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ABSTRACT

Background & Aims: Intestinal failure-associated liver disease (IFALD) is a recognised complication of long-
term parenteral nutrition (PN), with reported prevalence ranging from 25-85%, reflecting heterogeneity in
patient populations, diagnostic criteria, and PN practices. We aimed to estimate the prevalence of IFALD in
Australian adults receiving long-term home-PN (HPN), describe its biochemical and elastographic features,
and identify predictors of IFALD.

Methods: This was a single-centre, cross-sectional observational study in an Australian tertiary centre.
Adults currently receiving long-term HPN (>12 weeks) or had received HPN within the previous decade
were included. Patients with malignancy or pre-existing liver disease were excluded. IFALD was defined as
persistent, unexplained elevation of liver function tests after exclusion of alternative causes of liver injury.
Vibration controlled transient elastography (VCTE) was performed in all patients. Univariate logistic regression
was used to evaluate associations between IFALD, nutritional, and biochemical variables.

Results: 24 patients were included. The median (inter-quartile range) duration of HPN was 42.5months (15.8-
62.3); and weekly calories were 6647 kilocalories (3476.3-8471.3). 15 (62.5%) patients had IFALD. Cholestasis
was the predominant biochemical pattern (80%). VCTE demonstrated significant fibrosis (> 8 kPa) in 20%
and significant steatosis in 40% of IFALD patients. Ongoing HPN was the only variable significantly associated
with IFALD on univariate analysis (OR=8, p=0.03).

Conclusions: IFALD was highly prevalent and manifested as cholestatic liver injury, with a subset demonstrating
elastographic evidence of fibrosis. Ongoing HPN was the main predictor, suggesting potential reversibility
with PN cessation. Larger, multicentre studies are needed to identify any clinical predictors of IFALD.

Key words: Intestinal failure; Intestinal failure-associated liver disease; Liver fibrosis; Parenteral nutrition;
Parenteral nutrition-associated.

Abbreviations: ALP: alkaline phosphatase; CAP: controlled attenuated parameter; EASL: European Association
for the Study of the Liver; ESPEN: European Society for Clinical Nutrition and Metabolism; GGT: gamma-
glutamyl transferase; HPN: home parenteral nutrition; IF: intestinal failure; IFALD: intestinal failure—associated
liver disease; IQR: inter-quartile range; LFT: liver function test; PN: parenteral nutrition; VCTE: vibration-
controlled transient elastography.

INTRODUCTION patients. However, prolonged PN exposure is associated with
several complications, such as electrolyte derangements,
infection, and most notably, intestinal failure-associated liver
disease (IFALD) [2].

Intestinal failure-associated liver disease refers to
biochemical, radiological, or histological evidence of liver
injury arising in the setting of chronic IF and PN, in the
absence of alternative causes of liver disease. Despite being
well-recognised, IFALD remains a heterogeneous entity with
no validated diagnostic criteria. Estimates for its prevalence
range from 25-85%, due to differences in patient populations
and PN regimens [3-10]. Previous studies have implicated

Since its conception,
parenteral nutrition (PN) has
been an essential component in
the management of patients with
intestinal failure (IF) [1]. Home
parenteral nutrition (HPN)
is the mainstay of long-term
management for chronic IF and
has markedly improved survival
and quality of life for affected
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multiple risk factors, including short-gut syndrome, recurrent
catheter-related sepsis, lack of enteral intake, and PN-related
factors such as excessive lipid or glucose administration and
prolonged duration of therapy [3-5].

The role of non-invasive liver assessment in IFALD also
remains uncertain. Vibration-controlled transient elastography
(VCTE) has become a standard method for evaluating chronic
liver disease [11], but its utility in IFALD populations is
poorly defined. Limited data suggest that elastography may
correlate with cholestasis and biochemical abnormalities, but
its relationship with clinically relevant fibrosis in IFALD is
unclear [12, 13].

Recently, a single-centre study in France and a multi-centre
study conducted in the United Kingdom (UK) showed no
association between increased liver stiffness and the presence
of IFALD [14, 15]. However, a similar study conducted in
Denmark noted that patients with IF had significantly elevated
liver stiffness compared to control patients, suggesting a degree
of association between long-term PN and increased stiffness
[16]. In Australia, contemporary data on the prevalence and
phenotype of IFALD in adults receiving HPN are scarce.
Understanding the burden of disease in local HPN cohorts
is increasingly important as the number of long-term HPN
recipients grows and PN practices evolve.

The aims of our study were therefore to 1) estimate the
prevalence of IFALD in Australian adults receiving long-term
HPN, 2) describe the biochemical and VCTE characteristics
of IFALD, and 3) identify clinical and PN-related predictors
associated with IFALD.

METHODS

This was a single-centre, cross-sectional observational
study undertaken at an Australian tertiary liver transplant
hospital between 2014 to 2024. This study was reported and
conducted in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement checklist. The study was approved by the Southern
Adelaide Local Health Network Ethics Committee LNR/23/
SAC/240. Written informed consent was obtained in all
patients undergoing FibroScan VCTE assessment.

Patients were included if they were currently on long-term
(defined as greater than 12 weeks) HPN or had received long-
term HPN in the last 10 years. Patients with any malignancy
or pre-existing liver disease were excluded.

Data collected include simple demographics (age, gender,
body mass index), HPN duration, HPN formula, as well as
routine blood tests consisting of full blood examinations,
C-reactive protein, liver function tests (LFTs), coagulation
studies, lipid studies.

The primary endpoint of our study was the development
and diagnosis of IFALD. Presently, liver biopsy remains the
gold standard in the diagnosis of IFALD [17]. However, liver
biopsies are not routinely performed due to its invasive nature
and inter-observer variability [18]. Due to the lack of current
consensus on the criteria for the non-invasive diagnosis of
IFALD, we defined IFALD using the European Society for
Clinical Nutrition and Metabolism (ESPEN) criteria, as any
persistent, unexplained, elevation of the patient’s LFTs after

exclusion of alternative causes of liver injury [19]. All patients
diagnosed with IFALD had common liver diseases (viral,
metabolic, autoimmune) excluded, with a detailed review of
other risk factors including alcohol history and a chronic liver
disease screen.

The secondary endpoint of our study was the development
of significant fibrosis, defined using well-established VCTE
cut offs (liver stiffness measurements greater than or equal
to 8 kPa) [20], or the development of clinical signs of
decompensated liver disease, defined as ascites, variceal—
related bleeding, portal hypertension, hepatic encephalopathy,
and liver failure. VCTE (FibroScan ®, ECHOSENS) was
performed together with controlled attenuated parameter
(CAP) score in all the included patients. To eliminate inter-
observer variability, a single senior nurse-consultant trained in
FibroScan VCTE performed all FibroScan assessments for the
included patients. Median liver stiffness measurements were
obtained after a minimum of 10 measurements and achieving
acceptable measurement variability [inter-quartile range (IQR)
/median ratio < 30%). Cut offs for likely significant fibrosis
were defined as per recent European Association for the Study
of the Liver (EASL) criteria [20]. CAP score is a validated
measurement of liver steatosis and defined as either absent
or present using a cut off value of > 248 decibels per metre
(dB/m) to define the presence of steatosis (present in > 5% of
hepatocytes) [21].

Statistical Analysis

Logistic regression was used to assess the relationship
between patient factors and our study’s primary and secondary
endpoints (IFALD and the development significant fibrosis
as defined by VCTE). Initial screening was undertaken using
univariable analyses, after which multivariable models were
constructed to evaluate independent effects. The covariates for
univariate logistic regressions were age, gender, HPN calories-
per-week, HPN frequency, HPN-duration, HPN-formula,
current or past-HPN, indication for HPN, body mass index,
lipids pre and 3-months-post HPN commencement.

RESULTS

Between January 2014 and January 2024, 128 adult patients
receiving long-term HPN were identified at our institution.
At the time of assessment, 20 patients were actively receiving
HPN, while 108 had previously received HPN. Of the 128
patients identified, 42 were excluded due to pre-existing
liver disease or active malignancy, and 36 had died prior to
study assessment. Among the remaining patients, 6 declined
participation or FibroScan assessment, and a further 20 were
excluded due to incomplete clinical data, resulting in a final
study cohort of 24 patients who met all inclusion criteria.
23 of these patients underwent VCTE assessment. The most
common indications for HPN were previous bowel surgery
(45.8%) and Crohn’s Disease (29.2%). Baseline characteristics
of patients included in the evaluation are shown in Table I.

The median (IQR) duration of HPN and weekly calories
were 42.5 (15.8-62.3) months and 6647 kilocalories (kcal)
(3476.3-8471.3) respectively. At our unit, HPN patients had
custom-made PN bags with their individual daily caloric
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requirements calculated from their basal metabolic rate and
their estimated oral intake. From December 2022, our centre
switched to using three-chamber bags (Olimel / Finomel). 9 of
the 24 (37.5%) patients were on custom-made PN bags, while
5 (20.8%) and 10 (41.7%) of the remaining 15 patients were
on Olimel and Finomel respectively.

IFALD was present in 15 of the 24 (62.5%) patients on long-
term HPN. 12 of these 15 patients were currently on HPN while
the remaining 3 were no longer on HPN. Of these 15 patients,
9 patients (60%) had short-gut syndrome.

InIFALD patients, the most common pattern of abnormality
was cholestasis, with 12 (80%) patients demonstrating a
cholestatic pattern. In IFALD patients, the median (IQR)
values for liver function tests were as follows: gamma-
glutamyl transferase (GGT) 254 units/litre (132-312), alkaline
phosphatase (ALP) 233 units/litre (188.5-365), alanine
aminotransferase (ALT) 54 units/litre (30.5-113.5), aspartate
aminotransferase (AST) 44 units/litre (31.5-68.5), and bilirubin
7 micromoles/litre (5.5-16) respectively.

Table I. Patients’ characteristics

Baseline characteristics
Male, n (%)

Age, y, median (IQR)
BMI, median (IQR)

Patients (n = 24)
7(29.1)
61 (44-70)
22.6 (19.6-25.9)

Indications for HPN

Inflammatory bowel disease n=7
Bowel surgery n=11
Dysmotility n=3
Scleroderma bowel disease n=1
Primary intestinal lymphangiectasia n=1
Ehler Danlos syndrome n=1

Mean duration on HPN, months, n (IQR) 42.5 (15.8-62.3)

Mean total calories of PN per week, kcal, n 6647 (3476.3-8471.3)

(IQR)

IFALD diagnosed, n (%) 15 (62.5)
Pattern of IFALD

Cholestatic, n (%) 12 (80)
Hepatocellular, n (%) 1(6.7)
Mixed, n (%) 2(13.3)

Liver function tests

GGT, U/L, median (IQR)

ALP, U/L, median (IQR)

ALT, U/L, median (IQR)

AST, U/L, median (IQR)
Bilirubin, umol/L, median (IQR)

254 (132-312)
233 (188.5-365)
54 (30.5-113.5)

44 (31.5-68.5)

7 (5.5-16)

Vibration controlled transient elastography (VCTE)
Liver Stiffness, kPa, median (IQR)
CAP, dB/m, median (IQR)

6.45 (7.3-5.15)
266 (193.5-286.5)

ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; BMI: body mass index; CAP: controlled attenuated
parameter; dB/m: Decibels per metre; GGT: gamma-glutamyl transferase;
HPN: home parenteral nutrition. IQR: interquartile range; kPa: kilopascal;
Umol/L: micromoles per litre; U/L: units per litre; VCTE: vibration
controlled transient elastography.

] Gastrointestin Liver Dis, September 2026 Vol. 35 No 3: 344-349

In patients with IFALD, VCTE revealed likely significant
fibrosis (liver stiffness measurement > 8 kPa, likely fibrosis
score 22) in 3 (20.0%) patients and likely steatosis (CAP score
>248 dB/m) in 6 patients. These patients were subsequently
referred onto our Hepatology clinics for further management.

On univariate analysis, the only statistically significant
association with a diagnosis of IFALD was ongoing HPN
(OR=8, 95%CI: 1.2-52.2, p=0.03). The included variables
included in the univariate and multivariate analysis are shown
in Table II. Due to the small sample size and limited number
of outcome events, multivariate analysis was not performed to
avoid model overfitting and unstable estimates.

Table II. Univariate logistic regression for predictors of IFALD (n = 24)

Variable OR 95% CI p
Gender 5.33 0.52 - 54.34 0.158
Age (years) 1.01 0.96 - 1.06 0.738
BMI (kg/m?) 0.95 0.81 -1.10 0.474
HPN calories per week 1.0002 0.9999 - 1.0005  0.150
HPN frequency (days/week) 1.37 0.79 - 2.36 0.265
Duration of HPN (months) 1.01 0.99 - 1.04 0.361
Cholesterol level 0.74 0.43-1.29 0.292
Triglyceride level 1.45 0.66 - 3.19 0.351
HPN regimen (customised vs ~ 3.44 0.60 - 19.64 0.165
standard)

HPN status (current vs 8.00 1.22 - 52.25 0.030
weaned)

QOdds ratios (ORs) with 95% confidence intervals (CIs) derived from
univariate logistic regression analyses examining the association
between individual demographic, clinical, and home parenteral nutrition
(HPN)-related variables and the presence of intestinal failure-associated
liver disease (IFALD). Each variable was analysed separately. Statistical
significance was defined as p < 0.05. For the rest of abbreviations see Table I.

DISCUSSION

In this cross-sectional observational study of adults
receiving long-term HPN in a large Australian tertiary
centre, we found a high prevalence of IFALD, with patients
demonstrating a predominantly cholestatic pattern of
biochemical injury, and a small but important subset of
patients with elastographic evidence of significant fibrosis.
[FALD prevalence in adult patients receiving long-term HPN
within Australian centres remains under-reported, and this
study provides one of the first contemporary descriptions of
its biochemical and elastographic characteristics in this setting.
Our findings contribute to the limited body of literature on
[FALD in HPN populations and offer new insights into the
potential utility of VCTE in this context.

The predominant biochemical pattern observed among
patients meeting criteria for IFALD in our cohort was
cholestasis, with elevations in GGT and ALP present in
80% of affected individuals, consistent with prior studies
identifying cholestasis as an early and common biochemical
abnormality in this population [22-24]. The prevalence of
IFALD in our cohort was 62.5%, falling within the wide
range reported in the literature (25-85%). However, this



Prevalence of IFALD in patients on HPN

347

marked variability likely reflects heterogeneity in diagnostic
definitions, underlying patient characteristics, and PN
practices across centres, resulting in an overestimation
of the burden of clinically meaningful liver disease by
capturing isolated biochemical abnormalities that do not
necessarily correspond to established fibrosis or progressive
hepatic injury. Other alternative definitions, such as those
proposed by Cavicchi et al. [3] or Beath et al. [25], report
a lower prevalence of IFALD due to differing criteria. This
variability was further illustrated by Sadelli et al. [8], who
reported IFALD prevalence ranging from 2% to 75% within a
single cohort using nine different diagnostic criteria. Overall,
the lack of consensus diagnostic criteria remains a major
challenge in IFALD research and likely contributes to the
heterogeneity observed across studies.

The higher prevalence observed in our cohort is unlikely to
reflect unit-specific practice and is more likely attributable to
the small sample size and the use of a pragmatic, biochemically
based definition, which remains a key limitation of this study.
Importantly, this does not diminish the clinical relevance of
[FALD, as our findings demonstrate that a substantial proportion
of long-term HPN recipients exhibit persistent cholestatic
abnormalities and a subset show evidence of structural liver
injury. Thus, while not all biochemical IFALD represents
advanced liver disease, IFALD remains a clinically significant
and common complication of long-term HPN. Clinicians
involved in the care of HPN patients should therefore maintain a
low threshold for regular liver monitoring and further evaluation
of unexplained abnormalities, with selective use of non-invasive
fibrosis assessment tools such as VCTE to identify patients who
may warrant closer surveillance or PN modification.

Our study also examined the role of VCTE in the
assessment of hepatic involvement. Although VCTE is widely
used for staging chronic liver disease, its role in IFALD remains
underexplored. ' In our cohort, a notable minority (20%)
demonstrated liver stiffness values consistent with significant
fibrosis. Similarly, 40% of IFALD patients exhibited steatosis
on CAP assessment. These findings highlight that a subset of
patients with long-term PN exposure appear to develop more
advanced structural liver injury.

However, despite our findings, VCTE has not yet been
formally validated for the assessment of IFALD. Several studies
have highlighted important limitations in its application in this
setting, including uncertainty around optimal cut-off values
and the potential influence of inflammation, cholestasis, and
nutritional status on liver stiffness measurements [14-16, 26,
27]. Additionally, liver stiffness abnormalities detected on
VCTE may not be specific to PN exposure, as some patients may
have had pre-existing hepatic fibrosis prior to HPN initiation.
Nevertheless, our results add to a growing body of literature
suggesting that VCTE may have a role in the non-invasive
evaluation of patients with IE. In particular, the detection of
elevated liver stiffness in this population should prompt clinicians
to consider IFALD in the differential diagnosis and to pursue
further evaluation and cessation of PN where appropriate.

In our study, the only variable significantly associated
with IFALD on univariate analysis was ongoing HPN, with
current HPN recipients having markedly higher odds of liver
injury compared with past HPN recipients. This suggests that

[FALD may be at least partially reversible once PN is ceased
or reduced, consistent with the observed improvement in
liver biochemistry reported in earlier studies following PN
weaning or adjustment in lipid composition [17, 19, 28].
However, inclusion of both current and past-HPN recipients
introduces heterogeneity and limits causal inference. The
duration between cessation of HPN and assessment varied,
and data on the extent of biochemical or elastographic recovery
were not consistently available. It is therefore unclear whether
LFT abnormalities in past HPN recipients represent residual
[FALD or unrelated liver pathology. In the study conducted
by Muhic et al. [16], it was interesting to note that in a patient
cohort receiving HPN for close to 10 years, 37% of the patients
undergoing VCTE assessment had increased liver stiftness,
perhaps suggesting that IFALD and liver manifestations might
only develop over time. Taken together, these considerations
support the view that IFALD represents a spectrum of liver
involvement arising from the interplay of multiple patient- and
treatment-related risk factors in IFALD, rather than a uniform
or inevitable complication of PN exposure that can be inferred
solely from biochemical parameters.

Our study has several limitations. As mentioned earlier, it
was conducted at a single centre with a relatively small sample
size, restricting the ability to detect subtle or multifactorial
associations with [FALD. In addition, the retrospective design
limited the availability of some potentially relevant clinical
variables such as remaining small bowel length [5], absence
of the colon in continuity [22], the presence of small intestinal
bacterial overgrowth [29], and PN-related risk factors [3, 22, 30].
Finally, liver histology was not available to validate elastographic
findings, but liver biopsy was unlikely to have a strong clinical
indication in most of these patients. Nonetheless, our study also
has important strengths. Intestinal failure associated liver disease
in adult HPN recipients remains an understudied area, and to
our knowledge, this analysis represents one of the first Australian
cohort studies describing its prevalence, biochemical phenotype,
and non-invasive elastographic characteristics. The integration
of VCTE into routine HPN follow-up offers novel insights into
the spectrum of hepatic involvement and provides an early
framework for how emerging non-invasive technologies may be
incorporated into clinical practice. Future prospective studies
should aim to define optimal patient selection, timing, and
monitoring intervals for VCTE in intestinal failure populations,
and to clarify how elastographic findings should guide clinical
decision-making. Pending such data, VCTE may be considered
in patients receiving prolonged HPN, particularly those with
persistent cholestatic liver biochemistry or long cumulative
PN exposure. These data offer a pragmatic summary of IFALD
burden in an Australian context and highlight actionable
considerations for clinicians managing long-term PN.

CONCLUSIONS

In this cohort, IFALD was common, predominantly
cholestatic, and associated with significant fibrosis in a subset
of patients. Ongoing HPN exposure was the only identifiable
predictor of IFALD, underscoring the importance of regular
monitoring and timely cessation of PN prescriptions if
clinically feasible. Larger, multi-centre prospective studies
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are needed to confirm these findings, validate non-invasive
monitoring approaches, and identify robust predictors of
clinically meaningful liver injury in this population.
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