
Abstract We report two girls with histories of recessive
polycystic kidney disease. Both were on maintenance he-
modialysis. They had undergone surgical distal portocav-
al shunt because of portal hypertension. Later, bilateral
nephrectomy was performed, and they presented with
hepatic encephalopathy (HE) and evolution towards irre-
versible hepatic coma and death. Portosystemic shunt is
the treatment of choice of portal hypertension. The kid-
ney plays a pivotal role in ammonia disposal during por-
tosystemic shunt. Thus, we stress the risk of HE after
portosystemic shunt followed by bilateral nephrectomy
in patients with end-stage renal failure and suggest that
combined liver-kidney transplantation should be consid-
ered.

Key words Autosomal recessive polycystic kidney
disease · End-stage renal failure · Portal hypertension ·
Portocaval shunt · Encephalopathy

Introduction

Autosomal recessive polycystic kidney disease (ARPKD)
accounts for 1%–2% of cases of end-stage renal failure

(ESRF) in children [1]. In children surviving the neona-
tal period, the probability of survival with functioning
kidneys at 15 years of age is about 70% [2–4]. Hepatic
involvement is frequent and comprises proliferation of
dilated biliary ducts, resulting in portal fibrosis and
symptomatic portal hypertension (PH) [4, 5]. Portosys-
temic shunt is the treatment of choice for PH [6, 7]. He-
patic encephalopathy (HE) following portosystemic
shunt is rare in childhood [6]. Experimental models of
intra- and extra-hepatic portosystemic shunting lead to
hyperammonemia and an increase in renal ammonia dis-
posal in response to diminished hepatic ammonia detoxi-
fication [8, 9]. We report two pediatric patients with AR-
PKD on maintenance hemodialysis who died because of
HE. Both had portosystemic shunting because of PH,
followed by bilateral nephrectomy because of hyperten-
sion and chronic pyelonephritis. There was no liver in-
sufficiency. Evolution of encephalopathy was rapidly fa-
tal for both patients despite treatment. The aim of this
paper is to discuss the pathophysiology of HE in aneph-
ric patients. In this rare situation, and before every thera-
peutic decision, pediatric nephrologists and hepatologists
should be aware of the risk of HE and choose their strat-
egy accordingly.

Case reports

Case 1

Patient 1 was a 6-year-old girl with a history of ARPKD discov-
ered immediately after birth. Hepatic involvement consisted of
congenital hepatic fibrosis (CHF) with PH and hypersplenism.
Gastrointestinal bleeding and cholangitis were not observed. Liver
function tests, including serum bilirubin, transaminases, and pro-
thrombin time, were normal. Progressive evolution towards ESRF
necessitated hemodialysis at the age of 5 years. Left nephrectomy
was performed in order to reduce the abdominal mass. At the same
time, because of hypersplenism and thrombocytopenia, a surgical
splenorenal shunt was performed. No overt sign of encephalopa-
thy was observed in the post-operative period. Three months later
she had an inversion of portal blood flow on Doppler examination.
The shunt was patent. Four months later, she had worsening con-
fusional episodes during the course of pyelonephritis. Serum am-
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monia was in the normal range. Electroencephalography, cerebral
tomography, and magnetic resonance imaging were normal. After
a third episode of pyelonephritis, she presented with regressive
dysphonia secondary to a unilateral vocal cord paralysis. Eight
months later, because of chronic pyelonephritis, the second kidney
was removed. Blood ammonia and electroencephalography were
normal. Three weeks after nephrectomy, she presented with ab-
dominal pain, confusion, and pseudo-psychiatric delirium. Liver
ultrasonography and Doppler examination showed portal venous
occlusion, with no cavernous transformation or thrombosis. The
splenorenal anastomosis was large and patent. The blood ammonia
concentration was elevated (575 µmol/l). Electroencephalography
confirmed HE. Liver function tests remained normal. Despite
symptomatic treatment of HE, including continuous veno-venous
hemodiafiltration, parenteral protein-free nutrition, bowel decon-
tamination, and lactulose, evolution towards irreversible hepatic
coma and death occurred within 3 days.

Case 2

Patient 2 was a 9-year-old girl with a typical history of ARPKD.
The diagnosis was made on day 7 of life because of an abdomi-
nal mass. Overt signs of hepatic disease appeared at the age of 1
year. She had hypersplenism with pancytopenia, esophageal va-
rices, and presented with episodes of bacterial cholangitis requir-
ing antibiotics. Liver histology confirmed the diagnosis of CHF.
ESRF led to hemodialysis at the age of 4 years. During the same
period, a preventive mesentericocaval anastomosis was per-
formed. Right nephrectomy was carried out to reduce the abdom-
inal mass. Six months later, she had a first episode of coma with
hyperammonemia (442 µmol/l). Symptomatic treatment led to
remission. At the age of 7 years, left nephrectomy was per-
formed during an unsuccessful cadaver kidney transplantation
(venous thrombosis and transplantectomy on post-operative day
6). She then presented with several episodes of coma, all with
the same clinical presentation, including confusion, flapping
tremor, abdominal pain, and sometimes variceal bleeding. Liver
function tests, including serum bilirubin, transaminases, and pro-
thrombin time remained normal. Liver ultrasonography showed
heterogeneous parenchyma. Doppler examination revealed inver-
sion of portal and mesenterical flux and patency of mesenterico-
caval anastomosis. Electroencephalography confirmed HE. Be-
cause of the frequency of coma episodes, we considered emer-
gency liver-kidney transplantation. Unfortunately, and despite
symptomatic treatment, she died following a fatal episode of co-
ma at the age of 9 years.

Discussion

ARPKD is a genetic disease, with renal cysts involving
exclusively collecting ducts and biliary dysgenesis com-
prising proliferation of dilated biliary ducts, which is re-
sponsible for PH [5, 7]. Hepatomegaly and splenomega-
ly are frequent (83% and 61%, respectively) [2]. Gastro-
intestinal bleeding occurs in 23% of patients even after
portocaval anastomosis [3]. In children with isolated he-
patic fibrosis and PH, the most-appropriate treatment is
surgical portocaval shunt [6, 7]. HE is rare [6]. HE has
been reported once in an ARPKD patient undergoing
hemodialysis with a portosystemic shunt [3]. Prophylac-
tic portosystemic shunting, followed by renal transplan-
tation, has been described in children with ARPKD
[10].

Under physiological conditions, renal ammoniagene-
sis results from the de-amination of glutamine, mainly

(90%) by mitochondrial phosphate-dependent glutami-
nase. Brush border membrane-bound γ-glutamyltransfer-
ase is also partly responsible for renal ammoniagenesis
(10%) [8, 9, 11]. Of the total ammonia produced by the
kidney, 70% is released into the renal vein, the remain-
der being excreted into the urine [11]. During the course
of mild liver-induced encephalopathy, the renal blood
ammonia release stops while urinary ammonia excretion
increases, reversing the role of the kidney from net am-
monia addition to the body pool to net ammonia disposal
[8, 9]. During severe liver-induced encephalopathy, hy-
perammonemia by far exceeded renal ammonia disposal,
contributing to progressive hyperammonemia [8, 9]. This
suggests that the normal kidney plays a pivotal role in
ammonia disposal during liver insufficiency. In experi-
mental chronic renal failure, kidney γ-glutamyltransfer-
ase activity increases to allow an increase in renal net
ammonia production [12]. During severe liver insuffi-
ciency-induced hyperammonemia, the ammonia disposal
capacity appears to be exceeded [8, 9, 13]. Overall, these
observations provide evidence that the kidney is a major
site of ammonia disposal during mild hyperammonemia.
Its capacities are exceeded during severe hyperammone-
mia. In ARPKD patients, portosystemic shunting is re-
quired when PH occurs, regardless of the existence of re-
nal failure. Our patients had portosystemic shunting be-
cause of PH. After bilateral nephrectomy, hyperammon-
amia exceeded net ammonia disposal capacities and re-
sulted in HE. The subsequent evolution was rapidly fa-
tal.

We suggest that in ESRF patients, portosystemic
shunting is no longer the treatment of choice for PH, ex-
cept when following successful renal transplantation. We
therefore propose that portosystemic shunting should not
be considered in anephric patients with severe PH. In
this population, liver-kidney transplantation should be
considered early in the course of PH, before the onset of
HE.
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Novel erythropoiesis stimulating protein (NESP) is a hyperglyco-
sylated analogue of recombinant human erythropoietin (Epoetin)
which has an increased terminal half-life in animal models. The
aim of this study was to extend these observations to humans.
Using a double-blind, randomized, cross-over design, the single-
dose pharmacokinetics of Epoetin alfa (100 U/kg) and an equiva-
lent peptide mass of NESP were compared following intravenous
bolus in 11 stable peritoneal dialysis patients. This was followed
by an open-label study to determine the single-dose pharmaco-
kinetics of an equivalent peptide mass of NESP by subcutaneous
injection in six of these patients. The mean terminal half-life for
intravenous NESP was threefold longer than for intravenous
Epoetin (25.3 versus 8.5 h), a difference of 16.8 h (95% confi-
dence interval, 9.4 to 24.2 h, P = 0.0008). The area under the
serum concentration-time curve was significantly greater for
NESP (291.0 +/- 7.6 ng x h per ml versus 131.9 +/- 8.3 ng x h per
ml; mean +/- SEM; P < 0.0005), and clearance was significantly
lower (1.6 +/- 0.3 ml/h per kg versus 4.0 +/- 0.3 ml/h per kg; mean
+/- SEM; P < 0.0005). The volume of distribution was similar for
NESP and Epoetin (52.4 +/- 2.0 ml/kg versus 48.7 +/-2.1 ml/kg;
mean +/-SEM). The mean terminal half-life for subcutaneous
NESP was 48.8 h. The peak concentration of subcutaneous NESP
was approximately 10% of that following intravenous administra-
tion, and bioavailability was approximately 37% by the subcutane-
ous route. The longer half-life of NESP is likely to confer a clini-
cal advantage over Epoetin by allowing less frequent dosing in
patients treated for anemia.
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Objective The purpose of this study was to evaluate the use and
complication rate of tunneled femoral hemodialysis catheters
placed in patients with no remaining thoracic venous access sites.
Methods Over a 3-year period, 41 tunneled femoral vein catheters
(35 right, six left) were placed in 21 patients (15 women, six men;
21-89 years old; mean, 52 years). Catheters ranged in length from
40 to 60 cm. Tips were positioned immediately above the iliac bi-
furcation, at the mid inferior vena cava (IVC), or at the junction of
the IVC and right atrium. Catheters were exchanged through the
existing tract if the flow rate decreased to less than 200 ml/min.
Catheters were removed if an episode of bacteremia did not re-
solve with antibiotics or if the insertion site became infected.
Results Technical success of placement was 100%. The 30-, 60-,
and 180-day primary patency rates were 78%, 71%, and 55%, re-
spectively. The 30-, 60-, and 180-day secondary patency rates
were 95%, 83%, and 61%, respectively. Average time of function
per intervention was 61 days. Infections requiring catheter remov-
al occurred at a rate of 2.4 per 1000 catheter days. One episode of
partial IVC thrombosis occurred after a catheter infection devel-
oped 78 days after initial catheter placement. No episodes of
symptomatic pulmonary embolism occurred. Total length of fol-
low-up was 2506 catheter days.
Conclusions Femoral vein catheters require more frequent inter-
ventions than do thoracic catheters and are more susceptible to in-
fection. However, in patients with difficult central venous access,
the common femoral vein may be successfully used for permanent
tunneled hemodialysis access.


