	TYROSINEMIA


What is tyrosinemia type 1?

Tyrosinemia type 1 is a rare metabolic disorder that causes severe liver disease, usually before an infant is six months old.  If tyrosinemia type 1 is unrecognized and untreated, most infants will die from liver failure.  A more chronic form of the disorder may lead to liver disease, kidney problems, rickets, growth failure, and neurologic crises.  Among untreated patients who do not die from their symptoms in early childhood, the disorder eventually leads to liver failure or liver tumors and death, usually before 10 years of age.

Tyrosinemia is a genetic disorder.  In the general population of the United States and Europe, the incidence is estimated to be 1 in 100,000 to 120,000 live births.  The incidence of tyrosinemia is significantly higher in the province of Quebec, Canada, and in Norway and Finland.  

Tyrosinemia is a deficiency of the enzyme fumarylacetoacetic hydrolase (FAH); individuals with tyrosinemia have little or no FAH.  FAH is used in the breakdown of tyrosine.  (Tyrosine is one of 20 amino acids.  Amino acids make up protein that is found in our bodies and in the foods we eat.  Protein is broken down into amino acids, including tyrosine, and phenylalanine, which is converted to tyrosine.)  Deficiency of FAH leads to the build-up of fumarylacetoacetate and succinylacetone.  It is believed that succinylacetone is responsible for liver damage.  Succinylacetone also interferes with another enzyme; this leads to neurologic symptoms.

Treatment of Tyrosinemia type 1

There are three strategies for treatment of tyrosinemia type 1

1. Dietary treatment

2. Medication

3. Liver transplantation

Dietary Treatment 

A special formula is prescribed for individuals with tyrosinemia type 1.  These formulas do not contain the amino acids phenylalanine and tyrosine.  Foods with limited amounts of phenylalanine and tyrosine are provided.  By itself, dietary treatment is not very effective in preventing the liver, kidney, and neurologic problems associated with tyrosinemia.

Medication
Nitisinone is a medication that blocks the formation of fumarylacetoacetate and succinylacetone.  Studies of the medication in the United States and in Europe have had good results.  (The brand name for nitisinone is Orfadin®.  It was previously known as NTBC.)
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The figure above depicts the breakdown of protein to tyrosine.  People with tyrosinemia do not have the enzyme FAH, so cannot convert fumarylacetoacetic acid into fumaric acid.  Instead, fumarylacetoacetic acid is converted to succinylacetoacetate and then to succinylacetone.

The figure also shows how medication is effective.  Nitisinone (NTBC, Orfadin® interferes with the production of succinylacetate by stopping the conversion of p-OH-phenylpyruvic acid to homogentisic acid.  In order to prevent high tyrosine levels, dietary intake of tyrosine must also be restricted.
Liver Transplantation

Some infants and children with tyrosinemia receive liver transplants.  Individuals need medications to prevent rejection of the new liver for the rest of their lives.

The current strategy for treating tyrosinemia is now based on two components: 

· the use of nitisinone to prevent the formation of succinylacetone 

· the use of a diet low in tyrosine and phenylalanine to minimize the amount of tyrosine that needs to be metabolized

With this combination of medication and diet, children with tyrosinemia type 1 grow at appropriate rates, avoid kidney problems and liver cirrhosis, and have improved liver function.

Dietary Management

The goal of dietary management of tyrosinemia is to provide a nutritionally complete diet with controlled intakes of phenylalanine and tyrosine.  A special formula that has little to no phenylalanine or tyrosine is necessary.  

Because every child has a different “tolerance” of tyrosine and phenylalanine, dietary management is individualized.  Physicians and nutritionists work with each family to develop a formula and food pattern that maintains plasma tyrosine levels below 500 µmol/L and plasma phenylalanine levels in the normal range (30-80 µmol/L).  

Because the amount of phenylalanine and tyrosine that an individual needs changes with growth and during times of illness, monitoring by professionals who have experience with the dietary management of tyrosinemia is necessary.

Initiation of Treatment and Monitoring

A low-phenylalanine, low-tyrosine diet should be started immediately upon diagnosis.  A low-tyrosine, low-phenylalanine formula (e.g., Tyros 1( or Tyrex-1() is prescribed.  The preparation of the formula also includes carefully measured amounts of a standard infant formula (e.g., Enfamil( or Similac().  Nitisinone therapy is also started at the time of diagnosis.  

Goals of dietary management for infants and children are to:

· Support an appropriate rate of growth

· Support normal intellectual development

· Maintain optimal nutritional status

· Provide adequate nourishment

· Prevent neurological crisis

· Prevent liver and renal function problems

· Prevent formation of tyrosine crystals in the eyes (this occurs with elevated plasma tyrosine levels)

Adequacy of therapy is monitored by frequent measurement of:

· Plasma phenylalanine and tyrosine

· Plasma or urine concentrations of succinylacetone

· All plasma amino acids (to assure the adequacy of intake and to prevent deficiencies)

· Albumin, prealbumin, hematocrit, and hemoglobin (as measures of the overall adequacy of the diet)

· Liver function studies

To support typical growth for children with tyrosinemia, intakes of energy (calories), protein, carbohydrate, fat, vitamins, and minerals are carefully monitored. 

Meeting Nutrient Requirements

For infants and young children with tyrosinemia, nutrient requirements are met using a combination of metabolic formula, breastmilk or infant formula, and/or natural foods.  

The initial diet for treatment of tyrosinemia is based on the age, weight, and general health status of the infant.  It is essential to initiate treatment (i.e., eliminate tyrosine and phenylalanine and provide adequate energy and total protein) as soon as the diagnosis is established.  Blood levels of phenylalanine and tyrosine must be carefully monitored.  

As the infant matures, small amounts of solid foods are introduced.  The formula mixture should continue to contribute 75-80% of the child’s total nutrient intake.  Throughout childhood the diet must be monitored carefully and adjusted regularly based on plasma phenylalanine and tyrosine levels, growth, weight gain, and recorded intakes of phenylalanine, tyrosine, protein, and energy from foods.

Monitoring

Regular monitoring is necessary to ensure that an individual’s medication dose, formula prescription, and food pattern are appropriate.  Monitoring (alpha-fetoprotein, CBC, and chemistries, along with urine succinylacetone) is done monthly during the first 6 months of treatment, and then every 3 months after 6 months of treatment.  Liver function texts and abdominal CTs are performed annually.  Other tests (e.g., renal ultrasound, skeletal x-rays) are performed if indicated by lab work or clinical symptoms.

Management During Illness

During illness it is important to minimize tissue breakdown. This can be accomplished by encouraging a continuous intake of the specialized metabolic formula during these times. It is important to avoid dehydration. With severe illness, it may be necessary to introduce an intravenous line for fluids or a nasogastric line for formula intake.
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