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ABSTRACT 
 

Intestinal Microbiome in Chronic Intestinal Failure and associations with 
Intestinal Failure Associated Liver Disease 

 

Background and Aims: The intestinal microbiome plays an important role in 
intestinal homeostasis by actions on metabolism and immune system. Intestinal 
dysbiosis has been observed in pediatric patients with chronic intestinal failure (CIF) 
and in adult patients with short bowel syndrome (SBS), mostly with jejunocolic 
anastomosis (SBS-2) and jejuno-ileal anastomosis (SBS-3), and generic data have 
been reported about the role of microbiome in the pathogenesis of Intestinal Failure 
Associated Liver Disease (IFALD). Little is known about the changes in gut 
microbiome of adult patients with end-jejunostomy (SBS-1) and in CIF other than 
SBS; moreover the are no data about specific microbiome alterations involved in the 
onset of IFALD. In this study, we aimed to characterize the fecal microbiome of 
adult patients with different pathophysiological mechanisms of CIF and describe 
any possible associations between intestinal microbiome and the development of 
IFALD.  

Material and methods: Fecal samples from 61 patients with benign CIF were 
collected. Phylogenetic characterization of the microbiome was carried out by 
amplification of the hypervariable regions V3 and V4 of the bacterial gene encoding 
16S rRNA, and subsequent grouping of sequences in amplicon sequence variants 
(ASVs). Patient samples were then compared to microbiome sequences from 61 
healthy subjects, matched for sex and age, selected from the healthy subjects library 
of the Laboratory of the Microbial Ecology of Health Unit, Department of Pharmacy 
and Biotechnology, of the University of Bologna. The diagnosis of IFALD was 
assessed by the diagnostic criteria already described in literature (IFALD-
cholestasis, IFALD-steatosis, IFALD-fibrosis). 
 
Results: Bacterial α-diversity significantly decreased in CIF patients, with an 
increase of Proteobacteria and Actinobacteria and a decrease in Bacteroidetes. We 
were able to identify microbial family-level signatures specific for CIF  
mechanisms, with an increase in Actinomycetaceae and Streptococcaceae in SBS-
1, Bifidobacteriaceae and Lactobacillaceae in SBS-2, Bacteroidaceae and 
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Porphyromonadaceae in dysmotility. Abundance of Lactobacillus and 
Lactobacillaceae was strongly associated with IFALD-cholestasis and IFALD–
fibrosis for SBS-1, whereas Peptostreptococcus, Prevotellaceae (Prevotella) and 
Pasteurellaceae (Haemophilus) were significantly increased in IFALD-fibrosis for 
other CIF mechanisms.  
 
Conclusions: CIF patients had a marked intestinal dysbiosis with microbial family-
level signatures specific to the pathophysiological mechanism. Specific 
characteristics of microbiome may contribute to the pathogenesis of IFALD. 
Characterization of the intestinal microbiome could have important clinical 
implications and become a therapeutic target in patients with CIF. 
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Chapter 1 Background  
 

Intestinal microbiota and microbiome 

 
Definitions  
The terms microbiota and microbiome are often used interchangeably although they 
have two different meanings. According to Capurso(1), the term intestinal 
microbiota identifies the overall ecosystem made up of fungi, viruses, and bacteria, 
which have adapted to live on the intestinal mucosal surface or in the intestinal 
lumen, while the collective genome of the human intestinal microbiota is referred 
to as microbiome. In a recent paper, Berg et al.(2) reviewed the results of an online 
survey involving more than one hundred experts worldwide and a workshop 
involving forty leaders from various research areas in the microbiome field, 
proposing unique definitions that will allow all researchers to use the same 
terminology (Figure 1).  
The authors developed the following definitions:  

- Microbiota: the set of different living microorganisms present in a 
defined environment(3), therefore including bacteria, archaea and eukarya 
colonizing the gastrointestinal (GI) tract(4) and excluding phages, viruses, 
plasmids, prions, viroids, and free DNA, since they are usually not 
considered as living microorganisms(5) 

- Microbiome: the set of microorganisms and their “theatre of activity”(6), 

including structural elements and metabolites produced by the 
microorganisms, together with molecules produced by the host and 
influenced by the environment. Therefore, all mobile genetic elements, 
such as phages, viruses, and “relic” DNA, are part of the microbiome but 
not of the microbiota(2).  

- Metagenome: collections of genes and genomes belonging to members 
of a microbiota(3).  

Another widely used term in papers is metabolome, which includes bioactive 
metabolites produced by microorganisms and involved in the microbiota-host cross-
talk(7).  
Metabolomics analyses complex systems through high-performance techniques 
such as mass spectrometry and nuclear magnetic resonance spectroscopy, 
performed on samples such as feces, urine, and tissue(8,9). 
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These techniques, together with open-source metabolome databases such as 
HMDB(10), METLIN(11), LIPIDS MAPS(12), MassBank(13), and NIST(14), allow 
researchers to determine the effects of treatments or perturbations on metabolic 
profile, through analysis and identification of thousands of metabolites 
simultaneously(7).  

 
         Figure 1- A schematic explanation of the terms microbiota and microbiome(2) 

Other terms often used in this research field are richness and diversity (α-diversity 
and β-diversity), which describe and compare microbial communities. Diversity 
can be defined as the variety and abundance of species in a defined unit of study(15).  
Diversity is composed of two components, namely richness, and evenness. 
Richness refers to the total number of species in the unit of study. Evenness, on the 
other hand, describes relative differences in the abundance of various species in the 
community(16).  
Diversity can be classified in α-diversity and β-diversity, with α-diversity referring 
to the level of diversity within the same sample, and β-diversity defined as 
compositional differences between different samples(15). 
 

Composition  
The intestinal microbiome is made up of more than one-hundred trillions of 
microorganisms and includes more than 1,500 species, distributed in more than 50 
different phyla(17). Up to 90% of the human microbial population is composed of 
Bacteroidetes and Firmicutes (the most represented phyla) followed by 
Proteobacteria, Fusobacteria, Tenericutes, Actinobacteria, and 
Verrucomicrobia(18). 
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The majority of intestinal microbiome is represented by strict anaerobes that 
outnumber facultative anaerobes and aerobes by two-three times(19–21).  
The number of bacteria varies across the digestive tract, with 101 to 103 bacteria per 
gram in the stomach and duodenum, 104 to 107 bacteria per gram in the jejunum and 
ileum and 1011 to 1012 cells per gram in the colon(22). Furthermore, the type of 
bacteria is different from site to site, as showed by Frank et al. (23), who compared 
small intestine and colon biopsy samples from healthy individuals. They found the 
occurrence of the Bacilli class of the Firmicutes and Actinobacteria in the small 
intestine samples. On the other hand, the Bacteroidetes and the Lachnospiraceae 
family of the Firmicutes were more prevalent in colonic samples(23).   
In addition, as shown by Swidsinski et al.(24), there is a difference in the microbiome 
composition between the intestinal lumen, the mucosal layer lining the epithelium, 
and the area in the immediate nearness of the epithelium. Among all the 
microorganisms found in feces (Bacteroides, Bifidobacterium, Streptococcus, 
members of Enterobacteriaceae, Enterococcus, Clostridium, Lactobacillus, and 
Ruminococcus), only a few (Clostridium, Lactobacillus, and Enterococcus) were 
detected in the mucosal layer and epithelial crypts of the small intestine(24). 

 

Factors affecting microbial composition  
Several factors affect the microbiome composition, including age, host genetics, 
diet, and geographical origin. 

Diet  
The most striking example of intestinal microbiome plasticity is its ability to 
respond to dietary modifications. An individual’s microbiome can adapt its 
composition and functionality to dietary changes in a 1-3-day period(25,26).  
An interesting finding comes from a study by Arumugam et al.(27), who observed 
that some bacterial groups are affected by short-term dietary changes, while others 
are only modulated by long-term dietary habits (the so-called human enterotypes).  
Diet influences microbiome composition, both increasing or decreasing some 
species, and influencing their metabolites production. As an example, a diet rich in 
vegetables leads to the dominance of Bacteroidetes and Firmicutes(28), whereas the 
so-called Western Diet (rich in animal proteins and saturated fats) leads to an 
increase in bile-tolerant species, such as Bacteroides, Bilophila, and Alistipes, along 
with a decrease in Firmicutes(29,30). The assumption of simple carbohydrates is 
related to an increase in the prevalence of Prevotella(31), instead.   



4 
 

 

Exercise  
Exercise leads to an increased microbial diversity(32) and changes the microbiome 
composition. Physically active people show lower levels of the phyla 
Bacteroidetes(32) (in particular from the family Rihenellaceae(33)) and 
Proteobacteria(33), and higher levels of Firmicutes(31) (in particular the genus 
Lactobacillus(33), whereas the genus Turicibacter decreases(33)), Actinobacteria(33) 
(in particular the genus Bifidobacterium(33)) and Verrucomicrobia(33) (in particular 
the genus Akkermansia(33)). Since athletes usually follow a generally healthy 
lifestyle, it is difficult to determine if the effects on microbiome are due to exercise 
per se or to the interaction of exercise with other factors such as diet composition.  
 

Antibiotics 
It is well known that antibiotics can lead to dysbiosis. Antibiotic treatment 
undermines the interaction between microbes and host; destroying some strains and 
allowing other ones to grow may weaken the selection for mutualistic bacterial 
traits(34,35). The effect of an antibiotic treatment depends on the type of molecule and 
the length of administration.  
Adamsson et al.(36) evaluated the effect of Helicobacter pylori eradication regimens 
(omeprazole + amoxycillin + metronidazole and omeprazole + clarithromycin + 
metronidazole) on gastrointestinal microbiome. They observed a selection of 
resistant streptococcal strains in both treatment groups, most apparent in the 
omeprazole + amoxycillin + metronidazole one. Furthermore, both groups showed 
increased antibiotic resistance of Enterococcus spp. and Enterobacteriaceae and 
suppression of anaerobic flora(36). Moreover, ciprofloxacin led to a loss of diversity 
within tree-four days from initiation, with a reduction in abundance of butyrate-
producing taxa and an increase of xylan degrading ones(37). Jakobsson et al.(38) 

analyzed the effect of treatment with clarithromycin and metronidazole on the 
human microbiome. Their research showed lower diversity of intestinal microbiome 
in fecal samples immediately after treatment, with a partial recovery one and four 
years later(38).  
The impact of antibiotic treatment on microbiome is different among subjects(37,38) 
and different courses of antibiotics(37). Furthermore, some antibiotics may alter the 
microbiome composition for a long time (from months to years) after their 
administration(37-43). 
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Functions  
Intestinal microbiome plays an important role in maintaining the good health of the 
host, being involved in important processes such as nutrient metabolism, vitamin 
synthesis, bone metabolism.  

Role in metabolism  
Intestinal microbiome produces many metabolites, most of which derive from 
bacterial fermentation. The colon receives both digested material, which stays in the 
cecum and right colon for 6-12 hours, before being transported to the left colon and 
excreted with feces and undigested material (resistant starch, dietary fibers, simple 
sugars, alcohol, undigested proteins) which is fermented by the microbiome, 
particularly by Bacteroides, Roseburia, Bifidobacterium, Fecalibacterium, and 
Enterobacteria.  
The microbiome, especially Firmicutes, Bacteroidetes, and some anaerobic 
microorganisms(44), metabolizes indigestible carbohydrates like cellulose, 
hemicelluloses, resistant starch, pectin, oligosaccharides and lignin into short chain 
fatty acids (SCFAs)(45).  
Amino acid fermentation may also contribute to SCFA production, mainly via 
acetate and propionate production(46). Other products from the microbial 
fermentation of undigested material in the colon are hydrogen, ethanol, succinate, 
methane, CO2

(1).  
 
SCFAs include formate, acetate, propionate, and butyrate(46), whereas lactate does 
not usually accumulate to high levels in the human colon of healthy adults and 
serves as a substrate for other bacteria, including propionate and butyrate 
producers(44). 
Lactate can be produced from carbohydrates by many different gut bacteria, 
including Lactobacilli, Bifidobacteria, Enterococci, Streptococci, 
Faecalibacterium prausnitzii, Bacteroides spp and Eubacterium spp. that are 
abundant in the human gastrointestinal tract(47,48). Lactate is then metabolized in 
acetate, propionate, and butyrate in variable proportions, with acidic pH favoring 
butyrate(48). Lactate-utilizing species include certain Lachnospiraceae, which have 
the ability to grow in the presence of lactate and acetate to produce butyrate(47). 
These include the abundant species Anaerostipes hadrus, which uses only D-
lactate(49), and Anaerobutyricum hallii(50), which is able to utilize both lactate 
isomers.  
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Other bacteria convert lactate to propionate either via the succinate pathway (e.g., 
Veillonella spp.) or via the acrylate pathway (Megasphaera elsdenii)(51). Lactate can 
also be used by bacteria (such as Lactobacillus buchneri) to produce 1,2-
propanediol, which is an intermediate in the formation of propionate(52).  
The role of formate is not well known. It has been linked to methanogenesis and 
appears to be elevated in inflammatory conditions(53). Otherwise, the beneficial role 
of acetate, propionate and butyrate has been established.   
Propionate is produced through three different biochemical pathways within the 
gut microbiome(51):  

- the succinate pathway is present in Bacteroidetes and some Firmicutes 
bacteria in the Negativicutes class (Veillonellaceae family)(51). The level 
of propionate formation is dependent on the environmental conditions. 
Thus, carbon limitation results in higher propionate production in 
Bacteroides ovatus(54) and vitamin B12 is required for propionate 
formation in Prevotella ruminicola(55); 

- the acrylate pathway, utilized for the conversion of lactate to propionate, 
appears to be limited to very few different bacterial genera within the 
Firmicutes, including Megasphaera spp. (Veillonellaceae), Coprococcus 
catus, and uncultured clones related to Clostridium lactatifermentans 
(both Lachnospiraceae)(51); 

- the propanediol pathway operates specifically from deoxy-sugar 
substrates (fucose, rhamnose) and has been demonstrated in dominant gut 
commensal bacteria belonging to the Lachnospiraceae, including 
Roseburia inulinivorans and Blautia species(51,56). Metabolism of 
rhamnose and fucose via this pathway has also been reported for 
Salmonella and Listeria species(57). 

Butyrate is produced from carbohydrates via glycolysis from the combination of 
two molecules of acetyl-CoA to form acetoacetyl-CoA, followed by stepwise 
reduction to butyryl-CoA. Two different pathways are known for the final step in 
butyrate formation from butyryl-CoA, which proceeds either via butyryl-
CoA:acetate CoA-transferase or via phosphotransbutyrylase and butyrate kinase(58). 
Butyrate-producing species are found in the two predominant families of human 
colonic Firmicutes, Ruminococcaceae and Lachnospiraceae, as well as in other 
Firmicutes families, including Erysipelotrichaceae and Clostridiaceae(59,60).  
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Acetate is a product from oligofructose fermentation from most gut anaerobes (such 
as Bifidobacterium and Lactobacillus) and can be converted to butyrate by other 
species such as Anaerostipes and Roseburia(61). 
 
SCFAs are taken up by the intestinal mucosa and have many important roles such 
as being a source of energy(62), accounting for up to 150 Kcal in healthy humans(63), 
regulating gene expression, signaling through specific receptions, regulating 
immune cell development and suppressing inflammation(46,64–66) (Figure 2). 
Butyrate is the preferred fuel utilized by coloncytes(67). In the liver, propionate is 
gluconeogenic while acetate and butyrate are lipogenic(68). However, the role of 
SCFAs as signaling molecules regulating hepatic glucose homeostasis is not fully 
clear yet. They induce a peroxisome proliferator-activated receptor-γ (PPARγ)-
dependent switch from lipid synthesis to utilization and increase insulin 
sensitivity(69). Propionate is a substrate for intestinal gluconeogenesis(70–72), which 
has beneficial effects on glucose and energy homeostasis. Glucose released by the 
intestine is detected by a portal vein sensor that transmits the signal to the brain(73), 
resulting in decreased food intake(74,75), increased insulin secretion(76) and glucose 
utilization by various tissues(77,78).  Moreover, propionate stimulates the release of 
peptide-YY (PYY) and glucagon-like peptide-1 (GLP-1) from enteroendocrine L 
cells via activation of the G protein-coupled free fatty acid receptor (FFAR)2(79,80). 
These hormones induce satiation and satiety by acting on the appetite centers of the 
brain, therefore reducing food intake(80,81). Furthermore, acetate inhibits adipocyte 
lipolysis, therefore reducing FFA flux to the liver(82,83). In addition, acetate plasma 
levels are inversely correlated to plasma insulin levels(84), probably through an 
improved insulin response in pancreatic β cells, mediated by FFAR2(85,86).  
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Figure 2 - Metabolic effects of SCFAs(76) 

Besides breaking down indigestible polysaccharides, the intestinal microbiome also 
modulates the uptake and deposition of dietary lipids, suppressing the inhibition of 
lipoprotein lipase (LPL); increased LPL activity in adipose tissues promotes 
increased fatty acid uptake into adipocytes(87). In addition,  B. thetaiotaomicron was 
shown to upregulate the expression of colipase, a cofactor needed by pancreatic 
lipase for efficient hydrolysis of dietary lipids(88). The microbiome participates in 
protein metabolism thanks to an efficient pathway that uses microbial proteinases 
and peptidases together with human proteinases. An increased intake of proteins 
leads to increased concentration of ammonia, phenols and sulfuric acid. These 
metabolites largely compromise the structure of the colon epithelium, causing 
inflammation of the mucosa, but can also interfere with the modulation of the enteric 
nervous system and intestinal motility(1). 
 
The microbiome has an essential role in vitamin synthesis such as biotin, thiamine, 
cobalamin, riboflavin, nicotine, pantothenic acids, and folates, as well as vitamin 
K(89) (Table 1).  
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Table 1 - Bacteria involved in vitamin synthesis 

Vitamin Producing bacteria 
Vitamin K Escherichia coli  
Folates Bifidobacterium bifidum 

Bifidobacterium longum subsp. Infantis 
Riboflavin Bacillus subtilis  

Escherichia coli  
Cobalamin Lactobacillus reuteri CRL 1098 
Niacin 
Pyridoxine  

Streptococcus thermophilus ST5 
Lactobacillus helveticus R0052 
Bifidobacterium longum R0175 

 
In addition, intestinal microbiome can generate carbohydrates, branched chain 
amino acids, amines, phenols, indoles, and phenylacetic acid(90). Moreover, it is 
involved in the synthesis of bile acids, cholesterol, and conjugated fatty acids(91). 
The gut microbiome converts primary bile acids into secondary bile acids via bile 
salt hydrolases (BSH), which are widespread in members of the gut microbiome, 
with predominance of Firmicutes (30%), Bacteroidetes (14.4%), and 
Actinobacteria (8.9%)(92). For the host, deconjugation of bile acids by gut microbes 
has several consequences. Unconjugated bile acids result in less effective 
emulsification of fat, less efficient enterohepatic recirculation of bile acids due to 
reduced distal ileal transporter affinity, and lowering of serum cholesterol levels(93).  

Finally, microbiome influences metabolism of xenobiotics(94) and contributes to the 
transformation and removal of toxic substances. Furthermore, the microbiome is 
involved in the production of the fecal mass, that reduces transit time and dilutes 
toxic substances(95).  

 

Protective role  
The microbiome exerts its protective role in several different ways: it contributes to 
mucosal integrity, antagonizes bacteria with both direct and indirect mechanisms, 
and has anti-inflammatory and anticarcinogenic properties.  
 

Contribution to mucosal integrity  
The microbiome contributes to the integrity of the gastrointestinal tract in different 
ways: 
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- Bacteroides thetaiotaomicron induces the expression of the small proline-
rich protein 2A (sprr2A), necessary for maintaining desmosomes in the 
epithelial villi(96); 

- the peptidoglycan of the microbial wall maintains the integrity of the tight 
junctions thanks to a signal mediated by TLR2(97); 

- indole, a product of microbial tryptophan metabolism, is involved in the 
increased expression of tight junction proteins(98); 

- Lactobacillus rhamnosus GG produces two soluble proteins, p40 and p75, 
which can prevent apoptosis of epithelial cells(99); 

- Akkermansia muciniphilia can increase the levels of endocannabinoids that 
control barrier function by decreasing endotoxemia(100); 

- the microbiome contributes to the structure of the intestinal mucosa by 
inducing the transcription of the angiogenin-3 factor, involved in the 
development of intestinal microvasculature(101); 

- the microbiome can also modulate the glycosylation of mucus on the surface 
of the intestinal mucosal layer. As an example, a signaling molecule secreted 
by Bacteroides thetaiotaomicron can stimulate the expression of fucose on 
the cell surface(88); this occupies the intestinal surface and can contribute to 
maintain integrity of tight junctions, preventing the entry of pathogens(102); 

- SCFAs produced by anerobic fermentation strengthen the mucosal barrier, 
since they are an important energy source for intestinal epithelial cells(103); 
furthermore, SCFAs promote cell proliferation of colonocytes(104); 

- the differentiation of epithelial cells is influenced by interactions with 
microorganisms, as demonstrated in germ-free animals(1). 

 

Direct antagonism towards pathogens  
The microbiome can compete with pathogens through several mechanisms (Figure 
3): 

- altering the intestinal pH(99); 
- producing substances capable of inactivating them, such as metabolites with 

broad-spectrum antimicrobial activity or bacteriocins (small peptides) that 
inhibit enteric pathogens(105,106); 

- competing with them for nutrients(100), such as carbohydrates(107); 
- competing for mucosal adherence sites (a mechanism termed competitive 

exclusion)(108). The mechanisms of competitive exclusion include binding to 
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mucosal receptors through specific adhesins(109,110), degradation of receptors, 
production of receptor analogues or bio-surfactants(103).  

Another antibacterial mechanism used by Bacteroides species is a type VI secretion 
system (T6SS), a contractile mechanism extending out from the bacterial cell 
surface and transporting proteins into the target cell(111,112).  
In addition, commensal bacteria can produce proteases that destroy pathogen 
toxins(113), and antagonize cytoskeleton rearrangements in the intestinal epithelium 
induced by colonization and invasion of enteropathogens(114–118).   
Moreover, microbial products such as indole can reduce expression of bacterial 
genes that facilitate invasion into host cells(119).  
 

Indirect antagonism towards pathogens  
The microbiome also antagonizes pathogen microorganism through indirect 
mechanisms, such as the stimulation of innate and adaptive immune responses both 
in the whole organism and in the gut(120,121)(Figure 3). In general, specific intestinal 
microbial groups, such as segmented filamentous bacteria (Clostridium-related 
symbionts, Clostridium leptum and Clostridium coccoides) play a role in 
programming many aspects of effector CD4+T cell and B cell differentiation(122,123). 
By modulating T cell differentiation into various pro- and anti-inflammatory 
subsets, such as T helper 2 (TH2), TH17, and regulatory T cells, the microbiome 
can shape our immune system from early in life(123,124).  
The mucosa-associated lymphatic tissue (MALT) is the main defense mechanism 
of the intestinal mucosa and is an important element of the host’s overall immune 
capacity. Different components of the immune system act to develop a specific 
response against the attack of an antigen. The main function of secretory antibodies, 
in cooperation with non-immunological defense mechanisms, is to mediate the 
immune exclusion of foreign antigens. Immune elimination involves antibodies and 
several mediators that are responsible for local inflammation, and activates the 
specific immune system of the host associated with the mucosa (GALT)(88).  
The intestinal cells are equipped with pattern recognition receptors (PRR) that 
recognize microbial-associated molecular patterns (MAMPs). PRRs include trans-
membrane Toll-like receptors (TLR), and intracytoplasmic NOD-like receptors 
(NLR)(1). The recognition of MAMPs by receptors induce the production of 
antimicrobial molecules such as defensins(125) and lectins(126). Several microbial 
metabolites derived from tryptophan, including indole, stimulate innate lymphoid 
cells to secrete interleukin-22 (IL-22)(127) and IL-8(128), which increase the 
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expression of specific mucin genes, the release of antimicrobial peptides and 
regulate microbial composition(129). Lipopolysaccharide (LPS) can stimulate 
expression and secretion of mucins as well(130). Finally, bacteria stimulate IgA 
production by B cells and T helper 17 cell differentiation(131).  
  

 
Figure 3 - Direct (a) and indirect (b) mechanisms by which commensals can antagonize 
pathogens(103) 
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Microbiome and the gut–brain axis 
The gut microbiome–brain axis is a system which makes intestinal microbes 
communicate with the brain and vice versa(132). This system coordinates, and is 
linked, to the brain emotional centers of the peripheral intestinal functions and 
mechanisms, such as enteric reflex, intestinal permeability, immune activation, and 
enteroendocrine signaling(133,134) (Figure 4). The mechanisms by which the gut 
microbiome exerts its effects on the brain have been extensively studied. SCFAs 
produced by gut microbiome increase the production of the tight junction proteins 
of the blood brain barrier (BBB), therefore strengthening its integrity and limiting 
entry of undesirable metabolites into the brain tissue(135). Furthermore, the intestinal 
microbiome can synthetize some molecules, such as gamma amino butyric acid 
(GABA), which can influence the central nervous system, resulting in mood and 
behavior variations(136,137).  

Figure 4 - The gut–brain axis(132) 
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Intestinal failure  
 

Definition  
Intestinal failure (IF) is defined as 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(138). 
The reduction of gut absorptive function that does not require intravenous 
supplementation to maintain health and/or growth, can be considered as “intestinal 
insufficiency” (or “intestinal deficiency” for those languages where “insufficiency” 
and “failure” have the same meaning)(138). 
 

Classification 
IF can be classified in different ways: 

- Functional classification (type I or an acute, short-term condition, type 
II or a prolonged acute condition, and type III a potentially chronic 
condition); 

- Pathophysiological classification (short bowel, intestinal fistula, 
intestinal dysmotility, mechanical obstruction, and extensive small bowel 
mucosal disease); 

- Clinical classification (based on the energy and the volume of the 
required intravenous supplementation). 

 

Functional classification  
Functional classification considers onset, whether the patient is metabolically stable 
or not, and expected outcome. It includes three categories: 

 Type I IF: acute, short-term, and self-limiting; 

 Type II IF: prolonged acute condition, with metabolic instability. It requires 
multidisciplinary care and intravenous supplementation for weeks or months; 

 Type III IF: chronic, with metabolic stability and need for intravenous 
supplementation for months or years(138).  

 

Type I intestinal failure  
Type I IF is a short-term and self-limiting condition, which occurs in about 15% of 
patients who have undergone abdominal surgery or are critically ill, because of 
pneumonia, head injury or pancreatitis. Therefore, they are usually managed in 
surgical wards or critical care units. Intestinal function recovery usually occurs after 
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a few days, and it is accelerated by the promotion of early mobilization and early 
introduction of oral nutrition. Meanwhile, patients may need parenteral fluids and 
nutrition support(138).    
 

Type II intestinal failure 
Type II IF is rare and usually related to a serious intra-abdominal disease or injury 
(such as peritonitis due to visceral injury). It is almost always associated with septic, 
metabolic and complex nutritional complications and may be accompanied by renal 
impairment. The cause of type II IF is usually an acute event occurring in previously 
healthy subjects (mesenteric ischemia, volvulus, or abdominal trauma) or a 
complication of intestinal surgery (anastomotic leak, intestinal injury) which leads 
to massive enterectomy or causes the development of one or more enterocutaneous 
fistulae, with or without a proximal stoma. Type II IF may also complicate type III 
chronic IF, therefore being an acute or chronic failure. Treatment consists of 
prolonged parenteral nutrition (for week or months)(138). The annual incidence of 
type II IF, estimated by the requirement for parenteral nutrition of 28 days or more, 
is 9 patient per million population(138). Outcome can be full intestinal rehabilitation 
(about 40%), enteral nutrition including distal feeding (10%) or type III IF requiring 
prolonged home parenteral nutrition (50%), with an in-hospital mortality between 
9.6% and 13%(139-141). 
 

Type III intestinal failure 
Type III IF or chronic intestinal failure (CIF) is a chronic condition in a 
metabolically stable patient and may sometimes be the evolution of type II acute IF. 
It can derive from a gastrointestinal or systemic benign disease which often causes 
multiple intestinal resections (such as Crohn’s disease, radiation enteritis, familiar 
polyposis, chronic intestinal pseudo-obstruction, intestinal lymphangiectasia, or 
systemic sclerosis). It can be a consequence of congenital digestive disease (such as 
gastroschisis, intestinal atresia, microvillous inclusion disease and intestinal 
epithelial dysplasia), or it can represent the end stage of intra-abdominal and pelvic 
cancer(138,142,143). When caused by a benign disease, CIF may be reversible: 20-50% 
of patients are weaned off home parenteral nutrition (HPN) after one or two years 
from starting(143). Furthermore, adult patients with benign CIF have a 80% chance 
of five-year survival on HPN(143). When CIF is irreversible, life-long HPN is the 
primary treatment, whereas intestinal transplant is reserved for patients with life-
threatening complications related to HPN or underlying gastrointestinal disease(143). 
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CIF can be classified into “benign CIF” and “cancer CIF” to define the absence or 
presence of an active malignant underlying disease as the direct cause of IF. 
Invasive intra-abdominal desmoid disease has been included in the benign group, 
because of the chronic nature of the condition and reflecting the fact that it is an 
established indication for intestinal transplantation(144). 
 

Pathophysiological classification 
IF can be classified into five major pathophysiological conditions, which may 
originate from various gastrointestinal or systemic diseases(138): 

- short bowel; 
- intestinal fistula; 
- intestinal dysmotility; 
- mechanical obstruction; 
- extensive small bowel mucosal disease.   

 

Short bowel syndrome  
In adults, normal small intestinal length, measured from the duodenojejunal flexure, 
varies from about 275 cm to 850 cm(145–147). Short bowel is defined as a functional 
small bowel whose length less is than 200 cm(148). It may result from congenital 
diseases or extensive surgical resections(145,149–151). The clinical feature associated 
with short bowel is referred to as Short Bowel Syndrome (SBS)(148). 
SBS can be categorized into three types, according to the anatomy (Figure 5):  

 Type 1 (SBS-1) – end-jejunostomy (SBS-J) 

 Type 2 (SBS-2) – jejunocolic anastomosis (SBS-JC), where the remnant 
jejunum is in continuity with part of the colon, most frequently the left colon 

 Type 3 (SBS-3) – jejuno-ileal anastomosis with ileo-cecal valve and the intact 
colon in continuity (SBS-JIC)(148) 

Figure 5 – Anatomical classification of SBS 
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SBS accounts for about 64% of adults with benign CIF(144) (Figure 6). We have no 
data on the prevalence of SBS-related intestinal insufficiency(143). The most frequent 
diseases associated with SBS in adults are mesenteric ischemia, Crohn’s disease, 
radiation enteritis, post-surgical intra-abdominal adhesions, and post-operative 
complications(142). The primary pathophysiological mechanism of IF in patients 
with SBS is the reduced intestinal absorptive surface area. The likelihood of 
developing IF depends not only on the residual small bowel length in continuity, 
but also on concomitant pathophysiological mechanisms related to the 
characteristics of the residual bowel as well as the underlying clinical 
condition(145,146,152). Other mechanisms that can contribute to IF include excessive 
fluid and electrolyte intestinal losses in the presence of an end jejunostomy, 
restriction of oral intake to decrease the intestinal losses or because of underlying 
disease-related hypophagia, and incapacity to develop the post-resection adaptive 
hyperphagia(146,152). After a surgical procedure, three stages of the SBS evolution 
occur: the acute, the adaptation and the maintenance stage(148). The acute stage 
starts immediately after surgery and takes place in 3-4 weeks. It is characterized by 
high intestinal losses and metabolic derangements, with the risk of dehydration, 
acute kidney disease, electrolyte deficiency and acid-base alterations. The 
adaptation stage usually lasts 1-2 years. It is a spontaneous process that increases 
intestinal absorptive capacity, through structural changes that increase absorptive 
area and/or functional changes that slow gastrointestinal transit(145,146). It is 
stimulated by the presence of nutrients in the gut lumen, the pancreatic and biliary 
secretions and gut hormones secreted by the ileum and colon. Therefore, it is 
seriously impaired in the presence of an end-jejunostomy(148).  
The reversibility of IF depends on the spontaneous intestinal adaption but also on 
intestinal rehabilitation (medical and surgical treatments). Weaning off HPN occurs 
in about 50% of adult patients, usually after one or two years. It is unlikely (<10%) 
after 2-3 years from the most recent intestinal resection(143,148,153,154). In adults, the 
chance of CIF reversibility is higher when there is more than 35-cm short bowel 
(SB) with a jejuno-ileal anastomosis, the ileo-cecal valve, and an intact colon, more 
than 60-cm SB with a jejuno-colic anastomosis or more than 115-cm SB with an 
end-jejunostomy, provided that the remaining bowel is healthy(148).  
 

Intestinal fistula 
This pathophysiological class accounts for 7% of benign CIF in adult patients(144) 

(Figure 6). Intestinal fistulae are abnormal communications between a segment of 
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gastrointestinal tract and another segment of gut (entero-enteric), other organs or 
the skin (enterocutaneous)(138). In most cases (75-85%), enterocutaneous (EC) 
fistulas result from surgery (accidental enterotomy, anastomotic leakage, attempted 
division of dense adhesions), in the presence of malignancy or inflammatory bowel 
disease. In the remaining 15-25%, EC fistulas form without a previous surgery, 
because of an underlying disease, particularly Crohn’s disease. Other causes include 
radiation enteritis, diverticular disease, malignancy, intra-abdominal sepsis, and 
trauma(138). Fistulas are classified according to anatomy, etiologic mechanism, and 
output. They are regarded as high output fistulas when they produce at least 500 mL 
of secretion per day in the fasting state(138). EC fistula-associated IF is due to the 
bypass of a large area of intestinal absorption surface, due to the loss of enteric 
content from the small bowel lumen(140,141,155,156). Moreover, the enterohepatic cycle 
of bile acids is disrupted and the intestinal content loss through the fistula is rich of 
fluid and electrolytes. Furthermore, the presence of an EC fistula is usually 
associated with intra-abdominal inflammation or systemic sepsis that impairs 
gastrointestinal motility and brings metabolic derangements. Other mechanisms 
involved in the fistula-associated IF are the loss of fluid and electrolytes through the 
skin, and the restricted or abolished oral/enteral nutrition to decrease the fistula 
output and/or to favor spontaneous fistula closure. In adults, EC fistulas are one of 
the most common causes of type II, prolonged acute IF.  
 

Intestinal dysmotility  
17.5% of adult patients with benign CIF belongs to this pathophysiological class(144) 

(Figure 6). Intestinal dysmotility (DYS) is the impairment in the propulsion of the 
gut content in the absence of fixed occluding lesions. It can be localized to a bowel 
segment (e.g., achalasia, gastroparesis, Hirschsprung’s disease) or involve multiple 
segments of the gastrointestinal tract, especially the small bowel. Acute intestinal 
DYS is the primary pathophysiological cause of type I IF due to post-operative or 
acute critical illness-associated ileus, and a frequent concomitant cause of type II 
IF, due to the impaired gastrointestinal motility associated with systemic or 
intraabdominal inflammation. Permanent intestinal DYS is termed chronic 
intestinal pseudo-obstruction (CIPO), where the modifier “pseudo” is used to 
underline the absence of occluding lesions(157–159). CIPO may be congenital 
(sporadic or familial) or acquired. The latter can be secondary to infections, 
autoimmune processes, mitochondrial dysfunction, side effects of medications. 
However, it is idiopathic in most cases(157–159). The primary pathophysiological 
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mechanism leading to IF in patients with intestinal DYS is intolerance to oral or 
enteral nutrition, resulting in inadequate intake. Secondary mechanisms include 
nutrient malabsorption due to small intestinal bacterial overgrowth (SIBO), 
increased intestinal secretion and losses of fluid and electrolytes occurring in the 
dilated bowel segments or because of venting or end-ostomy performed to relieve 
symptoms. CIPO accounts for about 20% of type III chronic IF in adults(142).   
 

Mechanical obstruction  
Mechanical obstruction accounts for about 4% of benign CIF in adult patients(144) 

(Figure 6). It can be caused by intraluminal, intrinsic or extrinsic lesions, which can 
be benign or malignant. It may be acute and resolving in a few days with surgical 
or medical treatment, resulting in a type I IF. Otherwise, in patients with extensive 
adhesions or peritoneal carcinomatosis, it causes type II or III IF. The main 
pathophysiological mechanism is the spontaneous or prescribed elimination of oral 
or enteral nutrition, whereas secondary mechanism include increased secretion of 
fluids and electrolytes in the obstructed segments, or their loss through vomiting or 
naso-gastric drainage(138).    
 

Extensive small bowel mucosal disease  
Extensive small bowel mucosal disease (MD) is the pathophysiological class 
accounting for 7% of adult patients with benign CIF(144) (Figure 6). It is a 
dysfunction of the intestinal mucosa, which is anatomically intact or almost 
intact(138). Therefore, there is a reduction in absorption and/or a loss of nutrients 
which compromise nutritional requirements which must be met. Rarely, increased 
intestinal secretion of fluids and electrolytes can be present as a concomitant 
mechanism(138). Extensive small bowel MD accounts for 5% of chronic intestinal 
failure in adult patients, with a very low weaning rate off HPN(143,153).  
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Figure 6 - Pathophysiological mechanism in adult patients with benign CIF. SBS-J=SBS-1; SBS-
JC=SBS-2; SBS-JIC=SBS-3; Mechanical O=mechanical obstruction; Mucosal D=extensive small 
bowel mucosal disease(144) 

Clinical classification  
Clinical classification of benign CIF has been recently revised after a multi-center 
survey involving 65 HPN centers from 22 countries (80% of patients were from 
European countries, the remainder were from the USA, Israel, South and Central 
America, and Oceania)(144). The statistical analysis showed that intravenous 
supplementation (IVS) volume requirement reflects loss of intestinal function better 
than energy requirement. Therefore, the authors devised a simplified clinical 
classification of CIF, based on two categories of IVS type, either fluid and 
electrolyte alone (FE) or parenteral nutrition admixture with macronutrients (PN), 
and four categories of daily total volume (Table 2).  
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Table 2 - Revised ESPEN clinical classification of chronic intestinal failure(144) 

Type of the IVS 

Volume of the IVS (mL/day)1 

≤ 1000 
1 

1001-2000 
2 

2001-3000 
3 

> 3000 
4 

Fluid and Electrolytes alone 
(FE) 

FE 1 FE 2 FE 3 FE 4 

Parenteral nutrition (PN) PN 1 PN 2 PN 3 PN 4 

 
 
 

Treatment  
IVS is, by definition, the main treatment of CIF, since it replaces the lost intestinal 
function as dialysis does for renal failure. Other treatments are used to promote 
intestinal rehabilitation and include diet, medical (antisecretory drugs, antidiarrheal 
drugs, antibiotics, growth factors) and surgical treatment(160). Selected cases can 
benefit from intestinal transplant(160).  
 

Complications  
Complications of CIF are classified in catheter-related and disease-related 
complications. Catheter-related complications include catheter infections, 
occlusions, and thrombosis. Disease-related complications include liver disease, 
cholelithiasis, renal failure and stones and bone disease(160). Furthermore, patients 
with SBS and colon in transit can develop D-lactic acidosis(148).   
 

1 Calculated as daily mean of the total volume infused per week = volume per day of infusion x number of 
infusions per week/7 
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Chapter 2 Introduction on the experimental section 
 
The microbiome in chronic intestinal failure  
 

Factors influencing the microbiome composition 
There are several factors that can affect the microbiome composition in CIF (Figure 
7).  

 
Figure 7 - Factors that influence the intestinal microbiome in patients with IF and clinical 
implications(161) 

First of all, gastrointestinal anatomy and physiology have an important role. In SBS 
patients, fecal pH is lower than in healthy individuals (5.6 vs 6-7)(162). Furthermore, 
due to the shorter length of the remaining small bowel and the colon (in patients 
with SBS-1 and SBS-2), the intestinal concentration of oxygen is higher(161). 
Moreover, removal of the ileum causes bile acid malabsorption and, since bile acids 
have antimicrobial activity, the alteration in enterohepatic circulation can affect 
microbial composition(163,164). Besides, the presence of ileo-cecal valve, by 
controlling the passage of ileal contents into the cecum, and the integrity of colon, 
which has absorptive capacity, can influence the microbic environment(161). In 
addition, altered transit time can influence the microbiome composition(165). Finally, 
altered digestion and absorption lead to the permanence in the intestinal lumen of 
poorly digested substrates, which can influence microbiome composition(166). The 
alteration in the microbiome may also depend on the underlying primary disease, 
such as Crohn’s disease(167). Other important factors influencing microbial 
composition are the presence or absence of enteral feeding (Ralls et al.(168) observed 
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an increase in Proteobacteria in patients with enteral nutrition deprivation), type 
and composition of oral/enteral nutrition(161), and the presence of feeding tubes that 
can be loci for bacterial attachment(169,170). Furthermore, antibiotics(38,171,172), often 
used in patients with IF to treat SIBO, and other drugs, such as proton pump 
inhibitors (PPI), disturb the intestinal microbiome.  
 

Changes in the microbiome composition 
Most patients with intestinal failure receive PN, and, in some of them, the intestinal 
mucosa is exposed to a nutrient deprivation. In animal models, administration of 
total parenteral nutrition (TPN) leads to a dramatic shift of the microbial population 
from a Firmicutes-rich population to the domination of Proteobacteria and 
Bacteroidetes(173). There is also an increase in Verrucomicrobia population(173), 
which may be related to the marked increase in intestinal goblet cells and altered 
mucous production that occurs after administering TPN(174). TPN-associated 
alterations in the gut microbiome are associated with an increase in the expression 
of pro-inflammatory cytokines within the intestinal mucosa and loss of intestinal 
barrier function(173). Ralls et al.(168) sequenced intestinal specimens from patients 
that had been received surgery, of whom some received enteral nutrition, while 
others had not received enteral nutrition for at least two weeks (Figure 8). They 

observed an almost total shift to Proteobacteria in a patient who had been without 

enteral nutrients for over 2 months(168).  
At the genus level, although no statistically significant differences were found, some 
groups were expanded in the enterally-deprived group (Enterobacter, Shigella, 
Klebsiella and Fusobacterium)(168). More recent research compared the microbiome 
of 25 infants receiving TPN and 22 control infants that did not receive TPN, with a 

Figure 8 - Phylum level small bowel mucosa-associated bacteria samples in patients 
after intestinal surgery with different grades of enteral nutrition(168) 
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four-week follow-up(175). There was no significant difference between the groups in 
gestational age, birth weight, gender, race, and mode of delivery. The TPN group 
had significantly lower proportion of Bacteroidetes along the whole study period. 
Both groups had a low α-diversity in the first three weeks of life. However, the 
diversity of control infants increased at the end of week 4 and was significantly 
higher than the TPN group, regardless of delivery mode, treatment with PPI or H2 
blockers, and type of enteral feeding. There were no differences in β-diversity 
between TPN and control groups for any week. In almost all weeks, the TPN group 
showed a significantly lower abundance of Bacteroidetes and a higher abundance 
of Verrucomicrobia, with differences becoming more pronounced over time and 
still observed in 10 patients who were weaned off PN and received full enteral 
feeding at week 4. Furthermore, at a genus level, infants in the TPN group had no 
Bifidobacterium and Bacteroides, and had a higher relative abundance of 
Akkermansia. Neelis et al.(176) evaluated the microbiome composition in pediatric 
patients with IF from different pathophysiological categories, collecting fecal 
samples for a two-year period. They enrolled 15 patients and 25 healthy controls, 
whose age, BMI SDS, and gender characteristics were comparable to those of IF 
patients. IF patients could be classified in SBS (8 patients), DYS (3 patients) and 
extensive small bowel MD (3 patients). One case of IF without SBS had an unknown 
cause. Patients had a lower α-diversity than controls. Furthermore, the IF patient β- 
diversity was different from that of healthy controls, presenting a higher extent of 
interindividual variation. At the phylum level, IF patients had increased abundance 
of Proteobacteria and a decreased abundance of Bacteroidetes and 
Verrucomicrobia. At the family level, patients had more Enterobacteriaceae, 
Staphylococcaceae, Bacteroidaceae, and Bifidobacteriaceae. At the genus level, 
the IF patients’ microbiome was characterized by a higher abundance of 
Escherichia-Shigella, Cronobacter, and Staphylococcus, and a lower abundance of 
species belonging to Faecalibacterium and Ruminococcus. Repeating the analysis 
while including all IF patient samples produced similar results to those with the first 
sample collected. The authors divided the patients in two groups: surgical IF (SBS) 
and functional IF (DYS, MD and unknown origin) and evaluated the differences 
between the two groups. Patients with surgical IF had a lower α-diversity and 
clustered separated from functional IF patients, whose community structure was 
more similar to that of healthy controls. Surgical IF patients had an increased 
abundance of Proteobacteria and a decreased abundance of Verrucomicrobia 
compared to functional IF patients. At the family and genus levels, there were no 
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significant differences between patients with surgical IF and patients with functional 
IF, during the first sample collection. When comparing surgical with functional IF 
for all patient samples, the former group had a higher abundance of taxa belonging 
to Lactobacillus and Cronobacter, whereas functional IF patients had a higher 
abundance of taxa belonging to Lachnoclostridium, Ruminococcaceae, and Blautia. 
When comparing SCFAs levels from the first sample, patients with surgical IF had 
a higher proportional abundance of acetic acid and lower proportional abundance of 
propionic acid and valeric acid. The concentrations of total lactate, D-lactate, and 
L-lactate did not differ significantly between patients with surgical and functional 
IF. When evaluating the relationship between metabolites and microbiome, the 
relative abundance of Firmicutes, Bacteroidetes, and Actinobacteria was positively 
correlated with the proportional ratios of propionic and butyric acids, whereas the 
concentration of acetic acid was negatively correlated with the relative abundance 
of these phyla. On the contrary, correlations of opposite direction were observed 
between SCFAs and the relative abundance of Proteobacteria. Korpela et al.(177) 

conducted a case-control study involving 23 children (13 with SBS and 10 with 
DYS), of whom 6 had IF whereas the remaining had been weaned off PN. Among 
the patients with SBS, 7 had SBS-3, 5 had SBS-1 and 1 had SBS-2. A group of 
healthy people from different ages (11 infants, 35 children, 12 adults) was used as 
control group. Patients’ microbiota was strikingly simpler than that of healthy 
children, with overabundance of Proteobacteria, Actinobacteria, Fusobacteria, 
Spirochaetes and a reduction of Firmicutes. At the genus level, patients had a 
massive overabundance of Lactobacilli and an increase in Clostridium clusters IX, 
XII, and XV, while lacking bacteria related to Clostridium clusters IV and XIVa, 
the dominant anaerobes in the healthy gut, as well as Clostridium cluster III(177).  

 
Other studies evaluated the microbiome composition in a specific 
pathophysiological class.  
 

Short Bowel Syndrome   
Observations in adult patients with IF showed a reduction in microbial 
diversity(166,178). In 2010, Joly et al.(166) profiled microbiome from stools and colonic 
biopsies from 11 SBS-2 patients, comparing it with 8 controls (not matched for 
BMI). It is not clear if patients had IF. The diversity of the microbiome was lower 
in patients than in healthy controls (HC) both in fecal and mucosal samples(166). 
Patients showed a reduction in Bacteroidetes and in some species from the phylum 
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Firmicutes (C. leptum, C. coccoides), together with an increase in Lactobacilli, both 
in feces and histological samples. In particular, L. mucosae was detected both in 
fecal and mucosal samples in patients, but not in HC(166). These results were 
confirmed in a prospective study conducted by Mayeur et al.(162), who evaluated the 
fecal microbiota of 16 SBS-2 patients. At the genus level, the 
Lactobacillus/Leuconostoc group was predominant (44%), whereas C. coccoides 
and C. leptum were the less abundant ones, accounting for <1% of total bacteria. 
Bacteroides/Prevotella accounted for a mean of 14% of total bacteria, with low 
levels in 69% patients and high levels in 31% patients. Other lactic acid bacteria, 
such as Bifidobacterium and Streptococcus groups, were in similar amounts in the 
feces (2% and 3% of total bacteria, respectively). The E. coli group accounted for 
3% of total bacteria. In the same year, Furtado et al.(179) published a work on 
microbiome composition in 7 SBS patients (3 with SBS-2 and 4 with SBS-3) 
submitted to cyclic PN, comparing it with 7 HC. Analysis of the intestinal 
microbiome was performed using aerobic culture method. It revealed that the 
bacterial diversity of patients and HC was equivalent. However, patient group 
showed greater diversity of Gram-negative bacteria (with Enterobacteriaceae 
accounting for 64% of the total isolated bacterial types) as compared to the HC 
group. They also found the prevalence of Lactobacillus. In a case-control study, 
Huang et al.(178) enrolled 10 adult SBS patients (5 with SBS-2 and 5 with SBS-3) 
and 5 HC (of comparable age but not matched for BMI) without gastrointestinal or 
systemic diseases and without history of abdominal surgery. Neither cases nor 
controls had received antibiotics, prebiotics or probiotics within 8 weeks before the 
fecal sample collection. Two SBS-3 patients were weaned off PN. SBS patients had 
a significant lower microbial α-diversity when compared to HC (without differences 
between the two types of SBS patients) and the diversity indices positively 
correlated to the length of the remaining small intestine(178). Microbial composition 
was significantly different among the three groups. At the phylum level, SBS-2 
patients showed lower proportions of Firmicutes and Bacteroidetes than HC and 
higher proportions of Proteobacteria, when compared to the HC and SBS-3 groups. 
Furthermore, SBS-3 patients had a higher relative abundance of Bacteroidetes than 
HC and SBS-2 patients. At the family level, the most important changes occurred 
within the Firmicutes. SBS patients had higher abundance of Enterococcaceae and 
lower proportion of Lachnospiraceae, Ruminococcaceae, Peptostreptococcaceae 
and Erysipelotrichaceae (nearly undetectable) than the HC group. The SBS-3 
group, when compared to the other groups, showed greater abundance of 
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Lactobacillaceae and lower abundance of Streptococcaceae. Within Bacteroidetes, 
there was a significant reduction in Bacteroidaceae in both SBS groups, whereas 
the SBS-3 group had an increased proportion of Prevotellaceae and the SBS-2 
group of Enterobacteriaceae. At the genus level, SBS patients had a decrease in 
Blautia, Dorea, Lachnospira, Anaerostipes, Fusicatenibacter, Roseburia, and 
Pseudobutyrivibrio from the Lachnospiraceae family; Flavonifractor and 
Faecalibacterium from the Ruminococcaceae family; and Bacteroides from the 
Bacteroidaceae family. Nevertheless, SBS-2 patients had an increase in Proteus, 
Klebsiella, Streptococcus, and Megasphaera, whereas Lactobacillus and Prevotella 
were dominant in SBS-3 patients(178). The authors did not find a correlation between 
PN duration and microbial diversity. On the other hand, PN duration positively 
correlated to the relative abundance of Enterobacteriaceae and negatively 
correlated to the abundance of Lactobacillus(178). No correlation was found between 
nutrients and microbial composition(178).  
Budinska et al.(180) analyzed the fecal microbiome of 19 adult SBS patients recruited 
from four centers for HPN in Czech Republic (10 with SBS-1, 14 with SBS-2 and 
CIF, 5 with SBS-2 and intestinal deficiency), comparing it with the fecal 
microbiome from 40 healthy age- and BMI-matched HC without known 
gastrointestinal diseases. Fecal microbiome showed typical features in all patients: 
reduction of α-diversity, depletion of Firmicutes and Bacteroidetes, high abundance 
of Lactobacillaceae and Enterobacteriaceae(180). However, SBS1 patients showed 
higher abundance of facultative anaerobes from Streptococcaceae and 
Staphylococcaceae and a severe depletion of obligate anaerobe Bacteroides 
spp.(180). The authors suggested that this difference may depend on the higher 
oxygen tension in residual gut of SBS-1 patients(180). Even if SBS patients without 
IF shared some features with patients with IF (overexpression of Lactobacillaceae, 
Enterobacteriaceae, and Fusobacteriaceae), they showed an α-diversity 
normalization and a representation of some taxa (Blautia, Bacteroides, Odoribacter, 
Oscillospira, Prevotella, Roseburia, and Sutterella) not significantly different from 
HC(180). Furthermore, SBS patients exhibited high saturated aldehydes and medium-
chain fatty acids and reduced SCFAs and indole content. Distinctive non-PN SBS 
marker was high phenol content(180). These results show that intestinal adaptation is 
associated with a microbiome composition more similar to HC.  
Gillard et al.(181) enrolled 16 SBS patients with jejuno-colonic anastomosis (SBS-2) 
and categorized them into non-lactate accumulators - NLA (7 patients without 
lactate in their feces) and lactate accumulators - LA (9 patients with lactate in their 
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feces). Firmicutes was the dominant phylum (65% and 63% of total bacteria in the 
NLA and LA groups), followed by Proteobacteria (16% and 21%), Bacteroidetes 
(11% and 5%), and Actinobacteria (8% and 12%). The microbiome of all patients 
was dominated by the Lactobacillaceae, with prevalence of lactate-producing 
bacteria (Lactobacillaceae, Enterobacteriaceae, and Bifidobacteriaceae) in the LA 
sub-group (>80%), whereas lactate-consuming bacteria (Veillonellaceae, 
Bacteroidaceae, Sutterellaceae, and Acidaminococcacea) were under-represented 
(<20%). In NLA patients, the lactate-consuming bacteria were dominant (40%)(181). 
The total fecal SCFA concentration of the LA group was lower than that of the NLA 
group(181).  
Another research on SBS adult patients with IF was conducted by Boccia et al.(182), 
who enrolled 12 consecutive SBS patients (2 SBS-3 and 10 SBS-2) and healthy 
living-together relatives to limit genetic and environmental influence on the 
microbiome composition. Case and controls did not significantly differ in age and 
BMI. The authors found a lower concentration of Bacteroidetes, Firmicutes, and 
Bifidobacterium (evaluated through culture-dependent method) and 
Methanobrevibacter Smithii (quantified through qRT-PCR) in patients. On the other 
hand, the concentration of Lactobacillus detected by qRT-PCR was non 
significantly higher in SBS patients.  
 

Extensive small bowel mucosal disease 
We did not find any research on microbiome composition specifically involving 
patients with IF exclusively related to MD. It is also important to point out that 
patients with IF and a MD such as Crohn’s disease have a SBS simultaneously, 
since they underwent multiple intestinal resections. A review from Ni et al.(183) 

explored the association between microbiota modifications and IBD. The phylum 
Firmicutes is often reduced in proportional abundance in the stool of patients with 
Crohn’s disease(167,184–186), although studies focusing on mucosal biopsies have 
questioned this association(187,188). Conversely, members of the Proteobacteria 
phylum, such as Enterobacteriaceae(189,190), including Escherichia coli (23,191,192) are 
commonly increased in patients with IBD compared to HC. Certain strains of 
adherent–invasive E. coli were associated with the ileal mucosa of patients with 
Crohn’s disease(193)and have been proposed as potential pathobionts based on their 
ability to replicate in epithelial cells in vitro(194). Similarly, a specific association 
between Fusobacterium nucleatum and ulcerative colitis has been proposed, 
because of the isolation of a highly invasive strain from patients with ulcerative 
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colitis, but a clear cause-and-effect relationship has not been proven(195,196). An 
important question is whether IBD-associated dysbiosis is a primary or secondary 
phenomenon. In animal models of IBD, both loss of immunoregulatory and addition 
of disease-promoting bacteria have been shown to contribute to disease activity, 
supporting a primary disease-driving role for dysbiosis(191). On the other hand, 
dysbiosis in IBD might be the response to intestinal inflammation. Changes in the 
composition of the gut microbiome led to metabolite alterations that are likely to 
have a role in IBD pathogenesis. Specifically, amino acid biosynthesis and 
carbohydrate metabolism pathways were reduced in the IBD microbiome in favor 
of nutrient uptake, virulence, and secretion pathways. Moreover, expression of 
genes related to oxidative stress, such as glutathione and sulfate transport, were 
increased(197). The microbial production of metabolites might affect the host in other 
ways that are relevant to IBD pathogenesis. For example, a reduction in secondary 
bile acid levels determined by dysbiosis(198,199) could lead to the loss of the anti-
inflammatory signaling via the nuclear farnesoid-activated X receptor (FXR)(200). 
Another bacterial metabolic pathway with relevance to IBD is the production of 
SCFAs, because of their role in immune tolerance and inflammation 
reduction(123,201). In general, the microbiome influence on mucosal integrity and 
immune system could explain the relationship between its modifications and 
IBD(183).   
 

Dysmotility   
In patients with severe DYS, SIBO may occur(202). On the other hand, SIBO may 
exacerbate intestinal DYS(203,204). Furthermore, the use of antibiotics to relieve 
gastrointestinal symptoms suggests that patients have an alteration in intestinal 
microbiome(205).   
Some information on changes in the microbiome composition can be obtained from 
studies on Hirschprung’s disease (HSCR), a congenital intestinal hypoganglionosis. 
In a research on the stool samples of 20 HSCR children, Pini Prato et al.(206) found 
that the gut of Rectosigmoid Aganglionosis (RSA) patients contained a higher 
number of species than the gut microbiome of Total Colonic Aganglionosis 
(TCSA). Similarly, the Shannon index, which measures the richness and evenness 
of a community, was higher in RSA patients than TCSA patients. However, the 
Simpson index, which penalizes communities dominated by a small number of 
OTUs, did not significantly discriminate between RSA and TCSA patients. As far 
as the composition is concerned, RSA had a significantly higher abundance of 



30 
 

Bacteroidetes, whereas TCSA patients had a greater presence of Proteobacteria. 
Otherwise, Firmicutes and Actinobacteria did not significantly differ in relative 
abundance between the two groups. At the genus level, RSA patients had a greater 
abundance of Bacteroides and Alistipes, whereas members of the genus 
Enterococcus were more prevalent in the microbiome of TCSA patients(206). 
 
Another hint on the microbiome composition in patients with gastrointestinal DYS 
comes from research in patients with systemic sclerosis (SSc), a disease often 
associated with an impairment of gastrointestinal motility(207). Andréasson et al.(208) 

analyzed the fecal microbiome of 98 SSc patients, observing dysbiosis of any degree 
in the 75% of patients, and severe dysbiosis in 25%. Dysbiosis was significantly 
more common in patients suffering from esophageal dysfunction, with a correlation 
between the degree of dysmotility and dysbiosis.  
Then, in a study involving 18 SSc patients, Patrone et al.(209) observed that the fecal 
microbiome of patients with gastrointestinal symptoms had lower richness but 
higher evenness than HC. At the phylum level, SSc patients’ microbiome was 
characterized by a decrease in the relative abundance of Bacteroidetes and an 
increase in the relative abundance of Firmicutes in 17 SSc patients from the 
University of California, Los Angeles (UCLA) and 17 patients from Oslo University 
Hospital (OUH), compared with HC(210).   
Another Italian study involving 18 SSc patients(209) confirmed the higher abundance 
of Firmicutes, followed by Actinobacteria and Bacteroidetes, while patients with 
gastrointestinal symptoms had a reduction in the relative proportions of 
Actinobacteria and Bacteroidetes. Volkmann et al.(211) also found an increased 
relative abundance in the cecum of 17 SSc patients of the phyla Actinobacteria, 
Fusobacteria, and Verrucomicrobia. They also observed an increase in the 
abundance of the γ-Proteobacteria class. Lower-level taxonomic differences have 
also been observed in SSc patients relative to the controls. In the analysis of colonic 
lavage specimens from 17 patients with SSc, Volkmann et al.(211) found that SSc 
patients had decreased abundance of Faecalibacterium, Clostridium, and Rikenella, 
and an increase in abundance of Fusobacterium, Bifidobacterium, Lactobacillus, 
Prevotella, Ruminococcus, Akkermansia, and the uncommon Erwinia, and 
Trabulsiella. In SSc patients with moderate/severe GI tract symptoms, the 
abundance of Bacteroides fragilis was decreased, and that of Fusobacterium was 
increased, compared with patients who had no or mild symptoms(211). Genus-level 
differences were also observed in the second study conducted by Volkmann et 
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al(210), with enrichment in Fusobacterium, Ruminococcus, Lactobacillus and 
Akkermansia in SSc patients. In contrast, Faecalibacterium, Clostridium, and 
Bacteroides were depleted in SSc patients as compared to HC(210). Patrone et al.(209) 
also found a decreased abundance of the genus Clostridium and an increased 
abundance of Lactobacillus and Acinetobacter in patients with SSc and 
gastrointestinal symptoms, as found in previous studies(210,211), but they observed, 
on the contrary, a decrease in Rumicoccous and Bifidobacterium abundance, 
together with a reduction in Roseburia. These changes were associated with an 
increase in Eubacterium, Coprococcus, Blautia and Dorea. Bellocchi et al.(212) 

found an increased abundance of the genus Desulfovibrio among 59 SSc patients in 
Italy, which was associated with increased gastrointestinal symptoms. In the 
research conducted by Andréasson et al.(208) patients displayed low levels of 
Faecalibacterium, along with high levels of Lactobacillus but not 
Bifidobacterium(208).  
Dysbiosis occurs early in SSc patients(208,213), suggesting that dysbiosis may not be 
the result of the intestinal stasis but it may be one of the key drivers of dysmotility.  
There is evidence that variation in abundance of certain genera is linked to 
gastrointestinal symptoms. For instance, increased abundance of Bacteroides 
fragilis in both the cecum and sigmoid colon(211) was associated with decreased 
bloating/distension, decreased diarrhea, and decreased total gastrointestinal 
symptoms. Similar results were observed by Volkmann et al.(213). Other genera 
associated with decreased gastrointestinal symptoms were Clostridium (influencing 
constipation(211) and bloating/distension(210) and Lactobacillus (decreasing 
constipation)(210). Conversely, an increased abundance of Fusobacterium was 
associated with increased constipation, increased bloating/distension, and increased 
total gastrointestinal symptoms(211). On the other hand, an increased abundance of 
Prevotella was associated with increased diarrhea and increased 
distension/bloating(210).  
 
Studies on patients with Parkinson’s disease, which is also associated with 
gastrointestinal DYS(214), have shown a decrease in SCFA concentration in stool 
samples(215) and changes in microbiome composition(215–217). While Keshavarzian et 
al.(217) reported an increased abundance of Bacteroidetes and a reduced abundance 
of Firmicutes, Unger et al. (215) observed a reduction in the phylum Bacteroidetes, 
without significant changes in the abundance of Firmicutes. At the family level, 
Enterococcaeae(215) and Prevotellaceae(215–217) showed a decreased abundance, 
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whereas the Enterobacteriaceae family was more abundant(215–217). Conflicting 
results have been reported on the abundance modifications of 
Lactobacillaceae(215,216). At the genus level, authors found a decrease in 
Bifidobacterium(215).  
However, Unger et al.(215) did not identify a relationship between constipation in 
Parkinson’s disease patients and microbiome or SCFA concentration changes.  
 

Clinical implications  
 

Microbiome and clinical features 
In a study evaluating fecal samples from 15 pediatric IF patients(176), having the 
entire SB in situ was positively associated with bacterial richness. Likewise, an in-
situ ileocecal valve was positively associated with α-diversity but not with lactate 
levels or total bacterial load. The composition of the intestinal microbiome differed 
among SBS patients according to their remaining SBlength. In patients with <35 cm 
remaining SB, Proteobacteria dominated the microbiome, with a mean relative 
abundance of 57.8% ± 12.3%, compared to 15.7% ± 4.9% and 1.5% ± 0.5% mean 
relative abundances in those with ≥35 cm remaining SB and HC, respectively. 
Patients in the <35 cm group appeared to have a less diverse composition of 
Proteobacteria, with a prevalence of the genus Escherichia/Shigella (accounting for 
77% to 99% of the Proteobacteria and 53% to 96% of the total microbiota). There 
were statistically significant differences between SBS patients with <35 cm and ≥35 
cm remaining SB at the genus level, too. Bifidobacteria and Veillonella, which are 
both considered to be ubiquitous inhabitants of the normal gastrointestinal tract(218), 
occupied <0.01% of the intestinal microbiome in patients with <35 cm remaining 
SB, whereas they made up about 16% of the microbiome in patients with ≥35 cm 
remaining SB. 
In a study evaluating fecal samples from 15 pediatric IF patients, a higher energy 
intake from PN was associated with a lower α-diversity(176). Duration of PN was not 
associated with metrics of α-diversity, concentrations of SCFAs, lactate, total 
bacterial load, or relative abundances. On the other hand, the duration of PN and 
percentage of energy intake from PN explained 5.5% and 6.3% of the variation in 
microbiotame community structure. Interestingly, the amount of fiber (g/kg) intake 
was positively associated with the concentration of acetic, propionic, and iso-valeric 
acid, and fiber intake accounted for 4.8% of the variance in microbiome community 



33 
 

structure(176). Furthermore, the abundance of Bacteroides was positively related to 
the presence of oral nutrition as well as the amount of fiber intake. 
Moreover, patients with an EN consumption >75% of daily energy intake presented 
a microbiome composition and diet-related metabolic activity fairly similar to those 
with a healthy status(176). The use of antibiotics at or between sample collection was 
negatively associated with the absolute concentration of propionic, iso-butyric, 
butyric, and valeric acid levels and positively associated with the concentration of 
acetic acid(176). 

 

Microbiome and symptoms  
Different intestinal microbiome compositions were related to different symptomatic 
patterns. In a study on children with IF and SBS(176), patients with diarrhea harbored 
a greater relative abundance of Lactobacillus species and no measured component 
of the genus Ruminococcus, when compared with patients without diarrhea. As 
suggested by the authors, the colonic environment of patients with SBS, especially 
those of diarrhea, may promote the growth of Lactobacillus or the loss of other less 
adherent or persistent bacterial taxa(176). On the other hand, the acid-producing 
Lactobacillus may cause diarrhea by lowering the intestinal pH and thereby 
facilitating the growth on bacteria that produce deleterious microbial factors(176).   
 

Microbiome and outcome  
The different microbial composition of patients with IF may have important 
consequences on patient outcome. Actually, the reduced bacterial diversity has been 
linked to colonic pro-inflammatory responses(178). Moreover, Proteobacteria, which 
are more abundant in patients with SBS(178), contain a lot of pathogenic genera and 
can produce LPS(219), with an increased risk of intestinal barrier dysfunction and 
mucosal inflammation, resulting in bacterial translocation, bloodstream infection, 
and delayed intestinal adaptation(220–222). In a study involving 25 infants who 
received TPN, in all 5 TPN infants who developed cholestasis, Proteobacteria was 
the most prominent phylum, with a relative abundance of > 69%(175). Furthermore, 
in the research conducted by Korpela et al.(177), increased abundance of 
Proteobacteria was associated with steatosis, fibrosis, and liver inflammation, 
probably through the production of LPS(177). The reduction of SCFAs producing 
genera from Lachnospiraceae, Ruminococcaceae and Bacteroidaceae, which was 
observed in SBS patients(178), may lead to impaired mucosal function, poor water 
and electrolyte absorption and increased gut inflammation, together with a reduction 
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of a major energy substrate for the colonic epithelium(161). Furthermore, SCFAs 
reduction may impair intestinal motility(161).  
An increase in Lactobacilli abundance may have detrimental effects, since they can 
deconjugate bile acids, worsening absorption of liposoluble vitamins and lipophilic 
substrates(223). Moreover, some Lactobacillus species can produce D-lactic acid, 
with the subsequent risk of D-lactic acidosis(162).  
 

Role of microbiome in intestinal adaptation 
The intestinal microbiome appears to be different between patients with reversible 
and irreversible intestinal failure. A higher microbial diversity in children weaned 
off PN compared to those still on PN have been reported. Similar results were 
observed by Korpela et al.(177), with higher abundance of Proteobacteria in pediatric 
patients with a longer duration of PN. Huang et al.(178) showed similar results in 
adult patients, with a positive correlation between Enterobacteriaceae levels and 
PN duration, whereas predominance of Lactobacillus was associated with shorter 
PN duration. In the research conducted by Neelis et al.(176), involving 15 IF patients 
with a two-year follow-up, the microbiome community structure of the 2 patients 
(13%) who weaned off PN during the study period (after a total PN duration of 1.2 
and 2.0 years, respectively) moved closer to that of HC and became more diverse, 
with an increase in Bacteroidetes and Bifidobacteria. Unfortunately, researchers did 
not perform a direct comparison between patients weaned off PN and those who 
could not be weaned off. Furthermore, the different microbial composition in 
weaned off patients may be due to the availability of luminal nutrients for bacteria, 
rather than being the cause of the weaning off itself. On the other hand, the 
differences in microbial composition in reversible and irreversible IF patients could 
be explained by the role of microbiome in intestinal adaptation. Lactobacilli, 
enriched in SBS3 patients(178) and in SBS patients who had weaned off PN(177), may 
favor gut adaptation by fermenting carbohydrates to SCFAs, which are absorbed 
and supply energy (up to 1000 Kcal)(224–227). On the contrary, Korpela et al.(177) 
observed that the dominance of Lactobacillus plantarum spp. was associated with 
longer PN duration before weaning off.    
Furthermore, SCFAs stimulate sodium and water absorption, decreasing fecal fluid 
and sodium losses(226). Moreover, butyrate increases colonic cells proliferation and 
decreases apoptosis(228). These effects are probably mediated by GLP-2(228). 
Furthermore, the transfer into SBS-rats of the fecal sample from a patient weaned 
off PN had a trophic effect on the colonic epithelium, induced transporters 
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overexpression and increased GLP-1 and ghrelin levels (processes involved in 
intestinal adaptation)(229).  
The microbiome may also influence intestinal adaptation through its ability to 
interact with the immune system and modulate inflammation. Indeed, SBS patients 
have shown to have a proinflammatory state. Neelis et al.(176) evaluated 
proinflammatory cytokines in 7 SBS pediatric patients. None of the patients 
displayed elevated circulating concentrations for TNF-α, IL-1β, or IL-6. On the 
other hand, there was an increase in IFN-ɤ in 5 patients, while all patients exhibited 
an increase in IL-8. Two patients with the greatest increase in IL-8 also exhibited 
the greatest relative abundance of Proteobacteria (98.6% and 78.6%), had <35 cm 
remaining small bowel, and only tolerated <5% EN.  
In a case-control study on 10 IF patients, Hise et al.(230) observed higher levels of 
soluble TNF-α receptor, which can increase TNFα half-life, along with a decrease 
in CD4+ cells and depression of T-cell activity(230). Comparing 10 adult IF patients 
with SBS with 9 controls, Turato et al.(231) found elevated levels of IL-6 in the 
plasma of SBS patients, together with a higher frequency of regulatory 
CD4+CD25+CD39+ T-cell population and both CD4+ and CD8+ circulating T cells 
producing IFN-γ.  
 

Intestinal Failure Associated Liver Disease  
 
Definition 
 
Intestinal failure-associated liver disease (IFALD) refers to a liver injury owing to 
one or more factors relating to intestinal failure including, but not limited to, 
parenteral nutrition, and occurring in the absence of another primary parenchymal 
liver pathology (eg, viral or autoimmune hepatitis), other hepatotoxic factors (eg, 
alcohol/medication), or biliary obstruction(232) . IFALD is a potential complication 
of patients on long-term HPN for CIF, and it is more frequent in infants, who mainly 
develop cholestasis, than in older children and adults, who mainly develop steatosis 
(233-235). In infants, the evolution from cholestasis to severe hepatic fibrosis, cirrhosis, 
and end-stage liver failure is more rapid; when liver failure occurs, IFALD is a 
mandatory indication for life-saving combined liver and small bowel transplantation 
(ITx)(236). 
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Pathogenesis 
 
The pathogenesis of IFALD is multifactorial. Intestinal failure-related, PN-related, 
and systemic-related factors play a role(237-243) (Figure 9). The IF-related factors are 
essentially represented by the interplay of 3 mechanisms that are synergistic in the 
pathogenesis of liver injury: (a) lack of enteral/oral feeding; (b) changes in the gut 
microbiome and (c) alteration of the enterohepatic circulation of bile acids (BAs) 
(237-242); these IF-related mechanisms of IFALD are summarized as follows: 
a) The absence of nutrients in the gut lumen can result in intestinal mucosal atrophy 
and increased intestinal permeability. The morphologic changes are related to the 
reduced secretion of intestinal growth factors. The gut growth hormone glucagon-
like peptide-2 (GLP-2), secreted by the enteroendocrine L-cells of the ileum, plays 
a major role in the maintenance of gut health. Its secretion is stimulated by nutrients 
and BAs in the gut lumen. The secretion of GLP-2 mediated by BAs occurs through 
the BA activation of the G protein-coupled receptor TGR5, localized in gut mucosal 
crypts. The alteration of intestinal permeability, leading to the loss of epithelial 
barrier function, is probably due to the production of pro-inflammatory cytokines 
by intestinal immune cells, secondary to the changes in gut microbiota composition 
occurring during total fasting. Increased permeability facilitates massive 
translocation LPS, a potent hepatotoxic inflammatory compound, into the portal 
circulation, mesenteric lymph nodes, and liver, with consequent liver injury, mainly 
characterized by cholestasis. Human and animal studies have shown that the 
severity of liver injury occurring during total PN associated with absence of enteral 
feeding, is typically reduced on introduction of enteral nutrition. Decreased hepatic 
injury was observed with concomitant supply of even a small amount of enteral 
nutrition. 
b) The variations of gut microbiome in patients on HPN for IF can be influenced by 
several factors, such as enteral/oral feeding, the gut anatomy and disease, and 
antibiotic therapy. In animals, total PN for 14 days without enteral feeding was 
associated with a significant decrease in the ratio of Firmicutes to the total bacteria, 
as well as a decrease in the ratio of Firmicutes to Bacteroidetes. The total abundance 
of bacteria as well as the abundance of Bacteroidetes did not differ. In patients on 
HPN because of IF due to SBS with colon in continuity and who were on oral 
feeding, the gut microbiome was characterized by a decrease of bacterial diversity 
with a high abundance of Lactobacillus, an increase of Proteobacteria, especially 
Enterobacteriaceae, and a decrease of Bacteroidetes and often Firmicutes. The 
changes did not differ between primary pathology and underlying disease or 
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between children and adults. Increased abundance of Proteobacteria has been 
strongly associated with the pathogenesis of IFALD, especially liver steatosis and 
liver fibrosis. Possible mechanisms would be the Proteobacteria-induced pro-
inflammatory status in the intestinal mucosa, with increased permeability and liver 
overload of gut-derived LPS, promoting inflammation and fibrogenesis. In patients 
with IF, a substantial increase in Lactobacillus level, representing less than 1% of 
the gut microbiome in healthy subjects, has also been reported to be associated with 
diarrhea, D-lactic acidosis, and the development of IFALD, especially steatosis, via 
excessive BAs deconjugation. In patients with impaired intestinal motility, as well 
as those with a small bowel closed loop, SIBO may develop, contributing to the 
pathogenesis of IFALD. 
c) The alteration of enterohepatic BAs circulation following BAs malabsorption, 
such as in SBS, and/or changes in intestinal microbiota is a key mechanism 
implicated in the pathogenesis of IFALD-cholestasis due to the disruption of the 
gut-liver axis. In humans, primary BAs, chenodeoxycholic and cholic acids, are 
synthesized and conjugated to taurine or glycine in the liver and, as bile salts (BSs), 
are secreted into bile. Approximately 95% of BAs are reabsorbed in the small 
intestine via enterohepatic circulation, whereas a minor fraction escapes before 
being further metabolized by the gut microbiota in the colon to the secondary BAs, 
deoxycholic, ursodeoxycholic, and lithocholic acids. In addition to facilitating 
intestinal absorption of dietary fat and fat-soluble vitamins, BAs have direct 
antibacterial effects, regulate the host glucose and lipid metabolism, as well as 
energy homeostasis, and exert a trophic stimulation on the intestinal mucosa. Bile 
acid malabsorption causes a dysfunction of farnesoid-X receptor (FXR)/fibroblast 
growth factor-19 (FGF19) signaling. In healthy subjects, BAs activate the BA 
receptor FXR in the enterocyte of the distal ileum and in the liver, during the 
enterohepatic cycle. In the enterocyte, FXR stimulates the secretion of FGF19, 
which reaches the liver through the portal vein. In the hepatocyte, FGF19 
downregulates cholesterol-7-alpha-hydroxylase-1, the rate-limiting key enzyme for 
the conversion of cholesterol into BAs, thus providing negative feedback control of 
BA synthesis. Hepatic FXR further acts as a safeguard against BA toxicity by 
controlling import and efflux of BS in the liver. The Farnesoid-X receptor seems to 
play a role also in maintaining intestinal permeability, thus protecting against 
bacterial and/or LPS translocation. Translocation of microbial products activates 
resident macrophages in the liver, with subsequent release of pro-inflammatory 
cytokines such as interleukin-6 and tumor necrosis factor alpha, which interferes 
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with liver BA export. In IFALD, liver injury may arise from intrahepatic 
accumulation of BAs, and impaired FXR/FGF19-mediated liver repair. In patients 
with IF, serum FGF19 levels were found to be significantly lower than in healthy 
subjects and to correlate with portal inflammation or fibrosis, thus probably 
contributing to cellular apoptosis, fibrotic changes, and ultimately liver injury. 
All these factors have also been described under the term gut-liver axis, which 
indicates the gut-liver crosstalk through the portal vein blood flow, which provides 
the liver with gut-derived nutrients, signaling molecules, metabolic end products, as 
well as gut-derived toxins and intraabdominal inflammation, such as in 
exacerbations of Crohn’s disease and necrotizing enterocolitis, which would 
represent an increased risk of IFALD, possibly via the phenomenon of homing of 
activated gut lymphocytes to the liver.  
 
 
The PN-related factors are mainly represented by excess of macronutrients in the 
PN admixture in comparison with the patient’s requirements. Deficiency of 
micronutrients may also be involved. Excess of PN energy, delivered as either 
glucose or fat, promotes hepatic IFALD-steatosis. Glucose overfeeding can result 
in greater plasma insulin concentration, hepatic lipogenesis, and the build-up of 
triglycerides within hepatocytes. Fat supplied intravenously is carried by liposomes, 
rather than chylomicrons, which results in steatosis, characterized by fat deposition 
in Kupffer cells and hepatic lysosomes(236).  Hepatic steatosis may be induced by 
deficiency of choline(237),essential fatty acids, and carnitine(236,237). In comparison 
with 24-h continuous PN infusion, cyclic PN infusion (usually 10–14 h) is 
associated with a reduction in hyperinsulinemia, lower dextrose use, increased lipid 
oxidation, and lower fat deposition in the liver(244-245). Excess amino acids may be 
associated with development of IFALD in children, and deficiency of taurine and 
cysteine may play a role in premature infants(239) .  In adults, soybean-based (SO) 
intravenous fat emulsions (IVFEs) in excess of 1 g/kg/d have been shown to cause 
liver damage, especially IFALD-cholestasis(233).  Implicated mechanism would be 
the activation of the Kupffer cells because of the high content of pro-inflammatory 
u-6 polyunsaturated fatty acid (PUFA), linoleic acid, the peroxidation of PUFAs, 
and the low content of a-tocopherol, a major lipophilic antioxidant agent, and fat 
overloading(238,239,246). Furthermore, SO-IVFEs have a high content of plant sterols 
(especially sigmasterol), which have been shown to interrupt hepatocyte FXR 
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signaling and the expression of downstream BA transporters, thus decreasing bile 
flow(238, 239, 247, 248).  
Systemic-related risk factors for IFALD are mainly represented by recurrent 
catheter-related blood stream infection (CRBSI), which acts through the inhibition 
of BA transporters in the hepatocytes by endotoxin, leading to cholestasis(236, 238, 239). 
Overall, the consequence of chronic cholestasis is ductular proliferation 
Proliferating cholangiocytes secrete pro-inflammatory and chemotactic cytokines 
(239). Whatever the cause (microbiota or sepsis endotoxins, BA depletion, gut 
inflammation, excess SO-IVFE), activation of Kupffer cells within the liver 
stimulates the release of pro-inflammatory cytokines. Intrahepatic cytokines 
activate the liver stellate cells, which, in combination with immature or depleted 
intracellular antioxidant capacity (decreased a-tocopherol), seems to be the common 
pathway to hepatic fibrosis(238). Steatosis is favored by PN overfeeding of lipid 
emulsion (LE) and glucose and by choline deficiency. Fat deposition form LEs can 
occur also in Kupffer cells. Disruption of the enterohepatic BA circulation because 
of malabsorption (ie, SBS), or lack of oral or enteral feeding, increases intestinal 
absorption of bacterial LPS, circulating endotoxins associated with sepsis, and 
phytosterols contained in LEs, cause cholestasis. The secondary effect of chronic 
cholestasis is ductular proliferation. Proliferating cholangiocytes secrete pro-
inflammatory and chemotactic cytokines. Liver homing of activated lymphocytes 
from intestinal inflammation, excess of soybean-based LE rich in u-6 PUFA, and 
depleted antioxidant capacity activates Kupffer cells to release proinflammatory 
cytokines.  
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Figure 9 - Pathogenesis of intestinal failure-associated liver disease (243) 
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Diagnosis and monitoring 

The diagnosis of IFALD is based on clinical, biochemical, radiological, and, when 
required, histologic information; no formally agreed criteria have been yet defined 
and the epidemiology is not clear. A persistent elevation of liver enzymes, alkaline 
phosphatase and ɣ-glutamyl transferase ≥ 1.5 above the upper limit reference range 
that persists for ≥ 6 months in adults or ≥ 6 weeks in children are widely accepted 
criteria(238,239), even though no formally agreed criteria have been defined so far. As 
a consequence, a wide range of prevalence and incidence (0%–50%) of IFALD, 
with higher percentages in children than in adults, have been reported(236,249).  The 
impact of the diagnostic criteria used in the literature(144,233,238,250-254)on the 
prevalence and incidence of IFALD in adults was analyzed in a cross-sectional and 
retrospective follow-up study on an individual cohort of patients on long-term HPN 
for CIF(255) and it’s reported in Table 3. The retrospective follow-up showed that 
IFALD was present at HPN initiation, probably due to the liver derangement 
associated with the prolonged AIF that evolved in CIF, but resolved thereafter in a 
percentage of patients(255). The ESPEN (European Society of Clinical Nutrition and 
Metabolism) position paper recommends that the diagnosis of IFALD should be 
based on the presence of abnormal LFTs and/or evidence of radiological and/or 
histologic liver abnormalities(232).  Liver histology is not considered mandatory for 
the diagnosis of IFALD and its need should be evaluated on a case-by-case basis 
(232, 236). A persistent abnormal conjugated bilirubin would be a “red flag” alerting 
for the need of liver histology(232,236). 
A histological hallmark of IFALD is the concomitant presence of cholestasis and 
steatosis(234,235). IFALD-associated cholestasis shows feature of biliary obstruction 
with portal inflammation by neutrophils, portal edema, ductular proliferation, and 
ductopenia(234,235). IFALD-associated steatosis consists of a combination of macro- 
and micro-vesicular periportal steatosis, mostly presenting with many small fat 
vacuoles (liposomes) into the hepatocyte cytoplasm with the nucleus centrally 
placed; this histologic feature implies active lipid turnover, metabolic instability, 
and mitochondrial injury and differs greatly from macrovesicular centrilobular 
steatosis observed in non-alcoholic fatty liver disease (NAFLD), which is associated 
with more a stable and equilibrated biochemical pattern. Steatohepatitis, a primary 
finding in NAFLD, is less frequently observed in IFALD(234, 235) . IFALD-associated 
fibrosis presents with a “jigsaw” pattern with a portal, periportal, and portal-portal 
bridging development, different from the sinusoidal centrilobular fibrosis 
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characteristic of NAFLD(234,235). The finding of a combination of portal and 
perivenular fibrosis was considered a characteristic of PN injury(234,235). 

 
Table 3 – Diagnostic criteria for intestinal failure-associated liver disease categories (243) 

 

 
 
Monitoring the evolution of IFALD is mandatory to prevent the evolution to end-
stage liver disease as well as for the timing of patient referral for ITx. An 
international panel of experts proposed a severity categorization of IFALD, based 
on LFTs, abdominal ultrasound, liver histology features, and clinical features(256) 
(Table 4). Determining when hepatic fibrosis is progressing to irreversible cirrhosis 
is a key issue for the timing for referral to ITx as well as for the type of 
transplantation. No association was found between the LFTs and the histologic 
degree or the rate of progression of hepatocellular injury or fibrosis(234). The role of 
transient elastography a non-invasive marker of liver fibrosis in various liver 
disease, in patients on HPN for CIF remains to be clarified. In adults, the FibroScan 
score was found to be significantly correlated with the histologic score of cholestasis 
but not of fibrosis(257). On the contrary, the results of a study in children showed that 
it could be a promising noninvasive method for monitoring the development of IF-
related liver histopathology(258).  
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Table 4 – Proposed classification of intestinal failure-associated liver disease severity (243) 

 

 

Prevention and treatment 
For the prevention of IFALD, the ESPEN guideline recommendation are (328) (Table 
5): 

 Preventing any infective/inflammatory foci (particularly CRBSI and SIBO); 

 Preserving small intestinal length as long as possible and retaining the colon in 
continuity during surgical procedures; 

 Maintaining oral/enteral feeding; 

 Avoiding continuous PN infusion, instead, cycle PN infusion; 

 Avoiding PN overfeeding; 

 Limiting the dose of SO-IVFE to less than 1 g/kg/d in adults. 
 
Available data in adults do not support PN supplementation with taurine and 
carnitine(236), whereas choline replacement has been reported to improve liver 
transaminases(235,237). A few studies would support the efficacy of oral 
ursodeoxycholic acid, which displaces hepatotoxic BS and protects against 
hepatocellular injury(236). Treatment of IFALD is based on the re-consideration of 
all the preventive measures, the revision of the LE type and dosage in the PN 
admixture, and the search for and treatment of potential inflammatory/infective foci 
(328). In individual cases, antibiotics such as metronidazole and tetracycline may 
have beneficial effects(259,260). According to the severity classification of IFALD, 
persistent hyperbilirubinemia from 3 to 6 mg/dL (50–100 mmol/L) would be a 
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criterion for referral to an IF rehabilitation unit, and persistent concentration greater 
than 6 mg/dL a criterion for consultation or referral for transplantation assessment 
and listing (236,255). The most debated strategy is concerning the type and the amount 
of LEs(236,239). To decrease the u-6 PUFA load with PN admixtures, a new generation 
of LEs has been developed, containing lower amounts of PUFAs (medium chain 
triglycerides/soybean or olive/soybean-based IVFEs) and or enriched with u-3 
PUFAs (soybean/MCT/olive/fish or soybean/MCT/fish oil-based IVFEs), as well 
as pure fish oil-based IVFEs(261). In addition to the lower content of the pro-
inflammatory u-6 PUFA, the potential advantages of fish oil containing IVFEs 
include the presence of the antinflammatory u-3 PUFAs, docosahexaenoic and 
eicosapentaenoic acid(261), the higher content of the antioxidant a-tocopherol, and 
the lower or absent content of phytosterols(262,263). At present, there is no evidence 
to strongly support the use of new-generation IVFEs to prevent IFALD, when the 
recommended standard dosage of lipids are <1 g/kg body weight/d in adults and 
15% to 30% of non-protein calories as fat in children(236,239,264-266). Replacing SO-
IVFEs with fish oil-based IVFEs has been suggested to play a role in the reversal of 
IFALD-cholestasis and steatosis in children on long-term HPN(262,267,268). In the 
presence of IFALD-cholestasis, an alternative strategy would be reducing or 
temporally discontinuing IVS.  
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Table 5 – Proposed pathophysiology and associated preventive e curative measures for 

intestinal failure-associated liver disease (243) 

 

                 
 

 

Chapter 3 Study Aims 
The primary aim of the study was to analyze the intestinal microbiome in patients 
with CIF.  
The secondary aim of the study was to analyze any possible associations between 
intestinal microbiome in patients with CIF and the development of IFALD.  

 

Chapter 4 Materials and methods  
 

Study design 
This is a cross-sectional, monocentric study on human samples (fecal sample), 
carried out on adult patients with CIF, defined as the “reduction of intestinal 
function below the minimum necessary for the absorption of macronutrients and/or 
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water and electrolytes, for which intravenous supplementation is necessary to 
maintain health and /or growth”(138).  
 

Study population  
 

Patients 
Adult patients with CIF were recruited from the Regional Center for Benign Chronic 
Intestinal Failure (SSD-IICB Pironi) of the Sant’Orsola-Malpighi Hospital between 
March 2020 and January 2022. All recruitment and study procedures were approved 
by the Ethics Committee Board and informed consent was obtained from the 
patients. Inclusion criteria specified that patients had to be more than 18 years old 
and able to follow protocol procedures. They had to be on parenteral nutrition or 
intravenous hydration for at least six months from last abdominal surgery. Their 
clinical conditions also had to be stable. Patients with malignant tumor and liver 
disease present before intestinal failure occurred were excluded.  
 

Control group 
The HC group for the microbiome analysis was composed of 61 healthy subjects, 
matched for sex and age with the patients included in the study, selected from the 
healthy subjects library of the Laboratory of the Microbial Ecology of Health Unit, 
Department of Pharmacy and Biotechnology, of the University of Bologna. The gut 
microbiome sequences of these subjects can be accessed to public databases (such 
as MG-RAST, Sequence Read Archive, etc.). 

 
Data collection 
Demographic and clinical data was collected from medical records and included in 
the diagnostic-therapeutic protocol of our Center. Clinical, nutritional, and 
laboratory data was obtained within ± 10 days from the collection of the fecal 
sample. Demographic information included age and gender.  
 
Clinical data included: 

- the pathophysiological mechanism of CIF (SBS, intestinal fistula, 
intestinal motility alterations, mechanical obstruction, extensive intestinal 
mucosal disease) and the underlying disease; 

- BMI; 
- food intake (calories, bromatological composition, food preferences); 
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- PN program (duration, frequency, composition of the nutrition admixture, 
vitamins, trace elements); 

- ongoing drug therapy; 
- laboratory data (liver and kidney function, total protidemia, albumin, 

prealbumin, glucose, total cholesterol, HDL cholesterol, CRP, complete 
blood count, pancreatic amylase, serum and urinary electrolytes); 

- prevalence of IFALD according to the following criteria: IFALD-
cholestasis, IFALD-steatosis, IFALD-fibrosis(255). 

 

Analysis of the microbiome composition 
The analyses were carried out on a fecal sample given by the patient during a 
scheduled visit according to the diagnostic-therapeutic protocol for patients with 
CIF of the SSD-IICB-Pironi Center. The analyses were performed at the Laboratory 
of the Microbial Ecology of Health Unit, Department of Pharmacy and 
Biotechnology, of the University of Bologna. 
 

Collection of the fecal sample 
Fecal samples were collected in a special sterile container (required amount 
approximately 15 g). After collection, the samples were stored at -20 °C (in home 
freezer, then transported in a thermal bag) until delivery at the SSD-IICB-Pironi, 
where they were stored at -80 °C. Then, they were sent to the Laboratory of the 
Microbial Ecology of Health Unit, Department of Pharmacy and Biotechnology, 
University of Bologna, where they were analyzed.  
 

Extraction of microbial DNA from feces 
Microbial DNA was extracted using the DNeasy Blood & Tissue Kit (QIAGEN) 
with previously validated modifications(269). Final DNA concentration was 
determined using the NanoDrop ND-1000 spectrophotometer. 
 

Phylogenetic characterization of the microbiome  
The analysis was carried out by amplification of the hypervariable regions V3 and 
V4 of the bacterial gene encoding 16S rRNA, following the Illumina protocol for 
the preparation of libraries. The optimized sequencing procedure for the Illumina 
MiSeq platform is described in the study by Caporaso et al.(270). The obtained 
sequences were analyzed through the open-source software Quantitave Insights Into 
Microbial Ecology (QIIME). Briefly, the sequences were filtered by quality, 



48 
 

grouped by 99.9% identity in amplicon sequence variants (ASVs) and then assigned 
to a bacterial taxon, matching the sequences on the Greengenes database. 

 

Assessment of IFALD 
 The prevalence of IFALD was evaluated by analyzing the following IFALD 
categories(255): 

-IFALD-cholestasis 

 Cavicchi et al. criterion(233): a value ≥1.5 the upper limit of normal (ULN) on 
two of ɣ-GT, ALP, and serum conjugated bilirubin for ≥ 6 months   

 ConBil criterion(144): conjugated bilirubin >0.3 mg/dL for ≥6 months  
 TotBil criterion(144): total bilirubin >1 mg/dL and conjugated bilirubin >0.3 

mg/dL for ≥ 6 months  
 
-IFALD-steatosis  

 US criterion, according to the European Association for the Study of the Liver 
(EASL) guidelines(251): liver ultrasound echogenic appearance of steatosis.  

-IFALD-fibrosis  

 FIB-4 index, according to Sterling et al.(253): Fibrosis-4 index: [(Age (years) 
x AST)/(PLT (109 /L) x ALT ½)]; advanced fibrosis ≥ 2.67  

 TE criterion(271): liver stiffness measurements by transient elastography (TE), 
significant fibrosis (F2): ≥ 7kPa 

 

Ethics  
The study was approved by the Ethics Committee Board and was conducted with 
full regard to the confidentiality of the patients, the principles of Good Clinical 
Practice [ICH Harmonized Tripartite Guidelines for Good Clinical Practice 1996 
Directive 91/507/EEC; D.M. 15.7.1997], the Declaration of Helsinki and national 
regulations on clinical trial conduction. The collected individual patient data was 
anonymized. 
 

Data management and statistical analysis 
The data relating to the study was reported by the staff designated by the Clinical 
Manager of the study, in the Data Collection Form and subsequently added to a 
spreadsheet. Statistical processing was performed via the Statgraphics Centurion 
XVI software. 
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Patient characteristics  
The demographic, anthropometric, clinical, and laboratory features were 
summarized through descriptive statistics. The analysis of the relationships between 
the parameters was carried out using the Spearman rank correlation coefficient. 
Comparisons between groups were performed by non-parametric tests (Mann-
Withney and Kruscall-Wallis tests). 
 

Analysis of the microbiome  
The following parameters were evaluated to meet the objective of this study: α- and 
β-diversity, and relative abundance of microbial groups at different phylogenetic 
levels. Intra-individual diversity (α-diversity) was evaluated using the inversed 
Simpson index. Inter-individual diversity (β-diversity) was assessed utilizing 
UniFrac weighted and unweighted distances, which were used as input for the 
analysis of the principal coordinates (PCoA). The PCoA graphs, heatmaps, and bar 
plots were constructed using R’s Made4 and Vegan packages. The statistical 
analysis was completed using the Vegan and Stats packages. Data separation in 
PCoA was tested by means of a permutation test with pseudo-F ratios (Vegan’s 
Adonis function). Fisher’s exact test was used to evaluate the significance of the 
differences between the clusters obtained by hierarchical clustering analysis. 
Wilcoxon’s test (for paired or unpaired data) was utilized to compare α- and β- 
diversity, and relative abundance of microbial groups between subject groups. 
Discriminatory characteristics (taxa) will be identified using Random Forests(272). 
P-values were corrected by multiple comparison by the use of Benjamini-Hochberg 
method. A false discovery rate <0.05 was considered to be statistically significant. 
The correlations between variables were evaluated by Kendall correlation test using 
the cor.test function of the Stats package by R. 
 

Chapter 5 Results  
 

Study population  
A total of 61 patients with CIF were eligible for analysis, (women 59%), which 
presented the following characteristics reported as median(IQR): age 51.4(21.8) 
years, Body Mass Index (BMI) 21.3(4.2) kg/m2, PN duration 57.2(74.6) months. 
According to the ESPEN pathophysiological classification, 49% (30/61) were 
classified as SBS-1, 28% (17/61) as SBS-2, 13% (8/61) as DYS and the remaining 
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10% (6/61) as MD (Table 6). No patients with SBS-3 agreed to participate in the 
research protocol. No patient with intestinal fistula or intestinal obstruction as 
primary pathophysiological mechanism of CIF was included in the study. The four 
groups did not show statistical differences in gender, intestinal anatomy, PN 
duration and energy supplied. On the other hand, there was a significant difference 
between groups in age, BMI, underlying disease, PN volume and number of 
infusions/week, daily oral intake of energy, proteins, lipids, carbohydrates (g/day), 
fiber (g/day) and beverages (ml/day), and in proton pump inhibitors as oral 
concomitant therapy (Table 6). Patients and controls had no statistical difference in 
age or sex. All controls had a normal BMI. 
 
Table 6 - Demographic and clinical characteristics of patients, expressed as median (IQR)  

 SBS-1 SBS-2      DYS MD P 
N° 30 17 8 6  

Gender (F/M) 17/13 11/6 6/2 2/4 0.4272 

Age (Years) 52.8 (23.8) 54.2 (17.9)  52.1 (19.7) 30.2 (13.1)   0.0038 

BMI (kg/m2) 22.2 (4.3) 21.0 (4.0) 18.6 (3.2) 21.7 (4.7) 0.0242 

Underlying disease 
Crohn’s disease 
CIPO 
Intestinal ischemia 
Polyposis 
Adhesions 
Surgery 
Intestinal atresia 
Volvulus 
Tufting enteropathy 
CVID 
PRPN gene mutation 

 
9 (30%) 

7 (23.3%) 
5 (16.7%) 
3 (10%) 
3 (10%) 
2 (6.7%) 
1 (3.3%)  

0 
0 
0 
0 

 
8 (47.1%) 
3 (17.7%) 
1 (5.9%) 

0  
2 (11.7%) 

0 
0 

3 (17.7%) 
0 
0 
0 

 
0 

7 (87.5%) 
0 
0 
0 
0 
0 
0 
0 
0 

1 (12.5%) 

 
1 (16.7%) 

0 
0 
0 
0 
0 
0 
0 
0 

3 (50%)  
2 (33.3%) 

 

0.0000 

Intestinal anatomy 
Remnant Small 
bowel(cm) 
Colon (% Cummings) 

 
80 (50) 

 
0 

 
65 (80) 

 
57 (36) 

   
0.2560 

HPN  
Duration (months) 
Volume (mL/day) 
Energy (Kcal/day)  
Infusions (n°/week)  

 
57.0 (67.3) 
2000 (1629) 
1201 (1203) 

7.0 (0.0) 

 
54.4 (64.4) 
1266 (929) 
915 (853) 
5.0 (3.0) 

 
93.2 (167.6) 
1102 (1093) 

635 (883) 
6.5 (3.3) 

 
143.0 (275.3) 

801 (357) 
731 (345) 
5.3 (3.0) 

 
0.7120 
0.0009 
0.6314 
0.0306 
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Oral Intake 
Energy (kcal/day) 
Proteins (g/day) 
Lipids (g/day) 
Carbohydrates (g/day) 
Oligosaccharides (g/day) 
Fiber (g/day) 
Beverages (ml/day) 
 

 
 

2050 (1291) 
75 (78) 
64 (57)  

251 (195)           
49.5 (55)               
19 (15) 

1600 (1300) 
 

 
 

2200 (961) 
84 (33) 
77 (39) 

223 (151) 
53 (29) 
17 (5) 

1500 (700) 
 

 
 

988 (780) 
90 (65) 
38 (47) 
41 (43) 
95 (95) 
31 (41)                 
4 (5)               

900 (1100) 

 
 

2977 (1541)  
106 (43)                
91 (78) 

382 (214)         
82 (29) 
22 (13)           

2350 (500) 
 

 
 
0.0013 
0.0100 
0.0043 
0.0026 
0.1227 
0.0038 
0.0467 

Drugs 
-Antibiotics 1 
 

-Probiotics  
 
-Immunosuppressors 2                 
 
-Anti-inflammatory3 
 
- Proton pump Inhibitor 

 
-GLP2 analogue 

 
8 (27%) 

 
2 (7%) 

 
3 (10%) 

 
3 (10%) 

 
21 (70%) 

 
2 (7%) 

 
6 (35%) 

 
3 (18%) 

 
4 (24%) 

 
2 (12%) 

 
11 (65%) 

 
0 

 
5 (63%) 

 
1 (13%) 

 
1 (13%) 

 
1 (13%) 

 
6 (75%) 

 
         0 

 
1(17%) 

 
2(33%) 

 
1 (17%) 

 
3 (50%) 

 
0 

 
0 

 
0.2149 

 
0.3135 

 
0.6527 
                        
0.0851 
                  
0.0104 

 
0.5445 

 
 

 

SBS-1: Short Bowel Syndrome type 1 with end-jejunostomy; SBS-2: Short Bowel Syndrome type 
2 with jejunocolic anastomosis; DYS: dysmotility; MD: Mucosal Disease 
1Therapy for bacterial overgrowth (rifaximin and metronidazole as indicated in ESPEN 
guidelines for CIF) 
2Therapy for underlying disease (Crohn’s disease) 
3Therapy for entheropatic arthritis and non-specific colitis due to underlying disease 
GLP2-analogue: analogue of Glucagon-like peptide-2 

 

Microbiome composition in the CIF cohorts in comparison with HC 

 
Alpha and beta-diversity  
The α-diversity, evaluated by the Kruskal-Wallis test, was significantly different 
among the five groups (p < 0.001) (Figure 10), being lower in MD, SBS-1, and 
SBS-2 patients. In DYS-group, the α-diversity was more similar to HC and higher 
than the other patient groups, although values had a wider distribution.  
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Figure 10 - Comparison of microbial α-diversity among the groups 

 
The β-diversity (inter-sample) analysis, based on Bray-Curtis dissimilarity, showed 
that the microbiome of CIF patients is separated from controls and stratified by SBS 
type (p=0.001). As shown in Figure 11, SBS-1 and SBS-2 patients were grouped in 
two clearly different groups. On the other hand, patients with extended MD were 
more similar to SBS-2, whereas patients with DYS did not cluster.   
 
 
 
  

Figure 11 - β-diversity analysis  
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Taxonomic composition 
 Phylum level: all patients, except those with DYS, showed decreased 

proportions of Bacteroidetes and increased proportion of Actinobacteria 
(Figure 12). All patients, especially those with DYS, had increased 
proportions of Proteobacteria. Increased proportions of Fusobacteria have 
been observed in patients with SBS-1 and DYS. 

 

Figure 12 - Relative abundance of Phyla in the different groups 
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 Family level: all patients, especially those with SBS-2 and DYS, showed a 
different composition when compared with controls (Figure 13).  

Patients with CIF showed very low proportions of taxa belonging to the 
Lachnospiraceae (p=8e-13) and Ruminococcaceae (p=4e-16) families (both 
belonging to the phylum of Firmicutes) and increased proportions of 
Veillonellaceae (p=0004) (Firmicutes) and Enterobacteriaceae (p=2e-09) 
(Proteobacteria) (Figure 14).   

Figure 13 - Relative abundance of Families in the different groups 
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Figure 14 - Relative abundance of bacterial families compared among groups 

 

When analyzing the data according to pathophysiological mechanism of CIF, 
we were able to find in SBS-1 cohort higher abundance of Actinomycetaceae 
(p=7e-04) (belonging to the phylum of Actinobacteria) and Streptococcaceae 
(p=5e-07) (belonging to the Phylum of Firmicutes). Moreover, into the 
Firmicutes phylum, an increased proportion of Lactobacillaceae (family) and 
Lactobacillus (genus) has been observed (Figure 15).  
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Figure 15 - Bacterial families with higher abundance in SBS-1 group 

We were able also to find in SBS-2 group an increase in Bifidobacteriaceae 
(p=3e-04) (belonging to the phylum of Actinobacteria) and Lactobacillaceae 
(p=8e-11) (belonging to the phylum of Firmicutes) (Figure 16). 

 
 

 
 

Patients with DYS showed an increase in Bacteroidaceae (p=9e-15) and 
Porphyromonadaceae (p=7e-09) (both belonging to the phylum of 
Bacteroidetes) whereas there was no finding of a specific signature     for 
patients with extensive MD (Figure 17). 

 

                   Figure 16 - Bacterial families with higher abundance in SBS-2 patients 
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Figure 17 - Bacterial families with higher abundance in dysmotility patients 

 

 Genus level: at genus level, we were able to discern clear clusters for HC, 
SBS-1, and SBS-2 but not for patients with DYS or MD. Both the SBS groups 
were characterized by a decrease in Bacteroides, Blautia, Coprococcus, 
Dorea, Lachnospira, Roseburia, Faecalibacterium, Ruminococcus. SBS-1 
was characterized by higher levels of Veilonella, Gemella, Enterococcus, 
Streptococcus (Firmicutes), Actinomyces and Rothia (Actinobacteria), and 
Fusobacterium (Fusobacteria). SBS-2 had higher levels of Lactobacillus 
(Firmicutes) and Bifidobacterium (Actinobacteria) (Figure 18).  
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Figure 18 - Heatmap showing the abundant difference of the gut microbiome at the genus level 

in the different groups 

 
 
As far as oral nutrition is concerned, almost all patients were on a free diet, without 
a significant difference in macronutrient composition between SBS-1 and SBS-2 
patients (Figure 19).  
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Figure 19 - Dietary composition in SBS-1 and SBS-2 patients 

 

When searching for a correlation between nutrients intake and bacterial relative 
abundance, we found a positive correlation between the relative abundance of 
Veilonella (Firmicutes) and the daily intake of fibers (tau=0.239, p=0.03) and 
proteins (tau=0.239, p=0.03) in both SBS-1 and SBS-2 patients, while the relative 
abundance of Streptococcus (Firmicutes) positively correlated with the daily intake 
of fibers (tau=0.225, p=0.03) (Figure 20).  
 

 
Figure 20 – Correlation between bacterial relative abundance and levels of nutrients intake 
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Prevalence of IFALD in the CIF cohorts and associations with intestinal 
microbiome  

The prevalence of IFALD in the study population showed different percentages 
depending on the diagnostic criterion used (Table 7). The highest prevalence was 
observed for IFALD-fibrosis diagnosed by TE (25%), followed by IFALD-steatosis 
(16%), IFALD-cholestasis by ConBil (15%) and by TotBil (12%). The lowest 
prevalence was observed for IFALD-fibrosis by FIB4 as well as IFALD-cholestasis 
by Cavicchi (both 7%). Analyzing the results according to the CIF mechanism, it 
was observed that SBS-1 showed the highest prevalence for all the IFALD 
categories. The comparison between SBS-1 and the other CIF mechanisms was 
statistically significant for IFALD-cholestasis by TotBil (p=0.035), whereas a 
positive trend was observed for IFALD-cholestasis by ConBil (p=0.052). 
 

The association between IFALD and the patients' CIF and HPN characteristics were 
investigated comparing patients with positive and those with negative diagnosis of 
IFALD. The results are reported in Table 8 as P value of the statistical analysis. The 
presence of IFALD-cholestasis was significantly associated with the primary 
disease for ConBil (p=<0.001) and TotBil (p=<0.001).  Among HPN characteristics, 
the higher number of infusions/week and IFALD were associated with a positive 
trend in IFALD-cholestasis by Cavicchi (p=0.095), IFALD-steatosis (p=0.075) and 
IFALD-fibrosis by TE (p=0.054).   
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Table 7- Prevalence of IFALD in each CIF mechanism group 

 

Index 
 

n. of patients 
(%) 

 
 

 
Whole CIF 
cohort 

 

n. 61 

 
 

 
SBS-1 

 

n. 30 

OTHER CIF Mechanisms 
(with part of  the colon or intact colon in continuity) 

 

 
 

P (chi-squared) 
Total 

 

n. 31 

SBS-2 
 

n. 17 

DYS 
 

n. 8 

MD 
 

n. 6 

IFALD cholestasis 

ConBil criterion   9/60 (15%) 7/29 (24%) 2/31 (6%) 1/17 (6%) 0/8 (0%) 1/6 (17%) SBS1 vs. others: 0.052 

TotBil criterion 7/60 (12%) 6/29 (21%) 1/31 (3%) 1/17 (6%) 0/8 (0%) 0/6 (0%) SBS1 vs. others: 0.035 

Cavicchi 
criterion  

 4/61 (7%) 3/30 (10%) 1/31 (3%) 1/17 (6%) 0/8 (0%) 0/6 (0%) SBS1 vs. others: 0.285 

IFALD Steatosis 

US criterion  9/56 (16%) 5/26 (19%) 
4/30 (13%) 

2 /16 (12%) 0/8 (0%) 2/6 (34%)  SBS1 vs. others: 0.549 

IFALD fibrosis 

FIB-4 index 4/61 (7%) 2/30 (7%) 2/31 (6%) 1 /17 (6%) 0/8 (0%) 1/6 (17%)  SBS1 vs. others: 0.972 

TE criterion   14/57 (25%) 7/29 (24%) 7/28 (25%) 5 /15 (33%) 0/8 (0%) 2/5 (40%)  SBS1 vs. others: 0.939 

 

SBS-1:Short bowel syndrome type 1; SBS-2: Short bowel syndrome tipe 2 ; DYS = Dysmotility; MD=Mucosal Disease; ConBil criterion: 
conjugated bilirubin >0.3 mg/dL for ≥6 months; TotBil criterion: total bilirubin >1 mg/dL and conjugated bilirubin >0.3 mg/dL for≥ 6 months; 
Cavicchi criterion: a value ≥1.5 the ULN on two of ɣ-GT, ALP, and serum conjugated bilirubin for ≥6 months; US criterion: liver ultrasound 
echogenic appearance of steatosis; FIB-4 index: Fibrosis-4 index: [(Age (years) x AST)/(PLT (109 /L) x ALT ½)], advanced fibrosis ≥ 2.67; 
TE criterion: liver stiffness measurements by transient elastography, significant fibrosis (F2): ≥ 7kPa;  
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Table 8 - Comparison between patients with and without IFALD in CIF cohort (see also Appendices 1-2) 

 
 

Criteria for 

IFALD diagnosis:  
(n of patients, 

negative/positive) 

 

Patient characteristics CIF characteristics 

 

HPN-Characteristics 

 
 

CIF 
Classification 

by ESPEN  
criteria 

 

Concomitant 
Therapy for 

CIF 

 Gender 

F 

Age 

(yrs) 

BMI 

(kg/m
2
) 

Primary 

disease 

Remnant small 

bowel (cm) 

Infusions 

(n./week) 

Lipids 

(g./infusion) 

Volume 

(ml/inf/day) 

Energy 

(kcal/inf/day) 

Volume of the 

IVS (mL/day) 

Antibiotic 

cycles 

(no/yes) 

Cholestasis            

ConBil 

(n. 57/4) 
0.359 0.548 0.229 <0.001a 0.718 0.610 0.078i 0.258 0.709 0.346 0.125 

TotBil 

(n. 53/7) 
0.945 0.678 0.612 <0.001b 0.580 0.661 0.872 0.254 0.871 0.087m 0.255 

Cavicchi’s 

(n. 51/9) 
0.704 0.569 0.827 0.837 0.327 0.095f 0.187 0.599 0.941 0.229 0.148 

Steatosis            

US 

(n. 47/9) 
0.335 0.946 0.070 0.434 0.945 0.075g 0.522 0.561 0.754 0.069n 0.140 

Fibrosis            

FIB-4 index 

(n. 57/4) 
0.704 0.988 0.827 0.455 0.024c 0.307 0.110 0.062l 0.351 0.035d 0.148 

TE 

(n. 43/14) 
0.140 0.731 0.239 0.113 0.183 0.054h 0.614 0.133 0.048e 0.374 0.081o 
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Values are expressed as median(IQR) or n. of patients(%), negative vs. positive 
a Primary disease: CIPO 17(33) vs. 0; Crohn’s disease 17(33) vs. 0; Mesenteric ischemia 5(10) vs. 1(11); Other 12(24) vs. 8(89); 
b Primary disease: CIPO 17(32) vs. 0; Crohn’s disease 17(32) vs. 0; Mesenteric ischemia 6(11) vs. 0; Other 13(25) vs. 7(100); 
c Remnant small bowel (cm): 80.0(70.0) vs. 5.0(10.0);  
d Volume of the IVS ml/day: ≤ 1000: 21(37) vs. 1(25); 1001-2000: 20(35) vs. 0; 2001-3000: 12(21) vs. 1(25); > 3000: 4(7) vs. 2(50);   
e Energy (Kcal/infusion/day): 821.4(990.4) vs. 1239.0(757.1); 
f  Infusions (n./week): 7.0(3.0) vs. 7.0(0.0); 
g Infusions (n./week): 7.0(3.0) vs. 7.0(0.0); 
h Infusions (n./week): 7.0(3.0) vs. 7.0(0.0); 
I Lipids (g./infusion): 38.0(31.0) vs. 22.0(30.0); 
l Volume (mL/infusion/day): 1500.0(1388.5) vs. 3250.0(2307.4); 
m Volume of the IVS ml/day: ≤ 1000: 21(40) vs. 0; 1001-2000: 15(28) vs. 5(72); 2001-3000: 12(23) vs. 1(14); > 3000: 5(9) vs. 1(14) 
n Volume of the IVS ml/day: ≤ 1000: 17(36) vs. 3(33); 1001-2000: 17(36) vs. 3(33); 2001-3000: 10(21) vs. 0; > 3000: 3(7) vs. 3(34);   
o Antibiotic cicles: no 26(60)/yes 17(40) vs. no 12(86)/yes 2(14); 
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We observed other associations between IFALD and CIF /HPN characteristics when 
dividing the cohort of subjects by the absence of colon (SBS-1 group) or the 
presence of part or total colon in continuity (COLON group, i.e SBS-2, DYS and 
MD together).  It was not possible to compare SBS-1 vs. SBS-2 due to the small 
sample size. Within the SBS-1 group, it has been observed that IFALD-cholestasis 
by ConBil and TotBil was significantly associated with primary disease 
(respectively p=0.003; p=0.000). Both IFALD-cholestasis by ConBil and TotBil 
and IFALD- fibrosis by TE where associated with a positive trend with the irregular 
intake antibiotic cicles (respectively p=0.060; p=0.089; p=0.060) (Table 9). Within 
the COLON group, it was shown an association between irregular antibiotic intake 
and IFALD-steatosis, with a positive trend (p=0.070) (Table 10). 
 
Regarding the possible associations between the characteristics of the microbiome 
and the presence of IFALD, some interesting findings were observed. It was 
possible to distinguish the data within the SBS-1 group and the COLON group.  
In the SBS-1 group, the Lactobacillus genus is significantly associated with the 
presence of IFALD-cholestasis by ConBil (p = 0.048), and the Lactobacillaceae 
family showed a positive trend (p = 0.055) for the same IFALD-criterion. 
The increase in the genus Lactobacillus also showed a statistically significant 
association with the presence of IFALD-fibrosis by TE (Table 11). 
In the COLON group, we found more associations between microbiome and 
IFALD. The increase of genus Veillonella was associated with a positive trend (p = 
0.054) with IFALD-steatosis, while IFALD-fibrosis by TE showed a statistically 
significant association with the abundance of genera Peptostreptococcus (p = 
0.002), Prevotella (p = 0.019) and Haemophilus (p = 0.014) and of families 
Prevotellaceae (p = 0.019) and Pasteurellaceae (p = 0.002) (Table 12). 
In both SBS-1 and COLON group, a statistically significant association between 
IFALD-fibrosis by TE and reduction of Lachnospiraceae was found. (Table 11-12) 
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Table 9 - Comparison between patients with and without IFALD in SBS-1 group (see also Appendices 3-4) 

 
Values are expressed as n. of patients(%), negative vs. positive: 
a Primary disease: CIPO 7(32) vs. 0; Crohn’s disease 8(36) vs. 0; Mesenteric ischemia 4(18) vs. 1(14); Other 3(14) vs. 6(86); 
b Primary disease: CIPO 7(30) vs. 0; Crohn’s disease 8(35) vs. 0; Mesenteric ischemia 5(22) vs. 0; Other 3(13) vs. 6(100); 
c Antibiotic cicles: no 14(64)/yes 2(36) vs. no 7(100)/yes 0;  
d Antibiotic cicles: no 15(65)/yes 8(35) vs. no 6(100)/yes 0;  
e Antibiotic cicles: no 14(64)/yes 8(36) vs. no 7(100)/yes 0 

Criteria for 

IFALD diagnosis:  
(n. of patients, 

negative/positive) 

 

Patient characteristics CIF characteristics 

 

HPN-Characteristics 

 
 

CIF 
Classification 

by ESPEN  
criteria 

 

Concomitant 
Therapy for 

CIF 

 Gender 

F 

Age 

(yrs) 

BMI 

(kg/m
2
) 

Primary 

disease 

Remnant small 

bowel (cm) 

Infusions 

(n./week) 

Lipids 

(g./infusion) 

Volume 

(ml/inf/day) 

Energy 

(kcal/inf/day) 

Volume of the 

IVS (mL/day) 

Antibiotic 

cicles 

(no/yes) 

Cholestasis            

ConBil 

(n. 22/7) 
0.451 0.664 0.429 0.003a 0.923 0.291 0.141 0.878 0.592 0.501 0.060c 

TotBil 

(n. 23/6) 
0.774 0.808 0.808 0.000b 0.868 0.542 0.120 0.666 0.434 0.380 0.089d 

Steatosis            

US 

(n. 21/5) 
0.372 0.558 0.434 0.402 0.538 0.340 0.334 0.203 0.434 0.121 0.855 

Fibrosis            

TE 

(n. 22/7) 
0.063 0.161 0.132 0.195 0.301 0.103 0.500 0.167 0.160 0.206 0.060e 
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Table 10- Comparison between patients with and without IFALD in COLON group (SBS-2, DYS. MD) (see also Appendix 5) 
 

 
Values are expressed as n. of patients(%), negative vs. positive: 
a Antibiotic cicles: no 14(54)/yes 12(46) vs. no 4(100)/yes 0 

  

Criteria for 

IFALD diagnosis:  
(n of patients, 

negative/positive) 

 

Patient characteristics CIF characteristics 

 

HPN-Characteristics 

 
 

CIF 
Classification 

by ESPEN  
criteria 

 

Concomitant 
Therapy for 

CIF 

 Gender 

F 

Age 

(yrs) 

BMI 

(kg/m
2
) 

Primary 

disease 

Remnant    

small bowel 

(cm) 

Infusions 

(n./week) 

Lipids 

(g./infusion) 

Volume 

(ml/inf/day) 

Energy 

(kcal/inf/day) 

Volume and 

type of the IVS 

(mL/day) 

Antibiotic 

cycles 

(no/yes) 

Steatosis            

US 

(n. 26/4) 
0.661 0.521 0.151 0.714 0.521 0.296 0.076 0.501 0.376 0.545 0.070a 

Fibrosis            

TE 

(n. 21/7) 
0.823 0.490 0.132 0.552 0.461 0.161 0.166 0.242 0.167 0.456 0.502 
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Table 11 - Fecal microbioma: comparison between patients with and without IFALD in SBS-1 group (only statistically significant differences 
are reported) 

 

ConBil criterion: conjugated bilirubin >0.3 mg/dL for ≥6 months; TotBil criterion: total bilirubin >1 mg/dL and conjugated bilirubin >0.3 
mg/dL for≥ 6 months; US criterion: liver ultrasound echogenic appearance of steatosis; TE criterion: liver stiffness measurements by transient 
elastography, significant fibrosis (F2): ≥ 7kPa 

 

  

  
ConBil Index 
(Cholestasis) 

TotBil Index 
(Cholestasis) 

US Index  
(Steatosis) 

TE index 
 (Fibrosis) 

Phyla 
Families 

Genera 
No 

n.22 
Yes 
n.7 

p No 
n.23 

Yes 
n.6 

P No 
n.21 

Yes 
n.5 

P No 
n.22 

Yes 
n.7 

p 

Firmicutes 
Lachnospiraceae          ↑ ↓ 0.034 
Lactobacillaceae ↑ ↑ 0.055          

Lactobacillus ↓ ↑ 0.048       ↓ ↑ 0.011 
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Table 12 - Fecal microbioma: comparison between patients with and without IFALD in COLON group (SBS-2, DYS. MD) (only statistically 
significant differences are reported) 

 

ConBil criterion: conjugated bilirubin >0.3 mg/dL for ≥6 months; TotBil criterion: total bilirubin >1 mg/dL and conjugated bilirubin >0.3 
mg/dL for≥ 6 months; US criterion: liver ultrasound echogenic appearance of steatosis; TE criterion: liver stiffness measurements by transient 
elastography, significant fibrosis (F2): ≥ 7kPa 

  

  
ConBil Index 
(Cholestasys) 

TotBil Index 
(Cholestasys) 

US Index  
(steatosis) 

TE index 
 (Fibrosis) 

Phyla 
Families 

Genera 
No 

n.29 
Yes 
n.2 

p No 
n.30 

Yes 
n.1 

p No 
n.26 

Yes 
n.4 

p No 
n.21 

Yes 
n.7 

p 

Firmicutes 

 

Lachnospiraceae          ↑ ↓ 0.006 
Veillonellaceae             

Veillonella       ↓ ↑ 0.054    

Peptostreptococcaceae             

Peptostreptococcus          ↓ ↑ 0.002 

              

Bacteroidetes 
Prevotellaceae          ↓ ↑ 0.019 

Prevotella          ↓ ↑ 0.019 

              

Proteobacteria 
 

Pasteurellaceae          ↓ ↑ 0.002 

Aggregatibacter             

Haemophilus          ↓ ↑ 0.014 
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Chapter 6 Discussion 
 
This study provided a characterization of the fecal microbiome of adult CIF patients 
and its possible associations with the development of IFALD.   
 
The results on microbiome analysis confirmed the remarkable intestinal dysbiosis 
previously observed in patients with CIF (166, 178, 180), with reduced alfa-diversity and 
separate microbial cluster at β-diversity analysis, compared to HC. Reduced 
bacterial diversity has been linked to pro-inflammatory responses(178). At phylum 
level, our patients, especially those with dysmotility, had increased proportions of 
Proteobacteria, which is consistent with the published literature(176-178). 
Proteobacteria account for a very small proportion of bacteria in the healthy 
intestine(17,18). This phylum contains several pathogenic genera and can modulate 
the host immune system by promoting a proinflammatory state. In animal models, 
an increase in the abundance of Proteobacteria was associated with TLR signaling 
and increased expression of proinflammatory cytokines within the intestinal lamina 
propria. These changes were accompanied by phenotypic signs of compromised 
intestinal barrier function including increased bowel wall permeability and mucosal 
atrophy(173). Some Proteobacteria species produce LPS, which is involved in 
intestinal barrier dysfunction, mucosal inflammation, and liver disease(220–222). For 
example, studies in children with IF showed an association of Proteobacteria 
abundance with PN dependence and liver steatosis(177). All patients, except those 
with dysmotility, showed reduced proportion of Bacteroidetes and increased 
proportion of Actinobacteria. Members of the Actinobacteria phylum are involved 
in the fermentation of large polysaccharides, oligosaccharides, unabsorbed sugars, 
and fibers as well as in the biodegradation of resistant starch, producing SCFAs(273). 
Bacteroidetes are also involved in the production of SCFAs. At the family level, 
patients from our cohort showed very low proportions of taxa belonging to 
Lachnospiraceae and Ruminococcaceae, in accordance with the study by Huang et 
al.(241). Lachnospiraceae include lactate-utilizing species, which have the ability to 
grow in the presence of lactate and acetate to produce butyrate(47). Ruminococcaceae 
are also involved in SCFA production(51). 
Our cohort showed also increased proportions of Enterobacteriaceae, consistent 
with previous literature(177-179), and Veillonellaceae, unlike previous studies which 
didn’t describe a relative abundance of this family. Veillonellaceae is considered to 
be a pro-inflammatory family of bacteria; an increase in Veillonellaceae abundance 
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was consistently reported in IBD, IBS, and cirrhosis patients. Its members are 
lactate-utilizers(274).  
At the genus level, we were able to distinguish clear clusters for controls, SBS-1, 
and SBS-2 but not for patients with dysmotility or mucosal disease, probably 
because of the low number of patients. Both the SBS cohort were characterized by 
a decrease in Bacteroides, Blautia, Coprococcus, Dorea, Lachnospira, Roseburia, 
Faecalibacterium, Ruminococcus compared with HC.  
 
We also identified specific signatures linked to the CIF underlying 
pathophysiological mechanism. In comparison with published studies, both 
similarities and differences were observed in patients with CIF due to SBS. When 
evaluating β-diversity, our SBS-1 and SBS-2 patients clustered in two clearly 
different groups, with patients with extended mucosal disease more similar to SBS-
2, whereas patients with dysmotility did not cluster. These results are different from 
what Neelis et al.(176) observed. In their research, patients with surgical IF clustered 
separately from functional IF patients. This could depend on the different 
composition of the population: in our research, patients with DYS and MD are a 
small proportion of the total, whereas in the study from Neelis et al.(176), the number 
of patients with surgical and functional IF are almost equally distributed. Differently 
from us, Budinska et al.(180) did not observe a clear subclustering between SBS-1 
and SBS-2 patients, probably because of the lower number of patients enrolled in 
their study.   
At family level, patients with SBS-1 showed higher abundance of 
Actinomycetaceae, not specifically addressed in previous literature, and 
Streptococcaceae, in accordance with the study by Budinska et al. (180). Similarly to 
our data, Budinska et al.(180) observed also an increase in Lactobacillaceae in the 
whole group of SBS patients (including 10 patients with SBS-1 and 14 with SBS-
2), whereas the increased abundance of Bifidobacteriaceae and Lactobacillaceae in 
our SBS-2 cohort is in accordance with the studies of Neelis et al. (176) and Gillard 
et al.(181). Members of Lactobacillaceae and Bifidobacteriaceae are able to ferment 
unabsorbed carbohydrates, with the subsequent production of SCFAs, which exert 
beneficial effects(44). Otherwise, Lactobacilli also have deleterious effects, since 
some species can produce D-lactic acid, with the subsequent risk of D-lactic 
acidosis(162). Furthermore, they were associated with diarrhea in pediatric SBS 
patients(176).  
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At genus level, SBS-1 was characterized by higher levels of Veilonella, Gemella, 
Enterococcus, Actinomyces and Rothia (Actinobacteria), Fusobacterium 
(Fusobacteria) and Streptococcus (Firmicutes), unlike other published studies 
where this increase was found in children(176) and adults(162) with SBS-2 and children 
with SBS-3(176). SBS-2 had higher levels of Lactobacillus (Firmicutes) and 
Bifidobacterium (Actinobacteria). These findings were consistent with the previous 
literature(167,179,181,182). Bifidobacterium plays a role in immunotolerance and 
pathogens colonization resistance(275-277). 
 
When searching for a correlation between nutrients intake and bacterial relative 
abundance, we found a positive correlation between the relative abundance of 
Veillonella and the daily intake of fibers and proteins (in both SBS-1 and SBS-2 
patients). A possible explanation is that Veillonella are amino acid-fermenting 
bacteria(278) and consume lactate(51) (produced by fermentation of fibers by other 
bacteria, such as Streptococcus(47,48). Our results are in contrast with those by Huang 
et al.(178), who noticed no correlation between nutrients and microbial 
composition(178). We observed increased proportions of Fusobacteria in patients 
with SBS-1 (similarly to animal ileocecal resection models, whereas the only human 
study involving SBS-1 patients did not highlight this finding(180) and DYS, similarly 
to patients with SSc(211). Fusobacteria are anaerobic bacteria and have been related 
to colorectal cancer(279).  
The different microbiome composition in SBS patients may be in part explained by 
anatomical and physiological elements. Extensive small bowel resection alters 
intestinal environment, including lowering luminal pH, increasing oxygen 
concentration, and disrupting the enterohepatic circulation of Bas(163,280,281), leading 
to the proliferation of aerobes, such as those seen in SBS-1 patients. Other factors 
that might play a role are rapid transit time and the large amount of undigested 
nutrients presented to the colon for bacterial use(282). Furthermore, the lack of 
fermentable substrate necessary for anaerobic bacterial growth, such as fiber and 
resistance starch, whose intake is reduced in patients with SBS to reduce the stomal 
or fecal output, may contribute to explain the decline in fiber-fermenting species 
belonging to Bacteroidetes.  

Patients with DYS showed an increase in Bacteroidaceae and 
Porphyromonadaceae, whereas we did not find a specific signature for patients with 
extensive mucosal disease. This is not in accordance with the findings from Neelis 
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et al.(176), who compared pediatric patients with functional IF and surgical IF and 
observed increased Ruminococcaceae and Lachnospiraceae. This could be 
explained by the inclusion of both patients with dysmotility and mucosal disease 
and the difference in the microbiome composition between children and adults. Our 
results are also different from the observation made in patients with SSc(209–211) or 
Parkinson’s disease experiencing gastrointestinal symptoms(215–217). The 
Bacteroidaceae and Porphyromonadaceae families are formed by anerobic bacteria 
and are underrepresented in the intestine of healthy subjects, with many of their 
components deriving from the oral cavity(283,284). Their increase, observed in our 
dysmotility patients, could be explained by a reduced oxygen tension determined 
by the stasis. In the dysmotility group, the α-diversity was more similar to controls 
and higher than the other patient groups, similarly to the findings from Neelis et 
al.(176), who showed that pediatric patients with surgical IF had a lower α-diversity 
than functional IF patients.  
 
The low prevalence of IFALD in our CIF patient cohort probably reflects the clinical 
practice of addressing early signes of liver impairments, according to the guidelines. 
Anyway, it was possible to describe the prevalence of IFALD in the whole group, 
and in subgroups of subjects categorized by the absence or the presence of colon in 
continuity (SBS-1 group and COLON group). In all cases, the prevalence of IFALD 
was associated with the most common notable CIF and HPN characteristics already 
described in literature to be involved in IFALD pathogenesis(243).  
Regarding the possible associations between the microbiome characteristics and the 
prevalence of IFALD it was not possible to have data for each CIF mechanism, due 
to the low prevalence of IFALD particularly for DYS and MD; anyway, we could 
find interesting association between microbiome and IFALD within the SBS-1 
group and the COLON group. 
We did not find other data in literature correlating the prevalence of IFALD and 
specific bacterial phyla, families or genera. For some of those, possible associations 
with liver injury from other patophysiological mechanisms, in particular NAFLD, 
are described. Therefore, hypotizing an analogy with other liver injuries and known 
bacterial biological activities, we tried to interpret our data about the possible 
associations of specific microbiome characteristics and IFALD.  
 
In our study, IFALD-fibrosis by TE was significantly associated with the abundance 
of Lactobacillus genus in SBS-1 group. The association of Lactobacillus and 



73 
 

hepatic fibrosis has been highlighted also in a cohort of NASH patients with 
moderate-to-severe fibrosis(285). For NASH patients, the possible underlying 
mechanism described was through bacterial flagellar assembly, which is a potent 
activator of the innate immune system, both via the toll-like receptor TLR5 and via 
NOD-like receptor-mediated inflammasome activation(285). We could therefore 
hypothesize that the same mechanism may play a role in the onset of IFALD-fibrosis 
in SBS-1. 
Conversely, the positive association between Lactobacillus and IFALD cholestasis 
that has been found in SBS-1 group is controversial. Lactobacilli are bile tolerant 
and deconjugate BAs by functional bile salt hydrolases in the human gut(286). A 
reduction of Lactobacilli could lead to cholestasis due to an increase in conjugate 
BAs, as described in a recent study of children with IF(287). Moreover, it is known 
that Lactobacillus overgrowth may promote liver steatosis via excessive bile acid 
deconjugation and reduction of G protein-coupled receptor TGR5 activity, leading 
to hepatic fat accumulation(286). Therefore, being known that the abundance of 
Lactobacilli could induce hepatic fibrosis and steatosis, and conversely their 
reduction could induce cholestasis, the finding of an increasing number of 
Lactobacilli in SBS-1 IFALD-cholestasis would seem an independent result rather 
than a causal phenomenon.  
In our study, an increased number of Veillonella genus is associated with a positive 
trend with IFALD-steatosis in the COLON group. Some other studies have found a 
statistically significant abundance of Veillonella in patients with dysmetabolic liver 
cirrhosis(288). As described, Veillonella could exert its pathogenic action by LPS 
production, thus triggering the LPS-TLR signaling pathway and promoting the 
progression of liver disease(288). Consistent with our data of microbiome 
characteristics previously described, the presence of Veillonella is often associated 
with the presence of Lactobacillus, probably because Veillonella can decompose 
lactic acid to produce propionic acid(288). 
We didn’t find in literature any data that specifically associated Pasteurellaceae 
(family) and Haemophilus (genus) with IFALD, particularly referring to hepatic 
fibrosis, as our study showed. Both Pasteurellaceae and Haemophilus belong to the 
phylum of Proteobacteria, notably producers of LPS, so we could hypothesize their 
underlying pathogenic mechanism(286). Also in the study of Korpela et al(286), the 
abundance of Proteobacteria was strongly associated not only with liver steatosis 
but also with portal and intestinal inflammation as well as liver fibrosis(286). 
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Also for Prevotellaceae (familiy) and Prevotella (genus), which in our study are 
significantly associated with IFALD-fibrosis, there are no other data in literature 
referring to IFALD. High abundance of Prevotella was seen in children with NASH 
and was associated with more severe fibrosis(289). The pathogenic mechanism seems 
to be linked again with LPS production, which is a component of the cell walls of 
gram negative bacteria, including Prevotella(285). 
Our data showed that the Lachnospiraceae family was significantly reduced for 
subject with IFALD-fibrosis in both the SBS-1 and the COLON groups. Other 
studies found that Lachnospiraceae were reduced in hepatic cirrhosis(288) and 
enriched in healthy subjects compared to NASH patients(290-291). Lachnospiraceae 
are gram-positive member of the phylum Firmicutes and known for producing 
SCFAs, particularly butyrate, which is generally recognized as one of the most 
important immunoregulatory molecules metabolized by microbiome(291). As already 
described for other hepatic injuries(290-292), we speculated that also in IFALD the 
reduction of Lachnospiraceae may lead to increased intestinal permeability, thus 
facilitating the efflux of endotoxins and proinflammatory factors toward the liver.  
 
Regarding the family Peptostreptococcaceae, strongly associated with IFALD-
fibrosis in our study for the COLON group, we didn’t find in literature any other 
association with IFALD or other liver diseases with different pathogenesis.  
 
We didn’t exclude patients with oral intake of antibiotics, which reflect the typical 
population encountered in clinical practice Irregular intake of antibiotic cicles 
showed a positive trend association with all the IFALD categories. This finding 
could strengthen the emipirical use of antibiotics in clinical practice for the 
treatment of SIBO in patients with CIF, although a targeted use according to the 
microbiome characteristics should be considered, in order to avoid further alteration 
of microbiome homeostasis (287, 291). 
 

Chapter 7 Conclusions 
This study provided a characterization of the microbiome of adult CIF patients with 
pathophysiological mechanisms other than SBS and its possible associations with 
the development of IFALD. The number of patients involved is relatively higher 
than in previous studies, and both similarities and new findings were observed. 
Characterization of the intestinal microbiome in patients with CIF may have 
important clinical implications for the prescription of targeted therapies aimed at 
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managing symptoms, intestinal adaptation and the most frequent metabolic 
complications. Future prospective studies could provide further understanding of 
the potential role of the microbiome as a therapeutic target in patients with CIF. 
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Appendix 1: IFALD–cholestasis in the whole cohort of patients 

 

 ConBil criterion TotBil criterion Cavicchi’s criterion 

 Negative 

n. 51  

Positive 

n. 9  

P Negative 

n. 53  

Positive 

n. 7  

P Negative 

n. 57  

Positive 

n. 4  

P 

 Gender F, n. (%) 31 (61%) 4 (44%) 0.359 31 (58%) 4 (57%) 0.946 34 (60%) 2 (50%)  0.704 

 Age (yrs) 52 (26)  46 (18) 0.548 51 (22) 46 (23) 0.602 50 (22) 57 (20)  0.827 

 BMI (kg/m
2
) 21.0 (4.4) 22.9 (3.4) 0.229 21.1 (4.2) 21.5 (5.0) 0.612 21.1 (4.2) 21.8 (6.0)  0.827 

CIF characteristics          

 Primary disease   0.012   0.001    0.665 

   CIPO 17 (33%) 0  17 (32%) 0  16 (28%) 1 (25%)  

   Crohn’s disease 17 (33%) 0  17 (32%) 0  17 (30%) 1 (25%)  

   Mesenteric Ischemia 5   (10%) 1 (11%)  6   (11%) 0  6   (11%) 0  

   Others 12 (24%) 8 (89%)  13 (25%) 7 (100%)  18 (32%) 2 (50%)  

 Cause of CIF   0.218   0.196    0.665 

   SBS 1 22 (43%) 7 (78%)  23 (44%) 6 (86%)  27 (48%) 3 (75%)  

   SBS 2 16 (31%) 1 (11%)  16 (30%) 1 (14%)  16 (28%) 1 (25%)  

   Motility disorders 8   (16%) 0    8   (15%) 0  8   (14%) 0  
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   Mucosal Disease 5   (10%) 1 (11%)  6   (11%) 0  6   (10%) 0  

   Remnant small bowel (cm) 70.0 (70.0) 75.0 (95) 0.719 75.0 (70.0) 57.5 (95.0) 0.580 70.0 (70.0) 102.5 (42.5) 0.327 

HPN schedule          

   Duration (mo.) 60.3 (80.0) 50.6 (69.9) 0.462 60.2 (74.2) 50.9 (70.3) 0.703 60.2 (74.2) 17.6 (50.9)  0.105 

   Infusions (n./week) 7.0 (3.0) 7.0 (1.0) 0.611 7.0 (3.0) 7.0 (2.0) 0.662 7.0 (3.0) 7.0 (0.0)  0.095 

   Lipid Infusions  (n./week) 4.0 (5.0) 2.0 (6.0) 0.399 4.0 (5.0) 2.0 (7.0) 0.386 4.0 (5.0) 1.8 (5.3)  0.366 

   Volume (ml/inf/week) 1500(1656) 

765 

1900(914) 

± 850 

0.259 1500 (1650) 1900 (914) 0.254 1738 (1650) 1787(704) 

(704)52 

 0.560 

   Energy (kcal/inf/week) 915 (1016) 1220 (726) 0.709 915(936) 1220 (1232) 0.871 1941(1365) 

533 

1768(986) 

710 

 0.781 

   Lipids (g/infusion)  38.0 (31.0) 22.0(30.0) 

3.0)(30.0)0

0.079  38.0 (29.0) 22.0 (30.0) 0.206  30.0 (30.0) 10.0 (34.0)  0.187 

   Glucose (g/infusion) 165 (150) 180(94) 

102 

0.202 165 (150) 180 (175) 0.178 170 (150) 175 (72)  0.804 

   Amino acids (g/infusion) 57(40) 64 (15) 0.384 58.0 (36.0) 56.0 (21.0) 0.572 57.0 (36.0) 55.5 (22.5)  0.896 

 Type of lipid emulsions   0.352   0.191   0.461 

    None  8 (16%) 4 (45%)  08 (15%) 3 (43%)  10 (18%) 2 (50%)  

    SMOF 16 (31%) 3 (33%)  17 (32%) 3 (43%)  19 (33%) 1 (25%)  

    Olive 25 (49%) 2 (22%)  26 (49%) 1 (14%)  26 (46%) 1 (25%)  

    Soy/MCT 2 (4%) 0  2   (4%) 0  2    (4%) 0  

Alcohol consumption * 3 (6%) 0 0.456 3 (6%) 0 0.518 3(5%) 0 0.638 

Type of oral nutrition  
 

  0.650   0.748   0.885 

    Free food & beverage 45 (88%) 9 (100%)  45 (84%) 7 (100%)  49 (88%) 4 

(100%)2 

 (100%)  

    Only clear beverages 
  

2   (4%)  0  2    (4%) 0  2     (3%) 0  
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    Only enteral formula 

 

2   (4%) 0  2    (4%) 0  2    (3%) 0  

    Only water 4   (8%) 0  4    (8%) 0  4    (6%) 0  

Concomitant therapy for CIF         

   Antibiotics cycles 19 (37%) 1(11%) 

1%)(11%)

0.125 19 (36%) 1 (14%) 0.255 20 (35%) 0 0.148 

   Probiotics cycles 7   (14% 1 (11%) 0.831 7   (13%) 1 (14%) 0.937 8   (14%) 0 0.421 

   GLP2 Analogue 2   (4%) 0 0.545 2   (4%) 0 0.601 2   (4%) 0 0.703 

   PPI 32 (63%) 5 (56%) 0.682 32 (60%) 5 (72%) 0.571 35 (61%) 3 (75%) 0.587 

          

 

* n. (%) of patients; Males ≥30 g/day; Females ≥ 20 g/day  
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Appendix 2: IFALD-steatosis and IFALD-fibrosis in the whole cohort of patients 

 US criterion FIB-4 index TE criterion 

 Negative 

n. 47  

Positive 

n. 9  

P Negative 

n. 57  

Positive 

n. 4  

P Negative 

n. 43 

Positive 

n. 14  

P 

 Gender F, n. (%) 29 (62%) 4 (44%) 0.335 34 (60%) 4 (50%) 0.704 28 (65%) 6 (43%)  0.140 

 Age (yrs) 51 (26)  50 (18) 0.946 51 (22) 52 (25) 0.988 52 (22) 51 (25)  0.731 

 BMI (kg/m
2
) 21.0 (3.4) 24.2 (2.8) 0.070 21.5 (4.8) 21.1 (2.4) 0.827 21.0 (4.1) 22.9 (3.8)  0.239 

CIF characteristics          

 Primary disease   0.434   0.455    0.113 

   CIPO 13 (28%) 3 (30%)  17 (30%) 0  13 (30%) 4 (29%)  

   Crohn’s disease 12 (26%) 4 (40%)  17 (30%) 1 (25%)  14 (33%) 1 (7%)  

   Mesenteric Ischemia 4   (9%) 1 (15%)  5   (8%) 1 (25%)  5   (12%) 1 (7%)  

   Others 18 (37%) 1 (15%)  18 (32%) 2 (50%)  1 (32%) 8 (57%)  

 Cause of CIF   0.361   0.665    0.275 

   SBS 1 21 (44%) 5 (56%)  28 (49%) 6 (86%)  22 (48%) 7 (50%)  

   SBS 2 14 (30%) 2 (22%)  16 (28%) 1 (14%)  10 (28%) 5 (36%)  

   Motility disorders 8   (17%) 0    8   (14%) 0  8   (14%) 0  

   Mucosal Disease 4   (9%) 2 (22%)  5   (8%) 0  3   (10%) 2 (14%)  

   Remnant small bowel (cm) 72.5 (70.0) 50.0 (80) 0.945 80.0 (70.0) 5.0 (10.0) 0.024 82.5.0 (50.0) 40.0 (85.0) 0.183 



99 
 

HPN schedule          

   Duration (mo.) 52.3 (85.7) 54.3 (38.3) 0.911 57.2 (74.6) 73.9 (66.2) 0.849 57.2 (59.8) 64.3 (120.7)  0.948 

   Infusions (n./week) 7.0 (3.0) 7.0 (0.0) 0.075 7.0 (3.0) 7.0 (0.5) 0.307 7.0 (3.0) 7.0 (0.0)  0.054 

   Lipid Infusions  (n./week) 4.0 (5.0) 7.0 (5.0) 0.412 4.0 (5.0) 6.5 (4.0) 0.357 3.5 (5.0) 7.0 (3.5)  0.024 

   Volume (ml/inf/week) 1500(1388) 

765 

1428(2250

)) ± 850 

0.561 1500 (1388) 3250 (2307) 0.062 1266 (1436) 1950(1421) 

(704)52 

 0.133 

   Energy (kcal/inf/week) 919 (978) 762 (980) 0.754 914 (935) 1311 (1233) 0.351 821(990) 1239(757) 

710 

 0.048 

   Lipids (g/infusion)  38.0 (35.0) 27.0(26.0) 

3.0)(30.0)0

0.522  38.0 (29.0) 15.0 (15.0) 0.110  38.0 (35.0) 28.5 (33.0)  0.187 

   Glucose (g/infusion) 180 (140) 150(111) 

102 

0.488 170 (134) 238 (213) 0.321 170 (150) 175 (72)  0.614 

   Amino acids (g/infusion) 59(35) 53 (25) 0.607 56.0 (31.0) 64.0 (36.5) 0.895 56.0 (45.0) 67.5 (27.0)  0.607 

 Type of lipid emulsions   0.962   0.813   0.169 

    None  9   (20%) 2 (22%)  11 (19%) 1 (25%)  9   (21%) 2 (14%)  

    SMOF 17 (36%) 3 (34%)  18 (31%) 2 (50%)  11 (26%) 8 (57%)  

    Olive 19 (40%) 4 (44%)  26 (46%) 1 (25%)  21 (48%) 4 (29%)  

    Soy/MCT 2   (4%) 0  2   (4%) 0  2   (5%) 0  

Alcohol consumption * 2   (4%) 1 (11%) 0.402 2   (4%) 1 (25%) 0.054 0 2 (14%) 0.011 

Type of oral nutrition  
 

  0.797      0.085   0.704 

     Free food & beverage 40 (86%) 8 (89%)  49 (84%) 4 (100%)  36 (83%) 4 

(100%)2 

 (100%)  

     Only clear beverages 
  

2   (4%) 0   2   (4%) 0   2     (5%) 0   

     Only enteral formula 

 

2   (4%) 0  2   (4%) 0  2     (5%) 0  

     Only water 3   (6%) 1 (11%)  4   (8%) 0  3     (7%) 0  
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Concomitant therapy for CIF         

    Antibiotics cycles  17 (36%) 1 (11%)  0.140 20 (35%) 0 0.148 17 (40%) 2 (14%) 0.081 

    Probiotics cycles 8   (17%) 0 0.181 8   (14%) 0 0.421 6   (14%) 2 (14%) 0.975 

    GLP2 Analogue 1   (2%) 0 0.658 2   (4%) 0 0.703 

0.599 

2   (5%) 0 0.411 

    PPI 29 (62%) 7 (78%) 0.402 36 (63%) 2 (50%) 0.599 28 (65%) 9 (64%) 0.954 

          

* n. (%) of patients; Males ≥30 g/day; Females ≥ 20 g/day  
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Appendix 3: IFALD–cholestasis in SBS-1 group 

 ConBil criterion TotBil criterion 

 Negative 

n. 22 

Positive 

n. 7  

P Negative 

n. 23  

Positive 

n. 6 

P 

 Gender F, n. (%) 13 (59%) 3 (43%) 0.451 13 (57%) 3 (50%) 0.774 

 Age (yrs) 51 (26)  54 (22) 0.664 52 (26) 50 (22) 0.808 

 BMI (kg/m
2
) 22.2 (4.4) 22.5 (5.6) 0.429 22.2 (4.6) 22.5 (3.4) 0.808 

CIF characteristics       

 Primary disease   0.003   <0.001 

   CIPO 7 (32%) 0  7 (30%) 0  

   Crohn’s disease 8 (36%) 0  8 (35%) 0  

   Mesenteric Ischemia 4 (18%) 1 (11%)  5 (22%) 0  

   Others 3 (14%) 8 (89%)  3 (13%) 6 (100%)  

   Remnant small bowel (cm) 70.0 (45.0) 82.5 (70) 1.000 77.5 (42.5) 75.0 (70.0) 0.868 

HPN schedule       

   Duration (mo.) 62.7 (56.7) 50.5 (69.9) 0.592 60.3 (56.7) 39.9 (69.9) 0.535 

   Infusions (n./week) 7.0 (3.0) 7.0 (1.0) 0.611 7.0 (0.0) 7.0 (1.0) 0.542 

   Lipid Infusions  (n./week) 3.5 (6.0) 2.0 (7.0) 0.291 3.5 (6.0) 1.0 (7.0) 0.542 

   Volume (ml/inf/week) 2190(1500) 

765 

2000(1537) 

± 850 

0.878 2380 (1500) 1950 (914) 0.666 
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    Energy (kcal/inf/week) 1255 (1180) 1220 (1036) 0.592 1327(1180) 934 (919) 0.434 

    Lipids (g/infusion)  33.0 (33.0) 22.0(30.0) 

3.0)(30.0)0.5 

0.141  28.0 (33.0) 11.0 (30.0) 0.120 

    Glucose (g/infusion) 200 (155) 180 (94)  0.979 200 (155) 178 (94) 0.892 

    Amino acids (g/infusion) 63.0 (41.0) 56.0 (20.0) 0.838 63.0 (41.0) 55.5 (20.0) 0.956 

Type of lipid emulsions   0.633   0.355 

    None  5   (23%) 3 (42%)  5   (22%) 3 (50%)  

    SMOF  5   (23%) 2 (29%)  5   (22%) 2 (33%)  

    Olive 11 (50%) 2 (29%)  12 (52%) 1 (17%)  

    Soy/MCT 1    (4%) 0  1   (4%) 0  

Alcohol consumption  1    (4%) 0 0.565 1   (4%) 0 0.603 

Type of oral nutrition  
 

  0.382   0.454 

     Free food & beverage 17 (78%) 2 (29%)  18 (79%) 6 (100%)  

     Only clear beverages 
  

0    3 (42%)  0     0  

     Only enteral formula 

 

1   (4%) 2 (29%)  1    (4%) 0  

     Only water 4   (18%) 0  4    (17%) 0  

Concomitant therapy for CIF      

    Antibiotics cycles 8 (36%) 0 

1%)(11%)0.

0.060 8 (35%) 0  0.089 

    Probiotics cycles 2   (9% 0 0.408 2   (9%) 0  0.454 

    GLP2 Analogue 2   (9%) 0 0.408 2   (9%) 0 0.454 

    PPI 15 (68%) 5 (71%) 0.871 15 (65%) 5 (83%) 0.603 
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Appendix 4: IFALD-steatosis and IFALD-fibrosis in SBS-1 group 

 US Criterion                     TE Criterion 

 Negative 

n. 21  

Positive 

n. 5  

P Negative 

n. 22 

Positive 

n. 7  

P 

 Gender F, n. (%) 13 (62%) 2 (40%) 0.372 15 (68%) 2 (29%)  0.063 

 Age (yrs) 52 (26)  56 (8) 0.558 53 (21) 62 (24)  0.161 

 BMI (kg/m
2
) 22.3 (3.2) 22.8 (2.8) 0.434 21.8 (5.0) 23.5 (3.7)  0.132 

CIF characteristics       

 Primary disease   0.402    0.195 

   CIPO 4 (19%) 2 (40%)  5 (23%) 2 (29%)  

   Crohn’s disease 6 (29%) 2 (40%)  8 (36%) 0   

   Mesenteric Ischemia 3 (14%) 1 (20%)  4 (18%) 1 (14%)  

   Others 8 (37%) 0   5 (23%) 4 (57%)  

   Remnant small bowel (cm) 87.5 (55.0) 50.0 (100) 0.538 87.5 (47.5) 55.0 (80.0) 0.301 

HPN schedule       

   Duration (mo.) 45.2 (67.1) 65.2 (38.3) 0.297 57.2 (59.8) 60.3 (47.2)  0.818 

   Infusions (n./week) 7.0 (0.0) 7.0 (0.0) 0.256 7.0 (1.0) 7.0 (7.0)  0.103 

   Lipid Infusions  (n./week) 3.5 (7.0) 7.0 (5.0) 0.340 3.2 (7.0) 7.0 (7.0)  0.340 

   Volume (ml/inf/week) 2000(1421) 

765 

3250(1500

))) ± 850 

0.203 2000 (1929) 2793 (3116) 

(704)52 

 0.167 
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   Energy (kcal/inf/week) 1182 (1117) 1580 (723) 0.434 1026 (1153) 1456(664) 

710 

 0.160 

   Lipids (g/infusion) 19.0 (38.0) 48.0(26.0) 

3.0)(30.0)0

0.334  25.0 (38.0) 30.0 (48.0)  0.500 

   Glucose (g/infusion) 200 (150) 200(150) 

102 

0.768 188 (150) 244 (120)  0.183 

   Amino acids (g/infusion) 63 (46) 67 (17) 0.534 54.0 (39.0) 70.0 (25.0)  0.077 

 Type of lipid emulsions   0.785   0.105 

    None  8 (38%) 2 (40%)  7   (32%) 2 (29%)  

    SMOF 5 (24%) 1 (20%)  3   (14%) 4 (57%)  

    Olive 7 (33%) 2 (40%)  11 (50 %) 1 (14%)  

    Soy/MCT 1 (5%) 0  1   (5%) 0  

Alcohol consumption  1 (5%) 0  0.618 0 1 (14%) 0.070 

Type of oral nutrition  
 

  0.850      0.848 

    Free food & beverage 17 (81%) 4 (80%)  18 (81%)   6 (86%)  

    Only clear beverages 
  

0 0   0 0   

    Only enteral formula 

 

1   (5%) 0  1   (5%) 0  

    Only water 3   (14%) 1 (20%)  3   (14%) 1 (14%)  

Concomitant therapy for CIF    

    Antibiotics cycles  5 (24%) 1 (20%)  0.855 8 (36%) 0 0.060 

    Probiotics cycles 2   (4%) 0 0.472 2   (9%) 0 0.408 

    GLP2 Analogue 1   (2%) 0 0.618 2   (9%) 0 0.408 

    PPI 15 (71%) 5 (100%) 0.173 14 (64%) 6 (86%) 0.271 
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Appendix 5: IFALD-steatosis and IFALD-fibrosis in COLON group (SBS-2, DYS, MD) 

 US criterion TE criterion 

 Negative 

n. 26  

Positive 

n. 4  

P Negative 

n. 21 

Positive 

n. 7  

P 

 Gender F, n. (%) 16 (62%) 2 (50%) 0.661 13 (62%) 4 (57%)  0.823 

 Age (yrs) 59 (23)  42 (23) 0.521 50 (18) 49 (40)  0.490 

 BMI (kg/m
2
) 19.6 (3.8) 23.5 (7.4) 0.151 21.8 (5.0) 23.5 (3.7)  0.132 

CIF characteristics       

Primary disease   0.714    0.552 

   CIPO 9 (35%) 1 (25%)  8 (37%) 2 (29%)  

   Crohn’s disease 6 (23%) 2 (50%)  6 (29%) 1 (14%)  

   Mesenteric Ischemia 1 (4%) 0   1 (5%) 0   

   Others 10 (38%) 1 (25%)  6 (29%) 4 (57%)  

   Remnant small bowel (cm) 57.5 (77.5) 70.0 (80) 0.521 72.5 (85.0) 30.0 (85.0) 0.461 

HPN schedule       

   Duration (mo.) 72.5 (210.7) 35.8 (81.7) 0.376 54.3 (127.1) 91.4 (124.0)  0.790 

   Infusions (n./week) 5.0 (3.0) 7.0 (1.7) 0.296 5.0 (3.5) 7.0 (2.0)  0.161 

   Lipid Infusions  (n./week) 5.0 (2.5) 5.2 (5.2) 0.877 4.0 (2.0) 7.0 (2.0)  0.019 

   Volume (ml/inf/week) 1071(929) 

765 

850(527) 

850 

0.501 1000 (1000) 1500 (1314) 

(704)52 

 0.242 
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  Energy (kcal/inf/week) 869 (902) 650 (182) 0.376 741 (855) 919(809) 

710 

 0.167 

   Lipids (g/infusion)  43.5 (32.0) 25.0(17.0) 

3.0)(30.0)0

0.076  47.0 (26.0) 23.0 (35.0)  0.166 

   Glucose (g/infusion) 165 (117) 113(61) 

102 

0.105 165 (124) 150 (154)  0.873 

   Amino acids (g/infusion) 58.5 (31.0) 40.0 (22.5) 0.169 58.0 (31.0) 53.0 (35.0)  0.873 

 Type of lipid emulsions   0.690    0.548 

    None  2   (8%) 1 (25%)  3   (14%) 0   

    SMOF 11 (42%) 1 25%)  7   (33%) 4 (57%)  

    Olive 12 (46%) 2 (50%)  10 (48%) 3 (43%)  

    Soy/MCT 1   (4%) 0  1   (5%) 0  

Alcohol consumption  1   (4%) 1 (25%) 0.114 0 1 (14%) 0.077 

Type of oral nutrition  
 

  0.773      0.704 

     Free food & beverage 23 (88%) 4 (100%)  18 (86%)    

(100%)2 

 7 (100%)  

     Only clear beverages 
  

2   (8%) 0   2   (10%) 0   

     Only enteral formula 

 

1   (4%) 0  1   (4%) 0  

     Only water 0    0   0 0  

Concomitant therapy for CIF      

    Antibiotics cycles  12 (46%) 0  0.070 9 (43%) 2 (29%) 0.502 

    Probiotics cycles 6    (23%) 0 0.282 4 (19%) 2 (29%) 0.594 

    GLP2 Analogue 0    0  0    0  

    PPI 14 (54%) 2 (50%) 0.885 14 (67%) 3 (43%) 0.264 
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