

An M.D. who has undergone specialized
training in the field of gastroenterology and
concentrates on treating liver diseases

An M.D. who has undergone specialized
training and concentrates on treating
disorders of the nervous system

A neurologist with additional training in
the specialty of neurological disorders that
affect the speed, quality, and ease of body
movements

An M.D. who has specialized training in
diagnosing and treating diseases of the eye

An M.D. with specialized training in
diagnosing and treating psychiatric,
behavioral, and emotional disorders

An M.D. with advanced training in
gastroenterology who focuses on the
management of advanced liver disease

An M.D. who is a board certified specialist
pursuing subspecialty training

An M.D. who has completed medical school
and is pursuing advanced training in a
medical specialty

Has completed a certified RN program and
performs basic medical tasks as instructed
by a physician. Often provides educational
resources and coordinates your care

Dietician/
nutritionist

Genetic counselor

A specialist who plans diet and nutrition
programs for patients with dietary restrictions

A healthcare professional who is trained to
help families understand genetic disorders

(continued)
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TABLE 12.1 (continued)

Clinical research A specialized research professional
coordinator (CRC)  working with and under the direction of the
principal investigator (PI) for any clinical

trials
Physical therapist An expert who is trained to evaluate
(PT) and treat mobility problems and educate

caregivers about how best to provide
assistance to the patient

Social worker A trained professional who assists

(see Chap. 11) individuals and families with counseling
and by providing resources for financial,
employment, disability, and other issues
created by a chronic illness

Speech pathologist An expert trained to evaluate and
treat speech, voice, swallowing, and
communication problems in patients
with WD

that are being conducted to evaluate a new therapy or
compare existing therapies. At this writing, there is one new
investigational drug in clinical trials at most of our Centers of
Excellence and other sites worldwide. Also, just recently
launched is the first comprehensive multicenter Wilson
Disease Patient Registry. The registry currently has nine
patients enrolled and aims to enroll 300 patients over a
S-year period at five institutions in the United States and one
in the United Kingdom. The purpose of the registry is to,
“help us to understand the epidemiology and natural history
of Wilson disease. Our hope is that it will enable us to deter-
mine best practices for diagnosis and treatment and support
new initiatives for research and patient care” [11, 12]. Once
again, this offers patients additional opportunities to partici-
pate in research activities.

We took this vision of quality patient care one step
further by creating a unique care model called the Wilson
Disease Cooperative Network (WDCN) in 2015. The
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WDCN is composed of a central site at Yale University, led
by Dr. Michael Schilsky, and five other clinical sites headed
by investigators who are members of our MAC and/or are
COE directors. A liaison from the WDA is also a part of the
group. At its inception, the WDCN consisted of five sites in
the United States with plans to expand globally. We have
already expanded to an additional site in the United
Kingdom. “Goals of this network include development of
new and better options for the diagnosis, treatment, and
monitoring of WD, further study of dosing and efficacy of
established treatments, and comparative studies on out-
comes of treatment.” A key part of this network project is a
patient registry, which began enrollment December 2017 A
central database and a repository for blood, DNA, and tis-
sue samples of enrolled patients have been established at
Yale University. A central laboratory in the United Kingdom
has been engaged to do all advanced copper analysis on
samples collected from patients enrolled in the registry.
Molecular genetic testing will be done at one laboratory at
the University of Washington Seattle Children’s Hospital
under the direction of Dr. Sihoun Hahn, COE director and
expert in genetic testing for WD. From these data, we hope
to learn more about the current diagnosis and treatment of
WD and enable additional translational research and clini-
cal trials [13].

The WDA receives many emails, letters, and phone calls
from patients and families throughout the year. Some of them
are seeking advice and support. Others are stories of success
and praise for the advice and care they are receiving from
their healthcare partners. One of the points we hope this
chapter was successful in making is that seeking and finding
quality medical care is one of the best gifts a patient can
receive. The partnership between patient and healthcare
team members may change over time and should reflect the
potential changing needs of a patient. Being a partner to the
process of forming a good care plan and then carrying it out
assures that patients optimum health and quality of life while
living with their WD.
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Chapter 13

Clinical Research
Participation

Ricarda Tomlin

Introduction

Clinical and epidemiological research are the cornerstones to
developing better diagnostic, therapeutic, and preventative
tools in medicine. Especially in rare diseases such as Wilson
disease, collaboration between researchers and patients is
key, as there may be multiple trials competing for the same
population and it is more challenging to enroll enough par-
ticipants to lead to meaningful research findings. Some peo-
ple choose to participate in research because it may provide
some personal benefit, and others opt to join to “pay it for-
ward” — recognizing that much of the clinical advancement
we currently benefit from relied on those before us who
chose to join research efforts.
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Participation in research is voluntary and may or may not
benefit the individual patient. However, every patient should
know about research participation opportunities and receive
detailed information to make an informed decision.

Research Types Relevant to Rare Diseases

The United States Congress passed the Orphan Drug Act in
1983 to spur research for rare diseases (those affecting less
than 200,000 persons in the USA) by offering incentives to
research industry sponsors. This has increased the interest in
conducting clinical trials and the rate of development of new
treatments for Wilson disease and many other rare diseases.

Clinical trials are interventional studies designed to estab-
lish the safety and efficacy of new treatments. Research in
rare diseases needs to be conducted with the same scientific
rigor and ethical standards as all other clinical research. The
gold standard of randomized controlled trials therefore is
applied; however slightly modified designs (such as crossover
trials or N-of-1 trials where everyone receives the treatment
under investigation and the comparison treatment/placebo at
some point) might be considered [1]. It is important for
researchers to explain the design thoroughly, and patients
should be encouraged to ask questions about it. While ran-
domization or use of placebo may raise concerns among
potential study participants, the investigator will be able to
explain the rationale of the design and safety precautions in
place to give all the information needed for patients to make
decisions regarding participation.

Patient registries or natural history studies are particularly
important in rare diseases as they allow the systematic collec-
tion of longitudinal data [2]. Registries are typically non-
interventional and collect data and/or specimen from a large
pool of patients over a long period of time. While Wilson
disease has been treatable for many years now, knowledge
gaps in regard to precise diagnosis, best therapy and individu-
alization of treatment, endpoints for treatment, and monitor-
ing of therapy can be addressed with this research tool.
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Specimen and Data Storage Provisions

Commonly, samples and data will be coded when entered into
the repository, meaning the participant’s name, medical
record number, and other direct identifiers will be replaced
with an individual code, and the link between the identity and
code will only be accessible to authorized users. This allows
the protection of the participants’ privacy while maintaining
the ability to (1) link data elements with sample analysis
results, (2) recontact participants regarding interest in addi-
tional future research, and (3) remove samples or data should
a patient withdraw consent [3].

Many researchers use the term de-identified which we rec-
ommend avoiding, since it can be interpreted to either mean
coded (unique codes replace direct identifiers) or unidenti-
fied/anonymous (meaning no codes are kept with the samples
and data).

When investigators seek initial consent from the registry
participant, they should provide information regarding
whether samples and data will be coded or collected anony-
mously, who will have access to the samples and data in the
future, how access will be controlled, and what type of
future research is permitted. It may not always be possible
to anticipate all the types of future research to be con-
ducted, so many studies set up oversight to permit or deny
access requests to samples and/or data from other research-
ers [4]. In addition, the participant may be asked to opt for
possible contact regarding future research that is not
included in the initial consent.

Much of the future in biomedical research rests on genetic
and exome analysis, especially in rare diseases. Participants
should be aware of what types of genetic testing are planned
and be alerted to the potential misuse of genetic information
in case of breach of confidentiality. While investigators have
safeguards in place and misuse is unlikely, a small risk
remains. Discrimination based on genetic information by
health insurance companies and employers is illegal since
the passing of the Genetic Information Nondiscrimination
Act (GINA) in 2008. However, the law does not include
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provisions against potential discrimination by companies
that sell life insurance, disability insurance, or long-term care
insurance.

Assuming data and specimen are collected in a coded fash-
ion, participants will maintain the ability to withdraw consent
resulting in either destruction of the samples and data or
destruction of the link between the study code and identity.

Resources to Find Studies Seeking
Participants

In the USA, all clinical trials are required to be registered
on clinicaltrials.gov before they open to enrollment, and
results will be posted there as well. The website provides a
summary of the study, outlines eligibility criteria, and lists
study sites and contacts for anyone interested to learn more.
The search filter allows to specifically look for studies open
to enrollment.

In addition, patient association websites are a great place
to look for new studies. For Wilson disease, this association is
the Wilson Disease Association or WDA, and their website is
wilsonsdisease.org.

Rights of Research Participants

The current human subject protection provisions in the USA
are based on three guiding ethical principles: respect for per-
sons, beneficence, and justice [5]. Subsequent federal regula-
tion known as 45-CFR-46, or the “Common Rule,” [6]
translates these principles into specific requirements for a
review of all research by an IRB (institutional review board,
i.e., an ethics board), requirements for informed consent, and
additional protections for vulnerable populations such as
pregnant women, children, and prisoners.

The guiding ethical principles are reflected in the ele-
ments of informed consent: Before joining any research
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study, the investigators are responsible for obtaining the
potential participants consent in writing or verbally (depend-
ing on the complexity and risk stratification of the study). It
is important to note that informed consent is not considered
a one-time static agreement but an ongoing process.
Throughout the course of the study, the participant retains
the right to change his or her mind about continued partici-
pation, and investigators will update participants about rel-
evant new information or interim findings, especially in
regard to safety of an experimental treatment. Table 13.1
outlines the required basic elements of consent, as dictated
in the federal regulations [6].

Research participants therefore have the right to receive
detailed information about the study before joining and
during the course of the study, to be free of coercion to
participate, and to expect that their welfare will be pro-
tected by the investigators to the best of their abilities.

TaBLE 13.1 Eight basic elements of consent

1  Clear identification of the project as research, an explanation
of the purpose of the study and the expected duration of the
subject’s participation, a description of the procedures, clearly
marking those which are experimental

Outline of foreseeable risks and discomforts
Outline of potential benefits to participants and others
Disclosure of alternative procedures or treatments

Confidentiality provision

AN R W

Information regarding compensation and economic
considerations (i.e., description of whether a sponsor or the
participant’s insurance will cover the cost of study procedures)

Contact information for future questions about the study

Emphasis of the voluntary nature of study participation, the
ability to refuse participation, or withdrawal from the study
without penalty or loss of benefits
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Research Participation of Children

Children are an inherently vulnerable population and
deserve special protections in research. Not every study may
be deemed safe for children to participate in. On the other
hand, excluding children from research can lead to knowl-
edge gaps and lack of evidence-based care for children, as
they represent a unique population with different needs
from adult patients [7].

US regulations (45-CFR-46, subpart D) [6] require investi-
gators to obtain informed consent from parents or guardians,
which follows the same guidelines outlined above. In addition
to parental consent, researchers will seek assent (affirmative
agreement) from children deemed to be capable of providing
it (generally starting at the age of 7). This typically involves a
developmentally appropriate discussion between the research
team and the child, supported by a written assent form outlin-
ing the study in age-appropriate language.

Research involving children is typically permitted if the
risk is minimal or the anticipated direct benefit to the child
justifies the risk. Should the research study involve greater
than minimal risk without direct benefit to the child, is it only
permissible if it promises to yield vitally important answers in
the understanding or treatment of a disorder and will require
permission from both parents (unless only one parent has
legal custody).

Clinical Research as a Partnership

In any clinical research, the investigators are not only respon-
sible for protecting the rights and welfare of the participants
but also for ensuring data quality and reliability. Fulfillment
of both goals hinges on establishing good relationships
between investigators and subjects [8]. Study participation is
not a passive process. Indeed, investigators rely on partici-
pants to actively engage during the consent process, provide
accurate information, voice concerns, report any adverse
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reactions, and attend the schedule study visits. For treatment
studies, it is important to follow directions for dosing and
storage of the study medications, as well as avoiding medica-
tions that may be contraindicated. Patients should be advised
to consult with the study doctor before starting a new medi-
cation while receiving research treatments.

These expectations and responsibilities for participants
should be outlined and discussed during the informed consent
process, but good communication between the study team and
the participants throughout the course of the study is para-
mount to ensure participants’ safety and data integrity.

Sample Flow Chart of a Clinical Trial

Clinical trials typically consist of a number of stages through
which participants move. These study components will be
outlined in the “Procedures” section of the informed consent
document. The components will vary depending on the
design of a particular study, so the flow chart below (Fig. 13.1)
only serves as an example of the most common stages.

The consent process has already been described earlier in
the chapter. The screening phase serves to limit study enroll-
ment to participants who meet the entry criteria outlined in
the study protocol. For example, participants with known
allergies to study treatments or with comorbidities might be
excluded due to safety concerns. The screening phase may
just consist of reviewing the participant’s medical history, or
the study may require certain screening procedures (such as
laboratory assessments or an echocardiogram). The results of
these procedures may determine eligibility to participate.

If all eligibility criteria have been reviewed and are met,
the participant may then be randomly assigned to a study
arm or treatment group (see bottom row of Fig. 13.1).
Randomization is typically done electronically to avoid any
bias. Depending on the design, patients may be able to cross
over from one arm to another after a certain amount of time
or may be required to stay in the designated arm.
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Yes > No Participation ends
Yes
Experimental treatment
Long term follow-up

Ficurk 13.1 Flow chart of a sample clinical trial

Control treatment

Most treatment studies include a follow-up phase to the
study which typically consists of fewer study visits or some-
times just phone visits over a long period of time to assess
possible long-term side effects and/or long-term efficacy of
the treatment.

After the study concludes and all data has been collected and
analyzed, study results will be published and accessible to the
public via clinicaltrials.gov. Private information about study
participants will not be published. Participants may also contact
the study team to inquire about results or with other questions.

What Questions Should a PCP/Patient Ask
When Considering a Study?

Trusted PCPs may serve as a great resource for patients con-
sidering study participation. While the study team may not be
able to share the full sponsor protocol with someone outside
the study team due to confidentiality constraints, PCPs can
review the consent documents with the patient, consult the
clinicaltrials.gov listing together, or may agree to speak with
the investigator to obtain more information, should patients
give their permission.
Here are some questions you may consider asking:

e What is the prior experience with the study medication in
humans?
e What are the expected risks and benefits?
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e Are there any known drug interactions with other
medications?

e Who is sponsoring the study?

e Are there any inclusion or exclusion restrictions that may
not permit my patient to participate?

e If there is randomized treatment assignment, what is the
ratio between receiving the experimental versus control
treatment?

e Is there a placebo arm to the study and how will the
patient’s condition be treated during this time?

e Is the study blinded, i.e., will the participant and/or the
study team know which treatment has been assigned?

e What safety assessments are planned as part of the study?

e Who will cover the cost of the study procedures and
treatments?

e How long will the study last? How many visits are antici-
pated, and how time-consuming will they be?

¢ Does the study cover travel costs?

e What happens when the study ends? Is there a mecha-
nism for continued access to study medication, if
desired?

e How are samples and data kept? For how long? Who will
have access?
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Chapter 14

The Social and Emotional
Impact of Wilson Disease
on Patients and Families

Lenore Hammers and Mary L. Graper

The diagnosis and related symptoms of Wilson disease create
psychological and social challenges for patients, their families,
and caregivers. Since most primary care physicians do not
have a full-time social worker in their office, it is helpful for
physicians to recognize these challenges and to provide direc-
tion for patients and their caregivers.

The following checklist is a guide to help understand the
common challenges for patients and their families:
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Emotional

Coping:

Is the patient expressing feelings of sadness? Overwhelmed?
Angry outbursts?

Stigma:

Is the patient afraid to tell family/friends/employers about
their diagnosis

Social activity vs. isolation:
Is the patient withdrawing from social and family settings?
Interpersonal conflicts:

Does the patient complain of changes or conflict in their
closest relationships?

Sexual relationships:

Does the patient report difficulties with sexual desire or
performance?

Financial

Income:

Does the patient have adequate income for basic needs
(housing, food, utilities)?
Work:

Is the patient able to maintain employment? Are they afraid
of being laid off because of the patient’s symptoms?

Work resources:

Has the patient inquired about Family and Medical Leave
Act (FMLA) to protect his job if he has to miss work for
medical reasons? Have they inquired about short-term
and long-term disability?
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Special accommodations:

Does the patient require special accommodations to main-
tain his employment?

Insurance:

Does the patient have adequate financial coverage for
doctor visits, lab work, and medications? Does the insur-
ance have deductible or co-pays?

Medications:

Can the patient afford his medications? Do they know
about patient assistance funds?

Disability:

If the patient is no longer able to work, does he qualify for
Social Security Disability, and do they know how to

apply?

Caregiver Concerns

Caregiver burnout:

Are the parents, spouse, or caregivers of the patient report-
ing fatigue, frustration, and anger? Are they finding ways
to care for themselves?

Finding additional help:

What is the patient and family network? Does the patient or
caregiver know where to look for additional caregiving
assistance?

Caregiver employment:

Does the parent, spouse, or caregiver qualify for FMLA to
help protect their employment, while they take time to
care for the patient?
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Finding a patient advocate:

Does the patient or family have an advocate who can help
navigate finding support and resources as needed? Are
they aware of support groups in their area?

Legal

Power of attorney:

Has the patient appointed a power of attorney to help man-
age his finances if he is unable?

Healthcare representative:
Has the patient appointed a healthcare representative?
Conservator of person and finances:

If the patient is not competent to appoint a healthcare rep-
resentative or power of attorney, is there a family mem-
ber or caregiver who can apply to be conservator?

Legal aid:

Does the patient or caregiver need legal assistance to fight
against discrimination or assist in disability claims? Can
they afford representation?

Advanced therapies:
Transplant:

Are the Wilson disease symptoms so severe that the patients
requires a liver transplant? Does the patient meet the
medical and psychological and social requirements to be
eligible for a liver transplant?

Long-term care:

If the patient is no longer able to care for himself and the
family is also unable to care for him in the home, does he
require placement in a facility, either short term or long
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term? Can he or the family afford it? Do they know how
to find appropriate facilities, and are they available?

These concerns will now be explored in more detail.

Emotional and Coping Concerns

Patients with Wilson disease may present with symptoms of
emotional distress. Symptoms may range from being mildly
withdrawn to more serious symptoms, such as eating too
much or too little, withdrawing from family and activities, and
not attending to their activities of daily living. In extreme
cases, patients may present with symptoms of major depres-
sion and suicidal thoughts.

Patients may report feeling burdened by the stigma of a
rare and chronic disease. They may be afraid to tell those
closest to them they have Wilson disease for fear of being
misunderstood or shunned. Since Wilson disease is so rare,
their symptoms (such as personality changes, tremors, or
even psychotic symptoms) may have been misdiagnosed and
misunderstood. Patients may blame themselves for their
behavior or experience a disruption in their interpersonal
relationships.

One of the best ways physicians can assist their patients in
coping with Wilson disease is by providing patients and their
caregivers with sufficient information about the disease.
Once patients and families understand that some of their
behaviors are symptoms of a disease that can be treated the
stigma and anger can be mitigated. Having a clear under-
standing of the nature, progression and treatment of the
disease and its symptoms can be empowering.

If the patient is expressing distress over some particular
symptoms, just as shaking, confusion, sexual dysfunction,
or mental changes, you as the physician can explore ways
to treat those symptoms medically and improve their
functioning.
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When symptoms cannot be completely alleviated, physi-
cians can assist their patients by helping them to reframe
their expectations. Patients may express frustrations that they
cannot do everything they used to do before they were diag-
nosed with Wilson disease. A simple expression of empathy
can help patients feel heard, less isolated, and thereby relieve
some of their stress. Explaining what treatment you can and
cannot provide helps the patient understand and accept his
limitations. Encourage the patient to optimize the things he is
able to do, rather than focusing on those limitations.

If the patient continues to experience ongoing distress, a
referral to a therapist or support group may be helpful. A
referral to counseling is particularly helpful if the patient
exhibits symptoms of major depression or other psychiatric
symptoms, such as anxiety and psychosis. A psychiatrist famil-
iar with Wilson disease can be most beneficial, but they are
rare. If you are not familiar with local counselors in your area,
encourage the patient to contact the mental health referral
line located on the back of his insurance card. Patients may
also contact the United Way (211) in your state for additional
referrals. If you have a social worker or case manager in your
office, he may also be able to assist with referrals.

If the patient is a child in school, the parents may contact
the school for additional resources. Most schools employ
social workers and psychologists who can assist with diagnos-
ing emotional issues, as well as providing support and refer-
rals. Parents may request an interdisciplinary special treatment
plan for patients with disabilities, sometimes called a Planning
and Placement Team meeting (PPT). The PPT meeting gener-
ally consists of teachers, social workers, nurses and others to
develop a specific plan to provide appropriate accommoda-
tions for the student. If the child cannot manage in a regular
school system, the school district may be able to arrange an
in-home tutor.

Support groups can be an additional source of encourage-
ment. Attending meetings with other patients and families
familiar with Wilson disease can help ease the sense of isola-
tion. Patients and families may also benefit from the wisdom
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and research of other families who have encountered
problems similar to theirs. If a patient does not have access to
alocal support group, the Wilson Disease Association (WDA)
has an official Facebook page on which information is posted
and updated on a regular basis. The WDA also has a closed
Facebook page (19), administered by two WDA administra-
tors, specifically for young people with Wilson disease, so they
may share their concerns privately. An Internet-based health-
care support community called Inspire offers an avenue for
patients and caregivers to provide mutual support to other
families coping with Wilson disease. Member names on the
Inspire website are anonymous unless individuals choose to
identify themselves.

If you have concerns that a patient is so severely depressed
he may be a danger to himself, don’t be afraid to ask directly
if he is feeling hopeless or suicidal. If a patient expresses any
suicidal ideation, someone should stay with the patient while
someone else in the office calls 911 to bring the patient to the
emergency room for assessment. Alternatively, if you are in a
clinic attached to a hospital, and the patient is willing, a staff
or family member may walk the patient into the emergency
room and wait with the patient until they are evaluated.

Financial Concerns

One of the biggest concerns for patients facing Wilson dis-
ease, similar to other chronic diseases, is financial stress. As
the symptoms progress, patients may find it difficult to main-
tain employment. Even if patients are able to work, they may
find the cost of co-pays, coinsurance and medication costs
overwhelming. Patients may face the additional stress of time
out of work, leading to additional lost income. If a parent or
spouse must also take time off of work, the financial strain on
the family will only increase.

A patient may be concerned he will be terminated from
his employment due to workdays missed for medical rea-
sons. Encourage the patient to contact his human resource
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department, if there is one at his place of employment.
Some companies will offer Family and Medical Leave Act
(FMLA), which protects the worker’s employment if they
need to be out of work for their own illness or that of a close
family member. The patient’s human resource department
will generally supply paperwork for the patient’s physician
to complete, indicating the nature of the illness, the impact
on the patient’s employment, and the anticipated time out
of work. The patient may apply for intermittent leave (i.e.,
half a day out of work once or twice a week) or continuous
leave (when a patient will be hospitalized or otherwise
unable to work for an extended period). The patient should
be aware that his employer is not required to pay him for
the time off and will generally require the patient to use his
allotted sick leave before using FMLA benefits.

Some employers offer short-term and long-term disability
benefits, which would allow the patient to collect income
while he is out of work. The benefits vary, but generally short-
term disability applies to patients who will be out of work for
less than 6 months and will pay a portion of the patient’s sal-
ary (60-80%). If the patient will be out of work longer than
the short-term disability term (usually more than 6 months),
he may be eligible for long-term disability. Patients may also
inquire whether or not their paid time off can be used to
supplement their short-term or long-term disability income.

If it becomes clear the patient will not be able to return to
their previous employment due to the physical or mental
limitations of Wilson disease, the patient could request rea-
sonable accommodations to help him perform his job or
request a different type of work within the company, if pos-
sible, which he is able to perform.

There may come a time when your patient is physically or
mentally unable to work in any capacity. Some states offer
temporary disability benefits, most do not. If the patient is
expected to be unable to work for more than a year, he may be
eligible for Social Security Disability (SSD) income benefits.
Patients can apply for SSD benefits by calling or making an
appointment at the local Social Security office or by applying
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online at SSA.org. The Social Security office will obtain
releases of information from the patient for all their medical
providers and will request medical records directly from the
providers. Some Social Security offices may also require a
statement from a physician. The patient should be informed
that the application process can be complicated and lengthy.
The patient may choose to hire a lawyer to help with their dis-
ability claim. Most lawyers will not charge a fee upfront but
will take a portion of the disability claim once it is granted.
Patients may also contact Allsup.com (17) for assistance.
Allsup will assess the patient’s eligibility for Social Security
benefits and assist with the application process. They also do
not charge a fee upfront but will take a portion of the benefits
if the claim is successful.

The patient’s insurance can have an impact on the patient’s
out-of-pocket expenses. Patients’ out-of-pocket costs will
vary, depending on whether they have commercial insurance,
state insurance (Medicaid), or federal insurance (Medicare).

If the patient has commercial insurance, he can call the
customer service line listed on the back of the insurance card
to inquire about co-pays and deductible costs for office visits,
blood tests, and hospitalizations. If the patient is married, he
can inquire if the spouse’s insurance can offer better coverage
and if he can be added to the spouse’s coverage. The patient
can also ask which doctors are in network with their particular
insurance, because they will generally pay a smaller co-pay for
doctors who are in network. If the patient loses his employ-
ment, he may be eligible for COBRA insurance, allowing him
to maintain his employer’s insurance for some period after the
employment ends. Unfortunately, those COBRA premiums
are usually expensive. The patient may want to investigate
whether their state offers access health insurance policies or if
they would qualify for state insurance (Medicaid).

State insurance (Medicaid) generally offers zero to low
premiums or co-pays, but patients need to meet income
guidelines. Patients should contact their Department of
Social Services to determine if they are eligible for any state
insurance programes.
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Patients are eligible to receive Medicare if they have
reached retirement age, have been on dialysis for 3 months, or
have been receiving Social Security Disability benefits for
2 years. Patients will usually pay premium payments for
Medicare B and their prescription plans (Medicare D). The
State Department of Social Services may offer Medicare
Savings Plans to offset the cost of these premiums for quali-
fied patients.

Some patients may have difficulty paying for their medica-
tions due to high co-pays or because the insurance does not
authorize it, forcing the patient to pay the entire cost out of
pocket. You, as the physician, may contact the insurance com-
pany to explain why a medication is needed, and the insur-
ance company may agree to pay for it. Otherwise, you might
consider an alternative medication which is less expensive.
Walmart has a program offering $4 co-pays for some medica-
tions. A list of those medications can be found online. The
patient may also want to contact the manufacturer of the
medication. The manufacturer may offer a patient assistance
program or direct the patient to available grants to pay for
the medication. The patient may also look for the medication
on the website needymeds.com (10). In some cases, the manu-
facturer will offer a co-pay card to reduce the cost of the
medication, which can be downloaded off the website and
provided to their pharmacy. The local pharmacist may be an
additional resource for finding ways to lower the cost of the
medication.

If your patient is having significant difficulties meeting
their basic needs, such as rent, food, or housing, the patient
may contact the Department of Social Services in their area
or the United Way (infoline.org or 211) for additional com-
munity resources.

Caregiver Concerns

Coping with Wilson disease can take a toll not only on the
patient but also on the families and caregivers. Caregivers
may be coping with the patient’s mood swings and tremors
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and in some cases providing almost constant care. In any case,
being a caregiver can be exhausting.

As previously mentioned, caregivers will benefit from
learning as much as possible about Wilson disease. As is the
case with the patient, having a clear understanding of the
symptoms, progression, and treatment options can lessen the
anxiety of the unknown. As a physician, explaining the needs
of the patient and the caregiver’s role will allow the caregiv-
ers to plan and give them a sense of control.

Ideally, there will be more than one person caring for the
patient. As a physician, you may want to ask about the family
network. Are there other available family members in the
area? Are the caregivers part of a local church, congregation,
or social network from which they can draw emotional sup-
port or practical help? Encourage as many caregivers as pos-
sible in the family network to be involved and educated
about Wilson disease. Having an expanded network can help
decrease the sense of isolation for caregivers and help pre-
vent misunderstanding about the patient’s behavior and
prognosis. Caregivers may be reluctant to involve other
friends or family members, not wishing to be a burden on
anyone else. Sometimes simply acknowledging that caretak-
ing is exhausting and giving the primary caregiver permission
to look after themselves are a great comfort.

If the caregiving role requires missing work, the caregiver
can also explore whether or not their employer offers FMLA
benefits to care for immediate family members.

If the patient is a child and the caregiver is the child’s par-
ent, the school nurse or social worker may be able to assist
with finding additional resources in the community. If the
child is considered disabled, the parents can apply for Social
Security Income (SSI).

Having an advocate, such as a social worker or case man-
ager, to help navigate all these various systems can be very
helpful, but they can be hard to find. If the patient is hospital-
ized, he can request to meet with a social worker. However,
even if the social worker provides resources, the worker is
often unavailable for additional assistance once the patient is
discharged from the hospital. In some hospital-based clinics,
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social workers may be available both in the hospital and clinic
and thereby provide continuity.

If not, caregivers can look for alternative advocates. The
advocate may be a friend or relative who is familiar with
some of the systems or has the time to learn about them. It
may be someone they meet in a Wilson disease support
group. If no specific support group is available (and they usu-
ally aren’t), finding a support group for other chronic dis-
eases may be useful. Although most Wilson disease patients
are young, caregivers may find some help or referrals from
the Agency on Aging, where social workers are familiar with
resources for caregivers. The Department of Social Services
may offer grants or other assistance for long-term care in the
home. The Alliance of Professional Health Advocates (18)
offers a directory of patient advocates that a patient may
hire for a fee.

Legal Concerns

Some patients with Wilson disease may have episodes in
which they are not mentally competent to manage their own
health and financial concerns. These episodes may be tempo-
rary or may extend for longer periods of time. During these
episodes, someone else (preferably a close family member)
will need to make medical and financial decisions for the
patient.

Having the patient appoint a healthcare representative is
the easiest way to ensure there is someone to make medical
decisions on behalf of the patient if the patient is temporarily
unable to do so.

A patient may also want to complete a living will, or
advanced directives, to indicate which types of treatment the
patient would or would not want to have at the end of their
lives. If neither a healthcare representative nor a living will is
completed, and medical or end-of-life decisions needed to be
made, the medical team would turn to the patient’s legal next
of kin to be the decision-maker. The chain of legal next of kin
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runs from spouse to oldest adult child, to parent, and to oldest
sibling. Healthcare representative and living will forms can be
obtained from any lawyer’s office or may be available online.
Some states require a healthcare representative form be
notarized, some do not.

A power of attorney (POA) document allows someone
else to make financial decisions for a patient if he is not com-
petent to make his own decisions. Patients should be careful
about whom they appoint as power of attorney, since the
POA has the legal ability to withdraw money from a bank,
buy property and conduct business on behalf of the patient,
unless the patient expressly limits those abilities. The patient
can designate whether or not the power of attorney docu-
ment will remain valid if the patient becomes incapacitated.
Most states will require a notary and two witnesses to sign a
power of attorney form.

The healthcare representative, living will and power of
attorney documents must be completed when the patient is
mentally competent. If the patient is not mentally capable of
completing the forms and requires someone to make deci-
sions for him, a family member will need to file for conserva-
tor of person and estate. The family will need an evaluation
from a physician or psychiatrist, attesting that the patient is
not capable of making his own decisions. The application is
then submitted to the probate court, and a judge will schedule
a hearing to decide if the patient requires a conservator or
not. If the patient does require a conservator, most judges
prefer to appoint a close family member. If no family member
is available, he may appoint someone in the community (usu-
ally a lawyer or social worker). A conservator may be
appointed either temporarily or permanently, depending on
the projected period of the patient’s incapacity. A temporary
conservator can generally be appointed more quickly and will
only be appointed if there is evidence that the patient will
suffer irreparable harm (physical or financial) if there is no
conservator. There is usually a cost to apply for conservator,
but if the family cannot afford the fee they can request the
charge be waived. If someone is appointed as temporary
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conservator and the patient still requires a conservator after
the temporary date expires, the conservator can apply for an
extension or to be appointed the permanent conservator. The
conservator document can be revoked by the probate court if
the patient’s mental status improves and no longer requires a
conservator.

A patient may enlist a lawyer to complete a will or to assist
in any other legal matters. If a patient cannot afford legal fees,
he may contact the United Way to inquire if he qualifies for
legal aid.

Patients may pursue legal assistance if they feel they are
being discriminated against at their place of employment. The
Americans with Disabilities Act makes it unlawful for an
employer to fire or discriminate against an employee with a
medical or mental disability, provided they are qualified and
able to perform the essential requirements of the job. If a
patient believes his employer is discriminating against him
because of the symptoms of Wilson disease, he should contact
the Equal Employment Opportunity Commission. He may
also choose to seek legal representation or consult with the
union (if there is one).

Advanced Therapies

Liver Transplant

As Wilson disease progresses, a physician may determine that
the patient requires a liver transplant.

Not every state has a liver transplant program. If you, as
the physician, have determined that a liver transplant is the
best option for your patient you can consult the United
Network of Organ Sharing (UNOS) website. There you will
find the nearest liver transplant program, as well as how the
programs compare with other programs. You may want to
explore issues such as proximity to the patient to the trans-
plant center, which transplant programs are covered by the
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patient’s insurance, the number of transplants each center
performs, and the rate of favorable outcomes.

To be eligible for a liver transplant, a patient will need to
meet requirements for both the medical indications for a
transplant and the psychological and social guidelines of the
transplant center.

All transplant programs are required to have a social
worker available to assess the patient’s readiness for trans-
plant and to help provide resources and referrals to address
any identified barriers to transplant. Some programs also
offer psychiatrists and psychologists.

Although programs vary, there are several social and psy-
chological parameters the patient will need to meet to be
eligible for transplant at most centers. At a minimum, the
patient will need to demonstrate that he has a stable environ-
ment in which to recover from a liver transplant. He will need
to have at least one support person who is willing to encour-
age him to take medications and be willing to bring him to
follow up appointments. If the patient has a mental health
history, the center will require the patient be in treatment or
demonstrate that the symptoms will not hinder the patient’s
ability to take medications and follow through on treatment
recommendations. If the patient has severe cognitive deficits
as a result of Wilson disease, the center will evaluate whether
or not those symptoms can be reversed after a liver trans-
plant. The center will evaluate the patient’s history of adher-
ence to medical appointments and to taking medications. If
the patient has a substance abuse history, most centers will
require the patient to demonstrate 6 months of continuous
sobriety, along with a commitment and plan to maintain
sobriety after transplant. Most centers will require the patient
to complete some type of substance abuse treatment prior to
listing. The patient will also need to demonstrate that he has
adequate insurance and financial resources to pay for the
transplant and lifelong medications. Most centers will not
accept a patient who is not a documented citizen, or who is in
the United States illegally.
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Long-Term Care

Some patients may become so debilitated that they cannot be
safely cared for in the home with only family support. In some
states, the Department of Social Services will offer grants to
provide extensive services at home, although sometimes the
patient will need to be in a facility for some period of time
before those services are offered. Patients may require either
short-term or long-term care in a nursing facility. Unfortunately,
most nursing facilities are oriented toward elderly patients,
which can be frustrating for younger Wilson disease patients.
Patients and their families may ask the discharge planners at
the local hospital (usually a nurse or social worker) if they
know of any facilities who serve younger patients.

Most insurance policies have limited coverage for nursing
facilities. A patient may need to exhaust their assets to qualify
for state assistance to pay for long-term care. Patients and
their families may investigate facilities in their area, but usu-
ally the easiest way to place a patient in long-term care is
through the hospital.

Appendix

The following check list is a guide to common challenges for
patients with Wilson disease and families:

Emotional

Yes [ No [J Coping: Is the patient expressing feelings of
sadness? Overwhelmed? Angry outbursts?

Yes [ No [ Stigma: Is the patient afraid to tell family,
friends, or employers about their diagnosis?

Yes [] No [] Social activity vs. isolation: Is the patient with-
drawing from social and family settings?

Yes [] No [] Interpersonal conflicts: Does the patient com-
plain of changes or conflict in their closest relationships?

Yes [] No [] Sexual relationships: Does the patient report
difficulties with sexual desire or performance?
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Financial

Yes [ No [ Income: Does the patient have adequate
income for basic needs (housing, food, heat)

Yes [] No [] Work: Is the patient able to maintain employ-
ment? Are they afraid of being laid off because of their
symptoms?

Yes [] No [] Work resources: Has the patient inquired about
Family and Medical Leave Act (FMLA) to protect his job if he
has to miss work for medical reasons? Have they inquired
about short-term and long- term disability?

Yes [ No [J Special accommodations: Does the patient
require special accommodations to maintain  his
employment?

Yes [] No [J Insurance: Does the patient have adequate
financial coverage for doctor visits, lab work, and medica-
tions? Does the insurance have a deductible or co-pays?

Yes [] No [ Disability: If the patient is no longer able to
work, does he qualify for Social Security Disability, and does
he know how to apply?

Caregiver Concerns

Yes [] No [ Caregiver burnout: Are the parents, spouse, or
caregivers of the patient reporting fatigue, frustration and
anger? Are they able to care for themselves?

Yes[] No []Finding additional help: What is the patient and
family network? Does the patient or caregiver know where to
look for additional caregiving assistance?

Yes [ No [] Caregiver employment: Does the parent,
spouse, or caregiver qualify for FMLA to help protect their
employment, while they take time to care for the patient?

Yes [] No []Finding a patient advocate: Does the patient or
family have an advocate who can help navigate finding sup-
port and resources as needed? Are they aware of support
groups in their area?
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Legal

Yes [] No [J Power of attorney: Has the patient appointed a
power of attorney to help manage his finances if he is unable?
Yes [] No [] Healthcare representative: Has the patient
appointed a healthcare representative?

Yes [] No [ Conservator of person and finances: If the
patient is not competent to appoint a healthcare representative
or power of attorney, is there a family member or caregiver
who can apply to be conservator?

Yes [ No [ Legal aid: Does the patient or caregiver need
legal assistance to fight against discrimination or assist in dis-
ability claims? Can they afford representation?

Advanced Therapies

Yes [] No [] Transplant: Are the Wilson disease symptoms
so severe that the patient requires a liver transplant? Does the
patient meet the medical and psychosocial requirements to be
eligible for a liver transplant?

Yes [] No [] Long-term care: If the patient is no longer able
to care for himself and the family is also unable to care for him
in the home, does he require placement in a facility, either short
-term or long -term? Can they afford it? Do they know how to
find appropriate facilities, and are they available?

Online Patient Resources

—

Wilsons Disease Association: wilsonsdisease.org

Family Caregiver Alliance: caregiver.org

3. National Center on Caregiving: caregiver.org/national-center-
caregiving

4. Family Voices (for children’s healthcare concerns): familyvoices.

org

The Caring Action Network (CAN): caregiveraction.org

HealingWell.com

7. Rare Disease United Foundation: rarediseaseunited.org

N

S


http://wilsonsdisease.org
http://caregiver.org
http://caregiver.org/national-center-caregiving
http://caregiver.org/national-center-caregiving
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http://caregiveraction.org
http://HealingWell.com
http://rarediseaseunited.org

Chapter 14. The Social and Emotional Impact 241

8. American Liver Foundation: liverfoundation.org
9. needymeds.com
10. Patient Access Network (PAN): panfoundation.org/.
11. HealthWell Foundation; healthwellfoundation.org
12. Children's Organ Transplant Association: cota.org
13. National Foundation for Transplants: transplants.org
14. Help Hope Live: helphopelive.org
15. Allsup.com
16. The Alliance of Professional Health Advocates: aphadvocates.
org/directory
17 Wilson Disease Association Facebook page: facebook.com/
wilsondiseaseassociation
18. Wilson Disease Association group on Inspire: inspire.com/
groups/Wilson-disease-association


http://liverfoundation.org
http://needymeds.com
http://panfoundation.org
http://healthwellfoundation.org
http://cota.org
http://transplants.org
http://helphopelive.org
http://allsup.com
http://aphadvocates.org/directory
http://aphadvocates.org/directory
http://facebook.com/wilsondiseaseassociation
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http://inspire.com/groups/Wilson-disease-association
http://inspire.com/groups/Wilson-disease-association
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