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Primary hyperoxaluria type 1 (PH1) is a rare inherited
metabolic disorder in which deficiency of the liver enzyme
AGT leads to renal failure and systemic oxalosis. Timely,
combined cadaveric liver-kidney transplantation (LKT) is
recommended for end-stage renal failure (ESRF) caused
by PH1; however, the shortage of cadaveric organs has
generated enthusiasm for living-related transplantation in
years. Recently, successful sequential LKT from the same
living donor has been reported in a child with PH1. We
present a sister-to-brother simultaneous LKT in a pediat-
ric patient who suffered from PH1 with ESRF. Twelve
months after transplantation, his daily urine oxalate
excretion was decreased from 160 mg to 19.5 mg with
normal liver and renal allograft functions. In ad-
dition to the well-known advantages of living organ
transplantation, simultaneous LKT may facilitate early
postoperative hemodynamic stability and may induce
immunotolerance and allow for low-dose immunosup-
pression. (Liver Transpl 2003;9:433-436.)

Primary hyperoxaluria type 1 (PH1) is a rare, inher-
ited metabolic disorder caused by a deficiency of

the liver-specific peroxisomal alanine-glyoxylate ami-
notransferase (AGT). It is characterized by increased
synthesis and urinary excretion of oxalate that leads to
renal failure attributable to urolithiasis, nephrocalcino-
sis, and, subsequently, to oxalate accumulation in vari-
ous extra-renal tissues such as the skeleton and the car-
diovascular system. Because the liver is the site of the
metabolic defect, isolated kidney transplantation (KT)
is not a reasonable therapeutic alternative because of a
rapid diffuse oxalate deposition in the allograft.1 Pre-
emptive liver transplantation (LT) has been successfully
performed in some children before serious renal dam-
age occurred.2 If end-stage renal failure (ESRF) has
been reached, early simultaneous or sequential liver-KT
(LKT) may avoid the deleterious consequences of sys-
temic oxalosis.3

Shortage of donor organs remains the critical factor
limiting the use of organ transplantation. This shortage
has generated enthusiasm for living-related transplanta-
tion, offering hope not only for children but also for
adolescents and even adults. Partial LT alone or sequen-

tial LKT from living donors have been successfully per-
formed for PH1.4,5 To date, there have been no reports
describing combined simultaneous LKT from the same
living donor in the treatment of PH1 complicated with
ESRF.

Case

A 9-year-old boy (32 kg) with hyperoxaluria, nephro-
calcinosis, and urinary tract infection progressed to
ESRF, with a glomerular filtration rate (GFR) of 18
mL/min/1.73 m2 despite maximal medical manage-
ment; he commenced dialysis in September, 2001. His
older brother (20 years old) had died of severe systemic
oxalosis and uremia waiting for a suitable combined
cadaveric donor. His sister (19 years old, 65 kg) decided
to share a part of her liver and right kidney with her
younger brother. Her evaluation revealed no physical or
psychologic contraindication for surgery. They were
both haplotype-identical siblings. In the recipient, pre-
transplant assessment of cardiac function revealed no
significant abnormalities, and no major site of oxalate
accumulation was determined.

In November, 2001, after 3 consecutive days of
hemodiafiltration, sister-to-brother, combined, right-
kidney and left-liver (segments 2-3-4) transplantation
was performed. Simultaneously with the hepatectomy
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in the donor, vena cava sparing hepatectomy and
binephrectomy was performed in the recipient. The
left-liver allograft (420 g) was transplanted orthotopi-
cally with 95 minutes of cold ischemia (graft weight/
body weight ratio: 1.3%). The arterial anastomosis was
performed with 9/0-suture material and a surgical
microscope. Biliary reconstruction was established by
Roux-en-Y bilio-enteric anastomosis. After implanta-
tion of the left liver graft and assuring optimal hemo-
dynamic and biochemical stability of the recipient, the
right kidney of the donor, which was already dissected
but left in situ, was procured and transplanted in the left
iliac fossa of the recipient. Both allografts started to
function immediately after reperfusion. Two units of
autologous packed red blood cells were transfused dur-
ing the donor operation. The early postoperative period
for the donor and the recipient was uneventful.

Immunosuppression was consisted of cyclosporine
A (induction with 2 mg/kg/d intravenously, then main-
tenance dose of 5 mg/kg/d PO-Neoral; Novartis
Pharma AG, Basel, Switzerland), prednisolone (starting
with 1 mg/kg/d and tapering to 10 mg/d), and myco-
phenolate mofetil (500 mg twice per day). The average
whole-blood trough levels of cyclosporine (mean �
SD) were 211 � 58 ng/mL, 216 � 41 ng/mL, and
188 � 54 ng/mL during the first month, first 6 months,
and last 6 months, respectively. No episode of acute
rejection was encountered. The donor was discharged
home without any complication by the end of the first
postoperative week and she had an uneventful fol-
low-up thereafter. The recipient received hyperhydra-
tion (urine output, 2,800 � 350 cc/d) and suppression
treatment for oxalate precipitation (thiazide, pyridox-
ine, and magnesium) starting immediately after LKT.
The urine oxalate excretion was decreased gradually
from 5 mg/kg to 0.67 mg/kg/24 hours during the 12
months after transplantation (Table 1). Renal ultra-
sound revealed no sign of oxalate accumulation, and the
recent resistive index in parenchyma was measured as
0.58.

Discussion

In the treatment of PH1, long-term graft survival can-
not be achieved after KT. Because of ongoing enzyme
defect and oxalate accumulation, approximately 50%
to 80% of kidney grafts fail within 3 years after trans-
plantation.1,3 On the other hand, isolated orthotopic
LT may be considered to establish AGT activity in
patients with residual renal function.2 However, in this
situation, the timing of LT is not clear. Tissue oxalate
accumulation has shown to accelerate when GFR is less
than 40 mL/min/1.73 m2,7 but the course of renal
disease is hard to predict in PH1. Thus, LT is recom-
mended when the GFR is between 40 to 60 mL/min/
1.73 m2 and the disease is following an aggressive
course.2 However, even when oxalate production is
normalized after liver transplant, it might be difficult to
achieve a negative oxalate balance because of marginal
renal function.

If ESRF has occurred, combined LKT was recom-
mended with 5-year patient and graft survival rates of
72% and 62%, respectively.3 This may correct the
enzyme defect and enables optimal oxalate excretion by
a functioning kidney allograft. However, in patients
with severe systemic oxalosis, the amount of mobilized
oxalate after surgery is large and can oversaturate the
urine and threaten the transplanted renal graft. Thus,
some authors have suggested performing the LT first,
followed by the KT after a period of intense hemodial-
ysis to reduce tissue stores of calcium oxalate.6 In con-
trast, others have advocated early combined LKT, even
before the onset of frank renal failure, to minimize the
amount of tissue oxalate that needs to be mobilized after
transplantation.8,9 In addition, being the most effective
route for oxalate removal, a functioning renal graft
greatly simplifies the postoperative management in a
LKT recipient in terms of maintenance of body fluid
balance and hemodynamic stability. In contrast to
sequentially performed LKT, simultaneous procedure
also avoids the need of long-term hemodialysis and the

Table 1. Postoperative Liver and Kidney Graft Function

Postoperative days 1 3 7 15 30 60 120 240 300

AST (U/L) 102 45 34 27 24 22 24 23 21
Bilirubin (mg/dL) 0.99 0.93 0.93 0.87 0.8 0.76 0.82 0.56 0.62
PT (sec) 38 18.2 20.6 17.4 14.6 12.5 12.3 12.1 12.8
BUN (mg/dL) 24.5 8 21 16.7 18.7 16.5 14.2 11.4 12.4
Creatinine (mg/dL) 2 0.6 0.5 0.8 1.2 1 0.9 0.8 0.8
Oxalate (mg/24 h urine) 160 133 147 58 51 48 44 27 21
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associated risk of septic complications. Furthermore,
there is an immunologic advantage because the liver
graft evidently has the potential to protect a simulta-
neously transplanted kidney from rejection.10,11

In the present case, the donor and the recipient are
both haplotype-identical siblings. However, unlike in
KT, the effect of human leukocyte antigen (HLA) com-
patibility on LT outcome is controversial.12-15 Because
the data are obtained from cadaveric, mostly unrelated
donor LTs, the introduction of living-related liver
transplantation (LRLT) provides an opportunity to
study the results of better matched transplants. The
higher success rate in children with related-donor LT
compared with unrelated or cadaveric liver transplants
suggested an important role of histocompatibility in
LT.16 Recently, prospective analysis of the recipients
transplanted with grafts from one or both haplotype-
identical parents has shown better graft survival and the
possibility to withdraw immunosuppression in the
0-mismatch group.17 On the other side, some authors
emphasized the potential risk of fatal graft-versus-host
disease in transplantation from a homozygous
donor.17-19 Thus, the use of pretransplant tissue typing
in LRLT was recommended to detect and avoid trans-
plant from a homozygous donor with a complete one-
way donor-to-recipient HLA match.

In the embarrassing environment of organ shortage,
living-related organ transplantation has emerged as a
reasonable therapeutic alternative. Therefore, in addi-
tion to cadaveric LT, we have started to perform LRLT.
As we reported in previously, LRLT has proven to be a
safe procedure for the donor and beneficial for the
recipient.20 This patient with PH1 and ESRF is the first
case reported in whom simultaneous combined LKT
was performed from the same living donor. Recently,
sequential LKT from same living donor was reported in
three children with chronic liver disease and renal fail-
ure.5 The authors have advocated postponing KT until
the clinical condition and liver function have become
stabile. Finally, a simultaneous combined LKT from a
same living donor for a patient with rapidly deteriorat-
ing hepatitis B virus cirrhosis and ESRF has been
reported.21 Although the recipient has died of postop-
erative complications, the authors have found that the
use of organs from living donors acceptable for patients
who otherwise would die because of the shortage of
cadaver organs.

To date, early combined LKT is the optimal treat-
ment in PH1 complicated with ESRF. It avoids the
adverse effects of a prolonged period of dialysis with
systemic deposition of oxalate. In midst of cadaveric

organ shortage, simultaneous combined LKT from a
living-related donor may be a reasonable therapeutic
alternative in patients with PH1. We believe that, in
this particular case, logistic and immunologic advan-
tages of timely performed simultaneous combined
LKT from a living related HLA-identical donor may
provide optimum chance for long-term recipient and
graft survival. In addition, with a regimen of low-dose
cyclosporine and rigorous hydration, the simulta-
neously transplanted renal allograft could excrete
oxalate maximally and achieve a negative oxalate
balance.
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