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ABBREVIATIONS: 

 

Aza: Azathioprine 

BSA: Body Surface Area  

CIT: Cold Ischemia Time 

CLKT: Combined Liver-Kidney Transplantation 

CMV: Cytomegalovirus 

CsA: Cyclosporine A 

EBV: Epstein-Barr Virus 

ESRD: End-Stage Renal Disease 

GRBWR: Graft to Recipient Body Weight Ratio 

HLA: Human Leukocyte Antigens 

HPLC: high-pressure liquid chromatography 

ICU: intensive care unit 

MMF: Mycophenolate mofetil 

PELD: Paediatric End-stage Liver Disease 

PH1: primary hyperoxaluria type 1 

RRT: Renal Replacement Therapy 

St: Steroids 

Tac: Tacrolimus 

WIT: Warm Ischemia Time 
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ABSTRACT 

Background:  Combined liver–kidney transplantation is the preferred therapeutic option for 

children affected by type 1 primary hyperoxaluria. However, persistently high serum oxalate 

levels may lead to kidney graft failure. It is debated in which cases pre-emptive liver 

transplantation, followed by kidney transplantation, might be a better strategy to reduce 

kidney graft loss.  

Methods: Our experience of 6 Paediatric combined liver–kidney transplants for primary 

hyperoxaluria type 1 in pediatric recipients was retrospectively analysed. Serum oxalate 

levels were monitored before and after transplantation. 

Results: All the recipients were on hemodialysis at transplantation. Four were male (67%). 

Median (IQR) recipients’ age at transplantation was 11 [4.4-12.6] years; in all cases a 

compatible graft from a pediatric brain-death donor aged 8.1 [3.3-12.6] years was used. In a 

median follow-up of 6.5 [2-10] years after combined liver–kidney transplantation, no child 

died and no liver graft failure was observed. By contrast three (50%) kidney grafts were lost, 

due to chronic rejection, to primary non-function, the last due to early renal oxalate 

accumulation. Liver and kidney graft survival remained stable at 1, 3, and 5 years, at 100% 

and 85% respectively 

Conclusions: Kidney graft loss was the major complication after combined liver–kidney 

transplantation in our series. This risk is much higher in very young, low weight donors. Pre-

emptive liver transplantation with sequential kidney transplantation or delayed kidney 

transplantation in a combined transplant setting, with recourse to hypothermic perfusion 

techniques, might be better therapeutic strategies to reduce kidney loss due to high serum 

oxalate. 
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 INTRODUCTION  

Primary hyperoxaluria type 1 (PH1, OMIM #259900 ) is a rare inborn error of metabolism, 

caused by deficiency of the hepatic enzyme alanine-glyoxylate-aminotransferase(1). 

The absent or reduced enzyme activity leads to an excessive oxalate production, with diffuse 

interstitial renal accumulation as nephrocalcinosis or relapsing kidney stones, possibly 

evolving into end-stage renal disease (ESRD). In its severe expression, extra-renal oxalate 

accumulation can be observed in the retina, bone, arteries and soft tissues, as systemic 

oxalosis (2). 

Although a rare disorder, it acquires considerable clinical importance as it accounts for 

approximately 2% of children needing renal replacement treatment in Western countries, 

whilst in populations where the frequency of parental consanguinity is high it may account 

for up to 17% of ESRD in pediatric age (3). 

Despite promising innovative therapies, including gene therapy and stem cell therapy (4),(5), 

supportive treatment is still based on hyper-hydration, vitamin B6, and  potassium citrate 

supplementation. Liver transplantation, with or without kidney transplantation, still remains 

the definitive treatment for primary hyperoxaluria type 1 (6),(7),(8), at least until, in a 

hopefully near future, the defective enzyme activity will be pharmacologically or biologically 

restored. 

What the best surgical strategy may be, and particularly the timing and type of 

transplantation, still remains controversial. In the last decade, the debate has focused on 

choosing the right approach between simultaneous combined liver-kidney transplantation 

(CLKT) (9) and sequential surgical procedures (10),(11).  

It is well recognized that kidney transplantation alone may result in a dramatic disease 

recurrence and graft failure (12), therefore kidney substitutive therapy through 

transplantation is usually planned once the enzyme defect has been obviated, previously or 

simultaneously, thanks to a liver transplant. Even following this approach, kidney graft loss 

due to massive oxalate accumulation is a major complication of CLKT (6),(7),(9), in up to 50% 

of the cases, despite the adoption of an aggressive post-transplant hemodialysis protocol 

(10),(13).  

In an era of donor shortage, avoiding organ wasting and preventable graft failure is 

becoming more and more important, forcing transplantation centres to explore new 

solutions. 
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AIM OF THE STUDY:  

This study aimed to assess the outcomes of CLKT in paediatric PH1 patients with ESRD 

transplanted in our Centre, and to suggest improvement in the management strategies of 

this rare condition through serum oxalate levels monitoring before and after CLKT. 

 

 

 

PATIENTS AND METHODS 

We performed a retrospective observational study on 6 children with PH1 who received a 

simultaneous CLKT in our centre between 2001 and 2018. 

This study was approved by our institutional review board and carried out according to good 

clinical practices. Written informed consent was obtained from all parents and patient 

consent was obtained, where appropriate. 

 

Patients 

Between January 2001 and December 2018, 2459 liver transplantation (LT) were performed 

in our institution, 2309 in adult and 150 in pediatric recipients. CLKT were 70 (2.8%) and 

13/70 (18.6%) were performed for PH1, 7 in adult and 6 in pediatric recipients.  

All children were referred by the Pediatric Nephrology Unit with a confirmed diagnosis of 

PH1, and were on renal replacement therapy. None was diagnosed in an early phase of the 

disease on a familiar or clinical basis, and in all cases the diagnostic suspicion was raised 

because of advanced nephrocalcinosis or recurrent urinary stones with chronic renal 

disease. PH1 diagnosis was based on elevated serum oxalate levels and elevated urinary 

oxalate if a diuresis was still present, followed by AGXT gene mutation analysis confirmation. 

Upon diagnosis, all children received intensive hemodialysis treatment or combined 

hemodialysis and peritoneal dialysis, aimed at maintaining serum oxalate levels assessed by 

HPLC (14) lower than 70 μmol/L. Intensive nutritional support and accurate screening of 

oxalate accumulation in the target organs  were concomitantly carried out.  Indications and 

optimal timing for transplantation were discussed by a multidisciplinary team. 
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Surgical technique 

All the patients underwent orthotopic liver transplantation from a deceased pediatric donor, 

in all cases with preservation of the inferior retrohepatic vein. The portal vein was 

reconstructed with an end-to-end anastomosis without vein graft interposition or a porto-

plasty. The artery was reconstructed with an end-to-end anastomosis on the recipient 

common hepatic artery or directly onto the aorta with an end-to-side anastomosis with an 

iliac artery graft interposition. The bile duct was reconstructed with an end-to-end 

anastomosis or with a Roux-en-Y hepatico-jejunostomy. 

At the end of liver transplantation surgery, a heterotopic kidney transplantation was 

performed on the iliac axes; an end-to-side anastomosis between the donor renal artery and 

recipient iliac artery was performed. The donor ureter was implanted onto the recipient 

bladder on J-J stent.  

 

Immunosuppression and post-transplant clinical course 

Standard immunosuppression was based on induction with intraoperative basiliximab (20 or 

40 mg according to weight <20kg or >20 kg) associated with steroid pulses 

(methylprednisolone 10 mg/kg intraoperative followed by tapering doses in the following 

days to 4 mg/kg on day 1 and 2 mg/kg on day 2). Immunosuppressive maintenance was 

based on calcineurin inhibitors [cyclosporine (2h peak of 1200-1400 ng/ml in the first month) 

or tacrolimus (through level 7-9 ng/ml in the first month then gradual tapering)], 

mycophenolate (1200 mg/m2), and steroids (0.75 mg/kg with progressive tapering until 

discontinuation within 24 months)]. Liver biopsies were performed if liver enzyme increased 

and by protocol at 12 months. Donor-specific antibody (DSA) were routinely monitored.  

Plasma oxalate levels were measured by HPLC (14) at the time of listing for CLKT 

transplantation and on day 2 after transplantation.  

In the first week after transplantation, vital parameters were monitored in Intensive Care 

Unit (ICU) where urine output, renal function tests, serum bilirubin, liver enzymes, 

coagulation parameters, and acid-base balance were 8 hourly recorded. All recipients 

underwent daily Doppler ultrasonography monitoring of the transplanted liver and kidney. 

 

Statistical analysis 

Qualitative variables are presented as numbers and percentages and analysed by chi-square 

test; quantitative variables are presented as median and quartiles and analysed by Mann-
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Whitney test. Wilcoxon signed-rank test was used to compare pre- and post-CLKT 

measurements. A logistic regression was performed to evaluate variables related to kidney 

loss after CLKT. Graft survivals were evaluated with Kaplan-Meier analysis for comparisons 

with the log-rank test. The level of significance was set at P<0.05. Statistical analyses were 

carried out with StatView (SAS Institute INC). 
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RESULTS 

Clinical data of the 6 patients are summarized in Table 1.  

Four children (67%) were boys; the median age at time of transplantation was 11 [4.4-12.6] 

years and the body surface area (BSA) 1.11 [0.65-1.16] m2.  

All patients underwent CLKT from brain death deceased compatible pediatric donors; 

median donor age was 8.1 [3.3-12.6] years and BSA 0.87 [0.64-1.26] m2.  

Median graft-to-recipient body weight ratio for liver allograft was 3.1 [2.0-3.8]%. Median 

cold ischemia time was 554 [460-563] minutes for livers, 911 [863-919] minutes for kidneys.  

All children were on intensive hemodialysis at the time of transplantation; 5 out of 6 children 

resumed adequate urine output immediately after transplantation but three needed also 

supportive renal replacement therapy in the first days after transplantation. 

Haplotype and mutations in the AGXT gene that encodes for the peroxisomal alanine-

glyoxylate aminotransferase (AGT) enzyme are shown in Table 2. 

The trend of serum oxalate (Figure 1) was characterized by a quick reduction within 48 hours 

from renal graft reperfusion as well as after a hemodialysis procedure, with plasma oxalate 

significantly lower than its pre-transplantation levels (p=0.027): median pre-CLKT plasma 

oxalate was 142 [127-198] μmol/L while on day 2 post-CLKT was 43 [37-50] μmol/L.  

Aspartate transaminase, alanine transaminase and total bilirubin levels progressively 

returned to normal values in the first 10 days after transplantation. Also serum creatinine 

decreased after CLKT in all cases in the first 7 days after transplantation, even if in three 

patients (patient 1, 3 and 6) the reduction was slower and strictly dependant from 

hemodialysis. 

In a median follow-up of 6.5 [2-10] years after transplantation, no child died and no liver 

graft failure was observed. Two kidney grafts (33%) were lost early in the follow up, 

respectively after 11 days due to primary non-function possibly caused by the long ischemia 

time, and after 21 days due to early renal oxalate accumulation, despite a very aggressive 

hemodialysis protocol started immediately after transplantation. Another kidney graft was 

lost due to chronic rejection for therapy non-adherence, 10 years after CLKT, without 

histological signs of oxalate deposition.   

None of the studied variables achieved statistical significance for predicting early kidney 

graft loss at logistic regression. Liver and kidney graft survival remained stable at 1, 3, and 5 

years, at 100% and 85% respectively. 
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Case series 

Patient 1 was a ten year old boy, transplanted in September 2001. Post-operative course 

was complicated by intra-abdominal bleeding which required an emergency re-laparotomy. 

The Kidney graft was lost 10 years later in 2011 due to chronic rejection, related to non 

adherence to immunosuppressive therapy. No oxalate deposition was evidenced at kidney 

biopsy.  

Patient 2 was a thirteen year old boy, transplanted in March 2010. The follow-up was 

complicated by late intrahepatic biliary strictures with recurrent cholangitis related to 

changes in intrahepatic arterial flow, successfully treated by percutaneous bilioplasty. He 

experienced recurrent lower urinary tract infections requiring antibiotic treatment in the 

first three years after transplantation and no other complications afterwards. 

Patient 3 was a 2.6 year old boy, transplanted in April 2010. The patient was anuric on the 

first day after CLKT and required haemodialysis. On day 11 after transplantation, a renal 

scintigraphy showed no arterial flow in the kidney graft, which was eventually lost as 

primary non function possibly due to the protracted ischemia time (CIT kidney = 1000 min). 

Early post-operative course was also complicated by changes in intrahepatic arterial flow 

with tardus-parvus waveforms at Doppler ultrasonography. The patient received a second 

successful kidney transplantation in February 2012; the follow up of the second kidney graft 

was complicated by humoral kidney rejection with de-novo DSA without liver involvement. 

Patient 4 was a 12 year old girl; in addition to ESRD, the girl suffered from oxalosis-related 

retinopathy. The post-transplant course and follow up have been uneventful with early 

restoration of liver and kidney function and normal urine output. 

Patient 5 was a 13 year old girl who had undergone a laparoscopic left nephrectomy for 

infected urinary stones ; she was listed for CLKT and transplanted in July 2018. The early 

post-transplantation course was uneventful. Three months later, the girl developed a ventral 

incisional hernia, surgically corrected 1 year after transplant. Liver and kidney graft are 

showing normal function and follow up is uneventful.  

Patient 6 was 3 year old boy with early onset of severe oxalosis and ESRD, diagnosed with 

PH1 at 2 months. The child was anuric and had very high plasma oxalate levels withsevere 

nephrocalcinosis with, and oxalate-related retinopathy. He received intensive daily 

hemodialysis and nutritional support and was waitlisted when he reached a pre-dialysis 

plasma oxalate of 70 μmol/L with efficient dialysis removal. He was transplanted in July 2018 
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from a deceased 3-years old donor. To avoid recurrence, he was treated immediately after 

transplantation with 24 hours continuous renal replacement treatment for 6 days in 

adjunction to forced diuresis. Kidney function loss occurred after three weeks concomitant 

with lung infection with respiratory failure and fluid overload which required assisted 

respiratory support: rapid fluid removal caused a dramatic diuresis reduction and 

irreversible oxalate accumulation, ascertained at kidney graft biopsy. Ten months after CLKT, 

the kidney graft and the native left kidney were explanted due the difficulty in reducing 

plasma oxalate in spite of intensive hemodialysis treatment; at histological examination, 

tubular oxalate accumulation and interstitial fibrosis were observed. Twenty months after 

transplantation, liver function is normal. This child is still on dialysis awaiting for kidney re-

transplantation. 
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DISCUSSION 

The ideal strategy for medical and surgical treatment for PH1 still remains controversial. Due 

to the rarity of the disease most reported series are limited in numbers, the timing of 

transplant is variable, and patients differ by clinical presentation and probably by genetic 

make-up.  

In our experience, albeit limited to 6 pediatric recipients, CLKT is a safe and feasible 

approach, but despite the satisfactory outcome in patient quality of life and liver graft 

survival, kidney graft loss represents a severe complication possibly leading to continuation 

of hemodialysis or re-transplantation. 

Our data suggest a relationship between recipients’ age and the risk for kidney graft loss for 

more than one reason. 

Small children with early end-stage renal failure due to massive nephrocalcinosis were 

offsprings of consanguineous marriages, bearing homozygous or compound heterozygous 

genetic defects causing complete loss of enzyme activity, with no response to vitamin B6 and 

high oxalate production even on intensive hemodialysis.   

The significant correlation between a lower donor’s age and weight and risk of graft loss, 

might also be due to rapid oxalate dismission from previous massive tissue accumulation 

that has to be handed by a small size kidney graft. Forced diuresis and supportive renal 

replacement treatment notwithstanding, such severe cases of PH1 may experience a rapid 

recurrence of the diseases in a kidney graft of compatible size, but too small to cope with a 

massive oxalate discharge.   

Plasma oxalate levels can be still significantly raised months or even years after a functioning 

liver transplantation to replace ATG enzyme activity (10), eventually causing renal 

impairment and kidney graft failure.  

For this reasons, Ozer and coll. decided to perform (6) a sequential transplantation in 

patients who have signs of systemic oxalosis or high levels of plasma oxalate. They also 

suggested the possibility to utilize different organs from the same living donor in different 

times to treat the disease (6).  

A Stanford University group (10) recently argued on the two possible alternative approaches  

of two sequential transplants versus one simultaneous transplant and tried to elucidate 

which  might be the better option: they concluded that, based on the published series and 

the limited pediatric experience in this rare disease, data supporting sequential versus 

combined transplantation are not sufficiently strong to indicate one or the other strategy. 
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They suggest that many donor and recipients’ variables should be taken into account when 

deciding on transplant timing and strategy and that none of the two options can be at the 

moment recommended. Hence, while waiting for gene therapy (5), the choice of the best 

transplant strategy to cure PH1 still remains a challenge. The main limit of our reported 

experience is the small sample size, due to the rarity of the disease (less than three cases per 

million), but, our experience can contribute to the ongoing discussion (9) with some “lessons 

learned”: 

1) many children with PH1 are late referrals, already with ESRD and on haemodialysis. 

We rarely had the opportunity of considering an early CLKT on a PH1 patient with an 

eGFR below 30 ml/min/1.73 m2, and never in a child. 

2) Even if it is controversial as a primary approach, simultaneous CLKT has always been 

our first choice. Sequential liver-kidney transplantation was considered only in case 

of failing kidney graft. 

3) Sequential liver-kidney transplantation could be fruitfully considered if the diagnosis 

is made early, in a phase of CKD stage 3 with a eGFR >30 ml/min/1.73 m₂ , when 

progression to renal failure is deemed unavoidable. In our experience we could never 

considered this option in infants < 2 year, since tolerance to intensive hemodyalysis 

was always difficult to maintain. 

4) CLKT may be an issue especially in small infants. When PH1 is diagnosed before 6 

months of age it usually presents as a very severe disease with systemic oxalate 

accumulation, bone disease and risk of retinal degeneration. In this context, any  

medical or surgical treatment can be difficult and with a high risk of complications. In 

these severe cases, who rapidly lead to native kidneys loss due to nephrocalcinosis in 

spite of intensive hemodialysis, oxalate net removal is scarce due to the kinetic of 

new oxalate generation. There is therefore often an urgency to  perform a transplant 

to correct the metabolic defect and stop the irreversible systemic deposition in the 

eyes, brain, arteries and bone. Performing an isolated liver transplant first can rapidly 

correct the enzyme defect but continuation on hemodialysis may be hampered by 

serious complications in a small child. In any single case, the choice between the two 

options is bound to be always very challenging. We suggest a “case by case” 

discussion considering donor’s and recipient’s characteristics before choosing CLKT 

versus sequential transplantation. CLKT remains our first choice in children older than 

2 year, and we consider this option safe and feasible (15). 
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5) Sequential transplantation could be a good option in infants to reduce the risk of 

kidney graft loss, and living donor liver transplantation represents probably the best 

option for the logistic and timing issues, followed by a cadaveric kidney 

transplantation (16). 

 

Monitoring of the serum oxalate levels before and after transplantation can provide useful 

information on the best strategies to be pursued for management of CLKT in PH1. 

A promising option in this context, despite the little experience in the paediatric field, might 

be represented by machine perfusion (17),(18). The advent of machine perfusion could 

profoundly change the way we envision combined transplantation. Thanks to machine 

perfusion it is now possible to recover a donated organ during complex surgical procedures 

like total hepatectomy, thus reducing the cold ischemia time (19),(20). If one considers that 

the oxalate levels decreases during the first 48 hours after liver transplantation (Figure 1), 

one could recover the kidney during this time interval, while the recipient is on an aggressive 

haemodialysis protocol. Kidney transplantation could thus be delayed by 24-48 hours, and 

the graft protected from oxalate accumulation (21),(22). 
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Patient N. 1 2 3 4 5 6 

Year of transplantation 2001 2010 2010 2017 2018 2018 

Donor       

Age (years) 4.1 1.,8 2.0 16.0 12.0 3.0 
Gender Female Female Male Male Male Male 
Blood type 0 A 0 B 0 0 
Body Surface Area (m2) 0.71 1.33 0.53 1.81 1.04 0.62 
Cause of brain death Trauma Anoxia Trauma Trauma Trauma Anoxia 
HLA-A1 2 3 2 2 2 2 
HLA-A2 30(19) 32(19) 11 3 24(9) 3 
HLA-B1 18 7 41 38(16) 18 7 
HLA-B2  35 51(5) 49(21) 35 39(16) 
HLA-DR1 1 3 4 11(5) 17(3) 1 
HLA-DR2 3 7 15(2) 13(6) 13(6) 15(2) 

Recipient       

Age (years) 9.8 13.5 2.6 12.2 12.7 1.3 
Gender Male Male Male Female Female Male 
Blood type 0 A 0 B B A 
Body Surface Area (m2) 1.09 1.17 0.50 1.14 1.,27 0.,40 
Waiting list time (days) 142 9 71 193 204 82 
PELD -1 29 -8 20 21 2 
HLA-A1 23(9) 2 1 26(10) 1 2 
HLA-A2 29(19)   29(19) 32(19) 26(10) 
HLA-B1 44(12) 18 51(5) 7 27 7 
HLA-B2   57(17) 38(16) 35 44(12) 
HLA-DR1 11(5) 11(5) 3 10 11(5) 4 
HLA-DR2 7  11(5) 13(6) 16(2) 15(2) 

Transplant operation       

GRBWR (liver) 1.6% 2.6% 3.5% 3.9% 1.8% 4.5% 
CIT Liver (minutes) 551 565 584 430 332 556 
WIT Liver (minutes) 21 42 29 37 19 38 
CIT Kidney (minutes) 905 955 1000 849 545 916 
WIT Kidney (minutes) 95 29 30 25 24 25 

Donor/Recipient Match       

Donor/Recipient CMV Neg/Pos Pos/Pos Pos/Pos Pos/Pos Neg/Neg Neg/Pos 
Donor/Recipient EBV Neg/Neg Neg/Pos Neg/Neg Neg/Pos Neg/Pos Neg/Neg 
Crossmatch Negative Negative Negative Negative Positive Negative 

Post-Transplant Course       

Immunosuppression CsA+Aza+St TAC+MMF+St TAC+MMF+St TAC+MMF+St TAC+MMF+St TAC+MMF+St 
Induction Basiliximab Basiliximab Basiliximab Basiliximab Basiliximab Basiliximab 
RRT post CLKT Yes No Yes No No Yes 
ICU Stay days 27 14 12 6 7 7 
Rejection - Liver No No No No No No 
Rejection - Kidney Chronic No No No No No 

Serum oxalate (μmol/L)       

Pre-CLKT 86 214 124 135 148 248 
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Post-CLKT 40 55 45 20 36 51 

Table 1: Clinical features of the six PH1 patients undergoing CLKT. (Aza: Azathioprine; BSA: Body Surface Area; CIT: Cold 
Ischemia Time; CLKT: Combined Liver-Kidney Transplantation; CMV: Cytomegalovirus; CsA: Cyclosporine A; EBV: 
Epstein-Barr Virus; GRBWR: Graft to Recipient Body Weight Ratio; HLA: Human Leukocyte Antigens; ICU: intensive 
care unit; MMF: Mycophenolate mofetil; PELD: Paediatric End-stage Liver Disease; PH1: primary hyperoxaluria type 
1; RRT: Renal Replacement Therapy; St: Steroids; Tac: Tacrolimus; WIT: Warm Ischemia Time).  

 

 

 

 

Patient N. 1 2 3 4 5 6 

Year of transplantation 2001 2010 2010 2017 2018 2018 

Haplotype mm mm MM MM MM mm 
Mutation allele 1 c.943-1G>T c.943-1G>T p.Asp201Glu c.33dupC p.Gly156Arg p.Ile244Thr 
Mutation allele 2 c.943-1G>T c.943-1G>T p.Asp201Glu c.33dupC c.33dupC p.Ile244Thr 

Table 2: Haplotype and mutations in the AGXT gene in the six PH1 patients undergoing CLKT. (CLKT: Combined Liver-
Kidney Transplantation; PH1: primary hyperoxaluria type 1). 
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Figure 1: Pre- and post-CLKT (day 2) levels of serum oxalate in the six patients in study (CLKT: Combined liver and kidney 
transplantation). Patient 1, 3 and 6 underwent renal replacement therapy immediately after CLKT. 

 

 


