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Background & Aims: Diagnostic criteria, progression risk and
optimal monitoring for intestinal failure (IF)-associated liver
disease (IFALD) remain undeﬁned. We assessed predictors, noninvasive markers and progression of histopathological liver disease in patients with IF.
Methods: In total, 77 children with IF and median age of 1.7
years underwent diagnostic liver biopsy, which was repeated in
48 patients after 2.9 years with simultaneous evaluation of liver
biochemistry, liver stiffness, serum citrulline (a surrogate for
viable enterocyte mass), spleen size, esophageal varices and
clinical data. Patients were staged according to histopathological
liver disease activity: active IFALD (cholestasis and/or inﬂammation), chronic IFALD (signiﬁcant ﬁbrosis and/or steatosis), or
no IFALD (none of these features).
Results: Diagnostic liver biopsy revealed active, chronic or no
IFALD in 48%, 21% and 31% of patients. Active IFALD was segregated by low serum citrulline, parenteral nutrition (PN) dependency and young age, while weaning off PN and older age
predicted chronic IFALD. Although the liver histopathology in
most patients either normalized (52%) or transformed to a less
reactive (chronic) disease stage (23%), 19% of patients retained
and 6.3% progressed to an active cholestatic/inﬂammatory IFALD
phenotype. Decreased serum citrulline and PN-dependency also
predicted active IFALD in follow-up biopsies. Increased median
liver biochemistry values and liver stiffness only associated with
active IFALD, which was accurately identiﬁed by gammaglutamyltransferase (GGT), citrulline and liver stiffness, their
combinations reaching diagnostic and follow-up AUROC values
above 0.90.
Conclusions: Active IFALD, essentially predicted by intestinal
disruption and PN-dependency, was accurately detected by GGT,
liver stiffness and citrulline, which together with recent advances in clinical management options, provides new avenues
for monitoring and targeted liver protection in patients with IF.
Lay summary: Liver disease is a common and critical complication in patients with intestinal failure, who require intravenous
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nutrition for survival due to severe intestinal dysfunction. We
showed that both intravenous nutrition dependency and intestinal disruption essentially predicted development of active
histopathological liver disease, which persisted in 25% of patients during long-term follow-up and could be accurately
detected without the need for liver biopsy. Identiﬁcation of the
active and potentially progressive histopathology offers new
possibilities for monitoring and targeted liver protection in patients with intestinal failure.
© 2020 European Association for the Study of the Liver. Published by
Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Intestinal failure (IF) is an increasingly encountered morbid condition deﬁned as inability of the intestine to absorb adequate
amounts of ﬂuid and nutrients, necessitating long-term parenteral nutrition (PN) for survival.1–4 Patients with IF, especially
young children with extensive small bowel resection, long-term
PN-dependency, recurrent septic infections and limited enteral
intake, are at risk of developing IF-associated liver disease
(IFALD).2–8 Despite IFALD being the most prevalent signiﬁcant
complication of IF with the greatest risk of death, the diagnostic
criteria are not well-deﬁned and lack correlation with liver
histopathology.3,4,7,9,10 Typically, IFALD is diagnosed based on a
combination of elevated routine laboratory tests reﬂecting
cholestasis and PN-dependency, while excluding other causes of
liver disease.9,11 In addition to routinely available liver biochemistry, other non-invasive methods, such as liver stiffness, have
shown some promise in monitoring of IFALD, but their accuracy
has been seldom tested against liver histopathology.10–14
While cholestasis occurs in as many as two-thirds of PNdependent newborns,9 20–30% of children with IF requiring
long-term PN will develop clinically evident IFALD,9,15–17 and 60%
of patients display advanced liver ﬁbrosis when evaluated for
transplantation.18 As outlined in a recent review, the histopathology of the acute IFALD phase is predominated by cholestasis
and inﬂammation, which are largely replaced by ﬁbrosis and
steatosis in the later chronic phase of the disease.8 While the
active cholestatic/inﬂammatory disease phase may rapidly
progress to biliary cirrhosis and liver failure,19,20 the clinical
signiﬁcance and fate of the chronic ﬁbro-steatotic phase remains
poorly understood.6,8 Although most patients with IF clear their
initial cholestasis while being able to wean off PN and survive
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Fig. 1. Representative histological illustrations of different histopathological stages. Cholestasis (A) and portal inﬂammation (B) denoting active histopathological IFALD stage in a PN-dependent patient with necrotizing enterocolitis and 20 cm remaining small bowel. Liver ﬁbrosis (C) in a PN-dependent patient
with extended Hirschsprung’s disease and 50 cm remaining small bowel, and steatosis (D) in a patient weaned off PN with mid gut volvulus and 40 cm remaining
small bowel without concurrent cholestasis or inﬂammation denoting chronic histopathological IFALD stage. Bar charts: scores (blue) and scales (black) for
cholestasis (C), portal inﬂammation (I), Metavir ﬁbrosis stage (F), and steatosis (S) in each biopsy. Magniﬁcation: 20× (A, B, D), 10× (C). IFALD, intestinal failureassociated liver disease; PN, parenteral nutrition.

with the advent of modern multidisciplinary care, long-term
derangements in liver biochemistry remain in one-third of patients and abnormal liver histology persists in the
majority.4,6,8,15–17,21,22 Currently, the progression risk and optimal
monitoring methods for IFALD in long-term survivors remain
unclear.8,23 To this end, we performed a single nationwide tertiary referral center analysis of prospectively collected liver biopsies in patients with IF by stratifying biopsies into distinct
histopathological disease activity stages based on IFALD pathogenesis and progression potential.8 Predictors, non-invasive
markers and progression of histopathological IFALD activity
stages were analyzed to improve clinical follow-up.

Patients and methods
Ethics
Written informed consent was received from each patient and/or
caregiver and the study conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reﬂected in a priori approval by
the Helsinki University Hospital ethics committee [protocol
number 20/13/03/03/2010, last renewed on 1st November 2017
(§67 HUS/149/2017)].
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Patients and study design
This was a single center retrospective follow-up study on prospectively collected data. All patients followed up for pediatric
onset IF during 2008–2018 in Children’s Hospital, Helsinki University Hospital, Finland were reviewed. Of the 102 patients
identiﬁed, 77 consecutive patients with at least 1 liver biopsy
obtained to diagnose IF-associated liver histopathology were
included. An additional follow-up liver biopsy was performed in
48 (62%) patients to assess progression of the liver histopathology. Patients were staged according to the histopathological
disease activity in their diagnostic and follow-up liver biopsies
(Fig. 1): active IFALD (presence of histological cholestasis and/or
inﬂammation), chronic IFALD (presence of Metavir ﬁbrosis stage
>2/4 and/or steatosis grade −
>2/3 without cholestasis or inﬂam−
mation), or no IFALD (none of aforementioned histopathological
ﬁndings).8 There was no evidence of other causes of liver disease
in any of the patients included.
We deﬁned IF as a >50% resection of the small bowel and/or PN
for >60 days.17 Since 2009, a standardized multidisciplinary IF
management and follow-up program including modern ﬁsh oilcontaining PN lipid emulsions, autologous reconstructive surgical
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options and intestinal transplantation has been running in our
center as described in detail previously17,24 (supplementary
methods). Diagnostic liver biopsies are routinely obtained, while
follow-up biopsies were performed on patients considered to be at
the greatest risk of progressive liver injury.6,17 All patients return
for follow-visits at least once a year after weaning off PN.
Clinical baseline data and septic episodes
Relevant clinical baseline data including nutritional history,
bowel anatomy, and use of ursodeoxycholic acid (UDCA) were
collected from prospective institutional databases and medical
records. The total number of culture-proven blood stream infections during follow-up, including septic episodes recorded in
referring institutions, was recorded for each patient prior to each
liver biopsy. Small bowel and colon lengths were measured and
the percentage remaining was calculated based on published
age-speciﬁc normal values.25,26
Biochemistry
Blood samples, drawn after an overnight fast at the time of liver
biopsy, were analyzed for total and conjugated bilirubin, gammaglutamyltransferase (GGT), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), platelet count, and total bile
acids using standard methods in our hospital laboratory. Serum
total and conjugated bilirubin levels during the ﬁrst 6 months of
life were also recorded for assessment of history of early cholestasis which was deﬁned as bilirubin levels exceeding the upper
limit of normal. AST to platelet ratio (APRI) was calculated ([AST/
upper limit of normal] × 100 /platelet count [109/L]).27 Serum
citrulline, a marker of remaining viable enterocyte mass,28,29 was
measured using an automatic amino acid analyzer (Biochromon
30 Physiological and Midas Autosampler, Biochromon Limited,
Cambridge, England) as described earlier.30
Liver stiffness, spleen size and esophageal varices
Liver stiffness was measured by experienced pediatric radiologists using transient elastography (TE) (Fibroscan®, Echosens,
Paris, France). All TE measurements were pre-prandial and performed in the same session with a structural abdominal ultrasound examination without sedation. TE measurements were
mostly performed the day before liver biopsy and no more than 3
months apart. The size of the TE probe was chosen according to
the manufacturer’s recommendations. TE results were medians
of 10 validated measurements and reported in kPa. Only measurements with a success rate >60% and an IQR to median ratio of
<30% were included.31,32
Spleen size was measured with ultrasound by pediatric radiologists and compared to age- and sex-speciﬁc normal reference values.33 Splenomegaly was deﬁned as spleen Z-score >1 SD
of the reference population.33 Esophageal varices were assessed
endoscopically at the time of liver biopsy as previously
described.34
Liver biopsies and histopathological analyses
Core needle liver biopsies were performed under general anesthesia mostly during a surveillance upper gastrointestinal
endoscopy by experienced pediatric radiologists under ultrasound guidance or during a planned laparotomy. Two experienced pediatric pathologists analyzed all liver biopsies to
consensus according to a standardized protocol.6 Biopsies were

considered representative as they contained median 10 (8–15)
portal areas.
The biopsies were ﬁxed in formalin, embedded in parafﬁn,
sliced and stained with hematoxylin and eosin, reticulin and
periodic acid-Schiff. Immunohistochemistry for cholangiocyte
marker cytokeratin-7 (CK-7) was performed using SP52 monoclonal antibody and the Ultra View Universal Detector Kit
(Vienna, Tucson, Arizona). Intracellular, canalicular and ductular
cholestasis was graded from 0 to 3 (absent, minimal, marked,
prominent). For analytical purposes, the highest of the 3 cholestasis grades was used. Ductular proliferation and hepatocyte
metaplasia towards a cholangiocyte phenotype associated with
severe cholestasis were graded using CK-7 expression. Ductular
proliferation was graded from 0 to 2 (absent, present, prominent)
and hepatocyte CK-7 expression from 0 to 4 (absent, rare, present, prominent, extensive). Portal inﬂammatory cell inﬁltrate
was graded from 0 to 4 (absent, minimal, mild, moderate,
prominent). Fibrosis was staged from 0 to 4 according to the
Metavir staging.35 Steatosis was graded according to the proportion of affected hepatocytes from 0 to 3 (0%, <25%, 25%-50%,
>50%).6,22,36
Statistical analysis
Descriptive statistics are presented as frequencies or median
(IQR) unless stated otherwise. Kruskall Wallis or Pearson ChiSquare test were used for multiple pairwise comparisons and
Mann-Whitney U or Fisher’s exact test for comparisons between
2 groups. Correlations were tested with Spearman rank correlation test. Diagnostic accuracy was assessed with receivingoperating characteristic (ROC) curves and area under the ROC
curve (AUROC). The optimal cut-offs were calculated using the
maximum sum of speciﬁcity and sensitivity. Predictive values of
relevant predetermined patient- and treatment-related factors
were analyzed with univariate comparisons and multivariate
logistic regression models. The statistical signiﬁcance was set at
0.05.

Results
Patient characteristics
Most (82%) of the 77 included patients had small bowel syndrome (SBS) due to commonly encountered underlying etiologies leading to IF in children (Table S1). Median remaining
absolute small bowel length was 40 cm and duration of PN 13
months. The baseline characteristics of the 25 excluded patients
without liver biopsy were comparable to those of the study
population, with the exception of longer remaining small bowel
and less frequent PN-dependency, conﬁrming that patients with
more severe disease underwent liver biopsy. Only 6 of 125 (4.8%)
biopsies were obtained before 2009.
Histopathological stages of IFALD in diagnostic liver biopsy
The diagnostic liver biopsy obtained at median age of 1.7 years
(0.5–7.6) showed active IFALD in 37 (48%) and chronic IFALD in
16 (21%) patients. The liver histopathology in 24 (31%) patients
did not fulﬁll criteria for IFALD, although 6 (7.8%) biopsies
showed minor abnormalities, which were deemed clinically
insigniﬁcant (Table 1).
In active IFALD, cholestasis was present in 76%, portal
inﬂammation in 70% and both cholestasis and inﬂammation in
26 patients (70%) (Table 1). Cellular cholestasis prevailed, followed by canalicular cholestasis, while ductular cholestasis was
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Table 1. Liver histology in diagnostic liver biopsy.
Scale
Patients, n (%)
Cholestasis, n (%)
Overall highest grade
Intracellular
Canalicular
Ductular
Ductular proliferation
Hepatocyte metaplasia
Portal inﬂammation n, (%)
Grade
Fibrosis, n (%)
Metavir stage
>2, n (%)
Metavir −
>3, n (%)
Metavir −
Steatosis, n (%)
Grade
>2, n (%)
Steatosis grade −
Copper in hepatocytes
Iron in hepatocytes

0–3
0–3
0–3
0–3
0–4
0–2
0–4
0–4

0–3
0–4
0–4

Active IFALD

Chronic IFALD

No IFALD

p value

37 (48)
28 (76)1,2
1.4 (0–3)1,2
1.3 (0–3)1,2
1.0 (0–3)1,2
0.1 (0–1)
0.4 (0–2)2
0.6 (0–1)1,2
26 (70)1,2
1.3 (0–3)1,2
30 (81)2
1.5 (0–3)2
21 (57)2
4 (11)
12 (32)1,2
0.5 (0–3)1,2
5 (14)1
0.5 (0–2)1,2
0.4 (0–4)

16 (21)
0 (0)
0.0 (0.0)
0.0 (0.0)
0.0 (0.0)
0.0 (0.0)
0.1 (0–1)
0.2 (0–1)3
0 (0)
0.0 (0.0)
16 (100)3
1.9 (0–4)3
14 (88)3
1 (6)
14 (88)3
1.6 (0–3)3
8 (50)3
0.0 (0.0)
0.0 (0.0)

24 (31)
0 (0)
0.0 (0.0)
0.0 (0.0)
0.0 (0.0)
0.0 (0.0)
0.1 (0–2)
0.0 (0.0)
0 (0)
0.0 (0.0)
3 (13)
0.1 (0–1)
0 (0)
0 (0)
2 (8)
0.1 (0–1)
0 (0)
0.0 (0.0)
0.1 (0–3)

<0.001
<0.001
<0.001
<0.001
0.324
0.010
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.246
<0.001
<0.001
<0.001
<0.001
0.059

Data are mean (range) or frequencies. p value refers to Kruskall Wallis or Pearson Chi-Square test for comparisons between the 3 groups. Mann-Whitney U test or Fisher’s exact
test p <0.05 for 1active IFALD compared to chronic IFALD, 2active IFALD compared to normal liver biopsy, 3chronic IFALD compared to no IFALD. IFALD, intestinal failureassociated liver disease.

rare (Fig. 1). Cholestasis grade correlated positively with portal
inﬂammation grade (r = 0.47, p <0.001). Increased CK-7 positive
ductular proliferation was observed in 37% and CK-7 positive
hepatocyte metaplasia in 67% of patients. Concurrent ﬁbrosis or
steatosis of any degree was observed in 81% and 32% of patients.
Fibrosis concentrated mostly in portal areas, while steatosis was
mostly microvacuolar and pericentral.
Although the overall occurrence and mean ﬁbrosis stage were
similar in chronic and active IFALD, the frequency and severity of
steatosis was signiﬁcantly increased in chronic IFALD in relation
to other groups (Table 1).
Predictors of active and chronic IFALD stage in diagnostic
liver biopsy
Univariate analysis
In a univariate analysis performed at the time of diagnostic liver
biopsy, lower serum citrulline concentration, current PNdependency and younger biopsy age distinguished active IFALD
from other groups. Small bowel length was shorter and the frequency of early cholestasis higher in the active and chronic IFALD
groups compared to the no IFALD group (Table 2). Patients with
chronic IFALD showed increased PN duration, while patients
with active IFALD had received UDCA more often than patients
with no IFALD, reﬂecting cholestasis as an indication for UDCA
(Table 2). Patient age correlated inversely with cholestasis (r =
−0.65, p <0.001) and portal inﬂammation (r = −0.39, p = 0.001)
grade, and remaining small bowel length with Metavir ﬁbrosis
stage (r = −0.30, p = 0.008). Remaining ileocecal valve or colon,
intestinal circuit type, septic episodes, prematurity or SBS as an
underlying etiology of IF were not associated with active or
chronic IFALD stage. Only 2 patients, both with active IFALD, had
esophageal varices.
Multivariate analysis
All the signiﬁcant variables in the univariate analysis, excluding
serum citrulline correlating with small bowel length (r = 0.41, p =
0.001) and biopsy age (r = 0.71, p = 0.001), and duration of PN
correlating with biopsy age (r = 0.74, p = 0.001), were entered as
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covariates into a multiple logistic regression model. In multivariate analyses, active IFALD was predicted by current PN (odds
ratio [OR] 5.52; 95% CI 1.78–17.1; p = 0.003) and young biopsy age
(OR 0.87; 95% CI 0.79–0.96; p = 0.010), and chronic IFALD by
weaning off PN (OR 3.57; 95% CI 1.05–12.2; p = 0.042) and older
biopsy age (OR 1.09; 95% CI 1.00–1.20; p = 0.048).
Non-invasive identiﬁcation of active IFALD in diagnostic liver biopsy
At the diagnostic liver biopsy, patients with acute IFALD had
signiﬁcantly increased median levels of ALT, AST, GGT, bilirubin,
conjugated bilirubin, APRI and liver stiffness (Table 3) and
signiﬁcantly decreased serum citrulline (Table 4) compared to
patients with chronic IFALD or no IFALD. Notably, none of these
markers of liver function were signiﬁcantly different between
patients with chronic or no IFALD histopathology, while median
levels of all liver biochemistry values remained within normal
reference range in patients with chronic IFALD. Median spleen
size z-score and fasting bile acid concentration were comparable
between the 3 groups.
ROC curve analyses assessing diagnostic performance of liver
biochemistry, APRI, spleen size z-score, liver stiffness, and serum
citrulline revealed that GGT, liver stiffness and citrulline had the
highest accuracy for detecting active IFALD (Fig. 2). Pairwise
combinations of GGT, liver stiffness and citrulline further slightly
improved their individual ability to identify active IFALD (Fig. 2),
whereas no further improvement in diagnostic performance was
observed when all 3 were combined (AUROC 0.90; 95% CI
0.81–1.00; p <0.001).
Progression of IFALD between diagnostic and follow-up liver biopsy
Progression of IFALD was studied in 48 patients with paired biopsies obtained a median of 2.9 (1.4–4.2) years apart. At the time
of follow-up biopsy, the median patient age was similar between
the 3 groups (Table 4). Patients with and without follow-up biopsies were comparable at the diagnostic liver biopsy with the
exception of more frequent PN-dependency among those with
follow-up biopsies (Table S2).
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Table 2. Predictors of IFALD histopathology stage in diagnostic liver biopsy.

Patients, n (%)
Remaining intestine
Small bowel, cm
Small bowel, %
Serum citrulline, lmol/L
ICV preserved, n (%)
Colon, %
Intestinal circuit, J/JC/JIC
Parenteral nutrition
Current PN, n (%)
Duration of PN, m
Time after weaning off PN, yr
Septic episodes
Patients, n (%)
Total number/patient, n
Age
Age at liver biopsy, yr
Age at PN start, d
Gestation age, wk
Gestation weight, kg
Early cholestasis, n (%)*
Esophageal varices, n (%)**
IF due to SBS, n (%)
Biopsy before 2009, n (%)
UDCA, n (%)

p value

Active IFALD

Chronic IFALD

No IFALD

37 (48)

16 (21)

24 (31)

36 (25–60)
25 (16–44)2
12 (8.0–18)1,2
17 (46)
93 (47–100)
7/15/15

32 (15–50)
25 (15–32)3
28 (22–37)
5 (31)
78 (60–100)
3/7/6

59 (30–101)
44 (21–83)
21 (14–31)
13 (54)
93 (50–100)
5/5/14

0.140
0.048
<0.001
0.361
0.886
0.673

31 (84)1,2
5.1 (3.3–25)1
0.0 (0.0)1,2

6 (38)
21 (10–44)
1.3 (0.0–6.8)

12 (50)
8.1 (2.9–36)
0.2 (0.0–2.3)

0.001
0.023
0.001

20 (54)
1.0 (0.0–2.5)

9 (56)
1.0 (0.0–2.0)

9 (38)
0.0 (0.0–1.0)

0.371
0.331

0.5 (0.3–2.4)1,2
0.0 (0.0)2
34 (26–39)
1.5 (0.8–3.3)
29 (85)2
2 (10)
31 (84)
5 (14)
8 (22)2

5.8 (3.9–11)
0.0 (0.0)
35 (30–39)
2.7 (0.74–3.6)
9 (90)3
0 (0)
14 (88)
1 (6)
2 (13)

2.9 (1.0–14)
0.0 (0.0–89)
35 (30–39)
2.2 (1.1–3.5)
10 (48)
0 (0)
18 (75)
0 (0)
0 (0)

<0.001
0.078
0.617
0.594
0.004
0.154
0.551
0.152
0.049

Data are median (IQR) or frequencies. p value refers to Kruskall Wallis or Pearson Chi-Square test for comparisons between the 3 groups. Mann-Whitney U test or Fisher’s exact
test p <0.05 for 1active IFALD compared to chronic IFALD, 2active IFALD compared to no IFALD, 3chronic IFALD compared to no IFALD. Data available for *72 or **59 patients. IF,
intestinal failure; IFALD, intestinal failure-associated liver disease; ICV, ileocecal valve; J/JC/JIC, jejunostomy, jejuno-colic anastomosis, jejuno-ileo-colic anastomosis; PN,
parenteral nutrition; SBS, short bowel syndrome; UDCA, urosodeoxycholic acid use 6 months before liver biopsy. Reference range for serum citrulline is 17–41 lmol/L in
normal Finnish population.

Table 3. Non-invasive diagnostic parameters according to IFALD histopathology stage in diagnostic liver biopsy.
Variable
Patients, n (%)
ALT, U/L
Above ULN, n (%)
AST, U/L
Above ULN, n (%)
GGT, U/L
Above ULN, n (%)
Bilirubin, umol/L
Above ULN, n (%)
Conjugated bilirubin, lmol/L
Above ULN, n (%)
Bile acids, lmol/L
Above ULN, n (%)
Spleen z-score, SD*
Above >1SD, n (%)*
APRI
Liver stiffness, kPa**
Above 6 kPa, n (%)**

Active IFALD

Chronic IFALD

No IFALD

p value

37 (48)
43 (39–116)1,2
20 (54)2
54 (40–158)1,2
23 (62)1,2
77 (40–141)1,2
23 (62)1,2
20 (5.5–96)1,2
18 (50)1,2
12 (3.0–65)1,2
22 (61)1,2
7.4 (3.9–37)
18 (50)
0.1 (–0.7 to 2.9)
9 (26)
0.40 (0.25–1.66)1
7.2 (6.1–13)1,2
9 (75)1,2

16 (21)
29 (21–47)
6 (38)
36 (31–43)
1 (6)
16 (11–23)
2 (13)
6.0 (4.0–10)
0 (0)
3.0 (1.0–4.0)
1 (6)
15 (8.2–44)
5 (31)
–0.6 (–1.7 to 1.0)
3 (19)
0.23 (0.19–0.39)
4.4 (1.9–5.2)
0 (0)

24 (31)
29 (18–34)
2 (13)
39 (33–50)
5 (21)
16 (11–26)
2 (8)
5.0 (2.0–8.0)
1 (4)
2.0 (2.0–3.0)
1 (4)
7.8 (4.3–14)
8 (33)
–0.1 (–0.9 to 0.7)
2 (9)
0.30 (0.25–0.50)
4.4 (3.4–7.1)
4 (29)

0.001
0.005
0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.515
0.532
0.179
0.275
0.026
0.002
0.007

Data are median (IQR) or frequencies. p value refers to Kruskall Wallis or Pearson Chi-Square test for comparisons between the 3 groups. Mann-Whitney U test or Fisher’s exact
test p <0.05 for 1active IFALD compared to chronic IFALD, 2active IFALD compared to no IFALD. Simultaneous data available for *65 or **31 patients. ALT, plasma alanine
aminotransferase; APRI, AST to platelet ratio index; AST, plasma aspartate aminotransferase; GGT, gamma-glutamyltransferase; IFALD, intestinal failure-associated liver
disease; ULN, upper limit of normal: ALT <40 U/L; AST <50 U/L; GGT <50 U/L; bilirubin <20 lmol/L; conjugated bilirubin <5 lmol/L; bile acids <6 lmol/L.

Overall, at a median age of 3.9 years, 12 (25%) patients had
retained (19%) or progressed (6.3%) to active IFALD (Table 4). As
shown in Fig. 3, active IFALD (n = 25) remained unchanged in 9
(36%), transformed to chronic IFALD in 7 (29%) and normalized to
no IFALD in 9 (36%) patients, most of whom had been weaned off
PN (Table 4). Chronic IFALD (n = 8) normalized in 5 patients (p =
0.44 vs. active IFALD for normalization) and progressed to active
IFALD in 1. Of the 14 patients with normal diagnostic biopsies, 3

(21%) progressed to active (n = 2) or chronic (n = 1) IFALD stage
(Fig. 3).
Of the 23 patients with either chronic (n = 9) or no (n = 14)
IFALD in their diagnostic liver biopsy, the liver disease activity
stage progressed in 4 (17%). The histopathological activity stage
progressed to active IFALD median 6.7 years (range, 2.6–8.8
years) after ﬁrst biopsy in 3 (14%) PN-dependent SBS patients
with extended Hirschsprung’s disease, end-jejunostomy,
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Table 4. Predictors of IFALD histopathology stage in follow-up liver biopsy.
Variable

Active IFALD

Chronic IFALD

No IFALD

p value

Patients, n (%)
Time between biopsies, yr
Liver histology in diagnostic biopsy
Active IFALD, n (%)
Chronic IFALD, n (%)
No IFALD, n (%)
Cholestasis grade, 0–3*
Portal inﬂammation, 0–4*
Fibrosis stage, 0–4*
Steatosis grade, 0–3*
Remaining intestine
Small bowel, cm
Small bowel, %
Serum citrulline, lmol/L**
ICV preserved, n (%)
Colon, %
Intestinal circuit, J/JC/JIC
Parenteral nutrition
Current PN, n (%)
Duration of PN, m
Time after weaning off PN, yr
Septic episodes
Patients, n (%)
After ﬁrst biopsy, n (%)
Total number/patient, n
Age
Age at follow-up biopsy, yr
Age at PN start, d
Gestation age, wk
Gestation weight, kg
Early cholestasis, n***
IF due to SBS, n (%)
UDCA use, n (%)

12 (25)
2.5 (0.5–4.5)

11 (23)
3.2 (1.5–4.6)

25 (52)
2.8 (1.7–4.1)

0.643

9 (75)
1 (8)
2 (17)
1.3 (0–3)1,2
0.8 (0–3)2
1.2 (0–4)2
0.3 (0–2)

7 (64)
3 (27)
1 (9)
0.6 (0–3)
0.9 (0–2)
2.0 (0–3)3
0.9 (0–3)3

9 (36)
5 (20)
11 (44)
0.5 (0–3)
0.4 (0–3)
0.9 (0–2)
0.4 (0–3)

0.094
0.094
0.094
<0.001
<0.001
<0.001
0.026

40 (20–100)
22 (7–33)
7.0 (5.0–16)1,2
3 (25)
43 (43–100)
6/4/22

48 (25–120)
29 (17–84)
22 (11–29)
5 (45)
70 (0–100)
3/3/5

38 (26–60)
26 (19–52)
25 (15–29)
14 (56)
100 (74–100)
2/8/15

0.840
0.414
0.011
0.208
0.063
0.045

10 (83)2
36 (7.5–150)
0.0 (0.0)1,2

6 (55)
20 (10–82)
0.0 (0.0–3.7)

6 (24)
12 (6.0–56)
1.1 (0.2–4.7)

0.003
0.415
0.023

7 (58)
3 (25)
1.0 (0.0–5.3)

7 (64)
2 (18)
1.0 (0.0–3.0)

13 (52)
4 (16)
1.0 (0.0–2.0)

0.799
0.805
0.634

3.9 (0.9–14)
0.0 (0.0)
38 (29–40)
3.0 (1.2–3.6)
8 (73)
10 (83)
3 (25)2

6.7 (3.3–11)
0.0 (0.0)
36 (25–39)
1.7 (0.7–3.1)
8 (80)
9 (82)
2 (18)

5.1 (2.5–11)
0.0 (0.0)
35 (29–37)
1.5 (0.9–3.3)
18 (78)
20 (80)
0 (0)

0.821
0.481
0.517
0.245
0.912
0.969
0.042

Data are median (IQR), mean (range) *or frequencies. p value refers to Kruskall Wallis or Pearson Chi-Square test for comparisons between the 3 groups. Mann-Whitney U test
or Fisher’s exact test p <0.05 for 1active IFALD compared to chronic IFALD, 2Active IFALD compared to no IFALD, 3Chronic IFALD compared to no IFALD. **At the time of followup liver biopsy. Data available for ***44 patients.; IF, intestinal failure; IFALD, IF-associated liver disease; ICV, ileocecal valve; J/JC/JIC, jejunostomy, jenuno-colic anastomosis,
jejuno-ileo-colic anastomosis; PN, parenteral nutrition; SBS, short bowel syndrome; UDCA, urosodeoxycholic acid use 6 months before liver biopsy. Reference range for serum
citrulline is 17–41 lmol/L in normal Finnish population.

remaining small bowel length of 60 (range, 50–100) cm, and
median follow-up age of 14 years (range, 8.2–24 years). One PNdependent patient with complicated gastroschisis and 25 cm of
small bowel in continuity progressed from no IFALD to chronic
IFALD after 1.5 years at the age of 2.1 years.
Predictors for different IFALD histopathology stages in followup liver biopsies are shown in Table 4. Patients with active IFALD
in follow-up biopsy had lower serum citrulline level and higher
cholestasis grade in their diagnostic biopsy compared to both
chronic and no IFALD groups. In addition, patients with active
follow-up IFALD were more frequently PN-dependent, more
frequently had end-jejunostomy, more frequently received
UDCA, and had higher degrees of portal inﬂammation and
ﬁbrosis in their diagnostic biopsy, compared to patients without
histopathological follow-up IFALD. The only feature that segregated patients with chronic IFALD at follow-up from those with
normal follow-up biopsies was the higher degree of ﬁbrosis and
steatosis in their ﬁrst biopsy.
At the time of follow-up biopsy, patients with active IFALD
had signiﬁcantly higher ALT, AST, GGT, bilirubin, conjugated
bilirubin, spleen Z-score and APRI than patients with no IFALD
(Table 5). Similar to diagnostic biopsy, GGT (AUROC 0.85; 95% CI
0.72–0.98; p = 0.001), citrulline (AUROC 0.89; 95% CI 0.74–1.000,
p = 0.003) and their combination (AUROC 0.92; 95% CI 0.80–1.00,
p = 0.001, sensitivity 0.83, speciﬁcity 0.90) performed best in
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identifying active IFALD on follow-up biopsy. Besides higher
APRI, there were no differences for other liver function markers
between chronic and no follow-up IFALD groups.

Discussion
Herein, we have been able to assess the natural history of IFALD
by reviewing the histopathological stage of follow-up liver biopsies – based on biological disease activity and progression
risk.8 Our most important ﬁndings show that, although the liver
histopathology in most patients either transformed to possibly
less reactive (chronic) disease stage or normalized entirely, 25%
of patients retained or progressed to an active cholestatic/inﬂammatory IFALD phenotype during the median follow-up of 4
years. While the active IFALD stage was diagnosed in half of the
study participants, mostly during infancy, its development
strongly associated with decreased serum citrulline, a surrogate
for viable enterocyte population, and PN-dependency both at the
time of diagnostic and follow-up liver biopsy. Only the active
cholestatic/inﬂammatory IFALD stage, which has the potential to
progress to biliary cirrhosis and liver failure,19,20 associated with
increased markers of hepatobiliary dysfunction, conﬁrming its
utmost clinical signiﬁcance. The cholestatic/inﬂammatory histopathologic phenotype was accurately identiﬁed by GGT,
citrulline and liver stiffness, revealing new possibilities for
monitoring and targeted management of IFALD.
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Fig. 2. Receiving-operating characteristic curves for the best performing diagnostic tools and their combinations in detecting active IFALD in diagnostic
liver biopsy. (A) GGT, optimal cut-off 28 U/L; sensitivity 0.861, speciﬁcity 0.850; (B) Citrulline, optimal cut-off 18.5 lmol/L, sensitivity 0.83, speciﬁcity 0.71; (C)
Liver stiffness, optimal cut-off 5.7 kPa; sensitivity 0.833, speciﬁcity 0.789; (D) Combination of GGT and citrulline, optimal cut-off 0.44; sensitivity 0.83, speciﬁcity
0.87; (E) Combination of GGT and liver stiffness, optimal cut-off 0.383; sensitivity 0.83, speciﬁcity 0.84; (F) Combination of citrulline and liver stiffness, optimal
cut-off 0.38; sensitivity 0.82, speciﬁcity 0.83. n = 77 except for liver stiffness (n = 31). GGT, gamma-glutamyltransferase; IFALD, intestinal failure-associated liver
disease.
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Fig. 3. Progression of liver histopathology stages between diagnostic and follow-up liver biopsy. Patients with (A) active IFALD (n = 25), (B) chronic IFALD (n =
9) and (C) no IFALD (n = 14) in their diagnostic liver biopsy. The number of patients is marked on top of each bar. IFALD, intestinal failure-associated liver disease.

We deﬁned the active IFALD stage as the presence of histological cholestasis and/or inﬂammation based on the current
understanding of IFALD pathogenesis, according to which

hepatic macrophage activation and increased proinﬂammatory
cytokine production downregulates canalicular bile transporters
via their upstream nuclear receptor regulators leading to the
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Table 5. Non-invasive diagnostic parameters according to IFALD histopathology stage in follow-up liver biopsy.
Variable
Patients, n (%)
ALT, U/L
Above ULN, n (%)
AST, U/L
Above ULN, n (%)
GGT, U/L
Above ULN, n (%)
Bilirubin, umol/L
Above ULN, n (%)
Conjugated bilirubin, umol/L
Above ULN, n (%)
Bile acids, umol/L
Above ULN, n (%)
Spleen z-score, SD*
Above >1SD, n (%)*
APRI

Active IFALD

Chronic IFALD

No IFALD

p value

12
50 (37–152)2
8 (67)2
64 (44–302)2
6 (50)2
70 (39–179)2
7 (58)2
15 (5.0–45)2
4 (33)2
7.0 (2.3–28)2
2 (17)2
10 (2.7–23)
5 (42)
1.0 (–0.2 to 5.1)2
3 (33)
0.83 (0.35–2.03)2

11
39 (20–49)
4 (36)
45 (35–69)
3 (27)
18 (12–97)
3 (27)
8.0 (3.0–9.0)
1 (9)
3.0 (2.0–4.0)
0 (0)
7.8 (4.0–16)
4 (36)
–0.2 (–1.0 to 1.1)
2 (22)
0.41 (0.31–0.75)3

25
32 (22–38)
4 (16)
38 (27–42)
3 (12)
15 (10–21)
1 (4)
5.0 (3.0–6.5)
0 (0)
2.0 (2.0–3.0)
0 (0)
6.6 (3.2–21)
11 (44)
–1.0 (–1.5 to 0.7)
4 (16)
0.28 (0.20–0.41)

0.012
0.009
0.008
0.021
<0.001
0.001
0.030
0.008
0.019
0.044
0.815
0.675
0.040
0.545
0.004

Data are median (IQR) or frequencies. p value refers to Kruskall Wallis or Pearson Chi-Square test for comparisons between the 3 groups. Mann-Whitney U test or Fisher’s exact
test p <0.05 for 2active IFALD compared to no IFALD, 3chronic IFALD compared to no IFALD. Simultaneous data available for *43 patients. ALT, plasma alanine aminotransferase;
AST, plasma aspartate aminotransferase; GGT, gamma-glutamyltransferase; APRI, AST to platelet ratio index; IFALD, intestinal failure-associated liver disease; UNL, upper
normal limit: ALT <40 U/L; AST <50 U/L; GGT <50 U/L; bilirubin <20 lmol /L; conjugated bilirubin <5 lmol /L; bile acids <6 lmol/L.

development of cholestasis.8,37,38 At diagnosis, 70% of the patients with active IFALD exhibited both cholestasis and portal
inﬂammation, the degrees of which were positively correlated,
supporting a synergistic pathophysiological connection between
the 2 pathologies. Moreover, median levels of biochemical
markers of cholestasis and hepatocyte integrity, as well as liver
stiffness and spleen size, were only increased in the group with
active IFALD, as opposed to those with chronic or no IFALD,
conﬁrming that the underlying active IFALD histopathology
particularly associated with clinical hepatobiliary dysfunction.
At diagnosis, the risk factors for active IFALD included low
serum citrulline, short remaining bowel, current PNdependency, young biopsy age and history of early clinical
cholestasis. Of these risk factors, only decreased serum citrulline,
PN-dependency and young biopsy age segregated active IFALD
from other liver disease stages. Similarly, at follow-up, PNdependent patients with low serum citrulline and endjejunostomy were more likely to display the active cholestatic/
inﬂammatory IFALD phenotype. Intestinal disruption due to
extensive loss, inﬂammation and dilatation, as reﬂected by
decreased serum citrulline,28,29,39 activates hepatic macrophages
through bacterial translocation from the intestine, while PNderived accumulating phytosterols activate liver macrophages
directly,38,40–42 leading to downregulation of bile transporters
and cholestasis.8,37,38 These data provide strong pathophysiological grounds for the striking prognostic value of citrulline and
PN-dependency for the active cholestatic/inﬂammatory IFALD
stage in the present study. The observed association between
end-jejunostomy and active IFALD may reﬂect the absence of
ileum, which decreases ﬁbroblast growth factor 19 secretion in
relation to increased liver inﬂammation in children with IF,
presumably due to reduced feedback on bile acid synthesis.43
Considering the fundamental pathophysiological and prognostic
role of PN-dependency and intestinal disruption in the development of the cholestatic/inﬂammatory phenotype, correct identiﬁcation of the affected patients reveals new avenues for monitoring
and targeted management of IFALD. Recognition of the active IFALD
stage could help to prevent progression to liver failure and transplantation18,20 through individualized clinical management
(intensifying liver surveillance; reducing harmful phytosterol load
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while increasing the amount of anti-inﬂammatory PN fatty acids, by
administering ﬁsh oil-based PN lipids44,45; tackling intestinal
disruption by improving mucosal growth and integrity with
glucagon-like peptide 2 analog therapy46; or evaluating suitability
for autologous reconstructive surgery to control bacterial overgrowth and bowel-derived septic episodes39). In the present study,
48% of patients had active IFALD at diagnosis while 25% of patients
had retained (19%) or progressed (6.3%) to the active IFALD stage by
the time of follow-up biopsy. Although median levels of biochemical
indexes of hepatobiliary function were signiﬁcantly increased only
in the active IFALD group, values exceeding the upper limits of
normal occurred relatively frequently in patients with chronic and
normal liver histopathology. However, both GGT and citrulline
accurately identiﬁed active IFALD histopathology at diagnosis and at
follow-up, the combination reaching an AUROC value close to or
above 0.90 at both examination points. Liver stiffness performed
equally well with GGT and citrulline at diagnosis, and their combination slightly improved the diagnostic accuracy. Increased GGT has
been previously associated with improved treatment response to
ﬁsh oil therapy among cholestatic children with IF,47 which could be
explained – in accordance with our ﬁndings – by the presence of
active cholestatic/inﬂammatory IFALD stage in patients with
increased GGT still responsive to the anti-inﬂammatory effects of
ﬁsh oil therapy. Our ﬁndings regarding the ability of liver stiffness
and citrulline to detect active cholestatic/inﬂammatory IFALD are
also supported by previous studies, demonstrating that increased
liver stiffness correlates with cholestasis rather than ﬁbrosis,13,14
while low plasma citrulline concentrations predict biochemically
deﬁned chronic cholestasis in patients with IF.48
The pathogenesis and clinical signiﬁcance of chronic IFALD is
poorly understood. The ﬁbro-steatotic histopathological phenotype has been observed in around half of children with IF, both
during and after weaning off long-term PN, and has been associated with increased serum levels of ﬁbroblast growth factor
21.6,30,49 Despite the absence of cholestasis or inﬂammation, IFALD
is characterized by increased liver expression of collagen and
smooth muscle actin, a marker for activated hepatic stellate cells, as
well as upregulated gene expression of several proinﬂammatory
and proﬁbrotic cytokines and growth factors,49 signifying an active
and possibly different disease process. In the present study, besides
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the ﬁbro-steatotic phenotype, the patients with chronic IFALD
were separated from those with no IFALD at diagnostic biopsies
only by shorter remaining small bowel, marginally more prominent CK-7 positive hepatocyte metaplasia, and more frequent
history of early clinical cholestasis. While these risk factors were
shared between the chronic and active IFALD stage, the uncompromised citrulline levels both at diagnosis and follow-up suggest
that preservation or intestinal adaptation-mediated rescue of
viable uninﬂamed intestinal mucosal mass was the crucial factor
protecting from cholestatic/inﬂammatory histopathology and favoring development of a chronic instead of an active histopathological IFALD phenotype. Accordingly, in follow-up biopsies, the
chronic IFALD group was separated from the no IFALD group only
by more advanced ﬁbrosis and steatosis at diagnosis. In the
multivariate analysis of follow-up biopsies, the ﬁbro-steatotic
phenotype was predicted by weaning off PN and older biopsy
age, supporting its chronic nature after PN delivery.
Our study had several limitations. Only three-quarters and
two-thirds of the available patients underwent a diagnostic and
follow-up liver biopsy, introducing the possibility of selection
bias. However, according to the drop-out analyses, both study
groups well represented their background populations, while
including mostly patients with more extensive intestinal resection and higher PN-dependency. Although GGT and citrulline
were able to accurately detect cholestatic/inﬂammatory histopathology at 2 independent time points, the diagnostic performance of non-invasive markers was addressed without an
independent validation cohort, and the number of high-quality
liver stiffness measurements remained limited.
In conclusion, this study provides novel information on the
evolution and monitoring of liver histopathology in children
with IF. While the liver histopathology stage improved in most,
25% of patients had retained (19%) or progressed (6.3%) to the
active cholestatic/inﬂammatory IFALD stage during long-term
follow-up. Active IFALD was accurately detected by GGT, citrulline and liver stiffness, which together with the recent advances
in clinical management options, provides new avenues for
monitoring and targeted liver protection in patients with IF.
Abbreviations
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