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Introduction :

Glossaire :

CYP7A1 : Cytochrome P450 Family 7 Subfamily A Member 1
ESPEN : European Society for Clinical Nutrition and Metabolism
FGF19 : Fibroblast growth factor 19

FS : FibroScan

FXR : Farnesoid X Receptor

IFALD : intestinal failure associated liver disease

IIC : insuffisance intestinale chronique

NP : nutrition parentérale

TNFo : Tumor Necrosis Factor alpha

SIBO : Small Intestinal Bacterial Overgrowth: pullulation microbienne

Généralités sur l'insuffisance intestinale chronique :

L'insuffisance intestinale chronique (lIC) est définie comme la réduction de la fonction
intestinale en dessous du minimum requis pour une absorption adéquate des nutriments, de
I’eau et des électrolytes nécessaires au bon fonctionnement et a la croissance de I'organisme
(2).

L’lIC est I'insuffisance d’organe la plus rare (1). En Europe, la prévalence de I'lIC due a des

pathologies bénignes est estimée a 20 cas par million d’habitants (1).

L'ESPEN (European Society for Clinical Nutrition and Metabolism) a établi une classification
fonctionnelle de I'lIC comme suit (1) :
e Typel:IlIC aigué, de courte durée et transitoire, par exemple apres une intervention

chirurgicale.
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Type Il : 1IC aigué prolongée chez un patient instable nécessitant une prise en charge
multidisciplinaire  complexe, avec un support nutritionnel intraveineux
potentiellement réversible.

Type Il : 1IC chronique chez des patients stables nécessitant un support nutritionnel

ou hydroélectrolytique prolongé, parfois irréversible.

Il existe également une classification physiopathologique de I'lIC basée sur le mécanisme

étiologique (1) :

Syndrome du gréle court
Fistule intestinale
Trouble de la motilité
Obstruction intestinale

Pathologie de la muqueuse intestinale.

Normalement, la longueur de l'intestin gréle chez I'nomme est d'environ 3 a 5 meétres (2).

On parle de syndrome de gréle court lorsque la longueur d'intestin gréle restante a partir de

I'angle duodénojéjunal (angle de Treitz) est inférieure a 200 cm (2).

Il existe différents types de syndromes du gréle court selon le montage chirurgical.

Les différents montages chirurgicaux du syndrome du gréle court (3) :

5 9 &

Type | : Entérostomie, Type Il : Anastomose jéjuno-  Type lll : Anastomose jéjuno-
ou sont au premier plan colique, ou prédomine la iléale, ou la diarrhée
les pertes hydro-sodées malabsorption lipidique n’est qu'intermittente lorsque
(stéatorrhée > 20g/J) I'iléon restant terminal

est de plus de 25-35 cm
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Généralités sur la nutrition parentérale :

La nutrition parentérale (NP) est le traitement de référence chez les patients porteurs d’une
[IC. Il s'agit d'une forme de nutrition artificielle qui permet |'administration intraveineuse
d’eau, d'électrolytes, de lipides, de glucides et de protides (4). L'administration nécessite une
voie veineuse centrale de longue durée (4). L'apport énergétique de la nutrition parentérale
repose sur 3 sources principales: les lipides (30-40% de lI'apport énergétique total), les
glucides (50-55%) et les protides. Il est désormais recommandé, en France, que la prescription
de la NP soit encadrée par des centres experts labélisés, dotés d'une équipe multidisciplinaire
composée de médecins, d'infirmiers, de psychologues, de diététiciens et de pharmaciens.

Cette approche permet de coordonner le suivi des patients (4).

Il existe 3 générations d’émulsions lipidiques (5) :

e Les émulsions de premiere génération sont issues de I'huile de soja, riches en acides
gras polyinsaturés oméga-6, en triglycérides a chaine longue et en phytostérols
(hépatotoxiques). Elles favorisent la peroxydation et la formation de radicaux libres.

e Les émulsions de deuxieme génération sont issues de I'huile d'olive et sont un mélange
de triglycérides a chaine moyenne et longue. Elles entrainent moins de peroxydation
et réduisent le stress oxydatif.

e Les émulsions de troisieme génération sont a base d'huile de poisson, riches en acides
gras oméga-3. Elles ont un meilleur ratio oméga-6/oméga-3, sont également un
mélange de triglycérides a chaine moyenne et longue, ont des propriétés anti-

inflammatoires et contiennent moins de phytostérols.

La plupart des nutritions parentérales sont un mélange des trois types d'émulsions lipidiques.
Avant les années 2000, les émulsions de premiere et deuxieme génération étaient
principalement utilisées, telles que l'intralipide, le medialipide et I'acide oléique. Depuis les
années 2000, de nouvelles nutritions parentérales contenant également des émulsions de
troisieme génération ont été commercialisées, telles que le smofkabiven, le réanutriflex et le

mednutriflex.
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Bien que la nutrition parentérale permette d’augmenter de maniere importante I'espérance
de vie des patients, ces derniers sont a risque de développer de nombreuses complications

notamment hépatiques.

IFALD (intestinal failure associated liver disease) :

Définition, diagnostic et épidémiologie de I'lIFALD :

La définition communément retenue de I'lFALD est la présence d’anomalie du bilan hépatique
et/ou d’anomalie radiologique hépatique (signe de cirrhose ou d’hypertension portale) et/ou
histologique hépatique apparaissant chez un patient atteint d’lIC en I'absence d’autre cause
d’hépatopathie, de facteur hépatotoxique ou d’obstruction biliaire (6).

Avec les infections liées aux cathéters centraux, elle est considérée comme une des
complications de I'lIC ayant la plus grande mortalité (7). Il s’agit d’'une entité floue sans
définition standardisée avec une prévalence allant de 4 a 64 % et des critéres diagnostiques
variables selon les études et leur date de parution (8—15).

Par exemple, Luman and Shaffer (14) ont défini I'IFALD par toute anomalie des tests
hépatiques supérieure a 1,5 fois la normale survenant au moins 6 mois apres l'initiation de la
nutrition parentérale.

La mesure d’élasticité hépatique par FibroScan (FS) est devenue la méthode non invasive de
référence pour I’évaluation de la sévérité et du pronostic des hépatopathies chroniques. Van
Gossum et al. (16) ont montré que les mesures d’élasticité hépatique par FS chez les patients
suivis pour IIC sont corrélées a la cholestase histologique, au taux de bilirubine sérique et au
score de fibrose hépatique FIB-4. Cependant, elles ne sont pas bien corrélées au degré de
fibrose hépatique observé en histologie. Il n’existe par ailleurs pas de données concernant la
surveillance hépatique par mesure d’élasticité hépatique (par FS) chez des patients suivis pour

une IIC.

14



Facteurs de risque et physiopathologique de I'IFALD :

La physiopathologie de I'lFALD est multifactorielle et partiellement connue.
Il existe des facteurs de risque liés a la nutrition parentérale et d’autres liés a 'insuffisance

intestinale chronique en elle-méme.

Une longueur du gréle restant courte, notamment inférieure a 100 cm et encore plusa 50 cm,
constitue un facteur de risque d’IFALD (14,15).

En effet apres leur sécrétion par la vésicule biliaire, les sels biliaires se lient au récepteur
nucléaire Farnesoid X Receptor (FXR) dans l'iléon terminal, ce qui entraine la production de
fibroblast growth factor 19 (FGF19). Ce dernier provoque un rétrocontrole négatif sur la
production de bile via la suppression du CYP7A1 (Cytochrome P450 Family 7 Subfamily A
Member 1). Une résection grélique comprenant I'iléon terminal empéche ce rétrocontrole
négatif et entraine une accumulation de bile dans le foie, pouvant provoquer, a terme, une
hépatotoxicité (17). Par ailleurs, I'existence d’une dysbiose intestinale consécutive au
syndrome du gréle court altére la voie de signalisation du FXR et contribue ainsi a perturber
le métabolisme des sels biliaires. Les sels biliaires sont synthétisés dans le foie et métabolisés
par le microbiote intestinal en acides biliaires secondaires. Des études ont montré que le
microbiote intestinal régule non seulement le métabolisme des acides biliaires secondaires,
mais il inhibe également la synthese des acides biliaires dans le foie en atténuant l'inhibition
de FXR dans I'iléon (18). Ainsi une dysbiose intestinale entraine des perturbations dans la voie

de signalisation de FXR.

Le jeline prolongé est également décrit comme facteur hépatotoxique (19) car il entraine une
diminution de la sécrétion de cholécystokinine ayant pour conséquence de diminuer la
contractilité et la trophicité de la vésicule biliaire conduisant a la formation de sludge biliaire.
De méme, la sécrétion de motiline est abaissée entrainant un ralentissement de la motilité
intestinale favorisant la stase du chyme et donc la pullulation microbienne; elle-méme
responsable de translocation bactérienne et de bactériémies qui peuvent aggraver la
cholestase (20). Cette méme pullulation microbienne est par ailleurs responsable d’une
augmentation de la perméabilité intestinale qui entraine elle-méme une production de

cytokines pro inflammatoires hépatotoxiques, ceci ayant pour conséquence d’interférer avec
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le métabolisme biliaire et la fonction de FXR (21) (hotamment via des mécanismes de

déconjugaison des acides biliaires qui ne peuvent plus étre absorbés (22)).

Les infections récurrentes, en particulier les infections des cathéters centraux, favorisent
également I'lFALD (23). En effet les endotoxines présentes sur la membrane des bactéries a
bacille gram négatif stimulent la sécrétion de cytokines comme le Tumor Necrosis Factor alpha
(TNFa) qui entrainent une cholestase en perturbant le transport des acides biliaires et

provoquant leur accumulation dans le foie (24).

Une vitesse de passage des glucides supérieure a 5mg/kg/min semble étre néfaste pour le foie
(25). En effet, des apports excessifs en glucides entrainent un hyperinsulinisme, qui a son tour

favorise la synthése excessive de lipides, conduisant a la stéatose hépatique (26).

Par ailleurs, de nombreuses études ont mené des investigations sur la sécurité des nouvelles
formules de nutrition parentérale et leurs effets hépatiques. Il semble que les formules
utilisant un mélange des 3 types d’émulsions lipidiques et surtout contenant des acides gras
omeéga 3 et un mélange de triglycérides a chaine longue et moyenne ont des effets bénéfiques
hépatiques en raison de leurs propriétés anti inflammatoires, de leur réduction du stress
oxydatif et de leur faible teneur en phytostérols. Cependant il s’agit surtout d’études étudiant
la sécurité de ces produits (27—-30) avec un suivi court, de « case report » (31,32), d’études sur
des modéles animaux (33-35), ou de revues de la littératures basées sur des données

physiopathologiques (36—38).

Enfin, il a été prouvé qu’une quantité trop importante de lipide > 1g/kg/j (10) constitue
également un facteur de risque d’IFALD. Cela est expliqué par les dépots d’acides gras dans
les cellules de Kupffer et les hépatocytes a la suite de perfusion contenant des lipides (stéatose
microvacuolaire) entrainant une phospholipidose (accumulation de phospholipides)
hépatotoxique. Egalement, la stéatose microvacuolaire entraine des anomalies lysosomales
et membranaires, causant un défaut de phagocytose qui empéche I'élimination des

endotoxines ou de bactéries, elles-mémes hépatotoxiques.
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Un apport calorique trop important de NP et une exposition longue a la NP constituent des
facteurs de risque d’IFALD (12). Une des hypothéses physiopathologiques est que les
nutriments délivrés a la circulation portale et systémique sont métabolisés différemment ce

qui induirait indirectement des lésions hépatiques.

Pour résumé, ci-joint un schéma récapitulatif de la physiopathologie de I'lIFALD (11) :

Physiopathologie de I'lFALD :

|

Disruption

(Ultra) short bowel enterohepatic Enteral intake |
Parenteral nutrition cycle
dependency t - —
No colon in connnwty) v v

(FxRI—FGF19) )« sBO )

nflammatory ‘
cytokines

Chronic inflammation :
C (e.g. Crohns) ) ( Recurrent sepsis )

|br03|s
C|rrh03|s

SIBO: Small Intestinal Bacterial Overgrowth: pullulation microbienne

Objectifs de I’étude :

L’objectif principal de cette étude est de fournir une analyse épidémiologique de la cohorte
de patients porteurs d’une IIC avec nutrition parentérale a domicile suivis dans le centre

expert de nutrition du CHU de Bordeaux.
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Nous avons ensuite voulu chercher des facteurs prédictifs de I'lFALD et associés a une

élévation de I'élasticité hépatique mesurée par FibroScan.
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Abstract:

Background: IFALD (Intestinal Failure Associated Liver Disease) is a major complication of
chronic intestinal failure (CIF). It is a vague entity with no validated diagnostic criteria.
Moreover, few data exist about the hepatic monitoring of IFALD with liver stiffness
measurement (LSM), a validated method for the prognosis of chronic liver disease.

Aim: The aim of this study was to provide a descriptive analysis of IFALD with its prevalence in

a tertiary center and then to determine risk factors of IFALD and elevated LSM using FibroScan.
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Methods: Between 01/01/2007 and 06/06/2023, CIF adult patients treated by home
parenteral nutrition (HPN) followed in a French tertiary center, with no underlying liver
disease and at least one record of LSM were included.

Results: From this cohort of 145 patients, 89 patients were included. Prevalence of IFALD was
34% (29 patients). Fourteen percent (12 patients) had a LSM > 10 kPa and 49% (43 patients)
had a LSM < 5 kPa. In multivariate analysis, IFALD was positively associated with the use of
customized admixture (OR: 7.04, CI95%: [1.44 - 43.64], p-value=0.017) and negatively
associated with the colon in continuity (OR: 0.25, CI95%: [0.07 - 0.87], p-value=0.029). There
was no significant association between value of LSM and IFALD.

Conclusion: Prevalence of IFALD is low in our study. The absence of colon and the use of
customized admixture was founded as risks factors of IFALD. LSM was abnormal in 51% of
cases. Long-term follow-up of this cohort will help assess the prognostic relevance of IFALD

and LSM in these patients.

Key words: IFALD, chronic intestinal failure, parenteral nutrition.

Introduction:

Chronic intestinal failure (CIF) is a rare condition defined by the reduction of gut
function below the minimum necessary for the absorption of macronutrients and/or water
and electrolytes, such that intravenous supplementation is required to maintain health and/or
growth (1). Home parenteral nutrition (HPN) is the CIF standard treatment and has
significantly increased patients' life expectancy; however, this treatment is associated with a
risk of developing complications, especially liver disease. Intestinal Failure Associated Liver
Disease (IFALD) is defined by abnormal liver function tests and/or abnormal liver radiology
findings (signs of cirrhosis or portal hypertension) and/or liver histological abnormalities
appearing in a patient with CIF, in the absence of other causes of liver disease, hepatotoxic
factors, or biliary obstruction (2). IFALD is a vague entity with no validated invasive or non-
invasive diagnostic criteria, and its prevalence varies from 4 to 64% according to existing
studies (table 1) (3—9). IFALD’s pathophysiology is complex and multifactorial, with risk factors

related to CIF (remaining small bowel length less than 100 or 50 cm (8,9), absence of colon in

26



continuity (6), lack of oral intake (10), recurrent catheter-related sepsis (11), small intestinal
bacterial overgrowth (SIBO) (12)), and risk factors related to parenteral nutrition (lipid intake
> 1g/kg/day (5), used of lipids rich in soybean oil and/or rich in omega-6 and long-chain
triglycerides (13), glucose infusion rate > 5mg/kg/min (14) excessive parenteral caloric intake,
and prolonged exposure to parenteral nutrition (6)). Most of these studies are retrospective
with small sample sizes, and sometimes discordant results.

Liver stiffness measurement using FibroScan (FS) is now the reference non-invasive method
to evaluate the severity and the prognosis of chronic liver diseases (15). However, the
usefulness of LSM in patients with CIF is unknown. Only one study suggested that LSM is
correlated with histological cholestasis, bilirubin levels, and FIB-4. However, in this study, LSM
was not correlated with liver fibrosis observed in histology (16). No data exist concerning
hepatic monitoring with LSM using FibroScan in a CIF population.

Thus, in this context, main objectives of our study were to provide a descriptive study of
hepatic disorders - and determine prevalence of IFALD - in a large cohort of patients with CIF
in a tertiary center, receiving HPN, and having at least one record of LSM. In a second time,

we investigate predictors of IFALD, and factors associated with an elevation in LSM.

Material and Methods:

Study Population:

Between 01/01/2007 and 06/06/2023, CIF adult patients treated by HPN and followed at
the HPN expert center of university hospital of Bordeaux were prospectively included in this
cohort. All patients included had a diagnosis of CIF according to the European Society for
Clinical Nutrition and Metabolism (ESPEN) definition (2), received parenteral nutrition for
more than 3 months, and had at least one record of LSM with FibroScan (after CIF diagnosis).
Patients with underlying liver disease, age < 18 years old, and no available LSM were excluded.
Due to the proximity of the HPN expert center and the tertiary center of hepatology of
university hospital of Bordeaux, all patients having HPN for more than 3 months have an

annual record of LSM since January 2020 and before if clinical point of concern.
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Study Objectives:

The primary outcome measure was to provide a prevalence of IFALD in our large cohort
of patients with CIF, receiving HPN. In our study, IFALD definition retained was based on the
definition from the ESPEN position paper published in 2018 (2) (“IFALD should be diagnosed
by the presence of abnormal liver function tests and/or evidence of radiological and/or
histological liver abnormalities occurring in an individual with CIF, in the absence of another
primary parenchymal liver pathology (e.g. viral or autoimmune hepatitis), other hepatotoxic
factors (e.g. alcohol/medication) or biliary obstruction”).

All patients had a complete liver biological test carried out on the day of LSM. All patients with
cytolysis (AST and/or ALT elevated >1.5 times the upper limit of the normal) and/or cholestasis
(a value at least 1.5-fold the upper limit of the normal on ALP and GGT) and/or elevated total
bilirubin > 1.5 times the upper limit of the normal, were considered to have a diagnosis of
IFALD. We also looked for each patient included if an imaging examination or a liver biopsy
had been carried out after initiation of PN: patients with an anomaly on one of these
investigations were also considered to have a diagnosis of IFALD in the absence of another
primary parenchymal liver pathology.

The secondary outcome measures were i) to assess liver fibrosis by liver stiffness
measurement evaluated by FibroScan ii) to investigate factors associated with IFALD, and iii)
to investigate factors associated with values of LSM > 10 kPa and <5 kPa according to Baveno

VIl criteria.

Data Collection:

At inclusion, following clinical parameters were collected: weight, height, waist
circumference, body mass index (BMI), type 2 diabetes mellitus status, hypertension, history
of cardiovascular ischemia, tobacco use, and AUDIT questionnaire (Alcohol Use Disorders
Identification Test). Biological parameters measured were AST, ALT, ALP, GGT, total bilirubin,
HDL cholesterol, triglycerides, fasting plasma glucose. Liver stiffness measurement using
FibroScan was performed on the right lobe of the liver, through intercostal spaces, with the
patient lying in dorsal decubitus with the right arm in maximal abduction. The operator,
assisted by time-motion-mode ultrasound imaging, located a liver portion at least 6 cm thick
and free of large vascular structures. When the target area had been located, the probe button

was pressed to start the measurements. The measurement depth was 25-65 mm, and the
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results were expressed in kilopascals. Measurements were performed using the M probe, and
the XL probe in those of BMI >30 kg/m?. Only procedures with 210 validated measurements
performed on each patient and an interquartile range (IQR) <30% of the median (M) value
(IQR/M), or irrespective of the IQR/M if the liver stiffness measurement was <7.1 kPa, were
considered reliable. Measurements were performed by trained nurses.

Patients were considered having a metabolic syndrome by the presence of at least three of
the following parameters: impaired fasting blood glucose (glycemia > 1,1G/L) or type 2
diabetes mellitus, hypertriglyceridemia, low HDL level cholesterol (adjusted for sex), increase

in waist circumference (adjusted for ethnicity) and high blood pressure.

Concerning CIF parameters, data collection was retrospectively conducted from 12/01/2022
to 06/06/2023. Patient’s medical data were extracted from medical records (with, for each
patient, an end date of follow-up corresponding to the date of the most recent LSM). We
collected data on patients' CIF characteristics defined by ESPEN guidelines as
pathophysiological classification (1): SBS-J (short bowel syndrome with jejunostomy), SBS-JC
(short bowel syndrome with jejunocolic anastomosis), SBS-JIC (short bowel syndrome with
jejunoileal anastomosis and an intact colon), F (fistula), M (motility), O (Obstruction) and MD
(Mucosal Disease); the underlying disease causing CIF, small intestinal length, the presence or
absence of colon in continuity, the presence or absence of the ileocecal valve, current
treatment with teduglutide.

HPN data were those corresponding to the date of the most recent LSM. They included
duration of HPN, HPN volume administered per week, type of HPN (premixed admixture (PA),
customized admixture (CA), premixed admixture plus extra fluids and/or electrolytes (PAFE)),
parenteral energy in kcal/week, type of lipid (none, soy + medium chain triglycerides (MCT),
SMOF lipid, soy and/or olive), parenteral lipid in g/kg/week and day, number of days with lipid
> 1g/kg/d, exposure to soy and/or olive lipid, parenteral glucose g/kg/week, glucose infusion
rate g/kg/h, oral intake (quantitative and qualitative), basal metabolic rate (calculated using
the Harris and Benedict formula), energy requirements (calculated with the formula: current
weight x 35kcal), central venous catheter-related (CVCR) sepsis, number of hospitalization for

sepsis, and use of antibiotic therapy for SIBO.
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Statistical Analysis:

Qualitative variables are presented by their frequencies and percentages, and quantitative
variables by their means and standard deviations.
Associations between the variables of interest (IFALD or categories of LSM) and the
explanatory variables were examined using logistic regression models. Univariate analyses
were conducted initially. Subsequently, multivariate analyses were performed to study the
association between certain explanatory variables and the variables of interest while adjusting
for identified potential confounding factors (sexe type, age, metabolic syndrome, audit
questionnaire). The adequacy of the statistical models was checked.
The association between LSM and IFALD; CAP and IFALD, CAP and LSM, was investigated using

a simple linear regression model.

Ethics:
The study protocol conformed the ethical guidelines of the 1975 Declaration of Helsinki.
All patients were enrolled after providing written informed consent. The cohort was registered

at ClinicalTrials.gov (identifier NCT01241227).

Results:

Population characteristics:

In our cohort of 145 patients followed in Bordeaux University Hospital expert nutrition
center, we excluded 56 patients as they met exclusion criteria. Therefore, 89 CIF patients were
included. Main population characteristics are described in Table 2. Mean age (range) at the
time of liver monitoring was 59 years old (range 22-86). Fifty-six (62.9%) patients were

females. Mean (standard deviation (SD)) BMI was 22.08 (4.33) kg/m?>.

Nutritional characteristics:
As indicated in Table 2, main CIF causes were mesenteric ischemia in 16 (18%) patients,
radiation enteritis in 14 (16%) patients, cancer in 11 (12 %) patients and primary CIPO (Chronic

Intestinal Pseudo Obstruction) in 10 (11%) patients. According to the ESPEN classification (1),
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main physiopathological mechanisms were short bowel syndrome with jejunocolic
anastomosis in 18 (20%) patients, short bowel syndrome with jejunostomy in 16 (18%)
patients, dysmotility in 13 (15%) patients. Forty-nine (55%) patients did not have a colon in
continuity and 67 (75%) patients had an ileocecal resection. Mean (SD) length of the small
intestine was 171.03 (149.43) cm. Only 4 (5%) patients were treated with teduglutide. Mean
(range) duration of HPN was 48.59 months (3- 273), with a mean (SD) volume of 8.1 (7.1) liters
per week and a mean (SD) total caloric intake of 6464 (3973) kcal per week. Type of PN-
admixture was premixed admixture in 35 (40%) patients, premixed admixture plus extra fluids
and/or electrolytes in 34 (39%) patients and customized admixture in 19 (22%) patients. Main
lipid used was SMOF lipid in 57 (66%). Patients had a mean (SD) number of CVCR sepsis of 2.64
(3.76).

Hepatic characteristics:

According to the ESPEN definition, 29 (34%) patients had an IFALD in our cohort; among
them 20 patients (23%) had cytolysis, 18 patients (21%) had cholestasis, 3 (4%) had elevated
bilirubin levels and 2 (2%) had hepatic dysmorphism. Eleven patients with IFALD had a
metabolic syndrome. Among the 89 CIF patients included, 43 (48%) patients had LSM < 5 kPa,
34 (38%) had values between 5 and 10 kPa and 12 (14%) had values higher than 10 kPa.

Predictive factors of IFALD:

By univariable analysis (Table 3) IFALD was associated with the absence of ileocecal valve
(Odds Ratio (OR): 4, CI95%: [1.07 - 14.96], p-value= 0.039), a high weekly rate of glucose
infused parenterally (OR: 1.07, CI95%: [1.02 - 1.13], p-value=0.01), and past catheter-related
sepsis (OR: 1.13, CI195%: [1 - 1.27], p-value=0.044). A significant negative association was also
found between IFALD and age (OR: 0.97, CI95%: [0.94 - 1], p-value= 0.026) and the presence
of colon in continuity (OR: 0.26, CI95%: [0.09 - 0.71], p-value=0.008).

By multivariable analysis (Table 4) IFALD was associated with the use of customized admixture
(OR: 7.94, CI95%: [1.44 - 43.64], p-value=0.017). A significant negative association with the
colon in continuity was also found (OR: 0.25, CI95%: [0.07 - 0.87], p-value=0.029).
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Predictive factors of high LSM values:

By univariable analysis (Table 5) a value of LSM> 10kPa was associated with age (OR: 1.07,
Cl95%: [1.01 - 1.13], p-value=0.021) and impaired fasting blood glucose (OR: 5, CI95%: [1.17 -
21.28], p-value=0.029). Results of multivariate analysis are summarized in table 6 and
demonstrate no significant independent association between the prevalence of value of LSM

>10 kPa and the studied factors.

Predictive factors of low LSM values:

By univariable analysis (Table 7) a value of LSM <5 kPa was associated with low BMI (OR:

0.87, CI95%: [0.78 - 0.97], p-value=0.012), low waist circumference (OR: 0.33, CI95%: [0.14 -
0.81], p-value=0.015), small intestinal lengths > 100cm (OR: 0.35, CI95%: [0.15 - 0.86], p-
value=0.021), the absence of customized admixture (OR: 0.16, CI95%: [0.04 - 0.64], p-
value=0.01), low parenteral energy weekly infused (OR: 0.9998, CI95%: [0.9996 - 0.9999], p-
value=0.004) and low weekly rate of glucose infused parenterally (OR: 0.93, CI95%: [0.88 -
0.98], p-value=0.011).
Results of multivariate analysis are summarized in table 8 and demonstrate a significant
independent association between the prevalence of a value of LSM <5 kPa and the absence of
customized admixture (OR: 0.06, CI95%: [0.01 - 0.58], p-value=0.015), low parenteral energy
weekly infused (OR: 0.9997, CI95%: [0.9996 - 0.9999], p-value=0.002) and low weekly rate of
glucose infused parenterally (OR: 0.91, CI95%: [0.86 - 0.98], p-value=0.007).

Association between value of LSM and IFALD:
There was no significant association between the quantitative value of LSM and IFALD (OR:

1.05, CI95%, [0.93-1.19], p value = 0.434) as shown in figure 1.

Association between value of CAP and LSM and IFALD:
There was no significant association between the value of CAP and the presence of IFALD or a

value of LSM < 5 kPa (table 9 and 10).
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Supplementary data:
We conducted as supplementary data (table 11), a post hoc analysis showing patient

characteristics based on IFALD and LSM.

Discussion:

Using the most recent ESPEN definition, we found in our study an IFALD prevalence of 34%
which is low compared to other studies. In this work, we provide an epidemiological analysis
of a large cohort from a nutrition expert center, including complete hepatological monitoring
and systematic LSM measurements. These results confirm the challenge of establishing a
reliable prevalence of IFALD due to the absence of precise diagnostic criteria, leading to
significant variation in IFALD rates across different publications (Table 1). For instance, in
Cavicchi et al.'s study (5), one of the first studies on IFALD risk factors, the prevalence reaches
64%. However, their patients presented more severe CIF characteristics and they mainly used
soybean oil-based lipid emulsions, which could explain this difference with our “modern”
cohort.

Regarding risk factors associated with IFALD, our study revealed presence of factors
already documented. The absence of colon in continuity is in our work a major IFALD risk factor
as in Lloyd et al.'s study (6). Indeed, the colon plays a crucial role in the intestinal adaptation
of CIF due to its transit-inhibiting effect (17), its hydroelectrolyte reabsorption capacity (18),
and its energy recovery capability (up to 1,000 kcal/day) through the fermentation of poorly
absorbed nutrients into short-chain colonic-absorbable fatty acids (notably acetate) (19).
Another risk factor identified in our multivariate analysis is the use of customized admixture.
One hypothesis to explain this unexpected result is that customized admixtures were mainly
prescribed to patients with long-standing CIF; of note, for a long time the fear of liver toxicity
was focused on lipid intake more than glucose intake (as suggested in Cavicchi et al.'s study).
Yet, we now know that excess glucose particularly when infused at rates exceeding 5
mg/kg/min, have been associated with IFALD development (14). We noticed that the patients
in our cohort, with the customized admixtures, most of the time, had a high level of glucose

calories, which helps explain this result. Indeed, increased glucose concentrations in PN induce
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hepatic steatosis due to elevated portal venous insulin—glucagon ratio (20) which could also
be associated with the insulin-stimulated lipogenesis of liver (21). Additionally, patients
receiving customized admixture typically have more severe CIF with shorter small-bowel
remnant, absence of colon, and minimal or no oral intake, which could also explain the
association between the use of customized admixture and IFALD. We were also surprised by
the negative association between age and IFALD. One hypothesis to explain this, is the
overrepresentation of patients with a CIPO in our population (expert center effect). Indeed,
these patients have a more severe CIF with the onset of PN in pediatric ag, and the association
between age and IFALD disappears when adjusting for the etiology of IFALD. We could not
demonstrate an association between lipid quantity and IFALD prevalence, as seen in other
studies (6,8,9) possibly because we had a relatively low average lipid intake (0.8 g/kg/day) and
almost generalized use of SMOF lipid.

Our study also reveals a low prevalence of LSM greater than 10 kPa (12 patients, 14%), defining
advanced chronic liver disease according to Baveno VIl criteria. However, no factors appear to
be associated with LSM > 10 kPa, probably due to the low number of patients involved. This
low rate likely reflects an improvement in patient management in recent years, as some
cohorts have reported much higher rates of chronic liver disease (9). It is also worth noting
that the majority of patients with LSM < 5 kPa had low weekly infusions of calories and glucose.
This suggests that hepatic fibrosis may progress in parallel with infused energy (particularly
glucose calories). However, this still needs to be demonstrated in larger prospective cohorts

with repeated LSM monitoring

Furthermore, we did not demonstrate a statistical association between LSM values and the
prevalence of IFALD as defined by ESPEN recommendations.
This leads us to believe that "labeling" a patient as having IFALD serves a diagnostic rather
than a prognostic purpose. However, the issue of monitoring patients with CIF is primarily
prognostic, as the main risk for hepatic disorders in these patients is progression to chronic
liver disease. We are aware that FibroScan-based LSM is a well-established prognostic tool for
hepatic conditions (cf Baveno VII), used in the monitoring of all chronic liver diseases. Even
though current studies about hepatic follow up with LSM are inconclusive due to small sample

sizes and limited follow-up (22,23), we advocate for offering patients LSM monitoring to
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identify those who may progress to severe liver disease (while awaiting prospective results

from larger cohorts).

In conclusion, the prevalence of IFALD according to ESPEN criteria is low in our population of
CIF patients receiving parenteral nutrition. Special attention should be given to patients
without colon in continuity and those receiving customized PN admixture. We don’t find
association between IFALD prevalence according to ESPEN criteria and LSM using FibroScan.
This highlights the importance of finding precise and consensus diagnostic criteria for IFALD.
Prospective studies with long-term follow-up will be necessary to determine whether LSM is

a suitable prognostic tool for IFALD.
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Figures and tables:

Table 1: Presentation of prevalence of IFALD, depending on diagnostic criteria (24)
Prevalence of

Study
of

patients

Cavicchi et al.(5) 90
2000

Lloyd et al. (6) 113
2008
Sasdelli et al. (3) 113

2019

Number

Mean
duration
of PN
(months)
45

54

84.2

Diagnostic criteria of IFALD

Chronic cholestasis: two of
three liver function
measures > 1.5 the ULN:
GGT, ALP, conjugated
bilirubin > 6 months
Chronic cholestasis: two of
three liver function
measures > 1.5 the ULN:
GGT, ALP, conjugated
bilirubin > 6 months
-IFALD-cholestasis:
e (Cavicchi et al.
criterion: > 1.5 the
ULN on two of GGT,
ALP, and serum
conjugated bilirubin
for > 6 months
e ConBil criterion:
conjugated bilirubin
>0.3 mg/dLfor>6
months
e TotBil criterion: total
bilirubin >1 mg/dL
and conjugated
bilirubin >0.3 mg/dL
for > 6 months
-IFALD-steatosis:
e AAR index: AST/ALT
ratio <1 when AST
and ALT > the ULN

e Ultrasound criterion:

liver ultrasound
echogenic
appearance of
steatosis.
-IFALD-fibrosis:
e APRlindex >0.88

IFALD

65% (58/90)

24% (27/113)

8% (8/103)

15%
(15/100)

5% (5/100)

17% (19/111)

43% (43/99)

10% (11/112)
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Chan et al. (7)
1999

Luman et al. (8)
2002

Salvino et al.(4)
2006

Cazals-Hatem et al.

(9)
2018

42

107

162

32

80

40

25.7

Not
available

e FIB-4 index:
advanced fibrosis: >
2.67

-IFALD unclassified:

e Lumanetal.
criterion: any
deranged LFT (ALP,
ALT, bilirubin) > 1.5
the ULN after > 6
months of HPN
starting

e Beath et al. criterion:
ALP and GGT>1.5
the ULN and US signs
of liver steatosis

End-stage liver disease

Deranged LFT: > 1.5 the ULN
at least 6 months after
initiation of HPN among ALP,
ALT, bilirubin,

-Chronically abnormal LAE:
AST and/or ALP abnormal >
1 occasion over at least 6
months

-Chronically abnormal LFT
(bilirubin, PT) with albumin:
abnormal > 1 occasion over
at least 6 months
-Chronically abnormal LFT
without albumin: abnormal
> 1 occasion over at least 6
months

-Severe liver dysfunction:
total bilirubin >3 mg/dL, PT
>3 seconds prolonged above
the ULN and albumin >3.2
g/dL

-IFALD was defined as the
existence of significant
hepatic fibrosis on biopsy
(stage 2F2) (F2, F3 or F4)
according to Kleiner’s score
(for NAFLD)

- Steatohepatitis= the
association of steatosis in at
least 5% of hepatocytes,

20% (22/110)

38% (40/104)

7% (7/99)

14% (6/42)

47.7%

(51/107)

57% (92/162)

99% (161/162)

57% (92/162)

4.3% (7/162)

52% (18/32)

40.6% (13/32)
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ESPEN
recommendentions

(2)
2018

Abbreviations:

-APRI: AST to platelets (PLT) ratio index = [(AST/ULN AST) x 100]/PLT (10°/L)]

hepatocyte ballooning and
lobular inflammation

- Cholestasis was defined as
bile deposits in hepatocytes,
and/or in canalicular lumens
and/or in periportal ductules
Abnormal liver function tests
and/or evidence of
radiological and/or
histological liver
abnormalities occurring in
an individual with CIF, and
occurring in the absence of
another primary
parenchymal liver
pathology, other
hepatotoxic factors, or
biliary obstruction

-FIB-4 index: fibrosis-4 index = (Age (years) x AST)/[PLT (10%/L) x ALTY/?]
-LAE: liver-associated enzymes: AST and/or ALP
-LFT: liver function tests: bilirubin, albumin, prothrombin time (PT)

-NAFLD: Non Alcoholic Fatty Liver Disease
-PT: prothrombin time

-ULN: upper limit of normal

-US: ultrasound

9.4% (3/32)

UN
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Table 2: Population characteristics
Characteristic
Age, years (mean, SD)
Sexe type (n, %):
Female gender
Male gender
BMI, kg/m? (mean, SD)

Audit questionnaire > 7 for men, 6 for women (n, %)

Alcohol, glasses/week (mean, SD)
Tobacco, pack-years, (mean, SD)

NA (n, %)

Metabolic syndrome (n, %)

NA (n, %)

Increased waist circumference (n, %)
NA (n, %)

Hypertriglyceridemia (n, %)

Low HDL level (n, %)

HTA (n, %)

Impaired fasting blood glucose (n, %)
NA (n, %)

Diabetes (n, %)

Cardiovascular ischemia (n, %)

NA (n, %)

Deaths (n, %)

Etiology of CIF:

Mesenteric ischemia (n, %)
Radiation enteritis (n, %)

Cancer (n, %)

CIPO-primary (n, %)

Crohn’s disease (n, %)

Others (n, %)

Pathophysiological classification:
SBS-J (n, %)

SBS-I (n, %)

SBS-JC (n, %)

SBS-JIC (n, %)

Fistulas (n, %)

Dysmotility (n, %)

Mechanical obstruction (n, %)
Mucosal disease (n, %)

Colon in continuity (n, %)

lleocecal resection (n, %)

Small intestinal lengths, cm, (mean, SD)
Teduglutide (n, %)

Duration of HPN, months, (mean, SD)
HPN volume |/week, (mean, SD)
Type of PN-admixture:

N=89
59.02 (17.36)

56 (62.9)
33(37.1)
22.08 (4.33)
5(6.2)

1.41 (3.28)
11.68 (17.26)
33 (37.08)
24 (27)

14 (15.7)
27 (30.3)
11 (12.4)
27 (32.1)
60 (71.4)
25 (28.1)
27 (30.3)
11 (12.4)

9 (10.1)

19 (21.3)
20 (22.5)
11 (12.4)

16 (18)
14 (15.7)
11 (12.4)
10 (11.2)
8(9)

30 (33.7)

16 (18.2)

13 (14.8)

18 (20.5)

7 (8)

3(3.4)

13 (14.8)

10 (11.4)
8(9.1)

40 (46.5)

67 (75.3)
171.03 (149.43)
4 (4.5)

48.59 (58.53)
29.19 (198.65)
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Premixed admixture (n, %)

Customized admixture (n, %)

Premixed admixture plus extra fluids and/or electrolytes (n, %)
Parenteral energy, kcal/week, (mean, SD)
Type of lipid:

None (n, %)

Soy + MCT (n, %)

SMOF lipid (n, %)

Soy and/or olive (n, %)

Parenteral lipid g/kg/week (mean, SD)
Parenteral lipid g/kg/day (mean, SD)
Number of days with lipid > 1g/kg/d (mean, SD)
Exposure to soy and/or olive lipid, (n, %)
Parenteral glucose g/kg/week (mean, SD)
Glucose infusion rate g/kg/h (mean, SD)
Basal metabolic rate, kcal, (mean, SD)
Energy requirements, kcal, (mean, SD)
Catheter-related sepsis (mean, SD)
Hospitalized sepsis (mean, SD)

Antibiotic therapy for SIBO (n, %)

IFALD (n, %)

LSM > 5 kPa (n, %)

LSM > 10 kPa (n, %)

CAP:

<200 (n, %)

200-300 (n, %)

> 300 (n, %)

35 (39.8)
19 (21.6)
34 (38.6)
6463.78 (3973.44)

4(4.7)

12 (14)

57 (66.3)

13 (15.1)

3.24 (2.13)

0.8 (0.52)

1.35 (2.31)

37 (45.1)

15.09 (10.14)
0.26 (0.11)
1174.37 (325.57)
2083.81 (465.77)
2.64 (3.76)

1.55 (4.56)

14 (15.9)

29 (33.7)

46 (51.7)

12 (13.5)

24 (29.3)
43 (52.4)
15 (18.3)
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Table 3:
Univariate analysis of the effect of variables on prevalence of IFALD for all patients (n =

89)

Variable Group/term Odds ratio (95% Cl) P-value
Age 0.97 (0.94-1) 0.026
Sexe Female 1

Male 1.21 (0.49-3.02) 0.683
BMI 0.98 (0.88-1.1) 0.772
Metabolic syndrome 0.89 (0.32-2.48) 0.822
Increased waist circumference (n, %) 0.53 (0.2-1.36) 0.185
Hypertriglyceridemia (n, %) 0.78 (0.29-2.13) 0.634
Low HDL level (n, %) 1.06 (0.39-2.93) 0.904
HTA (n, %) 0.42 (0.14-1.26) 0.122
Impaired fasting blood glucose (n, %) 1.51 (0.57-4.03) 0.408
Diabetes (n, %) 0.98 (0.23-4.24) 0.979
Alcohol (AUDIT questionnaire) 0.91 (0.72-1.15) 0.445
Tabacco 0.97 (0.94-1.01) 0.124
Cardiovascular ischemia 0.31(0.08-1.2) 0.089
Small intestinal lengths <100cm 1.14 (0.45-2.91) 0.78
Colon in continuity 0.26 (0.09-0.71) 0.008
Absence of the ileocecal valve 4 (1.07-14.96) 0.039
Teduglutide 2.04 (0.27-15.25) 0.489
Duration of HPN 1.0015 (0.9939- 0.698

1.0091)

Type of PN-admixture PA 1

CA 3(0.92-9.83) 0.07

PAFE 0.9 (0.31-2.61) 0.846
Parenteral energy 1.0001 (1-1.0002) 0.071
Type of lipid SMOF lipide 1

Soy + MCT 0.77 (0.18-3.26) 0.723

None 6.17 (0.6-63.52) 0.126

Soy and/or olive 0.91 (0.25-3.37) 0.892
Parenteral lipid g/kg/week 0.98 (0.79-1.22) 0.848
Parenteral lipid g/kg/day 1.14 (0.49-2.62) 0.76
Number of days with lipid > 1g/kg/d 0.96 (0.78-1.19) 0.711
Exposure to soy and/or olive lipid 2.17 (0.84-5.59) 0.108
Parenteral glucose g/kg/week 1.07 (1.02-1.13) 0.01
Glucose infusion rate g/kg/h 29.45 (0.45-1922.46)  0.113
Catheter-related sepsis 1.13 (1-1.27) 0.044
Hospitalized sepsis 1.22 (0.96-1.53) 0.102
Antibiotic therapy for SIBO 1.09 (0.33-3.61) 0.89
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Table 4:

Multivariate analysis of the effect of variables on prevalence of IFALD for all patients (n

Variable

Tabacco

Cardiovascular ischemia

Small intestinal lengths <100cm
Colon in continuity

Absence of the ileocecal valve
Teduglutide

Duration of HPN

Type of PN-admixture

Parenteral energy
Type of lipid

Parenteral lipid g/kg/week

Parenteral lipid g/kg/day

Number of days with lipid > 1g/kg/d
Exposure to soy and/or olive lipid
Parenteral glucose g/kg/week
Glucose infusion rate g/kg/h
Catheter-related sepsis
Hospitalized sepsis

Antibiotic therapy for SIBO

= 89)
Group/term

PA
CA
PAFE

SMOF lipide
Soy + MCT
None

Soy and/or olive

Odds ratio (95% Cl)
0.99 (0.95-1.03)
0.39 (0.09-1.74)
0.97 (0.3-3.13)
0.25 (0.07-0.87)
3.43 (0.77-15.25)
4.42 (0.32-60.92)
0.9978 (0.9881-
1.0077)

1

7.94 (1.44-43.64)
1.98 (0.48-8.2)
1.0001 (1-1.0002)
1

0.28 (0.03-2.59)
5.76 (0.42-79.47)
0.28 (0.03-2.63)
0.9923 (0.7641-
1.2887)

1.3 (0.48-3.51)
0.91(0.7-1.19)
2.78 (0.77-10.09)
1.06 (1-1.12)
17.38 (0.09-3291.96)
1.1 (0.97-1.26)
1.23(0.93-1.63)
0.6 (0.11-3.14)

P-value

0.496
0.217
0.962
0.029
0.106
0.267
0.666

0.017
0.347
0.213

0.26

0.191
0.266
0.954

0.6
0.495
0.12
0.062
0.286
0.144
0.151
0.545
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Table 5:

Univariate analysis of the effect of variables on prevalence of LSM >10 kPa for all

Variable

Cholestasis
Cytolysis
Age

Sexe

BMI

Metabolic syndrome

Increased waist circumference (n, %)
Hypertriglyceridemia (n, %)

Low HDL level (n, %)

HTA (n, %)

Impaired fasting blood glucose (n, %)
Diabetes (n, %)

Audit questionnaire > 7 for men, 6
for women

Tabacco

Cardiovascular ischemia

Small intestinal lengths <100cm
Colon in continuity

Presence of the ileocecal valve
Teduglutide

Duration of HPN

Type of PN-admixture

Parenteral energy
Type of lipid

Parenteral lipid g/kg/week
Parenteral lipid g/kg/day

Number of days with lipid > 1g/kg/d
Exposure to soy and/or olive lipid

patients (n = 89)
Group/term

Female
Male

PA
CA
PAFE

SMOF lipide
Soy + MCT
None

Soy and/or olive

Odds ratio (95% Cl)

1,03 (0.2-5.32)
2.8 (0.48-16.42)
1.07 (1.01-1.13)
1

0.83 (0.23-2.99)
1.06 (0.92-1.21)
3.92 (0.99-15.52)
2.03 (0.59-6.99)
1.24 (0.33-4.67)
1.08 (0.26-4.46)
1.33 (0.36-4.9)
5(1.17-21.28)
2 (0.36-11.01)
UN

1.02 (0.98-1.06)
0.86 (0.16-4.7)
1.28 (0.38-4.35)
1.18 (0.35-3.99)
1.02 (0.25-4.15)
UN

1.0013 (0.9912-
1.0115)

1
4.4 (0.72-26.72)
3.54 (0.66-18.93)

1 (0.9998-1.0002)

1
0.48 (0.06-4.24)
UN

0.44 (0.05-3.86)

1.03 (0.77-1.39)
0.39 (0.08-1.89)
1.02 (0.78-1.34)
0.79 (0.2-3.03)

P-
value
0,97

0.254
0.021

0.773

0.428
0.052
0.261
0.748
0.919
0.665
0.029
0.426

0.402
0.864
0.691
0.794
0.981
0.994
0.803

0.107
0.14

0.934

0.513

0.462
0.835
0.243
0.875
0.729
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Parenteral glucose g/kg/week
Glucose infusion rate g/kg/h
Catheter-related sepsis
Hospitalized sepsis

Antibiotic therapy for SIBO

1.01 (0.95-1.07)
0.78 (0-273.6)
0.98 (0.83-1.16)
1.01 (0.9-1.14)
UN

0.724
0.934
0.827
0.815
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Table 6:

Multivariate analysis of the effect of variables on prevalence of LSM >10 kPa for all

Variable

Tabacco

Cardiovascular ischemia

Small intestinal lengths <100cm
Colon in continuity

Absence of the ileocecal valve
Teduglutide

Duration of HPN

Type of PN-admixture

Parenteral energy
Type of lipid

Parenteral lipid g/kg/week
Parenteral lipid g/kg/day
Number of days with lipid >
1g/kg/d

Exposure to soy and/or olive lipid

Parenteral glucose g/kg/week
Glucose infusion rate g/kg/h
Catheter-related sepsis
Hospitalized sepsis

Antibiotic therapy for SIBO

patients (n = 89)
Group/term

PA
CA
PAFE

SMOF lipide
Soy + MCT
None

Soy and/or olive

Odds ratio (95% Cl)

1.02 (0.98-1.07)

0.8 (0.12-5.47)

1.19 (0.26-5.34)

2.83 (0.57-14.08)

0.96 (0.16-5.72)

UN

1.0054 (0.9929-1.0179)
UN

UN

UN
1.0001(0.9999-1.0003)
1

0.82 (0.07-9.67)

UN

0.31 (0.03-3.69)

1.17 (0.83-1.65)

0.48 (0.06-3.76)

1.12 (0.83-1.51)

0.85 (0.15-4.72)

1.06 (0.98-1.15)

93.93 (0.03-349162.31)
0.99 (0.81-1.2)
1.0084(0.8483-1.1988)
UN

P-
value
0.334
0.818
0.822
0.204
0.965

0.399

0.402

0.877

0.354
0.374
0.483
0.471

0.849
0.13
0.279

0.9
0.924
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Table 7:

Univariate analysis of the effect of variables on prevalence of LSM <5kPa for all patients

Variable
Cholestasis
Cytolysis
Age

Sexe

BMI
Metabolic syndrome
Increased waist circumference (n, %)

Hypertriglyceridemia (n, %)

Low HDL level (n, %)

HTA (n, %)

Impaired fasting blood glucose (n, %)

Diabetes (n, %)

Audit questionnaire > 7 for men, 6
for women (n, %)

Tabacco

Cardiovascular ischemia

Small intestinal lengths <100cm
Colon in continuity

Presence of the ileocecal valve
Teduglutide

Duration of HPN

Type of PN-admixture

Parenteral energy

Type of lipid

Parenteral lipid g/kg/week
Parenteral lipid g/kg/day

Number of days with lipid > 1g/kg/d
Exposure to soy and/or olive lipid
Parenteral glucose g/kg/week
Glucose infusion rate g/kg/h
Catheter-related sepsis

Hospitalized sepsis

(n=89)
Group/term

Female
Male

PA
CA
PAFE

SMOF lipide
Soy + MICT
None

Soy and/or olive

Odds ratio (95% Cl)
0.38 (0.12-1.2)

0.42 (0.14-1.21)
1(0.9762-1.0245)

1

0.65 (0.27-1.56)
0.87 (0.78-0.97)
0.58 (0.21-1.56)
0.33 (0.14-0.81)

1.85 (0.73-4.66)
0.6 (0.23,1.57)
0.56 (0.22-1.46)
0.66 (0.26-1.7)

0.93 (0.23-3.72)
0.26 (0.03-2.47)

1.02 (0.99-1.05)
2.37 (0.8-7.03)
0.35 (0.15-0.86)
1.57 (0.67-3.69)
0.64 (0.24-1.67)
1.18 (0.16-8.77)
0.9962 (0.9886-1.004)
1

0.16 (0.04-0.64)
1.07 (0.41-2.76)
0.9998 (0.9996-
0.9999)

1

1.93 (0.54-6.8)
1.37 (0.18-10.46)
1.6 (0.48-5.38)
0.93 (0.76-1.14)
2.14 (0.77-5.95)
1.02 (0.84-1.22)
1.32 (0.55-3.16)
0.93 (0.88-0.98)
0.23 (0-12.25)
1.0018 (0.8955-
1.1207)

0.92 (0.78-1.09)

P-value

0.099
0.108
0.998

0.333
0.012
0.277
0.015

0.193
0.3
0.236
0.39

0.918
0.243

0.297
0.121
0.021
0.3
0.36
0.872
0.339

0.01
0.894
0.004

0.309
0.758
0.444
0.478
0.146
0.859
0.533
0.011
0.468
0.975

0.358
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Antibiotic therapy for SIBO

1.24 (0.4-3.9)

0.71
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Table 8:

Multivariate analysis of the effect of variables on prevalence of LSM <5kPa for all patients

Variable

Tabacco

Cardiovascular ischemia

Small intestinal lengths <100cm
Colon in continuity

Absence of the ileocecal valve
Teduglutide

Duration of HPN

Type of PN-admixture

Parenteral energy

Type of lipid

Parenteral lipid g/kg/week
Parenteral lipid g/kg/day

Number of days with lipid > 1g/kg/d
Exposure to soy and/or olive lipid
Parenteral glucose g/kg/week
Glucose infusion rate g/kg/h
Catheter-related sepsis

Hospitalized sepsis
Antibiotic therapy for SIBO

(n=89)
Group/term

PA
CA
PAFE

SMOF lipide
Soy + MCT
None

Soy and/or olive

Odds ratio (95% Cl)

1.01 (0.98-1.05)
2.74 (0.74-10.2)
0.53 (0.18-1.55)
1.52 (0.54-4.3)
0.61 (0.18-2)
1.81(0.12-26.24)
0.9939 (0.9847-
1.0032)

1

0.06 (0.01-0.58)
0.9 (0.28-2.91)
0.9997 (0.9996-
0.9999)

1

5.58 (0.83-37.53)
4.7 (0.31-71.76)
1.03 (0.24-4.54)
0.82 (0.64-1.05)
1.35 (0.46-3.96)
0.95 (0.76-1.2)
0.85 (0.28-2.57)
0.91 (0.86-0.98)
0.05 (0-7.11)
0.9991 (0.8787-
1.1358)

0.93 (0.76-1.14)
0.78 (0.17-3.63)

P-value
0.509
0.133
0.248
0.43
0.412
0.664
0.198

0.015
0.86
0.002

0.077
0.266
0.965
0.118
0.585
0.685
0.773
0.007
0.234
0.989

0.473
0.749
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Figure 1: Boxplot of LSM as a function of IFALD
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Table 9:

Univariate analysis of the effect of CAP on prevalence of IFALD for all patients (n = 89)

Variable Group/term Odds ratio (95% Cl)  P-value
CAP <200 1

200-300 0.35(0.12-1.07) 0.066

> 300 0.98 (0.25-3.73) 0.97

Table 10:
Univariate analysis of the effect of CAP on prevalence of LSM < 5 kPa for all patients (n =
89)

Variable Group/term Odds ratio (95% Cl)  P-value
CAP <200 1

200-300 0.74 (0.27-2) 0.548

> 300 0.56 (0.15-2.09) 0.391
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Supplementary data:

Table 11: Patient characteristics based on IFALD and value of LSM

Variable No IFALD IFALD No IFALD IFALD
andLSM andLSM andLSM and LSM
<5kPa <5 kPa > 5 kPa > 5 kPa

Number 30 9 27 20

Age, years (mean, SD) 60.18 52.73 63.1 52.47
(15.40) (14.54) (18.76) (18.35)

Sexe type (n, %):

Female gender 20 (66.7) 6 (66.7) 16 (59.3) 11 (55)
Male gender 10(33.3) 3(33.3) 11 (40.7) 9 (45)
BMI, kg/m? (mean, SD) 21.2 19.6 23.15 22.85
(3.25) (2.73) (4.49) (5.29)
Audit questionnaire > 7 for men, 6 for 1(3.4) 0(0) 3(11.5) 1(6.2)
women (n, %)
Tobacco, pack-years, (mean, SD) 17.56 9.17 12.23 7.29
(20.19) (11.91) (18.33) (14.7)
Metabolic syndrome (n, %) 7 (23.3) 2(22.2) 9(33.3) 6 (30)
NA (n, %) 4(13.3) 1(11.1) 5(18.5)  2(10)
Increased waist circumference (n, %) 11(36.7) 0(0) 16 (59.3) 9 (47.4)
Hypertriglyceridemia (n, %) 10 (37) 4 (44.4) 7 (28) 4 (20)
Low HDL level (n, %) 19(70.4) 5(55.6)  18(72) 16 (80)
HTA (n, %) 9 (30) 0(0) 10 (37) 5(25)
Impaired fasting blood glucose (n, %) 6 (20) 4 (44.4) 8(29.6) 7 (35)
NA (n, %) 2 (6.7) 1(11.1)  6(22.2)  1(5)
Diabetes (n, %) 3 (10) 1(11.1)  9(33.3)  2(10)
NA (n, %) 5(18.5)
Cardiovascular ischemia (n, %) 10(33.3) 2(22.2) 5(18.5) 1(5)
NA (n, %) 5(16.7) 3(33.3) 8(29.6)  4(20)
Etiology of CIF:
Mesenteric ischemia (n, %) 6 (20) 2(22.2) 5(18.5) 2 (10)
Radiation enteritis (n, %) 7 (23.3) 2(22.2) 2(7.4) 2 (10)
Cancer (n, %) 4(133) 1(11.1) 4(14.8)  2(10)
CIPO-primary (n, %) 3 (10) 1(11.1)  2(7.4) 4 (20)
Crohn’s disease (n, %) 2(6.7) 0(0) 3(11.1) 3(10)
Others (n, %) 22 (26.67) 3(33.33) 11 (40.74) 7 (35)
Pathophysiological classification:
SBS-J (n, %) 3 (10) 3(33.3) 3(11.1)  7(35)
SBS-1 (n, %) 4 (13.3) 1(11.1) 5(18.5) 3 (15)
SBS-JC (n, %) 7(23.3)  1(11.1)  7(25.9)  2(10)
SBS-JIC (n, %) 4 (13.3) 0(0) 2(7.4) 0(0)
Fistulas (n, %) 1(3.3) 0 (0) 1(3.7) 1(5)
Dysmotility (n, %) 5(16.7)  1(11.1)  4(14.8)  2(10)
Mechanical obstruction (n, %) 4 (13.3) 2(22.2) 2(7.4) 2 (10)
Mucosal disease (n, %) 1(3.3) 1(11.1) 3(11.1) 3 (15)
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Colon in continuity (n, %)

Absence of the ileocecal valve (n, %)
Small intestinal lengths <100cm
Teduglutide (n, %)

Duration of HPN, months, (mean, SD)

Type of PN-admixture:

PA (n, %)

CA (n, %)

PAFE (n, %)

Parenteral energy, kcal/week, (mean,
SD)

Type of lipid:

None (n, %)

Soy + MCT (n, %)

SMOF lipid (n, %)

Soy and/or olive (n, %)

Parenteral lipid g/kg/week (mean, SD)

Parenteral lipid g/kg/day (mean, SD)

Number of days with lipid > 1g/kg/d
(mean, SD)

Exposure to soy and/or olive lipid, (n, %)
Parenteral glucose g/kg/week (mean, SD)

Glucose infusion rate g/kg/h (mean, SD)

Catheter-related sepsis (mean, SD)
Hospitalized sepsis (mean, SD)

Antibiotic therapy for SIBO (n, %)

18 (62.1)
19 (63.3)
10 (33.3)
1(3.3)
47.43
(54.63)

13 (43.3)
2 (6.7)

15 (50)
4363.97
(2722.67)

1(3.4)

6 (20.7)
17 (58.6)
5(17.2)
2.77
(2.08)
0.77
(0.33)
1.17
(2.27)

13 (46.4)
10.24
(6.64)
0.24
(0.08)
2.72
(4.04)
0.96
(1.71)

6 (20.7)

2 (22.2)
8 (88.9)
2 (22.2)
1(11.1)
26.22

(35.79)

5 (55.6)
0(0)

4 (44.4)
6520.56
(3602.09)

1(11.1)
1(11.1)
5 (55.6)
2 (22.2)
3.33
(1.51)
1.22
(1.23)
1.33 (2.4)

4 (44.4)
15.44
(7.69)
0.26
(0.09)
2.33 (2.6)

0.33
(0.71)
1(11.1)

13 (50)
20 (74.1)
14 (53.8)
1(3.7)
46.81
(67.11)

11 (42.3)
6 (23.1)
9 (34.6)
7589.42
(4057.85)

0(0)
2(7.7)
20 (76.0)
4 (15.4)
3.73
(2.14)
0.79
(0.34)
1.54
(2.47)
6 (25)
15.7

0.25
(0.11)
1.22 (2.9)

0.58
(1.36)
3(11.1)

5(26.3)
18 (90)
10 (58.8)
1(5)
31.98
(1.49)

5 (25)

10 (50)

5 (25)
8136.32
(4632.81)

2 (10.5)
2 (10.5)
13 (68.4)
2 (10.5)
3.04
(2.28)
0.63 (0.4)

1.06
(2.07)

11 (61.1)
21.48
(12.4)
0.3 (0.15)
4.5 (4.43)
4 (8.74)

4 (20)
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Serment d’Hippocrate

“Au moment d’étre admis(e) a exercer la médecine, je promets et je jure d’étre fidéle aux lois
de I’"honneur et de la probité.
Mon premier souci sera de rétablir, de préserver ou de promouvoir la santé dans tous ses
éléments, physiques et mentaux, individuels et sociaux.

Je respecterai toutes les personnes, leur autonomie et leur volonté, sans aucune
discrimination selon leur état ou leurs convictions. J'interviendrai pour les protéger si elles
sont affaiblies, vulnérables ou menacées dans leur intégrité ou leur dignité. Méme sous la

contrainte, je ne ferai pas usage de mes connaissances contre les lois de I'humanité.
Jinformerai les patients des décisions envisagées, de leurs raisons et de leurs conséquences.
Je ne tromperai jamais leur confiance et n’exploiterai pas le pouvoir hérité des circonstances
pour forcer les consciences.
Je donnerai mes soins a I'indigent et a quiconque me les demandera. Je ne me laisserai pas
influencer par la soif du gain ou la recherche de la gloire.

Admis(e) dans I'intimité des personnes, je tairai les secrets qui me seront confiés. Recu(e) a
I'intérieur des maisons, je respecterai les secrets des foyers et ma conduite ne servira pas a
corrompre les meeurs.

Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusivement les agonies. Je
ne provoquerai jamais la mort délibérément.

Je préserverai I'indépendance nécessaire a I'accomplissement de ma mission. Je
n’entreprendrai rien qui dépasse mes compétences. Je les entretiendrai et les
perfectionnerai pour assurer au mieux les services qui me seront demandés.
Japporterai mon aide a mes confreres ainsi qu’a leurs familles dans I'adversité.

Que les hommes et mes confreres m’accordent leur estime si je suis fidele a mes promesses ;

que je sois déshonoré(e) et méprisé(e) si j'y manque.”
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RESUMES :

Titre : Analyse descriptive de I'IFALD et de ses facteurs associés chez des patients insuffisants
intestinaux chroniques traités par nutrition parentérale a domicile et suivis au sein d’un centre
labellisé.

Introduction : L'IFALD (Intestinal Failure Associated Liver Disease) est une complication majeure de I'lIC
(insuffisance intestinale chronique). Il s'agit d'une entité vague dépourvue de criteres diagnostiques
validés, ce qui entraine une prévalence variable selon les études. Peu de données existent concernant
la surveillance hépatique de I'lFALD avec la mesure de le I'élasticité hépatique par FibroScan (FS), une
méthode validée pour le pronostic des maladies hépatiques chroniques.

Objectif : L'objectif principal de cette étude est de fournir une analyse descriptive de I'lFALD avec sa
prévalence, puis de déterminer les facteurs de risque de I'lFALD et de I’élévation des valeurs de FS.
Meéthodes : Entre le 01/01/2007 et le 06/06/2023, |les patients adultes atteints d'lIC traités par nutrition
parentérale a domicile (NPAD) et suivis au centre expert de nutrition du CHU de Bordeaux, sans
maladie hépatique sous-jacente et avec au moins une mesure de FS, ont été inclus dans notre cohorte.
Résultats : Sur les 145 patients de notre cohorte, 89 ont été inclus. La prévalence de I'IFALD était de
34% (29 patients). Quatorze pour cent (12 patients) avaient une valeur FS < 10 kPa et 49% (43 patients)
avaient une valeur de FS < 5 kPa. Dans l'analyse multivariée, I'lFALD était positivement associée a
I'utilisation de poche a la carte (OR : 7,04, 1C95% : [1,44 - 43,64], valeur p = 0,017) et négativement
associée a la présence de c6lon en continuité (OR : 0,25, IC95%, [0,07 - 0,87], valeur p =0,029). Aucune
association significative n'a été trouvée entre les valeurs de FS et I'lFALD.

Conclusion : La prévalence de I'lFALD est faible dans notre étude. L'absence de célon et I'utilisation de
poche a la carte ont été identifiées comme des facteurs de risque de I'IFALD. L’élasticité hépatique
était anormale dans 51% des cas. Le suivi a long terme de cette cohorte permettra d'évaluer la
pertinence pronostique de I'IFALD et de I'élasticité hépatique chez ces patients.

Title: Descriptive analysis of IFALD and its associated factors in chronic intestinal failure patients
treated with home parenteral nutrition within a tertiary center

Background: IFALD (Intestinal Failure Associated Liver Disease) is a major complication of chronic
intestinal failure (CIF). It is a vague entity with no validated diagnostic criteria. Moreover, few data
exist about the hepatic monitoring of IFALD with liver stiffness measurement (LSM), a validated
method for the prognosis of chronic liver disease.

Aim: The aim of this study was to provide a descriptive analysis of IFALD with its prevalence in a tertiary
center and then to determine risk factors of IFALD and elevated LSM using FibroScan.

Methods: Between 01/01/2007 and 06/06/2023, CIF adult patients treated by home parenteral
nutrition (HPN) followed in a French tertiary center, with no underlying liver disease and at least one
record of LSM were included.

Results: From this cohort of 145 patients, 89 patients were included. Prevalence of IFALD was 34% (29
patients). Fourteen percent (12 patients) had a LSM > 10 kPa and 49% (43 patients) had a LSM < 5 kPa.
In multivariate analysis, IFALD was positively associated with the use of customized admixture (OR:
7.04, CI195%: [1.44 - 43.64], p-value=0.017) and negatively associated with the colon in continuity (OR:
0.25, CI195%: [0.07 - 0.87], p-value=0.029). There was no significant association between value of LSM
and IFALD.

Conclusion: Prevalence of IFALD is low in our study. The absence of colon and the use of customized
admixture was founded as risks factors of IFALD. LSM was abnormal in 51% of cases. Long-term follow-
up of this cohort will help assess the prognostic relevance of IFALD and LSM in these patients.
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