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Abstract
Hereditary tyrosinemia type 1 (HT-1) is a metabolic 
disorder caused by a defect in tyrosine degradation. 
Without treatment, symptoms of hepatomegaly, renal 
tubular dysfunction, growth failure, neurologic crises 
resembling porphyrias, rickets and possible hepatocellular 
carcinoma can develop. The use of 2-(2-nitro-4-trifluoro
methylbenzoyl)-1,3-cyclohexanedione and early diagnosis 
through newborn screening initiatives have resulted in a 
sharp decline in morbidity and mortality associated with 
this disease. We present a case report of a 7-year-old 
patient with HT-1 who was born prior to the addition of 
tyrosinemia to the newborn screening in her birth area. 
At her time of diagnosis, the patient had developed many 
of the symptoms associated with her disease, including 
chronic kidney disease, rickets, and myopathy that left 
her non-ambulatory. During her initial evaluation, she 
was also noted to have hepatocellular carcinoma. With 
cadaveric liver transplantation and nutritional support, 
her symptoms all either resolved or stabilized. Her case 
illustrates the severity of the disease if left untreated, the 
need for vigilance in populations who do not routinely 
receive newborn screens, and the markedly improved 
outcomes in patients following transplant.
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Core tip: Hereditary tyrosinemia type 1 is a metabolic 
defect resulting in several disease manifestations in
cluding life threatening hepatorenal disease, neurologic 
disease, and rickets. Although neonatal screening for 
this disorder has allowed early identification and medical 
treatment with nitisinone, the need for recognition of 
this disorder in older individuals remains since aggressive 
intervention, including medical treatment and possible 
liver transplantation, may be lifesaving and have 
profound effects on morbidity and mortality.
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INTRODUCTION
Hereditary tyrosinemia type 1 (HT-1) is a metabolic 
disorder caused by a defect in tyrosine degradation due 
to a deficiency of fumarylacetoacetate hydrolase (FAH). 
In 1956, Baber provided one of the earliest descriptions 
of the disorder in her report of a 9 mo old child with 
cirrhosis, renal tubular dysfunction, and rickets[1]. As a 
result of advancements in amino acid analysis, a number 
of reports followed over the next decade in which infants 
with similar findings were noted to have elevations of 
plasma tyrosine and aminoaciduria[2-4]. In 1977, Lindblad 
was able to identify decreased activity of FAH as the 
enzyme defect responsible for the disorder[5]. 

The major disease manifestations of HT-1 are now 
well-defined and include hepatic dysfunction, renal tubular 
dysfunction, and peripheral nerve injury. The mechanism 
is most likely a result of increases in toxic metabolites, 
including fumarylacetoacetate, maleylacetoacetate, and 
succinoacetylacetate. Most affected children present in 
infancy with an acute form of the disease associated with 
failure to thrive, severe liver dysfunction, and death in 
infancy if untreated. A chronic form may also occur with 
hepatomegaly, renal tubular dysfunction, growth failure, 
neurologic crises resembling porphyrias, and rickets. 
Hepatocellular carcinoma appears to be a common 
finding in both forms of untreated disease and may be 
noted in up to 37% of children that survive beyond 2 
years of age. The incidence of this tumor increases with 
age and is reported to be the cause of death in over 50% 
of untreated individuals[6].

We report our recent experience in a 7-year-old 
female who underwent liver transplantation for advanced 
hepatocellular carcinoma in association with a delayed 
diagnosis of HT-1.

CASE REPORT
A 7-year-old Hispanic female with an uneventful birth 
history presented to our referral institution for workup 

and management of balance and gait disturbance and 
an inability to walk that was first noted at 3 ½ years of 
age. She was noted to have increasing “clumsiness” in 
the months leading to her inability to walk. She was also 
noted to have chronic renal disease and liver disease with 
hepatomegaly and enlarged kidneys in the first 4 years 
of life. Her inability to walk was previously attributed to 
severe pain throughout her body. 

At 6 years of age, she developed bilateral lower 
extremity fractures and an upper extremity fracture while 
attempting to stand. She was noted to have bowing of 
her lower extremities and elevated alkaline phosphatase 
and was subsequently diagnosed with rickets that was 
believed to be the result of chronic kidney disease. 
Shortly thereafter, she was referred to a local medical 
center where she underwent liver biopsy, kidney biopsy, 
and muscle biopsy. Her liver biopsy revealed cirrhosis 
with minimal chronic inflammation and her kidney biopsy 
revealed nonspecific glomerular and tubular changes with 
some parenchymal fibrosis. Her muscle biopsies revealed 
severe myopathic changes with myofiber atrophy. She 
was noted to have mitochondrial DNA quantification 
on her muscle biopsy which was reduced and less than 
29% of controls. She was subsequently diagnosed with 
mitochondrial depletion syndrome.

When her weakness and strength worsened further, 
she was referred to our institution’s mitochondrial clinic 
where she underwent additional workup. Extensive 
metabolic evaluation revealed an elevated succinylacetone 
which led to a diagnosis of HT-1. Analysis of the FAH 
gene revealed a homozygous splice mutation known 
to be associated with HT-1. She ultimately underwent 
treatment with dietary modification and 2-(2-nitro-4-
trifluoromethylbenzoyl)-1,3-cyclohexanedione (NTBC), 
but she was immediately referred for cadaveric liver 
transplantation after further workup revealed imaging 
findings consistent with hepatocellular carcinoma. Following 
this initial pre-transplant treatment, her condition im
proved substantially with significant improvement in her 
amino acid profile, improvement in her mental status, 
and reduction in her alpha-fetoprotein from 2320 ng/mL 
to 1585 ng/mL. Despite this metabolic improvement, 
she required liver transplantation as a result of her 
hepatocellular carcinoma. Since this lesion was felt to be 
adjacent to major blood vessels and liver transplantation 
was not ideal without improved nutrition and rehabilitation, 
she underwent transarterial chemoembolization for a 
1.5 cm × 1.6 cm lesion in her liver (Figure 1) after which 
time she had further reduction in her alpha-fetoprotein 
to 511 ng/mL. After continued improvement in nutrition 
and physical conditioning, she ultimately underwent 
liver transplantation 4 mo after her diagnosis was made. 
Explant of her liver revealed a yellow-orange and nodular 
liver, and histology revealed cirrhosis and multinodular 
well-differentiated hepatocellular carcinoma with bile duct 
proliferation felt to be consistent with tyrosinemia (Figure 2). 

Her immediate postoperative course was unremarkable 
and, following transplant, she had further improvements in 
her cognitive function, nutrition, and physical conditioning. 
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Within 6 mo, she was ambulating without assistance and 
attending regular school without difficulty. Her rickets 
had also improved and resolved with her bone mineral 
density Z-score in her hip improving from -4.1 prior to 
transplant to -1.1 fifteen months following transplant. Her 
renal function improved with her estimated GFR before 
and 6 mo after transplant noted to be 75 and 121 
mL/min per 1.73 m2 respectively. She had no recurrence 
of tumor on follow-up imaging obtained 2 years following 
her transplantation, and her alpha-fetoprotein was normal 
during this time. 

DISCUSSION
While HT-1 can result in a variety of multisystem and 
life-threatening complications, including hepatic and 
renal disease, recent approaches to management over 
the past few decades have resulted in a sharp decline 
in morbidity and mortality associated with this disease. 
Since Lindstedt first published his experience using NTBC 
in 5 patients with HT-1 in 1992, its incorporation into the 
standard treatment for HT-1 has resulted in improved 
effects on the long term outcome of individuals with this 
disease with improved metabolic control[7]. In addition, 
newborn screening for HT-1 is a common practice in 
most Western countries allowing early identification and 
treatment of affected individuals as early as the first 
month of life. In the large Quebec experience, infants 
beginning treatment with NTBC in the first month of life 
had no detectable liver lesions after more than 5 years 
of follow-up and no need for liver transplantation[8]. The 
combined effects of NTBC use and newborn screening 
have resulted in a significant reduction in the need for 
liver transplantation noted over the past decade[9]. 

Since our patient was born in 2006, one year prior to 
initiation of newborn screening in her region, her diagnosis 
was not identified early in life. Her presenting symptoms 
of developmental delay and weakness which were first 
noted at 3 years of age led to an underlying diagnosis of 
mitochondrial depletion syndrome. Interestingly, electron 
microscopy of tissue from individuals with HT-1 has 

revealed mitochondrial abnormalities with a relative loss 
of matrical bodies and decreased matrix density[10]. Like 
tyrosinemia, mitochondrial depletion syndromes may 
involve a variety of organs, including the liver, kidney, and 
peripheral nervous system. Her abnormal movements 
and unusual behavior could also be attributed to an 
underlying mitochondrial or primary neuromuscular dis
order although these resolved after dietary and NTBC 
were started.

Marked elevations in alpha-fetoprotein were noted in 
our patient. Elevated alpha-fetoprotein is a typical finding 
in HT-1, even in the absence of hepatocellular carcinoma. 
Improvement in alpha-fetoprotein is also noted with 
improvement in metabolic control in HT-1 patients as we 
saw in our patient. Nevertheless, our patient required 
extensive workup to rule out hepatocellular carcinoma 
given the obvious risk of hepatocellular carcinoma in 
individuals with tyrosinemia, her continued markedly 
elevation alpha-fetoprotein, and her delayed age at 
diagnosis.

The presence of renal dysfunction in individuals 
with HT-1 requires consideration for combined liver-
kidney transplantation in some individuals. Continued 
exposure to calcineurin inhibitors may cause significant 
deterioration in kidney function in some individuals 
receiving liver transplantation. In the Quebec experience, 
combined liver-kidney transplant may be warranted 
when the GFR < 40 mL/min per 1.73 m2[11]. Despite her 
late age at diagnosis, our patient had a GFR which was 
slightly below normal but still sufficient enough to make 
isolated liver transplant a reasonable option.

This case highlights a number of important points. 
The presence of liver disease in association with other 
uncharacteristic organ pathology warrants consideration 
for an underlying metabolic disorder. Despite great 
advancement in newborn screening, metabolic disorders 
such as HT-1 are still possible due to imperfection of 
neonatal screening and potential for missed populations. 
Recent political and economic upheaval has introduced 
a large number of migrants into Western countries 
who often may not have had screening for a variety of 
metabolic or genetic disorders. In addition, children 

Figure 1  Magnetic resonance imaging of the liver with a large 1.5 cm × 
1.6 cm lesion with arterial enhancement characterizing hepatocellular 
carcinoma and requiring chemoembolization.

Figure 2  Explant of nodular and shrunken tyrosinemic liver obtained at 
the time of liver transplantation. 
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receiving transplantation for metabolic liver disease 
have improved outcomes compared to children tran
splanted for other disorders, such as biliary atresia, 
with 1- and 5-year survival of 95% and 89%[12]. Finally, 
the presence of severe extrahepatic disease such as 
severe neuromuscular disease in our patient should 
not deter consideration for transplantation since liver 
transplantation can result in remarkable improvement 
and reversal in neurologic and cognitive dysfunction, 
particularly in children. 

COMMENTS
Clinical diagnosis
The symptoms of hereditary tyrosinemia include hepatorenal dysfunction, 
neuromuscular symptoms, and rickets.

Differential diagnosis
The differential diagnosis of hereditary tyrosinemia includes disorders of 
carbohydrate metabolism, mitochondrial disorders, and Wilson’s disease.

Laboratory diagnosis
Laboratory diagnosis of tyrosinemia includes confirmation by noting the 
presence of succinylacetone in urine specimens or body fluids, identification 
of causative mutations, or enzyme analysis revealing decreased fumary­
lacetoacetate hydrolase.

Imaging diagnosis
Imaging in tyrosinemia may reveal complictations of this disorder, including 
cirrhosis, hepatomegaly, hepatocellular carcinoma, renal abnormalities, and 
rickets.

Pathological diagnosis
Pathological diagnosis of this disorder is obtained by laboratory methods 
described above.

Treatment
Treatment of tyrosinemia involved use of nitisinone and a protein restricted diet 
in conjunction with long term management by a specialist. Liver transplantation 
may be required for severe disease or complications of this disorder.

Experiences and lessons
A diagnosis of hereditary tyrosinemia should be considered in individuals with 
hepatorenal disease, rickets, and neuromuscular weakness since rapid initiation 
of aggressive treatment may be lifesaving.

Peer-review
Imseis E et al reported about a case of hepatocellular carcinoma in a patient 
with hereditary tyrosinemia, a kind of rare lesion, in the post-newborn screening 
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era. This case report is very interesting.
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