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ABSTRACT

Primary hyperoxaluria (PH) is a metabolic liver disease with 
an autosomal recessive inheritance that results in oxalate 
overproduction that cannot be metabolized by the liver. 
Urinary excretion of oxalate results in lithiasis and neph-
rocalcinosis leading to a progressive loss of renal function 
that often requires renal replacement therapy despite med-
ical treatment. Type 1 PH is the most common form and 
is due to a deficiency in the alanine-glycolate aminotrans-
ferase enzyme found in hepatic peroxisomes. Therefore, a 
liver-kidney simultaneous transplant (LKST) is the defini-
tive treatment for end-stage renal disease (ESRD) patients. 
However, some studies suggest that the morbidity and mor-
tality rates are greater when this procedure is performed 
instead of only a kidney transplant (IKT). Herein, we report 
five patients with PH and a mean glomerular filtration rate 
of 20.2 ± 1.3 ml/min/1.73 m2 who received a LKST between 
1999 and 2015 at the Hospital Universitario 12 de Octubre. 
Recurrence and liver or kidney graft loss was not observed 
during the postoperative period and only one case of late 
acute rejection without graft loss was diagnosed. The recip-
ient survival rate was 100% with a median follow up of 84 
months. As LKST is a curative and safe procedure with a 
low mortality and high survival rate, it must be considered 
as the treatment of choice in adults with HP and ESRD.

Key words: Primary hyperoxaluria. Transplant. Liver trans-
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INTRODUCTION

Primary hyperoxaluria (PH) is an autosomal recessive dis-
ease caused by an overproduction of hepatic oxalate. The 
estimated prevalence is 1-3 per million and the incidence 
in Europe is 1:120,000 births per year (1). There are 3 types 
and 80% are classified as type 1. The disease is caused by 
a mutation in the gene that codes for the alanine-glyco-
late aminotransferase (AGT) enzyme that is found solely in 
hepatic peroxisomes (2). 

The initial symptoms of type 1 PH appear around an aver-
age age of 5-6 years and the disease is characterized by 
early and recurrent nephrolithiasis, nephrocalcinosis and 
urinary tract infection (UTI). This leads to a progressive 
renal damage which may result in end-stage renal disease 
(ESRD) between 25 and 35 years of age (2-4).

Initially, PH type 1 patients may benefit from medical treat-
ment and renal replacement therapy, even though these 
are generally ineffective treatments. When patients develop 
ESRD, the treatment of choice for the simultaneous cor-
rection of the enzymatic defect and ESRD is a liver-kidney 
transplant.

There are numerous studies in the literature regarding pedi-
atric patients. However, information with regard to adult 
patients is limited. The aim of this study was to analyze a 
series of five patients with PH treated with a liver-kidney 
simultaneous transplant (LKST).

MATERIAL AND METHODS

This retrospective series included 5 adults who had received 
a LKST due to PH that were selected from the 42 liver-kid-
ney transplant patients from the Hospital Universitario 12 de 
Octubre from 1999-2015. The study included three women 
and two men; four were diagnosed with type 1 PH and the 
final patient had type 2 PH. Patients were referred to our cen-
ter after a diagnosis in other centers during childhood. Four 
patients were diagnosed via a genetic study and one patient 
with first degree relatives affected by PH was diagnosed by a 
renal biopsy which showed a calcium oxalate deposit.
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Statistical analysis

Categorical variables are expressed as frequencies and 
quantitative variables are expressed as a mean and stan-
dard deviation or range. The survival was calculated in 
months from the day of the surgery to death.

RESULTS

Pre-transplantation recipient characteristics 

The mean age at diagnosis was 16.6 ± 10 years and the 
time between the first symptoms and diagnosis was 14.6 ± 
6 months. The most frequent symptoms were nephrocalci-
nosis and lithiasis. A presentation of oxalosis was observed 
in one patient as a respiratory failure secondary to pulmo-
nary bleeding and peripheral arterial disease (Table 1). Four 
patients received medical treatment with a high fluid intake, 
pyridoxine and intensive hemodialysis (HD). The mean time 
in HD prior to transplantation was 13.7 ± 15.6 months (range 
3-36). The median time to LKST was 14 years. All patients 
had preserved liver function and were in dialysis or in a 
pre-dialysis situation when the transplantation was per-
formed. The mean glomerular filtrate rate was 20.2 ± 1.3 
ml/min/1.73 m2 and the mean serum creatinine value was 
4.7 ± 2.7 mg/dl. 

Liver-kidney transplantation and follow-up

Firstly, a hepatectomy with vena cava preservation was per-
formed (piggy-back technique). A liver graft was implanted 
in the orthotopic position. All the liver-kidney grafts were 
from the same deceased donor. Later, a kidney graft was 
implanted during the same procedure in the right iliac 
region. All the patients were older than 18 years of age 
and the mean age was 34 ± 14 years. The mean age of the 
donor was 30 ± 13.3 years, four of them were brain dead 
and there was one case of a donation after cardiac death 
(DCD) Maastricht Type III. Intraoperative HD was performed 
in all cases.

Five patients required post-transplant HD during 9.8 ± 4.5 
days. HD was administered on non-consecutive days and 
short HD intervals were used until the serum oxalate and 
renal function were optimized. All patients received preop-
erative induction therapy with thymoglobulin. After trans-
plantation, the initial immunosuppressive therapy includ-
ed IV tacrolimus, MMF and methyl-prednisolone and the 
monitoring of liver enzymes, renal function and the tacro-
limus valley concentration. Maintenance immunosuppres-
sion was based on tacrolimus, MMF and prednisone. The 
target levels of the tacrolimus valley point concentration 
was between 5-10 ng/ml during the first 0-6 months and 
between 10-15 ng/ml during the following 6-12 months. 

The mean glomerular rate filtration (GRF) was 27.6 ± 10.1 
ml/min/1.73m2 and the serum creatinine was 2.64 ± 0.8 mg/
dl on the 7th post-transplant day. Four out of five patients 
developed acute kidney failure post-transplantation and 
acute tubular necrosis was the main cause in three cas-
es. The liver function remained normal in all cases. At dis-
charge, the mean GRF was 47.3 ± 22.2 ml/min/1.73 m2 and 
the mean serum creatinine was 2.24 ± 1.0 mg/dl. 

The vascular, immunologic and infectious complications 
during the transplant procedure and follow-up are described 
in table 2. One patient presented with hypovolemic shock 
due to hemoperitoneum and compartment syndrome 
which required emergency surgery. Pulmonary embo-
lism secondary to deep vein thrombosis was observed 59 
months post-transplant and another patient developed a 
late acute rejection grade IIA of the kidney graft 124 month 
post-transplant that was resolved with corticosteroids. The 
median follow up time was 84 months. During this period, 
the recipient and graft (liver and kidney) survival rates at 
1 and 5 years were 100%. There was no oxalate lithiasis, 
nephrocalcinosis or a need for dialytic therapy after LKST. 

DISCUSSION

PH is a rare disease due to a glyoxalate metabolic disorder 
that causes an oxalate overproduction. Type 1 is the most 
common and severe form (2,3) of the disease, which is 
caused by an AGT enzyme defect that causes an increase of 
serum oxalate and glycolate levels (4). Onset of the disease 
during childhood or adolescence with recurrent episodes 
of lithiasis and nephrocalcinosis, as in the series described 
here, is a milder form of the disease that results in a delay 
in diagnosis and treatment. In addition, 80% of patients will 
require HD during the third decade of life and consequently 
a kidney transplant during adulthood. Type 2 is usually a 
more indolent form of presentation and represents 10% of 
all cases that is caused by a defect or absence of glycolate/
hydroxypyruvate reductase (GRHPR) activity which gener-
ates excessive oxalate and pyruvate (5). Type 3 accounts 
for 5-10% of cases and originates from a mutation in the 
HOGA1 gene and is a very early but indolent form of the 
disease and ESRD does not usually develop (6). 

Oxalate overproduction in the liver is eliminated via the 
urine resulting in hyperoxaluria. Insoluble calcium oxalate 
precipitate in the urine lead to symptoms and the progres-
sive loss of renal function (7). When the glomerular filtration 
rate (GFR) is below 30-40 ml/min/1.73 m2, systemic oxalate 
deposition (oxalosis) occurs in the retina, bone, nerves, 
skin, blood vessels and the heart (8). The most frequent 
symptoms are nephrocalcinosis and recurrent nephrolithia-
sis, hyperuricemia or recurrent UTI are less common. None 
of the patients in this series had ESRD at diagnosis, unlike 
patients suffering from the infant form of the disease. 

Early diagnosis is crucial in order to prevent ESRD (9). 
Twenty-four hours oxalate and glycolate measurements in 
serum and urine are necessary and a renal biopsy could be 
performed in unclear cases. Furthermore, in the absence of 
a family history, a genetic analysis is essential in order to 
confirm the diagnosis (9,10).

Renal failure is associated with a worse prognosis in 
patients on the liver transplant waiting list or when this 
condition develops after the transplant (11,12). Therefore, 
medical treatment based on a high fluid intake, pyridox-
ine and calcium crystalizing inhibitors must be started 
as soon as a diagnosis is made or is suspected (2,4,13). 
However, these treatments are insufficient when ESRD is 
established. In these cases, renal replacement therapy by 
hemodialysis prior to a kidney transplant must be initiat-
ed. It is essential to reduce the time between ESRD diag-
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nosis and the transplant in order to avoid systemic oxalate 
deposits (7,14,15).

Hemodialysis must be intensive and aims to reduce 
oxalemia, delay renal impairment and therefore the risk 

of developing oxalosis. The time spent in dialysis prior to 
transplant is related to a shorter time to hyperoxaluria res-
olution according to the European Register (15). Although, 
some studies (7) did not observe a significant reduction 
with respect to graft survival. These differences may be 

Table 1. Recipient and donor features and liver-kidney transplant outcome 

Case 1 Case 2 Case 3 Case 4 Case 5

Recipient feature

 Age at transplantation 18 45 53 27 29

 Gender W M M W W

 BMI 22.1 32.7 27.5 25.3 23.7

 PH type 1 1 2 1 1

 Age at diagnosis 4 14 11 26 28

 ESRD at diagnosis No No No - No

 Systemic disease Yes No No No No

 Prior nephrectomy No No Yes No Yes

Pre-transplantation

 HD time pre-Tx (months) 3 - 3 13 36

 Intensive medical treatment Yes Yes Yes Yes Yes

 GFR (ml/min/1.73 m2) 22.4 26 16.5 24.2 11.8

 Creatinine (mg/dl) 5.7 8 7 2.4 4.4

 Time to Tx (years) 14 22 42 1 1

Donor feature

 Donor age (years) 23 23 55 26 24

Donor type BD BD BD BD DCD type III

 HLA histocompatibility 6 - 3 4 2

Transplant

 Year of transplant 1999 2009 2009 2014 2015

 Transplant type Simultaneous Simultaneous Simultaneous Simultaneous Simultaneous

 Cold ischemia (min) 175 350 395 360 330

 Warm ischemia (min) 50 80 75 50 45

 Intraoperative HD Si Si Si Si Si

Post-trasplantation

 Post-transplant HD Yes Yes Yes Yes Yes

 HD time (days) 9 9 15 4 -

 Acute renal kidney Yes Yes Yes No Yes

 Acute tubular necrosis Yes Yes Yes No No

Follow-up 

 Time (months) 206 85 84 27 13

 Liver graft rejection No No No No No

 Kidney graft rejection Yes No No No No

 Liver graft survival (months) 206 85 84 27 13

 Kidney graft survival (months) 206 85 84 27 13

 1-year recipient survival Yes Yes Yes Yes Yes

 5-year recipient survival Yes Yes Yes - -
BMI: body mass index; PH: primary hyperoxaluria; ESRD: end-stage renal disease; HD: hemodialysis; Tx: transplant; GFR: glomerular filtration rate; BD: brain death; DCD: donor after cardiac arrest.
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related to the mean time in dialysis (three vs. one year, 
respectively) (7). 

In this series, the mean donor age (30 ± 13.3 years) is lower 
than in other series, as donors were selected for recipients 
of the same age, mainly to improve kidney graft survival. 
An appropriate donor selection is essential to optimize the 
outcome (8). With regard to our experience with donors 
after cardiac death (DCD) Maastricht Type III, the outcome 
was satisfactory. 

Isolated kidney transplant (IKT) is associated with a poor 
outcome (8,16) due to oxalate deposit mobilization and high 
urinary excretion that lead to kidney graft injury (7,8,13,17). 
The 3 year survival rate is 20% in cadaver grafts and 35% at 
10 years for live donors. Therefore, this is not recommend-
ed unless performed as an interim measure while planning 
a liver transplant and should be reserved for milder forms 
of HP (9). 

As the source of the enzymatic defect is located in hepat-
ic peroxisomes, the imperative and potentially curative 
treatment is a liver transplant. Since progressive and irre-
versible kidney damage is very common, sequential or 
simultaneous liver-kidney transplantation is the definitive 
treatment (4,13). The transplantation strategy will depend 
on the systemic involvement, the phenotype-genotype vari-
ability and experience within the medical center (4). Some 
authors (1,4) suggest a scheme based on renal function in 
order to select the therapeutic time sequence. LKST is indi-
cated in patients with oxalate overproduction resistant to 
pyridoxine, with a GFR < 20 ml/min/1.73 m2, under dialysis 
for an entire year, oxalosis or evidence of renal impairment 
due to oxalate deposits (14). LKST was considered as the 
treatment of choice, as all our patients were in ESRD with 
a GFR < 20 ml/min/1.73 m2 or displayed oxalosis symptoms.

After LKST, there is a risk of nephrocalcinosis recurrence 
in the kidney graft due to calcium oxalate deposit mobili-
zation and a high renal excretion which might persist for 
three years in 36% of the patients (7). In order to prevent 
this, it is essential to resume medical intensive treatment 
immediately post-transplant and to continue dialytic thera-
py during and after the surgery according to renal function 
deterioration. Nevertheless, as in other studies (13), we did 
not observe any recurrence when using LKST as the first 
therapeutic option.

In the European multicenter study (1984-2004), recipient 
survival with LKST at 5 and 10 years was 80 and 68%, 
respectively and the kidney graft survival rate was 72 and 

60%, respectively (15). There are discrepancies with regard 
to the effect of LKST on the survival of patients with type 
1 PH. Some authors (7,13,14) have observed an increase in 
morbidity and mortality when the liver transplant is asso-
ciated with the kidney in comparison to when an IKT is 
performed. A reduction in serum oxalate one year or less 
after the graft loss has no greater efficacy. However, other 
authors have not observed significant differences between 
LKST and IKT with regard to short-term mortality (13) and 
a greater graft survival in LKST (13,17). Table 3 summarizes 
studies in adults or children and adults who underwent a 
transplant due to PH since 2000, except for studies that only 
included children. The summary table also includes data 
with regard to recipient and kidney graft survival at 5 years. 
In Spain, 17 transplants have been performed due to PH.

Sequential transplantation is a different approach, where 
a liver transplant is performed first, deferring the kidney 
transplant until the oxalate levels are reduced by dialysis. 
Significant oxalosis or pediatric cases with ESRD where an 
LKST is unfeasible due to anatomical reasons is also an 
indication. This approach might also be considered in living 
donors or older children with an impaired but maintained 
renal function (GRF: 15-25 ml/min/1.73 m2) as it may result 
in an improved renal function (18). There is a greater risk 
of infectious disease as it is necessary to maintain dialytic 
therapy after transplantation (20).

In addition to these different techniques, an orthotopic aux-
iliary partial liver transplant (II-III segments) associated with 
a kidney transplant has also been used in adults with type 1 
PH. This approach reduces the morbidity of a complete liver 
transplant and the risk of hepatic failure due to graft loss 
(19). Despite this, some authors consider auxiliary trans-
plantation an ineffective treatment (20). 

Pre-emptive liver transplantation is proposed to avoid 
ESRD and related complications (11,12). It might be tak-
en into consideration in aggressive infant forms when the 
GFR is between 60-40 ml/min/1.73 m2 or recurrent nephro-
lithiasis in spite of medical treatment (4,10). It has certain 
advantages over LKST, as dialysis might be discontinued 
and it shortens the waiting list time (21). Nevertheless, it 
has ethical implications, especially if the GFR is > 60 ml/
min/1.73 m2 as the time to the development of ESRD is vari-
able and unpredictable (4,22), thus patient selection and 
timing still remain controversial. Unlike other metabolic 
diseases, domino liver transplantation it is not recommend-
ed and must not be performed as recipients will develop 
PH and subsequently ESRD in a short time period with an 
associated high mortality rate (23,24).

Table 2. Complications during the post-transplant and follow-up period

Complication Case 1 Case 2 Case 3 Case 4 Case 5

 Hemorrhage  - Yes - - -

 Compartment syndrome - Yes - - -

 Pyelocaliceal stenosis - - - - Si

 Acute kidney rejection Yes - - - -

 Infections  - C. glabrata - E. coli Klebsiella sp. BK Virus

 DVT/PE - - Yes - -

DVT/PE: deep vein thrombosis/pulmonary embolism.
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Type 2 PH can present at any age and the development 
of ESRD and oxalosis is rare (25). The treatment is based 
on a high fluid intake, citrates and dialysis and IKT is the 
treatment of choice in cases of ESRD (7,25). However, kid-
ney graft loss by nephrocalcinosis has been reported and 
some authors suggest that LKST might improve the serum 
oxalate levels, especially in ESRD patients (5). However, 
there is insufficient experience in this matter.

In conclusion, due to the rarity of the disease and the current 
scientific evidence, the indication and timing of treatment 
remains controversial. However, LKST could be considered 
as a therapeutic option in patients with PH and ESRD.
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