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Abstract

Introduction Liver—kidney transplantation is a rare procedure
in children, with just ten to 30 cases performed annually
worldwide. The main indications are autosomal recessive
polycystic liver—kidney disease and primary hyperoxaluria.
This study aimed to report outcomes of liver—kidney trans-
plantation in a cohort of pediatric patients.

Methods We retrospectively analyzed all pediatric liver—kidney
transplantations performed in our center between September 2000
and August 2015. Patient data were obtained by reviewing inpa-
tient and outpatient medical records and our transplant database.
Results A total of 14 liver—kidney transplants were performed
during the study period, with a median patient age and weight
at transplant of 144.4 months (131.0-147.7) and 27.3 kg
(12.0-45.1), respectively. The indications for liver—kidney
transplants were autosomal recessive polycystic liver—kidney

This article is part of the topical collection on “What’s New in Renal
Transplantation?”

< Jesus Quintero Bernabeu
38633jgb@gmail.com

Pediatric Hepatology and Liver Transplant Unit, Hospital
Universitari Vall d’Hebron, Universitat Atonoma de Barcelona,
08035 Barcelona, Spain

Pediatric Nephrology Department, Hospital Universitari Vall
d’Hebron, Universitat Autonoma de Barcelona,
08035 Barcelona, Spain

Pediatrics Department, Hospital Universitari Vall d’Hebron,
Universitat Autonoma de Barcelona, 08035 Barcelona, Spain

Pediatric Surgery Department, Hospital Universitari Vall d’Hebron,
Universitat Autonoma de Barcelona, 08035 Barcelona, Spain

HPB Surgery and Transplants, Hospital Universitari Vall d’Hebron,
Universitat Autonoma de Barcelona, 08035 Barcelona, Spain

Published online: 25 August 2017

disease (8/14), primary hyperoxaluria —1 (5/14), and idiopath-
ic portal hypertension with end-stage renal disease (1/14).
Median time on waiting list was 8.5 months (5.7-17.3). All
but two liver—kidney transplants were performed simultaneous-
ly. Patients with primary hyperoxaluria-1 tended to present a
delayed recovery of renal function compared with patients
transplanted for other indications (62.5 vs 6.5 days, respec-
tively, P 0.076). Patients with liver—kidney transplants tended
to present a lower risk of acute kidney rejection than patients
transplanted with an isolated kidney transplant (7.2% vs
32.7%, respectively; P < 0.07). Patient and graft survival at
1, 3, and 5 years were 100%, 91.7%, 91.7%, and 91.7%,
83.3%, 83.3%, respectively. No other grafts were lost.
Conclusion Long-term results of liver—kidney transplants in
children are encouraging, being comparable with those ob-
tained in isolated liver transplantation.

Keywords Liver—kidney transplantation - Pediatrics - Highly
sensitized patients - Allograft survival - Donor-specific
antibodies

Introduction

In adults, combined liver—kidney transplantation (LKT) has
become a standard procedure, with numbers increasing con-
siderably in recent years [1-3]. Nevertheless, the procedure
remains rare in the pediatric population, with only ten to 30
performed annually worldwide [4]. Despite the shortage of
suitable organs and the longer waiting times compared with
adults recipients [5], the number of transplants performed in
children has increased gradually over the past decade [6].
The most common indications for LKT in children are end-
stage renal disease (ESRD) due to congenital cystic or fibrous
diseases [congenital hepatic fibrosis and autosomal recessive
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polycystic liver and kidney disease (ARPLKD)], and primary
hyperoxaluria type 1 (PH-1). Other indications, such as atyp-
ical hemolytic uremic syndrome, methylmalonic acidemia, or
alpha-1 antitrypsin deficiency have been reported [7].

The aim of this study was to assess the outcome of children
undergoing LKT in our center and report indications and early
and late complications of these patients.

Patients and methods

Data on all children who underwent LKT between September
2000 and August 2016 were retrospectively collected by
reviewing inpatient and outpatient medical records and the
prospective database of the pediatric liver (LT) and kidney
(KT) transplant units. Patients were divided into two groups
based on LKT indication: group 1, patients with PH-1; group
2, patients with other indications, mainly ARPKD) to compare
pre- and post-LKT kidney function. Pre- and posttransplant
estimated glomerular filtration rate (eGFR) was calculated
using modified Schwartz formula [8] All documented epi-
sodes of rejection were biopsy proven. All biopsies were
scored by pediatric histopathologists using the Banff schema
[9]. No protocol biopsies were performed.

Primary hyperoxaluria diagnosis

PH-1 was confirmed by demonstrating reduction of alanine/
glyoxylate aminotransferase enzyme activity or gene mutation
studies and elevated serum and urinary oxalate level.

Autosomal recessive polycystic liver and kidney disease
diagnosis

ARPKD was diagnosed using imaging techniques (ultrasound
or magnetic resonance imaging) and clinical presentation. In
three cases, we performed direct sequencing of the entire cod-
ing region of the PKHD].

Criteria for liver—kidney transplant

Patients with PH-1 were listed for LKT when presenting with
ESRD and diagnosis was confirmed (enzymatically or genet-
ically). In patients with ARPKD, LKT was performed when a
patient with ESRD presented severe cholangitis despite
prophylaxic antibiotics, or with life-threatening upper-gastro-
intestinal bleeding refractory to conventional preventive treat-
ment. Each patient was evaluated and accepted for LKT by the
liver and kidney transplant selection committee.
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Liver and kidney function

Recovery of kidney function was defined as eGFR > 60 ml/
min/1.73/m* without need of dialysis during the 3 days prior to
eGFR determination. Recuperation of liver function was de-
fined as International Normalized Ratio (INR) < 1.5 without
administration of fresh—frozen plasma for at least 24 h. Patient
survival was defined as the time from transplantation to death or
last follow-up. Liver graft survival was defined as the time from
transplantation to death, last follow-up, or retransplantation.
Kidney graft survival was defined as the time from transplan-
tation to death, last follow-up, or return to dialysis. In patients
transplanted because of PH-1, we used continuous venovenous
hemodiafiltration during the first 3 days after transplantation to
decrease the burden of plasma oxalate released by tissues. No
other measures to manage hyperoxalemia were used.

Pretransplant immunological monitoring

To perform an immunological assessment, a panel reactive
antibody (PRA) was performed every 6 months during the
pretransplant period. When PRA was > 10%, single antigen
class I and II (One Lambda Inc., CA, USA) beads were used to
detect donor-specific antibodies (DSA). These were read on a
Luminex ® (One Lambda Inc.) platform, as described else-
where [10]. DSA levels are reported as mean fluorescence
index (MFI). If a PRA was > 10%, then the patient was con-
sidered sensitized. If the PRA was > 80% and DSA levels
were > 6000 MFI, then patients were considered as highly
sensitized. In sensitized patients, pretransplant immunological
status was checked every 3 months. A routine baseline flow
cytometric cross-match and T-cell-complement-dependent cy-
totoxicity were done in all recipients, as previously described

[11].
Desensitization strategies

Patients with PRA DSA levels < 6000 MFI received desensi-
tization treatment with a high dose of, nonspecific immuno-
globulin (1-2 g/kg body weight) monthly until transplant or
desensitization. Patients considered highly sensitized received
five sessions of plasmapheresis/ immunoadsorption
(TheraSorb-LIFE 18; Miltenyi Biotec) with a low-dose of
nonspecific immunoglobulin [ 100400 g/kg body weight plus
one dose of rituximab (375 mg/m?)] after the fifth session of
plasmapheresis/ immunoadsorption. Immunological status
was then rechecked and if patients still fulfilled the highly
sensitized criteria, they received another course of five
plasmapheresis/immunoadsorption therapy and a low dose
of immunoglobulin. In highly sensitized patients, five
peritransplant sessions of plasmapheresis/immunoadsorption
and a low dose of immunoglobulin were administered (one
session just before transplant and four posttransplant) [12].
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Immunosuppression
Nonsensitized patients

In all patients, induction therapy consisted of 10 mg/kg of meth-
ylprednisolone i.v. before hepatic revascularization, followed
by 2.5 mg/kg twice daily, tapering to 1 mg/kg per day over
6 days. Basiliximab was administered i.v. on the 1st and 5th
postoperative days at 10 or 20 mg, depending on patient weight
(less or more than 30 kg, respectively). Tacrolimus at 0.075 mg/
kg twice daily was started in the pediatric intensive care unit via
a nasogastric tube until oral intake was tolerated to achieve a
trough level of 8-12 ng/ml over the first 2 weeks.
Mycophenolic acid was started at 20 mg/kg twice daily.

Sensitized patients

In sensitized patients, basiliximab was replaced by
thymoglobulin (3 mg/kg on the 1st, 3rd, and 5th postoperative
days, respectively, maximum dose 12 mg/kg). Drug tolerabil-
ity was checked after each administration to assess the possibil-
ity of administering the next dose. Methylprednisolone, tacro-
limus, and mycophenolic acid were started as is usual in LKT.

Immunological monitoring and immunosuppression
in isolated KT and LT

In KT patients, immunological monitoring, desensitization
strategies, and immunosuppression were the same as those
in LKT. However, in LT only cross-match and T-cell-
complement-dependent cytotoxicity were done before trans-
plant, and transplantation was performed regardless of result.
As no LT patient was considered as sensitized, basiliximab
was always use as induction therapy followed by tacrolimus
and methylprednisolone as in LKT.

Postransplant immunological monitoring

Since 2002, in patients not highly sensitized, DSA levels
posttransplant have been monitored once a year. In highly
sensitized patients, DSA levels are monitored at 1, 3, 6, and
12 months posttransplant and yearly thereafter.

Liver and kidney transplantation

In all patients, transplantation procedure followed standard
techniques, with liver graft preceding renal graft implantation.
Hepatectomy with vena cava preservation was performed
whenever possible. Technical details for LT have been de-
scribed in detail by our group [13, 14]. After laparotomy clo-
sure and hemodynamic stability was achieved, KT was

performed. Children were managed postoperatively within a
multidisciplinary team.

Statistical analysis

Survival curves were computed using Kaplan—Meyer
methods. Continuous variables are presented as median, with
range and categorical variables as value with percentage.
Dichotomous variables were obtained using the chi-square
or Fisher’s exact test. Mean comparisons were performed
using Student’s ¢ test. The Statistical Package for the Social
Sciences (SPSS Inc., Chicago, IL, USA) version 18.0 was
used for analyses, and significance level was set at 0.05.

Results

A total of 174 LT and 181 KT were performed: 14 were LKT
(8.0% of LT and 7.7% of KT). Indications for LKT were
ARPLKD (8/14) and PH-1 (5/14). The remaining patient
was a Chinese teenager with an ESRD and multiple hepatic
adenomas with intratumor bleeding. Patient characteristics
and characteristics of LT, KT, and LKT are shown in
Tables 1 and 2, respectively.

All LKT allografts were from ABO-compatible heart-beating
deceased donors. Two patients received a nonsimultancous LKT
from different donors. The first nonsimultaneous LKT patient
was initially planned to be simultaneous; due to hemodynamic
instability during the hepatic surgery, the KT had to be post-
poned. The kidney graft was successfully transplanted to another
pediatric recipient. Ten months later, a solitary KT was performed
without any technical complications. The second patient was
scheduled as a nonsimultaneous LKT because of her low weight
(7 kg). She was a PH-1 patient who first received an LT to
prevent oxalosis progression; 2 months later, when the patient
weighted >10 kg, the KT was successfully performed.

The average time in intensive care unit and of hospitalization
was 11 (range 5.5-13.5) and 28 (range 19.7-74.5) days, respec-
tively. Median follow-up was 106.9 months (30.3-195.9).

Indication for LKT in ARPKD patients

Among the 27 patients diagnosed with ARPKD during the
study period, 15 received a solid organ transplant (two isolated
LT, five KT, eight LKT). Five patients received an LKT as
first-line therapy. Indication for LT in those patients was portal
hypertension with variceal bleeding. Eight patients presented
kidney dysfunction without major liver involvement, so they
initially received an isolated KT. Three of them presented
severe cholangitis after the KT, leading to an LKT a mean of
4.21 years (0.43-7.31) after the KT. All episodes of
cholangitis were observed as chronic infections requiring
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Table 2 Transplant characteristics

KT LT LKT KT vs LKT LT vs LKT
Median age (months) 109.4 (9.6-288.0) 37.5 (2.5-112.7) 144.4 (31.0-147.7) p<091 p <0.002
Gender (% male/female) 54.0/46.0 54.2/45.8 50.0/50.0
Weight (kg) 30.1 (16.2-46.2) 8.5 (2.7-49.3) 27.3 (12.0-45.1) p<0.52 p <0.051
Time on waiting list (months) 7.1 (4.9-9.1) 4.6 (2.2-7.5) 8.5 (5.7-17.3) p<0.67 p<0.05
Liver cold ischemia time (min) 310 (240-435) 293 (156-468) p<0.778
Kidney cold ischemia time (min) 720 (603-912) 615 (565-770) p<0.64

KT kidney transplant, LT liver transplant, LKT liver—kidney transplant

antibiotic treatment i.v. for a mean of 10.77 months (4.57—
17.8). The other five isolated KT patients present a normal liver
function without any episode of cholangitis or variceal bleeding
due to portal hypertension during the follow-up. No cholangitis
episodes were observed in LKT recipients without a previous
KT. No differences were observed in age at LKT between LKT
performed as a first-line therapy or after cholangitis
(110.83 months; 31.03—-152.23 vs 143.46 months; 47.97—
197.77, respectively; P = 0.56). Recipients of an isolated LT
presented normal kidney function at the end of follow-up.

Pretransplant renal function

Median pretransplant eGFR was 11.8 ml/min/1.73 m? (range
9.6-17). All patients were on hemodialysis support before
transplant (median 6.2 months; range 4.1-8.8). Only one pa-
tient needed dialysis from birth (patient 14). There were no
statistically significant differences in eGFR values or median
hemodialysis time depending on different causes of LKT. All
patients presented hypertension before transplant using two or
more antihypertensive drugs in all but three cases. Two pa-
tients used more than four drugs.

Pretransplant liver function

All patients presented good liver function. Only one case pre-
sented mild hepatic synthetic dysfunction, which was not the
indication for liver transplant.

Sensitized patients

Five patients were considered sensitized, and basiliximab
was replaced with thymoglobulin, as described. Three
were highly sensitized: The first received plasmapheresis plus
a high dose of immunoglobulin and rituximab pretransplant. In
the remaining two, plasmapheresis was replaced with
immunoadsorption. All highly sensitized patients had
ARPKD with previous KT and their negative DSA
pretransplant remained negative at the end of follow-up.

One highly sensitized patient pretransplant was positive for
de novo DSA types 1 and 2, 1 month after LKT. Nevertheless,
there was neither kidney nor hepatic graft dysfunction. Two
months later, DSA was negative and remained so at the end of
the follow-up period. The remaining LKT recipients presented
no DSA positivity.

Posttransplant renal function

Five of 14 patients (35.7%) required continued postoper-
ative hemodialysis after kidney transplant (media duration
of posttransplant dialysis 12.5 days, range 6.5-19.5).
Among these five patients, four had PH-1. During the first
3 days, those four patients were under continuous
venovenous hemodiafiltration to decrease oxalate over-
load, then switched to intermittent hemodialysis until re-
nal function recovery. Only one of eight patients with
ARPKD needed hemodialysis after KT. Overall, patients
achieved normalization of renal function at postoperative day
10.5 (range 4-32). Patients with PH-1 showed a delayed re-
covery of renal function compared with those with ARPKD.
However, no statistically significant differences were ob-
served, possibly due to the small sample size: 6.5 days (» 4—
13.8) vs 22.5 days (r 4.8-56) in ARPKD and PH-1 patients,
respectively( P 0,076). The long-term eGFR of LKT recipi-
ents were excellent, with a median filtration rate of 83.1 +
12.5,75.0 £ 15.1, 73.4 £11.2 and 70.2 + 7.4 ml/min/1.73 m*
at 1, 3, 5, and 10 years, respectively. No differences were
observed between the indication of LKT and posttransplant
evolution of eGFR (Fig. 1).

Posttransplant hepatic function

One patient presented chronic liver rejection with a severe
ductopenia 1 year after rapamycin at 1 mg/m?®/day once a
day was started, with an improved liver function after
6 months. At the end of the follow-up, the patient presented
normal blood test and biopsy with normal portal/biliary duct
ratio.
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Posttransplant morbidity
Renal post-LKT morbidity

One PH-1 patient presented thrombosis of a renal artery branch
and developed severe hypertension and kidney dysfunction that
led to renal retransplantation 12 months after the first transplant.
Another patient presented chronic rejection of the renal graft re-
quiring renal retransplantation 10 years after the LKT. Two pa-
tients presented BK virus primoinfection; both were treated with
cidofovir, and immunosuppression was changed to rapamycin-
based therapy. One patient presented viral clearance with total
renal function recovery. The other presented progressive renal
dysfunction with severe tubulopathy and is on the waiting list
for kidney retransplantation. Patients with LKT tended to present
a lower risk of acute kidney rejection than those who received an
isolated KT (7.2% vs 30.4% respectively; P < 0.07).

Hepatic post-LKT morbidity

One of 14 (7.1%) patients presented early hepatic thrombosis
in the postoperative period, which resolved with intervention-
al radiology. Four of 14 (28.6%) patients presented biopsy-
proven hepatic acute cellular rejection, all of whom were treated
successfully with corticoid overload and immunosuppression
optimization. There were no statistically significant differ-
ences regarding acute liver rejection episodes between pa-
tients who underwent LKT and isolated LT (28.5% vs
25.7%, respectively; p < 0.76). All patients with liver rejection
were pre-LKT sensitized (two highly sensitized).

Hepatic and kidney graft survival
Kidney graft survival at 1, 3, and 5 years were 92.9%, 85.7%,

85.7%, respectively. Causes of the renal failure were throm-
bosis of the renal artery and chronic rejection, respectively. No
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significant differences were observed between disease groups.
No patient required hepatic retrasplantation due to graft lost
during the follow-up.

Mortality

One patient died due to sepsis secondary to adenovirus infec-
tion at 265 days post-LKT. Patient survival was 92.9% at 1, 3,
and 5 years after LKT.

Discussion

We report the long-term outcome of 14 LKT performed in our
center over 16 years. LKT forms a small proportion of all LT
(8.0%) and KT (7.7%) performed during this time in our cen-
ter. Overall patient survival rate of 92.9% at 1, 3, and 5 years
are better than those reported in adults [15]. This excellent
short- and long-term survival is comparable with that in pa-
tients who underwent single LT or KT in our institution.

The main indications for LKT in children are variants of PH-
1 and polycystic disease associated with end-stage organ failure
[7]. PH-1 is a rare disorder of oxalate metabolism, of autosomal
recessive inheritance, caused by liver microsomal deficiency of
alanine glycoxilate transaminase. This leads to overproduction
of oxalate, which must be excreted by kidneys. Hyperoxaluria
results in nephrocalcinosis and urolithiasis, which causes renal
insufficiency [16]. Apart from the isolated metabolic defect,
liver function was normal, but KT alone fails because of recur-
rent disease in the kidney allograft [17]. In theory, in PH-1
patients , pre-emptive LT is the appropriate therapy [18] but is
rarely possible because patients are usually diagnosed or re-
ferred once renal failure develops. Moreover, in severe forms
of the disease, when eGFR falls < 40 ml/min/m>, systemic
deposition of oxalate crystals may occur, especially in heart,
cornea, and brain. Therefore, LK T should be considered when
eGFR falls between 20 and 40 ml/min/m? [16]. In the series
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reported here, this could not be achieved, and children had
severe, advanced renal disease at the time of transplant (¢GFR
< 15 ml/min/m?), and all patients were under hemodialysis prior
to LKT. Perera et al. [17] demonstrated that patients with PH-1
presented a significantly slower recovery of eGFR after LKT
than patients transplanted for other reasons. They observed in
renal biopsies that increased oxalate excretion in the early
posttransplant period tends to deposit oxalate crystals, and this
may have an impact on eventual graft function. That could
explain the slow rate of posttransplant renal function improve-
ment (6.5 days in patients with ARPKD and 22.5 days in pa-
tients with PH-1) despite of the use of continuous venovenous
hemodiafiltration systems the first 3 days after transplantation.
Although differences are apparently huge, they may not have
reached statistical significance due to the small sample size.

Taking into account that the low weight of one PH-1 patient (7
kg) advised against LKT, a nonsimultaneous first-recipient LT
was carried out . Complications associated with the accumulation
of oxalic acid in heart and cornea were thus avoided. Two months
later, a KT was successfully performed. To date, due to limited
experience, there is no evidence that supports this approach, but
there is a strong biochemical rationale [19]. We also changed
posttransplant management in this patient, and, to ensure removal
of oxalic acid, implemented aggressive fluid management, with
fluid intake 3 L/m? per day plus high-volume hemodiafiltration
in combination with citrate orally was started [17].

We also report a significantly lower rate of acute kidney
cellular rejection episodes in recipients of LKT vs isolated KT
during the study period. Similar findings were reported by Fong
et al. [20], supporting the theory that the liver provides immu-
nologic protection to the kidney. Some authors suggest that
liver allograft provides renal graft immunoprotection if both
organs are transplanted simultaneously but not for kidneys
transplanted subsequently [21]. This approach has not been
assessed in our population because of the small sample size.

The rate of liver rejection was similar of that observed in
isolated LT in our center. However, it is important to highlight
that four of six pre-LKT-sensitized patient presented acute
liver but not kidney rejection. In no hepatic rejection episode
was posttransplant DSA detected. One patient presented
chronic rejection without response to conventional immuno-
suppression (tacrolimus, mycophenolate mofetil, and methyl-
prednisolone). Although studies in pediatric solid-organ recip-
ients using rapamycin are rare, they contain valuable data
regarding treatment for chronic allograft rejection in the adult
population [22]. Following that data, rapamycin at a dose of
1 mg/m?/day once a day was started, and the patient experi-
enced good hepatic evolution, with blood tests and histologi-
cal normalization until the last follow-up.

Only one patient developed posttransplant DSA without
any signs of graft dysfunction. Nevertheless, DSA was again
negative 1 month later and continued so after 24 months. This
relatively short follow-up after DSA positivity prevents

determination of the real impact of autoantibodies. In all sen-
sitized and highly sensitized patients, pretransplant DSA
showed a negative value at the end of the follow-up. In terms
of ARPKD, early results of isolated KT were dominated by
high morbidity, mainly because of severe recurrent cholangitis
[23, 24]. LKT should be a reasonable approach, but outcome
data are scarce, especially in children [25]. The decision to
perform a KT is relatively clear. Renal phenotype is easy to
follow-up, and renal replacement therapy was often initiated
before renal transplant. Nevertheless, there is no consensus
regarding optimal LT strategy for ARPKD [26, 27]. In most
cases, liver disease is mild, with preserved synthetic function.
Thus, isolated KT is usually performed in the setting of
ESRD. However, Davis et al. reported a higher incidence of
sepsis-related mortality in recipients of an isolated KT with
hepatorenal fibrocystic diseases [28]. In our series, three pa-
tients with ESRD and initially with minor liver disease re-
ceived a previous single kidney transplant. These patients
were followed for liver behavior. Sepsis due to ascending
cholangitis and portal hypertension with ESRD led to LKT
at 1, 6, and 8 years after the first single transplant. Among the
27 patients followed in our hospital with an ARPKD, five
received an isolated KT and experienced no infectious
complications.

In the patient with portal hypertension and liver fibrosis in
combination with ESRD, a portosystemic shunt prior to KT or
LKT was discussed as an alternative, but the literature is con-
troversial [29]. Among our patients, a splenorenal shunt was
performed prior to LT in one case, because the patient present-
ed a severe portal hypertension with bleeding of esophageal
varices. After the shunt, no other episodes of variceal bleeding
occurred, and the patient was successfully transplanted.

At our institution, we now perform LKT in cases of severe
portal hypertension or repeated cholangitis and ESRD, but the
optimal approach has not been evaluated in a systematic man-
ner. In conclusion, long-term results of LKT in children are
encouraging, being comparable with those obtained with iso-
lated LT. The Results are excellent, especially if patients are
evaluated and listed before they become critically ill or present
systemic manifestation of subsequent metabolic disease. In
our study, patients with PH-1 tended to experience slower
eGFR recovery than patients with ARPKD.
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