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Introduction

Since the first kidney transplantations (KTX) in the 1950s

[1] and liver transplantations (LTX) in the 1960s [2],

graft and patient survival has improved dramatically

[3–5]. As a result, the first successful combined liver and

kidney transplantation (CLKT) was performed in 1984

[6]. Renal insufficiency, because of a variety of causes, is

a common problem especially in adults suffering from

end-stage liver disease. Renal impairment in liver trans-

plant patients is known to amplify the risk for both, post-

operative chronic kidney disease and mortality [7,8].

Therefore, the number of CLKT in adults has shown a

considerable increase over the last few years [9,10]. In

addition, the introduction of the model of end-stage liver

disease (MELD) for liver graft allocation has increased the

allocation of organs to patients with renal insufficiency

[11].

In children, on the other hand, the most common

causes for CLKT are congenital diseases affecting both

liver and kidney like primary hyperoxaluria type 1 (PH-

1), autosomal recessive polycystic kidney disease

(ARPKD) and others [10,12]. As a result of the low inci-

dence of these diseases, CLKT in children is still a therapy

performed in a very limited number of cases. As a conse-

quence, only few data are available in the literature

regarding paediatric CLKT. With increasing experience

and improved outcome after isolated paediatric LTX and
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Summary

In children with renal insufficiency and accompanying or underlying liver dis-

ease, combined liver and kidney transplantations (CLKT) are indicated. How-

ever, because of the rare indications, the number of paediatric CLKT is low.

Our aim was to analyse CLKT in children with special regard to surgical

aspects and outcome. All paediatric CLKT performed at our institution

between 1998 and 2009 were retrospectively analysed. Between 1998 and 2009,

15 CLKT were performed in 14 paediatric patients (median age 8 years, range

1–16 years). The indications for CLKT were autosomal recessive polycystic kid-

ney disease (n = 7), primary hyperoxaluria type 1 (n = 7) and retransplanta-

tion because of primary liver nonfunction (n = 1). In the postoperative course,

six patients showed bleeding complications, thereof three patients needed oper-

ative revision for intra-abdominal bleeding. Eight of 15 patients (53%) needed

dialysis. The 1- and 5-year patient survival was 100%; and 1- and 5-year graft

survival was 80% for the liver and 93% for the kidney allograft. A number of

different complications, especially secondary haemorrhage have to be antici-

pated after CLKT, requiring a timely and interdisciplinary treatment approach.

With this management, our patients showed an excellent graft and patient sur-

vival.
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KTX, a program of CLKT in children was started at our

hospital in 1998. Our aim was to analyse indications and

outcome of these paediatric patients.

Methods

All paediatric patients undergoing CLKT at the University

Medical Centre Hamburg-Eppendorf were identified from

a prospective database. Overall, 15 CLKT in 14 children

were performed between 1998 and 2009. In the same time

period, 407 isolated LTX and 64 isolated KTX in children

were done (characteristics of these patients are given in

Table 1).

The patients were analysed for donor and recipient

characteristics. Special attention was given to the techni-

cal aspects of the liver and kidney transplant procedure.

Intraoperative and postoperative course as well as

postoperative complications, especially those related to

vascular, biliary or urinary reconstruction, were moni-

tored. Finally, graft and patient survival of the children

was analysed.

Statistics

Continuous data were expressed as mean and standard

deviation in case of normal distribution or otherwise as

median and range. Categorical variables were expressed as

number and percentage. Graft and patient survival were

assessed using Kaplan–Meier survival curves. All statistics

were performed using the spss 17.0 software for Windows

(IBM, Ehningen, Germany).

Results

Recipient and donor data

Overall, 15 CLKT were performed in 14 paediatric

patients (eight male patients/six female patients) between

1998 and 2009 in our hospital. Recipients had a median

age of 8 years (range 1–16 years) and median weight of

17 kg (range 9–53 kg). Median follow-up was 21 months

(range 1–103 months). The indications for CLKT were

ARPKD and PH-1 in seven patients respectively. In addi-

tion, one child underwent liver and kidney re-transplanta-

tion because of primary nonfunctioning of the liver graft

and simultaneous impaired kidney graft function because

of renal artery thrombosis. Fourteen liver grafts were

obtained from deceased donors. Types of graft included

four whole organs, eight left lateral splits, one full left

split and one right extended split. One child received a

left lateral liver graft from his aunt as a living donor. All

liver grafts were transplanted together with one kidney

from the same deceased or living donor. Two infants

received both kidneys from very young paediatric donors.

Median donor age was 19 years (range 1–50 years). The

median liver graft weight was 360 g (270–1200 g) and the

liver graft-to-recipient weight ratio (GRWR) was 2%

Table 1. Patient characteristics

(isolated kidney transplantation,

isolated liver transplantation).

Isolated KTX Isolated LTX

Number of transplantations 64 407

Recipient age, median (range) [years] 9.5 (1–16) 1.6 (0–16)

Recipient gender (male/female) 41/23 207/200

Primary/re-transplantation 57/7 328/79

Deceased donor/living-related 49/15 308/99

Indications liver transplantation [n]

Cholestatic liver disease 218

Metabolic liver disease 47

Acute hepatic failure 31

Alagille syndrome 27

Liver tumour 9

Other 75

Indications kidney transplantation [n]

Congenital anomalies of kidney

and urinary tract

29

Glomerulonephritis 8

Nephronophthisis 6

Haemolytic uraemic syndrome 5

Polycystic kidney disease 2

Other 14

Warm ischaemic time, mean [min] 41 39

Cold ischaemic time, mean [min] 777 504

KTX, kidney transplantation; LTX, liver transplantation.
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(1.1–5.8%). Detailed patient and donor characteristics are

given in Tables 2 and 3.

Technical aspects of the liver transplantation

Outflow reconstruction

In one out of the four patients receiving a whole liver

graft, outflow reconstruction was performed using the

classic technique with replacement of the inferior vena

cava and two end-to-end anastomoses between donor and

recipient vena cava. In the remaining three patients trans-

planted with a whole organ graft, and in the patient

receiving a right extended graft, the liver was implanted

using a modified piggy back technique with preservation

of the recipient inferior vena cava and a side-to-side cav-

ocavostomy. One child receiving a full left liver graft was

also transplanted using the piggy back technique after

back table-reconstruction of the remaining semicircular

donor vena cava using an external iliac donor vein for

replacement. All patients transplanted with a left lateral

liver graft (n = 9, including living donation) had an end-

to-side anastomosis between the donor left hepatic vein

and the preserved recipient inferior vena cava. All anasto-

moses were performed with a running suture using

Polydioxanone (PDS) 5.0 or 6.0.

Portal vein reconstruction

The donor portal vein (whole organs, right extended graft

and full left graft) or the left portal vein branch (left lat-

eral grafts including the living donation graft) was anasto-

mosed end-to-end to the recipient portal vein with a

running suture by PDS 6.0.

Arterial reconstruction

Most commonly arterial anastomoses were performed

between donor proper/common hepatic artery and recipi-

ent proper/common hepatic artery (two whole liver

grafts, one right extended graft, one full left graft and six

left lateral grafts). In two cases, arterial anastomoses were

performed between donor left hepatic artery and recipi-

ent left hepatic artery (two left lateral grafts including liv-

ing donation). In the remaining cases, the donor left

hepatic artery (one left lateral graft) or coeliac trunk

(one whole organ) was anastomosed to recipient proper

hepatic artery. In one whole organ graft, the donor coe-

liac trunk and recipient accessory right hepatic artery

were used for anastomosis. All anastomoses were per-

formed end-to-end using interrupted PDS 6.0 or 7.0

sutures.

Biliary reconstruction

In three out of the four patients receiving a whole organ,

and in the patient receiving a right extended graft, an

end-to-end choledochocholedochostomy was performed.

In the other patient receiving a whole organ, in the

patient with full left graft and in all patients with left lat-

eral grafts, a biliodigestive anastomosis with Roux-en-Y

jejunal limb was performed. In the child receiving a left

lateral graft by living donation, two biliodigestive anasto-

moses to the same jejunal limb were necessary. All anas-

tomoses were performed using interrupted PDS 6.0 or 7.0

sutures.

Technical aspects of the kidney transplantation

All children received kidneys from the same donor who

also donated the liver graft, including living donation. In

ten cases, the left kidney, and in three cases, the right

Table 2. Patient characteristics (combined liver and kidney transplan-

tation).

Number of patients 14

Number of CLKT 15

Recipient age, median (range) [years] 8 (1–16)

Recipient gender (male/female) 8/6

Recipient weight, median (range) [kg] 17 (9–53)

Liver graft weight, median (range) [g] 360 (270–1200)

GRWR, median (range) [%] 2 (1.1–5.8)

Urgency status, normal/high urgency 14/1

Primary/re-LTX 14/1

Primary/re-KTX 14/1

CLKT, combined liver and kidney transplantation; GRWR, graft-to-reci-

pient weight ratio; KTX, kidney transplantation; LTX, liver transplanta-

tion.

Table 3. Donor characteristics (combined liver and kidney transplan-

tation).

Donor age, median (range) [years] 19 (1–50)

Donor gender (male/female) 11/4

Donor weight, median (range) [kg] 79 (12–85)

Creatinine, mean ± standard

deviation [mg/dl]

0.74 ± 0.33

Serum urea, mean ± standard

deviation [mg/dl]

28 ± 15

Bilirubin total, mean ± standard

deviation [mg/dl]

0.6 ± 0.3

Alanine aminotransferase,

mean ± standard deviation [U/l]

86 ± 88

Aspartate aminotransferase,

mean ± standard deviation [U/l]

52 ± 40

Cause of death (deceased donors), n (%)

Trauma 6 (42.9)

Cerebral bleeding 4 (28.6)

Other 4 (28.6)
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kidney was used. In two children receiving organs from

very young donors (donors 1 year of age) both kidneys

from the donor were transplanted into one recipient. In

the majority of cases, the donor kidney was placed

extraperitoneally into the left (n = 6) or right (n = 5)

iliac fossa. Otherwise, the kidney was placed into the

abdominal cavity (n = 4).

Vein reconstruction

Donor kidney vein was transplanted end-to-side to the

recipient vena cava (n = 7), the common iliac vein

(n = 2) or the external iliac vein (n = 4) respectively.

One of the children received two kidneys en-bloc. In this

case, the donor vena cava segment was anastomosed side-

to-side to the recipient vena cava. In the other child, the

kidneys were transplanted separately with two separate

anastomoses between donor kidney vein and recipient

vena cava or common iliac vein respectively.

Arterial reconstruction

Arterial anastomoses were performed end-to-side between

donor renal artery and the recipient aorta (n = 7), the

common iliac artery (n = 4) or the external iliac artery

(n = 2) respectively. In one child receiving an organ with

two renal arteries on a native aortic patch, we performed

a single end-to-side anastomoses to the recipient aorta.

Analogously to the vein reconstruction in the two chil-

dren receiving two kidneys, in one child the kidneys were

anastomosed with a donor aortic segment en-bloc side-

to-side to the recipient aorta. In the other child, two sep-

arate anastomoses were performed between donor kidney

artery and recipient aorta or common iliac artery respec-

tively.

Urinary tract reconstruction

Ureterocystoneostomy (UCNS) was performed in all

patients using the technique of Gregoir-Liche. From 1998

until 2006 routine, intraoperative stenting of the vesico-

ureteric anastomosis using double a J-stent was per-

formed (n = 8). In both patients receiving two kidneys,

two separate UCNS were performed.

All anastomoses concerning KTX were performed using

PDS 6.0 running suture.

Intraoperative course

The mean cold ischaemic time was 589 ± 148 min for the

liver and 840 ± 198 min for the kidney. Mean warm

ischaemic time was 34 ± 10 min for the liver and

42 ± 12 min for the kidney. Patients needed a median of

2 (range 2–3) blood transfusions and 8 (range 3–28) fresh

frozen plasmas. In addition, in three patients, substitution

of thrombocytes was necessary.

Postoperative course

The median ICU stay was 8 days (range 5–59 days), and

the duration of invasive ventilation 1.5 days (1–52 days).

All seven patients undergoing CLKT because of PH-1

were treated postoperatively by haemodialysis to reduce

oxalate load to avoid kidney graft damage. In these

patients, the median time at dialysis was 5 days (range 2–

27 days). Only one child with CLKT for ARPKD needed

haemodialysis after transplantation (8 days) because of

impaired kidney graft function.

Early after CLKT liver function tests showed a steady

decline with median values for total bilirubin of 2.8, 1.3,

0.7 mg/dl, for aspartate aminotransferase of 165, 40,

33 U/l and for alanine aminotransferase of 181, 72, 23 U/l

at postoperative days 3, 7 and 30 respectively. Corres-

ponding serum creatinine and urea level were 0.5, 0.5,

0.5 mg/dl and 20, 16, 25 mg/dl respectively.

In the postoperative course, six patients (40%) showed

bleeding complications. Three patients with intra-abdomi-

nal bleeding (thereof two patients under dialysis treatment)

underwent operative revision. In all three cases, diffuse

intra-abdominal haemorrhage was shown. Two patients

developed gastrointestinal bleeding. Bleeding in one child

stopped after correction of the coagulation disorder. The

other child underwent esophagogastroduodenoscopy, which

showed bleeding from gastric ulcer that was treated success-

fully by endoscopic clipping. Another child, likewise under

dialysis, developed a retroperitoneal haematoma after biopsy

of the transplanted kidney and haematuria after suprapubic

catheterization. Both problems could be treated symptomat-

ically and by correction of the coagulation disorder.

Vascular complications were observed in three recipi-

ents after CLKT affected the liver graft in two patients

and the kidney graft in one patient.

Both patients suffering from a vascular complication of

the liver had a venous outflow problem diagnosed on

duplex sonography. One child had received a left lateral

graft from a living donor and underwent operative revision

with enlargement of the venocaval anastomosis 10 days

after the initial transplantation. The other child had

received a left lateral graft obtained from an ex-situ split

procedure of a deceased liver. An interventional dilatation

of the anastomosis was performed 1 month after CLKT;

however, the venous outflow problem persisted and the

child underwent re-LTX 3 months after CLKT.

One patient with primary nonfunction of the liver

developed renal artery thrombosis at the first postopera-

tive day and underwent re-operation. A thrombectomy of

the kidney graft artery was performed, followed by

re-anastomosis. As a result of the primary liver graft

nonfunction and the persisting impaired renal graft func-

tion, the child underwent re-CLKT.

Combined liver–kidney transplantation in children Herden et al.
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No other vascular complications of the liver or kidney

graft occurred in our patients after CLKT. Likewise no

biliary or urinary tract complications were observed.

Two children experienced acute rejection of the kidney

graft (in one case treated by steroid bolus therapy and in

the other case by conversion of cyclosporine to tacroli-

mus), one child showed an acute rejection of the liver

graft, and in another child acute rejection of the kidney

and the liver graft was observed (both children were trea-

ted successful by steroid bolus and conversion of cyclo-

sporine to tacrolimus).

Infectious complications were found in only two chil-

dren, including a BK-viruria in one child and a systemic

candida infection together with a CMV reactivation in

another child.

Patient and graft survival

No patient died during follow-up. The 1-year and 5-year

survival rates for the liver graft were 80%, and the 1-year

and 5-year survival rates for the kidney graft 93%. As

mentioned before, one child with a primary nonfunction

of the liver and an impaired kidney function because of

renal artery thrombosis underwent early re-CLKT on the

fourth postoperative day. Unfortunately, also the second

liver graft showed a primary nonfunction and therefore

second re-LTX was performed 5 days later. Another child

needed re-LTX after 3 months because of histological

diagnosed medical-toxic liver damage and afore men-

tioned outflow problem of the liver graft. The mean of

total bilirubin was 0.5 ± 0.3 mg/dl, and the mean of

serum creatinine was 0.8 ± 0.5 mg/dl in the children with

functioning graft at the last follow-up.

Kaplan–Meier survival curves of patient and graft sur-

vival following CLKT in comparison to our isolated LTX

(n = 407) and KTX (n = 64) are shown in Figs 1 and 2.

As a result of the low number of cases of CLKT, no sta-

tistical analysis was performed. However, graft and

patient survival appears comparable or even superior

compared with isolated transplantation.

Comparison of CLKT in children £12 kg vs. >12 kg

Overall, five CLKT were performed in five children

weighting £12 kg (median weight 10 kg, range 9–12 kg),

and the remaining 10 CLKT were performed in nine chil-

dren weighting more than 12 kg (median weight 26 kg,

range 17–53 kg). There was no obvious difference in the

intraoperative course between children weighting £12 kg

and children weighting >12 kg. However, because of the

restricted abdominal space in the smaller infants, a tem-

porarily abdominal wall closure was necessary in two chil-

dren weighting <12 kg. The abdominal patch could be

removed successfully by stepwise reduction on postopera-

tive days 20 and 43. In the other patient group, a primary

closure of the abdominal wall was possible in all children.

During the postoperative course, two children (33%)

Figure 1 Graft survival following combined liver and kidney trans-

plantation (CLKT) in comparison to isolated liver transplantation (LTX)

and kidney transplantation (KTX). The figure shows the Kaplan–Meier

graft survival curves for liver and kidney graft survival following CLKT

in comparison to the graft survival after isolated LTX and KTX respec-

tively.

Figure 2 Patient survival following combined liver and kidney trans-

plantation (CLKT) in comparison to isolated liver transplantation (LTX)

and kidney transplantation (KTX). The figure shows the Kaplan–Meier

patient survival curve for CLKT in comparison to the patient survival

after isolated LTX and KTX respectively.
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£12 kg and four children (40%) >12 kg showed bleeding

complications. Concerning vascular complications, one

child in both groups suffered from a venous outflow

problem of the liver graft. In addition, one other child

>12 kg developed renal artery thrombosis. The 1- and

5-year patient survival rates were 100% in both groups.

The 1- and 5-year kidney and liver graft survival rates

were 100% in children weighting £12 kg, and 1-year and

5-year graft survival rates were 90% for the kidney and

70% for the liver grafts in the older children (>12 kg).

Discussion

In contrast to adult patients with advanced hepatic dys-

function/cirrhosis and accompanying potentially reversible

[13,14] renal insufficiency, the main indications for CLKT

in children are hereditary liver-based metabolic disorders

resulting in an end-stage renal disease [10,12]. As a result

of the rare indications in children, the number of paediat-

ric CLKT is small and almost constant about the last dec-

ades [10,15]. Outcome data for CLKT in children are

sparse. Two reviews from Sutherland et al. [10] and

Chava et al. [12] analysed indications and outcomes

derived from the UNOS database. Other publications

relating to paediatric CLKT investigate only small patient

groups with one kind of diagnosis or case reports [16–

19]. Therefore, general statements about graft and patient

survival are difficult. Reported 5-year patient survival

rates after paediatric CLKT have shown a high variation

between 50 and 100%. This is also influenced by the

underlying disease [10,20–22]. In some publications, liver

allograft survival after CLKT was described equal to

patient survival, suggesting a death-censored liver graft

survival of 100% [20,21]. Kidney allograft survival varied

from 50% to 100% 5 years after transplantation

[16,20,21,23]. However, the existing data predominantly

regard children with PH-1. Results from CLKT in adults

on the other hand suggest an equal long-term survival of

liver and kidney grafts following CLKT compared with

isolated organ transplantation [9].

Overall, CLKT in our paediatric patients showed an

excellent graft and patient survival. Nevertheless, a num-

ber of postoperative complications have to be anticipated

early after transplantation and intensive monitoring and

interdisciplinary management is mandatory. Forty percent

of our children showed bleeding complications after

CLKT, and 27% needed operative or interventional man-

agement of haemorrhage. Spearman et al. [24] found

bleeding complications following isolated paediatric LTX

in about 5% of the cases, Sundaram et al. [25] showed a

higher bleeding complication rate of 18%, however,

regarding isolated LTX only in very young infants

(£90 days of age). The higher rate of bleeding complica-

tions in our children with CLKT might well be explained

by the necessity of postoperative haemodialysis in nearly

half of the infants (because of delayed kidney graft func-

tion or clearance of hyperoxaluria) and therefore accom-

panying anticoagulation.

Other surgical complications were rare; two patients

(13%) showed liver graft outflow complications, and one

child showed renal artery thrombosis (7%). No other

complications of the vascular, biliary or urinary anasto-

moses occurred.

Multiorgan transplantation in children is still a techni-

cal challenge, especially in young children because of

small-sized anatomical structures and restricted space.

Reports concerning isolated LTX [26,27] or KTX [28,29]

in very small children have shown good outcomes. There

are few data available on the outcome of CLKT in small

infants or babies. Perera et al. [30] showed a comparable

outcome in children £15 kg compared with children

more than 15 kg. Accordingly, subgroup analysis of the

very small infants (age <3 years and weight <12 kg) in

our study undergoing CLKT revealed an excellent short-

term and long-term outcome (1-year and 5-year graft and

patient survival rate 100%). In the postoperative course,

two (33%) of the children in this study weighing <12 kg

needed re-operation because of diffuse intra-abdominal

haemorrhage, and one child (17%) required revision

because of an outflow problem. Hence, in our study, the

outcome is comparable to CLKT in our older children.

As a result of the restricted space in two small infants, a

temporarily abdominal wall closure was necessary and

could be removed successfully by stepwise reduction.

As a result of good results even in small children, the

time point of CLKT should be determined by the indica-

tion, and not by the age or weight of the recipient. Espe-

cially, in children with PH-1, early transplantation is

favourable because of deposition of oxalate not only in

the kidney, but also in other tissues like myocardium or

retina and thereby caused damage [31]. In the few cases

with early recognition of PH-1 before impairment of the

kidney, even an isolated LTX could be curative [32].

In summary, despite of a number of different compli-

cations following CLKT, with a timely and interdisciplin-

ary management, our patients with ARPKD and PH-1

showed an excellent graft and patient survival. Therefore,

to improve outcome, growth and development CLKT

should be suspected in all children suffering from simul-

taneous liver and kidney disease.

Authorship

HU: collected and analyzed data, wrote the paper. KM

and NB: study design. GR: analyzed data. IK, EG and BF:

collected data. FL: study design, wrote the paper.

Combined liver–kidney transplantation in children Herden et al.

ª 2011 The Authors

810 Transplant International ª 2011 European Society for Organ Transplantation 24 (2011) 805–811



Funding

No funding.

References

1. Merrill JP, Murray JE, Harrison JH, Guild WR. Successful

homotransplantation of the human kidney between identi-

cal twins. J Am Med Assoc 1956; 160: 277.

2. Starzl TE, Groth CG, Brettschneider L, et al. Orthotopic

homotransplantation of the human liver. Ann Surg 1968;

168: 392.

3. Suranyi MG, Hall BM. Current status of renal transplanta-

tion. West J Med 1990; 152: 687.

4. Ponticelli C. Renal transplantation 2004: where do we

stand today? Nephrol Dial Transplant 2004; 19: 2937.

5. Busuttil RW, Farmer DG, Yersiz H, et al. Analysis of long-

term outcomes of 3200 liver transplantations over two

decades: a single-center experience. Ann Surg 2005; 241:

905; discussion 16.

6. Margreiter R, Kramar R, Huber C, et al. Combined liver

and kidney transplantation. Lancet 1984; 1: 1077.

7. Baliga P, Merion RM, Turcotte JG, et al. Preoperative risk

factor assessment in liver transplantation. Surgery 1992;

112: 704; discussion 10.

8. Markmann JF, Markmann JW, Markmann DA, et al. Pre-

operative factors associated with outcome and their impact

on resource use in 1148 consecutive primary liver trans-

plants. Transplantation 2001; 72: 1113.

9. Dube GK, Cohen DJ. Simultaneous liver and kidney

transplantation. Curr Opin Nephrol Hypertens 2007; 16:

547.

10. Sutherland SM, Alexander SR, Sarwal MM, Berquist WE,

Concepcion W. Combined liver–kidney transplantation in

children: indications and outcome. Pediatr Transplant

2008; 12: 835.

11. Bloom RD, Bleicher M. Simultaneous liver–kidney trans-

plantation in the MELD era. Adv Chronic Kidney Dis 2009;

16: 268.

12. Chava SP, Singh B, Pal S, Dhawan A, Heaton ND. Indica-

tions for combined liver and kidney transplantation in

children. Pediatr Transplant 2009; 13: 661.

13. Davis CL. Controversies in combined liver–kidney trans-

plantation: indications and outcomes. Transplant Rev

(Orlando) 2008; 22: 82.

14. Davis CL, Feng S, Sung R, et al. Simultaneous liver–kidney

transplantation: evaluation to decision making. Am J

Transplant 2007; 7: 1702.

15. UNOS D. Combined pediatric kidney–liver transplants by

primary kidney diagnosis and primary liver diagnosis

(10/1987–7/2007). Available at: http://wwwunosorg/data by

request 2007.

16. Gagnadoux MF, Lacaille F, Niaudet P, et al. Long term

results of liver–kidney transplantation in children with pri-

mary hyperoxaluria. Pediatr Nephrol 2001; 16: 946.

17. Mc Guire PJ, Lim-Melia E, Diaz GA, et al. Combined

liver–kidney transplant for the management of methylma-

lonic aciduria: a case report and review of the literature.

Mol Genet Metab 2008; 93: 22.

18. Saland JM, Emre SH, Shneider BL, et al. Favorable long-

term outcome after liver-kidney transplant for recurrent

hemolytic uremic syndrome associated with a factor H

mutation. Am J Transplant 2006; 6: 1948.

19. Loreno M, Boccagni P, Rigotti P, Naccarato R, Burra P.

Combined liver–kidney transplantation in a 15-year-old

boy with alpha1-antitrypsin deficiency. J Hepatol 2002; 36:

565.

20. Grewal HP, Brady L, Cronin 2nd DC, et al. Combined

liver and kidney transplantation in children. Transplanta-

tion 2000; 70: 100.

21. Rogers J, Bueno J, Shapiro R, et al. Results of simulta-

neous and sequential pediatric liver and kidney transplan-

tation. Transplantation 2001; 72: 1666.

22. Millan MT, Berquist WE, So SK, et al. One hundred per-

cent patient and kidney allograft survival with simulta-

neous liver and kidney transplantation in infants with

primary hyperoxaluria: a single-center experience. Trans-

plantation 2003; 76: 1458.

23. Zanus G, Carraro A, Vitale A, et al. Combined liver and

kidney transplantation: analysis of Padova experience.

Transplant Proc 2007; 39: 1933.

24. Spearman CW, McCulloch M, Millar AJ, et al. Liver trans-

plantation for children: Red Cross Children’s Hospital

experience. Transplant Proc 2005; 37: 1134.

25. Sundaram SS, Alonso EM, Anand R. Outcomes after liver

transplantation in young infants. J Pediatr Gastroenterol

Nutr 2008; 47: 486.

26. Karakayali H, Ozcay F, Sevmis S, Savas N, Haberal M.

Liver transplantation for small babies. Transplant Proc

2007; 39: 1153.

27. Lucianetti A, Guizzetti M, Bertani A, et al. Liver transplan-

tation in children weighting less than 6 kg: the Bergamo

experience. Transplant Proc 2005; 37: 1143.

28. Ruiz E, Cateriano JE, Lobos P, et al. Kidney transplanta-

tion in small children with live related donors: 20 years of

experience. J Pediatr Urol 2006; 2: 373.

29. Mickelson JJ, MacNeily AE, Leblanc J, White C, Gourlay

WA. Renal transplantation in children 15 kg or less: the

British Columbia Children’s Hospital experience. J Urol

2006; 176: 1797.

30. Perera MT, Silva MA, Sharif K, et al. Improved outcomes

of combined liver and kidney transplants in small children

(<15 kg). Transplantation 2009; 88: 711.

31. Perera MT, McKiernan PJ, Sharif K, et al. Renal function

recovery in children undergoing combined liver kidney

transplants. Transplantation 2009; 87: 1584.

32. Brinkert F, Ganschow R, Helmke K, et al. Transplantation

procedures in children with primary hyperoxaluria type 1:

outcome and longitudinal growth. Transplantation 2009;

87: 1415.

Herden et al. Combined liver–kidney transplantation in children

ª 2011 The Authors

Transplant International ª 2011 European Society for Organ Transplantation 24 (2011) 805–811 811


