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Biliary atresia is one of the most com-
mon diseases involving a disrupted bile
flow (Figure 1). In this disease, the biliary
tract loses its ability to transport bile at .
birth, or a little before birth. With nowhere _—
else to go, the bile flows from the liver J
. o . \"é /
liver, which in turn increases the pres-
sure in the portal veins that bring nutri-

into the blood and damages the liver.
ents to the liver. Figure 1. Biliary atresia

The bile ducts
outside the liver
become obstructed.
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This causes cirrhosis of the damaged

When biliary atresia is discovered,
surgery is performed to create a path-
way for the bile to flow from the liver to
the intestines (i.e., the Kasai procedure).
However, this is only a partial solution,
and the cirrhosis can continue to prog-
ress, albeit at a slower pace. In addition,
after surgery, the bacteria can flow in a
retrograde direction from the intestines
to the liver and cause a complication Photo 1 Alagille syndrome
called cholangitis. For more details on In this disease, hypoplasia of the bile ducts
biliary atresia, see “2-1 Understanding ?n the liver disrupts the bile. rovyr The fibrgsis
the liver and liver transplantation” and is usually less severe than in biliary atresia.
“2-4 Liver transplantation and pathological diagnosis.”

In addition, abnormalities in the genes that contain codes for the building of
the bile ducts can limit the number of bile ducts. This can lead to Alagille syn-
drome, a disease that causes jaundice.

As implied by the word “syndrome,” this disease causes symptoms not only in
the liver, but also in areas including the blood vessels, spine, and eyes, with dif-
ferent individuals exhibiting different symptoms. The small number of bile ducts
in the liver associated with Alagille syndrome slows down the bile flow. If this
leads to cirrhosis, the situation may require a liver transplant, as in biliary atresia.

[Times when a liver transplant is needed]

¢ When the child stops growing or gaining weight

¢ \When the jaundice is not expected to improve

¢ \When major hemorrhage, e.g. from vomiting blood or from blood in the stool,
seems likely

¢ When the portal venous flow gets worse

e When cholangitis occurs repeatedly (such as when jaundice worsens or the
patient cannot leave the hospital or eat)

e When symptoms of hepatopulmonary syndrome appear (low oxygen levels,
clubbed finger, etc.)

¢ \When pulmonary hypertension appears likely

¢ When itching is severe
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Hepatopulmonary syndrome occurs when the liver disease

causes low levels of oxygen in the blood. There is usually noth- =
ing inherently wrong with the heart or lungs, but the liver disease
somehow causes the capillaries in the lungs to dilate, which
increases the amount of blood in the pulmonary alveoli. In hepa-
topulmonary syndrome, the proper balance between the amount
of air inhaled and the amount of blood flowing to the alveoli is
disrupted, and the amount of air taken in is insufficient to match
the increased blood flow. This makes it difficult for children to
stand up, walk, climb stairs, and play. They find moving difficult,
get tired easily, and are sluggish. In addition, their fingertips become thicker than
the rest of their fingers and appear round, a condition called clubbed finger.
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If the increase in the blood flow to the lungs persists, it can damage the walls
of the blood vessels in the lungs, and cause them to thicken and harden. This
causes the lumen of the vessels to narrow, leading to a condition called pulmo-
nary hypertension that is not favorable to oxygenation. In children with cirrhosis,
the liver does not manufacture albumin properly, which reduces the vessels’
ability to draw in fluid, and causes the fluid to accumulate in the abdomen as
ascites. The distended abdomen puts pressure on the chest, which prevents the
lungs from expanding fully. This also causes breathing difficulties, albeit through
a different mechanism than that involved in hepatopulmonary syndrome.

9 Acute liver failure (fulminant hepatitis) and
hyperammonemia

Of all the diseases in this Handbook, if the reader
is in the midst of urgent circumstances, it is prob-
ably due to this one. In many cases, life is hormal
until the symptoms suddenly appear within a few
days. After going through examinations at several
hospitals, families are told that a liver transplant
may be necessary, and they scramble to learn
about the disease and why it calls for a transplant.

Photo 2
Acute liver failure

Acute liver failure occurs when the liver stops functioning. This can happen for
many reasons, although the cause is often unknown. The condition often leads
to severe hepatitis, with the liver cells disappearing almost as if the liver were
dissolving. This disease often affects infants, and becomes rare once children
reach school age. Table 1 shows the most common types of fulminant hepatic
failure (see below).

This disease has a common clinical picture regardless of the cause. Hepatic
encephalopathy is the most serious problem.

The liver is responsible for the metabolism, energy storage, the detoxification of
harmful substances, and bile production. Although all are important functions, the
effects on the body are particularly adverse when the ability to process and excrete
harmful substances is damaged. A typical sign of this is hepatic encephalopathy,
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which is a consciousness distur-
bance caused by the liver. The
amino acids that are not used
by the body are broken down
by the liver, which converts them
into ammonia (which is harmful
to the body), and subsequently
into urea (which is not harmful)
to be excreted. If this process
is impaired, the level of harmful
ammonia in the blood increases,
and this can lead to conscious-
ness disturbances. The latter
manifest in a wide variety of
ways, from symptoms such as
restlessness and absentminded-
ness to severe conditions such
as unresponsiveness and coma-

Diseases often seen in newborns up to infancy

Urea cycle disorders
Methylmalonic acidemia
Viral infections
Herpes simplex virus
Enterovirus
Neonatal hemochromatosis
Mitochondrial hepatopathy
Citrin deficiency
Progressive familial intrahepatic cholestasis
Congenital bile acid synthesis defect
Infantile fulminant hepatitis of unknown cause

Diseases often seen in and after infancy

Hemophagocytic lymphohistiocytosis
Epstein-Barr virus

Wilson’s disease

Autoimmune hepatitis

Fulminant hepatitis of unknown cause

tose states.

Table 1. Diseases that can cause acute liver failure
Along with hepatic encepha- (fulminant hepatitis) or hyperammonemia

lopathy, coagulation disorders

are another major problem. Under normal circumstances, when bleeding occurs,

a large number of proteins (which are coagulation factors) organize to stop the

bleeding. If the liver cannot produce these important proteins, the blood has dif-

ficulty solidifying to stop the bleeding, causing a coagulation disorder.

When both a coagulation disorder and hepatic encephalopathy are present,
the condition is called fulminant hepatitis. A state of reduced liver function com-
bined with a coagulation disorder that appears likely to turn into fulminant hepa-
titis is called acute liver failure. A situation with no coagulation disorder but with
hyperammonemia caused by reduced liver function is also an emergency.

For more details on acute liver failure, see “2-1 Understanding the liver and
liver transplantation” and “2-4 Liver transplantation and pathological diagnosis.”

Congenital metabolic disorders often occur at the neonatal stage, as newborns
lose the support they were receiving from their mother through the placenta. The
metabolism is a way for the body to both create the molecules it needs and to
break down unnecessary or harmful molecules. When milk, rice, vegetables,
fish, and other food are consumed, they need to be transformed into structural
elements of the body. The metabolism supports this process.

The metabolism also works in the background to help the body acquire nutri-
ents and excrete urine and stool. There are many kinds of congenital metabolic
disorders, some of which require a liver transplant.

Urea cycle disorders arise when the metabolic mechanism that breaks down
unnecessary amino acids is disrupted. Normally, amino acids are metabolized
into urea in the liver, and are then excreted by the kidneys as urine. This disease



causes problems with this process, leading to a large amount of harmful ammo-
nia. There are several types of urea cycle disorders, including OTC, CPSI, ASS,
ASL, and NAGS.

Methylmalonic acidemia is often discovered when a child is constantly tired or
when hyperammonemia is detected. Although this condition does not necessar-
ily lead to acute liver failure, the symptoms are problematic.

Mitochondrial hepatopathy is found when acute liver failure occurs due to
problems with the liver mitochondria, which use oxygen to manufacture energy.
There are several different types, including MPV17 and DGUOK.

Citrin deficiency is another mitochondrial disorder. It appears when the liver
function declines due to a lack of protein citrin in the inner mitochondrial mem-
brane. In severe cases, this can lead to acute liver failure.

A congenital bile acid synthesis defect arises when the bile acids that make
up the bile cannot be synthesized properly. In this disease, the bile acids destroy
the liver, which can also cause acute liver failure.

Wilson’s disease is present when copper gradually accumulates in the
body. It occurs after children reach school age. As there are few subjective
symptoms, the disease is sometimes only discovered when acute liver failure
occurs.

Many other diseases can cause acute liver failure.

Among viral infections, the herpes simplex virus causes an infection that leads
to canker sores in the mouth or numerous small vesicles around the mouth in
adults. Although it is a common virus, in some newborns it can lead to a serious
infection called neonatal herpes that may cause acute liver failure.

Neonatal hemochromatosis is a form of cirrhosis observed in newborns that
can occur in subsequent siblings. It is often discovered through the presence
of jaundice or coagulation disorders, but can also be detected by metabolic
screenings of newborns.

Progressive familial intrahepatic cholestasis type 2 involves problems with the
protein BSEP, which transports the bile components. Acute liver failure can occur
when bile secretion is severely reduced.

Hemophagocytic lymphohistiocytosis involves excessive immune activity trig-
gered by a birth-related factor. This disease can cause severe hepatitis even in
newborns. Infections from the Epstein-Barr virus resembling the neonatal herpes
described above sometimes occur.

Autoimmune hepatitis occurs when for some reason the body itself attacks the
liver, thereby causing hepatitis. Its acute form can lead to liver failure.

As the above shows, severe hepatitis can cause acute liver failure due to
causes both known and unknown. Some of these causes are thought to involve
unknown metabolic disorders or excessive immune activity. Even when the
cause of the acute liver failure is known, the range of medical therapies is limited.
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In severe cases, liver transplantation may be the only option. This is why many
children with acute liver failure or hyperammonemia are referred to our Center.

[When to perform a liver transplant]

¢ When the liver is atrophied, with massive ascites

¢ |n other situations, when the liver is unlikely to recover
e When cerebral edema appears likely to occur (hepatic encephalopathy that

is expected to improve)

0 Congenital metabolic disorders

This covers a wide variety of diseases, including
neonatal intrahepatic cholestasis caused by citrin
deficiency (NICCD), OTC deficiency, and Wilson’s
disease. In OTC deficiency (Photo 3), the liver can
appear normal, but the restricted protein intake can
lead to severe fatty liver. For more details on meta-
bolic liver diseases, see “2-1 Understanding the liver
and liver transplantation.” The timing for the perfor-
mance of a liver transplant depends on the disease.
The following are some common principles.

[When to perform a liver transplant]

¢ When a child stops growing or gaining weight
e When dangerous hyperammonemia, acidosis,

Photo 3 OTC deficiency

The liver in a case of OTC
deficiency. Protein restrictions
prior to surgery can cause fatty
liver, although the liver often
appears healthy.

or other risky conditions occur or appear likely to occur

e \When acute liver failure occurs

¢ When the quality of life declines due to severe dietary or other restrictions

e When infections occur repeatedly

@ Hepatic fibrosis

This disease is often accompanied by kidney
disease. The timing of a liver transplant should be
decided after a comprehensive evaluation. Most
children who receive liver transplantation at our
Center have autosomal recessive polycystic kidney
disease. Despite being called a “kidney disease,”
it is characterized by concomitant hepatic fibrosis.
Depending on the child’s condition, a liver transplant
is sometimes performed before a kidney transplant.
Due to its long name, the disease is usually referred
to by its acronym, ARPKD.

When a blood vessel ruptures and bleeding
occurs, platelets gather to clog the hole. However,
in advanced hepatic fibrosis, the number of plate-
lets produced by the bone marrow declines, and

Photo 4 Hepatic fibrosis

The liver exhibits severe fibrosis
and nodules on the surface. The
complicating presence of kid-
ney dysfunction makes immu-
nosuppressant therapy after the
transplant extremely important.



the number of those damaged increases. Thus, there is an overall reduction in
the number of platelets.

[When to perform a liver transplant]

e When major hemorrhage, e.g. from vomiting blood or blood in the stool, may
occur

e When symptoms of hepatopulmonary syndrome appear (low oxygen levels,
clubbed finger, etc.)

e When it seems like pulmonary hypertension might occur

9 Cases that cannot be operated on

Liver transplantation is not always indicated for all liver diseases. First, the
child must be able to withstand general anesthesia throughout the surgery.
Moreover, the operation must be expected to lead to improvement. Cases that
cannot be operated on are often characterized by the following.

e Septicemia

e Problems with the lungs or heart (e.g., heart failure, pneumonia, etc.)
e Severe pancreatitis

¢ |[rreversible cerebral edema (hepatic encephalopathy, etc.)

Different children need liver transplantations for different reasons. Therefore, it
is best to ask for a detailed explanation from the attending physician. While liver
transplantation might not be the best choice for every child’s disease, our job in
the Department of Internal Medicine is to make sure that your child is in the best
possible condition.

Reiko Ito
Department of Internal Medicine and Hepatology
National Center for Child Health and Development

Liver diseases and genetics

Families of children who received transplants often have questions related to
heredity, such as, “Will our next child have the gene for this inborn disease?”,
“We were told it's a genetic disease. Why did it happen?”, and “If our child has
children, will they be fine?”.

o Liver transplantation and genetics

Diseases that require liver transplantation have a variety of causes, some of
which involve genetics. Genes play a role in diseases that present abnormalities
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in the body’s ability to detoxify ammonia and other substances that accumulate
in the body (metabolic liver diseases) or abnormalities in the liver’s ability to dis-
charge bile (cholestatic liver diseases).

Abnormal gene functions are believed to be involved in the onset of these
diseases. Depending on the gene, the same disease may be found in your next
child or in your treated child’s children. In other cases, there is nothing to worry
about. While it is sometimes known what gene or genes are responsible, the
cause is unknown in many cases. Therefore, no predictions can be made about
genes.
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Diseases involving genetics are broadly divided into three categories: auto-
somal recessive diseases, autosomal dominant diseases, and X chromo-
some-linked diseases.

The terms “recessive” and “dominant” do not imply anything about the
inferiority or superiority of one’s genes.

¢ |n autosomal recessive diseases (e.g., Wilson’s disease, methylmalonic aci-
demia, propionic acidemia, glycogen storage disease, carbamoyl phosphate
synthetase deficiency, citrin deficiency, progressive familial intrahepatic cho-
lestasis, etc.), there is a 25% probability that the patient’s siblings will have
the same disease. The probability that any of the patient’s children will have
the disease is nearly zero.

If both parents are carriers If one parent has the disease
Carrier Carrier Disease
.. N '&T N

* ok * ok * k *

l l l I l l l I

Carrier Carrier Disease Carrier Carrier Carrier Carrier
(4 (4 (4 (4 (4 (4 (4 (4

. .
~ ~— ~— ~— ~— ~ ~ ~

hok kk okk kk kk Kk * ok Kk

25% probability that the patient’s siblings No disease
will have the disease

¢ |n autosomal dominant diseases (Alagille syndrome, etc.), there is almost no
risk that the patient’s siblings will have the same disease, unless both parents
have the disease (spontaneous mutation). If the patient becomes a parent,
there is a 50% probability that his or her child will have the same disease.
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e X chromosome-linked diseases (ornithine transcarbamylase deficiency)
affect boys. Even if a girl has a genetic mutation (carrier), she will sometimes
be asymptomatic. The probability that the next child will have the disease
depends on whether the mother is a carrier or not. If she is, there is a 50%
chance that a male child will have the disease. As a rule, any daughter born
to a male patient will be a carrier.

If the mother is a carrier When a male patient has children
Carrier Disease
— T V y ) — 1 V y )

l l l I l l l

Carrier Disease Carrier Carrier
C C C (A (A ¢ ¢ C
X X X Y XY X X X Y XY
Girl Girl Boy Boy Girl Girl Boy Boy

The gene for the disease is on the X chromosome.
As men only have one X chromosome, if there is a mutation, the disease occurs.

As women have two X chromosomed, even if one chromosome has the gene for the disease,
the other will compensate and the disease may not occur (but the woman will be a carrier). The
disease can occur depending on the enzyme activity in the liver.

@ Genetic testing

If the gene that caused a disease is known, it is theoretically possible to inves-
tigate whether your child’s symptoms are due to genetic changes — a process
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known as genetic testing. However, these are highly specialized tests. It is not
possible to investigate the genes involved in all liver diseases, and only a limited
number of companies and institutions around the world are capable of conduct-
iNng genetic tests. In many cases, this type of testing is carried out as part of
research at universities and institutes.

Cost: Testing is not covered by insurance. The cost can vary from several
tens of thousands of yen to several hundred thousand yen.

Time: The amount of time it takes to receive the results depends on the gene.
It usually takes from one or two months to half a year, and sometimes
longer.

Testing:  Genetic tests search for differences between the DNA of a sick
person and the standard DNA of a person without the disease.
As there are approximately 25,000 types of genes, the test usu-
ally looks for one or a few genes that appear to be related to
the patient’s symptoms. As even healthy people have different
DNAs, finding a difference between the patient's DNA and a
standard sample does not necessarily mean that the cause of
the disease has been found. A specialist needs to make this
assessment. The genetic changes that cause diseases are called
mutations or abnormalities. The technological limitations of these tests
mean that even when the clinical diagnosis is correct, a genetic muta-
tion is not found more than 30% of the time. The absence of mutations
does not mean that a patient has normal genes, and it does not mean
that you should worry about having received an incorrect diagnosis.

As genetic mutations are sometimes not found even when the diagnosis is cor-
rect, it is best to test the patient before the parents. Based on the results, it may be
appropriate to test the parents. The prior identification of a child’s genetic mutations
will often save both time and money when testing the parents for the same mutations.

To test whether your next child will have the same disease, the enzyme activity
in the pregnant mother’s amnionic fluid can be measured, or genetic testing can
be carried out to investigate the health of the fetus. As genetic testing takes a
considerable amount of time, the genetic mutations of the child with the disease
need to be identified before you become pregnant.

While a great deal of information on genetics is available on the internet, each
family’s situation is different. The NCCHD'’s Division of Medical Genetics is avail-
able to answer any of your questions or concerns about genetics in specialized
consultations (please note that these consultations are not covered by health
insurance). Our clinical geneticists can provide information on DNA, genetics,
and other difficult topics in an accessible manner. If you would like to book a
consultation, please speak with your doctor.

Rika Kosaki
Division of Medical Genetics
National Center for Child Health and Development



n Liver transplantation and pathological diagnosis

@ Introduction

Pathologists perform cytodiagnoses, histopathological diagnoses, and patho-
logical autopsies. For instance, in uterine cancer screenings or endoscopic
stomach and intestinal exams, pathologists are the ones who look at cells and
tissues under microscopes and make the final diagnosis. Although we work in
hospitals just like physicians and surgeons, most patients never meet a patholo-
gist, so they often do not know what we do. During liver transplant surgeries,
we perform pathological diagnoses on the part of the liver that is removed from
the donor and on the recipient’s liver and gallbladder. After the transplant, we
perform pathological diagnoses to check for rejection, infections, post-transplant
lymphoproliferative disease, and other issues. If a patient dies, another impor-
tant job of the pathologist is to perform an autopsy. We examine all the organs
to discover what happened in the patient’s body, investigate the reactions to the
therapy and other issues, and determine whether the treatments were effective.
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9 Transplant indications

Liver transplantation is indicated for a wide variety of diseases, including bili-
ary atresia (Photo 1), congenital metabolic diseases, and liver tumor. Pathologists
examine the tissue of the liver to determine the degree of fibrosis (is there cir-
rhosis?), the cause of jaundice, and the type and malignancy of any tumors.

A healthy liver A liver with biliary atresia

Photo 1 Liver with biliary atresia

The liver shows severe fibrosis (blue) indicating cirrhosis. The red areas are liver cells. There are
fewer of them than in the healthy liver on the left.

The cause of fulminant hepatic failure (Photo 2) is often unknown. In this dis-
ease, the extremely poor liver function reduces the blood’s ability to coagulate.
Despite this limitation, at the NCCHD, we perform liver biopsies whenever pos-
sible to search for a cause and to investigate the reasons why a transplant may
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be impossible to perform (i.e., be contraindicated). These reasons can include
sepsis or lymphoma. One of the tensest duties of a pathologist is the liver biopsy
performed immediately before the transplant surgery. Since the result of this
biopsy is used to decide whether to perform the transplant, we cannot afford
to oversee a disease that would contraindicate the transplant. As the diagnosis
has to be made quickly, pathologists focus extensively on the examination of
specimens under their microscopes.

A healthy liver A liver with fulminant hepatic failure

Photo 2 Liver with fulminant hepatic failure

In the healthy liver on the left, the liver cells are arranged in a closely packed, cordlike manner.
In the liver with fulminant hepatic failure, almost all of the liver cells have disappeared and have
been replaced by macrophages.

Several biopsies are performed to examine the tissue before the transplant,
and if the liver cells are found to be regenerating, a transplant can sometimes
be avoided. In cases of fulminant hepatic failure, tissue specimens are collected
from several parts of the recipient’s liver for rapid diagnosis before the transplant.
While it usually takes two days to create paraffin embedded sections, in rapid
diagnosis, the tissue is frozen to make sections within about 10 minutes. The
samples are then examined under a microscope and discussed by the members
of the transplant assessment committee to reach a final decision about whether
or not to carry out the transplantation.

6 Donor’s liver and recipient’s liver

A “zero biopsy” is obtained from a part of the donor’s liver. (When counting
the number of days since the transplant surgery, the day of the surgery is day
0, which is when this biopsy is performed.) The liver is called the “silent organ”,
as abnormal pathologies of the liver can sometimes be found even when blood
tests show no abnormality. The zero biopsy is performed to look for signs of fatty
change and other hidden diseases.

After the recipient’s liver is removed, it is brought to the pathology lab, where
pathologists perform macroscopic observations, take images, and measure its
weight and size (Photo 3). If consent is given to collect liver cells, the liver is split



and liver cells are extracted in another laboratory.
Tissue specimen is collected for cell cultures. The
liver is divided into 1-cm slices, and tissue samples
are taken from it — usually from the right lobe, the left
lobe, and the hilar area — and used to create paraf-
fin sections. Pathologists need to be able to make
diagnoses with their naked eyes. While dividing the
liver, samples are taken from any area of even slight
abnormality to create paraffin sections for pathologi-
cal diagnosis. The tissue specimen is also frozen for

Photo 3

Examination of a liver removed
from a recipient

the performance of genetic diagnoses and other tests, and tissue specimens
are prepared for electron microscopic examinations. These tissue specimens are
not only used for pathological diagnosis, but also kept to perform subsequent
research into disease causes and treatments. The paraffin blocks that the patho-
logical specimens are embedded into can still be used after one hundred years.

@O Rejection

Another tense task for pathologists is the performance of diagnoses from
liver biopsies when the liver functions deteriorate after a transplant. The liver
biopsies collected after the transplant are examined to look for acute cellular

rejection, antibody-mediated rejection, septic chol-
angitis, hepatic veno-occlusive disease, and other
problems.

Since the treatment plan depends on the diagno-
sis, professional pathologists examine liver biopsy
specimens in the same way as transplant surgeons
examine patients. To determine what is happening
in the patient’s body, we consider the pathological
findings together with the clinical findings for asci-
tes, jaundice, and other symptoms, and the blood,
imaging, and other test results. Post-transplant
biopsies are performed with fine needles that col-
lect tissue from the transplanted liver. These tiny
tissue samples are the tools used by pathologists
to explain a patient’s condition. The immunosup-
pressants used after liver transplantation create
an unusual mix of pathologies, making it incredibly
risky for pathologists to make decisions alone. At
the NCCHD, transplant surgeons and pathologists
look into the microscope together, and decide on a
diagnosis after discussing the case (Photo 4).

Rejection is a worrisome condition for patients
and their families (Photo 5). The diagnosis of rejec-
tion is one of a pathologist’s biggest responsibilities.

Photo 4

The entire staff looks at the
microscopic findings to reach a
pathological diagnosis.

RS e
FRIEAST

Photo 5 Liver tissue with acute
cellular rejection

The portal area in the middle
shows severe infiltration by lym-
phocytes and eosinophils. These
are the recipient’s lymphocytes
attacking the donor’s liver.
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There are acute and chronic types of rejection. If either form worsens, it can
cause the transplanted liver function to deteriorate. Therefore, rejection needs to
be diagnosed early.

If a patient's symptoms or blood test results indicate rejection, a transplant
surgeon inserts a fine needle into the liver to take a 15-20 mm-long and about 1
mm-wide tissue sample. The tissue section from this “needle biopsy” is sliced to
create thin sections that are subjected to a pathological diagnosis to determine
whether rejection is occurring. After the tissue collection, the sections can be
created within about 5 hours. The pathologists and transplant surgeons decide
on a treatment plan after examining the sections through a microscope and dis-
cussing the case.

6 Opportunistic infections

After a transplant, immunosuppressant drugs are used to ensure that the trans-
planted liver will not be recognized as “someone else’s liver” and will avoid being
‘rejected”. As patients in an immunosuppressed state have a lower resistance
to infections than healthy people do, infections that are usually almost harmless
can turn into severe illnesses. These are called “opportunistic infections.” After
a transplant, infections from the Cytomegalovirus (CMV) (Photo 6) and Epstein-
Barr (EB) virus often cause problems. Once an infection becomes severe, it is
much more difficult to treat. Blood tests are used to detect viruses early on so
that they can be treated right away. As the EB virus requires a thorough DNA
test that cannot be performed at regular laboratories, the NCCHD’s mother-child
infection research laboratory operates day and night to perform these tests. The
EB virus infects the lymphocytes and is known to cause lymphoma in transplant
patients (post-transplant lymphoproliferative disease). However, to this day, not a
single NCCHD patient has experienced lymphoma caused by EB virus infection.
The pathology department’s liver tissue tests for viruses and increased lympho-
cyte levels and the cooperation of the laboratory have contributed to reducing
the incidence of complications from EB virus infections.

Photo 6 Cytomegalovirus (CMV) infection

Here, the CMV is infecting cholangiocytes. Deep-pink inclusion bodies (viruses) can be observed
in the large nuclei. Many granular inclusion bodies (viruses) can also be seen in the cytoplasm
(left). Immunohistochemical staining with anti-CMV antibodies showed the CMV in brown (right).



6 Outpatient pathological diagnosis

In April 2008, the NCCHD launched outpatient pathology visits to allow patients
to talk directly to pathologists about pathological diagnoses. These consultations
are sometimes attended by a transplant surgeon, a pediatrician, or a recipient
transplant coordinator. Please contact us if you are interested.

The consultations are free for NCCHD patients (please talk to the doctor who han-
dles your case in the transplant department). Patients from other institutions should
apply for an outpatient second opinion consultation through the patient liaison office.

Conclusion

The information obtained from pathological diagnoses is the key to decid-
ing what treatment to choose for your child. As pathologists, our job is to sup-
port children so that they can receive the care they need as early as possible.
Pathologists and lab technicians work 24 hours a day to provide rapid and accu-
rate pathological diagnoses.

Atsuko Nakazawa
Pathology Department
National Center for Child Health and Development

Liver transplantation and immunity/infection
prevention

Infectious diseases are the most common risk faced by patients after trans-
plantation. In the Department of Infectious Diseases, we try to minimize issues
related to immunity and infection. Therefore, we form part of the medical team
that supports the children from the preoperative stage.

0 Common infectious diseases

Immunosuppressants must be taken by patients to prevent rejection after liver
transplantation. However, these drugs reduce the immune system’s ability to
fight bacteria, viruses, fungi, and other pathogens, thereby increasing the risk
of infection. In addition, rejection, which calls for an increase in the immunosup-
pressant dose, can closely resemble the symptoms of an infection, which calls
for a reduction in the immunosuppressant dose. The two can initially be difficult
to distinguish. Moreover, as infections can occur during the treatment of rejec-
tion, it is sometimes necessary to both increase the immunosuppressant dose
and to administer antimicrobial drugs. Transplant patients are susceptible to
different infections at different times (Figure 1).
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Immediately after surgery 1 month 3 months -

Bacterial infections

Cholangitis, peritonitis, pneumonia, urinary tract infection

Fungal infections

Infections from foreign bodies on catheters and other apparatus, surgical site infections

Viral infections
Cytomegalovirus (CMV)
Epstein-Barr virus

General childhood infections

Pneumonia, otitis media, urinary tract
infection, common cold

Figure 1. Onset of post-transplant infections

Immediately after surgery to 1 month later

Bacterial infections are most common during this period. They include cholan-
gitis, peritonitis, urinary tract infections, infections from foreign bodies on cath-
eters and other apparatus, and infections at the surgical site.

These infections can be caused by bacteria in the digestive tract, such
as E. coli, S. aureus, or P. aeruginosa, which can become a problem when
the body’s resistance is lowered. These bacterial infections are treated with
antimicrobial drugs. However, the long-term use of antimicrobials can lead to
fungal infections such as candida. These then need to be treated with anti-
fungal agents.

1 to 3 months after surgery

Viruses such as CMV and the Epstein-Barr virus start to present a risk about
1 month after the operation. Viruses that were already present in the body some-
times take advantage of the impaired immunity to proliferate, while other infec-
tions come from the transplanted organ itself. Regular blood tests are performed
to check for CMV and the Epstein-Barr virus after transplantation. If an elevated
viral load is found, the immunosuppressant dose is reduced. Although bacterial
infections such as cholangitis may still occur during this period, they are less
frequent than in the first month.

Furthermore, the use of immunosuppressants can lead to pneumocystis pneu-
monia (carinii pneumonia). To prevent this, patients are administered drugs such
as Baktar®, Bactramin®, and Daiphen® for a while after the surgery.

3 months after surgery and onward

Although the frequency of infections gradually decreases, problems may still
occur from bacterial infections such as cholangitis and viral infections caused by
CMV, the Epstein-Barr virus, and others. In addition, transplant patients are more
susceptible to common infections generally caught by all children. After leav-
ing the hospital, patients and their families should be wary of pneumonia, otitis
media, urinary tract infections, and the common cold virus. In particular, cases



of chickenpox and measles can become severe. Therefore, contact with infected
people should be avoided, and a doctor should be consulted in that event.

9 Infections deserving special attention

(1) Chickenpox and herpes zoster

Chickenpox and herpes zoster are infections caused by the varicella-zoster
virus. The initial infection from this virus causes chickenpox. When someone
who has previously had chickenpox is in a poor condition or severely fatigued,
herpes zoster may appear.

When people who take drugs to suppress the immune system after a liver
transplant contract chickenpox, the symptoms are not limited to the skin, but
can manifest even on the internal organs. For example, if the transplanted liver
is infected or damaged, the infection can spread to other organs, such as the
brain or lungs. These situations can be life-threatening. To avoid contracting
chickenpox, transplant patients should avoid contact with infected people. If
contact occurs, preventive antiviral drugs may be necessary.

Prevention through vaccinations is also important (see below).

How are chickenpox and herpes zoster contracted?

In herpes zoster, the virus lives in the area of eruption, so that infection can be
caused by touching this area. The infected person will then experience chick-
enpox. People who have chickenpox can infect others from two days before the
eruptions appear. Infections can be caught through the air by being in the same
space, or by touching the eruptions. Herpes zoster can be passed on by touch-
ing the area of eruption. If a family member contracts herpes zoster, the eruption
should be covered and the area should not be touched. Infections may also be
caught through indirect contact, such as sharing bath water, using the same
towel, or sleeping together. Therefore, people with herpes zoster should try to
live separately as much as possible.

What to do after having contact with a person with chickenpox

If a liver transplant patient spends time around a person with chickenpox or
touches herpes zoster eruptions, antiviral drugs should be administered to pre-
vent chickenpox. If the drugs cannot be taken orally, they can be administered
by intravenous drip. Immunoglobulin preparations can also be used for preven-
tion. During chickenpox epidemics at daycare centers, kindergartens, primary
schools, or elsewhere, try to find out who is infected and when the infection
happened, before consulting a physician to determine whether antiviral drugs
should be administered.

How long does it take for symptoms to appear after having contact with
someone with chickenpox?

The disease may appear one to three weeks after the contact (latent period).
If immunoglobulin preparations are used, the disease could appear up to four
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patients underwent safe liver transplantation 5 months
later without hyperammonemia complications.

From 2008, we began to design a clinical hepato-
cyte transplantation program, which was launched
in 2011. We sincerely appreciate the cooperation
of the patients, donors, and families who donated
their liver tissue for this research. We will keep striv-
ing to establish more effective therapies.

Photo 12
Transplanting liver cells in OR

Shin Enosawa
Division of Advanced Medical Sciences
National Center for Child Health and Development

E The facts about liver cells (hepatocyte)
transplantation

@ Introduction

The aim of hepatocyte transplantation is to compensate for defects in the liver
function, which are often caused by inborn errors. The procedure is also hoped
to provide temporal support in acute liver failure until the patient’s own liver is
regenerated (Figure 1).

Hepatocyte transplantation is more advantageous than liver transplantation
as (1) it is less invasive, (2) it can be performed even on newborns, and (3) the

Inborn metabolic errors Acute liver failure

Crigler-Najjar syndrome type 1 Drug-induced
Familial hypercholesterolemia Viral
Factor VII deficiency Cause unknown

Infantile Refsum disease

Progressive familial cholestasis type 2 Acute exacerbation of chronic
Ornithine transcarbamylase deficiency
Argininosuccinate lyase deficiency

Carbamoyl phosphate synthetase | deficiency
Citrullinemia

A1 antitrypsin deficiency
Viral
Alcohol-induced

Figure 1. Indications for hepatocyte transplantation
Based on Hughes RD et al. Current status of hepatocyte transplantation. Transplantation. 2012;
93: 342-347
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liver cells can be frozen to be used at any time. However, it is problematic in that
(1) it is difficult to assess the effects of the treatment, and (2) there are few
sources of liver cells (hepatocytes).

Only a few medical facilities in Europe and the United States currently per-
form hepatocyte transplants. It is not yet a common form of medical care.
Hepatocyte transplantation has been successfully performed to treat inborn
diseases involving the ammonia metabolism (urea cycle disorders [UCD])
and to prevent fatal hyperammonemia before the patient could receive a liver
transplant.

At the NCCHD1, we perform hepatocyte transplantation for UCD, ornithine
transcarbamylase deficiency (OTCD), and carbamoyl phosphate synthetase
| deficiency (CPSD). The procedure can reduce the risk of hyperammonemia by
assisting the metabolism of ammonia until babies have grown enough (to a body
weight of approximately 6kg) to undergo a liver transplant. At present, hepato-
cyte transplantation itself is not sufficient to maintain the metabolic functions for
life, and the treatment serves as a “bridge to liver transplantation.”

9 Steps to hepatocyte transplantation

In this section, we explain the steps to hepatocyte transplantation at the
NCCHD (Figure 2). When UCD-related symptoms appear at the neonatal stage,
the baby is initially treated with a protein-free diet, medication, or hemo-dialysis.
Once a diagnosis of OTCD or CPS1D is made and the baby is a potential can-
didate for hepatocyte transplantation, he or she is immediately transferred to the
NCCHD. Conventional treatment is maintained, and continuous hemodiafiltration
is performed at the ICU if the condition becomes critical.

m National Center for Child Health and Development
( Transferred to the NCCHD ]

Medical therapy

Informed consent to hepatocyte transplantation

Hospital (Organ
Transplantation Center)
] assessment committee \

[ Schedule transplant ]

Hepatocyte transplantation

\_ transplantation )

Admitted to ICU
Continue medical therapy
Immunosuppressant therapy

Second or further hepatocyte transplantation

Figure 2. What happens in a liver cells transplant
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When hepatocyte transplantation is indicated and parents have given their
informed consent, the NCCHD Hepatocyte Transplantation Assessment Committee
deliberates on the case and, if suitable, gives its approval. It must be difficult for
families to make decisions within a short time. As medical staff, we do out best to
help parents understand the options they have and to make informed decisions.

9 About hepatocyte transplantation

(1) Cells for transplantation

In most overseas countries, liver cells can be isolated from the livers of brain
dead or cardiac dead donors. However, this practice is not legally allowed in Japan.

Therefore, we focus on the remnant liver tissue obtained from the graft reduction
procedures performed as part of living-donor liver transplantations. In some cases,
the lateral segment graft removed from the donor is too large for the recipient. The
liver is therefore reduced to an appropriate size, which means that a portion is
left over. If the donor agrees, liver cells from this excess portion are extracted in
a laboratory, and are then frozen for later use in hepatocyte transplants (Photo 1).

Remnant liver Reduced lateral Isolated
tissue segment graft liver cells

Photo 1
[solation of cells from remnant liver tissue

(2) Hepatocyte transplantation

1) Inserting the catheter

Hepatocyte transplantation is performed in the angiography room. The first
step involves the use of fluoroscopy to insert a catheter into the liver’'s portal vein
(Photo 2).

| Inserting the catheter into
the umbilical vein

Photo 2
Hepatocyte transplantation (catheter insertion)



The catheter is inserted into the portal vein through the umbilical or mesenteric
vein. The former is the vessel that carries nutrients from the mother’s placenta to
the fetus. As it is still open in the neonatal period, the catheter can be inserted into
the umbilical vein by making a skin incision above the umbilicus. The mesenteric
vein is used when the umbilical vein is not an option. The catheter is inserted
into the mesenteric vein by making an opening in the abdomen. Whichever vein
is selected, the wound is much smaller than that created by a liver transplant.

2) Injecting the liver cells (hepatocytes)

After thawing the liver cells (hepatocytes) at the laboratory, they are brought
to the angiography room. The liver cells (hepatocytes) are injected very carefully,
as they may obstruct the blood vessel during the injection. During the surgery,
ultrasound is used to observe the blood flow and to monitor the pressure in the
portal vein continuously (Photo 3). If the pressure rises or the blood flow weakens
in the recipient’s portal vein, the injection can be pursued safely by making short
breaks of a few minutes each. It takes roughly thirty minutes to inject about 10
ml of thawed liver cells (hepatocytes).

Liver cells (hepatocytes)

~ Heparin-saline solution
’J. -r

" Liver cells (hepatocytes)
for injection

Photo 3
Injecting the liver cells (hepatocytes)

3) After injecting the liver cells

After the injection is completed, the wound is closed and the catheter is fixed. As
the catheter can be a source of infection, it is removed after about a week.

Q After hepatocyte transplantation

Just as in organ transplants, the transplanted liver cells (hepatocytes) are
considered “someone else’s,” so immunosuppressant therapy is needed to pre-
vent rejection. In liver transplantation, rejection is diagnosed with markers such
as the AST, ALT, total bilirubin, and liver biopsy results. However, in hepatocyte
transplantation, there are no markers of rejection. For this reason, different institu-
tions administer immunosuppressant therapy differently. At the NCCHD, we use
almost the same immunosuppressant protocol as for regular liver transplantation.
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There are no definitive markers of how well the transplanted liver cells are
functioning. In urea cycle disorders such as OTCD and CPS1D, their function is
sometimes evaluated by whether the urea nitrogen levels increase. However, there
are no established markers to assess the effect of the treatment. For this reason,
patients need to stay on drug therapy even after hepatocyte transplantation.

6 Repeating hepatocyte transplantation

As a single injection of liver cells (hepatocytes)
is not sufficient to have an effect, multiple injections
are needed. If the recipient’s condition is stable,
further hepatocyte transplants are performed the
week before the catheter is removed. If the patient’s
blood pressure, portal vein pressure, and portal
vein blood flow can be monitored from his or her
bedside, the second and subsequent hepatocyte
transplants can be performed there (Photo 4).

Photo 4

Performing a hepatocyte trans-
plant in the ICU

@ From hepatocyte transplantation to liver transplantation

After leaving the hospital, patients receive outpatient care from the departments
of endocrinology and metabolism and of transplant surgery. Once a child reaches
the weight at which a liver transplant can be performed relatively safely (i.e., at least
6 kg), a living-donor liver transplant can be scheduled. After the liver transplant,
the patient is weaned off the drug therapy, and regular transplant care is provided.

6 Complications and problems

(1) Portal vein thrombosis

If a blood vessel becomes obstructed by the transplanted cells, it can cut off
the blood flow to the liver. To prevent this, the catheter used to inject the liver cells
(hepatocytes) is inserted toward the left side of the liver. If a thrombus forms, the
blood flow will be maintained in the right side to avoid a life-threatening situation.

(2) Infection

The catheter is left in place for subsequent hepatocyte transplants. However,
this creates a risk of infections. If an infection is suspected, the catheter must be
removed.

The wound created during the hepatocyte transplant surgery may also
become infected.

Moreover, the liver cells (hepatocytes) used in the transplant may also cause an
infection. These cells are extracted by experienced researchers and physicians



in a special sterile room, and are subjected to bacterial tests before the trans-
plant. However, there is always the risk that unknown bacteria undetected by
these tests may cause an infection.

(3) Transplanted cells (hepatocytes) not working well

If too few liver cells (hepatocytes) are transplanted, or if the cells function
poorly, the recipient will not metabolize enough ammonia, which could lead
to severe hyperammonemia. One problem is that it is difficult to evaluate the
functions of the liver cells (hepatocytes) after a transplant, making the risk of
hyperammonemia unpredictable.

@ Conclusion

Hepatocyte transplantation is much less invasive than a liver (organ) transplant.
However, evaluating the therapeutic effect of this type of transplant is dif-
ficult, and immunosuppressant therapy methods have yet to be established.
Nevertheless, hepatocyte transplantation is believed to be efficient in reducing
both the frequency and severity of hyperammonemia. In Japan, liver cells can
only be obtained from the excess livers from living-donor transplants. However,
it is hoped that the developments in regenerative medicine will provide a larger
source of these cells. We expect that further research in this field will allow us to
save even more lives with hepatocyte transplantation.

Seisuke Sakamoto, Mureo Kasahara
Organ Transplantation Center
National Center for Child Health and Development
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given high-calorie intravenous drips. These intravenous drips are highly concen-
trated, and strongly stimulate the fine blood vessels in the hands and feet. For
this reason, they are usually administered to thick vessels with a high blood flow.
Children undergoing central venous hyperalimentation for short bowel syndrome
or intestinal dysfunction need to have a catheter (an intravenous drip tube)
inserted in the neck, clavicle, or femor.

However, having a foreign body such as a catheter inside the body invariably
increases the risk of infection. Once an infection occurs, the highly nutritious
intravenous fluid helps the bacteria to proliferate, distributing them around the
body through the bloodstream. If a person remains on central venous hyperali-
mentation for a long time, the catheter site will need to be changed several times.
Eventually, there will be nowhere left to place it. In addition, the receipt of nutri-
ents through intravenous drips for long periods can cause liver cirrhosis. When
several of these conditions overlap, the continuation of high-calorie intravenous
drips can be problematic. When such a situation puts the life of a child at risk,
intestinal transplantation becomes an option.

(3) Difficulties with intestinal transplantation

Intestinal transplantation can be a very helpful therapy for children with short
bowel syndrome or intestinal dysfunction who continuously have problems with
high-calorie intravenous drips. However, it is not a common or widely performed
procedure as yet. This is partly due to the fact that there tend to be stronger
iImmune responses to intestinal transplants than to other organ transplants,
which makes the post-transplantation management incredibly difficult.

The small intestine has an extremely strong immune response. If the body
of the child receiving the transplant decides that the donor’s small intestine is
not one of its friends, it produces a natural immune response called “rejection”.
Rejection can damage the mucous membrane of the small intestine. To pro-
tect the transplanted small intestine, the child’s immune system needs to be
suppressed with immunosuppressant drugs.

However, problems with the intestinal bacteria also need to be considered.
Normally, a large number of bacteria, called enterobacteria, live in the small
intestine. Of course, a donor’s small intestine is also filled with bacteria. If rejec-
tion after the surgery causes the mucous membrane to shed, the enterobacteria
can enter the rest of the body through the blood, causing all kinds of problems.
To protect children from these enterobacteria, we need to increase their ability to
fight bacteria (immunity).

Therefore, the need to suppress a child’s immunity must be balanced with the
need to strengthen it, which is why therapy after an intestinal transplant is con-
sidered to be incredibly difficult. At our institution, we have conducted a great
deal of research on this issue.

Although this is not an easy treatment modality, advances have been made
in immunosuppressant therapy, and the situation has gradually improved.
According to a 2015 report, as of February 2013, 82 facilities worldwide had per-
formed a total of 2,887 intestinal transplantations (source: Intestinal Transplant
Registry, http://www.intestinaltransplant.org/).
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