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ABSTRACT

Background: Hereditary tyrosinemia type 1 (HT1) is a rare
autosomal recessiveinborn error of metabolism caused by deficiency
of fumarylacetoacetate hydrolase enzyme. This disease manifests
with severe liver and kidney impairment and is associated with an
increased risk of liver cancer. The aim of this study was to evaluate
clinical, laboratory, imaging, and histopathologic characteristics in
the children with HT'1 who had referred for liver transplantation.

Methods: The present retrospective study was conducted on
45 children with HT'1 who had referred to Organ Transplantation
Center affiliated to Shiraz University of Medical Sciences between
March 2005 and March 2010.

Results: There were 64.4% boys and 35.6% girls with mean age
of 3.75%£1.28 year (ranges from 2 months to 13 years). The most
first clinical presentation was hepatic (80%) and the most prevalent
physical findings were hepatomegaly (57.8%), splenomegaly (51.1%),
ascites (42.2%), and jaundice (37.9%). The most relevant laboratory
parameters were the high serum succinylacetone, alpha-fetoprotein,
and tyrosine levels. The most common findings in the patient’s
abdominal ultrasonography were multiple hepatic nodules (75.6%)
and inhomogeneous parenchymal echogenicity of liver (48.9%), while
hyper and hypo attenuated nodules (60%) and non-homogeneous
pattern of liver parenchyma (53.3%) were the most prevalent findings
in abdominal computed tomography scan. In the histopathology of
the liver, the most important finding was cirrhosis in all the patients.
In this study, 14 patients (31.1%) received Nitisinone (2-(2-nitro-
4-trifluoromethylbenzoyl)-1,3-cyklohexanedione; NTBC).

Conclusions: This study described clinical and laboratory
findings in the children with HT1 who had referred for liver
transplantation because of end-stage liver disease from all over
country, which indicates delay in diagnosis and treatment of this
disease. Considering the results of this study, newborn screening
for this disease is highly suggested.

Keywords: Liver transplantation, newborn screening, succinylacetone,
tyrosinemia
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INTRODUCTION

Hereditary tyrosinemia type 1 (HT1) is an
autosomal recessive inborn error of metabolism
caused by deficiency of fumarylacetoacetate
hydrolase (FAH). The FAH enzyme is
expressed mainly in the liver (90%) and the
kidney (10%).I) The prevalence of HTI1 is low
throughout the world and is estimated to be no
greater than 1 in 100,000 live births with several
exceptions. However, the prevalence of the
disease is high in some regions of Finland and
Quebec (1:63,000 and 1:2,000, respectively) due
to founder allele effect.””’ The marked elevation of
plasma tyrosine and increased urinary excretion
of succinylacetone (SA), maleylacetoacetate, and
fumarylacetoacetate cause liver impairment and
renal-tubular dysfunction.®! SA is a potent inhibitor
of the d-aminolevulinic acid dehydratase step in
porphyrin synthesis, causing the porphyria-like
neurological crises.

HT1 has various clinical manifestations and
the affected individual can present at any age
from the neonatal period to adulthood. There is
a considerable variability of presentation even
between the members of the same family.>¢ The
reason of milder phenotype is probably self-induced
correction of the fumarylacetoacetase defect in
hepatocytes.”!!! Clinically, HT1 may be classified
based on the age at the onset of the symptoms,
which broadly correlates with disease severity: An
acute form manifests before the age of 6 months with
acute liver failure; a subacute form presents between
6 months and 1 year of age with liver disease, failure
to thrive, coagulopathy, hepatosplenomegaly,
rickets, and hypotonia; and a chronic form presents
after the first year of life with chronic liver disease,
renal disease, rickets, cardiomyopathy and/or
porphyria-like syndrome. 213!

Increased wurinary excretion of SA and
d-aminolevulinicacid together with elevated plasma
tyrosine level are pathognomonic of HT1.[16:17

Historically, HT1 was treated with a tyrosine
and phenylalanine restricted diet, with or without
liver transplantation. In 1992, a new drug
Orfadin®, 2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-
cyklohexanedione (NTBC, Nitisinone), which is
a potent inhibitor of 4-hydroxyphenylpyruvate
dioxygenase was introduced; it has revolutionized
the treatment of HT1 and is now the mainstay of
therapy. (1820
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The aim of this study is to present a detailed
clinical and laboratory features of 45 Iranian
children with HT1 who had referred for liver
transplantation.

METHODS

The medical records of all the children less
than 14 year who had been diagnosed and treated
as HT1 and referred to Organ Transplantation
Center of Nemazee Hospital affiliated to
Shiraz University of Medical Sciences between
March 2005 and March 2010 were reviewed,
retrospectively. The diagnosis was established
according to the clinical manifestations, high
serum alpha-fetoprotein (AFP) levels, and positive
serum SA.

Overall, 45 children and adolescents with
diagnosis of HT1 were enrolled in to the present
study.

The clinical signs and symptoms of the patients
at the times of presentation and referral to this
center were retrieved from their medical files.
Furthermore, the paraclinical tests, including
serum levels of alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase (AP),
total and direct bilirubin, plasma proteins, serum
calcium and phosphor, AFP, serum tyrosine level,
and serum SA were extracted from their medical
files. Tyrosine in plasma was analyzed by ion
exchange chromatography on automatic amino
acids analyzer 400 (Ingo’s, Czech Republic) with
ninhydrin detection at 440 nm and at 570 nm for
the amino acids with secondary amino group.
Amino acids were identified by the retention time.
Moreover, AFP concentration was measured
by a UniCel DxI 800 Access immunoanalyzer
(Beckman Coulter, Inc., Fullerton, CA). Besides,
the results of abdominal ultrasonography and
computed tomography scan, electrocardiograms
and echocardiographic findings, and
histopathologic examinations of the liver biopsies
that were carried out as a part of pre-transplant
evaluations were reviewed in all patients.

RESULTS

Among the 45 patients, 29 were male (64.4%)
and 16 (35.6%) were female. The mean age of the
patients was 17.8 £ 10.3 months (range, 1 month
to 10 years) at the first clinical presentation and
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3.75 £ 1.28 years (range, 2 months to 13 years)
at the time of diagnosis. The first presentations
of the disease were hepatic disorders in 36
children (80%), rickets in 4 (8.9%), neurologic
in 3 (6.7%), and renal in 2 patients (4.4%).
The most common clinical presentations were
jaundice (n=17; 37.9%), vomiting (n = 12; 26.7%),
irritability (n = 8; 17.8%), anorexia (n = 8; 17.8%),
polyuria (n=8;17.8%), weakness (n=7;15.6%), and
convulsion (n=4;8.9%). Otherclinical presentations
are shown in Table 1. The patients’ families had no
history of the disease. The physical examination
of the patients at the time of referral to this center
revealed hepatomegaly in 26 patients (57.8%),
splenomegaly in 23 (51.1%), ascites in 19 (42.2%),
and jaundice in 17 patients (37.8%) [Table 2].

The laboratory findings are listed in Table 3.
The most common paraclinical findings were
positive serum SA and high serum AFP levels,
which were seen in all the patients. Coagulopathy
with international normalization ratio more

Table 1: The clinical symptoms at the time of presentation
in 45 children with hereditary tyrosinemia type 1 who

referred for liver transplantation
I O B

Symptom Frequency Percent
Vomiting 12 26.7
Polyuria 8 17.8
Anorexia 8 17.8
Irritability 8 17.8
Weakness 7 15.6
Convulsion 4 8.9
Leg pain 3 6.7
Paralysis 2 44
Bruxism 1 2.2

Table 2: The clinical findings at the time of referral in
45 children with hereditary tyrosinemia type 1 who referred
for liver transplantation

Finding Frequency Percent
Hepatomegaly 26 57.8
Splenomegaly 23 51.1
Ascites 19 42.2
Jaundice 17 37.9
Palmar erythema 12 26.7
Spider angioma 5 1.1
Clubbing 3 6.7
Edema 2 4.4
Anasarca 1 2.2

than 2 was seen in 31 patients (68.9%). Seventeen
patients (37.8%) had evidences of rickets with low
serum phosphor and high AP, which in 4 of them
rickets were the first presentation. The mean blood
urea nitrogen and serum creatinine levels were
11.2+5.1mg/dL,and0.5+0.2 mg/dL, respectively.
Furthermore, the mean values for serum sodium,
potassium, chloride, calcium, phosphor, and uric
acid were 138.3 £ 13.5 mEq/L, 4 £ 0.6 mEq/L,
120£10.7mEq/L,9.1+£0.9mg/dL,4+1.1 mg/dL,
and 3 + 1 mg/dL, respectively. The mean serum pH
was 7.28 £ 0.59 and the mean serum bicarbonate

Table 3: The laboratory data in 45 children with hereditary

tyrosinemia type 1 who referred for liver transplantation
e Y Y

Parameter Minimum Maximum Mean+SD
Tyrosine 2 580 58.25432.5
level (mg/dL)

Alpha-feto 11 3532 496.9+£590
protein (ng/dL)

White blood 1400 15000 8037+3387
cell (/mm?)

Hemoglobin (g/dL) 4 14.2 10.842.1
Platelet (/mm?) 35000 351000 149222483805
Blood urea 2 27 11.2+5.1
nitrogen (mg/dL)

Creatinine (mg/dL) 0.3 1.1 0.5+£0.2
Sodium (mEgq/L) 130 146 138.3£13.5
Potassium (mEq/L) 2.6 5.7 4+0.6
Chloride (mEq/L) 104 146 120+10.7
Calcium (mg/dL) 6.5 11.2 9.1£0.9
Phosphor (mg/dL) 1.7 6.1 4+1.1
Uric acid (mg/dL) 2 52 3+1
Total protein (g/dL) 4.3 9 6.8+1.1
Albumin (g/dL) 2.6 5.1 4+0.6
AST (IU/L) 21 745 114.9+121.6
ALT (IU/L) 12 598 71.6+95.3
Alkaline 263 7505 1605+1490
phosphatase (IU/L)

Total bilirubin 0.38 16 2.443
(mg/dL)

Direct bilirubin 0.1 7.5 0.9£1.3
(mg/dL)

Prothrombin 12 58 17.5+£7.8
time (s)

INR 1 6.4 1.7+1.1
Serum pH 7.19 7.50 7.28+0.59
Bicarbonate 11.1 29 17.6+3.4
(mEq/L)

e Y Y
AST=Aspartate aminotransferase, ALT=Alanine

aminotransferase, INR=International normalization ratio
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level was 17.6 + 3.4 mEq/L. Eight (17.8%) patients
had evidence of renal tubular acidosis, which was
the first presentation in two patients. Furthermore,
evaluation of electrocardiograms in the 45 children
with HT1 showed high voltage QRS in one child and
T-inversion in another one. The echocardiographic
findings included small atrial septal defect in two
patients, large ventricular septal defect, mild septal
hypertrophy, and small patent foramen ovale, each
in one patient.

Abdominal ultrasonography of the patients
showed hepatic nodules in 34 patients (75.6%),
inhomogeneous hepatic parenchyma in 22 (48.9%),
nephromegaly in 16 (35.6%), nephrocalcinosis
in 3 (6.7%), and increased echogenicity of renal
cortical parenchyma in 3 patients (6.7%). The
most common findings on abdominal computed
tomography scan were hyper and hypo attenuated
nodules in 27 patients (60%), non-homogenous
hepatic pattern in 24 (53.3%), and enlarged kidneys
in 10 patients (22.2%). The histopathological
findings of the liver biopsies were in favor of
cirrhosis in all cases. Fourteen patients (31.1%)
received Nitisinone (NTBC).

DISCUSSION

Hepatorenal tyrosinemia is characterized
by early presentation with liver and kidney
involvement,?!?2 and neuropathic crisis’?®! in the
absolute majority of patients. The mean age of our
patients at the time of diagnosis was 3.7 year, which
can be due to the fact that this metabolic disease is
not investigated as a part of newborn screening in
our country and most of the patients are diagnosed
at the late stages of the disease. Paradis ef al. also
evaluated 16 children (7 boys and 9 girls) with
HT1 with mean age of 4.3 year for possible liver
transplantation, which in line with our results.?%
The current study was conducted on 29 boys and
16 girls with HT1. The disease has an autosomal
recessive trait, so this result can be supposed as a
random data.

The first presentations of the disease in our
patients were hepatic in 80% followed by rickets
in 8.9%, neurologic in 6.7%, and renal disorders
in 4.4% of cases. In the study by El-Karaksy et al.
on 22 children with HT1, 72.7% of the patients
presented with hepatic manifestations and 22.7%
with rickets.[! El-Karaksy et al. reported clinical
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rickets in 63.6% of the patients; however, in our
series 37.8% of the patients had rickets. Santra
et al. evaluated 21 children with HT1 in the early
stages of the disease with mean age at the time
of starting treatment of 17 weeks. Out of these
21 patients, 9 (43%) cases presented with acute
liver failure, 7 (33%) patients with chronic liver
failure, and 5 (24%) cases diagnosed by screening
test pre-symptomatically. In Santra et al. study all
patients had evidences of renal tubular dysfunction
and 4 (19%) of them had rickets that improved
with Nitisinone treatment. Only one patient
had nephrocalcinosis that not improved with
treatment. ¢!

The most common clinical features of
the patients with HT1 were failure to thrive,
irritability, lethargy, fever, vomiting, diarrhea,
abdominal distension, hepatomegaly, edema, and
coagulopathy.?’”? In the present study, the most
common clinical manifestations were jaundice,
vomiting, irritability, weakness, and convulsion.
Besides, hepatomegaly and splenomegaly were
observed in 57.8% and 51.1% of the patients,
respectively. Other signs were ascites in 42.2% and
jaundice in 37.8% of the patients. In El-Karaksy
study, hepatosplenomegaly was seen in 95.5%,
jaundice in 36.4%, edema in 9.1%, and ascites in
4.5% of the patients.®

Renalrickets associated with hypophosphatemia
and hyperphosphaturia is another important feature
of HT1 that is due to reduced tubular reabsorption
of phosphorus. Other signs of renal dysfunction
are proteinuria, hyper aminoaciduria, and
glucosuria.?” In the present study, eight (17.8%)
patients had evidence of renal tubular acidosis,
which is in contrast to 100% in the study by Santra
et al .1

In the acute stages, the patients show
hypoproteinemia, hyperbilirubinemia, deterioration
of liver function, and occasionally, polyneuropathic
pain. Leukopenia and thrombocytopenia are usually
present in the chronic phases. Serum transaminases
are increased, particularly in the acute hepatic
episodes, and serum AFP level is raised both in
the acute and chronic stages, especially, with the
development of hepatocellular carcinoma.?” All
the patients in the present study had elevated
AFP as reported by El-Karaksy ez al.*! In a study
on 11 Czech patients with HT1, the biochemical
investigation revealed elevated liver enzymes and
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AFP and hypophosphatemic rickets in all cases.
In addition, the metabolic investigation showed
increased plasma tyrosine level, and urinary
excretion of SA.1?8

Regarding findings of ultrasonography and
computed tomography scan of the abdomen,
hepatic nodules were seen in 75.6% and
non-homogenous hepatic parenchyma in 48.9%
of our patients. Paradis e al. reported non-
homogenous hepatic parenchyma in 75% of the
patients, hepatomegaly in 63%, hepatic nodules in
63%, and small liver in 18.7% of the patients.!**!
On the other hand, El-Karaksy ez al. reported 95%
hepatomegaly, 72.7% non-homogenous hepatic
parenchyma, and 45% focal lesions in liver.[*”!
Regarding kidney imaging, nephromegaly was seen
in 35.6%, nephrocalcinosis in 6.7%, and increased
echogenicity of the renal cortical parenchyma in
6.7% of the patients in our study, which comparable
with 36.4% nephromegaly in El-Karaksy series,
but they reported increased echogenicity of the
renal cortical parenchyma in 54.5% of the patients,
which was higher than ours.??”

In this study, liver biopsy for all the patients
showed liver cirrhosis, which can be acceptable
because all the patients were candidate for liver
transplantation.

The plasma tyrosine level has less diagnostic
accuracy than the elevated concentration of SA
in the serum or urine.”?” In neonatal screening,
by measuring the blood tyrosine level, only a
minority of patients with HT1 are identified.
Thus, a more reliable way to identify these
patients would be measuring fumarylacetoacetase
using ELISA® or determining SA using ultra
performance liquid chromatography-tandem
mass spectrometry UPLC-MS/MS in dried
blood spots from newborns.?” If measuring SA
and/or fumarylacetoacetase becomes a part of the
newborn screening program, it might lead to an
improved prognosis of the patients with HT'1.

Although, the prognosis is improved
dramatically under combined dietary and
pharmacological treatment with Nitisinone, the
patients are at risk of liver cancer with the necessity
of liver transplantation.*'*? In the present study,
less than one-third of patients were treated with
Nitisinone and the response to Nitisinone treatment
was apparent by a steep drop in serum AFP and
undetectable SA in urine within 2 months. !

This study has one important limitation because
all the patients were referred for liver transplantation
due to cirrhosis, so we evaluated the cases at the end
stages of the disease.

The only possibility for decreasing the risk of
complications in the patients with HT1 is early
diagnosis in the extended newborn screening of
hereditary metabolic diseases. HT1 diagnosis was
possible only at the biochemical level without
the possibility of genetic counseling and prenatal
diagnosis until 2008.3% At present, however, the
molecular-genetic analysis is available.

CONCLUSIONS

We concluded that there is a delay in diagnosis
and treatment of HT'1 in our patients, so the newborn
screening for this disease is highly suggested. It is
hoped that by metabolic and molecular-genetic
screening of the disease in newborns, HT1 be
detected in the early stages and therefore, quality
of life of these patients be improved with available
treatments like Nitisinone.
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