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Abstract Primary hyperoxaluria type 1 (PH-1) is a rare
autosomal recessive disease caused by the absence or
deficiency of the liver-specific intermediary metabolic
enzyme alanine glyoxylate aminotransferase. The prognosis
of this metabolic disease is poor. Theoretically, the primary
metabolic defect can be cured by liver transplantation.
However, controversy exists around the age and stage of
the disease that liver transplantation should be performed.
We report on a patient who presented at the early age of
2 months with nephrocalcinosis. Isolated liver transplanta-
tion was performed at the age of 21 months. Eight years
later, the estimated glomerular filtration rate was 85 ml/min/
1.73 m2, and imaging studies did not reveal nephrocalci-
nosis. This case report supports the strategy of early
isolated liver transplantation in patients with PH-1.
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Introduction

Hyperoxalurias are a group of metabolic disorders of
oxalate metabolism that lead to renal and systemic damage
through the deposition of oxalate crystals into tissues. They
can be classified, according to etiology, into genetic or
primary hyperoxalurias (PH) and secondary or acquired
hyperoxalurias. PH can further be classified into type I (PH-1)
and type II (PH-2), according to the enzyme affected [1–3]. In
PH-1, the disorder is due to the absence, deficiency, or mis-
targeting of liver alanine glyoxylate aminotransferase (AGT),
and in PH-2, the disorder is caused by deficiency of
glyoxylate reductase/hydroxypyruvate reductase (GR/GDH)
[3–5]. There is also a group of patients that present with
clinical features of hyperoxaluria in whom hepatic AGT and
GR/GDH are normal, and pyridoxine deficiency and
malabsorption are excluded, suggesting the existence of at
least one more type of PH, not 1 or 2, with the familial
pattern of an inherited disorder [3, 5].

The clinical spectrum of PH-1 is very large, ranging
from early nephrocalcinosis and severe renal failure in
infancy during the first year of life to occasional urolithia-
sis. The infantile form often presents as a life-threatening
condition because of rapid progression to end-stage renal
disease (ESRD) before the age of 5 years [2, 3, 5, 6].

Early diagnosis and treatment are essential to prevent
renal failure and general oxalosis [3, 5, 7–9], with early
transplantation being—theoretically—the best cure. How-
ever, because of the operative risk and questionable long-
term results [3, 5, 10], this strategy is still controversial.
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Here, we describe our long-term observation of an infant
with PH-1 who presented with nephrocalcinosis at the age
of 2 months and in whom preemptive liver transplantation
was performed at the age of 21 months and at an estimated
glomerular filtration rate (GFR) of 61 ml/min/1.73 m2.

Case report

Pre-transplant course

The patient was a male born to consanguineous parents. A
sister had died at the age of 8 months from acute renal
failure secondary to diarrhea. Post-mortem examination
demonstrated nephrocalcinosis and systemic signs of
oxalosis, which then raised the possibility of primary
hyperoxaluria. Because of the family history, a sonographic
study was performed on our patient at age 2 months, which
revealed bilateral nephrocalcinosis (Fig. 1).

PH-1 was confirmed in the Mayo Clinic by increased
24-h urinary oxalate (166 mg/1.73 m2), glycerate 25 μg/mg
(normal value<19 μg/mg), and glycolate 201 μg/mg
(normal value<70 μg/mg). Testing of a 24-h urine collec-
tion reveal oxaluria at 7.7 mg/dl (0.55 mg/kg) and an
oxalate/creatinine ratio of 0.4 (normal value 0.02–0.04).
Plasma creatinine and nitrogen levels were 0.4 and 4 mg/dl,
respectively. Clearance creatinine calculated with the
Schwartz formula was 65 ml/min/1.73 m2 at the age of
2 months [11]. There was slight microhematuria, and the
calcium/creatinine ratio was 0.002. Uric acid, plasma
bicarbonate, electrolytes, and hepatic function were normal.
Following diagnosis, the infant was started on fluid therapy
with 2–3 l/m2, which was fortunately well-tolerated.
Infectious diseases required intravenous fluid therapy
several times. Therapy to inhibit calcium crystallization

was started right from the beginning with sodium citrate
0.15 g/kg per day and magnesium 500 mg/m2/day. The
patient also received pyridoxine 300 mg/m2/day. After
3 weeks of pyridoxine, the 24-h oxaluria was 351 mg/1.73 m2,
and the pyridoxine dose was adjusted to 400 mg/m2/day.
After 3 months of treatment, an accident occurred with
urethra catheterization, and we were unable to obtain the
urine collection. Pyridoxine was discontinued with the
elevation of the 24-h oxaluria from 166 to 351 mg/1.73 m2.

Post-transplant course

The patient underwent a liver transplantation at the age of
21 months and a serum creatinine of 0.6 mg/dl, an
estimated clearance of 61 ml/min/1.73 m2, and bilateral
nephrocalcinosis. Segment II and III from a deceased donor
liver were transplanted. Immunosuppressive therapy con-
sisted of cyclosporine A, azathioprine, prednisone, and anti-
CD25 as induction. Five days after transplantation, the
patient experienced liver dysfunction, and liver biopsy
showed acute allograft rejection, which responded well to a
change in the immunosuppressive therapy to tacrolimus and
mycofenolate. Sodium citrate and fluid therapy were
maintained. After transplantation, urinary oxalate excretion
was normalized within 3 months, and the oxalate/creatinine
ratio decreased from 0.4 to 0.07 ng/mg. Twelve-months
post-transplantation, the oxalate/creatinine ratio was 0.022.
We did not have possibility for follow-up.

Radiological and ultrasound follow-up of the kidneys
revealed a progressive reduction of nephrocalcinosis,
showing normal kidneys without nephrocalcinosis 8 years
after transplantation (Fig. 2). At the age of 7 years, the
patient was hospitalized twice because of two episodes of

Fig. 1 Ultrasonography at 2 months of life

Fig. 2 Right and left kidney 8 years after transplant
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febrile dehydration following pleuroneumonia and diarrhea. On
these occasions, the serum creatinine was temporally elevated
up to 1.5 mg/dl, but normalized after intravenous rehydration.
Eight years after transplantation, his renal function has been
maintained, with a calculated clearance of 85 ml/min/1.73 m2

and with serum creatinine of 0.9 mg/dl. There were no signs
of nephrocalcinosis at that time, and no evidence of extra renal
involvement, with normal growth and psychomotor develop-
ment. Liver function and liver ultrasonography results have
been excellent throughout the intervening years.

Discussion

PH-1 is the most common form of PH inherited with an
autosomal recessive pattern. In this disorder, the liver
enzyme AGT is either absent or inactive, leading to the
accumulation of oxalate, which is excreted by the kidneys,
and to nephrolithiasis, nephrocalcinosis, ESRD, and oxalate
accumulation in other organs.

The recommended therapy to prevent these manifes-
tations is the maintenance of high fluid intake, pyridox-
ine supplements in those who are pyridoxine responsive
[3, 12, 13], and the use of potassium or sodium citrate or
neutral orthophosphate. Organ transplantation as either
preemptive liver transplantation or combined liver/kidney
transplantation provides a chance to ‘heal’ the genetic
defect. It is still controversial whether, and if so, when an
isolated liver transplantation or a combined liver/kidney
transplantation should be performed [3, 5, 14–20]. When
the GFR falls below 30–50 ml/min/1.73 m2, plasma
oxalate reaches the critical saturation point, resulting in
oxalate deposition in different organs (a feature named
systemic oxalosis) [3, 5, 7, 21]. With this in mind, early
isolated liver transplantation should be the treatment of
choice in PH-1. However, the operative risk of transplan-
tation [3, 5, 22] as well as disappointing long-term results
[3, 23] have been used as arguments against early liver
transplantation.

The timing and strategy of transplantation depends upon
local availability, balance of risk, and patient choice. It is
accepted that combined kidney/liver transplantation is the
optimal treatment if the kidney disorder is already advanced.
The European experience is the best documented [24].
Transplantation is most successful, even in infants, when
performed before generalized oxalosis [3, 5, 10, 22, 23].

Although isolated liver transplantation before stage 3 of
chronic kidney disease is an attractive alternative, it is not
practiced more frequently despite its recommendation
because of the lack of suitable patients with sufficiently
conserved renal function at the time of diagnosis.

Our patient received an isolated liver transplantation at
an early state of chronic kidney disease (CKD) due to

testing at an early age because of a sister who previously
presented the disease and, consequently, an early diagnosis.
He received a pediatric liver transplant at the age of 21
months, at which time he had a creatinine clearance of
61 ml/min/1.73 m2and no signs of general oxalosis. During
the long-term post-transplantation follow-up—8 years—we
documented a regression of nephrolcalcinosis and stable,
good renal function. His current serum creatinine of 0.9 mg/dl
and an estimated GFR of 85 ml/min/1.73 m2 do not exclude
CKD stage 1; however, the long-term improvement in renal
function despite severe episodes of dehydration and the
disappearance of nephrocalcinosis, as evidenced in the
imaging controls, demonstrates the ongoing preventive and
healing potential of early liver transplantation. The quick
normalization of oxalate excretion also demonstrates that
liver transplantation had been performed before generalized
oxalosis, which may be why our long-term results are better
than those sometimes reported in children with more
advanced CKD [3, 10, 22, 23]. The patient’s liver function
8 years after transplantation is characterized by normal serum
bilirubin and liver enzyme levels. At the last control,
gamma-glutamyltranspeptidase and the transaminases
glutamyl oxaloacetic and glutamyl pyruvic were 11, 33,
and 18 IU, respectively; alkaline phosphatase was
229 IU. Serum albumin and prothrombin were 4.6 and
104%; normal blood lipids and serum ammonia were
57.2 μmol/l. The patient currently receives tacrolimus 3 mg
every 12 h as monotherapy.

In conclusion, the ethical decision to perform preemptive
liver transplantation can only be made on a case to case basis.
Timing and strategy depends on the parents/patients wish,
local availability, and a balancing of risks. Our experience
supports the strategy of very early preemptive liver transplan-
tation if the family agrees and optimal conditions for organ
transplantation are present.
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