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SUMMARY

Background
There is conflicting evidence as to whether ursodeoxycholic acid (UDCA)
reduces the incidence of parenteral nutrition-associated cholestasis.

Aim

To investigate the efficacy of UDCA on parenteral nutrition-associated
cholestasis in children with intestinal failure due to short bowel syn-
drome or to other causes.

Methods
Children with cholestasis received 30 mg/kg/day UDCA. Improvement
or normalization of parenteral nutrition-associated cholestasis was eval-
uated at 6 months of therapy and at the last follow-up. In a subgroup
of children, serum UDCA levels were measured while receiving UDCA
and after 4 weeks withdrawal.

Results
Twelve children were treated with UDCA. Full remission or partial
improvement of parenteral nutrition-associated cholestasis occurred in
11 of 12 children. In three of four children, withdrawal of UDCA was
associated with a rebound rise of cholestasis. Only one of 12 treated
children showed no improvement and in this patient, in contrast to four
other patients, plasma levels of UDCA did not increase during treat-
ment.

Conclusions
Ursodeoxycholic acid was effective in controlling parenteral nutrition-
associated cholestasis. The efficacy of UDCA also in children with short
bowel is related to intestinal absorption.
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INTRODUCTION

Irreversible intestinal failure (IF) is associated with

permanent loss of IF as a result of short bowel syn-

drome (SBS) or other primary intestinal conditions.1–3

Children with IF need parenteral nutrition (PN) for sur-

vival and growth. The only alternative is intestinal

transplantation, which entails high mortality and enor-

mous costs.3 Although a life-saving option, PN is

associated with a number of severe complications,

including PN-associated cholestasis (PNAC). PNAC

may progress to irreversible liver failure, which is the

most frequent indication for intestinal transplantation

in children.4 Patients with the greatest degree of

anatomic or functional bowel loss are considered at

increased risk of PNAC; stoma termination of small

bowel and absence of enterocolonic continuity are

other risk factors.5, 6

Several measures have been proposed to prevent

or treat PNAC. Enteral feeding protects the liver by

promoting enterohepatic recirculation of bile acids,

particularly if started early and if an ileum segment

is left after intestinal resection.7 Other interventions

are related to the modes, times and composition of

nutrient administration, particularly of lipids.3, 8

Ursodeoxycholic acid (UDCA) has been proposed for

the treatment of PNAC.9–11 There is some doubt

about the efficacy of UDCA in cases of PNAC, and

conflicting results have been obtained in neo-

nates.12, 13 UDCA efficacy in children with SBS-rela-

ted IF has been questioned because of its main

absorption occurring in the terminal ileum, even

though passive non-ionic diffusion was demonstrated

in the small intestine.14, 15

We evaluated the incidence of PNAC in a population

of children with IF receiving PN, and tested the effic-

acy of UDCA in the treatment of PNAC in two groups

of children with IF, those with SBS and those with

other primary intestinal diseases and normal intestinal

length.

MATERIALS AND METHODS

Population and definitions

All children admitted to our Unit from January 1997

to June 2004 because of IF were prospectively enrolled

in this open-label trial. Intestinal failure was defined

as a clinical condition resulting from a primary intesti-

nal disease, for which PN is needed and provided at

least 75% of the total caloric input for not <4 weeks,

or at least 50% of calories for not <3 months.2 Based

on IF aetiology, children were divided in those with

SBS and non-SBS related-IF (NSBS). The IF classifica-

tion system is reported elsewhere together with diag-

nostic procedures and PN protocols.2

The following data were recorded for each child:

primary aetiology of IF, age at IF onset, age at start of

PN and presence of stoma. Residual small bowel

length and presence of ileocecal valve were also recor-

ded in children with SBS. The number of catheter-rela-

ted sepsis (CRS) episodes was recorded for each child

and expressed as CRS per 1000 catheter days, referred

to the entire follow-up period. CRS was defined as a

septic episode with positive central line blood culture

or for which a specific antibiotic treatment for CRS

was administered.

Serum levels of gamma-glutamyl transpeptidase

(cGT), alanine aminotransferase (ALT), alkaline phos-

phatase (ALP), conjugated bilirubinaemia and albumin

were measured and coagulation tests were performed

upon hospital admission and monthly thereafter. The

diagnosis of PNAC was based on increased levels of

hepatobiliary enzymes (cGT, ALP and ALT, hereafter

‘PNAC parameters’; normal values: cGT < 70 U/L;

ALP < 1000 U/L; ALT < 60 U/L) with or without con-

jugated hyperbilirubinaemia.11, 16 Cholestasis was rela-

ted to PN when it occurred after initiation of PN and

when the following causes were excluded: active liver

infections, primary metabolic disorders, cystic fibrosis,

autoimmune diseases, neoplastic diseases, biliary tract

diseases including cholelithiasis and bacterial cholan-

gitis, and toxic injury other than that induced by

PN.11

UDCA therapy for parenteral nutrition-
associated cholestasis

All children with PNAC were prospectively enrolled to

receive UDCA. Exclusion criteria were: (i) modifica-

tions in the parenteral/enteral ratio of nutrient intake

>10% in the previous 4 weeks and (ii) clinical signs

and symptoms of intestinal obstruction requiring total

parenteral feeding, and not allowing drug administra-

tion through the oral route. Informed consent was

obtained for each patient. UDCA was administered at

30 mg/kg/day in three equal oral doses. UDCA was

administered in tablets formulation, and ground to

powder. In all treated children, cGT, ALT, ALP and

conjugated bilirubin were monitored weekly for the
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first 2 weeks and then monthly for at least 6 months.

The following parameters were evaluated after

6 months of treatment: (i) normalization of PNAC

parameters; (ii) improvement of PNAC, defined as a

reduction of at least 50% of all PNAC parameters for

at least 3 months; (iii) incidence of hepatic failure.

Time-to-response was also evaluated. At the last fol-

low-up, all children with PNAC were evaluated for

incidence of PNAC, evidence of liver failure and con-

tinuation of, or weaning from, PN.

Serum UDCA analysis

In a subgroup of five children, fasting concentrations

of UDCA were retrospectively determined in sera col-

lected during treatment and after a period of 4 weeks

withdrawal.

Serum UDCA levels were determined by a specific

solid-phase enzyme immunoassay with an UDCA-spe-

cific polyclonal antibody immobilized on 96-well pol-

ystyrene microtitre plates. A horseradish peroxidase

(HRP)–UDCA conjugate was used as enzymatic

tracer. For the UDCA assay, 100 lL of serum diluted

1/50 (v/v) with assay buffer and six standard UDCA

solutions with a concentration ranging from 0.1 to

100 lM was incubated in the 96-well microtitre plates

tube coated with the antibody for 1 h at 37 �C with

100 lL of the HRP–UDCA tracer. The enzymatic activ-

ity of the tracer was measured spectrophotometrically

at 492 nm using H2O2/1,2-phenylendiamine (OPD) as a

substrate chromogen. Total serum UDCA were

expressed as lM of serum. The used enzyme immuno-

assay fulfils all the standard requirements of accuracy

and precision with coefficient of variation always

below 9%. The limit of quantification is 0.1 lM and

this allows detection of serum UDCA in 1/10 (v/v)

diluted serum samples.

The assay is specific for both unconjugated, glycine-

and taurine-conjugated UDCA.17

Data presentation and statistical analysis

Age at IF onset and age at starting PN are expressed as

mean values and ranges. Levels of cGT, ALT and biliru-

bin are expressed as mean � S.E.M. The incidences of

PNAC in SBS and NSBS, and outcome parameters in

children treated or not with UDCA were comparatively

analysed by the chi-squared test. Duration of PN in

SBS vs. NSBS was compared by the Student’s t-test.

Multivariate and univariate analyses were used to

investigate the association between specific conditions

and the risk of developing PNAC and response to

UDCA treatment. For stepwise multiple logistic regres-

sion analysis, P-values of 0.05 and 0.1 were chosen as

cut-off points, respectively, to enter and exit the step-

wise procedure. Odds ratios with a 95% confidence

interval (CI) were computed. Differences were consid-

ered significant at the 5% level. Statistical analyses

were performed with SPSS version 11.5.

RESULTS

Incidence of parenteral nutrition-associated
cholestasis

Twenty-six children with IF were prospectively

enrolled in the study period. Of these, 16 needed PN

because of SBS and 10 because of NSBS. The aetiolo-

gies are listed in Table 1. Age at onset of PN was

11.1 months (range: 0–134) for SBS and 5.4 months

(range: 0–21) for NSBS. PNAC developed in 16 of 26

(62%) children. The incidence of PNAC did not differ

between SBS nine of 16 (56%) and NSBS seven of 10

(70%) children. Multivariate and univariate analyses

showed that none of the following factors were associ-

ated with an increased risk of cholestasis in our popu-

lation of children with IF: aetiology of IF, number of

CRS >1 or >3 per 1000 days with a central line, start

of PN in neonatal age, presence of ileocecal valve,

residual small bowel length <20 cm or <50 cm, pre-

sence of stoma. Precholestasis duration of PN was

1.9 months (range: 0–5.4) for SBS and 4.2 months

(range: 1–13) for NSBS (P ¼ N.S.).

Effect of UDCA treatment

Four of the 16 children with PNAC did not receive

UDCA: two were weaned from PN shortly after its onset

Table 1. Aetiologies of 26 consecutive children with
intestinal failure enrolled from January 1997 to June
2004

Aetiology Number (%)

Short bowel syndrome 16 (61)
Chronic intestinal pseudo-obstruction 5 (19)
Microvillus inclusion disease 1 (4)
Primary bile acid malabsorption 1 (4)
Unknown 3 (12)
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and cholestasis resolved spontaneously, and two pre-

sented with severe intestinal obstruction which preclu-

ded oral administration of any drug. Thus, 12 of 16

children with persistent PNAC were enrolled to be trea-

ted with UDCA (seven SBS and five NSBS). Children

were in stable condition and they did not show modifi-

cations in the parenteral/enteral ratio of nutrient intake

>10% during the study period. Table 2 shows the gen-

eral features of children receiving UDCA therapy.

The mean level of cGT, ALT and direct bilirubin was

higher in SBS than in NSBS children, but there was no

significant difference in any of these parameters.

UDCA treatment was associated with a substantial

decrease in cGT, ALT and direct bilirubin serum con-

centration in both groups (Figure 1). The biochemical

response was more pronounced and occurred sooner

in the SBS group (Figure 1). Analysis of outcome

parameters showed an improvement or normalization

of cholestasis in 11 of 12 treated children. UDCA had

no effect in one child (#6, Table 2) with 13 cm of

residual small bowel, a jejunal-abdominal stoma and

without the ileocecal valve and colon. A summary of

the study is illustrated in Figure 2.

The mean time-to-improvement and -normalization

of cholestasis in the SBS group was 2.1 months (range:

1–4) and 3.3 months (range: 2–4) respectively. The

times-to-response in the NSBS group were slightly

longer, being 2.0 months (range: 1–2) and 3.3 months

(range: 2–5) respectively. However, the differences

between SBS and NSBS were not significant.

In four children (#1, #3, #7 and #8 of Table 2),

UDCA was withdrawn after normalization of PNAC. A

rebound rise of cholestasis markers occurred in three

of four cases, and levels returned to normal upon

resumption of UDCA (Figure 3).

We investigated whether risk factors were associated

with the response to UDCA treatment. Neither

improvement nor normalization of PNAC was related

to aetiology of IF, number of CRS, age at start of PN,

duration of PN before PNAC, presence of ileocecal

valve, residual small bowel length <20 cm or <50 cm,

presence of stoma.

Finally, we evaluated the long-term outcome of

children with IF who developed PNAC. The two chil-

dren with persistent PNAC who did not receive UDCA

(one with SBS and one with NSBS) eventually devel-

oped liver failure; one died and another is still on PN

and on the list for combined liver–intestine transplan-

tation. Among the 12 children who received UDCA,

after a mean follow-up of 31.3 months (range: 7–105),

Table 2. Features of children with SBS-related IF and NSBS IF, and with PN-associated cholestasis treated with UDCA

Patient

Age
at PN
onset
(months) IF aetiology

Total
follow-up
(months)

Residual
small
bowel
length (cm)

Presence
of
stoma

Presence
of
ICV

Number
of CRS

Presence of
PNAC at
last visit
on PN Outcome

#1 0 SBS 32 20 Yes Yes 2.1 No Weaned
#2 8 SBS 28 20 Yes Yes 5 No Weaned
#3 0 SBS 32 55 No Yes 8.9 No Weaned
#4 6 SBS 13 No No 1 No Weaned
#5 0 SBS 25 85 No No 7.7 No Weaned
#6 0 SBS 12 15 Yes No 19.4 Yes PN
#7 134 SBS 11 60 Yes No 10.9 No PN
#8 21 Intractable diarrhoea 105 1.1 No Died
#9 0 Microvillus

inclusion disease
7 0 No Died

#10 2 Intractable diarrhoea 21 11.1 No Weaned
#11 6 Chronic intestinal

pseudo-obstruction
16 No Died

#12 1 Bile acid malabsorption 74 0.46 No Weaned

SBS, short bowel syndrome; NSBS, non-short bowel syndrome; PN, parenteral nutrition; IF, intestinal failure; ICV, ileocecal
valve; CRS, catheter-related sepsis (expressed as total N/1000 catheter days, calculated for the entire follow-up period); PNAC,
parenteral nutrition-associated cholestasis; UDCA, ursodeoxycholic acid.
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seven were eventually weaned from PN, two are still

on PN, three died and one (#6) still shows signs of

PNAC (Table 2).

Ursodeoxycholic acid therapy was well tolerated,

and no serious adverse effects requiring an early drug

interruption were observed.

Serum UDCA concentrations

In order to determine if the efficacy of UDCA adminis-

tration was associated with its absorption, we per-

formed serum UDCA measurements in five children,

four with SBS and one with NSBS. During treatment,

serum UDCA concentrations were distributed within a

wide range (0.1–48 lM). Four of five patients showed

substantially higher levels compared with the trace

amounts found in most of them after treatment dis-

continuation (Table 3). Interestingly, the child with

very low serum concentration during UDCA adminis-

tration was the only one of this subset of patients who

did not respond to therapy (#6, Tables 2 and 3).

DISCUSSION

Parenteral nutrition-associated cholestasis is a major

issue in the management of children with IF receiving

long-term PN. The aetiology and pathophysiology of

PNAC are unknown. Early work implicated nutrient

composition in PNAC, but recent evidence points to an

IF-related proinflammatory state that promotes hepatic

inflammation and fibrosis.18 Moreover, liver damage is

considered more severe in patients with severe gut

resection.5

We previously reported that UDCA was effective

in children with IF.11 The population enrolled in our

previous study included five children with intractable

diarrhoea and two with SBS but, differently from

the present study, none of those children was receiv-

ing enteral nutrition.11 In the present prospective

open-label trial, we investigated the efficacy of

UDCA in the treatment of PNAC in children with

SBS and in children with IF due to causes other

than SBS.

The incidence of PNAC in our 26 consecutively hos-

pitalized children with IF was 62%, which is consistent

with former studies.19–21 Although it has been sugges-

ted that stoma termination of small bowel and absence

of enterocolonic continuity may place patients at fur-

ther risk,6 we did not find a significant association

between these or any other risk factors and the occur-

rence of PNAC. However, our sample size was not

large enough to either support or rule out a link

between risk factors and PNAC.

0

1

2

3

4

5

–1 0 1 2 3 4 5 6

Months

D
ir

ec
t 

b
ili

ru
b

in
 (

m
g

/d
l) SBS

NSBS

0

50

100

150

200

250

–1 0 1 2 3 4 5 6

Months

A
L

T
 (

U
/L

)

SBS

NSBS

0

50

100

150

200

250

300

350

400

450

–1 0 1 2 3 4 5 6

Months

γG
T

 (
U

/L
)

SBS

NSBS

(a)

(b)

(c)

Figure 1. Serum levels of cholestatis markers in children
with parenteral nutrition-associated cholestasis (PNAC)
treated with ursodeoxycholic acid (UDCA). Each marker
was monitored at 1-month intervals in children with
short bowel (r) and in children with other aetiologies
( ). Data refer to 1 month before UDCA administration
up to 6 months of therapy. Data represent mean + S.E.
Mean levels of gamma-glutamyl transpeptidase (cGT; a),
alanine aminotransferase (ALT; b) and direct bilirubin (c)
are reported.
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Ursodeoxycholic acid is effective in the treatment of

cholestatic liver diseases,22, 23 and it has been sugges-

ted for treatment of PN-related cholestasis.9–11, 24–26

Heubi et al. reported that the taurine conjugate of

UDCA is not effective against PNAC in preterm neo-

nates receiving PN for any reason.12 However, in a

recent study, UDCA induced recovery from PNAC in

very low birth weight infants receiving PN.19

We used a relatively high dose of UDCA in 12 pro-

spectively enrolled children with PNAC. Cholestasis

improved or normalized in 11 of these children; only

one had no response after 6 months.

Ursodeoxycholic acid enrichment was documented

in serum in four of five children, suggesting that

intestinal absorption of this bile acid by passive non-

ionic diffusion had occurred mainly in the small intes-

tine and to a small extent in the colon.14, 15 The only

child with very low serum concentration during UDCA

administration was the one with the shortest residual

small bowel length and absence of ileocecal valve, and

the only one in this subset of patients who did not

respond to therapy.

In three of four children, withdrawal of UDCA resul-

ted in a rebound rise of cholestasis which was con-

trolled by resuming UDCA. This observation suggests

that, at least in some cases, normalization of cholesta-

sis was not an adaptive phenomenon but rather a spe-

cific response to UDCA and dependent on continued

administration of the drug.

Key issues in the debate on UDCA efficacy are the

response rate and the long-term efficacy of UDCA.13

Considering the children enrolled in this study, UDCA

lowered the final incidence of PNAC to one in 24

(3%), whereas the reported range is 7–60%.19–21 The

response rate exceeded 90% and the long-term effic-

acy was excellent. A long-term follow-up showed per-

sistence of PNAC in only one of 12 treated children.

26 PN

16 PNAC

10 No cholestasis

12 Treated

4 Excluded

7 SBS

5 NSBS

4 Improvement

3 Normalization

1 Failure

4 Normalization
Figure 2. Flow chart of the
study population and main
outcomes of children treated
with ursodeoxycholic acid
(UDCA) according to their
aetiology.

Figure 3. Rebound rise of gamma-glutamyl transpepti-
dase (cGT) levels after ursodeoxycholic acid (UDCA)
withdrawal. In four children receiving UDCA with nor-
malization of cGT levels, therapy was stopped and there
was an immediate rise of cholestasis. In three of four
children resumption of UDCA administration was effect-
ive on cGT levels. +: start of UDCA administration; ):
stop of UDCA administration.

Table 3. Serum UDCA determination in children with IF

Patient
IF
aetiology

Serum UDCA con-
centration (lM/L)

PNAC response
to UDCA

On
therapy

Off
therapy

#1 SBS 5.2 0.2 Yes
#3 SBS 2.7 0.0 Yes
#6 SBS 0.1 0.0 No
#7 SBS 34 0.4 Yes
#8 NSBS 48 0.0 Yes

IF, intestinal failure; PNAC, parenteral nutrition-associated
cholestasis; SBS, short bowel syndrome; NSBS, non-short
bowel syndrome; UDCA, ursodeoxycholic acid.
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The two children who were unable to receive UDCA

developed severe PNAC and progressive liver failure.

They also had the additional risk factor of being not

fed enterally because of severely impaired motility.

Despite of the small sample population and the lack

of a placebo-controlled design, we found that UDCA

was almost invariably effective in children with PNAC

already on some enteral nutrition, and that UDCA is as

effective in children with SBS as in children with nor-

mal intestinal length. The efficacy of enterally admin-

istered UDCA is controversial because of the

possibility of poorer absorption, particularly in chil-

dren lacking the terminal ileum, which is the elective

bile salts absorption site.7, 12 Here, we demonstrate

that UDCA is effective also in children with extensive

small bowel loss, and that absorption occurs even in

children with an extreme reduction of functioning

intestinal surface. It is noteworthy that we started

UDCA treatment immediately we found an increase in

cGT level, the earliest and most sensitive marker of

cholestasis, without waiting for an increase of biliru-

bin. Moreover, we used high UDCA doses because they

were more effective than standard doses in the treat-

ment of primary biliary cirrhosis.27–29 Therefore, high

doses of UDCA administered at an early phase of

PNAC could account for the increased rate and extent

of the response to UDCA vs. other studies.

Progressive liver disease with life-threatening liver

failure is the most frequent indication for intestinal

transplantation in children, and often requires com-

bined organ transplantation.4 However, the short-term

survival after combined liver and intestinal transplan-

tation is less than that after intestinal transplantation

alone.13 Our results show that early treatment with

UDCA controls PNAC and may prevent liver failure

and the need for transplantation in the vast majority

of children with primary IF, including those with SBS.

This suggests that early treatment with UDCA may

change the natural history of IF in a substantial num-

ber of children.
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