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1Definition and Classification of Short 
Bowel Syndrome

Cristian Gheorghe and Roxana Vadan

1.1	� Definition

The role of the gut is to digest and absorb nutrients and fluids; different parts of the gut 
have specific roles in this process. Reduction of functional intestinal area and transit 
time by surgically removing parts of the bowel impairs digestion and can lead to vari-
ous degrees of malabsorption, resulting in chronic diarrhoea, steatorrhoea, macro- and 
micronutrient deficiencies, fluid losses, and electrolyte imbalances.

Chronic intestinal failure (CIF) was recently defined by the European Society for 
Parenteral and Enteral Nutrition (ESPEN) [1] as “persistent reduction of the gut func-
tion below the minimum necessary for the absorption of macronutrients and/or water 
and electrolytes, such that intravenous supplementation (IVS) is required to maintain 
health and/or growth, in a patient who is metabolically stable,” whereas the term 
“intestinal insufficiency” (or “intestinal deficiency” for those languages where “insuf-
ficiency” and “failure” have the same meaning) describes the cases in which although 
the gut function is affected there is no need for IVS because the patient can compen-
sate for the missing bowel length by various mechanisms (hyperphagia, dietary coun-
selling, and nutritional, pharmacological, or surgical interventions).

CIF is classified into five pathophysiological conditions, namely short bowel 
syndrome, intestinal fistula, intestinal dysmotility, mechanical obstruction, and 
extensive small bowel mucosal disease [1].

Short bowel syndrome (SBS) is a clinical condition that results from extensive 
surgical resection of the small bowel, with residual small bowel in continuity being 
less than 200 cm and is the primary cause of chronic intestinal failure—64.4% of 
cases [2].

C. Gheorghe · R. Vadan (*) 
Carol Davila University of Medicine and Pharmacy, Bucharest, Romania 

Center for Digestive Diseases and Liver Transplant, Fundeni Clinical Institute, 
Bucharest, Romania

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-95848-9_1&domain=pdf
https://doi.org/10.1007/978-3-031-95848-9_1#DOI


2

1.2	� Classification of Short Bowel Syndrome

The length of small bowel is variable in adults, ranging from 3 to 8 m so after surgi-
cal resection is of utmost importance for the surgeon to record not the length of 
resected bowel but the length of remaining small intestine, measured along the 
antimesenteric border of unstretched bowel distal to the Treitz angle (duodenojeju-
nal flexure). In the absence of surgical reports on the remaining bowel, the length 
can be estimated using computed tomography enteroclysis (“virtual enteroscopy”) 
or barium contrast small bowel series.

Typically, in SBS, the length of the remaining small bowel in continuity is less 
than 150–200 cm, but the severity of SBS-associated intestinal failure (IF) depends 
on other factors such as the part of the small bowel remaining (jejunum or ileum) 
and the presence or absence of ileocecal valve and colon.

Based on anatomy and length of the remaining bowel, SBS can be classified as 
follows:

	1.	 SBS type 1: End jejunostomy, results from resection of both ileum and colon.
	2.	 SBS type 2: Jejunocolonic anastomosis (no ileocecal valve, most of the ileum is 

resected, jejunum in continuity with part of the colon).
	3.	 SBS type 3: Jejunoileocolonic anastomosis with at least 10 cm of terminal ileum 

and ileocecal valve preserved, with colon in continuity.

Based on the major impact of the presence or absence of colon on the severity of 
intestinal failure in SBS, not only due to colon’s role in absorptive function but also 
for its role in hormone secretion and energy production (through short chain fatty 
acids) another, pathophysiological, classification of SBS was proposed [3]:

	1.	 SBS without colon in continuity (corresponding to anatomical type 1).
	2.	 SBS with colon in continuity (corresponding to anatomical types 2 and 3).

Based on the time elapsed from the surgical resection, SBS has three phases:

	1.	 Acute, early phase that last 3–4  weeks, characterized by high intestinal fluid 
losses, electrolyte, and acid–base imbalances.

	2.	 Adaptive phase that lasts a variable time, generally between 1 and 2 to 3 years, 
when structural and functional changes gradually occur and the absorptive 
capacity of the bowel increases, reducing the need for IVS.

	3.	 Chronic, maintenance phase, in which the need of IVS is stabilized.

The early phase starts immediately after the surgical intervention; patients are 
metabolically unstable, having high intestinal losses, which puts them at risk of 
dehydration and acute renal failure; they need intensive care and specialized, mul-
tidisciplinary team management. After the acute phase, a chronic intestinal failure 
phase follows, and a progressive process of intestinal adaptation occurs. ESPEN 
recommends that with the aim to maximize the opportunity of weaning off 
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parenteral nutrition, these patients should be referred early to IF/rehabilitation 
centres with expertise in CIF management where medical and/or surgical intesti-
nal rehabilitation programmes are available and optimal timing of intestinal trans-
plantation can be established [1]. With various interventions such as dietary 
counselling and pharmacological treatment (aimed at reducing the fluid losses by 
inhibiting digestive secretions or at prolonging intestinal transit time or by the use 
of drugs that enhance the adaptation process) and also by specialised surgical 
procedures, between 20 and 80% of adult patients with CIF can be weaned off 
from parenteral nutrition. Weaning is more likely to occur in patients with par-
tially or totally preserved colon [2, 3]. Patients with CIF that are still dependent 
on home parenteral nutrition (HPN) 3 years after the last surgery are unlikely to 
be weaned for HPN at a later date and will need lifelong parenteral nutritional 
support.

Based on the grade of the residual gut function, SBS can be classified into:

	1.	 SBS with intestinal failure.
	2.	 SBS with intestinal insufficiency/deficiency.

According to ESPEN recommendations, the severity of intestinal failure can be 
graded based on two parameters: the volume of IVS and the type of IVS (only fluids 
and electrolytes [FE] or parenteral nutrition [PN]) required to maintain health (1). 
Eight categories emerged (Table 1.1) that have prognostic significance [4]. In gen-
eral, patients requiring supplementation with FE alone have better prognosis than 
those requiring PN (hence energy). The categories are independently associated 
with the odds of weaning of HPN (higher for PN1 than for FE or any of PN 2, 3, or 
4), are associated with mortality (lower for any volume of FE and higher for PN 
dependent patients), and also correlate with complications such as intestinal-
associated liver disease (cholestasis, liver failure) or catheter-related blood stream 
infections: FE (any volume) = PN1, PN4 > PN3 > PN2 > PN1 (the larger the PN 
volume, the worse the prognosis).

SBS patients with intestinal insufficiency do not require IV nutrition or fluids but 
necessitate oral/enteral or intramuscular supplementation (nutrients, micronutri-
ents) to maintain optimal nutritional status.

Table 1.1  Categories of nutritional interventions and their significance

Volumea infused 
daily (ml)

Fluid and 
electrolytes

Parenteral 
nutrition Prognostic significance

<1000 FE1 PN1 Weaning off HPN: 
PN1 > FE = PN2 = PN3 = PN4
Death:
FE1,2,3,4 < PN1,2,3,4
Complications (liver disease, catheter):
FE (any volume) = PN1, 
PN4 > PN3 > PN2 > PN1

1001–2000 FE2 PN2
2001–3000 FE3 PN3
>3000 FE4 PN4

aThe value is the mean of the total volume infused in a week divided by seven

1  Definition and Classification of Short Bowel Syndrome
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The term “functional short bowel” describes the surgical cases that have more 
than 200 cm of small bowel left but due to diseased mucosa in the remnant intestine 
(inflammatory bowel disease, radiation enteritis) or due to an accelerated intestinal 
transit develop nutritional deficiencies and need the same management as typical 
SBS patients.
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2Epidemiology and Survival of Short 
Bowel Syndrome

Cristian Gheorghe and Roxana Vadan

Short bowel syndrome (SBS) is a rare disease, being included in the Orphanet (the 
portal for rare diseases and orphan drugs) as ORPHA:95427 with prevalence 
unknown. The prevalence is difficult to estimate accurately, data are limited glob-
ally, and estimates are variable depending on geographic region.

The epidemiological difficulties reside from the heterogeneity of the SBS 
patients, due to different etiology and variations in definition, in the clinical classi-
fications, and in healthcare data collection (most studies relying on retrospective 
analysis of medical records or prescriptions). Based on the fact that the only con-
stant characteristic of SBS is the dependency at least at some point in its natural 
history on parenteral nutrition (PN), which is a life supportive treatment in acute 
settings and in chronic SBS-intestinal failure (IF) cases, most published data regard-
ing the incidence and prevalence of SBS are derived from those of intestinal failure, 
which can be estimated by the utilization of home parenteral nutrition (HPN). In 
this approach, the cases that can be classified as SBS but without IF (weaned off 
HPN at that time point or with various grades of intestinal insufficiencies that do not 
need IV supplementation) cannot be estimated.

SBS is the most frequent indication for HPN. An international multicentric sur-
vey conducted in 30 adult intestinal failure centers (the majority having around 100 
patients and one-third with over 200 patients) revealed that SBS was the cause of IF 
in median 50% of cases (ranging from 20 to 80%) [1].

The historical (1992) reports from the USA that utilized the North American 
Medicare Home Parenteral Nutrition Registry estimated the annual prevalence of 
HPN to about 120 per million population (40,000 patients) from which SBS 

C. Gheorghe . R. Vadan (*) 
Carol Davila University of Medicine and Pharmacy, Bucharest, Romania

Center for Digestive Diseases and Liver Transplant, Fundeni Clinical Institute,  
Bucharest, Romania

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-95848-9_2&domain=pdf
https://doi.org/10.1007/978-3-031-95848-9_2#DOI


6

represented approximately 25%, so about 30 per million [2]. More recent reports 
show a decline in the prevalence of patients receiving HPN in the USA to 79 patients 
per million (25,000 patients) in 2013 study that used data from Medicare [3] and a 
comparable figure of 75 patients per million in 2020 based on PN prescriptions: 
approximately 24,000 patients receiving HPN between 2012 and 2020 [4].

Compared with the USA, European incidence and prevalence figures are much 
lower. Data for 13 European countries were collected retrospectively using a ques-
tionnaire designed by the members of the European Society for Parenteral and 
Enteral Nutrition (ESPEN)-Home Artificial Nutrition Working Group; two retro-
spective surveys on HPN use were realized in 1993 and 1997 [5, 6]. In more recent 
years, the use of HPN in Europe has increased. No new multicentric data were 
published but several single-center reports confirm the increased number of patients 
receiving HPN.  Prevalence data are available for Great Britain (prevalence of 
36.1per million in 2015, compared with 15 per million in 2008) [7], Italy (preva-
lence of 45 per million in 2012) [8], Spain (prevalence of 5.9 per million in 2018) 
[9], Czech Republic (55.0 per million in 2024) [10], and Poland (threefold increase 
of prevalence from 2010 to 53.26 per million in 2020) [11] (Table 2.1).

From other parts of the globe, data are scarce: Incidence of SBS-IF was reported 
in Argentina (data from the multicenter prospective impRovE underSTanding of 
short bOwel syndRomE in Argentina (RESTORE) registry) as 19.6 new cases per 
year [12].

Based on the peculiarities of home artificial nutrition coverage in France, the 
number of beneficiaries is accessible in an anonymized open database for the entire 
country, per year. Also, the demographic statistic for the French population is annu-
ally updated and is precise, so reliable prevalence data can be calculated for home 
artificial nutrition, enteral and parenteral. Using these advantages, Buhl et al. [13] 
carried out an epidemiological study on the entire adult French population 
(50.881.948 inhabitants) in 2019. The average incidence of HPN was 2.2/1.000.000 
inhabitants/year, and the overall prevalence was 2.53/1.000.000 inhabitants/year 
(12,859 patients). The prevalence of long-term (over 12  weeks) HPN was 
0.62/1.000.000 inhabitants (3122 patients). Both incidence and prevalence were 
variable according to age and sex, being higher after 60 years and higher in men. 
The figures reported by the authors are reliable, since they could accurately identify 
all patients with prescriptions for home artificial nutrition. But the real prevalence 
and incidence are probably higher since in the analysis, two categories of patients 
could not be included: the medical services for poly-pathological patients with 
home hospitalization and the residents of medical institutions, both of which are 
differently reimbursed in France. No data about the indication for home nutrition 
were available so the percentage of patients with SBS is unknown.

Results from the ESPEN international multicenter cross-sectional survey 
describe the characteristics of the SBS population. In the survey 65 centers from 22 
countries participated. A large cohort of 1880 adult SBS-IF patients were evaluated. 
The data collected showed that 60% of patients had SBS-I (with jejunostomy), 
30.9% SBS-II (jejunocolic), and 9.1% SBS-III (jejunoileocolic). So, the most prev-
alent type of SBS was type I, especially in countries like United Kingdom and 
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Denmark where it accounted for over 75% of cases but was also frequently encoun-
tered (50–60%) in the rest of the countries that participate to the survey. The etiol-
ogy of SBS was in almost two-thirds of cases either Crohn’s disease (27.1%) or 
mesenteric ischemia (26.7%). Surgical complications were the next most frequent 
cause of SBS, accounting for 16.7% of cases. Radiation enteritis (6.3%) and volvu-
lus (3.7%) were not very frequent, while adhesions, chronic intestinal pseudo-
obstruction, polyposis, trauma, and ulcerative colitis each accounted for less than 
2% of cases. Crohn’s disease was more prevalent in SBS type I, while mesenteric 
ischemia in type II SBS and surgical complications and mesenteric ischemia in type 
III SBS. All types of SBS were more frequently encountered in women (female to 
male ratio of 2:1) presumably due to a shorter intestinal length in females correlated 
with the smaller height and weight in female sex. Regarding etiology, differences 
were observed between countries. Crohn’s disease was the first cause of SBS cases 
from the USA (48%), the United Kingdom (35.4%), the Netherlands, and Denmark, 
whereas mesenteric ischemia was more frequent in SBS patients from France, Italy, 
and Poland. The differences probably derive from the variability in treatment proto-
cols for the originating disease and in the management of IF and HPN between 
participating countries [14]. In the prospective multicentric observational registry 
from Latin America (RESTORE), SBS etiology was as follows: surgical complica-
tions in 42%, intestinal ischemia 28%, abdominal trauma 9%, volvulus 5%, and 
others 16%, being different from North America and European data by a very low 
proportion of inflammatory bowel disease cases [15]. Data from Japan (a real-world 
observational study including 393 patients) showed similarities with the Western 
population; the most frequent causes of SBS-IF were ileus (31.8%), Crohn’s disease 
(20.1%), and mesenteric ischemia (16.0%) [16].

Regarding prognosis, apart from the influence of primary disease (which caused 
the intestinal resection that led to intestinal failure), and of preexisting comorbidi-
ties, the outcome of patients with SBS is mainly determined by the consequences of 
malabsorption: diarrhea, steatorrhea, weight loss, malnutrition, dehydration, elec-
trolyte imbalance (hyponatremia, hypokalemia, hypomagnesemia), vitamin defi-
ciencies, renal complications (renal failure, calcium oxalate kidney stones), liver 
complications (intestinal failure-associated liver disease, cholestasis, gallstones), 
bacterial overgrowth, and D-lactic acidosis. Patients with SBS have an increased 
risk of sepsis due to the presence of malnutrition, due to surgical-related infections 
(surgical site infections, anastomotic leaks, fistulas, and intraabdominal abscesses) 
and, specifically for HPN, catheter-associated sepsis which is the most frequent 
complication of home nutrition and an indicator of quality of care [17].

Few studies compare survival of HPN patients with that of general population. A 
cohort study carried out in an UK national reference center between 1978 and 2018 
included 840 patients with nonmalignant IF observed for 7344 patient-years. The 
probability of survival was 91.8% at 1 year, 69.3% at 5 years, 54.3% at 10 years, 
29.8% at 20 years, and 16.7% at 30 years. Compared with the UK general popula-
tion, patients with SBS had a 6.82-fold higher mortality rate and a life expectancy 
of 17  years [18]. Survival data are variable; multiple factors contributing to the 
prognosis of SBS patients as follows: the anatomical characteristics of SBS (length 
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of the residual intestine, presence of colon, the severity of IF), the primary disease 
that lead to the intestinal resection (malignant or nonmalignant), and the time period 
from which the data are collected, recent advances in SBS therapy having their 
impact on prognosis. There is a general agreement in the literature that anatomical 
type of SBS is the most important factor for prognosis. Type I (jejunostomy) has the 
worst prognosis because it more frequently necessitates long-term PN, while in type 
III, weaning of PN can be achieved in most cases. In PN-dependent cases, the vol-
ume of nutrition is also larger for patients with type I SBS: 14.2 L/week, 6.1 days/
week; for type II, 11.2 L/week, 5.5 days/week; and for type III, 9.8 L/week, 5.2 days/
week [19]. In the long-term SBS survival study reported by Messing et al. [15] after 
the multivariate analysis, the only parameters that remained significantly associated 
with decreased survival rate were type I digestive circuit (end jejunostomy), bowel 
length of <50 cm, and mesenteric infarction as a cause of SBS (PN dependence and 
age of the patient over 60 years lost statistical significance). The causes of death 
were directly related to PN only in 22% of cases (septicemia and liver failure); the 
majority (78%) were consequence of the primary disease (mostly due to vascular 
disease), comorbidities (diabetes, malignancy, respiratory failure), or secondary to 
malnutrition (cachexia, hypokalemia, sepsis not related to catheter) [20].

Survival is always better in HPN-independent patients. In a long-term follow-up 
(mean 4.4 years, range 0.3-24 years) of SBS patients from France, the dependence 
on PN was 74%, 64%, and 48% at 1, 2, and 5 years [21]. The favorable prognostic 
factors for PN autonomy were a remnant small bowel length over 75  cm, more 
than >57% remaining colon in continuity, and early (<6 months) plasma citrulline 
concentration > 20 μmol/l. The time needed to achieve autonomy was 1 year for 
54.5% of cases, between 1 and 2 years for 19%, and over 2 years for 26.5% of cases.

Regarding hospitalizations and mortality of SBS patients, relevant data emerged 
from a report [22] that utilized the largest hospitalization database in the USA 
National Institutes of Health (NIH) and its records between 2005 and 2014 and 
identified a large sample size of 53,000 patients hospitalized with SBS, with the 
mean age of 56.6 ± 15.8 years, more than two-thirds (67.8%) being women. The 
study showed that an increase of 55% in the number of annual hospitalizations 
occurred during the 10-year observation period presumably because of the increased 
frequency of the diseases that lead to intestinal resection (inflammatory bowel dis-
ease, vascular diseases, neoplasms) and also due to increased utilization of HPN and 
increased survival of SBS patients. The primary causes for hospitalization in the US 
report, occurring in approximately half of the patients, were fluid and electrolyte 
disturbances (mostly hypokalemia and hyponatremia). The overall rate of hospital 
mortality was 3.8%, with a steady and statistically significant decline in time. The 
independent risk factors associated with in hospital mortality were as follows: 
age > 65 years (aOR3.49; 95%CI2.68–4.56, p < 0.001), sepsis (aOR3.38, 95%CI 
3.02–3.78, p < 0.001), concurrent congestive heart failure (aOR2.64, p < 0.001), 
concurrent liver disease (aOR2.36; p  <  0.001), severe malnutrition (aOR1.64, 
p < 0.001), and metastatic cancer (aOR1.53, p < 0.001).

Over time, HPN became available in many countries, experience with its use 
increased, standards of practice were established, specialized high volume intestinal 
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failure centers with a multidisciplinary approach for SBS care were organized and 
all these factors are premises for a better prognosis and increased survival of SBS 
patients. Other new developments  may contribute to longer lifespan of SBS patients, 
such as hormonal new developments with glucagon-like peptide 2 (GLP-2) analogs: 
teduglutide, approved for use, apraglutide, long acting, under clinical development 
in phase III studies. Also, various new surgical techniques designed to lengthen the 
bowel (such as serial transverse enteroplasty) and the availability of intestinal trans-
plant have their impact on the prognosis of patients with SBS.

In conclusion, SBS is a rare and complex disease with potentially adverse out-
comes. Identifying its true incidence and prevalence is difficult. Morbidity and mor-
tality are high compared to general population but special care in dedicated centers 
by multidisciplinary teams with state-of-the-art approach has the potential to 
improve the outcomes of SBS patients.
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3Pathophysiology and Anatomical 
Considerations in Short Bowel 
Syndrome

Cristian Gheorghe and Roxana Vadan

3.1	� Pathophysiology in Short Bowel Syndrome

The primary mechanism of chronic intestinal failure in short bowel syndrome (SBS) 
is the loss of absorptive surface secondary to intestinal resection. The accelerated 
intestinal transit time also contributes to the effectiveness of the digestion and 
absorption processes, but the length of the intestine is the main driving factor for the 
occurrence and for the severity of intestinal failure.

From a pathophysiological point of view, it is of utmost importance to know the 
exact length of the remaining bowel. Though, in many cases, after intestinal resec-
tions, surgical reports give information only on the length of the resected intestine. 
This is not useful because the length of the normal small bowel is very variable (in 
adults, it was reported to be between 300 and 800 cm), and thus, the length of the 
remaining bowel cannot be calculated by simply subtracting the resected part [1, 2]. 
Historically, the length of the intestine was measured ex vivo, on cadavers, a method 
that was shown to underestimate the real bowel length. More accurate measure-
ments are those done in vivo, during surgery, when the intestine is relaxed, and its 
real extent can be appreciated. This underscores once more the importance of a 
precise surgical report. In the absence of such a report, the remaining bowel can be 
measured radiologically. The newly available technology: Computed tomography 
(CT) or small bowel barium follow through (classic SBFT) can be applied in the 
evaluation of intestinal length in humans. The measurement of small bowel length 
from the X-ray films of a barium meal follow-through can be done by using an opi-
someter (device used for measuring distances on maps), but can be difficult when 
overlapping of the bowel loops occurs [3]. Reports show that three-dimensional CT 
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enterography has a better correlation to surgical measurements as compared with 
SBFT [4].

Once the length and type of the remaining bowel are accurately established and 
its absorptive capacity (normal mucosa or abnormal mucosa due to the primary 
disease) is known, the specific nutritional consequences can be anticipated. The 
most important part of the absorption process occurs in the first 100-150 cm of the 
jejunum, where the specific transporters are located. Here, most of the digested 
protein, carbohydrates, and water-soluble vitamins are absorbed. Lipids are 
absorbed over a larger portion of the small bowel.

Specific nutrient digestion sites, absorption sites, and specific mediator (hor-
mones and neurotransmitters) synthesis sites along the digestive tract are repre-
sented in Table 3.1.

The type and severity of SBS symptoms depend also on the time elapsed from 
the surgery, since the physiological process of adaptation starts immediately after 
resection. As mentioned in the previous chapter (definitions and classification of 
SBS), an acute phase of SBS (first 3–4 weeks) is followed by an adaptive phase 
(lasting generally 1–2 years, sometimes up to 3 years) in which the maximal adapta-
tion capacity of the remaining intestine is reached, which is followed by a chronic, 
stable phase. In the acute phase, after large enterectomies, temporary (lasting for up 
to 12 months) gastric hypergastrinemia and gastric acid hypersecretion occur. The 
mechanism involved is considered to be the loss of the parts of bowel responsible 
for the secretion of regulatory hormones (gastric inhibitory peptide [GIP] and vaso-
active intestinal peptide [VIP]). Consequently, a larger volume of acidic secretions 
enters the remaining small bowel, diluting and, by changing the luminal pH to an 
acidic value, inactivating the digestive enzymes. Subsequently, maldigestion occurs, 
enhancing malabsorption and loss of nutrients which, by osmosis, attract more 
water into the lumen, therefore significantly increasing the fluid and electrolyte 
losses (diarrhea). Dehydration, hyponatremia, hypokalemia, hypocalcemia, and 
hypomagnesemia need correction through intravenous (IV) infusions early after 
surgical intervention in these patients. Also, potentially severe peptic complications 
can occur, and proton pump inhibitor use is important.

In both acute and chronic phases, malabsorption is characteristic for SBS 
patients. The physiological process of digestion and absorption has a proximal-to-
distal anatomical absorptive gradient [5]. The duodenum is approximately 25–30 cm 
long, jejunum corresponds to the proximal two-fifths of the small intestine (approxi-
mately 160–200 cm), while the distal three-fifths corresponds to the ileum [6]. Most 
nutrient absorption (proteins, carbohydrates, and vitamins) normally occurs in the 
first 100–150 cm of the jejunum, and lipids are absorbed on larger parts of the small 
intestine. This is due to the specific structural characteristics of the proximal jeju-
num which confer a maximal surface area and hence a maximal absorption capac-
ity: Jejunal diameter is bigger, the circular folds are larger, and the villi and the 
microvilli are longer compared with the more distal parts of the small intestine. The 
maximal concentration of the nutrients occurs in the lumen of the proximal jeju-
num; also, the maximal absorption capacity is encountered here. It is long known 
that the presence of nutrients, in particular complex nutrients, in the intestine have 
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Table 3.1  Nutrient digestion, absorption, and mediator synthesis according to anatomical regions 
of the digestive system

Anatomical region Digestion Absorption Secretion
Stomach Pepsin breaks down proteins to 

polypeptides
Water
Ethyl alcohol
Iodine
Fluoride
Molybdenum

Gastrin
Ghrelin
Intrinsic factor

Duodenum and 
proximal 
jejunum

Triglycerides are digested into 
monoglycerides and fatty acids 
(most part)
Carbohydrates are digested to 
disaccharides (most part).
Proteins are digested into 
oligopeptides and amino acids 
(most part)

Peptide/amino acids
Carbohydrates
Lipids
Iron
Folate
Calcium
Magnesium 
phosphorus
Copper
Water-soluble 
vitamins
Fat-soluble vitamins
Water

Cholecystokinin
Secretin
VIP
GIP

Jejunum and 
ileum

Triglycerides are digested into 
monoglycerides and fatty acids
Carbohydrates are digested to 
disaccharides
Proteins are digested into 
oligopeptides and amino acids

Peptide/amino acids
Carbohydrates
Lipids
Lactose
Calcium
Manganese
Molybdenum
Water-soluble 
vitamins
Fat-soluble vitamins
Water

Neurotensin

Distal ileum Bile acids
Vitamin B12
Intrinsic factor
SCFA

Peptide YY
GLP-1
GLP-2

Colon Carbohydrate fermentation Water
Amino acids
SCFA
Minerals: Sodium, 
chloride, potassium
Vitamin K
Bile acids (small 
amount)

Peptide YY
GLP-1
GLP-2

VIP vasoactive intestinal peptide; GIP glucose-dependent insulinotropic peptide, GLP glucagon-
like peptide, SCFA short-chain fatty acid

a trophic effect on the intestinal mucosa and determines increased villus height [7]. 
This explains the abovementioned characteristics of the proximal jejunum which 
adapted fully to the presence of a multitude of luminal digestive enzymes and diges-
tion products. In contrast, the absence of nutrients in the lumen is associated with 
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reduced villus height and mitotic index [8]. Proximal jejunum synthesizes cholecys-
tokinin (CCK), secretin, which regulate the pancreatic and biliary secretion, which 
are generally preserved in patients with SBS.

3.2	� Site-Specific Effects of Intestinal Resection

3.2.1	� End Jejunostomy

Intestinal resections that involve less than 50% of intestinal length are well toler-
ated, without significant nutritional consequences. Resections that involve more 
than 70–75% of the intestine determine a global malabsorption of nutrients, which 
results directly from the reduced absorptive surface and leads to various grades of 
malnutrition and deficiencies in vitamins and minerals [6].

Generally, parenteral nutritional support is needed in type I SBS (end jejunos-
tomy) when jejunal length is less than 100 cm [9].

Apart from absorption of nutrients, throughout the small and especially large 
bowel, absorption of water and electrolytes takes place. Daily approximately 4 L of 
intestinal secretions are produced: 0.5 L of saliva, 2 L of gastric acid, and 1.5 L of 
pancreaticobiliary secretions, which are added to the volume of ingested liquids.

The absorption of water is passive, accompanying the active transport of nutri-
ents and electrolytes. The jejunal epithelial cells have between them relatively large 
intercellular junctions [5], so in this part of the small bowel, the absorption of fluids 
is not very efficient.

The absorption of the sodium in the jejunum is an active process occurring 
against a concentration gradient, coupled with glucose, but sodium can diffuse back 
easily, passively, into the lumen through the loose junctions between jejunal epithe-
lial cells. So, in type I SBS (end jejunostomy), a significant loss of water and elec-
trolytes occurs, and variable volumes of IV fluids are needed to avoid dehydration. 
In each liter of jejunostomy output, about 100 mEq of sodium is lost, which makes 
sodium deficiency common. Not always serum sodium levels reflect sodium deple-
tion, a useful diagnostic tool being a random urinary sodium concentration of less 
than 10  mEq/L.  Magnesium is also lost by reduced absorption (resection of the 
specific absorption sites—magnesium is absorbed normally in the distal small intes-
tine and colon—also lost due to its binding by the malabsorbed fatty acids) and by 
increased urinary losses (in cases of sodium depletion). Magnesium deficiency is 
common in patients with an end jejunostomy. If less than 100 cm of jejunum is 
remaining, the patients can become “net secretors,” and the stomal output of fluid 
and electrolytes exceeds the fluid intake because the gastric and intestinal secretions 
are lost, not absorbed. It has been shown that in the healthy subjects, jejunal motility 
is more intense with more migrating clustered contractions, higher velocity, and 
longer propagation distance comparative with the ileal motility. The rapid physio-
logical transit time of nutrients through the jejunum does not favor nutrient absorp-
tion [10]. The removal of distal ileum and colon also determines the loss of 
enteroendocrine hormone-producing L cells (source of PYY, GLP-1, and GLP-2, 
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responsible for the ileal “brake,” vide infra), another contributor to the accelerated 
gastric emptying and accelerated intestinal transit time in end jejunostomy patients, 
increasing the stomal fluid loss [11]. Also, due to the loss of the distal ileum, paren-
teral supplementation of vitamin B12 is required.

For end jejunostomy, we can anticipate that parenteral nutrition is needed to 
meet the energy requirements; sodium and fluid supplementation and magnesium 
and vitamin B12 supplementation are also necessary.

It was shown that depending on the length of the residual jejunum, the required 
parenteral support is as follows: For jejunum length < 85 cm, both parenteral nutri-
tion and IV fluids (saline) are needed. For jejunum length between 85 and 100 cm, 
IV saline is needed but parenteral nutrition is not always required. For jejunal length 
between 101 and 150 cm, enteral or oral nutrition is sufficient, and fluid require-
ments are met by using enteral or oral glucose/saline solution. For jejunal length 
between 151 and 200 cm, only oral glucose/saline solution is required [12].

3.2.2	� Jejunoileostomy

At the ileal level, the intercellular junctions are tighter, water is following the active 
transport of sodium and does not diffuse back and so the intestinal content can be 
concentrated.

Regarding nutrient absorption, the ileum (as opposed to the jejunum) can undergo 
a complex process of adaptation. Intestinal adaptation is an innate compensatory 
process that starts after large resections of the small bowel; it is highly variable and 
usually reaches its maximum after 2, sometimes 3, years. In this process, the remain-
ing bowel suffers anatomical and physiological changes that lead to increased 
digestive and absorptive capacity.

The most important stimulus for this process is the presence of nutrients in the 
intestinal lumen.

For the duodenum, studies in children with SBS showed the lack of adaptative 
hyperplasia and only molecular signs of altered mucosal function with enhanced, 
facilitative glucose transport [13]. The jejunum is already structurally at its maxi-
mum absorptive capacity, so it adapts little, mostly functionally, by some increase 
in enzyme production. So, if jejunum alone is removed, malabsorption and energy 
malnutrition do not occur because the ileum can undertake all jejunum functions. 
By removing the jejunum, the loss of CCK and secretin can impair the feedback 
inhibition of gastrin and gastric acid secretion with acid hypersecretion and low pH 
in the proximal intestine which can potentially alter digestion, but the effect is tran-
sient. The ileum can suffer massive structural adaptative changes in all its layers. At 
mucosal level, a so-called jejunization process occurs, by which the ileum progres-
sively resembles more and more with the jejunum. An increase in villus and micro-
villi length takes place, with associated increase in crypt depth, and an increase in 
enterocyte number (epithelial hyperplasia). Also enhanced proliferation rate and 
more rapid migration of newly formed enterocytes to the tip of the villi occurs. The 
estimated increase in villus height can reach 70–75% [14], while crypts can 
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elongate by 35% [15]. All the layers of the intestine grow. The muscular layer is 
hypertrophied. At macroscopic level, enlargement of the mucosal folds, elongation, 
and dilation of the bowel are seen, with increased bowel weight. Also, functional 
changes occur at ileal level: The synthetic capacity of the enterocytes increases with 
more brush border enzymes (disaccharidases and peptidases), more protein cotrans-
porters (sodium, glucose, and amino acid transporters) and more receptors (for cal-
cium, cobalamin, and biliary acids). The enterocytes are more efficient, mature 
more quickly, and reach earlier fully functional capacity, and the density of trans-
porter proteins implicated in absorption of nutrients, water, and electrolytes is 
increased [16]. Due to ileal adaptation, generally resections that involve the proxi-
mal bowel (duodenum and jejunum) are better tolerated. The transit time is slow to 
ensure a longer contact between the intestinal content and the brush border and, 
subsequently, a better absorption of nutrients. Various parts of the intestine secrete 
specific hormones. The endocrine L cells located in the distal ileum (and proximal 
colon) are responsive for the jejunal, ileal, and colonic “brake” due to the hormones 
produced. Glucagon-like peptides 1 and 2, neurotensin, and peptide YY have impor-
tant motility-modulating properties [7], controlling the transit time through the gas-
trointestinal tract (slowing gastric emptying and intestinal transit) and optimizing in 
this way the nutrient digestion and absorption.

The distal ileum has a specific absorptive role in the absorption of bile salts and 
vitamin B12, role that cannot be replaced. After distal ileal resections, the site of 
reabsorption of the bile acids and, for vitamin B12 absorption is lost. Parenteral 
supplementation of vitamin B12 is necessary in cases with ileal resections over 
60 cm. In cases with ileal resections larger that 100 cm, the enterohepatic circuit is 
significantly affected and the reduction of bile acid absorption and loss of bile acids 
exceed the synthetic capacity of the liver, determining a decreased bile acid pool, 
which significantly impacts lipid digestion and determines steatorrhea and fat-
soluble vitamins deficiency [17].

For jejunoileostomy anastomosis, we can anticipate variable requirements for 
parenteral nutrition and fluid and electrolyte supplementation. Vitamin B12 and fat-
soluble vitamin supplementation are needed.

3.2.3	� The Role of the Colon (Jejunocolic or 
Jejunoileocolic Anastomosis)

The presence of the ileocecal valve can contribute to the slowing of the intestinal 
transit time in SBS patients. The ileocecal valve has a definite role in preventing the 
backward movement of colonic content by constituting a physical barrier for the 
large colonic bacterial population, obstructing colonic flora to reach the small 
bowel. The colon delays gastric emptying and increases intestinal transit time by 
secreting specific hormones, contributing to the “ileal brake” and enhancing absorp-
tion of nutrients. In the presence of the colon, larger ileal resections are associated 
with worse outcome, and diarrhea is more likely to occur in patients with ileal resec-
tions as compared to jejunal resections, especially if part of the colon is resected 
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along with the ileum. This is due to the enhanced water absorbing capacity of the 
ileum. Remnant ileum and intact colon can compensate for the absence of the 
jejunum.

In general, lifelong PN is required in patients with a jejunocolic anastomosis and 
less than 50 cm of jejunum attached to colon. The presence of at least half of the 
colon is considered to be equivalent to about 50 cm of small bowel [18].

It has been stated that the intestinal failure is more likely reversible in the follow-
ing clinical scenarios [19]:

	1.	 When there are more than 115 centimeters of remaining jejunum with an end 
jejunostomy.

	2.	 When there are more than 60 centimeters of small bowel with a jejunocolonic 
anastomosis.

	3.	 When there are more than 35 centimeters of small bowel along with a jejunoileal 
anastomosis and an intact ileocecal valve and colon.

For jejunoileocolic anastomosis with intact ileocecal valve, we can anticipate 
that usually only short-term parenteral nutrition and fluid/electrolyte supplementa-
tion are needed; most patients can be weaned from parenteral nutrition.

The main function of the colon is the absorption of water and electrolytes. 
Normally, when the chyme reaches the colon, almost all nutrients have been 
absorbed, and only electrolytes and indigestible dietary fiber are left. It is the part of 
the digestive tract that has physiologically the slowest transit time. It has the tightest 
intercellular junctions so that in normal conditions, from a mean of 1–1.5 L of fluids 
that are passing daily through the ileocecal valve, only around 150 mL is excreted 
in the feces. It has been shown that the capacity of the colon to absorb water can 
increase to 6 L/day [8]. But, if distal ileum is resected, the unabsorbed bile acids 
stimulate colonic motility and enhance water secretion, with consequent increase 
fluid losses.

Another important role of the colon is as supplemental energy source, salvaging 
calories by the process of anaerobic bacterial fermentation of malabsorbed carbohy-
drates to short-chain fatty acids (SCFAs) and by improved absorption of medium-
chain triglycerides. SCFAs (butyrate, propionate, acetate) can be used both 
systemically, after absorption and can also be utilized at colonic level by the colo-
nocytes as their main energy source. The amount of energy that can be salvaged in 
this way can reach 1000 kcal per day [12, 13, 20], underscoring the importance of a 
remnant colon in SBS patients. It has been shown that starch is a very important 
dietary carbohydrate for SBS patients and the intake of both starch and soluble fiber 
(specifically pectin) increases production of SCFA [20]. In patients with preserved 
colon, the changes in microbiota with overgrowth of bacteria at the site of anasto-
mosis (jejunocolic or ileocolic) may further contribute to energy salvage by the 
supplemental fermentation of starch to SCFA [20].

In SBS, changes in microflora occur with reduced microbial diversity in all types 
of SBS patients when compared with healthy controls [21]. Reduction in 
Bacteroidetes and increase in Protobacteria were reported. An abundance of 
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Lactobacillaceae and Enterobacteriaceae at the order level and Veillonellaceae and 
Enterobacteriaceae at the family level was observed [21]. The microbiome of SBS 
patients with a colon in continuity is enriched with Bacteroidetes and Actinobacteria, 
and the microbiome of SBS patients with ileostomy or jejunostomy is enriched with 
Proteobacteria. A shorter bowel was associated with more proteobacteria and a lon-
ger remnant bowel with more Firmicutes. In PN-dependent SBS, there are more 
Bacteroidetes, and in PN-independent cohort, an increased number of Firmicutes 
was observed (Clostridium family that regulates production of SCFA, specifically 
of butyrate).

The complex role and interactions generated by the modified microbiota of SBS 
patients are still to be defined. It has been shown that fecal transfer from a patient 
with SBS to germ-free rats was associated with an increase in crypt depth and that 
plasma levels of GLP-1 (glucagon-like peptide 1) and ghrelin, hormones that are 
involved in intestinal adaptive mechanisms, are increased by SBS lactobacillus spe-
cies [22].

While intestinal flora can have benefic effects, the excessive multiplication of 
bacteria can also bring harm. It can determine the deconjugation of biliary acids 
contributing to lipid malabsorption, can determine vitamin B12 deficit by utilizing 
it for bacterial growth, impending its absorption, and can have an inflammatory 
effect on the epithelium. Overgrowth of bacteria in the small bowel (small intestinal 
bacterial overgrowth [SIBO]) is defined by the high levels of CFU (colony-forming 
units): over 105  CFU/ml or over 103CFU/ml of typical colonic bacterial species 
[23]. SIBO can determine various clinical symptoms: abdominal pain, bloating, and 
diarrhea. If not diagnosed promptly, SIBO can induce reversible loss of intestinal 
villi, with decreased surface of absorption and accelerated intestinal motility, thus 
aggravating malabsorption [24]. In SBS patients, due to malabsorption, an increased 
quantity of unabsorbed carbohydrates reaches the colon and serves as a substrate for 
the fermentation by the increased gut lactobacilli population. In this way, the high 
levels of D-lactate can be produced, up to a ten-fold increase compared with non-
SBS patients. As a consequence of lactate absorption, metabolic D-acidosis can 
occur, with an elevated ratio of D-lactate (exogenous) and L-lactate (endogenous); 
it can clinically manifest usually by excessive gas (bloating, flatulence); but, in 
severe cases, it can manifest as D-lactic encephalopathy (confusion, slurred speech, 
headache, ataxia, convulsions, and even coma).

In conclusion, various factors are associated with the degree of intestinal failure: 
the length of the remnant small bowel; the presence and length of the remnant colon; 
the presence of the ileocecal valve; the presence or absence of disease in the rem-
nant bowel; and the time elapsed since the surgery, which determines the occurrence 
and grade of intestinal adaptation.

Due to variable absorptive capacity of the remnant bowel, individualized nutri-
tional plans are needed in order to reach the best patient outcomes.
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4Humanistic Burden of Short Bowel 
Syndrome

Anca Trifan, Ana-Maria Singeap, Ermina Stratina, 
and Carol Stanciu

4.1	� Introduction

Short bowel syndrome (SBS) is a rare and complex condition characterized by the 
inability of the remaining intestine to absorb sufficient nutrients, fluids, and electro-
lytes due to extensive loss or functional impairment of the small intestine. While 
advances in clinical management have improved survival and physiological out-
comes, SBS imposes profound challenges that extend far beyond medical complica-
tions. It is not merely a medical condition but a life-altering challenge that permeates 
the physical, emotional, social, and financial aspects of daily living, including the 
substantial resources required for ongoing care [1]. Addressing the humanistic bur-
den of SBS is paramount, as it highlights the need for holistic approaches that go 
beyond clinical treatment to consider the lived experiences of patients, fostering 
better long-term outcomes and improved well-being.

4.2	� Physical and Health-Related Burden

4.2.1	� Chronic Symptoms and Complications

SBS is associated with a range of chronic symptoms and complications that signifi-
cantly impact patients’ physical health and daily functioning. These challenges 
stem from the impaired ability of the shortened intestine to absorb essential nutri-
ents, fluids, and electrolytes, leading to cascading effects on various physiological 
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systems. Frequent and often severe diarrhea is a defining symptom of SBS, resulting 
from the reduced intestinal surface area and altered gut motility. This symptom 
exacerbates dehydration and electrolyte imbalances, posing a constant threat of kid-
ney dysfunction and requiring vigilant fluid management to prevent acute complica-
tions. The extent of malabsorption and the specific nutrient deficiencies experienced 
depend on factors such as the remaining length and structure of the bowel [2]. Other 
contributing factors, including the presence of underlying conditions like active 
Crohn’s disease, can further hinder the ability of the remaining bowel to adapt and 
compensate [3].

The hallmark of SBS is malabsorption, which results in deficits in macronutri-
ents (proteins, fats, and carbohydrates) and micronutrients (vitamins and minerals). 
Deficiencies in fat-soluble vitamins (A, D, E, and K), vitamin B12, and trace ele-
ments like zinc, selenium, and magnesium are common, contributing to systemic 
complications such as anemia, weakened immunity, and bone demineralization. In 
addition to impairing the absorption of essential nutrients, SBS can also hinder the 
absorption of critical medications [4]. For individuals with chronic conditions such 
as diabetes, cardiovascular disease, or infections, this presents a substantial chal-
lenge, as the effectiveness of prescribed treatments may be compromised. In turn, 
this can lead to treatment failures, the need for dose adjustments, and more frequent 
monitoring, further complicating the clinical management of SBS patients.

Malnutrition not only affects overall health but also increases patients’ vulnera-
bility to various diseases. Patients with malnutrition often face a higher risk of expe-
riencing adverse outcomes from surgery or illness. Their ability to recover from 
procedures is diminished, and the healing process is delayed due to insufficient 
nutrient stores [5].

A significant proportion of individuals with SBS rely on parenteral nutrition 
(PN) to meet their nutritional needs. While PN is lifesaving, it comes with long-term 
risks, including catheter-related infections, thrombosis, bone disease, and liver dys-
function [6]. Depending on PN also imposes logistical challenges and significantly 
disrupts patients’ autonomy and daily routines. Parenteral support is typically 
administered overnight, with a frequency depending on individual needs. This noc-
turnal infusion schedule helps improve nitrogen balance and encourages oral ali-
mentation during the day. However, it may also interfere with sleep patterns or may 
experience discomfort related to the infusion process. For many patients, particu-
larly those with extremely short intestinal remnants, long-term PN becomes a nec-
essary part of their daily life. However, dependence on PN or intravenous support 
comes with significant risks, and complications are responsible for about 15–20% 
of all deaths in patients on long-term PN [7]. The challenges associated with long-
term PN can lead to life-threatening conditions, dramatically affecting patients’ 
overall prognosis and quality of life (QoL). The most common PN complications 
are catheter-related infections, which contribute to a huge portion of PN-related 
deaths. Septicemia is particularly concerning, accounting for nearly three-quarters 
of hospitalizations among PN patients [8]. Other complications include venous 
thrombosis, catheter occlusions, and issues related to catheter maintenance, such as 
fracture, breakage, or placement difficulties, all of which can disrupt the delivery of 
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adequate PN support [9]. Liver complications are common in patients receiving 
long-term PN and can contribute to PN-related mortality. Around 15% of 
PN-dependent patients develop end-stage liver disease, which has a poor prognosis 
[10]. Studies have shown that the longer the dependence on PN, the higher the risk 
of developing severe liver conditions such as fibrosis, cirrhosis, and liver fail-
ure [11].

Patients who rely on PN for over 5 years are particularly susceptible to signifi-
cant liver damage [12].

Fatigue is one of the most common and debilitating symptoms experienced by 
patients with SBS, often significantly affecting their daily functioning and overall 
QoL [13]. This fatigue is multifactorial, arising from the combination of malnutri-
tion, chronic dehydration, anemia, and the constant physical strain of managing 
gastrointestinal and metabolic imbalances. The persistent energy depletion due to 
inadequate nutrient absorption leaves patients feeling exhausted, which can limit 
their ability to participate in normal activities, such as work, social interactions, or 
even basic self-care tasks. The resulting feeling of sadness and frustration can influ-
ence patients’ adherence and motivation to follow the therapeutic plan.

4.2.2	� Impact on Quality of Life

The impact of SBS extends well beyond physical health, profoundly affecting the 
QoL of individuals living with this condition. Due to the complexity and chronic 
nature of the disease, patients face substantial challenges in their daily lives, encoun-
tering limitations in various domains such as physical activity, pain management, 
and access to healthcare. These factors often combine to create a multifaceted bur-
den, hindering both personal well-being and social participation.

The complexity of QoL impairment is highlighted by the wide range of assess-
ment tools used across studies. General questionnaires, such as the SF-36, SF-12, 
and EQ-5D-5L, have been employed alongside disease-specific instruments 
designed to capture the full spectrum of QoL dimensions in SBS patients [1, 14, 15]. 
These tailored tools address the unique challenges faced by SBS patients, including 
nutritional deficiencies, dependence on PN, gastrointestinal symptoms, and the 
emotional and social impacts of living with the condition. The SBS-QoL, for exam-
ple, focuses on these specific aspects, evaluating physical, emotional, and social 
well-being in the context of SBS [16]. Similarly, the home parenteral nutrition 
(HPN)-QoL scale is designed to assess the impact of long-term HPN on patients, 
considering the physical, psychological, and social burdens of managing this treat-
ment daily [15].

Patients with SBS and chronic intestinal failure often report significantly lower 
QoL scores compared to the general population and individuals living with other 
chronic conditions [1]. This diminished QoL reflects the unique and ongoing chal-
lenges they face, such as persistent physical symptoms, dependence on medical 
interventions like PN, and the emotional and psychological toll of managing a life-
altering condition. One of the most noticeable effects of SBS on QoL is the 
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restriction on physical activity. Many individuals with SBS experience fatigue, 
muscle weakness, and reduced endurance, which can limit their ability to engage in 
even simple physical tasks. This includes difficulty participating in work, recre-
ational activities, or daily routines such as shopping or walking. Physical limitations 
are often a result of the underlying malnutrition, chronic dehydration, and systemic 
effects of the condition. The inability to maintain a normal level of physical activity 
not only affects physical fitness but also impacts mental health, leading to feelings 
of frustration, isolation, and a diminished sense of independence [17]. The persis-
tent discomfort associated with abdominal pain or frequent bloating can lead to 
poor sleep, reduced appetite, and a diminished quality of life. Additionally, for 
many patients, the need for continuous intravenous nutrition or the presence of cen-
tral venous catheters can contribute to physical discomfort or localized pain. The 
combination of gastrointestinal and procedural pain can create a relentless cycle of 
physical and emotional strain, further impacting a patient’s ability to function nor-
mally on a day-to-day basis.

Several studies have highlighted the significant role of treatment modalities in 
influencing QoL of patients with SBS.  A study comparing four treatment 
approaches—no treatment, surgical intervention, bowel rehabilitation, and nutri-
tional therapy—found that individuals who received no treatment or surgery 
reported lower QoL scores. In contrast, those who underwent surgery demonstrated 
improved QoL outcomes [1]. This emphasizes the impact that different treatment 
options can have on patients’ well-being.

Further research on PN and HPN revealed a consistently negative impact on 
QoL. One study with patients receiving HPN for an average of 6 years found that 
the treatment led to a significant decline in QoL, even surpassing the adverse effects 
of having a stoma [18]. Another investigation showed that the higher volumes of PN 
negatively correlated with QoL, with an increase of just 1 l/day causing a marked 
deterioration in patient outcomes [19].

Similarly, an increase in the number of days on PN led to a decline in patients’ 
health-related QoL, as measured by the time trade-off (TTO) method, which evalu-
ates individuals’ willingness to trade a portion of their remaining lifespan for 
improved health or a higher QoL [20]. On a more positive note, the use of teduglu-
tide (Ted), a GLP-2 analog, was shown to reduce dependence on PN. In one study, 
patients treated with Ted for 24 weeks experienced a 32% reduction in weekly PN 
volume, and 54% were able to reduce their PN days, leading to potential QoL 
improvements. However, while the overall SBS-QoL score improved, statistical sig-
nificance was not achieved when compared to the placebo group [13]. Another 
study revealed that after 6 months of treatment, patients treated with Ted showed 
significant improvements in SBS-QoL, though no significant changes were found in 
other scales, such as the SF-12 [16]. SBS patients with stoma were found to have 
slightly lower QoL scores compared to those without one [21]. This difference may 
be attributed to the additional physical and psychological burdens, such as chal-
lenges in managing stoma output and maintaining skin integrity and the risk of 
complications. Furthermore, social and emotional challenges contribute to a more 
pronounced negative impact on their overall QoL.
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Several studies have explored the impact of age on the QoL in patients with 
SBS. While one study concluded that age had a minimal effect on QoL [17], most 
of the research indicated that increasing age tends to negatively influence QoL out-
comes in SBS patients. One study stratifying patients into three age-groups (15–34, 
35–59, and ≥60  years) found a significant decline in QoL with advancing age 
(P < 0.05) [14]. Another study, with a median patient age of 56 years, reported a 
negative correlation between age and overall QoL scores, though the results were 
not statistically significant (P > 0.05) [19]. Interestingly, a study focusing on chil-
dren with SBS revealed that while age did not impact QoL, children aged 11 years 
and older had significantly lower QoL than their peers in the general population 
(P < 0.05) [22].

In terms of caregivers, one study found that parents of children under 5 years old 
experienced a lower QoL, while no significant differences in QoL were observed 
between families with children under or above the age of five (P > 0.05) [23]. These 
findings suggest that age can play a role in shaping the QoL outcomes for both 
patients and their caregivers, though the degree of impact may vary. Additionally, a 
study focusing on caregivers revealed that following an autologous gastrointestinal 
reconstruction procedure in children, parents experienced a significant improve-
ment in QoL, highlighting the broader impact of SBS treatment on family dynamics 
as well [24].

4.3	� Emotional and Psychological Impact

4.3.1	� Mental Health Challenges

Living with SBS presents significant emotional and psychological challenges, stem-
ming from the chronic nature of the condition and its profound impact on daily life. 
The physical burden of SBS often coexists with mental health struggles. Many 
patients experience heightened levels of anxiety and depression, which can be 
attributed to the uncertainty surrounding their health and the relentless demands of 
managing a complex medical condition.

Anxiety may arise from fears of complications such as infections related to PN 
or malnutrition.

Depression is frequently reported due to the chronic fatigue, social isolation, and 
limitations imposed by the disease [17]. For many, the diagnosis of SBS marks a 
significant turning point in their lives. The loss of autonomy, dependence on medi-
cal devices such as central venous catheters for PN, and frequent hospital visits can 
lead to feelings of helplessness and frustration. The psychological toll of living with 
a life-altering condition is compounded by the need to constantly monitor food 
intake, fluid balance, and overall health. The unpredictability of SBS can be emo-
tionally taxing. Patients often live with fear of serious complications, such as cath-
eter-related bloodstream infections, severe dehydration, or further intestinal 
deterioration. This constant vigilance can contribute to chronic stress and emotional 
exhaustion.

4  Humanistic Burden of Short Bowel Syndrome



28

4.3.2	� Coping Mechanisms and Resilience

Coping with SBS requires a multifaceted approach that integrates dietary adapta-
tion, psychological support, community engagement, and multidisciplinary care. 
Learning to navigate dietary restrictions is a significant adjustment, as individuals 
must develop personalized routines to optimize nutrition while minimizing gastro-
intestinal symptoms. For those reliant PN, adapting to the regimen—including man-
aging commitment and potential risks—is essential for maintaining a sense of 
control and normalcy. Psychological support plays a crucial role in addressing the 
emotional and mental health challenges associated with SBS.

Access to individual or group counseling provides a safe space to express fears, 
frustrations, and hopes, while mental health professionals offer strategies to manage 
stress, cope with uncertainty, and foster resilience [25]. Engaging with peers who 
share similar experiences can also be empowering, as support groups and online 
communities facilitate the exchange of advice, coping strategies, and encourage-
ment, fostering a sense of belonging. Additionally, a multidisciplinary approach 
involving healthcare providers, nutritionists, mental health professionals, and social 
workers enhances coping strategies by ensuring comprehensive care. This team-
based model addresses both the physical and psychological burdens of SBS, ulti-
mately improving overall well-being and QoL.

4.4	� Social and Relational Burden

Living with SBS not only affects the individual but also places significant strain on 
family members and caregivers, influencing relationships, social interactions, and 
overall QoL. The complexity of managing the condition, including dietary restric-
tions, medical treatments, and emotional challenges, contributes to a substantial 
social and relational burden.

4.4.1	� Impact on Family and Caregivers

Caregivers, often family members, play a crucial role in supporting individuals with 
SBS, but this responsibility can lead to caregiver fatigue and emotional strain [15]. 
The constant need for assistance with meal planning, medical treatments such as 
PN, and hospital visits can be physically and mentally exhausting. Many caregivers 
experience heightened stress, anxiety, and even burnout due to the chronic nature of 
SBS and the unpredictability of symptoms.

Additionally, family dynamics often shift, with roles and responsibilities being 
redistributed to accommodate the needs of the affected individual. Spouses, parents, 
or children may take on caregiving roles, which can alter relationships and create 
emotional tensions. These changes can affect family cohesion, financial stability, 
and overall household well-being, making emotional support and caregiver resources 
essential for maintaining balance.
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4.4.2	� Social Isolation

Individuals with SBS frequently experience social isolation due to limitations on 
travel, work, and social interactions. The need for strict dietary control, reliance on 
medical equipment, and the unpredictability of symptoms such as diarrhea or 
fatigue can make it challenging to participate in everyday activities. Many individu-
als find it difficult to maintain a regular work schedule, attend social gatherings, or 
engage in recreational activities, leading to feelings of loneliness and detachment 
from social circles. Furthermore, stigma or embarrassment related to symptoms, 
body image concerns, and the use of external medical appliances can contribute to 
withdrawal from public settings. Individuals who require visible medical devices, 
such as central venous catheters for PN or ostomy bags, may feel self-conscious, 
impacting their self-esteem and willingness to engage in social interactions [26]. 
The discomfort or inconvenience associated with these appliances can further limit 
mobility and participation in daily activities.

Fear of accidents, the need for frequent bathroom access, or the physical restric-
tions imposed by medical equipment may create additional barriers to an active 
social life. Over time, these challenges can negatively impact mental health, increas-
ing the risk of anxiety and depression. Support systems, both within the family and 
in patient advocacy groups, are crucial in mitigating these effects by fostering 
understanding, reducing stigma, and encouraging meaningful social connections.

4.5	� Economic and Financial Burden

Short bowel syndrome imposes a substantial economic and financial burden on indi-
viduals, families, and healthcare systems. The high costs associated with ongoing 
medical care, specialized nutrition, and frequent hospitalizations contribute to sig-
nificant financial strain.

Beyond direct medical expenses, the impact of SBS extends to lost productivity, 
employment challenges, and broader implications for public and private healthcare 
systems.

4.5.1	� Direct Costs

Managing SBS requires lifelong medical interventions, leading to significant direct 
healthcare expenses. One of the most substantial costs is PN, which is essential for 
many individuals with SBS to maintain adequate hydration and nutrition. The 
expense of PN includes not only the specialized nutrient solutions but also the 
equipment, supplies, and home healthcare services required for safe administration. 
Additionally, patients often require multiple medications, including antimotility 
agents, antibiotics, and vitamin or mineral supplements, further increasing health-
care expenditures. Frequent hospitalizations due to complications such as infec-
tions, catheter-related bloodstream infections, dehydration, and metabolic 
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imbalances add to the financial burden. Regular medical appointments with gastro-
enterologists, dietitians, and other specialists are also necessary to monitor the 
patient’s condition and adjust treatment plans, leading to ongoing out-of-pocket 
expenses for consultations, diagnostic tests, and interventions. A study assessing the 
cost of comprehensive care for pediatric SBS patients over 5 years found that the 
mean total cost per child was approximately US$1,619,851, with the first-year 
accounting for US$505,250 [27]. Inpatient hospitalization was the primary expense, 
constituting 82% of the total cost in the first year. Notably, home care services’ costs 
increased annually, reaching US$184,520 in the fifth year, primarily due to compli-
cations associated with PN [27]. For adults with SBS, annual costs per patient range 
between US$100,000 and US$150,000 [28]. While HPN significantly reduces in-
hospital costs, the overall annual expenses associated with a prolonged HPN regi-
men remain high. Interestingly, after 2 years, the total costs of a successful intestinal 
transplant can be lower than the ongoing costs of extended HPN treatment [29].

Teduglutide, a novel therapy promoting intestinal adaptation in SBS patients, is 
associated with high annual costs exceeding US$400,000 [30]. A cost-effectiveness 
study conducted using Markov modeling showed that teduglutide does not meet the 
conventional cost-effectiveness criteria as a treatment for reducing PN use in adult 
patients with SBS when compared to standard intestinal rehabilitation. However, 
certain subgroups that experience the greatest benefit from the treatment may find it 
cost-effective, while complete avoidance of teduglutide could result in financial 
losses. Teduglutide becomes economically viable only if its price is significantly 
lowered [31]. Similarly, a cost-effectiveness analysis in the USA found that teduglu-
tide’s incremental cost-effectiveness ratio (ICER) was US$285,334 per quality-
adjusted life year (QALY) gained, indicating that while the treatment is effective, it 
is not cost-effective based on traditional threshold [32]. A European study deter-
mined that teduglutide for treating patients with SBS-IF aligns with the established 
cost-effectiveness standards from a societal perspective. However, the varying lev-
els of efficacy observed with teduglutide introduce some uncertainty into the overall 
economic analysis [33]. In pediatric patients, teduglutide treatment was associated 
with a significant reduction in annual HPN costs.

However, when the cost of teduglutide was included, the total annual costs 
remained high, underscoring the need for cost-saving strategies [34].

4.5.2	� Indirect Costs

Beyond the direct medical expenses, SBS significantly impacts employment and 
financial stability. Many individuals with SBS face challenges in maintaining full-
time employment due to the physical limitations imposed by their condition, includ-
ing fatigue, frequent bathroom needs, and the time-consuming nature of medical 
treatments [26]. Some are forced to reduce their working hours, switch to less 
demanding jobs, or leave the workforce entirely, resulting in lost income and long-
term financial insecurity. Caregivers, often family members, may also experience 
employment disruptions as they take on responsibilities for managing medical care, 
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attending appointments, and providing emotional and physical support. This loss of 
productivity, combined with the ongoing costs of care, can place a severe financial 
strain on families, potentially leading to debt or reliance on financial assistance 
programs. The emotional toll of financial stress can further exacerbate the psycho-
logical burden already experienced by both patients and caregivers.

4.5.3	� Healthcare System Implications

The economic impact of SBS extends beyond individual patients and families to 
healthcare systems. The condition places a significant burden on both public and 
private healthcare systems due to the high costs of long-term medical management. 
Government-funded healthcare programs and insurance providers face substantial 
expenditures related to PN, hospitalizations, specialist care, and complications aris-
ing from the disease. Additionally, healthcare resources must be allocated for mul-
tidisciplinary care teams, home healthcare services, and research into more effective 
treatments. The financial strain on healthcare systems underscores the need for cost-
effective management strategies, including preventive measures to reduce compli-
cations, advancements in intestinal rehabilitation therapies, and potential innovations 
such as intestinal transplantation for select patients [35]. Addressing these economic 
challenges requires coordinated efforts among policymakers, healthcare providers, 
and patient advocacy groups to improve access to care while minimizing financial 
hardship. By understanding the full economic and financial burden of SBS, health-
care systems can work toward solutions that enhance patient care, reduce costs, and 
support both individuals and their families in managing the challenges of this com-
plex condition.

Despite the numerous challenges and disadvantages associated with SBS, sur-
geons (or, more broadly, the physicians responsible for decision-making) should not 
automatically dismiss small bowel resection in life-threatening, critical situations or 
even in cases where surgery represents the last resort for, if not curing, at least 
improving the condition of a critically ill patient. In such cases, surgery remains a 
necessary intervention to preserve life, even if it comes at the cost of managing the 
burdens of short bowel syndrome. Ensuring survival, albeit with significant medical 
and nutritional challenges, is a fundamental priority, and the subsequent manage-
ment of short bowel syndrome can provide patients with a chance at a functional 
and sustainable quality of life.

4.6	� Patient Advocacy and Support

Patient education plays a crucial role in improving the overall quality of care and 
outcomes for individuals living with SBS. By equipping patients with knowledge 
about their diagnosis, treatment options, and the long-term management of their 
condition, they become active participants in their own care. Empowering patients 
through education enables them to make informed decisions about their treatment 
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plans, fostering a sense of autonomy and control. This can lead to better adherence 
to prescribed therapies, such as HPN, and more effective management of symptoms 
and complications. Educational interventions also help patients understand how 
lifestyle changes, such as dietary adjustments and the proper use of medical devices, 
can improve their health outcomes. When patients are educated, they are better able 
to engage in preventive care strategies, which can reduce hospitalizations, improve 
self-management, and ultimately enhance their QoL.

Support groups and patient advocacy organizations play an essential role in pro-
viding emotional, informational, and practical support to individuals with chronic 
conditions like SBS. These organizations serve as a valuable resource for patients 
and their families, offering a network of shared experiences, practical advice, and 
coping strategies [36]. By connecting with others facing similar challenges, patients 
can reduce feelings of isolation, increase their emotional resilience, and gain insight 
into the real-world management of their condition. Clinicians can integrate the 
patient- and family-centered care (PFCC) approach by focusing on whole-person 
care, building strong partnerships with patients and families, enhancing communi-
cation, and providing clear information. Encouraging patients to take an active role 
in managing their condition is a key aspect of PFCC and can improve coping with 
the chronic nature of SBS. Advocacy organizations also work to raise awareness 
about SBS, educate the public and healthcare professionals, and advocate for policy 
changes that can improve access to care and reduce the financial burden of long-
term treatments [37]. Additionally, many organizations offer a structured platform 
for patients to voice their concerns, which can influence policy decisions and drive 
the development of more effective treatments [35].

Support groups are also instrumental in providing guidance on navigating the 
complexities of insurance coverage and healthcare systems. By facilitating access to 
essential resources and peer support, these groups can significantly alleviate both 
the emotional and financial burdens associated with chronic illnesses.

4.7	� Future Directions

Despite significant advancements in the medical management of SBS, there are still 
considerable gaps in our understanding of the humanistic burden of the condition. 
Research has largely focused on clinical aspects, such as nutritional management 
and surgical interventions. However, there is a need for comprehensive studies that 
explore the psychological, emotional, and social impacts on patients with SBS and 
their families.

Longitudinal studies assessing the effects of SBS on mental health, quality of life 
(QoL), social relationships, and overall well-being could provide invaluable insights 
into the broader implications of living with this condition. Additionally, research 
examining the role of healthcare systems in addressing these nonclinical factors is 
crucial in developing more holistic care models that encompass the full spectrum of 
challenges faced by SBS patients. Medical advancements continue to offer hope for 
improving the lives of SBS patients, particularly through novel therapies and 
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technological innovations. The development of improved intestinal rehabilitation 
techniques, new medications, and advanced nutritional support systems can help 
reduce the physical burden of SBS.  However, equally important is the focus on 
improving QoL through supportive care strategies, such as better pain management, 
mental health support, and patient education programs [38]. Empowering patients 
to self-manage their condition with the help of digital health tools and telemedicine 
platforms could enhance both clinical and emotional well-being. Furthermore, the 
integration of complementary therapies, like psychological counseling and social 
support networks, can be key components in improving QoL, offering SBS patients 
a more holistic approach to managing their condition.

4.7.1	� Importance of Interdisciplinary Approach

Addressing the complex challenges of SBS requires a coordinated, interdisciplinary 
approach.

Collaboration among healthcare professionals, including gastroenterologists, 
surgeons, dietitians, psychologists, social workers, and nurses, is essential in deliv-
ering comprehensive care. Such teams can ensure that all aspects of a patient’s 
health—physical, emotional, and psychological—are considered in the manage-
ment plan. Moreover, partnerships between healthcare providers and patient advo-
cacy groups are critical in addressing the broader social and economic challenges of 
SBS, such as financial burdens, healthcare access, and patient education. These 
interdisciplinary efforts will be vital in ensuring that SBS patients receive the most 
effective and compassionate care possible, leading to improved long-term outcomes.

4.7.2	� Call to Action for Healthcare Professionals 
and Policymakers

Given the profound humanistic burden of SBS, it is imperative that healthcare pro-
fessionals, researchers, and policymakers work together to address not only the 
clinical but also the nonclinical aspects of the condition. Healthcare providers must 
adopt a more holistic approach to care that incorporates the psychological, emo-
tional, and social needs of SBS patients.

Researchers should focus on bridging the gaps in understanding the humanistic 
impact of the disease, while policymakers should advocate for more accessible 
resources, including financial support and mental health services. Collaborative 
efforts are essential to improving the lives of SBS patients, ensuring they receive 
comprehensive care that truly addresses the full range of challenges they face.
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4.8	� Conclusion

Patients with SBS face numerous humanistic challenges that extend beyond the 
clinical management of the condition. The daily struggles with malabsorption, 
dependence on PN, and the physical limitations imposed by the disease are com-
pounded by psychological and emotional difficulties, such as anxiety, depression, 
and social isolation. The financial strain of long-term therapies and the ongoing 
burden on families further exacerbate the impact of SBS.

These nonclinical aspects are often under-recognized but play a critical role in 
the overall experience of patients, making them essential considerations in the 
development of effective care strategies.
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5Intestinal Adaptation: Mechanisms 
and Therapy Goals

Cristina Muzica, Horia Minea, and Irina Girleanu

5.1	� Introduction

Intestinal adaptation represents a progressive and extensive rehabilitation process 
following significant resection, wherein the surviving intestine develops structural 
and functional modifications in order to enhance absorptive capacity and restore 
enteral autonomy [1].

The degree of resection and the preserved gut structure are determinants for the 
potential adaptation and the necessity for continuous parenteral nutrition (PN) [2].

There is inadequate evidence regarding the onset of intestinal adaptation in adult 
humans. The majority of adults exhibit the beginning of the restructuring process 
within 48 hours postsurgery and continue during the initial 24 months [3].

The process of the residual intestine is divided into three stages. The first step, 
known as the hypersecretion, or acute phase, goes immediately postsurgery and 
could potentially last from 1 month to a maximum of 6 months. Decreased fluid 
losses and enhanced absorption of macronutrients and micronutrients characterize 
the second stage. This is accomplished through the secretion of hormones and 
growth factors from the gut, facilitating structural and functional adaptations. The 
remaining portions are structured to increase the operational efficiency. The final 
part of the process, known as the maintenance phase, occurs roughly 2 years postre-
section, during which the residual part of the intestine achieves its maximal capabil-
ity, resulting in stabilized nutrient absorption and a decreased need for parenteral 
nourishment [4].
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The process of physiological restructuring in short bowel syndrome (SBS) is dif-
ferent from the stages of intestinal failure (IF), where patients are classified based 
on the duration of their dependence on parenteral nutrition (PN) or intravenous (IV) 
fluids. The acute postoperative phase of Type I IF is self-limiting, allowing the 
patient to discontinue PN/IV fluids shortly thereafter. The intermediate duration of 
Type II IF is the period when the patient could need hydration and parenteral nutri-
tion for 28 days. In individuals categorized as Type III IF, intravenous administra-
tion persists over an extended duration [5].

5.2	� Optimizing Intestinal Function: Key 
Rehabilitation Goals

The primary objective is to enhance and optimize intestinal adaptability, enabling 
these patients to achieve enteral independence. The immediate targets are to focus 
on decreasing SBS symptoms, providing energy, nutrition, and hydration needs via 
parenteral assistance [6].

Patients could possess varying degrees of enteral independence, including desig-
nated days off per week, which is crucial for certain individuals as it facilitates their 
entire independence from parenteral assistance. By reducing a patient’s necessity 
for parenteral nutrition and intravenous fluids, it is anticipated to diminish long-
term issues associated with intravenous feeding, and central line-related blood-
stream infections, improve the quality of life, and reduce long-term healthcare cost 
and utilization [7].

In the majority of cases, the process of recovery usually reaches a plateau level 
after one and a half years, called spontaneous adaptation. In this amount of time, 
intestinal rehabilitation could be modulated according to the primary objectives. 
Hence, two possible situations are distinguished. The first, called accelerated adap-
tation, is when the therapies are used to achieve the plateau phase in a shorter 
amount of time. It is often used for patients who find it difficult to maintain paren-
teral nutrition or for those who do not want to use intravenous supplements. The 
second possibility is enhanced adaptation, when there is a requested need for a 
superior recovery in order to stimulate the remaining functional absorptive 
capacity [8].

5.3	� Structural and Functional Changes in Short 
Bowel Syndrome

5.3.1	� Adaptation Patterns According to the Remaining 
Intestinal Segments

The autonomy of the patient after surgical intervention depends on the variety of 
structural and functional adaptations of the organism as well as the external factors, 
such as nutrient components of the diet, which influence gastrointestinal secretions 
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and hormones. Moreover, the entire process is dependent on the remaining intesti-
nal segment, given their different functions and absorption capacity [4].

For example, the jejunum presents a reduced adaptive capacity in comparison to 
the ileum, with the functional changes being the main factors involved in the reha-
bilitation process than structural changes. Therefore, patients with anastomosis 
between the jejunum and the colon prove an increased ability to restore autonomy 
in comparison to those with a stoma related to the jejunum [9].

In contrast, the ileum poses an increased adaptation capacity after surgical inter-
vention on the small bowel, having markedly increased growth of the villus as well 
as length, diameter, and functional mechanism [10].

Nonetheless, there is evidence indicating functional enhancement of absorption 
via the overexpression of transporters and brush border enzymes. These adaptive 
modifications result in a progressive enhancement in macronutrient absorption 
throughout the initial 1–3 years following jejunal resection [11].

A significant aspect that is involved in an efficient structural adaptation is repre-
sented by the presence of continuity between the small intestine and colon in order 
to increase the reabsorption of fluids and electrolytes.

5.3.2	� Structural Adaptation Mechanism

A continuous process of renewal of the remaining epithelial layer involves the axis 
crypt–villus, which implies the migration and differentiation of immature cells, 
turning into specialized cells to restabilize the normal function of the intestine [12].

The new layer would follow the life cycle of cell proliferation and then apopto-
sis. Moreover, it was noticed that the process of apoptosis is not specific and deter-
minant for the restructuring process [13].

However, the rate of cell elimination could be slightly increased due to the per-
manent formation of new enterocytes. Instead, studies on animal models concluded 
a significant increase in crypt cell proliferation for improving the absorption func-
tion. Moreover, accelerated cellular metabolism leads to an increasing depth of the 
intestinal crypt and elongation of the villus [14].

Another important structural aspect is represented by the formation of new blood 
vessels, which implies an increased blood flow, allowing better oxygenation of the 
surface.

Therefore, the entire process involves not only the growth of the mucosal layer 
and an increase in its absorptive capacity but also the increase in muscular thick-
ness [15].

Regarding human adaptive capacity, there are a reduced number of studies 
focused on the microscopic evaluation after the intervention. The main research is 
mostly conducted on pediatric cohorts [16].

In the adult population, the findings rely on the small number of patients observed 
in the evolution of the remaining small bowel after the surgical cut or jejunoileal 
bypass. Another disadvantage refers to the single histological analysis performed 
and not in the dynamic evolution [7].
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The main results are from the prospective studies conducted by Doldi et  al., 
whose conclusions suggest that the hyperplasia of enterocytes and almost 75% 
increase in the height of the villus are responsible for the efficiency of adaptation 
24 months after resection [17]. Another study by Joly et al. examined patients with 
jejunocolonic anastomosis, reporting a 35% increase in crypt depth and a 22% rise 
in cell count per crypt in the colon. Unfortunately, no histological data from the 
small intestine were evaluated.

Other studies have reported no significant differences in epithelial proliferation, 
crypt depth, or villus height when comparing patients with SBS to healthy controls. 
Therefore, the main conclusions of the studies stress that the principal mechanism 
relies on functional modification rather than anatomical restructuring, with addi-
tional prospective studies required for a definitive conclusion [18].

5.3.3	� Functional Changes in Short Bowel

Functional modification represents the main characteristic essential for the remain-
ing bowel to maintain internal homeostasis. Therefore, increasing the activity of 
intestinal enzymes and overexpression of transmembrane transporters, as well as 
the motility and the microbiota of the gut, drastically influences the nutritional sta-
tus of the patients [19].

Following the reduction of the surface, key transporters present increased activ-
ity in order to accelerate the absorption of necessary factors for survival, such as 
ions, carbohydrates, or water. Among cotransporters, there are distinguished Na+/H+ 
exchangers and Na+/K+ ATPases. Interestingly, their upregulation is not the result of 
hyperplasia of the remaining enterocytes; however, it is the consequence of the 
increased activity of the resting cells [20].

The main results of the research on intestinal human adaptation present different 
conclusions. For example, a study conducted by Ziegler objected to an increased 
expression of a specific transporter, peptide transporter 1 (PepT1), essential for the 
accumulation of dipeptide and tripeptide.

Moreover, its increased function is distinguished in the colon of patients with 
SBS, not in the remaining small intestine, as expected. However, the results of fur-
ther prospective studies state different conclusions, having as the main finding the 
lack of differential protein expression of PepT1 mRNA between healthy patients 
and those diagnosed with SBS [21].

A significant difference between the conclusions could be influenced by the time 
after the surgical intervention when the evaluation was performed. Therefore, in the 
first analysis, the study was conducted on patients who were under parenteral sup-
plements for almost 3 years, while in the second one, the conclusions were stated 
for patients with SBS over 10 years after surgery. Hence, the comparison concludes 
that the expression of PepT1 presents increased levels in the early phase of intestinal 
adaptation among SBS [22].

The reduction of small bowel movements represents an essential mechanism of 
adaptation that enables better absorption of nutrients due to prolonged contact 
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between the intestinal epithelium and the dietary content. The results on animal 
models highlight the increased absorption capacity of the intestine due to the pro-
longed transit time that has increased 3 months after the intervention, without any 
difference regarding the percentage of the remaining bowel [23].

Moreover, the adaptive mechanism significantly influences avoiding accelerated 
diarrhea during the primary adaptive phase due to the increased absorption of fluid. 
The entire process is generally mediated by an intestinal hormone generated by the 
distal part of the intestine, namely peptide YY (PYY), which reduces gastric evacu-
ation and the peristalsis of the remaining intestine and colon. The theory is sup-
ported by the studies that included patients with surgical intervention on ileum and 
colon continuity; there are markedly elevated levels of PYY in the plasma compared 
with controls [24].

In patients with a reduced surface area of the small intestine, there are proven 
modifications of the composition of the microbiota, the immune adaptive system, 
and an increased permeability of the intestinal barrier. Even though these changes 
are less understood, this adaptive modification might be influenced by the regula-
tion of the inflammatory response, changes in the metabolism of bile acids, and 
increased production of short-chain fatty acids [25].

5.4	� Conclusions

Intestinal adaptation is a progressive and complex process following extensive 
resection which enables the remaining bowel to enhance nutrient absorption and 
reduce dependence on parenteral nutrition. The efficacy of intestinal adaptation 
depends on the length and type of preserved segments and the continuity with the 
colon, and is modulated by nutritional and hormonal factors. The functional adapta-
tions occurring during structural changes are represented by upregulation of trans-
porters, modulation of motility and microbiota shifts. Current therapy strategies aim 
to alleviate symptoms, meet nutritional needs and accelerate or enhance adaptation 
to achieve enteral autonomy.
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6Free Water, Electrolytes, and Acid–Base 
Balance Disturbances in Short Bowel 
Syndrome

Liliana Mirea, Ana Maria Dumitriu, 
and Ioana Marina Grintescu

6.1	� Physiology of Fluid and Electrolyte Absorption

6.1.1	� Water and Electrolyte Absorption 
in the Gastrointestinal Tract

The gastrointestinal tract (GI tract) processes between 8000 and 9000 ml of fluid 
daily, including both the ingested food and drink, as well as the gastrointestinal 
secretions. Water absorption in the GI tract occurs primarily by osmosis—move-
ment from areas of lower solute concentration to areas of higher solute concentra-
tion. The small intestine absorbs around 85–90% of this water, particularly the 
jejunum, with the colon responsible for absorbing most of the remainder [1, 2]. 
Solutes carriage across the GI tract relies on various specialized transport proteins 
located in the brush border membranes of both the small and large intestines. The 
main types are sodium pump (Na+/K+-ATPase) and the proton pump (H+/K+-
ATPase), selective channels for sodium (Na+) and chloride (Cl−), as well as different 
carrier proteins. The last category includes three primary types. Uniport carriers 
move a single ion or molecule, such as the glucose transporter type 2 (GLUT2), 
which carries glucose independently. Symport carriers transport multiple molecules 
simultaneously, using the gradient of one (e.g., sodium) to carry another, as seen 
with the sodium–glucose cotransporter SGLT1.
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Antiport carriers exchange molecules across the membrane, such as chloride/
bicarbonate and sodium/hydrogen exchangers, which help regulate pH and ion bal-
ance [3]. Together, these pumps, channels, and carrier proteins work dynamically to 
maintain the gut’s electrolyte balance, supporting both nutrient absorption and over-
all fluid homeostasis.

6.1.2	� Role of the Small and Large Intestine 
in Electrolyte Homeostasis

The small and large intestines both play essential roles in maintaining electrolyte 
homeostasis, managing the absorption and regulation of key ions such as sodium 
(Na+), chloride (Cl−), and potassium (K+). Na+ and Cl− are absorbed by the intestinal 
mucosa through distinct, region-specific mechanisms. In the proximal small intes-
tine, sodium is absorbed through nutrient-dependent cotransport mechanisms, par-
ticularly in the upper regions (duodenum and jejunum). This process involves 
sodium–glucose and sodium–amino acid cotransporters that facilitate significant 
sodium absorption. In the jejunum, sodium is also absorbed via Na+/H+ exchangers 
on the luminal membrane. In this region, Na+ absorption is not linked to Cl− 
exchange, resulting in bicarbonate (HCO₃−) absorption as protons are extruded, 
leading to CO₂ formation and increased cellular bicarbonate. In the distal small 
intestine and proximal colon, Na+ and Cl− are absorbed together through two 
exchangers: Na+/H+ and Cl−/HCO₃−.

These exchangers balance pH by forming HCO₃− and protons. In the distal 
colon, active Na+ absorption occurs against strong electrochemical gradients 
through an electrogenic, amiloride-sensitive Na+ channel. This area has low paracel-
lular permeability, limiting ion back diffusion and allowing large potential differ-
ences that aid Cl− absorption. Unlike passive K+ transport in the small intestine, K+ 
is actively absorbed in the rectosigmoid colon, likely via a K+/H+ exchanger and a 
recently identified H+/K+-ATPase [4–6].

Active water and electrolyte secretion in the intestine supports digestion and 
nutrient absorption. Cl− secretion is well studied and involves four membrane pro-
teins: a Cl− selective channel, an Na+/K+/2Cl− cotransporter, K+ channels, and the 
Na+/K+-ATPase pump. Cl− enters cells and exits into the lumen, driving Na+ secre-
tion passively via transepithelial potential. HCO₃− secretion aids digestion, involv-
ing different transporters and varying mechanisms along the intestine. In the colon, 
K+ active secretion occurs through K+ conductance in the apical membrane, regu-
lated by cyclic adenosine monophosphate (cAMP) and calcium ion (Ca2+) [7].

Intestinal secretion is regulated by a complex array of stimuli, including mechan-
ical and chemical signals within the gut, systemic metabolic changes (e.g., dehydra-
tion and acid–base imbalances), and even neural signals from higher brain centers. 
These stimuli interact with receptors on gut cells, involving neural, hormonal, and 
autocrine modulators that manage both baseline and stimulated secretion levels.

Various peptides, bioactive amines, and other substances produced in different 
layers of the gut can influence the transport of fluids and electrolytes within the 
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intestines, and they are categorized as either secretagogues or proabsorptive agents. 
Secretagogues, such as vasoactive intestinal peptide (VIP), serotonin, gastrin, hista-
mine, prostaglandins, and guanylin, promote fluid secretion into the intestinal 
lumen. Conversely, proabsorptive agents, including somatostatin, corticosteroids, 
mineralocorticoids, norepinephrine, and neuropeptide Y, enhance fluid and electro-
lyte absorption by reducing secretion or increasing transport across intestinal 
cells [4].

Responses to these agents vary in duration based on receptor type and ligand 
interaction. Short-lived responses, like those triggered by calcium-dependent secre-
tagogues and prostaglandins, handle immediate changes in the gut environment, 
while steroid-mediated responses have longer-lasting effects. For example, in the 
distal colon, steroids regulate transport proteins over the long term, aiding in fluid 
and electrolyte balance under conditions such as dehydration or low sodium 
intake [8, 9].

6.1.3	� How SBS Disrupts These Processes Due to Reduced 
Absorptive Surface Area

The primary cause of malabsorption in short bowel syndrome (SBS) is the loss of 
the small intestine’s absorptive surface area due to surgical resection or loss of func-
tion. The extent of malabsorption is inversely related to the length of the remaining 
small bowel and is worsened when the colon is partially or completely removed. 
Patients who have undergone extensive intestinal resection are particularly vulner-
able to dehydration and electrolyte imbalances, especially in cases involving an end 
jejunostomy or proximal ileostomy. The loss of intestinal surface area leads to 
increased fluid losses, and patients often experience deficiencies in electrolytes like 
sodium, potassium, and magnesium. The loss of specific anatomical sites leads to 
deficiencies in key nutrients. For example, the absence of the terminal ileum impairs 
the absorption of vitamin B12, fat-soluble vitamins, and bile acids. When the distal 
ileum and ileocecal valve are lost, there is a disruption of inhibitory hormonal sig-
nals that control intestinal motility, leading to accelerated transit, increased gastric 
secretion, and conditions like dumping syndrome [10, 11]. Additionally, rapid tran-
sit, reduced mucosal contact, and small intestinal bacterial overgrowth (SIBO), 
which is common after loss of the ileocecal valve, further exacerbate malabsorption 
by consuming nutrients (e.g., vitamin B12) and interfering with bile acid absorp-
tion, which can cause fat malabsorption [12].

The clinical presentation and complications of SBS vary based on the presence or 
absence of the colon. Surgical removal of the colon drastically impairs the body’s 
ability to absorb sodium and water, significantly increasing the risk of dehydration 
and kidney dysfunction. Additionally, without the colon, the body loses the ability to 
recover energy from unabsorbed carbohydrates, which would normally be fermented 
by gut bacteria into short-chain fatty acids (SCFAs) and absorbed. Conversely, 
retaining the colon can increase the likelihood of enteric hyperoxaluria, a condition 
that promotes kidney stone formation and contributes to lactic acidosis [13].
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Table 6.1  Types of SBS: anatomical features and clinical implications [14, 15]

Type of SBS

Minimal small 
intestine length 
needed for 
nutritional 
autonomy Description Clinical features

Type I
End 
jejunostomy

≥115 cm Complete removal of the 
ileum and colon, leaving 
only a portion of the 
jejunum

High risk of dehydration, 
electrolyte imbalances 
(e.g., low magnesium), 
hypotension, and kidney 
failure

Type II
Jejunocolonic 
anastomosis

≥60 cm Removal of the ileum with 
preservation of the colon

Malnutrition, diarrhea, 
steatorrhea (fatty stools), 
and vitamin/mineral 
deficiencies

Type III
Jejunoileal 
anastomosis

≥35 cm Mainly resection of the 
jejunum while leaving at 
least 10 cm of the terminal 
ileum and the entire colon 
intact

Generally, does not require 
extensive nutritional 
support

Table 6.1 presents an overview of the different types of SBS, highlighting the 
anatomical changes, retained sections of the digestive tract, and common clinical 
features associated with each type.

In addition to the anatomical classification of SBS, intestinal failure (IF) is also 
categorized into three phases—acute, prolonged acute, and chronic—based on 
expected duration, metabolic stability, and outcomes [16].

Following extensive small bowel resection, the body enters an adaptation phase 
that typically lasts between 1 and 2 years. During this period, the remaining intes-
tine undergoes structural and functional modifications to enhance its ability to 
absorb nutrients. One notable change is an approximate 30% increase in villus 
height due to mucosal expansion, which enlarges the surface area available for 
digestion and absorption. Additionally, intestinal motility tends to slow, allowing 
for prolonged contact time between nutrients and the absorptive mucosa, thereby 
improving nutrient uptake.

The exact biological mechanisms driving these adaptations are not yet fully 
understood. However, several factors within the intestinal lumen are believed to 
play a role, including the presence of nutrients, pancreatic and bile secretions, and 
key hormones. Hormones such as gastrin, ghrelin, peptide YY (PYY), glucagon-
like peptide-1 (GLP-1), and glucagon-like peptide-2 (GLP-2) contribute to mucosal 
growth and functional improvement of the remaining intestine. These factors work 
together to boost the digestive and absorptive capacity of the remaining intestine, 
helping to mitigate the effects of the lost gut surface [15, 17].

L. Mirea et al.



47

6.2	� Water and Electrolyte Disturbances in SBS

6.2.1	� Fluid and Electrolyte Imbalances in SBS: Mechanisms 
and Treatment

The loss of intestinal surface area, especially in patients with a proximal jejunos-
tomy, means that these individuals cannot reabsorb the normal volumes of water and 
electrolytes. This results in excessive stool output and complications such as hypo-
volemia, hyponatremia, and hypokalemia. For instance, in a study involving jeju-
nostomy patients with a mean jejunal length of 50 cm, bowel output ranged from 3.2 
to 8.3 liters per day, with negative Na+ and water balance, and negative K+ in some 
patients [18]. In contrast, patients with longer jejunal lengths (mean 120 cm) main-
tained positive sodium and water balance, highlighting the importance of jejunal 
length in managing water and electrolyte absorption. Generally, at least 100 cm of 
intact jejunum is needed for the maintenance of a positive fluid and electrolyte 
balance.

Patients with a jejunostomy typically lose up to 100  mEq of Na+ and up to 
20 mEq of K+ per liter of stomal output. The high volume is primarily due to the loss 
of normal digestive secretions (around 4 liters/day) that would typically be absorbed 
in the small intestine [19]. This substantial loss leads to decreased urinary sodium 
excretion and increased plasma aldosterone levels [20]. Some patients require long-
term parenteral supplementation for fluids and electrolytes, while others can man-
age through the consumption of a glucose-saline oral rehydration solution (ORS) 
throughout the day. This solution takes advantage of the coupled active transport of 
sodium with glucose and amino acids in the jejunum, enhancing Na+ and water 
absorption [21]. The tight junctions in the jejunum are more permeable compared 
to the ileum and colon, thus requiring a high NaCl concentration (>90 mmol/L) in 
the ORS to optimize absorption [22].

The colon, however, absorbs up to 3 to 4 liters of isotonic salt solution per day 
and plays a key role in sodium and water absorption. In patients with SBS who have 
a preserved colon, the large absorptive capacity of the colon significantly reduces 
the likelihood of negative water and sodium balance. These patients experience 
lower stomal output and are generally able to avoid sodium or water supplements 
unless there is a sodium deficiency. In such cases, a glucose-saline drink can be used 
throughout the day, similar to jejunostomy patients. A comparison of patients with 
similar jejunal lengths—one group with a jejunostomy and the other with a jejunum 
anastomosed to the colon—showed that the latter group required fewer oral or intra-
venous (IV) supplements, reinforcing the colon’s role in maintaining fluid and elec-
trolyte balance. Additionally, while the colon does secrete potassium, hypokalemia 
is rare in these patients. The colon’s chloride absorption and bicarbonate secretion 
mechanism can sometimes lead to bicarbonate loss in the stools, potentially result-
ing in metabolic acidosis [21].
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After significant intestinal resection, the loss of inhibitory hormones such as 
gastric inhibitory polypeptide (GIP) and VIP—which are normally secreted in the 
jejunum—leads to elevated gastrin levels and gastric hypersecretion [23]. Factors 
such as rapid gastric emptying, increased gastric acid secretion, and accelerated 
small bowel transit further contribute to fluid loss. Transient gastric hypersecretion 
is commonly observed in patients with SBS, especially after jejunal resection. This 
hypersecretion can manifest as early as 24 h postsurgery and is generally more pro-
nounced following jejunal resection compared to ileal resection. While it often 
resolves within 6  months, basal acid secretion may remain elevated for several 
months [24]. This excess gastric acid lowers the pH of duodenal contents, which can 
deactivate pancreatic lipase and deconjugate bile salts [25]. These changes disrupt 
fat digestion, worsening fat malabsorption and contributing to an overall increase in 
malabsorption symptoms. Moreover, patients with substantial bowel resections 
often experience hypergastrinemia in the early postoperative period further altering 
digestion and absorption. This process exacerbates dehydration and electrolyte 
disturbances.

6.2.1.1	� Management of Fluid Imbalance
Effective fluid management in SBS requires a tailored approach that accounts for 
both maintenance needs (20–30  mL/kg/day) and replacement of GI tract fluid 
losses. Fluid prescriptions must also consider contributions from IV medications, 
parenteral nutrition (PN), and any oral intake. For patients with high jejunostomy 
output, replacement fluids may be dosed proportionally (e.g., 0.5–1 mL per 1 mL of 
jejunostomy loss) to maintain balance.

Chronic IV fluid-dependent patients may receive crystalloids daily, either as 
needed during the day or intermittently throughout the week, depending on their 
hydration status. In the home setting, IV fluids should be customized to meet elec-
trolyte needs if PN does not already do so.

ORS plays a crucial role, particularly for patients without a colon, as they facili-
tate sodium and water absorption via sodium–glucose cotransport. The World 
Health Organization (WHO) provides standardized ORS formulations that have sig-
nificantly reduced morbidity and mortality from diarrheal diseases worldwide. 
However, commercial beverages such as juices, sodas, and sports drinks are unsuit-
able due to their high osmolarity and low sodium content, while hypotonic fluids 
like water, tea, and diet sodas should be restricted in patients with high-output stomas.

Despite their benefits, ORS can be unpalatable, making adherence challenging. 
Patients should be encouraged to sip ORS throughout the day, refrigerate it, or use 
flavor enhancers, ice cubes, or popsicles to improve palatability. The goal is to con-
sume enough ORS to exceed enterostomy losses and maintain a urine output of at 
least 1 L/day. Starting with lower-sodium ORS and gradually increasing concentra-
tion can help patients adjust. Those with type 1 SBS (end jejunostomy) can use 
liberal salt intake and restrict oral fluids around meals to enhance sodium absorp-
tion. Meanwhile, patients with net secretion and high-output jejunostomy should 
minimize hypotonic and hypertonic fluids to reduce stoma output and prevent 
dehydration.
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Various pharmacologic agents are used to minimize fluid and electrolyte losses 
in patients with SBS or high-output stomas. These medications aid in reducing gas-
tric hypersecretion, slowing intestinal transit, enhancing nutrient absorption, and 
optimizing hydration. Table  6.2 provides a summary of key drug classes, their 
mechanisms of action, clinical applications, and important considerations.

Table 6.2  Pharmacologic management of gastrointestinal fluid loss in SBS [16, 24, 26]

Drug class Examples
Mechanism of 
action Clinical use

Key 
considerations and 
frequently used 
dosage

Acid-
suppressing 
agents

Proton pump 
inhibitors 
(PPIs)—
Omeprazole, 
pantoprazole; 
H2-receptor 
antagonists 
(H2RAs)—
Ranitidine, 
famotidine

Reduce gastric 
acid secretion to 
prevent excessive 
fluid loss and 
improve nutrient 
absorption

Used in early 
postresection 
phase to 
manage gastric 
hypersecretion

PPIs preferred for 
long-term use; IV 
administration 
may be required 
initially
Omeprazole: 
40 mg twice daily 
(esomeprazole, 
lansoprazole, 
rabeprazole, and 
pantoprazole as 
alternatives)
Ranitidine: 
300 mg twice 
daily (cimetidine, 
famotidine, and 
nizatidine as 
alternatives)

Antimotility 
agents

Loperamide, 
diphenoxylate–
atropine, codeine 
phosphate, tincture 
of opium

Slow intestinal 
transit, increase 
water and 
sodium 
absorption, and 
reduce diarrhea

Taken before 
meals to 
decrease fluid 
losses and 
improve 
absorption

Loperamide is 
preferred due to 
minimal CNS 
effects; codeine 
can cause sedation
Loperamide: 
4–6 mg, four 
times daily
Codeine 
phosphate: 
15–60 mg, 2–4 
times daily
Tincture of opium: 
0.6 mL (2.5 mg), 
2–4 times daily

(continued)
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Table 6.2  (continued)

Drug class Examples
Mechanism of 
action Clinical use

Key 
considerations and 
frequently used 
dosage

Bile acid 
sequestrants

Cholestyramine, 
colestipol

Bind bile acids 
to reduce their 
colonic toxicity 
and improve 
stool consistency

Used in patients 
with colon in 
continuity who 
experience bile 
salt diarrhea

Should be taken 
2 h before or after 
other medications 
to prevent 
interactions
Cholestyramine: 
4 g once or twice 
daily

Somatostatin 
analogs

Octreotide, 
lanreotide

Inhibit 
gastrointestinal 
and pancreatic 
secretions, slow 
transit, and 
enhance sodium 
and water 
absorption

Used in patients 
with high-
output stomas 
or fistulas to 
reduce enteric 
losses

May impair 
intestinal 
adaptation, 
increase risk of 
gallstones, and 
should be used 
selectively
Octreotide: 
50–100 μg SC, 
2–3 times daily

α2-adrenergic 
agonists

Clonidine Enhances 
Cl− absorption, 
reduces intestinal 
secretion, and 
decreases 
diarrhea

Can be used in 
SBS to reduce 
stool output

Transdermal 
administration can 
help bypass 
absorption issues
Clonidine: 0.3 mg 
transcutaneous 
patch once weekly

6.2.2	� Sodium Losses and Management in Short 
Bowel Syndrome

Sodium losses can be significant in patients with SBS, particularly immediately fol-
lowing a major bowel resection. Although some sodium loss may improve as the 
bowel adapts, persistent deficits can occur depending on the extent and location of 
the resected bowel, as well as the health of the remaining bowel [27].

In SBS, hyponatremia usually arises from significant fluid loss and is classified 
as “hypovolemic hyponatremia.” However, borderline dehydration or sodium deple-
tion may also occur. Sodium losses are particularly severe in patients with an end 
jejunostomy, as the absence of the ileum and colon exacerbates the loss [28, 29].

The remaining length of the jejunum directly influences sodium losses. When 
less than 100 cm of the jejunum is intact, a net secretory response to sodium intake 
is observed. The permeability of the jejunum’s mucosal junctions is higher than that 
of the ileum and colon, leading to increased secretion of sodium and fluids rather 
than their absorption. Additionally, the jejunum is less effective at reabsorbing fluid 
and electrolytes when exposed to osmotic loads, such as during food intake [18].
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If significant portions of the ileum are removed, the transit time in the jejunum 
increases, exacerbating fluid and sodium losses [28]. Even patients with an end 
ileostomy, who have not undergone further resections, may still experience substan-
tial sodium depletion. This underscores the critical role the colon plays in maintain-
ing fluid and electrolyte balance in SBS patients [30].

6.2.2.1	� Management of Sodium Loss
The use of ORS in SBS patients is aimed at optimizing sodium and water absorp-
tion. For those with borderline SBS intestinal insufficiency or failure, ORS therapy 
may help maintain intestinal autonomy, while in cases of intestinal failure (IF), it 
can reduce the need for parenteral fluids and sodium support [29]. The inclusion of 
glucose in ORS promotes sodium reabsorption by enhancing the glucose-coupled 
sodium transport mechanism. Additionally, glucose helps maintain the isotonic 
nature of the ORS, which aids in reducing sodium and water secretion into the 
digestive lumen [27]. Also, patients should consume a generous amount of sodium 
with meals to achieve intraluminal sodium concentrations that promote effective 
sodium absorption [31].

Patients with high-output ostomies may need to avoid low-sodium, hypotonic, 
and hypertonic fluids to reduce stoma output, while also requiring long-term intra-
venous fluids to manage sodium and water losses. In such cases, sodium-rich crys-
talloids like Lactated Ringer’s solution are preferred, as their sodium content closely 
matches that of small bowel losses. For individuals dependent on parenteral nutri-
tion, sodium supplementation may need to exceed the usual 1–2  mEq/kg/day to 
properly address ongoing losses [27, 29].

6.2.2.2	� Monitoring and Addressing Hyponatremia
It is important to note that low serum sodium levels do not always accurately reflect 
true sodium stores in patients who are volume overloaded. However, in volume-
depleted states, hyponatremia indicates concurrent sodium and fluid deficits, neces-
sitating the targeted replacement of both.

Although clinical balance studies offer valuable insights into individual patients’ 
intestinal fluid and sodium absorption, they are often not feasible in routine clinical 
practice. As a result, many clinicians rely on less precise methods, such as clinical 
evaluation, body weight monitoring, and standard blood tests, to assess fluid bal-
ance. As an alternative, measuring 24-hour urine volume and sodium excretion can 
provide useful indicators of fluid and sodium absorption, with sodium levels below 
20 mEq/L typically signaling depletion [29].

6.2.3	� Potassium Imbalance and Management in Short 
Bowel Syndrome

Potassium absorption primarily occurs in the jejunum, making its balance particu-
larly susceptible to the effects of significant small bowel resections. When the 
remaining jejunal length is less than 50  cm, net potassium secretion becomes a 
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critical concern due to limited absorptive capacity [32]. Potassium losses can vary 
depending on the site of gastrointestinal fluid loss. Small bowel fluids typically 
contain 5–20 mEq/L of potassium, while colonic output can result in significantly 
higher potassium losses, with levels reaching up to 60 mEq/L [27].

6.2.3.1	� Factors Contributing to Potassium Deficiency
Potassium depletion in SBS arises from various physiological and clinical factors. 
Metabolic alkalosis can shift potassium into cells, reducing serum levels, while 
medications like loop diuretics promote renal potassium losses and insulin therapy 
increases intracellular potassium uptake [33]. Magnesium deficiency further exac-
erbates potassium wasting by impairing renal retention, making hypokalemia resis-
tant to potassium supplementation alone [34].

Additionally, significant sodium losses in SBS can trigger secondary hyperaldo-
steronism, increasing potassium excretion through the kidneys [19].

6.2.3.2	� Management of Potassium Deficiency
Managing potassium levels in SBS requires a patient-specific approach. In cases of 
hypokalemia, addressing sodium and water depletion and correcting magnesium 
deficiency is critical, as potassium supplements are rarely needed [10]. When sup-
plementation is required, oral potassium should be given in divided doses (e.g., 
20 mEq every 2 h for a total of 60 mEq/day) to minimize gastrointestinal side effects 
like osmotic diarrhea. Solid dosage forms, such as film-coated or microencapsu-
lated tablets, are preferred over liquid or powder forms, while wax matrix tablets 
should be avoided in patients with enterostomies to prevent mucosal irritation or 
obstruction [35, 36]. Intravenous potassium replacement may be necessary for those 
who cannot tolerate oral supplementation, typically at a rate of 10 mEq to raise 
serum potassium by 0.1 mmol/L. IV potassium administration should not exceed 
10 mEq/h in unmonitored settings, though rates up to 20 mEq/h may be cautiously 
used under ECG monitoring [37]. Potassium phosphate may be an alternative for 
patients with concurrent hypophosphatemia. Regular monitoring is essential, with 
serum potassium levels reassessed 1–2  h after IV replacement, and dose adjust-
ments required for those with renal impairment to prevent hyperkalemia. Special 
considerations include pseudohyperkalemia, which may result from hemolyzed 
blood samples or PN fluid contamination, and renal impairment, where careful 
monitoring is necessary to avoid excessive potassium accumulation [38].

6.2.4	� Magnesium Imbalance and Management in SBS

Magnesium deficiency is a frequent and often underestimated complication in SBS, 
particularly in patients with a jejunostomy or significant ileal resections. As magne-
sium is primarily absorbed in the distal small intestine and colon, patients with 
extensive bowel loss—especially those lacking colonic continuity—are at higher 
risk for depletion [24, 30].
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The condition can manifest as muscle weakness, tremors, ataxia, cardiac arrhyth-
mias, and, in severe cases, seizures [39]. When hypocalcemia is also present, 
patients may exhibit Chvostek and Trousseau signs due to impaired parathyroid 
hormone secretion [40].

6.2.4.1	� Mechanisms of Magnesium Loss
Magnesium depletion in SBS results from multiple mechanisms, primarily intesti-
nal malabsorption, renal wasting, and medication-induced losses. Magnesium is 
absorbed in the ileum and colon via passive diffusion, and the loss of these segments 
increases magnesium losses [41]. Additionally, unabsorbed fatty acids bind to mag-
nesium, forming insoluble complexes that are excreted in stool, a process exacer-
bated in high-fat diets [42]. Renal magnesium wasting further contributes to 
deficiency, as chronic sodium and water losses lead to secondary hyperaldosteron-
ism, which promotes increased urinary magnesium excretion [43]. Medication-
induced losses also play a role, with long-term use of proton pump inhibitors 
(PPIs)—commonly prescribed to SBS patients for gastric hypersecretion—being 
associated with persistent hypomagnesemia, possibly due to impaired intestinal 
absorption [44]. Assessing magnesium levels can be challenging, as only a small 
fraction of total body magnesium circulates in serum. Hypoalbuminemia, common 
in SBS, can lower measured total magnesium levels, sometimes masking true defi-
cits [45]. A serum magnesium level below 0.6 mmol/L is often indicative of magne-
sium deficiency; however, more precise assessments, such as ionized magnesium 
levels or 24-h urinary magnesium excretion, may provide better insights into a 
patient’s magnesium status [46].

6.2.4.2	� Management of Magnesium Deficiency
Managing magnesium deficiency in SBS requires a comprehensive approach, 
beginning with the correction of fluid and sodium imbalances, as persistent sodium 
depletion exacerbates renal magnesium losses [47]. In cases of severe deficiency or 
poor oral tolerance, intravenous magnesium sulfate is administered at controlled 
rates (≤1 g/h) to minimize renal excretion, with ongoing postinfusion monitoring to 
ensure adequate repletion [27]. For long-term maintenance, oral magnesium sup-
plements such as magnesium oxide, citrate, or lactate are commonly used, though 
their laxative effects may limit tolerability; administering divided doses at night 
may improve absorption and reduce diarrhea (e.g., 12 mmol magnesium oxide or 
10 mmol magnesium aspartate at night) [47]. Magnesium diglycinate, a chelated 
form, may offer better tolerance with fewer gastrointestinal side effects [48]. Dietary 
modifications, such as reducing fat intake, can help limit magnesium-binding fatty 
acid complexes, thereby improving net absorption [42]. Patients with a retained 
colon generally require lower supplementation doses, emphasizing the colon’s role 
in magnesium conservation. Adjunctive therapies, including 
1α-hydroxycholecalciferol in a dose of 1–9  μg/day may enhance magnesium 
absorption, as well as discontinuing PPIs or switching to alternative acid suppres-
sion therapies may be beneficial in refractory cases [29, 49]. In severe or recurrent 
hypomagnesemia, alternative administration methods such as transdermal 
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magnesium sprays or subcutaneous (SC) injections may be considered, though their 
efficacy remains uncertain [47].

6.2.5	� Calcium Homeostasis and Management in SBS

Calcium plays a strategic role in various physiological processes, but its absorption 
and balance are significantly disrupted in SBS, especially in patients with fat 
malabsorption.

6.2.5.1	� Mechanisms of Calcium Imbalance
Under normal conditions, dietary calcium binds to oxalate in the GI tract, forming 
insoluble calcium oxalate, which is excreted in stool. However, in SBS patients with 
fat malabsorption, calcium preferentially binds to free fatty acids instead of oxalate. 
This leaves oxalate in its free form, which can be absorbed by the colon. As a result, 
patients with an intact colon are at increased risk of enteric hyperoxaluria, which 
may lead to the precipitation of oxalate salts and renal stone formation [50].

6.2.5.2	� Management of Calcium Deficiency
Managing calcium levels in SBS involves dietary intake, supplementation, and care-
ful monitoring. Patients with fat malabsorption and a remnant colon may require 
calcium supplementation to reduce oxalate absorption, with calcium carbonate or 
calcium citrate being viable options [29]. Calcium citrate is generally preferred for 
patients with altered gastric physiology, such as those with gastrectomy, due to its 
superior absorption in low-acid environments [51]. Since less than 1% of the body’s 
calcium is in the serum and most is protein bound, primarily to albumin, serum 
calcium levels should be interpreted in context, with correction for hypoalbumin-
emia using the formula: Corrected Calcium = [0.8 × (Normal Albumin—Patient’s 
Albumin)] + Serum Total Calcium. However, this correction can sometimes overes-
timate serum calcium, leading to misinterpretations of hypercalcemia or normocal-
cemia [52]. Optimizing vitamin D (200 IU/day) and magnesium levels is necessary, 
as hypomagnesemia can reduce parathyroid hormone secretion, leading to urinary 
calcium loss and impaired calcium absorption [29]. Intravenous calcium, such as 
calcium gluconate, should be reserved for acute, symptomatic hypocalcemia, while 
oral calcium supplementation is typically sufficient for long-term management [27]. 
It is important to note that the solubility of calcium in parenteral nutrition (PN) solu-
tions is restricted due to the potential formation of insoluble salts, such as calcium 
phosphate, calcium carbonate, and calcium–magnesium salts. To optimize solubil-
ity and prevent precipitation, it is recommended to initially administer calcium and 
phosphate in a ratio of 1:2, adjusting the ratio as necessary.

For example, a typical starting dose may involve adding 15 mEq of calcium and 
30 mmol of phosphorus to the PN solution daily [53].
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6.2.6	� Phosphorus Balance in SBS

Phosphorus is often affected in patients with SBS, particularly those who are hospi-
talized or malnourished [29]. The causes of hypophosphatemia in these patients can 
be multifactorial.

Nutritional deficiency, particularly reduced dietary intake, is a common contribu-
tor to phosphorus depletion. Additionally, the initiation of dextrose-based nutrition 
or insulin therapy can drive phosphorus into cells, leading to a reduction in serum 
levels [54]. This intracellular shifting is particularly concerning in the context of 
refeeding syndrome, which can be life threatening in malnourished patients under-
going nutritional rehabilitation [55].

Finally, physiological processes such as bone mineralization or tissue healing 
can increase the body’s demand for phosphorus, further contributing to its depletion.

6.2.6.1	� Management of Phosphorus Deficiency
In managing phosphorus levels, intravenous phosphorus replacement is generally 
preferred in hospitalized patients, as oral administration can exacerbate diarrhea, a 
common issue in SBS.

Sodium phosphate or potassium phosphate are commonly used, with potassium 
phosphate being particularly beneficial in patients with concurrent hypokalemia. 
While enteral phosphorus administration is an option, it should be approached cau-
tiously due to the potential for osmotic diarrhea [56]. If enteral supplementation is 
necessary, it is recommended to administer smaller, divided doses throughout the 
day to minimize gastrointestinal side effects [57]. Close monitoring of phosphorus 
levels is imperative, particularly in patients receiving parenteral nutrition or transi-
tioning to oral feeding [58].

Early detection and correction of hypophosphatemia can prevent complications 
such as muscle weakness, impaired cardiac function, and respiratory distress [59].

6.3	� Physiology of Acid–Base Balance in Short 
Bowel Syndrome

The acid–base balance in patients with SBS is subject to unique challenges due to 
metabolic stresses and alterations in gastrointestinal physiology. Factors such as 
dehydration, lactic acidosis, ketoacidosis, renal impairment, and the infusion of 
acidic parenteral nutrition solutions or saline can disrupt acid–base balance even in 
otherwise healthy individuals. In the context of SBS, these disturbances are com-
pounded by the reduced absorptive capacity and metabolic stresses associated with 
shortened or dysfunctional bowel.

6  Free Water, Electrolytes, and Acid–Base Balance Disturbances in Short Bowel…



56

6.3.1	� Mechanisms of Acid–Base Disturbance in IF/SBS

Acid–base disturbances in patients with SBS arise from multiple factors, including 
metabolic stressors, alimentary losses, nutritional support, and additional metabolic 
complications. Net losses of bicarbonate or acid through the GI tract can lead to 
metabolic acidosis or alkalosis, particularly when compensatory mechanisms fail 
[60]. Negative water balance, often due to increased stomal output, dehydration, or 
renal impairment, may exacerbate acid–base disturbances, sometimes resulting in a 
mixed acid–base disorder [60]. Nutritional support also plays a role, as parenteral 
nutrition and certain enteral nutrition solutions are often acidic, with elemental or 
semi-elemental diets contributing to acid loads [21, 61]. Additionally, saline, com-
monly used for fluid replacement in patients with high intestinal losses, may worsen 
acidosis rather than restoring balance. Even ORS, while beneficial for hydration, 
can influence acid–base balance and require careful management [29]. Other con-
tributing factors include D-lactic acidosis, a unique complication in SBS patients 
with a colon in continuity, and sepsis-related L-lactic acidosis [62]. Phosphate 
depletion, potassium and magnesium deficiencies, and refeeding syndrome can fur-
ther worsen acid–base abnormalities [63]. Hepatic dysfunction, particularly thia-
mine deficiency, can impair lactic acid metabolism and further exacerbate these 
issues [64, 65].

6.3.2	� Detection of Acid–Base Disturbance in SBS

Acid–base disturbances are often underdiagnosed in patients with SBS due to sev-
eral factors. Routine monitoring of acid–base balance is not consistently integrated 
into standard care protocols, as key parameters like venous bicarbonate and chloride 
levels are frequently omitted due to the low detection rate of abnormalities in 
broader populations. Blood pH alone is an unreliable indicator, as compensatory 
mechanisms, such as respiratory compensation for metabolic acidosis, can mask 
underlying disturbances. A comprehensive evaluation of arterial blood gases, 
including pCO₂ and bicarbonate levels, is mandatory for accurately assessing acid–
base status [66]. Additionally, serum and urinary anion gap measurements, though 
not routinely performed, play a key role in diagnosing high anion gap acidosis, 
particularly D-lactic acidosis. An elevated anion gap with normal L-lactate levels 
should prompt suspicion for D-lactic acidosis in patients with residual small bowel 
and colonic continuity [62].

Historically, the lack of standardized guidelines contributed to inconsistent mon-
itoring practices across healthcare systems. However, recent recommendations from 
European Society for Clinical Nutrition and Metabolism (ESPEN) and American 
Society for Parenteral and Enteral Nutrition (ASPEN) now emphasize the impor-
tance of acid–base balance in SBS patients, promoting more proactive management 
[29, 67].
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6.3.3	� Consequences of Unrecognized Acid–Base Disturbance

Unrecognized acid–base disturbances in SBS can lead to serious complications 
affecting multiple organ systems. Persistent dysfunction contributes to bone demin-
eralization and metabolic bone disease, increasing the risk of fractures and osteopo-
rosis [68]. Additionally, impaired acid–base balance can negatively impact intestinal 
and cardiovascular function, further complicating overall health status [69]. Patients 
with an undiagnosed acid–base disturbance are also more susceptible to dehydra-
tion and electrolyte imbalances, particularly during acute illnesses or environmental 
stressors such as hot weather, which can exacerbate fluid losses and metabolic 
instability.
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7Refeeding Syndrome: Prevention, 
Diagnosis, and Treatment

Liliana Mirea

7.1	� Definition

The refeeding syndrome is a life-threatening complication that describes the meta-
bolic disturbances developing during the nutritional repletion of individuals who are 
significantly malnourished, or in a state of starvation [1, 2]. Patients with short 
bowel syndrome are at risk of refeeding syndrome because they often present with 
malnutrition due to their compromised ability to absorb nutrients.

7.2	� Risk Factors

Refeeding syndrome may remain asymptomatic during the prodromal stage, so 
identifying high-risk patients is essential [3, 4].

One of the primary guidelines for evaluating and treating refeeding syndrome is 
the National Institute for Health and Care Excellence (NICE) guideline. This guide-
line identifies several risk factors for refeeding syndrome (Fig. 7.1), but has a low 
sensitivity and specificity, so clinicians should remain cautious regarding each risk 
factor [5, 6]. Other guidelines and criteria exist to identify and assess individuals at 
risk for refeeding syndrome, such as the American Society for Parenteral and 
Enteral Nutrition (ASPEN), the Short Nutritional Assessment Questionnaire 
(SNAQ), and the Global Leadership Initiative on Malnutrition (GLIM), but ongoing 
research is needed to validate their predictive capabilities [7].
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Or patient has 2 or more of the 
following:

Patient has 1 or more of the 
following:

• BMI less than 16 kg/m2

• unintentional weight loss greater 
than 15% within the last 3 to 6 
months

• little or no nutritional intake for 
more than 10 days

• low levels of potassium, phosphate 
or magnesium before feeding.

• BMI less than 18.5 kg/m2

• unintentional weight loss greater 
than 10% within the last 3 to 6 
months

• little or no nutritional intake for 
more than 5 days

• a history of alcohol abuse or drugs 
including insulin, chemotherapy, 
antacids or diuretics.

Fig. 7.1  NICE criteria

7.3	� Pathophysiology

The key biochemical feature of refeeding syndrome is hypophosphatemia, but addi-
tional significant metabolic consequences such as fluid balance abnormalities, dis-
rupted glucose metabolism, and specific vitamin deficiencies (thiamine deficiency), 
along with hypokalemia and hypomagnesemia, emphasize the complexity of this 
syndrome [3, 8].

As glucose levels rise, the body responds by increasing insulin production. The 
intake of glucose following a period of starvation inhibits gluconeogenesis due to 
the release of insulin [3]. This rise in insulin facilitates the movement of potassium 
and phosphorus into cells. This shift occurs partly because of the phosphorylation 
of glucose during glycolysis and also due to the direct activation of the sodium–
potassium adenosine triphosphate (ATP) pump [5]. Overly large doses of glucose 
can result in hyperglycemia and its consequences, such as osmotic diuresis, dehy-
dration, and metabolic acidosis [3].

Phosphorus is crucial for cellular function and performs numerous physiologi-
cal roles, playing a central role in various cellular metabolic pathways, including 
glycolysis and oxidative phosphorylation (involving production of ATP) [8]. A 
depletion of phosphorus will lead to a reduction in the production of 2,3-diphos-
phoglycerate. This decrease causes a leftward shift in the oxygen–hemoglobin 
dissociation curve, which enhances hemoglobin’s affinity for oxygen while reduc-
ing its release to the tissues. As a result, metabolically active tissues may become 
deprived of oxygen [5, 8]. The switch from catabolism to anabolism will cause, as 
mentioned before, a shift of potassium and magnesium into the cells. Magnesium, 
besides playing an important role as a cofactor for many enzymes, is also a cofac-
tor for the sodium–potassium ATPase pump; therefore, uncorrected hypomagne-
semia can impair potassium repletion. Potassium as the primary intracellular 
cation has crucial physiological functions, being responsible for maintaining the 
electrical cellular membrane potential [1, 8].
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Starvation

insulin

glucagon;cathecolamines

gluconeogenesis
protein catabolism

electrolytes and vitamin depletion

Refeeding

insulin

Anabolism 

uptake of glucose, potassium, 
magnesium

utilisation of thiamine

hypophosphatemia; hypokalemia; 
hypomagnesemia; thiamine deficiency;

salt and water retention 

Fig. 7.2  Starvation and refeeding metabolic effects

Thiamine is a vital cofactor in glucose metabolism and facilitates the conversion 
of lactate to pyruvate. Following a period of starvation, the demand for thiamine 
increases, which will cause thiamine depletion and finally causing the accumulation 
of lactate [1, 5, 8].

The changes in carbohydrate metabolism significantly impact sodium and water 
balance. When carbohydrates are reintroduced, there is a rapid reduction in the renal 
excretion of sodium and water. A fluid repletion in these patients will lead to fluid 
overload [3] (Fig. 7.2).

7.4	� Diagnosis

Hypophosphatemia has been employed as an indicator for refeeding syndrome, but 
ASPEN proposed that a decrease in any of the three electrolytes (phosphorus, potas-
sium, and magnesium) may indicate a total-body deficit and necessitate monitoring 
or intervention. ASPEN classifies patients into three levels of severity: mild, moder-
ate, and severe.

•	 Mild: A decrease in any one, two, or three of serum phosphorus, potassium, or 
magnesium levels by 10–20%.

•	 Moderate: A decrease in any one, two, or three of serum phosphorus, potassium, 
or magnesium levels by 20–30%.

•	 Severe: A decrease in any one, two, or three of serum phosphorus, potassium, or 
magnesium levels by more than 30%, or the presence of organ dysfunction 
resulting from these decreases or due to thiamine deficiency, occurring within 
5 days of reintroducing calories [5, 7].
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• hypoxia, respiratory failure 
• paresthesia, acute encephalopathy, 

seizure,com
hypophosphatemia

• weakness, paralysis
• respiratory depression
• cardiac arryhthmias; altered myocardial hypokalemia

• pulmonary oedema

• tremor, tetany, seizure, altered mental status 
• cardiaca arrythmias ( torsade de pointes)
• nausea, diarrhea

hypomagnesemia

thiamine deficiency 

Fig. 7.3  Clinical manifestations of refeeding syndrome [1, 2, 8]

The refeeding syndrome can present with varying degrees of severity, ranging 
from clinically insignificant changes in electrolyte levels to severe depletion and the 
risk of end-organ failure. The clinical signs of refeeding syndrome are related to 
pre-existing electrolyte and vitamin deficiencies (Fig. 7.3), along with the resulting 
abnormalities that occur when nutrition support is initiated [1, 7].

7.5	� Prevention and Management

The initial step in preventing refeeding syndrome is to anticipate its onset by moni-
toring some key parameters [9–11].

•	 Vital signs: regularly check the heart rate, blood pressure, oxygen saturation, 
temperature, and overall health.

•	 Fluid balance: monitor intake and output to detect signs of dehydration or fluid 
overload.

•	 Electrolyte levels: measure at least once daily for the first week. Crucial electro-
lytes include sodium, potassium, phosphorus, magnesium, and calcium. Regular 
checks help identify imbalances that can lead to complications.
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•	 Electrocardiogram: continuously monitor to detect arrhythmias that may occur 
with electrolyte disturbances.

•	 Ventilatory function: assess respiratory rate and effort to identify any respiratory 
distress or failure.

•	 Blood gases: evaluate arterial blood gases to identify metabolic and respiratory 
disorders.

•	 Neurological status: observe for signs of confusion and other neurological symp-
toms indicative of electrolyte imbalances or vitamin deficiency.

•	 Weight: regularly track weight changes to detect fluid retention or loss, which 
can be critical during refeeding.

•	 Glycemic control: monitor blood glucose levels to avoid complications associ-
ated with hyperglycemia.

All guidelines advise that vitamin supplementation should be initiated right away, 
before and throughout the first 10 days of refeeding. It is also crucial to restore circula-
tory volume and to administer potassium, phosphate, calcium, and magnesium supple-
ments unless baseline blood levels are elevated prior to refeeding [3, 10]. It is 
recommended to administer thiamine 200–300 mg intravenously or orally before feed-
ing and a daily maintenance dose of 100 milligrams during nutritional support [9, 10].

Regarding the initiation of nutrition, several guidelines provide recommenda-
tions to prevent refeeding syndrome:

	– The National Institute for Health and Care Excellence (NICE) recommends a 
maximum 10 and 5 kcal/kg/day in “extreme” cases and to gradually increase the 
nutritional intake to meet or exceed full requirements within 4–7 days [6].

	– The Irish Society for Clinical Nutrition and Metabolism (IrSPEN) and the 
Clinical Nutrition Steering Group (CNSG) recommend in extreme risk 5 kcal/
kg/day and in high risk 10 kcal/kg. In moderate risk patients, the IrSPEN sug-
gests 20 kcal/kg, while the CNSG recommends to introduce at a maximum of 
50% of requirements for the first 2 days [7].

It is recommended to provide electrolyte supplementation both before and dur-
ing nutritional support. The daily requirements are as follows: potassium (2 to 
4 mmol/kg/day), phosphate (0.3–0.6 mmol/kg/day), and magnesium (0.2 mmol/kg/
day intravenously or 0.4 mmol/kg/day orally) [1, 2, 10]. Regarding the macronutri-
ents, the following distribution is recommended: 50–60% carbohydrates, 30–40% 
fat, and 15–20% protein [10].

The fluid balance is another important parameter to monitor. The fluids should be 
restricted to amounts sufficient to maintain renal function, with zero fluid balance, 
while maintaining normal urine output. Patients typically require 20–25 ml/kg/day 
during the initial phase, and then, adjustments are made according to the fluid bal-
ance. To limit the edema formation, a sodium restriction can be taken into consider-
ation (<1 mmol/kg/day) [2, 10, 12].

In summary, patients at risk of refeeding syndrome require an interdisciplinary 
approach and daily evaluations to ensure optimal management.
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8Cholelithiasis and Nephrolithiasis 
in Short Bowel Syndrome

Liana Gheorghe and Carmen Ester

8.1	� Introduction

Short bowel syndrome (SBS) is a condition that results from the surgical removal or 
congenital absence of a significant portion of the small intestine, leading to malab-
sorption and a range of metabolic disturbances. Patients with SBS present an 
increased risk for both cholelithiasis and nephrolithiasis due to the altered absorp-
tion of fluids, electrolytes, and nutrients caused by the shortened intestinal tract. 
Both conditions are classified as late complications of significant small bowel resec-
tion. There are many mechanisms that lead to the formation of gallstones and kid-
ney stones in affected patients and are linked to the difficulties in the absorption of 
bile salts, fat, and oxalates, as well as microbiota changes and modifications in fluid 
balance.

8.1.1	� Cholelithiasis

Following ileal resection, the enterohepatic circulation of bile salts is disrupted. The 
subsequent loss of bile salts surpasses the liver’s compensatory capacity for 
increased synthesis, leading to a decline in bile salt concentration within the bile. 
Reducing chenodeoxycholate levels promotes increased cholesterol secretion, ren-
dering the bile lithogenic. Clinically, this condition has been associated with a 
higher incidence of gallstone formation. Another possible mechanism is bile stasis 
due to the diminished enteric hormonal stimulation of gallbladder contractions, 
which may lead to biliary stasis and accumulation of biliary sludge.
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8.1.2	� Nephrolithiasis

Hyperoxaluria is observed in patients who have undergone ileal resection and those 
with short bowel syndrome following distal small bowel resection. This condition 
arises due to enhanced colonic absorption of oxalate, a process facilitated by the 
presence of bile salts in the colon. Hyperoxaluria contributes to renal calculi forma-
tion, with reduced citrate intake further exacerbating the risk. Management strate-
gies include adherence to a low-oxalate diet and administration of cholestyramine 
to bind bile salts, while citrate supplementation helps prevent stone formation.

A low-oxalate diet typically excludes foods such as cocoa, tea, and coffee while 
also limiting the intake of citrus beverages, tomatoes, and certain fruits [1].

8.2	� Pathophysiology of Cholelithiasis in Short 
Bowel Syndrome

Gallstones can cause life-threatening complications, including cholecystitis (com-
monly associated with larger stones >10 mm), obstructive jaundice (often due to 
multiple stones), pancreatitis (typically caused by smaller stones), and small bowel 
obstruction. In rare cases, gallstones may contribute to the development of gallblad-
der carcinoma or cholangiocarcinoma. Larger gallstones and their presence in high 
numbers are more likely to be symptomatic. Pigment gallstones are more frequent 
in patients with SBS than cholesterol ones, although a contribution of cholesterol in 
forming this type of stones is often cited [2].

8.3	� Bile Acid Malabsorption and Gallstone Formation

Cholelithiasis in SBS is primarily driven by bile acid malabsorption, which occurs 
when the reabsorption of bile salts in the terminal ileum is compromised due to 
surgical resection. Bile salts are essential for the solubilization of cholesterol in bile, 
and when these salts are not adequately reabsorbed, their concentration in bile 
decreases. This leads to the precipitation of cholesterol, forming cholesterol 
gallstones.

The relevant factors contributing to cholelithiasis in SBS include: reduced 
enterohepatic circulation (bile acids are normally reabsorbed in the ileum and trans-
ported back to the liver, but especially when there is ileum resection, bile acid reab-
sorption is impaired, resulting in cholesterol-supersaturated bile), decreased bile 
salt availability (reduced absorption of bile acids leads to a smaller available bile 
salt pool, which diminishes the emulsification of dietary fats and impairs digestion), 
and delayed gallbladder emptying (in patients with SBS, there is a modified gastro-
intestinal motility that leads to impaired gallbladder contraction and stasis, further 
increasing the risk of gallstone formation).
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Patients with intestinal failure (IF) who require prolonged parenteral support for 
over 5 years exhibit a progressively increased susceptibility to cholelithiasis, with a 
prevalence of 38% after two decades [3].

In contrast, of the 10–15% of people who are diagnosed with gallstones in the 
general population in the UK, only 1–4% develop symptoms, and fewer than 1% 
require surgical intervention annually, with Western Europe, in particular, the UK 
leading in the number of cases and an increasing global level of gallstone-associated 
disease over the past 30 years [4].

8.4	� Risk Factors for Cholelithiasis in SBS

	1.	 Extent of ileal resection: The more extensive the resection, particularly of the 
ileum, the greater the risk of bile acid malabsorption and gallstone formation.

	2.	 Use of parenteral nutrition: Many SBS patients require long-term parenteral 
nutrition, with a bypass effect on the gastrointestinal tract and delayed gallblad-
der emptying.

	3.	 Weight loss: Rapid weight loss due to malabsorption is experienced by a signifi-
cant number of SBS patients, which can alter bile composition and increase the 
likelihood of gallstone formation. Interfering factors can be increased secretion 
of hormones that contribute to gallbladder wall relaxation (such as pancreatic 
polypeptide and somatostatin) or diminished secretion of hormones contributing 
to contractility, such as cholecystokinin [5].

	4.	 Intestinal microbiota: Bacterial overgrowth can affect the deconjugation of bile 
acids, making them less effective at solubilizing cholesterol and further increas-
ing the risk of cholelithiasis. The release of bile salt hydrolases by the gut micro-
biota and their capacity to produce an increased amount of secondary bile acids 
(directly and by slowing transit time) predispose to gallstone formation [6].

	5.	 High caloric intake and higher administration of parenteral lipids: Although rou-
tine prophylactic cholecystectomy is not recommended, performing an inciden-
tal cholecystectomy during abdominal surgery conducted for other indications 
may be a reasonable approach for patients with asymptomatic cholelithiasis [7].

	6.	 Medication: Medications such as opiates and anticholinergics reduce gallbladder 
contractility. Narcotics decrease the flow through the sphincter of Oddi, and anti-
cholinergics increase bile stasis. Also, loperamide and octreotide (used for high-
output stomas) have been shown to reduce postprandial gallbladder 
contractility [8].

	7.	 Presence of Crohn’s disease: Gallstones are often found in patients with ileitis, 
more than in those with ileocolitis or colitis [9]. If the distal ileum loses function, 
the enterohepatic circulation of bile salts is disrupted. However, some studies 
suggest that gallstone formation is connected to the length of the disease and 
previous surgery rather than the resection site.
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8.5	� Clinical Manifestations of Cholelithiasis

Patients with cholelithiasis may remain asymptomatic, or they may present with 
classic symptoms of biliary colic, including:

	– right upper quadrant abdominal pain, which typically occurs after meals and can 
radiate to the right shoulder or back.

	– nausea and vomiting are common in symptomatic gallstone disease.
	– complications: If gallstones obstruct the bile ducts, patients can develop chole-

cystitis, cholangitis, or pancreatitis, presenting with fever, jaundice, and severe 
abdominal pain.

Treatment-related cholecystitis was recently described in a patient with preexist-
ing cholelithiasis who was treated with glucagon-like peptide-2 (GLP-2) analogs 
(teduglutide) [10]. Given its inhibitory effect on gallbladder contraction, teduglu-
tide may contribute to gallstone-related complications. The histopathological find-
ing of mucosal hyperplasia suggests an additional mechanism for gallbladder 
dysfunction.

In this regard, prophylactic cholecystectomy in SBS patients with known gall-
stones before initiating GLP-2 therapy might be attempted. This approach could 
help mitigate the risk of cholecystitis and its associated complications. Future stud-
ies could further evaluate the benefits of this preventive strategy in high-risk patients.

8.6	� Nephrolithiasis Epidemiology

As early as 1972, patients with ileal resection were proved to be at increased risk of 
hyperoxaluria, and later, patients undergoing jejunoileal bypass for obesity were 
proved to have an increased risk of developing renal stones [11]. A large study com-
prising 2323 patients with inflammatory bowel disease (IBD) proved an increased 
risk of kidney stones and malabsorption symptoms in patients undergoing surgery. 
Also, risk factors for nephrolithiasis in patients with IBD were different from the 
ones in the general population: low serum bicarbonate level, high disease activity, 
and the use of certain drugs (ciprofloxacin, metronidazole, steroids, and immuno-
modulators). The decolonization of the intestinal tract from Oxalobacter formigenes 
(an oxalate-fermenting bacterium) is frequently associated with hyperoxaluria and 
kidney stones [12].
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8.7	� Pathophysiology of Nephrolithiasis in Short 
Bowel Syndrome

8.7.1	� Oxalate Malabsorption and Kidney Stone Formation

Nephrolithiasis in SBS is most commonly associated with hyperoxaluria, which 
results from altered fat absorption. In the normal intestine, calcium binds to oxalate, 
preventing its absorption. However, fat malabsorption occurs in SBS, especially 
with significant ileal resection, and free fatty acids in the intestine bind to calcium. 
This leaves oxalate unbound and more freely absorbed by the colon, leading to 
elevated urinary oxalate levels and the formation of calcium oxalate stones.

Calcium oxalate is not easily soluble, with a solubility of approximately 7 mg/L 
at 37 °C in a simple solution. Urine is a highly complex solution containing matter 
that is both an inhibitor and promoter of crystallization. For example, citrate and 
pyrophosphate reduce calcium availability by forming soluble complexes with cal-
cium; magnesium forms a soluble complex with oxalate; and Tamm–Horsfall gly-
coprotein, along with other glycosaminoglycans, inhibits various phases of calcium 
oxalate stone formation.

Under normal conditions, urine is supersaturated with calcium oxalate. However, 
crystal formation does not typically occur freely in solution but rather by deposition 
on existing surfaces, such as tubular casts, sodium urate or uric acid crystals, or cel-
lular debris.

Uric acid, a weak acid with a pKa of 5.75, is highly insoluble in its undissociated 
form, with a solubility limit of 100 mg/L. Urate salts are significantly more soluble, 
so urine pH is the most critical factor influencing the solubility of uric acid. High 
urine concentration and low urinary pH are significant risk factors for uric acid 
stone formation.

8.7.2	� Contributing Factors to Nephrolithiasis

The main factors that promote nephrolithiasis in SBS patients include:

	1.	 Fat malabsorption. The loss of the small intestine’s absorptive surface leads to 
steatorrhea. Free fatty acids bind to calcium, leaving oxalate unbound and more 
readily absorbed in the colon (Fig. 8.1).

Fat, a significant calorie source, is the most difficult nutrient to digest and 
absorb. Excess fat in some patients with SBS may exacerbate steatorrhea and 
diarrhea, resulting in substantial nutrient and water loss. Furthermore, in the 
patient with a remaining colon segment, too much fat can displace calcium from 
oxalate, allowing the unbound oxalate to be absorbed in the colon.

When there is not enough hydration, enhanced oxalate absorption may induce 
oxalate nephropathy. Restriction in dietary fat is key in the SBS patient with a 
remaining colon, severe steatorrhea, and/or a history of oxalate nephrolithiasis. 
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Fig. 8.1  Oxalate excretion in normal bowel vs. extensive bowel resection

Restricting oxalate in patients with a history of kidney stones is also important 
as long as the clinician ensures the patient is adequately hydrated [13].

	2.	 Hyperoxaluria. If oxalate absorption is increased in the colon, elevated urinary 
oxalate levels will be observed, predisposing patients to calcium oxalate stone 
formation.

	3.	 Dehydration. Malabsorption of fluids and electrolytes is frequent in SBS 
patients, resulting in concentrated urine and thus promoting crystallization of the 
stone-forming salts.

	4.	 Changes in urinary pH. In some cases, metabolic acidosis may develop due to 
loss of bicarbonate in the stool, and this mechanism can lead to acidification of 
the urine, predisposing to the formation of stones.

	5.	 Low magnesium in urine. Magnesium is essential in inhibiting calcium oxalate 
crystal formation, with the contribution of citrate. If there is impaired magne-
sium absorption, a low magnesium concentration in urine will be observed, and 
prolonged use of proton pump inhibitors will further enhance this condition [14].

	6.	 Intestinal microbiota. A low population of Oxalobacter formigenes in the gut 
microbiome increases urinary oxalate excretion with a higher risk of recurrent 
nephrolithiasis, even in individuals without gastrointestinal disorders [15].
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8.8	� Risk Factors for Nephrolithiasis in SBS

	1.	 Extent of bowel resection: Patients with more extensive resections, particularly 
those affecting the ileum, have a higher risk of fat malabsorption and oxalate 
hyperabsorption.

	2.	 Dehydration: Chronic dehydration and concentrated urine are common in SBS 
and contribute to stone formation.

	3.	 Dietary sources of oxalate: High oxalate-containing food (like spinach or beet-
root) is not familiar in diets and can vary with cultivation, season, and method of 
cooking (boiling reduces soluble oxalate). Wheat bran has a moderate to high 
concentration of oxalate as does black pepper, but the quantity consumed is rel-
evant [16].

	4.	 Hypocitraturia: Citrate is key for inhibiting calcium oxalate crystallization in the 
urine, leading to a significant risk for developing kidney stones. The leading 
causes are reduced glomerular filtration and acidosis [17].

In a recent study of patients with SBS, the incidence of urolithiasis was 24%, 
with 54.5% presenting clinical symptoms and 13.5% needing urgent decompression 
of the obstructed kidney. The main component of renal stones is calcium oxalate 
monohydrate/dihydrate [18].

SBS patients with a colon in continuity are at an increased risk for oxaluria and 
nephrolithiasis. In cases of fat malabsorption, calcium preferentially binds to unab-
sorbed fatty acids, leaving free oxalate available for colonic absorption. This oxalate 
is then filtered by the kidneys, where it binds with calcium, leading to oxalate neph-
rolithiasis and progressive obstructive nephropathy.

8.9	� Clinical Manifestations of Nephrolithiasis

Patients with nephrolithiasis may present with:

	– Flank pain: Severe, colicky pain radiating from the back to the lower abdomen or 
groin is a hallmark of kidney stones.

	– Microscopic or macroscopic hematuria.
	– Dysuria, urgency, and frequency can occur when stones are in the lower uri-

nary tract.
	– If obstruction of the ureters occurs—hydronephrosis or urinary tract infections.
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8.10	� Diagnosis of Cholelithiasis and Nephrolithiasis in SBS

8.10.1	� Diagnostic Tools for Cholelithiasis

•	 Ultrasound: Abdominal ultrasound is the gold standard for detecting gallstones. 
It is noninvasive, widely available, and highly sensitive for detecting stones in 
the gallbladder.

•	 Hepatobiliary iminodiacetic acid (HIDA) scan: If gallbladder function is 
impaired without visible stones, a HIDA scan may be used to assess it.

•	 Magnetic resonance cholangiopancreatography (MRCP): This is a noninvasive 
imaging technique used to evaluate the biliary tree for gallstones or biliary 
obstruction.

8.10.2	� Diagnostic Tools for Nephrolithiasis

•	 Urinalysis: This may reveal hematuria, an acidic or alkaline pH, and crystals that 
suggest the type of stone. A 24-hour urine collection can assess oxalate, calcium, 
and citrate levels.

•	 Imaging: Noncontrast helical computed tomography (CT) is the preferred imag-
ing modality for detecting kidney stones due to its high sensitivity and specificity.

•	 Ultrasound: Renal ultrasound can detect stones, particularly in patients with con-
cerns about radiation exposure, but it is less sensitive than CT.

8.11	� Differential Diagnosis in Nephrolithiasis

The three types of primary hyperoxalurias are autosomal recessive inherited disor-
ders with different phenotypes (type 1 has the most severe phenotype). Nowadays, 
testing for mutations can clarify the diagnosis [19].

8.12	� Management of Cholelithiasis 
and Nephrolithiasis in SBS

8.12.1	� Management of Cholelithiasis

In patients with asymptomatic gallstones, conservative management is recom-
mended, as the risk of complications is low.

In those with symptomatic gallstones, cholecystectomy is the treatment of 
choice. Sphincterotomy may be performed in high-risk patients. Complications 
such as bile leak might compromise the intestinal anastomosis and prolong the par-
enteral nutrition administration [20].

Promoting oral intake in order to stimulate gallbladder contraction and avoid bile 
stasis is complemented by the use of bile acid-binding agents like ursodeoxycholic 

L. Gheorghe and C. Ester



75

acid to reduce cholesterol saturation in bile. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) may prevent gallstone formation by a prokinetic effect caused by the 
presence of different types of eicosanoids in the gallbladder wall, thus promoting 
the production of prokinetic molecules like leukotrienes or prostaglandins. It is 
noted that this effect is not seen in non-SBS patients [21].

8.12.2	� Management of Nephrolithiasis

The management of nephrolithiasis in patients with SBS involves a multifaceted 
approach, including hydration, dietary adjustments, supplementation, medications, 
and, when necessary, surgical intervention. Key strategies include the following:

	– Adequate hydration: It is the cornerstone of nephrolithiasis prevention in 
SBS. Patients should be encouraged to drink enough fluids to maintain a urine 
output of at least 2 liters per day.

	– Calcium supplementation: Oral calcium supplements can bind oxalate in the 
gut, reducing oxalate absorption and the risk of kidney stone formation. Typically, 
800–1200 mg/day, in divided doses not exceeding 500 mg, is used [22].

	– Dietary modifications: To reduce the risk of hyperoxaluria, patients should 
avoid high-oxalate foods and maintain a diet rich in calcium. A low-fat diet can 
also help mitigate fat malabsorption and oxalate absorption (Table 8.1).

	– Medications: Potassium citrate may be used to alkalinize the urine and reduce 
stone formation, particularly in patients with metabolic acidosis. Another strat-
egy involves using cholestyramine to bind oxalate found in the gut lumen [13].

	– Kidney stones: Recommendation for surgery—if renal colic is present, conser-
vative treatment should be applied and give the chance for decompression, but 
urgent surgery is needed if there is an infection of the obstructed kidney or if 
there is obstruction of solitary kidney/bilateral obstruction and it is impossible to 

Table 8.1  Food and beverages to avoid—high in oxalate

Fruits Apricots, blackberries, 
cherries, currants, figs

Pears, grapes, raw 
oranges, plums, 
rhubarb

Strawberries, tangerines, 
lemons, limes, orange peels

Vegetables Sweet potatoes, 
parsley, raw red 
cabbage, celery

Eggplant, endive, 
mustard greens, 
spinach, kale

Green peppers, tomatoes, 
tomato soup or juice, vegetable 
soup, white corn

Nuts Almonds, cashews, 
peanuts

Peanut butter Nut butters

Beverages Chocolate-containing 
beverages

Cocoa, cola Tea, instant coffee

Starches Grits, bran cereal Whole wheat bread French fries
Other Tofu, soy products Black olives Vegetable soup with the above 

vegetables, pepper (>1 tsp. per 
day)

Alcohol Draft beer

8  Cholelithiasis and Nephrolithiasis in Short Bowel Syndrome



76

control pain. If the stones do not pass, several therapies can be offered, such as 
lithotripsy, ureteroscopy, or percutaneous nephrolithotomy.

8.13	 Conclusions

Cholelithiasis and nephrolithiasis are common late complications of short bowel 
syndrome, driven by bile salt malabsorption, fat malabsorption, hyperoxaluria, and 
metabolic disturbances. Preventive care should focus on optimizing hydration, 
dietary modifications, and targeted supplementation to reduce the risk of developing 
stones. Early recognition and personalised management can limit complications, 
improve quality of life, and protect longterm organ function.
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9D-Lactate Encephalopathy in Patients 
with Short Bowel Syndrome

Liliana Mirea and Ioana Marina Grintescu

9.1	� Introduction

The gut microbiota plays a crucial role in the production of both D-lactate and 
L-lactate. The balance between these enantiomers is determined by the presence of 
specific lactate dehydrogenases in the bacterial flora. Different bacterial species 
generate varying amounts of D- and L-lactate, influenced by their relative abun-
dance and activity [1].

Some species of Lactobacillus produce an enzyme called racemase, which has 
the ability to convert one enantiomer into another. Racemases catalyze the reactions 
that reverse the chiral configuration of a compound, such as converting D-lactate 
into L-lactate and vice versa [1, 2].

For a long time, it was believed that humans could not metabolize D-lactate into 
pyruvate due to the lack of D-lactate dehydrogenase. However, recent research has 
identified the enzyme D-2-hydroxyacid dehydrogenase (found in the liver and kid-
neys), which can metabolize D-lactate. D-lactic acid can also be formed through the 
glyoxylate pathway by ingesting fermented foods (such as wine, beer, tomatoes, 
etc.) (Fig. 9.1) [3].
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Fig. 9.1  Lactate metabolism

9.2	� Pathophysiology

Short bowel syndrome is strongly linked with D-lactic acidosis. The precise mecha-
nism of D-lactic acidosis in short bowel syndrome is not fully elucidated. The intes-
tinal surface responsible for absorption is reduced, leading to an increased flow of 
undigested carbohydrates reaching the colon, where they undergo fermentation by 
the gut microbiota, generating organic acids, including short-chain fatty acids and 
lactate (Fig. 9.2) [4].

In a low pH environment, acid-resistant bacteria thrive, thereby perpetuating the 
cycle of acid production. Lactobacillus species (such as Lactobacillus acidophilus, 
Lactobacillus fermentum, Lactobacillus plantarum, and Lactobacillus salivarius) 
along with D-lactate-producing bifidobacteria are present in significant quantities in 
patients with short bowel syndrome. Research has indicated that there can be an 
increase of up to 60% in D-lactate-producing bacteria among these patients [1].

Organic acids generated during colonic fermentation can be divided into two 
groups: those that result in pyruvate as a metabolic byproduct (such as lactate and 
propionate) and those that do not (such as acetate and butyrate). The latter are con-
verted into acetyl coenzyme A (acetyl-CoA) and subsequently oxidized into ketone 
bodies or fatty acids [3].

In the context of D-lactic acidosis, the presence of organic acids that do not gen-
erate pyruvate (such as acetate and butyrate) can impact the body’s acid–base bal-
ance. Bacterial fermentation produces enantiomers of lactate and acetate, with 
acetate being essential for the formation of acetyl-CoA. Excessive production of 
acetyl-CoA initiates a negative feedback mechanism that reduces the activity of 
pyruvate dehydrogenase, the enzyme responsible for converting pyruvate into ace-
tyl-CoA. As a result, this leads to an accumulation of pyruvate, which, through a 
similar negative feedback mechanism, decreases the activity of D-2-hydroxyacid 
dehydrogenase, ultimately causing a buildup of D-lactate (Fig. 9.3) [1–3].
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Fig. 9.2  D-lactic acidosis

Fig. 9.3  D-lactate metabolism in short bowel syndrome
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During extended periods of fasting, insulin levels decline, resulting in a greater 
availability of circulating fatty acids, which subsequently decreases the oxidation 
rate of D-lactate via a negative feedback mechanism. The levels of circulating fatty 
acids can be reduced by insulin administration, thereby enhancing their catabolism 
and consequently reducing the levels of D-lactate [3].

The metabolism of D-lactate is impaired in short bowel syndrome through the 
following mechanisms:

•	 Low pH: The low pH resulting from the absorption of D-lactate and protons in 
the colon inhibits D-2-hydroxyacid dehydrogenase, thereby hindering the con-
version of D-lactate into pyruvate. Moreover, the formation of a significant pH 
gradient across the intestinal epithelium enhances the absorption of D-lactate via 
monocarboxylate transporter 1 (MCT-1). There are eight identified proton-
dependent monocarboxylate transporters (MCTs). MCTs are expressed in vari-
ous tissues, including the retina, endothelial cells, myocardium, hepatocytes, and 
nervous tissue [5].

•	 Activity of D-2-hydroxyacid dehydrogenase: Excessive production of D-lactate 
can cause the enzyme to become saturated, restricting its ability to effectively 
metabolize the lactate [2, 6].

•	 Oxalate: Oxalate, which is absorbed excessively in short bowel syndrome, inhib-
its the activity of D-2-hydroxyacid dehydrogenase [1].

•	 Pyruvate feedback: Patients with short bowel syndrome often exhibit elevated 
levels of pyruvate, which inhibit D-2-hydroxyacid dehydrogenase through a 
negative feedback mechanism, thus exacerbating the accumulation of 
D-lactate [2, 5].

•	 Renal excretion: D-lactate is partially excreted in urine via a sodium–lactate 
cotransporter. However, when there are large quantities of D-lactate, the kidneys 
may not be able to increase its excretion sufficiently [2].

9.3	� Diagnosis

A distinguishing feature of this form of lactic acidosis is the array of neurological 
symptoms that accompany it, including ataxia, altered mental status, and, in severe 
cases, coma. The impairment, especially in the cerebellum, arises from the limited 
availability of pyruvate dehydrogenase in that area. The decrease in pH creates an 
unfavorable environment for enzymatic reactions, including those catalyzed by 
pyruvate dehydrogenase. Consequently, this leads to a reduced production of acetyl 
coenzyme A, which in turn disrupts neurotransmitter synthesis. Additionally, the 
organic acids produced in the colon may act as false neurotransmitters, resulting in 
severe neurological manifestations [1, 5, 7].

The diagnosis can be difficult to establish because measuring D-lactate levels 
in the blood requires specialized tests that are not commonly available in clinical 
practice. Therefore, clinicians should suspect D-lactic acidosis in patients with 
short bowel syndrome who exhibit neurological symptoms (such as dysarthria, 
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Fig. 9.4  D-lactic acidosis characteristics

ataxia, gait disturbances, headaches, and nystagmus) that typically arise after car-
bohydrate intake and can last from a few hours to several days (Fig. 9.4). These 
symptoms may even appear several years after the diagnosis of short bowel syn-
drome has been established. When serum D-lactate measurement is possible, a 
level of 3 mmol/L or higher confirms the diagnosis of D-lactic acidosis. However, 
it is worth noting that D-lactate levels do not always correlate with the clinical 
presentation [1, 2, 5].

The analysis of the acid–base profile indicates a metabolic acidosis with an ele-
vated anion gap, characterized by a delta–delta ratio ranging from 1 to 2. It is noted 
that the rise in the anion gap is less than anticipated due to the more efficient renal 
excretion of D-lactate in comparison to L-lactate [1].

D-lactic acidosis exhibits distinct characteristics compared to L-lactic acidosis in 
terms of changes in the anion gap and serum bicarbonate levels. The increase in the 
anion gap observed in D-lactic acidosis tends to be disproportionately smaller than 
the decrease in serum bicarbonate concentration. This phenomenon can be explained 
by the more efficient urinary excretion of D-lactate [2]. Thus, D-lactic acidosis can 
lead to both metabolic acidosis with an increased anion gap and hyperchloremic 
metabolic acidosis. Additionally, an increase in urinary anion gap is observed. This 
context carries a risk of misdiagnosing renal tubular acidosis in patients presenting 
with hyperchloremic acidosis and an elevated urinary anion gap. In such cases, cal-
culating the excretion of NH₄+ using the urinary osmolarity gap will show higher 
values in D-lactic acidosis compared to renal tubular acidosis [1–3]. The loss of 
intestinal absorption capacity in short bowel syndrome results in various nutritional 
deficiencies, such as thiamine deficiency, which can lead to neurological symptoms, 
thereby contributing to the pathogenesis of D-lactic acidosis [3, 8].

Electroencephalogram monitoring in patients at risk of D-lactic acidosis can 
facilitate the early detection of encephalopathy and guide suitable interventions. 
However, it is important to note that the changes observed are nonspecific [1, 3].

9.4	� Treatment

The treatment for D-lactic acidosis focuses on the following principles:

•	 Correction of metabolic acidosis: This includes rehydration, electrolyte replace-
ment, and intravenous administration of sodium bicarbonate. Supplementing 
with calcium may be helpful in managing D-lactic acidosis, as it aids in increas-
ing the intestinal pH [1, 5, 9].
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•	 Modification of gut flora: Oral antibiotics with low intestinal absorption (such as 
metronidazole, clindamycin, and vancomycin) can be used to target acid-resistant 
bacteria and facilitate selective alteration of the gut flora. However, these antibi-
otics may also have negative effects by encouraging the growth of resistant 
organisms that produce D-lactate. Evidence supporting the use of probiotics is 
currently inconclusive [1, 3, 5, 7].

•	 Hemodialysis: In severe cases, hemodialysis may be employed to quickly remove 
D-lactate from the body [2, 8].

•	 Monitoring and correction of nutrient deficiencies: It is crucial to address any 
micro- and macronutrient deficiencies that often accompany short bowel syn-
drome [8].

•	 Surgical intervention: Surgical options may be considered to enhance intestinal 
function and can include procedures such as intestinal lengthening, bowel resec-
tion, colonic interposition, or small intestine transplantation [10].

•	 Other therapeutic approaches: Experimental strategies, still under investigation, 
include the use of bioengineered artificial intestines or fecal microbiota trans-
plantation [11, 12].
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10Metabolic Bone Disease in Short Bowel 
Syndrome: Diagnosis and Management

Ionuț Adrian Saizu and Liana Gheorghe

10.1	� Introduction

Intestinal failure (IF) occurs when the gut can no longer maintain nutrition and 
hydration without external supplementation, and it is classified based on its duration 
[1]. Short bowel syndrome (SBS), the most common cause of chronic intestinal 
failure, results from a reduced absorptive area in the small intestine due to surgical 
resection (e.g., Crohn’s disease, trauma, malignancy, radiation, or mesenteric isch-
emia), or congenital defects [1]. In adults, SBS is defined as having less than 200 cm 
of small bowel remaining, while in children it is defined as having less than 25% of 
the normal intestinal length for their age [2]. After resection, the remaining bowel 
undergoes adaptation—structural and functional changes that boost its absorptive 
capacity, a critical step toward regaining full intestinal function. Additionally, 
“functional SBS” describes cases where bowel function is impaired despite suffi-
cient length (e.g., Crohn’s disease or rapid intestinal transit) [1].

Metabolic bone disease (MBD) encompasses conditions characterized by a 
widespread reduction in bone density and strength. This decline in bone mineral 
density (BMD) leads to osteopenia, osteoporosis, or osteomalacia, conditions which 
can be linked to prolonged administration of parenteral nutrition (PN) in patients 
with IF. The bone turnover consists of the process whereby osteoclasts resorb old 
bone and osteoblasts form new tissue to repair and reinforce the structure against 
mechanical stress. The majority of remodeling is done by the trabecular bone (28%), 
and the process is regulated by factors such as parathyroid hormone (PTH), vitamin 
D, and the concentrations of calcium (Ca), magnesium (Mg), and phosphorus 
(P) [3].
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An estimated 40% to 100% of adults receiving long-term PN may develop some 
degree of bone demineralization, but the true incidence of MBD in both adult and 
pediatric patients with chronic intestinal failure remains unknown [5–7]. While the 
exact causes of PN-associated MBD remain unclear, traditional risk factors are the 
main reasons for MBD rather than IF. Female sex, older age, low sunlight exposure, 
physical inactivity, smoking and alcohol consumption, chronic inflammation (e.g., 
Crohn’s disease), and use of corticosteroids or long-term anticoagulants are the gen-
eral causes for MBD in patients with IF/PN. Vitamin and mineral deficiencies (e.g., 
vitamin D) are directly related with malabsorption. The presence of toxic contami-
nants in PN solutions, like acetate, which can lead to calcium loss in urine, or exces-
sive sodium or amino acids, can lead as well to MBD [8].

MBD can develop as a complication in patients on long-term PN therapy, but as 
reported by longitudinal studies, this condition can affect even patients who never 
underwent PN. In this aspect, MBD is posing as a significant challenge for clini-
cians in managing patients with IF [9].

10.2	� Etiopathogenesis

MBD in home parenteral nutrition (HPN) patients arises from multiple interrelated 
factors that contribute to bone demineralization, impaired remodeling, and increased 
fracture risk. Nutritional deficiencies and imbalances, parenteral nutrition-related 
factors, metabolic and endocrine disorders, underlying disease-related factors, and 
use of medication-induced bone loss (e.g., corticosteroids, long-term heparin use, 
and immunosuppressants) are considered mainstays in MBD pathophysiology.

10.2.1	� Bone Disease and Calcium–Phosphorus Balance 
in Parenteral Nutrition

Calcium and phosphorus, essential for bone structure, are primarily stored in the 
skeleton, and their deficiency can cause bone erosion, impaired growth, and 
increased fracture risk, particularly in pediatric patients [4]. A negative calcium bal-
ance is a key factor in bone disease among HPN patients, resulting from insufficient 
calcium intake and increased urinary calcium loss, leading to bone demineralization 
and weakening [10, 11]. Ensuring adequate calcium and phosphorus supplementa-
tion in PN is challenging due to calcium–phosphate precipitation, influenced by 
high mineral concentrations, low amino acid levels, elevated temperatures, increased 
pH, and prolonged infusion times [4, 12–14]. This issue is particularly critical in 
neonates, who have higher mineral requirements but limited fluid intake, making 
precise PN formulation and solubility monitoring essential for maintaining bone 
health [4, 12, 15]. A Ca–P solubility curve is used to determine the maximum con-
centrations of calcium and phosphate that can be safely mixed in a parenteral nutri-
tion (PN) solution without forming precipitates. By using solubility curves, clinical 
pharmacists and nutrition specialists can optimize PN composition, ensuring 
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adequate calcium and phosphorus delivery while minimizing precipitation risks 
[4, 16].

10.2.2	� Urinary Calcium Excretion and Hypercalciuria

Excessive protein intake in HPN increases urinary calcium excretion, leading to a 
negative calcium balance [17]. Studies indicate a dose-dependent relationship 
between amino acid intake and urinary calcium loss, showing that higher protein 
intake correlates with increased calcium excretion [18, 19]. Additionally, high-
protein loads in PN solutions contribute to metabolic acidosis, which reduces renal 
calcium resorption, further exacerbating calcium loss and increasing the risk of 
bone demineralization [7, 18, 20].

HPN patients, known as cyclic PN patients, exhibit higher urinary calcium excre-
tion, with levels increasing by up to 80% compared to those on continuous PN [21]. 
This effect is likely due to the rapid infusion rate of cyclic PN, which accelerates 
calcium filtration and excretion. However, the overall impact may be mitigated by 
reduced calcium losses during the hours when PN is not being administered.

10.2.3	� Metabolic Acidosis and Bone Loss

Chronic metabolic acidosis in long-term HPN patients can disrupt vitamin D metab-
olism and compromise the bone buffering system, leading to MBD [4]. Conditions 
such as SBS, renal disease, and bacterial overgrowth can elevate D-lactic acid lev-
els, further contributing to osteomalacia and an increased risk of fractures [22].

10.2.4	� Aluminum Contamination

Aluminum toxicity disrupts bone metabolism by reducing PTH secretion and 
impairing vitamin D metabolism, which can lead to bone pain and fractures [23]. In 
the early 1980s, aluminum contamination in PN solutions was a significant cause of 
MBD and osteomalacia, particularly in infants [24, 25]. However, regulatory 
changes implemented since 2004 by the US Food and Drug Administration (FDA) 
have significantly reduced aluminum levels in PN formulations, leading to a decline 
in the prevalence of aluminum-related metabolic bone disease [26].

10.2.5	� Vitamins D and K Deficiencies

Vitamin D plays a crucial role in calcium homeostasis by enhancing both intestinal 
absorption and renal reabsorption of calcium and phosphorus. It also plays a role in 
skeletal integrity by inducing osteoclast formation and bone resorption [27]. A defi-
ciency in vitamin D can lead to osteomalacia in adults and rickets in children, 
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particularly in individuals with malabsorption syndromes or liver and renal failure 
[28]. Otherwise, vitamin D requirements are minimal in HPN patients and seem to 
be not greater than the recommended dose for patients on a normal diet. 
Hypercalcemia can be caused by vitamin D toxicity, making this a concern in HPN 
patients. While excessive vitamin D supplementation in HPN has been linked to 
MBD, complete discontinuation is not recommended due to the risk of deficiency 
and its impact on bone metabolism [1, 4, 29].

Similarly, vitamin K is essential for osteocalcin, a key protein involved in bone 
mineralization. Deficiencies can arise from alteration of the colonic flora (e.g., anti-
biotic use), fat malabsorption, or PN dependency, leading to reduced BMD and an 
increased risk of fractures [30, 31].

10.2.6	� Fluoride and MBD

Fluoride plays a complex role in bone metabolism, with effects that depend on dose, 
duration of exposure, and individual bone health status. At physiological levels, 
fluoride contributes to bone mineralization by stimulating osteoblast activity, poten-
tially increasing bone mass and trabecular bone density [32]. Some studies suggest 
a positive correlation between fluoride exposure and lumbar spine BMD in HPN 
patients, likely due to its effect on trabecular bone formation [33]. However, exces-
sive fluoride intake can lead to skeletal fluorosis, characterized by abnormal bone 
hardening, increased fragility, and impaired bone quality. High fluoride levels may 
also contribute to mineralization defects, reducing bone strength and increasing 
fracture risk, particularly in cortical bone such as the femoral neck [34].

10.2.7	� Medications and Bone Disease

Certain medications significantly impact bone health by disrupting bone formation, 
calcium metabolism, and mineral density. Corticosteroids (e.g., prednisone) sup-
press osteoblast activity, decrease calcium absorption, and increase urinary calcium 
excretion, leading to bone loss and increased fracture risk [35, 36]. Additionally, the 
long-term use of warfarin has been linked to reduced BMD, particularly in children 
[37–39].

Other drugs, including methotrexate, cyclosporine, and heparin, have been asso-
ciated with osteopenia, further compromising bone strength [40–42].

10.2.8	� Concomitant Diseases and Bone Health

Patients requiring PN due to conditions such as inflammatory bowel disease (IBD), 
cancer, and malabsorption disorders face an increased risk of bone disease. 
Individuals with IBD are particularly vulnerable to higher fracture rates, often 
resulting from malnutrition, chronic inflammation, and prolonged corticosteroid 
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use. Malabsorption disorders, including Crohn’s disease, celiac disease, and short 
bowel syndrome, further contribute to calcium and vitamin D deficiencies, leading 
to bone demineralization and increased fracture susceptibility [43–49].

10.3	� Clinical Presentation

MBD is a significant concern for patients receiving prolonged parenteral nutrition 
(PN), as it can lead to osteomalacia, osteopenia, or osteoporosis. Proper monitoring 
and management strategies, including nutritional optimization and supplementa-
tion, are essential to mitigate these effects and maintain bone health.

Osteomalacia is a condition characterized by the softening of bones due to defec-
tive bone mineralization of the newly formed organic matrix, usually caused by a 
deficiency of vitamin D, calcium, or phosphate. Most patients are asymptomatic, 
but osteomalacia can lead to bone pain and muscle weakness. In adults, osteomala-
cia is the equivalent of rickets in children [28].

Osteopenia is a disorder characterized by lower-than-normal bone mineral den-
sity (BMD), but not low enough to be classified as osteoporosis. The decrease in 
bone mineralization reduces bone mass, leading to osteopenia. It indicates weak-
ened bones with an increased risk of fractures but is often asymptomatic. 
Osteoporosis is characterized by decreased bone mineral density (BMD) and dete-
rioration of the normal architecture of bone, leading to increased bone fragility and 
a higher risk of atraumatic fractures [4, 50, 51].

MBD in long-term PN can present as asymptomatic, bone pain (mainly in the 
spine and lower joints), or fractures with minimal trauma or even atraumatic. Pironi 
et al. highlighted that 33% of these patients exhibited MBD in the spine and hip 
regions, 50% in the femoral neck, and 24% had experienced previous fractures. 
Additionally, a significant negative correlation was found between the duration of 
HPN and bone mineral density (BMD), indicating that longer HPN duration is asso-
ciated with lower BMD [6].

A crucial point is that biochemical markers of bone metabolism may either 
appear normal or display only slight abnormalities, so early detection can be cum-
bersome. The laboratory results—including hypercalcemia, hypocalcemia, hyper-
calciuria, normal 25-hydroxyvitamin D with low 1,25-dihydroxyvitamin D, elevated 
alkaline phosphatase, and low to normal PTH—suggest disruptions in calcium and 
vitamin D metabolism.

10.4	� Diagnosis

The diagnosis of MBD in patients receiving long-term HPN should be based on a 
combination of bone densitometry scanning and biochemical assessments [29, 
52, 53].

Given the increased risk of osteoporosis and bone fragility, it is crucial to identify 
and address general risk factors that may negatively impact bone health. These 
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include chronic inflammation, infections, medication effects, and other underlying 
disease-related factors. By proactively managing these risks, the progression of 
bone deterioration can be minimized. In this aspect, regular screening and monitor-
ing should be integrated into the care plan for all HPN patients, with periodic bone 
densitometry scans and biochemical evaluations [1, 29, 52, 53]. This comprehen-
sive approach supports early intervention, prevention of complications, and 
improved long-term bone health in this vulnerable population.

Dual-energy X-ray absorptiometry (DEXA) is used to assess the advancement 
of MBD by diagnosing osteopenia and osteoporosis. DEXA is considered the 
gold standard for bone mineral density (BMD) assessment due to its high preci-
sion, speed, and reliability, making it essential for both diagnosis and follow-up in 
metabolic bone disease management. DEXA operates by using two X-ray beams 
at different energy levels to differentiate between bone and soft tissue. The system 
measures the attenuation of each beam as it passes through the body, allowing for 
precise calculation of bone mineral density. Low-energy X-rays are absorbed 
more by bone, while high-energy X-rays penetrate soft tissues. The difference in 
X-ray absorption is used to quantify bone mineral content (g/cm2). DEXA is a 
low-radiation dose procedure and does not require contrast agents, making it safe 
for repeated assessments [54–57]. The low-dose radiations are used to determine 
BMD of the lumbar spine, femoral neck, and radius [58].

BMD of an individual is compared to a reference group of young, gender-
matched adults. Deviations from the reference mean are expressed in standard devi-
ations (SDs), known as the T-score (mean BMD value of young adult reference 
mean) or Z-score (mean BMD value of age-, sex-, and ethnicity-matched healthy 
control), which is used to classify osteoporosis and fracture risk [8]. The T-score in 
DEXA compares an individual’s bone mineral density (BMD) to that of a young, 
healthy adult, helping diagnose osteoporosis and fracture risk, while the Z-score 
compares BMD to age-matched peers, identifying abnormal bone loss and potential 
secondary causes of osteoporosis, especially in younger individuals [59]. According 
to the World Health Organization (WHO), DEXA can differentiate normal tissue, 
osteopenia, and osteoporosis using the T-score. A T-score of ≥ −1 SD is considered 
normal, a T-score between −1 and −2.5 SDs indicates osteopenia, and a T-score of 
≤ −2.5 SDs is diagnostic of osteoporosis [4, 60]. According to the European Society 
for Clinical Nutrition and Metabolism (ESPEN), BMD should be measured at start-
ing HPN and then yearly [1, 29]. For individuals with normal DEXA scan results, 
follow-up assessments are typically conducted every 1 to 3 years to monitor bone 
health [4, 60]. The risk of fractures increases significantly with decreasing BMD, 
with studies estimating a 1.4 to 1.6 times higher fracture risk for every 1 SD reduc-
tion in BMD Z-score [61]. Pironi et al., in a in a cross-sectional multicenter study, 
showed that the BMD Z-score appeared predictive of fracture risk, and factors such 
as age at HPN initiation and BMI were major factors associated with BMD 
Z-scores [6].

The biochemical evaluation of metabolic bone disease (Table  10.1) involves 
measuring, every 4  months, serum levels of key minerals such as calcium (Ca), 
phosphorus (P), and magnesium (Mg), along with the optional assessment of their 
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Table 10.1  Diagnosis and monitoring protocol for metabolic bone disease in patients on home 
parenteral nutrition for chronic intestinal failure

Bone mineral density (DEXA) At starting HPN, then yearly
Serum Ca, Mg, P Every 4 months; additional as per clinical 

need
Urinary Ca, Mg, P Every 4 months; additional as per clinical 

need
Serum 25-hydroxyvitamin D, PTH, bone 
turnover markers

Yearly; additional as per clinical need

Serum 1,25-dihydroxyvitamin D If vitamin D toxicity is suspected
Serum aluminum and micronutrients If clinical suspicion

Bone biopsy (+/− double tetracycline labeling) For differential diagnosis of osteomalacia and 
osteoporosis

Abbreviations: DEXA dual-energy X-ray absorptiometry, PTH parathyroid hormone, HPN home 
parenteral nutrition

24-h urinary excretion [29, 62, 63]. Additionally, every 12 months, it includes serum 
and/or urinary markers of bone turnover, such as bone formation markers—osteo-
calcin, bone-specific alkaline phosphatase (BSAP), and procollagen type I 
N-terminal propeptide (P1NP)—and bone resorption markers—C-terminal telopep-
tide of type I collagen (CTX) and N-terminal telopeptide (NTX) [29, 64]. 
Furthermore, it assesses plasma concentrations of parathyroid hormone (PTH), 
25-hydroxyvitamin D, yearly, and, if necessary, 1,25-dihydroxyvitamin D, when 
vitamin D toxicity is suspected [29]. Monitoring serum fluoride levels is essential to 
prevent excess accumulation, which may exacerbate MBD or lead to fluorosis-
related complications [21, 32].

According to ESPEN, patients with MBD due to HPN should follow preventive 
strategies similar to those recommended for the general population. Additionally, it 
is essential to address underlying disease-related factors, such as infections and 
chronic inflammation, to minimize bone deterioration and maintain overall meta-
bolic stability [29].

Moreover, biological tests for concomitant diseases (e.g., Crohn’s disease, celiac 
disease, etc.) should always be considered in order to evaluate their activity status or 
the response to treatment. Addressing underlying disease-related factors, such as 
infections and chronic/acute inflammation, is essential for managing overall health 
and preventing complications.

A tetracycline-labeled bone biopsy is a specialized technique used to evaluate 
bone metabolism and mineralization. It involves a minimally invasive technique 
using a cannulated drill to obtain iliac crest bone samples. Similarly, it requires 
administering tetracycline antibiotics, which bind to newly forming bone and fluo-
resce under ultraviolet (UV) light, allowing for the evaluation of bone turnover and 
mineralization rates. The procedure includes administering two doses of tetracy-
cline, followed by a bone biopsy from the iliac crest. Under fluorescence micros-
copy, tetracycline appears as fluorescent bands, with the spacing between them 
indicating bone formation rates. This method is particularly useful in diagnosing 
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osteoporosis, osteomalacia, renal osteodystrophy, and other metabolic bone dis-
eases [65].

Colazo et al. concluded that tetracycline-labeled bone biopsies are underutilized 
in diagnosing metabolic bone diseases. The procedure, which involves a minimally 
invasive technique using a cannulated drill to obtain iliac crest bone samples, was 
found to be well tolerated with minimal complications. The biopsies provided high-
quality specimens that facilitated accurate histological diagnoses, leading to treat-
ment modifications in the majority of cases. Patients who underwent biopsy-guided 
treatment adjustments demonstrated significant improvements in bone mineral den-
sity (BMD) as measured by dual-energy X-ray absorptiometry (DEXA), following 
the intervention. The authors advocate for the inclusion of tetracycline-labeled bone 
biopsies in the diagnostic and therapeutic management of select patients with meta-
bolic bone diseases, despite advancements in noninvasive imaging and biomarker 
analysis.

Although invasive, it provides direct histological evidence of bone health and is 
more precise than serum biomarkers in detecting subtle metabolic bone disorders. It 
is primarily used when standard imaging or biochemical markers are inconclusive, 
helping to refine diagnoses and treatment strategies for patients with unexplained 
fractures or complex bone diseases [8] (Table 10.1).

10.5	� Treatment

The management of bone metabolic disease in patients on HPN is determined by 
etiopathogenesis and includes general and lifestyle recommendations, addressing 
underlying causes, optimizing nutrition, and medical treatment.

10.5.1	� General and Lifestyle Recommendations

To promote optimal bone health, it is advisable to engage in regular low-impact 
physical exercise. Ensuring adequate exposure to sunlight is important as well, as it 
facilitates production of vitamin D. In areas with limited sunlight, the use of UVB-
emitting devices might be considered to maintain sufficient vitamin D levels. 
Maintaining a balanced diet rich in protein and calories supports overall nutritional 
status, which is vital for bone maintenance.

Incorporating dairy products into the diet can provide a good source of calcium. 
Additionally, it is recommended to cease cigarette smoking and limit alcohol con-
sumption, as these habits can negatively impact bone density. For women in the 
perimenopausal and postmenopausal stages, estrogen replacement therapy may be 
beneficial in preserving bone mass—leading to a significant reduction in vertebral 
and nonvertebral fractures [66]. However, careful consideration should be given, 
especially to those with an increased risk of venous thrombosis [67].
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10.5.2	� Optimizing Parenteral Nutrition Formula

The ESPEN practical guidelines for clinical nutrition in chronic intestinal failure 
recommend, as a first step in treating BMD, to optimize the parenteral nutrition 
regimens by ensuring adequate supplementation of vitamin D, calcium, and phos-
phate [68]. The usual dose of vitamin D (e.g., cholecalciferol and ergocalciferol) 
added in PN formula for adult patients with intestinal failure is 200  IU/d, while 
doses for children are higher ranging up to 400 IU/d 4. Thompson et al. found that 
68% of patients with HPN were deficient, and 27% were insufficient in vitamin D 
levels, recommending vitamin supplementation in all these patients, but close moni-
toring is advised due to its toxicity risk. Studies reported corrections of hypercalce-
mia, hypercalciuria, and osteomalacia following the withdrawal of vitamin D [9, 
69–71]. Adequate calcium (10–15 mmol/day) and phosphorus (10–40 mmol/day) 
should be included in PN to prevent deficiency and maintain bone mineralization. 
The Ca–P solubility curve helps determine the maximum safe concentrations of 
calcium and phosphate in PN to prevent precipitation [4, 16]. Vitamin K is included 
routinely as well in PN at a daily dose of 150 μg through intravenous (IV) multivi-
tamin preparations [72, 73]. Aluminum levels within PN solution should be less 
than 25 μg/L according to FDA amendment. Protein levels of PN admixtures should 
not exceed 1.5 g/kg/d to avoid metabolic acidosis and hypercalciuria, and acetate 
amount should be adjusted as well to maintain normal serum bicarbonate [4]. Other 
PN-related factors that should be taken into account are fluid volume to maintain 
fluid balance, infusion rate (i.e., slow perfusion rate may reduce hypercalciuria), 
and sodium levels (i.e., hypercalciuria may be induced by high levels of urinary 
sodium) [8].

The ESPEN guidelines advocate for a timely management of general risk fac-
tors for osteoporosis, along with addressing potential negative influences on bone 
health, such as chronic inflammation, infections, medications, other disease-
related factors, and prevention and treatment of metabolic acidosis, in all patients 
receiving long-term HPN [68]. Oral supplementation of calcium and magnesium 
plays a supportive role, being essential for bone mineralization, preventing osteo-
porosis and fracture risk. For adults, oral calcium supplementation typically 
ranges from 1000 to 1500 mg per day, especially when PN calcium content is 
insufficient, while oral magnesium supplementation often ranges from 300 to 
600  mg per day or 12–24  mmol/day, depending on the individual’s deficiency 
status [8, 74].

10.5.3	� Pharmacologic Treatment

The aim of pharmacologic treatment of BMD in patients with HPN is to reduce the 
incidence of fracture (e.g., hip and spine).

Bisphosphonates, such as zoledronic acid and alendronate, are effective antire-
sorptive agents commonly used in osteoporosis patients at high risk of fractures. 
However, long-term use requires careful monitoring to prevent adynamic bone 

10  Metabolic Bone Disease in Short Bowel Syndrome: Diagnosis and Management



94

disease. Antiresorptive agents’ mechanism is based on modifying calcium metabo-
lism, inhibiting osteoclast action by reducing recruitment of osteoclast precursor, 
inducing apoptosis of osteoclasts, and inhibiting bone marrow cell differentiation 
[75, 76]. The effects of these actions are represented by bone strength improve-
ments, preservation of bone structure, and prevention of additional bone loss. Most 
bisphosphonates are taken orally.

However, patients with SBS and HPN experience poor intestinal absorption 
due to intestinal failure and malabsorption. In this aspect, medications like clodro-
nate and pamidronate, which are IV forms of antiresorptive agents, are the thera-
peutic options in patients with intestinal failure and HPN.  Pamidronate IV 
improves the T-score of spine, hip, and lumbar sacral DEXA [77–79]. 
Bisphosphonates effectively treat bone loss but can have side effects that require 
monitoring.

Common issues include gastrointestinal discomfort, such as heartburn, dyspep-
sia, and even mucosal injury [80]. Osteonecrosis of the jaw (ONJ) is a rare but 
serious complication, mainly in cancer patients receiving high doses [81]. Long-
term use may also lead to atypical femur fractures with minimal trauma. 
Hypocalcemia is another concern, requiring calcium and vitamin D supplementa-
tion. Some patients, particularly those on intravenous bisphosphonates, may expe-
rience flu-like symptoms such as fever and muscle pain. Additionally, high-dose 
intravenous therapy can affect kidney function, requiring caution in those with 
renal disease [82].

PTH analogs, like teriparatide, a subcutaneously administered anabolic agent, 
are beneficial for treating low bone turnover osteoporosis, particularly in cases that 
do not respond to bisphosphonates [83]. Denosumab, a receptor activator of nuclear 
factor kappa-B ligand (RANKL) inhibitor, is another option for severe osteoporosis, 
but ensuring adequate calcium and vitamin D levels is crucial to prevent hypocalce-
mia. Denosumab is an effective treatment for minimizing bone loss, particularly in 
cancer patients. Its subcutaneous administration offers convenience, and it lacks 
renal toxicity or acute-phase reactions [84].

10.6	 Conclusion

MBD is a common complication in chronic intestinal failure, especially in patients 
on long-term home parenteral nutrition HPN. It results from nutritional deficiencies, 
PN-related factors, metabolic disturbances, comorbidities, and certain medications, 
leading to osteopenia, osteoporosis, or osteomalacia.

Diagnosis combines regular DEXA with biochemical monitoring, and some-
times bone biopsy. Management includes lifestyle measures, optimizing PN com-
position, correcting metabolic imbalances, and using pharmacologic treatments 
such as bisphosphonates, PTH analogues, or denosumab.

A proactive, individualized strategy is essential to prevent fractures, maintain 
bone strength, and improve long-term outcomes.
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11Intestinal Failure-Associated Liver 
Disease

Speranța Iacob and Liana Gheorghe

11.1	� Introduction

11.1.1	� Definition

Intestinal failure (IF)-associated liver disease (IFALD) is a spectrum of liver dys-
function that arises as a complication in individuals with chronic intestinal failure 
(IF) type III, due to prolonged dependence on parenteral nutrition (PN), although it 
can also occur in patients with prolonged type II IF who require extended parenteral 
support [1, 2]. The term “IFALD” has replaced the older terminology of parenteral 
nutrition-associated liver disease (PNALD), as endorsed by the European Society 
for Clinical Nutrition and Metabolism (ESPEN) [2, 3], reflecting the multifactorial 
nature of the condition beyond PN alone.

IFALD encompasses a spectrum of liver dysfunction, including cholestasis, ste-
atosis, steatohepatitis, and progressive fibrosis, which can ultimately lead to cirrho-
sis and end-stage liver disease. The disease is diagnosed when liver injury occurs in 
the absence of other primary parenchymal liver pathology, hepatotoxic factors, or 
biliary obstruction [4–6].

11.1.2	� Epidemiology

The prevalence of IFALD varies depending on the population studied, duration of 
PN, and underlying health conditions. Overall, IFALD is more prevalent in pediatric 
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patients compared to adults. However, IFALD reveals a concerning prevalence 
among both pediatric and adult populations.

In pediatric population, the incidence of IFALD ranges from 40% to 60%, with 
neonates exhibiting the highest prevalence, reaching up to 85% [5, 7, 8]. This higher 
susceptibility in neonates is associated with conditions like short bowel syndrome 
(SBS), prematurity, and prolonged PN use [8, 9]. Mortality rates can reach up to 
40% among children with established IFALD, making it a leading indication for 
intestinal transplantation [10].

The prevalence of IFALD in adults is lower, ranging from 15% to 40%. Factors 
contributing to this lower prevalence include differences in underlying diseases, 
shorter PN duration, and better tolerance to PN [5, 6]. A 6-year follow-up study of 
90 adults receiving home PN revealed that 50% developed persistent IFALD [11]. A 
prospective 1-year study indicated that IFALD-cholestasis and IFALD-fibrosis may 
resolve during the initial phase of PN, while IFALD-steatosis tends to persist [12].

IFALD remains a critical concern due to its potential progression to liver fibrosis, 
cirrhosis, and increased mortality, with 3.6–8.8% of deaths among PN-dependent 
patients with benign underlying diseases attributable to IFALD [13].

11.2	� Etiology and Risk Factors

The development of IFALD is multifactorial, influenced by prolonged PN, intestinal 
failure, infections, nutritional imbalances, and systemic factors.

Long-term PN is a primary contributor to IFALD. However, PN is essential for 
individuals with intestinal failure; however, both nutrient toxicity and deficiency are 
key contributors to the development of IFALD in adults and children.

11.2.1	� Nutrient Toxicity

Excessive intake of specific nutrients can overwhelm the liver’s metabolic capacity, 
leading to hepatotoxicity. In both adult and pediatric populations, excessive energy 
intake and glucose overload (exceeding 7 mg/kg/min) can disrupt hepatic metabo-
lism, promoting lipogenesis and hepatic steatosis. Additionally, soybean-based lipid 
emulsions (LEs) administered at doses greater than 1 g/kg/day are associated with 
the accumulation of phytosterols—plant-derived sterols, when administered intra-
venously, accumulate in hepatocytes due to limited gastrointestinal absorption, 
impair bile flow and contribute to cholestasis. Soybean oil-based LEs (SOLEs) and 
safflower oil-based LEs are rich in ω-6 polyunsaturated fatty acids (PUFAs) and low 
in ω-3 PUFAs. SOLE has a linoleic acid (LA) to α-linolenic acid (ALA) ratio of 7:1, 
while safflower oil-based LE contains more LA and less ALA than SOLE [14]. 
Additionally, soybean oil contains γ-tocopherol, a less bioavailable form of vitamin 
E. Continuous PN infusion over 24 h, common in adults, exacerbates hepatic stress 
by bypassing the natural circadian rhythm of nutrient metabolism. Moreover, an 

S. Iacob and L. Gheorghe



103

overload of trace elements, such as copper and manganese, can accumulate in the 
liver, further aggravating hepatocellular injury [5, 6, 15, 16].

11.2.2	� Nutrient Deficiency

Nutrient deficiencies in PN can impair critical metabolic processes, weakening the 
liver’s antioxidant defenses and contributing to IFALD.  In adults, deficiencies in 
choline, carnitine, methionine, taurine, essential fatty acids, and vitamins C and E 
compromise lipid metabolism and increase oxidative stress. In pediatric patients, 
the lack of choline—a vital nutrient for lipid metabolism—combined with essential 
amino acid deficiencies disrupts protein synthesis and liver function. Furthermore, 
prolonged periods without enteral nutrition (EN) and extended dependence on PN 
limit gut stimulation, impairing bile flow and exacerbating cholestasis [5, 6, 17, 18].

Prolonged PN use directly correlates with liver dysfunction, as shown by 
Fitzgibbons et al. [19], who observed biopsy-proven liver fibrosis in children with 
short bowel syndrome. Liver enzyme abnormalities are found in 25–100% of PN 
patients [20].

In both populations, balancing nutrient intake is crucial for preventing IFALD, 
emphasizing the importance of individualized PN regimens that minimize nutrient 
excess while ensuring sufficient intake of essential nutrients.

11.2.3	� Patient-Related Factors

Patient-related factors play a significant role in the development of IFALD, with 
differences observed between adults and pediatric populations. These factors can be 
categorized as IF-related and systemic-related.

	1.	 In both adults and children, IF-related factors primarily arise from compro-
mised intestinal function and dysbiosis [21, 22].

Adults:
•	 Lack of oral feeding and prolonged fasting reduce enteral stimulation, impairing 

bile flow and promoting cholestasis.
•	 Conditions such as short bowel syndrome (SBS) and small bowel bacterial over-

growth (SBBO) lead to malabsorption and increased translocation of endotoxins 
and bacteria [11].

•	 Disruptions in the gut microbiome, suppression of Paneth cell bactericidal 
responses, and decreased IgA secretion weaken the mucosal immunity.

•	 Alterations in bile acid metabolism, loss of gut hormone stimulation, and reduced 
fibroblast growth factor 19 (FGF19) levels contribute to impaired hepatic metab-
olism [23, 24].
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Children:
•	 Pediatric patients face additional risk factors, including congenital abnormalities 

such as gastroschisis and intestinal atresia, which disrupt normal gastrointestinal 
function.

•	 Prolonged PN and reduced enteral intake lead to intestinal and biliary stasis, 
while SBS with stoma further limits nutrient absorption and increases the risk of 
intestinal dysbiosis [11].

•	 Similar to adults, children also experience small bowel bacterial overgrowth, 
alterations in bile acid metabolism, and impaired gut hormone stimulation, all of 
which contribute to IFALD development [25, 26].

	2.	 Systemic-Related Factors, Including Infections, Metabolic Disturbances, and 
Genetic Predispositions, Further Exacerbate IFALD Risk in both Populations

Adults:
•	 Central line-associated bloodstream infections and sepsis are common complica-

tions of PN, leading to systemic inflammation and liver injury.
•	 The use of hepatotoxic agents, such as alcohol, certain medications (antibiotics, 

antifungal agents, immunosuppressants, and opioids), and viral hepatitis, can 
directly impair liver function, increasing susceptibility to IFALD [27, 28].

•	 Genetic predispositions such as NOD2 mutations may increase the risk of exten-
sive intestinal resection or impair intestinal adaptation, contributing to the devel-
opment of IFALD [29].

Children:
•	 Prematurity and low birth weight are critical risk factors in neonates, as imma-

ture liver function makes them more vulnerable to metabolic disturbances.
•	 Early initiation of PN, often required in neonatal intensive care units, increases 

the risk of cholestasis and liver injury.
•	 Recurrent infections, frequent sepsis, and exposure to medications that affect 

liver metabolism can accelerate IFALD progression [27, 28].
•	 Genetic predispositions (genetic variations affecting farnesoid X receptor (FXR) 

signaling; genetic mutations in coxsackie and adenovirus receptor-like mem-
brane protein; loss-of-function mutation in the filamin gene—associated with 
congenital short bowel syndrome) further contribute to the risk of liver dysfunc-
tion in pediatric patients [30, 31].

In both adults and children, patient-related factors are crucial in the pathogenesis 
of IFALD, with IF-related factors primarily arising from compromised intestinal 
function and systemic-related factors involving infections and metabolic distur-
bances. While both populations share common risk factors such as SBS, SBBO, and 
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prolonged PN, children face additional challenges related to prematurity, congenital 
abnormalities, and early PN exposure, highlighting the need for tailored manage-
ment approaches to mitigate IFALD risk.

11.3	� Predictive Biomarkers in IFALD

Accurate biomarkers are essential for the early detection and management of 
IFALD. Recent studies emphasize the significance of plasma citrulline, FGF19, and 
the MESIF score in assessing both intestinal function and liver health.

Plasma citrulline serves as a reliable indicator of intestinal absorptive capacity 
and correlates with liver function in patients with intestinal failure. As citrulline is 
synthesized primarily by enterocytes, low plasma levels signal compromised intes-
tinal function, which often coexists with hepatic dysfunction. In a cohort of patients 
with chronic intestinal failure (CIF), low plasma citrulline was identified as an inde-
pendent predictor of chronic cholestasis, emphasizing its role in IFALD monitoring 
[32, 33].

Fibroblast growth factor 19 (FGF19), produced in the ileum in response to bile 
acid absorption, is crucial for regulating bile acid synthesis and maintaining liver 
health. In IFALD, disruption of enterohepatic circulation leads to reduced FGF19 
levels, impairing bile acid homeostasis and contributing to cholestatic liver injury 
[24]. A single-center study of 135 adults with CIF demonstrated that low FGF19 
levels were independently associated with chronic cholestasis and reduced survival. 
Additionally, low FGF19 was linked to increased portal inflammation, fibrosis, and 
impaired intestinal barrier function, further exacerbating liver injury. The activation 
of FXR-FGF19 signaling has shown therapeutic potential in mitigating IFALD, 
with experimental models highlighting its role in reducing hepatic inflammation 
and promoting liver repair [34].

Model for end-stage intestinal failure (MESIF) score is a composite prognos-
tic tool designed to predict survival in adult patients with CIF. Developed by Koelfat 
et  al. [34], this scoring system integrates three key variables: plasma citrulline, 
serum FGF19, and the frequency of PN infusions. The MESIF formula is as fol-
lows: MESIF score = (12.05 × citrulline) + (12.09 × FGF19) + (3.29 × weekly PN 
infusions). Scores range from 3 to 47, with risk categories defined as follows:

•	 Low risk: ≤20 (5-year survival rate: 80%).
•	 Intermediate risk: 20–40 (5-year survival rate: 58%).
•	 High risk: >40 (5-year survival rate: 14%).

This scoring system offers a comprehensive assessment of both intestinal and 
liver health, aiding clinicians in identifying patients at higher risk of IFALD-related 
complications and those who may benefit from closer monitoring or intestinal 
transplantation.
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Other Emerging Biomarkers:
•	 Extracellular Vesicles (EVs): EVs carrying molecular signatures of liver injury 

show potential as noninvasive biomarkers for early IFALD diagnosis and moni-
toring [35].

•	 Bilirubin Levels: Elevated bilirubin, particularly conjugated bilirubin, remains 
a key indicator of cholestasis and liver dysfunction in IFALD, complementing 
the predictive value of FGF19 and liver stiffness measurements [36].

Plasma citrulline, serum FGF19, and the MESIF score are crucial biomarkers for 
assessing IFALD risk and guiding clinical management. Among these, FGF19 
stands out for its dual role in predicting cholestasis and overall survival. The MESIF 
score, by combining intestinal and liver health indicators, offers a practical tool for 
risk stratification and treatment planning. Continued research into additional bio-
markers, such as extracellular vesicles, promises to further enhance the early diag-
nosis and management of IFALD, ultimately improving patient outcomes.

11.4	� Clinical Manifestations

11.4.1	� Early Symptoms of IFALD

The initial clinical manifestations of IFALD often include jaundice, hepatomegaly, 
splenomegaly, elevated liver enzymes, particularly alkaline phosphatase and biliru-
bin, and general fatigue [4, 37]. Elevated liver enzymes, including alanine amino-
transferase (ALT) and aspartate aminotransferase (AST), serve as biomarkers for 
liver injury and dysfunction, with studies indicating that these elevations can occur 
within weeks of initiating PN [9, 15].

11.4.2	� Progression to Advanced Disease

As IFALD progresses, patients may develop more severe symptoms indicative of 
advanced liver disease, such as ascites, portal hypertension, and hepatic encepha-
lopathy, as a consequence of liver fibrosis and cirrhosis [37, 38]. The progression of 
IFALD is often insidious, with many patients exhibiting abnormal liver function 
tests long before the onset of overt clinical symptoms [37]. Histopathological stud-
ies have shown that liver damage can progress from steatosis and cholestasis to 
fibrosis and ultimately cirrhosis, significantly increasing morbidity and mortality 
risks [39, 40]. In pediatric populations, the rapid progression to cirrhosis can occur 
in cases of ultra-short bowel syndrome, underscoring the urgency of monitoring 
liver function in these patients [29]. Furthermore, the management of IFALD has 
evolved, with recent studies highlighting the effectiveness of fish oil lipid emulsions 
in reversing liver damage and improving liver function. However, despite advance-
ments in treatment, many patients on long-term PN continue to exhibit elevated 
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liver enzymes and histologic abnormalities, indicating that ongoing monitoring and 
intervention are essential to prevent the progression to end-stage liver disease 
[37, 41].

11.5	� Diagnosis

IFALD lacks standardized diagnostic criteria, making early detection and interven-
tion crucial for improving patient outcomes.

11.5.1	� Role of Routine Liver Function Tests (LFTs) 
in IFALD Monitoring

Routine LFTs remain the cornerstone of IFALD surveillance. Elevated levels of 
bilirubin, alkaline phosphatase, and transaminases often signal liver dysfunction, 
with cholestasis being one of the earliest manifestations of IFALD. Studies indicate 
that LFT abnormalities can appear as early as 2 weeks after PN initiation, under-
scoring the need for frequent monitoring. Furthermore, declining serum albumin 
and thrombocytopenia may indicate advanced hepatic fibrosis or cirrhosis, neces-
sitating more comprehensive liver assessment [19, 25].

11.5.2	� Imaging Modalities for Noninvasive Liver Assessment

Beyond biochemical markers, imaging plays a critical role in assessing liver health 
in IFALD patients:

•	 Ultrasound: It is widely used for detecting hepatomegaly, biliary sludge, and 
gallbladder abnormalities.

•	 Magnetic Resonance Imaging (MRI): MRI, particularly quantitative MRI, has 
emerged as a promising tool for evaluating liver steatosis and fibrosis. Proton 
density fat fraction (PDFF) measurements reliably quantify hepatic fat accumu-
lation in IFALD steatosis [38, 42].

•	 FibroScan (Transient Elastography [TE]): It measures liver stiffness and cor-
relates with fibrosis severity. Liver stiffness exceeding 6.5  kPa was indepen-
dently associated with IFALD-cholestasis, with an area under the receiver 
operating characteristic curve (AUROC) of 0.714. However, its accuracy may be 
limited in patients with PN-associated cholestasis [43].

•	 Two-Dimensional Shear Wave Elastography (2D-SWE): 2D-SWE demon-
strates potential in differentiating moderate/severe fibrosis from mild disease, 
with AUROC values exceeding 0.80 [44].
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11.5.3	� Emerging Noninvasive Biomarkers for IFALD Detection

Recent research has introduced several biomarkers and imaging techniques that 
improve early detection and monitoring of IFALD:

•	 Serum Fibroblast Growth Factor 19 (FGF19): Being a crucial regulator of 
bile acid metabolism, FGF19 levels are significantly reduced in IFALD patients 
with cholestasis. A study involving 203 patients reported that serum 
FGF19 ≤ 107 pg/mL was an independent predictor of IFALD-cholestasis, with 
an AUROC of 0.810, indicating strong diagnostic accuracy [43].

•	 FibroScan [37, 45]: Alongside FGF19, liver stiffness measured via FibroScan 
demonstrated predictive value, with liver stiffness values exceeding 6.5  kPa 
independently associated with IFALD-cholestasis.
	– In patients with short bowel syndrome (SBS) receiving long-term PN, those 

with a small bowel length <100 cm had significantly higher liver stiffness val-
ues (6.1 kPa vs. 4.7 kPa; p = 0.028), suggesting a higher risk of fibrosis.

	– In pediatric populations, a combined algorithm using TE and AST levels 
accurately classified liver fibrosis severity, with a TE cutoff of 11.3 kPa and 
AST ≥40 U/L providing an 88.1% accuracy.

•	 Liver Maximum Capacity (LiMAx) Test: LiMAx test measures cytochrome 
P450 1A2 activity and demonstrated higher sensitivity in detecting early liver 
dysfunction compared to FibroScan and standard liver tests. In a longitudinal 
study, LiMAx values continuously decreased from baseline to 24  months in 
patients requiring stable PN [44].

•	 Fibrosis (FIB)-4 Index: FIB-4 index is originally developed for chronic viral 
hepatitis and NAFLD, correlates with fibrosis severity in IFALD, and may serve 
as a screening tool, especially when combined with imaging techniques.

•	 Enhanced Liver Fibrosis (ELF) Score: Comprising hyaluronic acid, TIMP-1, 
and PIIINP, the ELF score offers a non-invasive alternative for fibrosis assess-
ment, although further validation in IFALD is required.

•	 Indocyanine Green (ICG) Clearance Test: It reflects hepatic excretory capac-
ity and correlates with fibrosis progression. ICG clearance was significantly 
reduced in advanced IFALD, highlighting its utility as a noninvasive marker of 
liver function.

This combination of serum biomarkers (FGF19, ELF score, and FIB-4), imaging 
tools (FibroScan and LiMAx), and liver function tests (ICG clearance) represents a 
comprehensive approach to early IFALD detection, enabling timely interventions 
and reducing the need for invasive liver biopsies.

11.5.4	� Liver Biopsy: Gold Standard for Diagnosis

Despite advancements in noninvasive diagnostics, liver biopsy remains the gold 
standard for confirming IFALD, particularly in cases where laboratory and imaging 
findings are inconclusive. Histopathological features [47] include the following:
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•	 Phase 1 IFALD: cholestasis, bile ductular proliferation, portal bile plugs, and 
periportal fibrosis.

•	 Phase 2 IFALD: persistent fibrosis and steatosis following PN discontinuation.
•	 Progression to cirrhosis: reported in up to 18% of pediatric patients with long-

term PN dependence.

There is an urgent need for a consensus definition of IFALD that integrates bio-
chemical markers, imaging, and novel serum biomarkers. Future research should 
focus on validating non-invasive diagnostic algorithms that combine LFTs, FGF19, 
transient elastography, and MRI-based fibrosis assessment. Developing risk stratifi-
cation models to identify high-risk IFALD patients early, enabling preemptive inter-
ventions such as modified lipid formulations in PN.

11.6	� Prevention Strategies and Management

Nutritional management is a cornerstone in the prevention and treatment of 
IFALD, particularly in patients reliant on prolonged PN.

Optimizing the composition of PN is essential to minimize the risk of liver 
dysfunction. Strategies include careful adjustment of macronutrient ratios, particu-
larly the reduction of lipid intake, which has been associated with cholestasis and 
liver injury. The incorporation of fish oil-based emulsions has emerged as a promis-
ing alternative to traditional lipid emulsions.

These omega-3 fatty acid-rich emulsions are less hepatotoxic and can improve 
liver function by promoting the secretion of bile acids and reducing inflammation 
[48, 49].

Moreover, preventing overfeeding is crucial, as excess caloric intake can exacer-
bate liver injury and contribute to the development of steatosis. Regular monitoring 
of energy expenditure and adjusting PN accordingly can help achieve optimal nutri-
tional status.

11.6.1	� Enteral Feeding Strategies

Maximizing enteral nutrition is another vital strategy in the management of 
patients with IFALD. Whenever feasible, even partial enteral feeding can signifi-
cantly reduce the reliance on PN, thereby decreasing the risk of liver complica-
tions. Enteral feeding promotes gut integrity, enhances nutrient absorption, and 
stimulates bile flow, which can mitigate cholestasis. Enteral nutrition activates 
the farnesoid X receptor (FXR) and induces FGF19, crucial for regulating bile 
acid synthesis and reducing cholestasis [23, 49]. Studies have shown that patients 
who receive early enteral nutrition exhibit improved outcomes, including reduced 
rates of IFALD and shorter durations of PN dependence. Implementing a step-
wise approach to increase enteral intake, starting with small volumes and gradu-
ally escalating, can facilitate tolerance and optimize nutritional delivery.
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11.6.2	� Lipid-Sparing Strategies

The transition from conventional lipid emulsions to omega-3 fatty acid-based emul-
sions is a critical lipid-sparing strategy in the management of IFALD. Fish oil-based 
emulsions provide essential fatty acids that are less likely to accumulate in the liver 
and have demonstrated hepatoprotective effects. Clinical trials have reported sig-
nificant improvements in liver function parameters, including reductions in biliru-
bin and transaminase levels, following the switch to omega-3 fatty acid-based 
emulsions. Moreover, fish oil emulsions are rich in vitamin E, which acts as an 
antioxidant, reducing oxidative stress and inflammation. This shift not only aids in 
liver health but also supports overall nutritional status, making it a valuable inter-
vention in the management of IFALD [46, 48].

11.6.3	� Managing Infections

Preventing catheter-related bloodstream infections (CRBSIs) is paramount in 
patients receiving PN, as sepsis can significantly worsen IFALD.  Implementing 
strict aseptic techniques during catheter insertion and maintenance, along with reg-
ular monitoring for signs of infection, is essential. Additionally, the use of antimi-
crobial-coated catheters and adherence to evidence-based guidelines for catheter 
care can further reduce the incidence of CRBSIs.

11.6.4	� Medical Interventions

Several medical treatments have shown promise in improving liver health in patients 
with IFALD.

Ursodeoxycholic acid (UDCA) is a hydrophilic bile acid used to treat cholestasis 
in IFALD patients by improving bile flow and reducing liver inflammation. UDCA 
works by replacing toxic hydrophobic bile acids with less cytotoxic hydrophilic bile 
acids, promoting bile secretion and reducing hepatic inflammation. Studies indicate 
that UDCA is effective in both adults and children, with doses ranging from 10 to 
20 mg/kg/day divided into two doses [50]. In adults with IFALD, UDCA has been 
shown to improve liver function tests, including reductions in bilirubin, ALT and 
gamma-glutamyl transferase (GGT) levels. In pediatric populations, a pilot study of 
seven children demonstrated the resolution of jaundice, hepatomegaly, and normal-
ization of laboratory values within 1–2  weeks of UDCA administration [5]. 
Discontinuation of UDCA led to a relapse in liver enzyme elevation, which resolved 
upon re-initiation of the treatment. In very-low-birth-weight infants, UDCA treat-
ment shortened the course of cholestasis and reduced peak serum bilirubin levels 
compared to historical controls.

While UDCA is generally well-tolerated, potential side effects include diarrhea, 
which can be problematic for patients with short bowel syndrome [50]. Therefore, 
careful dose titration and monitoring are essential to minimize side effects while 
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optimizing therapeutic benefits. Given its ability to improve bile flow and reduce 
cholestasis, UDCA remains a cornerstone in the management of IFALD.

Furthermore, antioxidants may play a role in mitigating oxidative stress, which 
is a contributing factor to liver injury in IFALD. Research has suggested that supple-
mentation with antioxidants, such as vitamin E and selenium, may help improve 
liver function and reduce inflammation. Glucagon-like peptide-2 (GLP-2) analogs, 
such as teduglutide, glepaglutide, and apraglutide, have shown potential in improv-
ing intestinal absorption, reducing PN dependence, and supporting liver health [5, 
51]. These medical interventions should be considered as adjuncts to nutritional 
management and other therapeutic strategies.

11.6.5	� Surgical Interventions

For patients with short bowel syndrome, surgical interventions may be necessary to 
reduce PN dependence and prevent IFALD [6, 49]. Procedures such as bowel 
lengthening (e.g., serial transverse enteroplasty and Bianchi procedure) or autolo-
gous gastrointestinal reconstructive procedures can increase the absorptive capacity 
of the intestine, reducing the need for PN. Additionally, restoring bowel continuity 
can improve enterohepatic circulation and bile flow, further mitigating the risk of 
cholestasis. In cases of advanced IFALD with liver failure, intestinal transplanta-
tion, with or without liver transplantation (LT), may be required. Early referral to 
specialized intestinal rehabilitation and transplant centers can improve outcomes by 
optimizing patient management and timing of transplantation.

11.7	� Transplantation

11.7.1	� Isolated Liver Transplantation

Liver transplantation (LT) is a critical intervention for patients with end-stage 
IFALD, particularly when conventional nutritional and medical therapies fail to 
maintain liver function. Progressive liver disease with liver failure (coagulopathy, 
elevated bilirubin) and portal hypertension despite optimization of PN, recurrent 
bloodstream infections, or severe metabolic derangements further warrant trans-
plantation [9, 52]. In cases of ultra-short bowel syndrome, where the risk of rapid 
progression to cirrhosis is high, early referral is crucial to optimize outcomes and 
prevent irreversible liver damage [39], as emphasized by updated consensus guide-
lines [53]. Isolated LT is a viable option for children with short bowel syndrome 
(SBS) and IFALD who demonstrate potential for intestinal adaptation. Key criteria 
for isolated LT include progressive IFALD, ≥50 cm of functional bowel without an 
intact ileocecal valve, or ≥ 30 cm with an intact valve, and the ability to tolerate 
50% of daily energy intake enterally for 4 weeks with satisfactory growth [54, 55]. 
However, children with dysmotile bowel or recurrent infections should be consid-
ered for combined liver–intestine transplantation unless dysmotility resolves with 
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minimal infection frequency. In cases involving advanced fibrosis or venous throm-
bosis, combined transplantation is often necessary to improve survival and long-
term outcomes [56].

11.7.2	� Intestinal and Multivisceral Transplantation

Intestinal transplantation (IT) is indicated when PN becomes unsustainable due to 
loss of central venous access, life-threatening infections, or advanced IFALD. The 
5-year survival rate for isolated IT is 65%, compared to 22% for multivisceral trans-
plantation [57], with pediatric recipients demonstrating better outcomes. Recent 
guidelines highlight invasive intra-abdominal desmoids, acute intestinal infarction 
with hepatic failure, and progressive IFALD as primary indications for transplanta-
tion [53]. Beyond improving survival, IT also significantly enhances quality of life, 
reducing the burden of PN dependence and promoting greater social integra-
tion [58].

11.7.3	� Outcomes and Quality of Life (QoL) after Transplantation

Significant advancements in surgical techniques and postoperative care have 
improved outcomes for patients undergoing liver transplantation for IFALD, 
enabling substantial recovery of liver function and improved QoL [53, 59]. 
Compared to PN, IT offers rehabilitative benefits, including psychological, emo-
tional, and social improvements that persist long-term [58, 60]. Studies indicate that 
patients experience an enhanced ability to eat, travel, and engage in daily activities 
as early as 3 months post-IT, with benefits sustained over time despite potential 
financial pressures [60]. For patients with both liver and intestinal failure, combined 
transplantation is recommended to address the complexity of managing these condi-
tions. Continued research and advancements in clinical practice will further refine 
transplantation criteria and enhance long-term outcomes for this vulnerable 
population.
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12Insights into Nutritional Management 
of Short Bowel Syndrome: Nutritional 
Assessment and Diet Considerations

Mihaela Ghioca, Roxana Vadan, Daria Ana Arina Gheorghe, 
and Liana Gheorghe

12.1	� Nutritional Assessment

Short bowel patients are inherently at risk of malnutrition and cannot survive with-
out nutritional oral, enteral and intravenous support. Repeated evaluation of the 
nutritional status is required to assure the need and adequacy of nutritional 
intervention.

Nutritional assessment of these patients is complex, comprising general tools, 
common to other diseases (dietary intake, anthropometric measurements, body 
composition and functional assessment) but also elements particular to short bowel 
syndrome (SBS; specific deficiencies that can be anticipated, being secondary to the 
loss of specific absorptive parts of the intestine).

12.1.1	� Measurement of Ingestion and Excretion of Nutrients

Oral dietary intake is evaluated through 24-h recall and 2- to 3-day diet records. 
Relaying on a single-day recall may not accurately reflect dietary patterns so at least 
a three day recall (two weekdays and one weekend day) is more precise. Symptoms 
that impair food intake must be specifically asked for dysgeusia, nausea, vomiting, 
bloating and diarrhoea. Also, a thorough medication history can identify potential 
side effects that impair food intake.

Stool assessment by 24-h stool colection with evaluation of stool volume, consis-
tency, of the presence of undigested food can be of use in grading the severity of 
malabsorption and is especially important for stoma patients. The amount and type 
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of fluid that the patient is allowed to drink is determined by the volume of the output 
(e.g. restriction of hypotonic fluids and intake of electrolyte fluids are recommended 
in high output fistulas).

Urinary output by collecting the 24-h urine is an indicator not only of kidney 
function but also of hydration status. It improves with better absorption of water and 
electrolytes. It is desired that diuresis is at least 1 l urine/day with a urinary sodium 
less than 20 mmol/l [1].

12.1.2	� Nutrition-Focused Physical Exam (NFPE)

NFPE is the head-to-toe examination focused on the diagnosis of malnutrition, 
dehydration and physical signs of micronutrient deficiencies.

Clinically malnutrition manifests by loss of body fat and muscle mass.
Subjective assessment of fat reserves is done visually at orbital level, triceps 

level and thoracic cage (the space between the ribs).
The physical signs of muscle mass depletion are protruding bones (acromion, 

clavicle and patella) and reduced muscle mass appreciated at the following sites: 
hand interosseous muscles (loss of muscle results in depressed area between fin-
gers), temporalis muscle, deltoid muscle, supraclavicular muscle, quadriceps mus-
cle and gastrocnemius muscle.

Dehydration can be diagnosed clinically by poor skin turgor, dry mucosae (dry 
conjunctiva, dry mouth) and slow capillary refill.

Clinical signs and several symptoms of vitamin and mineral deficiencies are 
listed in Table 12.1.

12.1.3	� Objective Measurements of Nutritional Status

12.1.3.1	� Anthropometric Measurements
Weight, height and body mass index (BMI) are routinely measured in each patient. 
The more in-depth anthropometric measurements are useful since BMI do not accu-
rately reflect nutritional status in SBS patients, but their use is conditioned by local 
protocols and availability. Also, anthropometry is time consuming and even if it 
uses objective measurements, of nutritional status, it is operator dependent.

Skinfold thickness is an indirect measure of subcutaneous adipose tissue. It can 
be measured using skinfold callipers at various sites (triceps, pectoral, subcapsular, 
abdomen, suprailiac and thigh).

Skeletal muscle mass is measured by midarm muscle circumference (MAMC), 
arm muscle area (AMA), mid-upper arm circumference (MUAC) and calf circum-
ference (CC). Values can be expressed as percentage of standard (available from 
reference charts) to define the severity of loss (adequate, marginal, depleted, wasted) 
or as cut-off values, determined for specific populations.
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Table 12.1  Clinical signs and symptoms of nutritional deficits [2]

Vitamin or 
mineral Clinical signs and symptoms of deficiency
B1(thiamine) Mental changes (apathy, decreased short-term memory, irritability, 

confusion), cognitive deficits, congestive heart failure
B2 (riboflavin) Seborrheic dermatitis, cheilosis, angular stomatitis
B3 (niacin) Pellagra: Pigmented rash or brown discolouration of sun exposed skin; 

neurological symptoms: Depression, apathy, headache, loss of memory
B5 (pantothenic 
acid)

Deficit very rare. Postural hypotension, tachycardia, vertigo

B6 (pyridoxine) Microcytic anaemia, seborrheic dermatitis, stomatitis, glossitis, depression 
and confusion

B7 (biotin) Dermatitis, alopecia, ataxia
B9 (folic acid) Megaloblastic anaemia, pancytopenia, glossitis, shallow oral ulcers, angular 

stomatitis, neuropsychiatric manifestation (difficulty in concentrating, 
irritability, headache)

B12 
(cobalamin)

Megaloblastic anaemia, low WBC count, low platelet count, glossitis, 
dementia; paraesthesia

C (ascorbic 
acid)

Scaly, dry and brownish skin; oedema; purpura; easy bruising; dry and 
friable; corkscrew hair; swollen, bleeding gums; loss of teeth; depression

A Night blindness, Bitot’s spots, foamy conjunctiva, xerophthalmia
D Osteomalacia (bone deformities, pain), tetanic spasms
E Peripheral neuropathy, ataxia, skeletal myopathy, retinopathy
K Increased prothrombin time, impaired clotting, prolonged bleeding, 

osteoporosis
Iron Microcytic anaemia
Copper Microcytic anaemia, neutropenia, osteoporosis, hair depigmentation, ataxia
Chromium Hyperglycaemia, glycosuria, insulin resistance, peripheral neuropathy
Zinc Skin rash of face, hands, feet and groins; alopecia, blunting of taste and 

smell; and delayed wound healing
Selenium Cardiomyopathy, skeletal muscle myopathy

12.1.3.2	� Dual-Energy X-Ray Absorptiometry (DXA)
Dual-energy X-ray absorptiometry (DXA) is generally used to appreciate bone min-
eral density, but it can also evaluate the soft tissue compartment: fat and lean mass 
overall (total body fat and total body muscle). Fat-free mass (FFM) is determined 
using DXA, and fat-free mass index (FFMI) is calculated by dividing fat-free mass 
by height squared. It has been shown that FFMI cut-off values for predicting low 
muscle mass are <18 kg/m2 in men and <15 kg/m2 in women [3].

Also, fat and lean mass in specific body parts such as legs, arms and torso can be 
measured using DXA. Appendicular skeletal muscle index (ASMI) can be calcu-
lated: the appendicular muscle (that refers to muscles of the legs and arms) is stan-
dardized by the patient’s height. ASMI values calculated using DXA are considered 
reference values (gold standard) due to the accuracy of the method and are used to 
define sarcopenia: <7 kg/m2 in males and <5.4 kg/m2 in females [4].
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12.1.3.3	� Imaging Studies (Computed Tomography [CT], Magnetic 
Resonance Imaging [MRI], Ultrasound [US])

Using cross-sectional imaging, CT scans and MRI, the skeletal muscle area can be 
assessed at various levels. There is an association between the skeletal muscle area 
at the level of lumbar L3 vertebra and the overall skeletal muscle mass of the body. 
Skeletal muscle index (SMI) can be calculated using anatomical landmarks and 
dedicated software (SMI = skeletal muscle cross-sectional area (cm2)/height2 (m2)) 
and is an objective measure of sarcopenia. The level of twelfth thoracic vertebra 
could also be used, and another muscle mass indicator is the area of psoas muscle.

Ultrasound (US) is widely available, not expensive, can be repeated easily and 
can be utilised for bedside measurements. It measures muscle thickness and cross-
sectional area at various sites: thigh, calf, upper arm and musculus rectus abdomi-
nis. It is operator dependent and needs standardization regarding the degree of 
compressibility of the skin at measurement site. Also, cut-off values for sarcopenia 
are not yet determined in specific patient populations.

12.1.3.4	� Bioelectrical Impedance Analysis (BIA): Single-Frequency 
(SF)-BIA, Multi-Frequency (MF)-BIA, Bioimpedance 
Spectroscopy (BIS), Bioelectrical Impedance Vector 
Analysis (BIVA)

Bioelectrical impedance analysis (BIA), single-frequency (SF)-BIA or multi-
frequency (MF)-BIA, is a method that evaluates body composition and is largely 
available. BIA can be used in outpatient settings in patients with SBS-intestinal 
failure (IF) [5]. It is based on the electrical conductivity of various tissues, and it 
estimates muscle mass indirectly. Advanced MF-BIA techniques has the ability to 
measure impedance and resistance separately across five different cylinders within 
the human body which allows for whole and segmental (legs, arms and trunk) FFM 
analysis. Conventional BIA can be inaccurate if the patient has fluid retention; in 
this situation, phase angle (PA) and bioimpedance spectroscopy (BIS) can be used.

Phase angle (PA) is a parameter derived from BIA that reflects the integrity of 
cell membrane, higher values being related to better cell function. Phase angle is 
directly associated with lean mass and muscle mass in different age-groups and is 
used to define sarcopenia with specific cut-off values for various populations. Phase 
angle significantly predicted number of readmissions, length of hospital stay and 
mortality in patients with intestinal failure on long-term parenteral nutrition, while 
fat-free mass index only predicted mortality [6].

BIS is similar to BIA but uses 256 frequencies (as compared with 2–4 for BIA) 
and can quantify: body water, intracellular and extracellular fluid, fat free mass, fat 
mass and phase angle. Bioelectrical impedance vector analysis (BIVA) uses graphi-
cal vectors to analyse BIA data and presents the advantage that it allows information 
to be obtained simultaneously about changes in tissue hydration or soft tissue mass, 
independent of body weight. It has been suggested that BIVA may represent a better 
predictor of nutritional status for analysis and interpretation of body composition in 
patients with short bowel syndrome [7].
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As stated earlier, BMI in patients with SBS underestimates the presence and the 
degree of low muscle mass [8]. A retrospective study performed at a tertiary referral 
centre for chronic intestinal failure patients that investigated body composition 
using BIA in a large cohort of 147 home parenteral nutrition (HPN) patients, one-
third of them having SBS, showed that although the BMI appeared normal, half of 
the patients had high fat mass and two-thirds had low FFMI [6]. Also, only 10% of 
patients had all nutrition parameters within normal range (BMI and FFMI and FM), 
whereas 90% of patients had at least one parameter of body composition outside of 
the reference range. In this study, 34% of patients were malnourished according to 
Global Leadership Initiative on Malnutrition (GLIM) criteria [9].

12.1.3.5	� Functional Status Assessment
Muscle strength is a measure of functional loss, and in most cases, it is an indicator 
of the presence of sarcopenia. Can be determined by using a dynamometer—hand-
grip strength: with the dominant arm bent at 90°; two or three measurements are 
done with 10–15 s rest period between the tests. It depends on the willingness of the 
patient to correctly perform the test (can be falsely low). When detected, low muscle 
strength must trigger the evaluation of muscle mass, regardless of clinical 
circumstances.

Sarcopenia is defined by low levels of muscle strength, low muscle quantity and/
or quality and low physical performance and is a very important prognostic factor. 
Sarcopenia has been associated with reduced quality of life, increased hospitaliza-
tions, high hospitalization costs and increased risk of mortality. In patients with 
intestinal failure, the prevalence of sarcopenia is high, reaching 72.7% (95% CI; 
59.3 to 83.0) compared to 34.5% (95% CI; 23.3 to 47.8) in those with intestinal 
insufficiency only [10].

When measured by European Working Group on Sarcopenia in Older People 
(EWGSOP) criteria in patients with chronic intestinal failure, the prevalence of sar-
copenia was 59% (11). This prevalence did not change after 12 weeks of home-
based individualized exercise sessions. But the risk of sarcopenia (assessed by 
SARC-F, a five-item questionnaire recommended for sarcopenia screening) was 
significantly reduced (from 38.8% at baseline to 29.0% after exercise [p < 0.001]). 
Also, a statistically significant increase in muscle mass (p = 0.017), muscle mass 
index (p = 0.016) and handgrip strength (p = 0.019) was observed after the exercise 
intervention which underscores the importance of regular physical activity for SBS 
patients [11].

12.1.4	� Laboratory Evaluation of Nutritional Deficits

Serum parameters that can be deficient in SBS patients and need to be periodically 
measured are listed in Table 12.2. The frequency of screening for deficiencies is 
dictated by the clinical particularities of each case, being dependent mostly on the 
type of surgical resection and on the time elapsed from the surgery, more frequently 
in the early phases and at longer intervals in chronic, stable, HPN patients.
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Table 12.2  Biochemical assessment

Basic biochemical parameters Specific biochemical parameters
Hemoleucogram Vitamins A, D, E, and B12; folic acid
Glucose Iron, total iron binding capacity, ferritin
Urea, creatinine Cu, Zn, se, Mn
Total protein, albumin D-lactate
ALT, AST, FA, bilirubin
INR
Na, K, Mg, phosphate
Cholesterol, triglycerides
CRP

Abbreviations: CRP, C-reactive protein

The European Society for Parenteral and Enteral Nutrition (ESPEN) recom-
mends that in clinically stable patients on long-term HPN the following measure-
ments can be done at all scheduled visits: body weight, body composition and 
hydration status, energy and fluid balance, and also biochemistry (haemoglobin, 
ferritin, albumin, C-reactive protein, electrolytes, venous blood gas analysis or 
serum bicarbonates, kidney function tests, liver function tests and glucose). In 
patients on long-term HPN, clinical signs and symptoms and biochemical indexes 
of vitamin and trace element deficiency or toxicity should be evaluated at least once 
per year [12].

In conclusion, nutritional assessment of short bowel syndrome patients is com-
plex but of utmost importance in preventing and correcting nutritional deficiencies 
and improving the prognosis and quality of life for these patients.

12.2	� Diet Considerations

12.2.1	� Introduction

SBS is a malabsorptive condition secondary to a significant resection of the small 
intestine, which can cause malnutrition, dehydration and micronutrient deficien-
cies [13].

Given the classification into three groups of SBS patients (Group 1, end-
jejunostomy; Group 2, jejunocolic anastomosis; and Group 3, jejunoileocolic anas-
tomosis) [14], the management of this condition consists of dietary interventions 
that must be individualized into specific nutrient needs [15].

The management of malabsorption secondary to SBS is thus dependent on the 
degree of severity [16].

Regarding fluids intake and diet, general recommendations for patients with SBS 
include the following:

	– Refrain from consuming water without food.
	– Drink the majority of the liquids between meals.
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	– Drink liquids slowly.
	– Restrict hypotonic fluids.
	– Oral rehydration solutions that contain salt and carbohydrates are indicated [14].
	– Consume small, balanced in nutrient meals, regularly throughout the day—a 

number of 6–8 meals/day is recommended.
	– Adding salt to the diet is indicated in patients with a colon in continuity.
	– Increase the amount of food consumed.
	– Patients with colon should adopt a diet rich in complex carbohydrates (such as 

pasta, rice, potato and bread).
	– Limit osmotically active sweeteners, as they may trigger diarrhoea; there is no 

need to always avoid lactose, unless there is a clear relationship between lactose 
ingestion and increase of diarrhoea, with a documented intolerance [12].

	– Every meal and snack should contain a high-quality protein.
	– Patients without a colon should refrain from consuming fat and patients with a 

colon should limit to less than 30% of fat consuming; oils with essential fatty 
acids, such as walnut, soy and sunflower, are indicated.

	– Patients with a colon should limit oxalate consumption [16, 17].

Diet interventions pose an important role in the intestinal adaptation and symp-
tom attenuation. The main purpose is to increase food consumption in order to max-
imize nutrient and fluid absorption, maintain an adequate urine output and decrease 
diarrhoea [17].

Energy absorption is dependent on the extent of intestinal resection; thus, patients 
with SBS have a tendency to have hyperphagia and to consume more than required 
in order to maintain proper nutrition; therefore, there is the indication to consume 
6–8 small meals/day [17, 18].

Complex carbohydrates should consist 50–60% of energy intake in patients with 
a colon in continuity and 40–50% in patients without a colon, and those found in 
pasta, rice, cereal, potatoes and bread are generally well accepted. Also, patients 
without a colon should restrict sucrose and fructose; likewise, patients with a colon 
in continuity should limit them, because they can exacerbate the osmotic diar-
rhoea [18].

Given the malnutrition status, all patients with SBS may include in the diet 
increased levels of proteins, such as eggs, fish, chicken, turkey, beef and pork, con-
sisting 20% of energy intake. A study on seven patients with end-jejunostomies that 
were fed with a peptide-based formula or an isocaloric and isonitrogenous poly-
meric formula found that there were no differences in nitrogen, fat, energy, carbo-
hydrate, electrolyte, mineral or fluid absorption [19]. Cosnes et  al. demonstrated 
that nitrogen absorption was improved by the use of peptide-based diet in a small 
study that evaluated six patients with 90–150  cm of remnant jejunum and end-
jejunostomy [20].

Also, in a study published by Byrne et al. on 41 patients with SBS receiving 
parenteral nutrition, 30 g/day of oral glutamine added to the diet have reduced par-
enteral requirements, with a maintained effect obtained when combining diet, glu-
tamine and growth hormone [21].
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A diet consisting of fat in 20–30% of total calories in patients with a colon in 
continuity and 30–40% in patients without a colon will enhance the palatability of 
the diet, with an improvement in the number of calories absorbed [18]. Compared 
to a diet with regular long-chain triglycerides (LCTs) and given the fact that 
medium-chain triglycerides (MCTs) are rapidly decomposed, without the need of 
bile salts, and are easily absorbed through the intestinal mucosa and carried to the 
liver via portal vein, patients with a colon in continuity should benefit from a high 
content of MCT that provides a slight advantage in overall energy absorption 
(approximately 1.5  Mj/day). Also, replacement of LCT diet with MCT requires 
monitoring of potential deficiency in essential fatty acids and fat-soluble vita-
mins [12].

A diet with unabsorbed long-chain fatty acids may accelerate diarrhoea and ste-
atorrhoea and decrease water and sodium absorption, forming complexes with cal-
cium and magnesium and increasing the oxalate absorption and formation of renal 
stones [12, 17].

A moderate intake of soluble fibre may be included in the diet of patients with 
SBS to slow gastric emptying and improve osmotic diarrhoea [17]. For example, 
fibre supplements of pectin had no effect on energy or macronutrient absorption; 
therefore, patients may not benefit from pectin supplements to increase overall 
intestinal absorption. Some patients with end-ostomy with soluble fibre supple-
ments included in the diet report a decrease in stool loss or ostomy effluent [12, 17]. 
Depending on patient tolerance, the recommended amount of fibre intake is 10–15 g/
day [4].

The first choice in patients with chronic intestinal failure treated with enteral 
nutrition (EN) is polymeric isotonic enteral diets [12].

12.2.2	� Phases of Diet Management in SBS

The diet management in SBS comprises three phases:

12.2.2.1	� The Acute Phase (Immediate Post-operative Phase)
The acute period, which occurs immediately post-operative and lasts 3–4 weeks, is 
characterized by significant malabsorption, diarrhoea and dehydration, secondary to 
the loss of intestinal absorptive capacity [22, 23]. In this phase it is important to 
prevent complications, like dehydration and malnutrition.

The main recommendations consist of initiating parenteral nutrition (PN), in 
order to bypass the gastrointestinal tract and to supply adequate macronutrients, 
electrolytes, trace elements and vitamins to prevent malnutrition and managing fluid 
and electrolyte imbalances, as major complications can occur, such as dehydration 
and acute renal failure [15, 24].

EN must be started as soon as possible, given the fact that enteral feeding has a 
role in stimulating intestinal adaptation and decreasing the risk of bacterial translo-
cation and liver dysfunction associated with prolonged parenteral nutrition. EN 
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should begin with low-fat isotonic formulas, in order to decrease osmotic diarrhoea 
and steatorrhoea [13].

Initiation of oral nutrition should begin when the number and volume of stools 
decrease and the patient starts to gain weight, and it can be recommended to provide 
5% of the total calories intake and increase this ratio every 3–7 days, concomitant 
with the reduction of PN to 10–15 hours, according to patient tolerance [4].

In case of high-output diarrhoea, especially in patients with jejunostomas, the 
management of dehydration consists of oral rehydration solutions that contain 
appropriate amounts of glucose, sodium and water [17].

12.2.2.2	� The Adaptation Phase (3–24 Months Post-operative)
In this phase, the intestinal absorptive capacity improves secondary to structural and 
functional changes that depend on the residual bowel length and presence of a colon 
in continuity. The remaining bowel presents hyperplasia, an increase in the villous 
height and crypt depth and overall absorptive surface area [24].

It is important to taper gradually PN as oral or enteral intake improves, with 
regular monitoring of weight, serum electrolytes and vitamin levels [25].

The principal recommendations in this phase include encouraging patients to 
consume small, frequent meals in order to optimize nutrient absorption [26], with 
diets consisting of high-protein, moderate fat intake, complex carbohydrates and 
oxalate restriction.

A high-protein intake is optimal in tissue repair and supports immune function 
and overall recovery [13]. Regarding fats, as mentioned above, LCTs are poorly 
absorbed in patients with SBS; therefore, MCT can be included in their diet, as they 
are absorbed directly into the portal circulation and require less enzymatic break-
down [15]. Complex carbohydrates, such as oats, whole grains and starchy vegeta-
bles are recommended in this phase over simple sugars that can increase 
diarrhoea [12].

12.2.2.3	� Maintenance Phase (Beyond 24 Months Post-operative)
This phase is representative of the long-term management of SBS, as it is necessary 
to obtain enteral autonomy, maintain a nutritional balance and reduce the risk of 
complications, such as diarrhoea, dehydration and deficiencies.

Based on the residual bowel, absorptive capacity and symptoms, every patient 
with SBS needs an individualized diet plan [13].

In the maintenance phase, the recommendations include supplements of fat-
soluble vitamins (A, D, E and K), vitamin B12 intramuscular injections in patients 
with ileal resections and essential minerals (calcium, magnesium and zinc supple-
mentation) [12, 24]. Also, soluble fibre can be included in the diet, in order to 
improve stool consistency and slow intestinal transit [17].

Oral rehydration solutions can be continued for managing chronic fluid and elec-
trolyte loss, especially in cases with high-output stomas [17].

12  Insights into Nutritional Management of Short Bowel Syndrome: Nutritional…



124

12.2.3	� Dietary Advices According to Phenotypes of Bowel 
Resection (Recommendations of American Society 
for Parenteral and Enteral Nutrition [ASPEN])

12.2.3.1	� Type 1: End-Jejunostomy
This phenotype is known as the most severe, because patients without a colon and 
less than 100 cm of the jejunum are predisposed to complications, such as dehydra-
tion, electrolyte imbalances, renal failure and require long-term PN. These patients 
should reduce hypotonic fluids to 500 ml/day, refrain from using hypertonic solu-
tions and decrease sugar intake, as it can increase the fluid loss through the stoma. 
Oral rehydration solutions (ORS) are indicated, given their composition in water 
and sodium. The energy requirements are 35–45 kcal/kg/day and may increase up 
to 60 kcal/kg/day, with a diet consisting of 20–40% carbohydrates, 20–30% pro-
teins and 40–60% fats, without oxalate restrictions [4].

12.2.3.2	� Type 2: Jejunocolic
The energy intake required for these patients consist of 35–45 kcal/kg/day and can 
be increased up to 60 kcal/kg/day if needed, with a diet with 50–60% carbohydrates, 
20–30% proteins and 20–30% fats and low in oxalate and isotonic or hypotonic 
fluids. Patients in this phenotype are also at risk of long-term PN, the main symp-
toms being diarrhoea secondary to severe malabsorption and deficiencies in vita-
mins and mineral, with malnutrition [4].

12.2.3.3	� Type 3: Jejunoileocolic
Patients in this phenotype, having the colon with the ileocecal valve and a portion 
of the terminal ileum and jejunum, generally do not present malnutrition or dehy-
dration [4].

12.2.4	� Conclusion

Diet management is crucial in patients with SBS, in order to improve outcomes and 
long-term quality of life, with a need for individualized approaches, nutritional 
supplements and appropriate hydration.
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13Home Parenteral Nutrition in Long-Term 
Intestinal Failure

Liliana Mirea, Raluca Ungureanu, and Dragoș Ene

13.1	� Introduction

The European Society for Clinical Nutrition and Metabolism (ESPEN) defines 
intestinal failure (IF) as “The reduction of gut function below the minimum neces-
sary for the absorption of macronutrients and/or water and electrolytes, such that 
intravenous supplementation is required to maintain health and/or growth” [1].

Functional classification categorizes IF into three subtypes based on its onset, 
metabolic profile, and expected outcome. This chapter focuses on long-term intesti-
nal failure or type III IF, which is a permanent or long-term condition. It may be 
either irreversible or reversible, but is usually seen in patients with irreversible 
bowel damage. The most common cause results from a massive surgical resection 
leading to short bowel syndrome (SBS). The length and functionality of the remain-
ing small bowel determine nutritional independence or parenteral nutrition (PN) 
dependence.

Home parenteral nutrition (HPN) administration is the main medical treatment 
for management of SBS, a type III chronic intestinal failure (CIF), promoting qual-
ity of life with a structured and specialized multidisciplinary team following dis-
charge from acute hospital settings. Alongside medical treatment, intestinal 
rehabilitation, and, in some cases, intestinal transplantation might be required.
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13.2	� Epidemiology of Long-Term Intestinal Failure 
Requiring HPN

The prevalence and incidence of long-term IF vary across different countries and 
healthcare systems due to variations in disease etiology, access to specialized care, 
and the availability of HPN programs. The estimated prevalence of CIF ranges from 
5 to 80 cases per million population, with the highest reported rates in countries 
with well-established HPN programs [2, 3].

The incidence of long-term IF is also variable, depending on factors such as the 
prevalence of short bowel syndrome (SBS), intestinal dysmotility disorders, and 
postsurgical complications. A large European multicenter survey analyzing chronic 
IF due to short bowel syndrome (SBS-IF) reported that around 60% of CIF cases 
were attributed to SBS, making it the leading cause of long-term IF requiring 
HPN [4–6].

With advances in surgical intestinal-sparing techniques, intestinal rehabilitation 
strategies, and the use of pharmacological therapies like glucagon-like peptide-2 
(GLP-2) analogs (e.g., teduglutide), the incidence of permanent CIF has seen some 
reductions. However, due to improved survival rates and better access to HPN, the 
overall prevalence of CIF is increasing in many developed countries. While the 
prevalence of long-term IF remains low compared to other chronic conditions, the 
growing number of survivors with complex intestinal disorders has led to an 
increased need for structured HPN programs.

13.3	� Role of Home Parenteral Nutrition

The medical management of PN in home care settings differs from that in hospital-
ized patients as it involves a transfer of main responsibility from healthcare person-
nel to patients and caregivers. To be eligible for HPN, patients must be clinically 
and metabolically stable and well trained for self-managing PN outside the hospital 
setting, either at home or in ambulatory care facilities [4, 7]. The decision to initiate 
HPN requires a thorough clinical, nutritional, and psychosocial evaluation to ensure 
its appropriateness, safety, and long-term feasibility.

HPN plays a vital role in the long-term management of CIF by providing essen-
tial nutrients, fluids, and electrolytes intravenously to patients who are unable to 
meet their nutritional needs by other routes and who can be safely managed outside 
of the hospital [8]. Without adequate nutritional support, patients with CIF face 
severe malnutrition, dehydration, and life-threatening metabolic imbalances. HPN 
is the standard of care, allowing patients to maintain an acceptable quality of life. 
Moreover, HPN facilitates intestinal rehabilitation, as some patients with reversible 
CIF may experience adaptation of the remaining bowel over time, reducing their 
dependence on PN.

Studies have shown that patients managed with structured HPN programs, under 
the supervision of a multidisciplinary nutrition support team (NST), achieve better 
outcomes, including reduced hospital admissions and improved overall well-being. 
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These teams typically include physicians, dietitians, nurses, and pharmacists who 
oversee nutritional monitoring, catheter care, infection prevention, and patient edu-
cation to ensure safe and effective home management.

In certain cases, CIF due to SBS may be reversible due to intestinal adaptation 
and/or rehabilitation programs. Thus, patients should be promptly sent to IF centers 
competent in both medical and surgical management in order to increase the likeli-
hood of discontinuing HPN, avoiding HPN failure, and providing timely evaluation 
for further intestinal transplantation (ITx) eligibility [9].

13.4	� Indications of Home Parenteral Nutrition

The objectives and attributes of the HPN program, together with the distinct require-
ments of the patient, may vary throughout different clinical situations.

The degree of PN dependence varies among patients, from total (or exclusive), 
when the patient’s nutritional needs are covered by parenteral route, to supplemen-
tal (partial or complementary), when the patient tolerates some oral or enteral route. 
HPN should be administered as the principal treatment for patients with transient-
reversible or permanent-irreversible CIF [1]. However, whereas all patients with 
CIF require HPN, not all patients receiving HPN have CIF, and these terms shall not 
be considered equivalent [8, 9].

Consequently, according to ESPEN guidelines, four clinical situations for the 
use of HPN may be distinguished depending on gastrointestinal function and caus-
ative illness, alongside patient characteristics [8, 10]:

	1.	 HPN as the primary life-saving intervention for a patient with CIF resulting from 
a benign condition.

	2.	 HPN for CIF resulting from malignant disorders, often transiently occurring dur-
ing curative treatments.

	3.	 HPN incorporated into a palliative care regimen for terminal malignant condi-
tions to prevent mortality due to malnutrition. However, exclusion of HPN from 
patients with a poor prognosis and no prospect for treatment should occur only 
after consultation with the patients and/or their designated family members.

	4.	 HPN is used to avoid or address malnutrition in individuals with an operational 
intestine who refuse alternative forms of medicinal nutrition (“no-CIF 
situation”).

Additionally, the indications and prognosis of individuals requiring HPN for CIF 
vary based on the underlying etiology. Based on pathophysiological classification, 
IF can be categorized into five primary conditions, which could be the consequence 
of a variety of abdominal or systemic conditions [1, 5, 11–13]:

	– SBS, which is the most common cause of chronic IF, resulting from extensive 
surgical resection of the small intestine with a remnant small bowel fragment of 
less than 200 cm.
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	– Intestinal dysmotility disorders, secondary to conditions impairing peristalsis 
of gut content in the absence of fixed occluding lesions, such as chronic intestinal 
pseudo-obstruction (CIPO), severe diabetes-induced dysmotility, or systemic 
sclerosis leading to ineffective nutrient absorption. These patients often have a 
functioning but uncoordinated gut, leading to intestinal stasis, malnutrition, and 
bacterial overgrowth.

	– Intestinal fistulas are abnormal connections between the bowel and other organs 
or skin, leading to loss of nutrients and fluids.

	– Extensive mucosal disease like radiation enteritis or severe Crohn’s disease, 
where the intestinal lining is damaged, resulting in protein-losing enteropathy 
and nutrient deficiencies.

	– Mechanical obstruction, secondary to structural abnormalities, such as stric-
tures or tumors that block the passage of food and fluids.

Additionally, there are no absolute contraindications to the use of PN. Nevertheless, 
the presence of specific metabolic diseases and organ failures may be associated 
with reduced tolerance to PN and may necessitate adaptation of the HPN program 
to meet the patient’s specific clinical requirements.

13.5	� Patients’ Assessment and Selection for Home Parenteral 
Nutrition Application

All patients eligible for admission into an HPN program must have proven pro-
longed CIF that, if left untreated, will result in worsening nutritional and/or fluid 
status, and must have completed a sufficient trial of enteral nutrition (EN). ESPEN 
has established guidelines for determining HPN eligibility, which include medical, 
metabolic stability, functional ability, psychosocial aspects of the patient, and fam-
ily suitability [14].

However, before initiating HPN, a comprehensive risk assessment must be con-
ducted to identify potential complications and ensure that the patient is suitable for 
long-term intravenous (IV) therapy.

HPN requires active patient and caregiver participation and a stable home envi-
ronment to ensure adherence and prevent complications. Patients with severe 
depression, anxiety, or cognitive impairment may have difficulty managing 
HPN. Additionally, lack of caregiver support can increase nonadherence and com-
plication rates. Patients must be psychologically prepared for long-term intravenous 
therapy; thus, psychological screening is recommended to assess compliance risk, 
depression, and quality-of-life concerns.

The patient and/or caregiver must be capable of learning sterile techniques for 
catheter care and infusion management. Careful assessment should be performed in 
patients who refuse or are unable to comply with treatment protocols. Higher risk of 
complications is also seen in patients who live in an environment that cannot sup-
port safe home infusion therapy. A clean, sanitary, and stable home setting with 
reliable electricity and refrigeration for HPN storage is needed.
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For a safe HPN program, the patient shall be sufficiently metabolically stable and 
emotionally able to cope with HPN therapy outside the acute hospital setting.

Patients on HPN require significant lifestyle adaptations, including managing 
daily intravenous infusions and preventing complications. Additionally, candidates 
for HPN or their family caregivers must get training and supervision from an HPN 
specialist to guarantee familiarity with HPN techniques and complications related 
to catheter care, preparation of PN admixtures, infusion techniques, and storage 
methods. They must also be instructed on what to avoid and the appropriate actions 
to take in the event of any complications.

13.6	� Central Venous Access Device Selection and Care 
for Long-Term HPN

The selection of the central venous access devices (CVADs) and the positioning of 
the exit site must be determined by a proficient HPN NST in conjunction with the 
patient [15]. The exit site of the CVAD must be readily visible and accessible for 
patients managing their own care. Tunneled CVADs, such as Hickman, Broviac, or 
Groshong, as well as totally implantable devices (ports), are typically selected for 
long-term HPN exceeding 6 months. Conversely, peripherally inserted central cath-
eters (PICCs) may be utilized if HPN is anticipated to last less than 6 months. The 
preferred site for CVAD placement is the upper vena cava, accessed via the internal 
jugular vein or subclavian vein. Regardless of the catheter type or insertion site, 
positioning the CVAD tip at the junction of the superior vena cava and right atrium 
minimizes the risk of complications [8].

While implantable ports or central venous catheters (CVCs) are the norm for 
long-term parenteral nutrition administration, a surgically created arteriovenous fis-
tula (AVF) may be a viable alternative in certain circumstances such as preventing 
CVAD-related infections. Therefore, AVFs may be a valuable alternative to other 
methods of providing HPN.

For a more in-depth discussion on the detailed aspects of CVADs, Chap. 14 pro-
vides an extensive analysis and suggestions.

13.7	� Components of Parenteral Nutrition Formulations

For CIF patients, the protein and energy requirements should be tailored to each 
patient’s individual characteristics, nutritional needs, disease state, metabolic status, 
and hydration balance.

The HPN admixture must fulfill the patient’s requirements [8]. A PN regimen 
generally has 40–50 components, including macronutrients (carbohydrates, lipids, 
and amino acids), water, electrolytes, and micronutrients (vitamins and trace ele-
ments). PN may be administered from distinct containers or as an admixture, ideally 
in a single-container unit of PN commonly referred to as two-in-one (containing 
carbohydrates and amino acids, with lipids infused separately) or all-in-one or “3 in 
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1” bags (all-in-one [AIO] that contains all macronutrients in a single bag). 
Additionally, those within a singular container unit may be tailored as customized 
admixtures or presented as ready-to-use formulations. These customized com-
pounding units provide the advantage of adapting the formulations to the individual 
requirements of patients, particularly those necessitating long-term PN therapy, 
with rapidly fluctuating metabolic demands or in cases with specific disease-related 
metabolic derangements [8].

The admixture should be administered cyclically or constantly, depending on the 
circumstances. High nutritional contents in these formulations frequently result in 
elevated osmolality, hence often prohibiting peripheral venous delivery. 
Consequently, central venous access is frequently essential, with pump-assisted 
delivery recommended to increase tolerance.

Energy requirement  The argument over the optimal energy source has ended. 
Glucose, lipids, and amino acids are widely acknowledged as vital energy sub-
strates, although they may assume different roles in certain therapeutic scenarios. 
However, limited data is available to clarify energy prescription for HPN patients. 
Establishing energy requirements cannot be accomplished by a single-set formula, 
but it must rely on nutritional evaluation that includes disease-specific consider-
ations. A research showed that the energy needs of HPN patients may be fulfilled by 
providing 1.4 times the resting energy expenditure (REE), or around 30 kcal/kg/d. 
No substantial difference was seen between predicted REE by using the Harris-
Benedict equations and that measured with indirect calorimetry [16]. However, 
most stable individuals on HPN are effectively maintained on 20 to 35 kilocalories 
of total energy per kilogram per day [7, 16]. The objectives of therapy and periodic 
reassessment should clarify the energy requirements in an HPN prescription. 
Nevertheless, the replenishment of body cell mass will be different from those for 
maintenance needs. Certain patients have a considerable oral intake, which may be 
partially digested and absorbed. The colon has been shown to function as an energy-
recovering organ [17]. Consequently, HPN energy needs may be adjusted based on 
residual gastrointestinal function. A cross-sectional investigation indicated that the 
maintenance of partial bowel function led to a decrease in HPN energy require-
ments [18].

Carbohydrates  The sources of energy for HPN prescriptions originate from glu-
cose and fat emulsions (1,7). Glucose constitutes 50–60% of total caloric intake. 
HPN solutions include dextrose with concentrations ranging from 5% to 35%, 
which can be modified according to glycemic balance. Potential consequences 
include hyperglycemia requiring glucose monitoring and insulin treatment, as well 
as increased CO₂ generation, which is especially significant in individuals with 
chronic hypercapnia. Optimal blood glucose regulation, defined as values below 
180  mg/dL (10.0  mmol/L) during HPN infusion and stable hemoglobin A1c 
(HbA1c) levels under 7% in diabetic individuals, may be accomplished with con-
stant surveillance [1]. Additionally, delivery of glucose dictates the maximum per-

L. Mirea et al.



133

missible rate of PN infusion: a maximum of 5–7 mg glucose/kg/min, equating to 
about 350 g of glucose over 12 h for a 70-kg adult, or 3–6 g glucose/kg per day [4].

Protein Requirements (Amino Acids)  Protein in HPN admixtures is provided as 
L-amino acids. Actual commercially available formulations for PN contain the nine 
essential amino acids (histidine, isoleucine, leucine, lysine, methionine, phenylala-
nine, threonine, tryptophan, and valine) in proportions ranging from 38% to 57%, 
while nonessential amino acids constitute 43–62% of the total amino acids [19]. 
Amino acid solutions are available in concentrations between 5% and 15%, with or 
without electrolytes. High-strength solutions with nitrogen levels of up to 30 g/L 
facilitate the manufacturing of more concentrated mixtures when the volume to be 
infused daily should be reduced due to other causes.

Amino acid requirements vary depending on patient disease status, with some 
experiencing significant stoma losses or protein-losing enteropathy, while others 
have needs more comparable to those of healthy individuals. The intestine’s protein-
sparing properties, which enable the progressive release of nutrients following bolus 
feeding, are lacking in HPN; hence, continuous infusions have an advantage over 
bolus amino acid infusions [20]. Currently, the predominant way for assessing the 
effectiveness of PN is by the measurement of nitrogen balance. However, a research 
indicated that amino acid solutions deliver 17% less protein precursor than the com-
bined amount of their individual amino acids [21]. Thereby, protein prescriptions 
must take into consideration the nonequivalence of amino acids to dietary pro-
tein intake.

Nonetheless, the incorporation of certain amino acids (glutamine, cysteine, and 
taurine) into the parenteral formula to reduce complications is not advised [14].

International guidelines recommend that healthy individuals require 0.8–1  g/
kg/d of protein, associated with sufficient energy for optimal nitrogen utilization. 
Most stable patients on HPN are effectively sustained on regimens delivering 
0.8–1.4 g of protein (0.13–0.24 g of nitrogen) per kilogram per day [7, 22].

Lipids (Intravenous Lipid Emulsions [ILE])  Lipids provide nonprotein energy 
and are a source of essential fatty acids (EFAs), reducing glucose dependency in 
long-term HPN patients. Furthermore, clinical experiences with the latest genera-
tion of intravenous lipid emulsions indicate that the function of lipids exceeds the 
role as conventional energy substrates, and they may serve as an immunomodula-
tory element (Table 13.1).

The guidelines stipulate that intravenous energy sources should consist of lipids 
comprising 15–30% of total caloric intake and 30–50% of nonprotein calories. The 
ideal dosage of lipids for individuals on HPN is not definitively determined. Lipid 
emulsions are especially important for individuals entirely reliant on HPN, since a 
minimum of 1 g/kg/week is required to prevent EFA deficiency (EFAD). Patients on 
long-term PN with lipid-free or less lipid-containing high-glucose solutions may 
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Table 13.1  Comparison of different intravenous lipid emulsion products used in PN

Lipid source Composition Clinical benefits Potential risks
Soybean oil-based 
(standard ILE, 
100% LCTs)

High in omega-6 
PUFAs

Cost-effective, widely used Pro-inflammatory, 
associated with 
IFALD risk

MCT/LCT-based Mix of MCTs 
(50%) and LCTs 
(50%)

Better tolerance, rapid 
oxidation

Moderate IFALD risk

Olive oil-based 
(80% olive oil, 
20% soybean oil)

Lower omega-6 
content, high in 
MUFAs

Less pro-inflammatory, 
hepatic protection

Higher cost

Fish oil-based 
(omega-3-rich, 
100% or blended)

High in EPA/DHA 
omega-3 FA

Anti-inflammatory, 
hepatoprotective, reduces 
IFALD risk

Higher cost, limited 
availability

Abbreviations: FA fatty acid, MCT medium-chain triglyceride, LCT long-chain triglyceride, MUFA 
monounsaturated fatty acid, PUFA polyunsaturated fatty acid, EPA eicosapentaenoic acid, DHA 
docosahexaenoic acid, IFALD intestinal failure-associated liver disease

develop hyperinsulinemia, which inhibits the mobilization of EFAs from adipose 
tissue. EFAs such as linoleic acid and alpha-linolenic acid are fractions of lipids that 
cannot be generated in vivo [7, 23]. Modifying a soybean oil-based lipid emulsion 
to a fish oil- or olive oil-based lipid emulsion may be safe in terms of supplying 
enough EFA.

When administering a soybean-based lipid emulsion, the dosage should not 
exceed 1 g/kg/d. Administration of soybean oil lipid emulsion in higher doses was 
associated with significantly increased risk of development of intestinal failure-
associated liver disease (IFALD). Preliminary data indicates that lipid emulsions 
alternative to soybean oil-based lipid emulsions might reduce the likelihood of 
hepatic damage associated with PN in patients susceptible to hepatic dysfunction 
[1, 24, 25]. Alternative lipid sources such as olive oil, medium-chain triglycerides 
(MCT), and fish oil should be used to decrease soybean oil concentration.

Triglycerides should be checked monthly, and if there is an increase over 400 mg/
dl, it should be withheld or the dosage should be reduced. However, withholding 
ILE infusion longer than 2 weeks may induce EFAD.

Fluid and Electrolytes  Maintaining hydration and electrolyte balance is important 
in HPN, particularly in patients with high-output fistula, SBS, or chronic diarrhea. 
These patients require regular monitoring of dehydration signs and symptoms, fluid 
balance, laboratory testing, and 24-hour urine output, together with prompt fluid 
adjustments and supplementation, because they often experience significant fluid 
and electrolyte losses. Precise intravenous supplementation to prevent dehydration 
and electrolyte imbalances is essential to avoid chronic renal failure and other 
complications.

The dose recommendations for PN fluid and electrolytes are derived from clini-
cal experience due to the absence of randomized research. Fluid requirements vary 
based on patient physiology, underlying disease, and ongoing losses. The volume of 
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total parenteral nutrition (TPN) in average adult needs is about 25–35 mL/kg/day, or 
approximately 1500–2500 mL/day of fluid. The PN formula will be modified in 
order to normalize laboratory tests regarding electrolytes and mineral balance.

Electrolytes are critical for many cellular functions. They must be carefully mon-
itored and replaced based on the patient’s ongoing losses and metabolic state. 
Recommended electrolyte doses are: 1–1.5 mmol/kg/day for sodium, potassium, 
and chloride; 0.3–0.5 mmol/kg/kg/day for phosphate; and 0.1–1.15 mmol/kg/day 
for calcium and magnesium. Furthermore, consistent assessment of acid–base sta-
tus (serum levels of chloride and bicarbonate) is necessary, since metabolic acidosis 
or metabolic alkalosis may arise.

Micronutrients  Micronutrients include vitamins and trace elements employed for 
metabolic processes, immunological function, and the prevention of deficits.

Vitamins  Patients on long-term HPN are susceptible to deficiencies; thus, clinical 
manifestations and biochemical indicators of vitamin insufficiency or toxicity 
should be routinely assessed. Water-soluble vitamins (B complex and vitamin C) 
are not stored in significant amounts in the body and need regular supplementation. 
Additionally, those vitamins are absorbed actively from the upper intestine, except 
for vitamin B12, which is selectively absorbed from the distal 60 cm of the ileum 
[26]. Fat-soluble vitamins (A, D, E, and K) are stored in the body’s adipose tissues 
and liver; however, absorption is compromised in individuals with intestinal failure. 
Baseline blood vitamin concentrations should be assessed at the initiation of HPN 
and thereafter at least annually. Furthermore, the significance of baseline vitamin 
levels prior to initiating HPN is important, as this allows for the administration of 
replacement doses of vitamins until resolution occurs. Consequently, vitamin dos-
ages in HPN may be modified as required. The method of vitamin supplementation 
may be tailored to certain characteristics of the particular patient. Vitamins are 
administered as a multivitamin formulation, including both water-soluble and fat-
soluble vitamins [1].

Trace elements  Trace elements are inorganic nutrients required in minute amounts. 
More than dozen trace elements are considered vital for biological activities (for 
enzymatic reactions, cellular function, and immunity); however, only nine are often 
included in PN regimens. Deficiencies or toxicities can cause severe metabolic dis-
turbances. Patients with increased losses, malnutrition, or depletion prior to initiat-
ing PN may have heightened needs. The guidelines for vitamins may be extended to 
trace elements regarding monitoring and dosing. Standard PN solutions lack trace 
components due to chemical stability concerns and must be included into the PN 
solution just before to patient administration [1, 27].

Additives and special considerations  It is generally advised that medications 
should not be added to PN admixtures unless they are absolutely essential. The 
choice to include drug additives must be justified by evidence about the 
physicochemical compatibility and stability of both the medicine and the final 
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admixture. Although no recommendations can currently be made on the ideal strat-
egy for establishing glycemic control in HPN patients, the incorporation of insulin 
into HPN admixtures has been shown as safe in several case series for managing 
hyperglycemia in diabetic or glucose-intolerant individuals.

Methods of delivering PN admixtures  HPN must be delivered via an infusion 
pump to ensure safety and efficacy. The utilization of an electronic (ambulatory) 
infusion pump with suitable delivery settings is regarded as best practice. A portable 
pump enhances the quality of life compared to stationary pumps, as it allows those 
patients to achieve greater independence. The advantages encompassed sustaining 
optimal flow, minimal disturbance, extended battery longevity, and enhanced likeli-
hood of social and occupational recovery. The widely recognized maximum hang-
ing time for a ready-to-use admixture is 24 h. At the completion of a cyclic PN 
infusion, the infusion rate must be decreased in order to minimize insulin require-
ments and prevent rebound hypoglycemia [8, 14]. Continuous infusion (24-h) is 
often used in unstable patients or those with high fluid needs; however, cyclic infu-
sion (12–16  h overnight) is preferred for long-term HPN patients, allowing for 
increased mobility and better quality of life, and also reducing the risk of hepatic 
complications (IFALD).

13.8	� Monitoring and Management of HPN Patients

The objective of monitoring is to ensure and enhance the quality of life by evaluat-
ing the nutritional effectiveness and PN regimen tolerance, to prevent and detect 
nutritional deficits or toxicities, and to avoid or promptly identify and treat HPN-
related complications [8]. Those measures are taken in order to optimize PN formu-
lations in accordance with evolving requirements.

All patients must undergo frequent reassessment of their metabolic, nutritional, 
and overall health status. Although evidence-based guidelines for monitoring are 
lacking due to insufficient published data, the interval between reviews should be 
tailored to the patient, care environment, and duration of nutritional support. 
Intervals may be extended as the patient stabilizes on nutritional support. Following 
hospital release, the HPN NST maintains regular contact with patients and caregiv-
ers, first every few days, transitioning to weekly, and ultimately monthly, as the 
patient gains competence. Additionally, patients and caregivers must be educated in 
self-monitoring their state of nutrition, fluid balance, and infusion catheter, as well 
as in identifying early signs and symptoms of complications. The clinician in touch 
must be ready to elucidate any uncertainties and monitor clinical parameters and 
overall health status.

Furthermore, the quality of life of patients should be assessed using validated 
instruments as an integral component of routine clinical practice. The home paren-
teral nutrition–quality of life (HPN-QoL®) is a treatment-specific questionnaire 
designed for patients with CIF due to benign underlying diseases. The questionnaire 
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comprises 48 items and concentrates on symptomatic, emotional, and physical con-
cerns. In practice, the quality of care can be evaluated by examining a variety of 
factors, including the number of catheter-related events, the patient’s incidence of 
hospital readmission, the quality of life, weight change, and the incidence of dehy-
dration [28].

In clinically stable patients, body weight, body composition, hydration status, 
energy and fluid balance (urine output and stoma output), and biochemical param-
eters (hemoglobin, ferritin, albumin, C-reactive protein, electrolytes, venous blood 
gas analysis, kidney function, liver function, and glucose) should be assessed at all 
scheduled intervals (every 3–6 months).

Deficiencies in vitamins and trace elements may require an extended period in 
order to manifest clinical signs and symptoms, so a 6–12-month evaluation interval 
is suitable. Monitoring micronutrients is important, particularly for those patients 
undergoing intestinal rehabilitation and an ongoing weaning protocol from 
HPN. Therefore, clinical manifestations and biochemical indicators of vitamin and 
trace metal deficiency or toxicity should be assessed at least annually. Additionally, 
bone metabolism and bone mineral density should be assessed yearly or according 
to established guidelines [8].

Optimizing the formulation of PN is crucial to address the evolving require-
ments of these patients and to prevent metabolic disorders. Dextrose concentra-
tion must be raised in patients undergoing weight loss to guarantee sufficient 
calorie intake, while it should be decreased in instances of hyperglycemia to avoid 
insulin resistance and metabolic stress. Protein consumption must be increased in 
hypercatabolic conditions, such as infections, to facilitate tissue regeneration and 
improve immunological activity. In hypertriglyceridemia, lipid content should be 
reduced (and changed with fish oil-based emulsions), especially in intestinal 
failure-associated liver disease (IFALD). Fluid management requires supervision; 
as adequate administration is essential for patients susceptible to dehydration, 
such as those with SBS or with high-output stomas, whereas restriction is required 
in certain cases of heart failure or renal illnesses to reduce the risk of fluid over-
load. Electrolytes must be modified according to serum levels and continu-
ous losses.

13.9	� Complications Associated with Long-Term HPN

In spite of its advantages, HPN is linked to potential complications, such as central 
venous catheter-related complications (such as catheter-related bloodstream infec-
tions [CRBSIs], thrombosis, obstruction/migration, or loss of vascular access), as 
well as metabolic imbalances, nutritional deficiencies or toxicities, HPN-associated 
liver disease, or metabolic bone diseases. The consequences on quality of life, such 
as the development of psychological and sleeping disorders that impede sociopro-
fessional rehabilitation, should not be neglected.

13  Home Parenteral Nutrition in Long-Term Intestinal Failure



138

13.9.1	� CVAD-Related Complications

Complications associated with CVADs are a significant concern for patients who 
are receiving HPN.

The risk of mechanical, infectious, and thrombotic complications is elevated by 
the prolonged use of catheters. Nutrient delivery can be disrupted and catheter 
replacement may be necessary due to mechanical complications, including catheter 
occlusion, dislodgment, and fracture. CRBSIs are among the most severe complica-
tions, frequently requiring catheter removal and antibiotic therapy, often requiring 
hospitalization due to sepsis. Thrombosis, which is induced by the formation of a 
thrombus around the catheter, can lead to venous obstruction, edema, and an ele-
vated risk of pulmonary embolism. This may necessitate the use of anticoagulation 
therapy or the replacement of the catheter. In order to reduce CVAD complications 
and guarantee the long-term safety and efficacy of HPN therapy, it is imperative to 
implement preventive measures, such as meticulous aseptic technique, routine cath-
eter care, regular purging of catheter lumen, and patient education. Prompt interven-
tion and early detection are essential for the management of these complications in 
order to prevent significant outcomes and ensure continuous nutrition support.

13.9.2	� Disease-Related Complications Associated with HPN

Renal Failure and Stones  Chronic fluid and electrolyte losses, especially in 
patients with high-output fistula, can lead to dehydration and kidney dysfunction. 
Another proposed mechanism for renal injury is recurrent CRBSI; however, this has 
not been conclusively shown by the data. The administration of nephrotoxic drugs 
and preexisting renal conditions may also contribute significantly. Renal calculi and 
nephrocalcinosis are associated with heightened oxalate absorption, hypovolemia, 
and dehydration. Hypomagnesemia and metabolic acidosis may elevate the risk of 
renal precipitates, particularly uric acid calculi. In those who suffer from SBS, 
increased absorption of oxalate may occur due to fatty acids sequestering calcium 
and inhibiting the complexation of oxalate. Absorbed oxalate can precipitate in the 
renal tubules, causing tubular injury, necrosis, and atrophy. Prevention has to focus 
on adequate parenteral administration, optimal hydration, and high urine output. 
Preventive strategies involving decreased oxalate consumption and cholestyramine 
administration have been documented, although their efficacy is not consistently 
found. A low-fat diet or the substitution of MCT and oral calcium supplements dur-
ing meals may also be investigated. It is advisable to manage renal failure and renal 
stones in patients with CIF in accordance with established criteria for these disorders.

Metabolic Bone Disease  The risk of bone loss is further raised by long-term HPN, 
which is in addition to the risk factors of the individual (e.g., postmenopausal, lack 
of exercise). There are numerous factors that are associated with HPN and intestinal 
failure, such as suboptimal vitamin D levels, low calcium absorption or ingestion, 
high amino acid load, electrolyte imbalance, aluminum contamination, and cyclic 
infusion [29, 30].
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Despite the fact that patients receive additional oral and IV supplementation, the 
prevalence of vitamin D insufficiency and deficiency is well documented [31]. 
Therefore, it is recommended that those patients should be routinely monitored for 
metabolic bone disease by serum and urinary biochemistry alongside annual bone 
mineral density testing (dual-energy X-ray absorptiometry [DEXA] scanning). 
Additionally, PN regimen modification with high-dose vitamin D, calcium and 
phosphate supplementation, and other management strategies should be imple-
mented accordingly. Supplementary preventive measures that apply to the general 
population should also be recognized for patients on HPN [14].

Hepatic Complications  Intestinal failure-associated liver disease (IFALD) is a 
significant consequence of sustained HPN, marked by hepatic impairment. It pres-
ents as hepatic steatosis, cholestasis, fibrosis, or cirrhosis and is frequently associ-
ated with excessive dextrose and lipid infusion, recurrent infections, and poor 
enteral stimulation. Risk factors involve extended utilization of soybean oil-derived 
lipid emulsions, overfeeding, and bacterial translocation from the gastrointestinal 
tract. Strategies for prevention and management emphasize changing parenteral 
nutrition composition, which includes minimizing carbohydrate overload, limiting 
the dose of soybean oil-based lipid emulsion to less than 1 g/kg/day or utilizing fish 
oil-based lipid emulsions, implementing cycling mode of infusion in order to pro-
vide fasting intervals, and encouraging minimal enteral intake wherever feasible. 
Consistent monitoring of liver function (aspartate aminotransferase [AST], alanine 
aminotransferase [ALT], alkaline phosphatase [ALP], gamma-glutamyl transferase 
[GGT], and bilirubin levels) is essential for prompt identification and management. 
In advanced instances, hepatic fibrosis and liver failure may occur, potentially 
requiring intestine and liver transplantation. Enhancing PN formulations and pre-
serving gut integrity via enteral nutrition can markedly diminish the risk and 
advancement of IFALD.

More details linked with each of these complications are extensively discussed in 
dedicated chapters.

13.10	� Operational and Healthcare System Considerations

13.10.1	� Structure of HPN Programs

The structure of HPN programs is designed to provide comprehensive, multidisci-
plinary care to patients with CIF, ensuring safe and effective long-term nutrition 
support.

ESPEN guidelines emphasize the need for structured patient selection, informed 
consent, and comprehensive training for both patients and caregivers to minimize 
complications and improve adherence to treatment. A well-organized HPN program 
needs a well-coordinated operational framework that integrates healthcare provid-
ers, patients, and supporting institutions to ensure safe and effective care. Also, 
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ensuring seamless collaboration between hospital-based nutrition support teams 
(NSTs), home care providers, and general practitioners is important for ongoing 
patient monitoring, emergency management, and overall quality of care. Also, coor-
dination between healthcare providers, home care services, and suppliers is needed 
for timely delivery of nutritional solutions, equipment, and medical supplies [32].

A key operational consideration is the standardization of clinical protocols, 
ensuring that patients receive appropriate, high-quality treatment regardless of geo-
graphic location. These programs include patient education on catheter care, infec-
tion prevention, and troubleshooting complications, along with regular clinical and 
laboratory monitoring to assess metabolic status, nutritional adequacy, and organ 
function. Additionally, structured programs emphasize psychosocial support, help-
ing patients adapt to the demands of HPN while maintaining quality of life.

By integrating standardized protocols, telemedicine support, and emergency 
response plans, well-structured HPN programs enhance patient safety, minimize 
complications, and improve long-term outcomes for individuals requiring lifelong 
parenteral nutrition.

13.10.2	� Cost and Economic Burden of Long-Term HPN

The cost and economic burden are significant, affecting healthcare systems, insur-
ers, and patients. HPN involves high costs starting with the specialized nutrient 
formulations, central venous catheter maintenance, infusion pumps, sterile supplies, 
and home healthcare services. Additionally, expenses arise from regular laboratory 
monitoring, medical consultations, hospitalizations, and the need for multidisci-
plinary care. The average annual cost per patient varies by country, with estimates 
ranging from 60.000 to 85.000 € per year, depending on the complexity of care and 
healthcare system coverage [33].

Insurance reimbursement and national healthcare policies play a crucial role in 
determining accessibility, with disparities in coverage leading to financial strain for 
patients and families in certain regions. While HPN allows patients to live outside 
the hospital and maintain a better quality of life, it poses challenges in terms of 
long-term affordability, cost-effectiveness, and equitable access to care. Strategies 
to optimize HPN efficiency, prevent complications, and explore alternative thera-
pies like intestinal rehabilitation and transplantation can help reduce costs and 
improve healthcare sustainability [34].

13.11	� Conclusion

HPN is a life-saving therapy for patients with CIF due to SBS, enabling them to 
maintain adequate nutrition outside the hospital setting. However, it requires careful 
monitoring, individualized management, and a multidisciplinary approach to ensure 
long-term safety and effectiveness.
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Moving forward, advancements in HPN formulations, lipid emulsions, and 
remote patient monitoring will continue to enhance patient outcomes. Standardized 
HPN protocols, patient education, and multidisciplinary team collaboration are key 
to minimizing complications and improving the quality of life for individuals on 
long-term HPN. As research progresses, efforts to optimize intestinal adaptation, 
reduce metabolic complications, and explore innovative therapies will further refine 
HPN management, ensuring better long-term survival and functional independence 
for patients with CIF.
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14Long-Term Venous Access for HPN: 
Types, Devices, and Complications

Liliana Mirea, Raluca Ungureanu, and Dragoș Ene

14.1	� Introduction

For patients unable to meet the nutritional needs by oral or enteral route due to per-
sistent gastrointestinal failure, like short bowel syndrome, home parenteral nutrition 
(HPN) is the only way to deliver essential nutrients to sustain the energy demands 
of the organism. Effective and safe venous access is an important part of any pro-
gram of home parenteral nutrition. Optimal positioning of central vascular access 
device (CVAD) will help to minimize complications associated with its use. Prompt 
recognition and treatment of venous catheter malfunction and associated complica-
tions due to prolonged use warrants a decrease in associated morbidity and mortal-
ity. For optimal HPN program and CVAD outcomes, these patients should be 
managed at intestinal failure centers by multidisciplinary teams that include inter-
ventional radiologists and use evidence-based protocols implemented by 
trained staff.
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14.1.1	� Challenges and Goals of Vascular Access Selection 
in Delivering HPN

Long-term parenteral nutrition (PN) patients face additional challenges compared 
to acute care, such as maintaining venous access due to vein exhaustion or stenosis, 
as well as the logistical complexities of managing PN at home, which demand 
patient education and support. Also, patients with conditions such as very long-term 
HPN or recurrent infections often experience venous depletion due to scarring, 
thrombosis, or vein exhaustion. Similarly, individuals with prior vascular surgeries 
may have compromised venous anatomy, making it difficult to establish or maintain 
reliable vascular access.

Establishing adequate vascular access necessitates careful planning, proficient 
insertion, and continuous maintenance. Vascular access management involves more 
than catheter placement; it includes strategic device selection, compliance with 
evidence-based insertion and care guidelines, meticulous monitoring, and a proac-
tive strategy for complication avoidance. By emphasizing these characteristics, 
healthcare practitioners may guarantee that PN stays a secure, efficacious, and sus-
tainable intervention, eventually enhancing outcomes while balancing comfort and 
quality of life for patients dependent on nutritional support. These efforts frequently 
need a multidisciplinary team approach, including clinical knowledge, patient edu-
cation, while also acknowledging the financial ramifications connected with PN 
therapy [1].

14.2	� Vascular Access Devices for Home Parenteral Nutrition

14.2.1	� Central Venous Access Device Characteristics

Central venous access is essential for HPN delivery, especially for prolonged treat-
ment or when high-osmolarity solutions are necessary without inducing venous 
irritation.

The optimal catheter material is typically flexible, robust, chemically inert, non-
thrombogenic, radiopaque, and resistant to kinking. It needs to have a measuring 
scale on its side. Flexible catheters with a small diameter that efficiently float in the 
bloodstream are less prone to causing injuries. Contemporary CVADs are often 
composed of polyurethane or silicone rubber. Some are coated with antiseptics or 
antibiotics, or these agents are included into the catheter polymer to minimize infec-
tious complications arising from bacterial proliferation and migration within the 
catheter [2, 3].

CVADs can be categorized based on the distance between the intravenous (IV) 
entrance point and the cutaneous exit point into nontunneled or tunneled catheters. 
In catheter selection, the clinician must evaluate the necessity for multiple lumens 
(one, two, or three), acknowledging that multilumen catheters are to be utilized 
exclusively in scenarios requiring the simultaneous infusion of incompatible solu-
tions, such as for patients receiving concurrent chemotherapy [4]. Another aspect is 
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the type of external catheter terminus—external hub vs. totally implanted device 
(TID) [2, 4, 5]. Also, CVADs may possess either an open-end tip or a valve-ended 
tip. Numerous devices possess supplementary orifices on their lateral walls, situated 
only proximal to the tip, which may affect flow dynamics and flushing requirements.

Certain catheters have an antibacterial agent, such as minocycline, integrated 
into the material [6]. Some catheters have an additional cuff composed of collagen 
impregnated with silver ions; the collagen cuff expands to 2–3 times its initial size, 
while the silver serves as an antibacterial agent [7]. Antimicrobial catheters are not 
commonly employed in contemporary practice because of little differences in out-
comes and higher costs [8, 9].

All of these factors—material, design, number of lumens, and catheter configu-
ration—play an essential role in optimizing patient safety, comfort, and outcomes 
when using CVADs for long-term HPN.

14.2.2	� Types of Central Venous Access Devices

Short-term CVADs  These types of CVADs are not suitable for HPN due to ele-
vated risk of complications, especially infections. They are commonly employed in 
acute care environments, such as ICUs or hospitals, for patients necessitating 
prompt vascular access for short-term treatment spanning days to a few weeks.

Peripherally Inserted Central Catheters (PICC Lines)  PICC lines are central 
venous catheters measuring 50–60  cm in length and of small diameter (20–22 
gauge), typically made from silicone or polyurethane. They are inserted via a 
peripheral vein, commonly located in the antecubital fossa (basilic, brachial, or 
cephalic), and advanced into the central veins with assistance of an electrocardio-
gram (ECG) electrode or fluoroscopy. PICC lines represent a flexible alternative due 
to their ease of insertion and might be particularly advantageous in patients with 
acute intestinal failure, as an initial approach for intermediate duration PN (no lon-
ger than 6 months), which can be converted to a tunneled catheter if long-term home 
parenteral nutrition is needed. However, they have a significantly elevated risk of 
thrombosis and occlusion owing to their small diameters and reduced flow rates. 
Furthermore, the likelihood of dislodgement is heightened due to the absence of a 
cuff to secure the catheter to soft tissues. The location of the exit site on the arm 
limits normal arm mobility, rendering everyday tasks challenging and nearly unfea-
sible for patients carrying out the treatments by themselves. Movement of the arm 
may result in catheter migration of up to 9  cm, which might lead to endothelial 
injury, deep vein thrombosis (DVT), or serious adverse events such as heart perfora-
tion or arrhythmias. PICCs need to be secured and covered with a sterile dressing. 
Phlebitis and the associated infection risks, although often less than those observed 
with short-term CVADs, continue to be a concern, especially when catheters are 
inadequately managed [10–17]. Several centers employ tunneling techniques for the 
PICC to reduce the risk of infection and thrombosis Their study demonstrated the 
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effectiveness of the tunneling approach; nonetheless, they concluded that the degree 
to which tunneling a PICC diminishes problems requires more investigation [18].

Tunneled Catheters  Tunneled catheters are intended for prolonged PN, frequently 
utilized in patients with chronic intestinal failure (CIF). Typically, these catheters 
are surgically implanted, with a segment of the catheter tunneled subcutaneously 
prior to emerging from the skin. The subcutaneous tunnel acts as a barrier to dimin-
ish infection risk, rendering these devices more appropriate for extended usage in 
comparison to nontunneled CVADs. Usually, these CVADs have a strengthened 
outer section, including a thicker-walled sheath and a Dacron cuff, which becomes 
infiltrated with fibrous tissue over time, thereby securing the catheter and acting as 
a physical barrier against infection. Some of them also have a secondary cuff com-
posed of collagen impregnated with silver ions, which serves as a chemical barrier 
against bacteria and infection [7, 19]. Tunneled catheters provide durability and 
offer frequent access without jeopardizing safety, rendering them optimal for HPN 
environments. The surgical insertion procedure is more intrusive; however, it is 
often well tolerated.

•	 The Broviac catheter possesses a narrow internal diameter, enabling reduced 
flow rates ranging from 25 to 65 ml/min. Initially developed for children, it is 
often utilized by adults [20]. The reduced dimensions are thought to diminish the 
risk and occurrence of thrombosis due to an improved catheter-to-vessel ratio, as 
the smaller device occupies less vascular space than the Hickman catheter 
[21, 22].

•	 The Hickman catheter possesses a larger internal diameter, facilitating increased 
flow rates. Further developed devices are also available with double or triple 
lumens [23]. Hickman catheters must be secured until the cuff is embedded. This 
is accomplished by either suturing along the line or employing a detachable 
stitch fixation device, which can be either sutured in position or mounted with an 
adhesive securing mechanism.

•	 Valved catheters have a valve located at either the distal or proximal extremity of 
the catheter. The Groshong catheter operates similarly to Broviac and Hickman 
catheters; however, it is distinct due to its slit-like opening located toward the 
distal end, which serves as a valve. The valve withstands negative intrathoracic 
pressure, preventing possible air embolism. The valve needs a positive pressure 
for activation. The valve’s closure, when positive pressure decreases, restricts the 
retrograde flow of venous blood into the catheter. The valve necessitates the uti-
lization of a pressurized system for infusion delivery and may modify the rate of 
continuous infusion medication [24].

Implanted Ports  Implanted ports, or port-a-caths, are entirely internal devices 
situated beneath the skin, typically in the chest area. A small reservoir, or port, is 
linked to a catheter that is located in a central vein, enabling recurrent vascular 
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access devoid of an external apparatus. Ports are especially beneficial for intermit-
tent long-term utilization, as shown in cancer patients undergoing chemotherapy or 
patients on prolonged PN. They are aesthetically discreet and present a reduced risk 
of infection relative to external catheters, as they stay encapsulated beneath the skin 
when not in use. Ports are accessed using a non-coring Huber needle, enhancing 
comfort and reducing the risk of contamination during inactive periods. Nonetheless, 
the surgical insertion and extraction necessitate operating room resources. 
Notwithstanding these disadvantages, implanted ports provide a dependable and 
patient-centered solution for prolonged venous access. They employ the skin as a 
natural barrier against infection, allowing patients to swim and wash without com-
plications. They have the lowest infection rates among all long-term CVADs, need 
minimal ongoing maintenance, allow for extended flush intervals (3–4 weeks), and 
are characterized by durability. Additionally, the advantages of TID over external 
catheters include the absence of dressing requirements while not in use, the ability 
given to patients to swim and bathe without issue, and also less body distortion for 
the patient. Fortunately, if patients have daily infusion requirements, the benefit of 
a hidden lumen diminishes when the Huber needle is in situ for 5 to 7 days per 
week. Frequent puncturing of the skin above the port may result in ulceration and 
inflammation of the skin over time. However, the management of infections using 
antibiotic-lock treatment is more complex in TIDs, and localized infections fre-
quently need device removal [3]. Each port membrane is rated for survival between 
1000 and 2000 punctures before the chance of failure increases, related to needle 
size and operator proficiency. The needle may be accidentally removed, disrupting 
infusions and posing a danger of extravasation. Various sizes and lengths of needles 
are available to accommodate varied skin fat thicknesses over the port. In an emer-
gency, a normal needle (orange, blue, or green) may be utilized.

14.3	� The Choice of CVAD and Exit Site

The process of selection of a CVAD for HPN requires the involvement of a multi-
disciplinary nutrition support team (NST), including the patient, an anesthetist, a 
radiologist, or a surgeon assigned for insertion.

The patient’s participation is essential in identifying the position of the cutane-
ous exit, in order to assure optimal self-care and accessibility. Placement should 
avoid proximity to wounds, previous exit sites, tracheostomies, stomas, or fistulas to 
reduce complications. Tunneled catheters, as well as TIDs, are generally recom-
mended for long-term HPN beyond 6 months because of their decreased risk of 
complications. A single-lumen CVAD is preferred over multiple-lumen devices due 
to the increased risk of infection associated with the latter. The internal jugular vein 
or subclavian vein is the preferable access site, with right-sided insertion decreasing 
the risk of venous thrombosis relative to the left side. Irrespective of the catheter 
type, the tip must be placed near the intersection of the superior vena cava and right 
atrium, since this positioning minimizes the risk of thrombosis. The selection of 
single-lumen vs. multiple-lumen catheters is dependent upon the etiology of 
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intestinal failure, anticipated duration of PN support, infusion frequency and com-
position, and additionally drugs used concomitantly. The use of the femoral vein for 
HPN is often discouraged due to the susceptibility of the groin exit point to con-
tamination and an increased risk of venous thrombosis. However, if the femoral vein 
is utilized due to limited access to the upper superior vena cava, tunneling is essen-
tial to enhance the management of the catheter exit site and secure attachment for 
prolonged use, despite the fact that access via the femoral veins is not advisable 
[27]. In acute intestinal failure, multiple-lumen catheters may be required to support 
simultaneous treatments. As intestinal failure advances, the requirements for intra-
venous support may alter, necessitating modifications in the kind and placement of 
CVADs. Even PICCs can be utilized for intermediate periods, especially during the 
transition to outpatient treatment. However, PICC lines are not recommended if the 
expected duration of PN is prolonged over 6 months. In a domestic environment, 
devices should be easy to use for patients or caregivers to operate with limited pro-
fessional oversight. This encompasses simplified flushing methods, secure dress-
ings, and instruction on sterile techniques to avoid infections. Implanted ports are 
especially appropriate for outpatient care because of reduced susceptibility to con-
tamination and the enhanced freedom and comfort they provide to patients. These 
devices enhance quality of life, allowing patients to perform everyday activities 
while undergoing long-term PN [4, 16, 17, 25–27].

14.4	� Insertion Techniques for Vascular Access Devices

14.4.1	� Pre-insertion Assessment and Planning

Thorough pre-insertion evaluation and strategizing are essential for the secure and 
effective placement of a vascular access device for HPN. These procedures reduce 
complications and enhance device functionality by customizing the approach to the 
patient’s clinical requirements and anatomical factors. Significant elements refer to 
assessing the patient’s coagulation status and performing imaging studies to evalu-
ate venous anatomy.

The chosen vein for vascular access must be based on patient’s wishes, veni-
puncture technique, potential complications, catheter site maintenance, and the 
risks. Traditional landmark-based treatments are less accurate and entail more risks, 
leaving image-guided techniques, such as ultrasonography and fluoroscopy, the 
favored options in contemporary practice.

14.4.2	� Infection Prevention Measures during Insertion

Preventing infections during the placement of CVADs is important in order to 
diminish the likelihood of catheter-related bloodstream infections (CRBSIs). It is 
recommended to conduct central venous catheterization in a setting that facilitates 
aseptic procedures. All healthcare practitioners participating in the process must 
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execute thorough hand hygiene utilizing an alcohol-based hand rub or soap and 
water, and don personal protective equipment, including sterile gowns, sterile 
gloves, hats, and masks that cover both the mouth and nose. The patient must be 
completely covered with a sterile barrier to reduce exposure to contaminants. This 
entails employing extensive sterile drapes to shield nonsterile regions, and exclu-
sively sterile equipment, catheters, and devices must be utilized. All materials must 
undergo inspection to confirm sterility prior to commencing the operation. The 
insertion site must be sanitized with a suitable antiseptic solution, such as a 2% 
chlorhexidine solution, for a minimum of 30 seconds. The area must be allowed to 
dry thoroughly prior to continuation [4, 27]. In the presence of a contraindication to 
chlorhexidine, povidone–iodine or 70% alcohol may be utilized.

Contamination of any component utilized in the catheter insertion process might 
result in the dissemination of microorganisms into the catheter’s lumen and subse-
quently into the bloodstream. Clinicians should evaluate the need for utilization of 
antibiotic-coated catheters for certain patients, considering their infection risk. 
Nonetheless, these antimicrobial-coated devices should not be considered a replace-
ment for conventional infection control protocols, and comprehensive preventative 
methods must be maintained [27]. After insertion, the site must be covered with a 
sterile dressing. When utilizing a chlorhexidine-impregnated dressing, the insertion 
site must be inspected regularly for indications of irritation, allergic reactions, or 
necrosis.

14.4.3	� Documentation and Confirmation

Proper records ensure traceability, adherence to clinical standards, and provide a 
reference for managing complications. Verification of catheter placement is manda-
tory to ascertain that the device is accurately situated inside the central venous sys-
tem. Confirmation methods encompass imaging techniques, notably chest X-ray, 
which is the common technique for verifying placement. Furthermore, ultrasonog-
raphy guidance during insertion can verify venous access; nevertheless, it does not 
guarantee the correct positioning of the CVAD’s tip. Fluoroscopy may be employed 
during the insertion. Electrocardiography (ECG) guidance is a method that utilizes 
alterations in ECG waves to verify the accurate positioning of catheter tips, fre-
quently employed as a supplementary tool to imaging.

14.5	� Maintenance of Vascular Access Devices

Adhering to proper catheter care methods is vital for preserving the performance 
and durability of vascular access devices utilized for PN.  Consistent daily care 
reduces the likelihood of complications.
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14.5.1	� Flushing Protocols

Regular flushing of the catheter is essential to prevent obstruction due to fibrin, 
blood clots, or residual PN solution, and to confirm the catheter’s integrity and per-
formance before to and during PN delivery. ESPEN guidelines advise against the 
use of a heparin lock because it promotes intraluminal biofilm formation, increasing 
the likelihood of CRBSIs [16, 28, 29] Additionally, NaCl 0.9% flushing appears not 
to be inferior to heparin flushing regarding CVAD occlusion. However, in some 
instances, such as central lines with elevated thrombosis risks, heparinized saline 
may be employed to avoid clot formation, particularly in central catheters and ports 
that are not in continuous use. The dosage (e.g., 10–100 units/mL) and frequency 
are dependent upon the device type and institutional guidelines. For individuals 
with a history of recurrent infections, specific solutions containing antiseptics (etha-
nol, citrate) or antibiotics may be utilized to prevent or cure infections.

Flushing is commonly conducted prior to and subsequent to the administration 
of PN solution, drugs, or other fluids. Valved catheters (e.g., Groshong catheters) 
are designed with an internal valve that inhibits blood reflux and often need just 
saline flushes, typically eliminating the need for heparin locks. Flush at regular 
intervals (e.g., every 12–24 h) if the catheter is not in continuous use; for dormant 
catheters (e.g., implanted ports), flushing may be planned every 7–30 days, depend-
ing upon the device type. Flushing must consistently be conducted using aseptic 
technique and following the disinfection of the catheter hub or injection port with a 
suitable antiseptic. Flushing should be performed via a push-pause (pulsatile) tech-
nique to generate turbulence within the catheter, dislodging debris and preventing 
accumulation along the catheter walls. Refrain from applying excessive force dur-
ing flushing to prevent catheter rupture. If resistance is met, refrain from flushing; 
evaluate for potential occlusion or catheter impairment. Generally, employ a flush 
volume that is no less than double the internal capacity of the catheter and any 
supplementary devices (often 5–10 mL of saline). Secure the catheter while admin-
istering the final 0.5 mL of solution or immediately before to detaching the syringe 
to reduce blood reflux into the catheter.

14.5.2	� Catheter Inspection, Dressing Changes, and Maintenance

Regular examination of the catheter site is essential to detect early indications of 
problems. Erythema, edema, sensitivity, exudate, or warmth at the insertion site 
may signify infection or discomfort. During this operation, the integrity of the cath-
eter should be assessed by inspecting it for leaks, kinks, or damage and confirming 
that all connections are secure and caps are clean. Catheters must be expeditiously 
removed when they are no longer needed. Ensuring a clean and sterile dressing over 
the catheter insertion site diminishes the likelihood of infections. Transparent dress-
ings are generally replaced every 7 days, whereas gauze, utilized for individuals 
with exudate or adhesive allergies, may be changed every 48 h or sooner if they 
become dirty, moist, or loose. The dressing must be meticulously removed, 
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followed by a thorough evaluation of the insertion site. It is essential to disinfect the 
region using an antiseptic solution, such as chlorhexidine. The next step is to apply 
a sterile transparent or gauze dressing, ensuring it is secure yet not too tight, so 
preserving patient comfort and skin integrity. The area must be allowed to air-dry 
thoroughly prior to the application of a new sterile dressing.

14.5.3	� Patient and Caregiver Education

Education for patients and caregivers maintaining vascular access at home empha-
sizes practical instruction in catheter maintenance, including dressing changes, 
flushing procedures, and the identification of infection or device failure indicators. 
Visual aids, checklists, and written directives can enhance learning and increase 
confidence. In outpatient or HPN settings, equipping patients with knowledge 
regarding sterile handling and emergency care is important for minimizing problems.

14.6	� Complications Related to Vascular Access in Home 
Parenteral Nutrition

Recognizing and identifying possible complications of long-term CVADs is crucial 
for maintaining safe care. Clinicians must meticulously weigh the risks and advan-
tages when evaluating device removal, since line extraction may be imperative in 
some circumstances, while reinsertion presents its own concerns. It is often wise to 
evaluate the feasibility of preserving an existing line and its alignment with the 
patient’s best interests. In noncritical care environments, CVADs utilized for PN are 
susceptible to problems including CRBSIs, site infections, catheter dislodgement, 
occlusions, venous thrombosis, and device malfunction or failure [1, 30, 31].

14.6.1	� Infectious Complications

CRBSI rates in experienced referral centers can be expected to range from 0.14 to 
1.09 episodes per catheter year [17, 32–35]. Patients receiving PN encounter an 
increased risk of complications compared to those utilizing CVADs for other indi-
cations. The nutrient-dense PN solution, with high levels of glucose, amino acids, 
and lipids, carries an optimal environment for the proliferation of bacteria and fungi, 
especially staphylococci, enterococci, and Candida species. Thus, PN treatment is 
considered an independent risk factor for CRBSIs [30, 36, 37]. Additionally, other 
variables increase the chance of developing CRBSIs, including patient-related ele-
ments such as immunosuppression from underlying diseases, critical illness, or 
extended hospitalizations. Catheter colonization occurs when microbial pathogens 
proliferate in a specimen without exhibiting systemic or localized signs of infection. 
Semiquantitative (>15 colony-forming units [CFU]) or quantitative (>1000 CFU) 
catheter cultures may assist in differentiating substantial from nonsignificant 
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colonization. Catheter-associated infections can be classified as local, including 
exit-site infections, tunnel infections, or port pocket infections, or systemic, in the 
form of CRBSIs. Exit-site infections often respond favorably to wound care and 
medication, whereas tunnel infections frequently necessitate catheter removal and 
IV antibiotic treatment.

CRBSIs are a major infectious complication linked with vascular access devices. 
CRBSIs may be classified according to the route of colonization into those arising 
from the catheter lumen and those originating from the external catheter surface and 
might originate from skin puncture sites, hub contamination, or dissemination from 
another septic focus [38].

14.6.1.1	� Diagnosis
Diagnosing a CRBSIs necessitates clinical evaluation and laboratory analysis. Local 
clinical manifestations include erythema, discomfort, edema, or exudation of serous 
or purulent fluid at the exit site or TID pocket. Tunnel infection manifests as a pain-
ful, inflammatory pattern along the subcutaneous tunnel.

General clinical manifestations may include nonspecific symptoms such as sub-
febrile temperature and chills, progressing to systemic signs like hypotension or 
alterations in mental state indicative of sepsis or septic shock. Symptoms may mani-
fest 1–3  h following the initiation of a new infusion or after catheter closure. 
Laboratory assessment is optimally conducted by quantitative or semiquantitative 
blood culture drawn through the catheter lumen or by obtaining paired quantitative 
blood cultures peripherally and from the catheter. In the latter scenario, it is impor-
tant to observe the differential time-to-positivity (DTP) to determine if the infection 
is catheter-related, assuming the catheter remains in situ. Moreover, alternative pos-
sible sources of infection must be excluded with complete clinical evaluation and 
imaging investigations [39].

14.6.1.2	� Management
The ESPEN recommendations advocate for the management of CRBSIs in accor-
dance with the existing recommendations on long-term intravascular catheters.

When CRBSI is suspected, unwarranted CVAD removal puts the patient at the 
danger of reinsertion, as many cases are found to be noninfected.

A conservative approach may be reasonable for treating simpler infections 
caused by Staphylococcus aureus, coagulase-negative staphylococci, and gram-
negative bacilli, utilizing systemic antibiotics and antibiotic-lock therapy before 
considering catheter removal. In cases where catheter removal is impractical, after 
obtaining a swab from the skin surrounding the exit site, along with a blood sample 
for culture, antibiotic-lock treatment should be administered for 7–10 days, up to 
2 weeks, alongside standard systemic antibiotic therapy. Antibiotic treatment should 
be tailored based on culture results. This scenario is rational for suspected intralu-
minal infections in the absence of tunnel or pocket infection with the scope to pre-
serve the device while eradicating the infection [17]. Additionally, in suspected 
cases of endoluminal infection, it is advised to temporarily cease infusion until 
laboratory findings become available, while peripheral PN is administered 
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temporarily [40, 41]. If infection is not proven, PN therapy can be initiated on the 
same CVAD [40, 41].

However, catheter removal is necessary in instances of tunnel infections, port 
abscesses, septic shock, or major infections such as endocarditis, metastatic infec-
tions, and when paired blood cultures indicate the presence of fungi or virulent 
bacteremia. The reinsertion of long-term devices should be deferred until suitable 
systemic antibiotic therapy, guided by the susceptibilities, has commenced and sub-
sequent blood cultures results are negative. However, the successful rescue of 
infected implanted ports by antibiotic therapy is uncommon, necessitating the 
removal of most devices.

Antibiotic coverage must be adjusted according to local antibiograms and the 
patient’s risk factors. As important as initiating therapy, the de-escalation of treat-
ment depending on culture results and sensitivity testing is essential. Administering 
antibiotics through other routes can enhance the likelihood of eliminating a catheter 
infection. If an indwelling port reservoir is contaminated, antibiotics must be admin-
istered through another access route. Nevertheless, attempting to preserve a catheter 
poses a danger of severe metastatic consequences, such as septic arthritis, osteomy-
elitis, spinal epidural abscess, or other septic emboli [42].

Although the majority of infections caused by coagulase-negative staphylococci 
heal without concerns, those caused by other microbes may result in potentially 
serious problems. Staphylococcus aureus bacteremia can lead to acute endocarditis, 
and all patients should be assessed preferably using transesophageal echocardiogra-
phy. The treatment duration for simple bacteremia should be up to 10 days. For 
complex infections, a minimum treatment duration of 6  weeks is advised. In 
instances of fungal infections, catheter removal and systemic antifungal medication 
are necessary for certain individuals.

14.6.1.3	� Strategies to Prevent Infections
Research indicates that several measures can reduce the incidence of catheter-
associated infections [15].

•	 Establishment of a written policy and the education of healthcare professionals, 
patients, and family members is important in preventing infectious complica-
tions. Guidelines underscore the necessity of hand decontamination before and 
during the care of CVADs [43]. They advocate for the use of soap and water or 
alcohol-based gels or foams free of water. A randomized trial demonstrated that 
interactive video-based instruction for both staff and patients decreases catheter-
related infection (CRI) in HPN patients [44].

•	 Site care must be performed according to an established plan, at a minimum 
frequency of once weekly, and whenever the dressing gets moist or soiled. 
Chlorhexidine 2% is suggested for antisepsis of the hands, catheter exit site, and 
skin prior to catheter placement. Stopcocks, catheter hubs, and other sample 
ports must consistently be cleaned, ideally with 2% chlorhexidine in 70% isopro-
pyl alcohol. Intravenous administration sets must be replaced every 24 h.
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•	 Additionally, avoiding CVADs after manipulating ostomy bags is 
recommended.

•	 Locks with taurolidine inhibits microbial adherence to catheter surfaces and bio-
film. The use of taurolidine decreased CRBSIs without any side effects or the 
development of bacterial resistance [45, 46].

•	 In certain situations of repeated CRBSI, a priority in the care is the reeducation 
of the patient and/or caregiver. Additionally, the use of an antimicrobial catheter 
lock should be taken into account. While certain data indicates that antibiotic- or 
antimicrobial-locking solutions reduce the likelihood of CRBSI, fears over anti-
biotic resistance and inadequate assessment of possible adverse effects remain. 
Therefore, the regular application of these procedures is not widely endorsed [47].

•	 Additionally, in selected patients, a surgically produced arteriovenous fistula 
might be an option in patients with repeated CRBSIs.

•	 Catheter removal as soon as they are no longer needed further reduces infection 
risk and helps preserve long-term venous access options [48].

Current guidelines include a topic about strategies that have been demonstrated 
to be unsuccessful for the prevention of CRBSI, including the use of in-line filters, 
regular catheter replacement, antibiotic prophylaxis, and heparin administration. 
Furthermore, catheter locking with 70% ethanol to prevent CRBSI is not recom-
mended because its use is associated with systemic toxicity, catheter occlusion, and 
catheter damage [16]. However, other studies showed that locking of CVADs with a 
combination of heparin and vancomycin has demonstrated efficacy in diminishing 
gram-positive infections. Antibiotic locks may also be beneficial in instances of 
recurrent line infections [2, 49]. There is no conclusive evidence that the utilization 
of needle-free connections diminishes the incidence of CRBSI in HPN patients. 
Additionally, selecting a suitable insertion site and strictly following maximal bar-
rier measures during insertion are essential in periprocedural period.

14.6.2	� Mechanical Complications

Mechanical complications frequently arise and can considerably affect therapeutic 
efficacy and patient safety. Complications encompass catheter kinking, malposition, 
vascular perforation, and other associated difficulties necessitating prompt detec-
tion and intervention to prevent severe repercussions.

14.6.2.1	� Catheter Malposition and Kinking
Catheter malposition and kinking occur when the catheter tip is improperly situated 
in the targeted central vein, migrates after implantation, or bends or twists, therefore 
blocking flow and impairing functionality. It frequently arises from incorrect posi-
tioning, inadequate catheter length, or patient movement.

It is identified by difficulties with flushing or aspirating blood, infusion pump 
alarms signaling excessive resistance, or observable distortion in the catheter path-
way. The management in this scenario involves externally repositioning the catheter 
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if obvious kinking is observed around the insertion site; in instances of internal 
kinks, imaging may be required to evaluate the kink’s location. The catheter tip may 
contact the vascular wall, which may be assessed using a chest scan. If repositioning 
is unsuccessful, catheter replacement may be necessary. To prevent complications, 
it is essential to ensure the right catheter length during implantation and to secure 
the device with the scope to reduce movement [50].

14.6.2.2	� Catheter Occlusion
Catheter occlusion results from an obstruction in the catheter lumen due to fibrin, 
blood clots, or precipitates from PN formula. Today, many approaches are utilized 
in clinical practice to remove occlusions from a central venous catheter’s internal 
lumen, with the selected method contingent upon resource availability and the sus-
pected underlying cause of the obstruction [51]. The mechanical cleaning of the 
catheter’s interior lumen using specialized brushes is a successful and generally 
applicable method for addressing occlusions. The initial comparison research evalu-
ating both mechanical and pharmacological techniques revealed a superior success 
rate with brushes in contrast to thrombolysis [52]. Nevertheless, the mechanical 
restoration of catheter patency is frequently constrained by restricted access to nec-
essary devices, hence maintaining the relevance and demand for pharmacological 
methods. This technique requires filling the catheter’s inner lumen with a pharma-
cological solution designed to dissolve and eliminate the cause of the obstruction. 
The efficacy of the pharmacological approach depends on the selection of the suit-
able medication according to the precise etiology of the blockage. Intraluminal 
thrombosis denotes the formation of a thrombus within the catheter. It may manifest 
as either a partial or total blockage. Blood clots in the catheter lumen can be treated 
by providing thrombolytic agents, usually using a thrombolytic “lock” introduced 
into the catheter twice, with each application retained for 30 to 60 min. If this pro-
cedure fails, a guide wire or snare may be employed to extract a clot from the cath-
eter’s tip [53, 54]. Most medication precipitates can be effectively dissolved by 
using “locks” with sterile 0.1 molar hydrochloric acid solution or 4% citrate solu-
tion [55]. Occlusions resulting from fat emulsions are most effectively addressed by 
filling the catheter lumen with 70% ethyl alcohol for a minimum of 30 min (an 
“ethanol lock”). Due to blockage essentially diminishing the capacity of the cathe-
ter’s internal channel, the suitable medication solution must be administered gradu-
ally and in a volume initially less than the catheter’s fill capacity, permitting enough 
time to dissolve. Prior to each consecutive application, it is recommended to com-
pletely evacuate the contents from the catheter lumen [56]. To prevent CVAD occlu-
sion, it is suggested to flush catheters with saline [17].

Pinch-off syndrome arises when subclavian long-term CVADs experience shear 
stresses between the first rib and clavicle. The risk is considered increased due to 
more medial vein punctures with landmark approaches, as the catheter traverses 
anteriorly between the clavicle and first rib before entering the subclavian vein. 
Frequent compression in active individuals may result in line breakage, extravasa-
tion, translocation, and embolization. Lateral punctures of the axillary vein with 
ultrasound guidance are believed to mitigate this risk. A postural influence on 
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catheter functionality may be observed clinically, with enhanced aspiration and 
flushing when the patient is supine and elevates the ipsilateral arm, as opposed to 
while in an upright position. Infraclavicular discomfort, accompanied by dermal 
alterations and edema, may signify fluid extravasation from a damaged catheter 
[57, 58].

14.6.2.3	� Thrombosis
Catheter-related venous thrombosis (CRVT) is a significant complication that leads 
to the loss of central venous access and may necessitate intestinal transplantation 
(ITx) if it involves two or more central venous vessels. CRVT may present clinically 
or remain subclinical, arising shortly after catheter placement or manifesting later in 
individuals with prolonged catheterization. CVRT may be asymptomatic; neverthe-
less, symptoms might include edema, discomfort, and erythema along the catheter-
ized vein. Thrombosis refers to the development of a blood clot within a vein, which 
may arise from catheter-tip-induced endothelial damage [15]. The subclavian vein 
is preferred for catheterization because of its decreased incidence of thrombosis 
compared to other veins. Thrombosis may result in catheter obstruction or emboli-
zation. Diagnosis can be validated using ultrasound or venography.

CRVT is often managed with anticoagulant therapy. Initial anticoagulation ther-
apy often consists of low molecular weight heparin, followed by vitamin K antago-
nists, except in oncologic patients and those with inadequate oral absorption, for 
whom low molecular weight heparin is favored. The duration of anticoagulation for 
a patient is based upon specific case features (risk factors, thrombus size and char-
acteristics, and catheter extraction) but typically ranges from 3 to 6 months, and in 
certain instances, may be indefinite. The choice of keeping the catheter must be 
conditional upon individual criteria. Catheter removal is typically justified when 
HPN is no longer required, if it is infected or obstructed, if there are contraindica-
tions to anticoagulant therapy, or if symptoms and signs continue after anticoagula-
tion [10, 59–62].

Thrombolytic agents are not frequently used, except in cases of massive throm-
bosis with clinical signs of severe form, in the absence of hemorrhagic risk, espe-
cially if thrombus formation is recent (previous 10  days). Additionally, 
catheter-directed thrombolysis may be used in some instances. Also, a superior vena 
cava filter might be inserted if the patient has contraindications for anticoagulation 
treatment or the thrombus increases in size under treatment [17].

In patients with persistent thrombosis and failure of anticoagulation or throm-
bolysis, catheter mechanical interventions (aspiration, fragmentation, thrombec-
tomy, balloon angioplasty, or stenting) or surgical procedures (thrombectomy, 
venoplasty, venous bypass, or decompression at the venous thoracic outlet) might 
be indicated.

Diverse techniques have been employed to minimize CRVT:

•	 Minimizing damage to the venous wall during catheter insertion in order to pre-
vent venous thrombosis.
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•	 Ultrasound-guided catheterization, selecting a catheter with the lowest diameter, 
and optimal positioning of the catheter tip is associated with decreased risk of 
thrombosis.

•	 CVADs manufactured from silicon or polyurethane are less frequently linked to 
local thrombosis compared to those constructed from polyethylene.

•	 Catheter puncture site location with the right jugular vein being favored for its 
direct access to the right atrium, as left-sided catheters have been linked to an 
increased risk of thrombosis.

Using heparin-impregnated catheters or routine prophylaxis with low-dose war-
farin or heparin is not recommended as no evidence exists to justify the regular 
application of these preventative treatments for all patients; however, it might be an 
option in high-risk patients [17].

14.6.2.4	� Vessel Perforation and Extravasation
Vascular perforation and extravasation are serious complications that arise when the 
catheter penetrates the vascular wall during insertion or due to inappropriate cathe-
ter management. The intensity and manifestation depend on the drug, its concentra-
tion, and the volume extravasated. Alarm signals include severe discomfort in the 
chest, shortness of breath, edema, and low blood pressure. Imaging may reveal the 
extravasation of contrast or PN solution into adjacent tissues or bodily cavities. 
Infusion must be stopped promptly if perforation or extravasation is suspected; the 
catheter should be removed, and the patient should be monitored for consequences 
such as hematoma or pneumothorax. In severe instances, it may necessitate surgical 
or interventional radiology procedures for repairing the vessel. Techniques to mini-
mize these complications are: refrain from applying excessive force during inser-
tion, use ultrasound guidance during insertion, and verify location with imaging 
prior to commencing PN [63].

14.6.2.5	� Catheter Fracture or Breakage
This problem frequently occurs due to the repetitive compression of the exterior 
segment of a line. In the event of a fracture, there exists a risk of venous air embo-
lism; hence, the line must be promptly clamped proximal to the fracture utilizing 
artery forceps or an equivalent instrument. In certain instances, exterior fractures 
may be rectified by substituting the compromised segment of the line with a specific 
repair kit. Ports or cuffs that penetrate the skin often require total excision and 
substitution.

14.6.2.6	� Venous Stenosis
Venous stenosis denotes the constriction of a vein, frequently resulting from endo-
thelial damage or inflammation due to extended catheter utilization. The continuous 
presence of a catheter might irritate the venous wall, leading to fibrosis and subse-
quent stenosis. This is suspected when there is edema of the arm or neck on the 
catheter side, diminished blood return, or challenges in progressing parenteral nutri-
tion solutions through the catheter. Severe stenosis may lead to the development of 
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collateral veins. Management involves repositioning the catheter to an alternative 
location to facilitate the recovery of the damaged vein; in severe situations, inter-
ventional procedures such as angioplasty or stent implantation may be necessary. To 
prevent difficulties, the smallest feasible catheter size should be utilized to mini-
mize vein irritation.

14.7	� Special Considerations in Vascular Access

14.7.1	� Pediatric Patients

Establishing vascular access in pediatric patients, particularly newborns and infants, 
poses distinct challenges due to their fragility, small vessel size, developmental fac-
tors, and the necessity for prolonged nutritional support in several instances. To 
address these issues, meticulous preparation is necessary, including smaller-caliber 
catheters particularly developed for newborns and infants. Numerous pediatric 
patients necessitating PN possess chronic conditions, such as short bowel syndrome 
or congenital gastrointestinal anomalies, which require extended vascular access; 
therefore, tunneled catheters (e.g., Broviac or Hickman) are favored for long-term 
utilization due to their resilience and reduced infection risks. This group is at an 
elevated risk for CRBSIs due to underdeveloped immune systems and challenges in 
sustaining aseptic care standards. This group has specific developmental issues, as 
they are continuously developing, which may result in catheter migration or require 
adjustments in catheter length and positioning over time.

14.7.2	� Patients with Limited Venous Access

Patients with poor venous access pose considerable problems and necessitate novel 
and flexible strategies to facilitate the management of vascular access. These 
patients, sometimes owing to chronic diseases, several previous catheterizations, or 
venous depletion from thrombosis or scarring, necessitate innovative methods to 
establish and sustain dependable venous access. When upper extremity and neck 
veins are unavailable, translumbar catheter insertion into the inferior vena cava 
(IVC) under fluoroscopic supervision is a viable alternative. A surgical method to 
expose and directly cannulate a vein may be used in complicated circumstances.

14.8	� Advances in Vascular Access Devices

14.8.1	� Antimicrobial-Coated Catheters

Antimicrobial-coated catheters signify a notable improvement in vascular access 
devices. These catheters are engineered to reduce the risk of CRBSIs. The coatings 
often incorporate antimicrobial or antiseptic solutions that prevent microbial 
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colonization and biofilm development. Catheters coated with silver or silver sulfa-
diazine provide antibacterial qualities and are effective against a wide range of bac-
teria and some fungi. Chlorhexidine–silver sulfadiazine coatings amalgamate the 
antiseptic attributes of chlorhexidine with the antibacterial advantages of silver sul-
fadiazine, offering prolonged protection. Antibiotic coatings comprise chemicals 
like minocycline and rifampin, which effectively inhibit bacterial growth on the 
catheter surface. Biofilm inhibition coatings impede biofilm development on cath-
eter surfaces, which can lead to chronic infections and antibiotic resistance.

Although antimicrobial-coated catheters provide particular benefits, there are 
limitations and concerns, including expense, the potential for abuse leading to the 
emergence of resistant organisms, and their cost-effectiveness and therapeutic effi-
cacy being most reserved in high-risk patients. The preventive effect may decline 
over time, requiring vigilant monitoring.

14.9	� Conclusion

This chapter has offered an in-depth examination of vascular access devices in 
patients receiving HPN therapy. It describes the essential components of vascular 
access management, encompassing device selection, insertion procedures, and pre-
vention and management of complications. By implementing evidence-based meth-
ods, healthcare practitioners may guarantee the safe, effective, and sustainable 
administration of PN.

Continuous education, interdisciplinary collaboration, consistent monitoring, 
and follow-up guarantee that patients and their caregivers are adequately prepared 
to provide accurate HPN treatment.
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15.1	� Introduction

Prognosis and survival of short bowel syndrome (SBS) patients rely on how well the 
remaining bowel adapts, along with targeted nutritional therapies in combination 
with a personalized pharmacological management. Individual care plans are tai-
lored based on several patient-related factors, such as the length of the remaining 
bowel, the bowel sections in place, the degree of intestinal adaptation, and the 
patient’s adherence to all dietary recommendations, nutrient supplementation, and 
medication [1].

Beyond the challenge of optimal utilization of macronutrients and vitamins, an 
essential role is attributed to trace elements, which are involved in a wide range of 
physiological processes, from immune defense and hematopoiesis to antioxidant 
response, metabolic bone disease, neurocognitive function, and many others [2]. 
Moreover, trace elements, together with vitamins, are critical for the proper utiliza-
tion of macronutrients, and optimizing the micronutrient status involves fine-tuning 
between nutritional intervention, pharmacotherapy, and personalized supplementa-
tion. Especially after transitioning to enteral autonomy, various micronutrients, 
including trace elements, can become deficient [3].

In SBS, trace element deficiencies are often associated with malabsorption and 
nutritional changes and pose significant concerns due to their participation in vital 
processes. In many cases of SBS, trace element deficiencies are addressed by oral 
supplementation, as the patients are usually reaching Emergency Care Units with 
various forms of dehydration and anemia [4]. Partial or total parenteral or enteral 
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nutrition is also contributing to trace element deficiencies (i.e., zinc and copper) due 
to insufficient or imbalanced microelement formulation [5–7].

There are several trace elements to be evaluated when monitoring the nutritional 
status of SBS patients, and considering the complex pathomechanisms involved in 
these deficiencies, careful consideration should be offered to their monitoring and 
management. Current recommendations endorse evaluation of trace element levels 
at baseline and tailored monitoring thereafter, with adjustments made based on indi-
vidual patient needs and clinical circumstances, in order to avoid both deficiencies 
and toxicities [8].

15.2	� Mechanisms of Trace Element Deficiencies in Short 
Bowel Syndrome

The pathomechanisms contributing to trace element deficiency in SBS are associated 
with the consequences of anatomical and physiological changes that result from surgi-
cal shortening of the small intestine. In patients suffering from diseases affecting the 
small intestine (such as Crohn’s disease), significant portions of the duodenum, ileum, 
or jejunum are surgically removed for therapeutic purposes [9–11]. In this context, the 
size of the small intestine loss could be proportional to the nutritional deficiencies, as 
the surface area and the distribution of functional structures available for nutrient 
absorption decrease [10]. The most common trace element deficiencies associated 
with malabsorptive syndrome in SBS patients are iron, zinc, copper, selenium, and 
magnesium deficiencies. Consequently, due to the portions that were surgically 
removed, the ability of the body to absorb specific nutrients is affected (e.g., the loss 
of significant portions of the duodenum could lead to iron or copper malabsorption, 
while a shorter ileum leads to zinc and copper loss) [12–14].

The changes occurring in the small intestine as a result of anatomical alterations 
lead to impaired hormonal-modulated digestive functions, such as increased intesti-
nal motility and gastric emptying [15, 16]. In these cases, while the transit time 
increases, the contact between food bolus and gastric epithelia, as well as between 
luminal content and small intestine epithelia, decreases, promoting trace element 
loss through feces [17]. The normal mechanism of intestinal motility and synchro-
nization of digestion steps could be altered by ileal resection, leading to more rapid 
transit of the chyme from the duodenum to the colon [18, 19].

The insufficient contact between the intestinal content and lumen prevents the 
efficient absorption of trace elements and other nutrients, the digestion of which is 
vitally provided by the small intestine. Irregular digestive patterns as well as chronic 
diarrhea could also contribute to trace element malabsorption. In SBS cases that 
result from extensive small intestine resection, chronic diarrhea affects electrolyte, 
water, and trace element homeostasis and could be the main cause of severe dehy-
dration [4, 17, 20].

Many reports acknowledged the predominance of dysbiosis in SBS patients 
[21–23]. Alongside the significant contribution of gut microbiota to digestion, its 
quantitative and qualitative traits are important to the symbiotic relationship between 
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the microbiota and host. Several reports showed that digestive alterations in SBS 
could also be sustained by significant bacterial overgrowth (such as in small intes-
tine bacterial overgrowth syndrome [SIBO]) that leads to nutrient competition and 
trace element absorption inhibition mediated by bacterial metabolic products (e.g., 
hydrogen sulfide) [24–28]. SIBO was reported in both adult and pediatric cases of 
SBS with similar pathophysiological traits [25, 26].

Furthermore, the changes in gastrointestinal tract integrity and hormonal modu-
lation could also contribute to the alteration of glandular organ function, such as bile 
and pancreas (i.e., bile salt loss and pancreatic enzyme deficiency). Bile salts’ impli-
cation in trace element absorption is most important for selenium and copper as 
their transport mainly relies on lipids, being soluble in fats [29]. In some cases, bile 
salt-mediated luminal hyperosmolarity could inhibit trace element absorption [29, 
30]. As pancreatic dysfunction is often reported in SBS patients, not only is trace 
element absorption impaired but the absorption of other nutrients as well [31].

There are primarily two causes of iron deficiency in SBS patients: resection of 
significant portions of the duodenum and proximal jejunum and reduced acid pro-
duction in the stomach [32, 33]. It is currently accepted that acidic environment 
provided by gastric secretion contributes to the preparation of calcium and iron ions 
for absorption (Fe3+ to Fe2+) [34, 35]. In this context, the loss of chyme acidity pre-
vents this conversion and thus iron absorption within the proximal sections of the 
small intestine. A recent study reported that necrotizing enterocolitis could be a 
major cause of SBS and iron deficiency in pediatric cases [36]. Another important 
process that contributes to the efficiency of iron absorption is the bile acid-mediated 
breakdown of dietary lipids that increases the bolus residency in the stomach [37, 
38]. Increased levels of dietary iron could also be lost due to chronic diarrhea [39].

Magnesium is another vital trace element, the absorption of which is often 
affected by SBS, primarily due to malabsorptive syndrome and chronic diarrhea 
[31, 40]. Similar to other trace elements, the resection of significant segments of the 
ileum contributes to decreased magnesium absorption area. Lipid digestion is also 
important in magnesium absorption; thus, impaired bile salt secretion indirectly 
contributes to magnesium loss [41, 42].

Selenium, similar to magnesium, is implicated in neuromuscular mediation. 
Frequent reports have shown that SBS patients are often affected by muscle weak-
ness and impaired cognitive functions as a result of selenium and magnesium defi-
ciencies [20, 43]. Surgical removal of duodenum and jejunum could contribute to 
selenium deficiency due to loss of absorption areas [44]. Alterations in pancreatic 
digestive activity as a result of impaired gastrointestinal tract could play an impor-
tant role in defective transport of selenium [45]. Gut microbiota was also reported 
as significant contributors to selenium absorption; therefore, dysbiosis could be a 
cause of compromised selenium metabolism [46].

Another trace element that was recently reported as a significant modulator of 
the immune system and pancreatic activity is zinc. It was shown that decreased zinc 
levels are associated with poor alkaline phosphatase activity, leading to altered thy-
roid functions and autoimmune anemia [47, 48]. In turn, poor pancreatic activity 
impairs zinc- and fat-mediated absorption of other trace elements [49]. Other 
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mechanisms through which zinc is lost during digestion include loss of absorption 
areas due to jejunal resection and increased fecal excretion due to chronic diarrhea 
[50, 51].

Impaired intestinal transport due to increased luminal permeability, altered 
metabolism, and diarrhea was previously associated with copper deficiencies in 
SBS [52]. In contrast to other trace elements, copper absorption is modulated by 
several transport proteins within duodenum and proximal jejunum. Also, copper 
homeostasis could be altered by hepatic function impairment due to long-term par-
enteral nutrition [53].

Other trace elements that are deficient in SBS are manganese, iodine, chro-
mium (Cr), molybdenum, and fluoride [54]. Also, different from iron, magne-
sium, and copper, the luminal absorption of manganese could be performed by 
all the segments of small intestine [55, 56], while bile acids only contribute to 
manganese uptake [57]. Little is known about the mechanisms of manganese 
deficiency in SBS patients; however, mechanisms similar to those of other trace 
elements (including parenteral nutrition) were reported as potential contributors 
[58]. Despite these limitations, the importance of manganese deficiency in SBS 
is highly under observation due to its severe effects. Manganese deficiency 
might not be as aggressive but is associated with oxidative stress, in contrast to 
major trace element deficiencies that were previously described [56]. As a func-
tional component of metalloenzymes, manganese deficiency could lead to liver 
failure and cholestasis associated with oxidative stress, while the excess could 
determine Parkinson’s-like neurological manifestations due to basal ganglia 
accumulation [59]. By contrast, iodine deficiency in SBS was often associated 
with reduced transit time and insufficient intake due to dietary changes in 
SBS [60].

Loss of ileum and parenteral nutrition are primarily predisposing to chro-
mium deficiency in SBS [61, 62]. Chromium deficiency causes chromodulin 
complex impairment that leads to glucose intolerance, insulin resistance, altered 
tissular use of insulin, and lipid metabolism impairment [62, 63]. Parenteral 
nutrition that provides iron in excess could determine chromium deficiency due 
to unbalanced competition for transferrin-modulated transport [59]. The occur-
rence of Cr(IV), Cr(V), and Cr(VI) is carcinogenic, while excessive apport of 
Cr(III) and Cr(VI) could lead to oxidative stress [64]. Similar to magnesium, 
selenium, and manganese, chromium deficits were associated with neuropa-
thies [65].

Besides zinc, selenium, and iron, thyroid function is also modulated by iodide. In 
SBS, iodine deficiency could occur due to impaired gastric digestion and duodenal 
resection [60]. Molybdenum deficiency was reported in SBS patients relying on 
parenteral nutrition; however, it is hard to diagnose due to extremely low plasmatic 
levels, but oxidative stress and impaired sulfite and purines catabolism are sugges-
tive [66]. Cobalt deficiency in SBS was associated with defective vitamin B12 
absorption, which is associated with previously described mechanisms (intestinal 
dysmotility, dysbiosis, and bacterial overgrowth) [67].
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15.3	� Diagnosis and Monitoring of Trace Element 
Deficiencies: Clinical and Biological Aspects

15.3.1	� Clinical Assessment

The diagnosis of trace element deficiencies begins with a detailed clinical examina-
tion. A thorough medical history should be obtained, with emphasis on obtaining 
information regarding the underlying medical conditions that could lead to deficien-
cies of trace elements such as previous extensive intestinal resections, intestinal 
ischemia, and Crohn’s disease. Diet-related risk factors should also be excluded, 
such as reduced nutrient intake due to other causes.

Several signs and symptoms can be noted in relation to specific deficiencies [8]. 
Key clinical aspects include the following:

	– Zinc deficiency [68]:

•	 Loss of appetite, irritability, altered smell and taste, photophobia
•	 Cutaneous disturbances: squamous plaques, periorificial localization (angular 

cheilitis), paronychia, thinning of hair
•	 Delayed wound healing
•	 Predisposition to infections

	– Copper deficiency [4]:

•	 Clinical manifestations of anemia (pallor, asthenia, dyspnea)
•	 Predisposition to infections due to neutropenia
•	 Paresthesia and ataxia, often the consequence of neuropathy
•	 Osteoporosis and predisposition to bone fractures

	– Selenium deficiency [69]:

•	 Unremarkable clinical examination in marginal selenium deficiency
•	 Muscular weakness and myalgia
•	 Heart failure-related symptoms in case of severe deficiency
•	 Immune dysfunction leading to a higher risk of viral infections
•	 Clinical manifestations linked to hypothyroidism

	– Iron deficiency [8]:

•	 Clinical manifestations of anemia (pallor, asthenia, dyspnea)
•	 Hair loss
•	 Brittle nails

	– Magnesium deficiency [4]:

•	 Muscle cramps
•	 Tremor
•	 Cardiac arrhythmias
•	 Neuromuscular irritability
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15.3.2	� Biological Assessment

In order to early identify deficiencies in trace elements, a routine biological moni-
toring of these is recommended, even in the absence of typical clinical manifesta-
tions. The recommended surveillance interval is variable, depending on the 
nutritional status as well as on the risk level of the patient. In case of total parenteral 
nutrition, trace elements should be monitored on a monthly basis, while in those that 
require oral or enteral nutrition, an interval of 3–6 months is considered sufficient. 
However, in patients with high ostomy output or in cases presenting with chronic 
diarrhea, a monthly evaluation of trace elements should be performed [8, 64].

The most frequently used and readily available method for evaluation in the clin-
ical practice is the plasma or serum level of the trace elements. During the paren-
teral nutrition phase, measuring the serum or plasma levels of trace elements is very 
reliable, since changes in level can be abrupt and serum monitoring can facilitate 
optimum follow-up. However, after weaning off parenteral nutrition, low-grade 
chronic deficits could arise and as studies have shown both in SBS [70, 71]and in 
other types of chronic diseases with malabsorption—such as inflammatory bowel 
disease [72]—hair evaluation could be a reliable option to monitor this type of low-
grade chronic deficiency.

The main drawback of this approach is the potentially higher associated costs 
and lower accessibility of the method, compared to serum evaluation. Therefore, the 
currently validated method for implementation in clinical practice references the 
plasma or serum level of trace elements.

The following trace elements should be evaluated:

	– Zinc: Either plasma or serum zinc levels can be evaluated. However, plasma 
levels are not sensitive to the dietary zinc intake. Thus, serum levels are pre-
ferred. Serum zinc levels are considered normal between 70 and 250 μg/dl in 
adults; levels lower than 60 μg/dL are indicative of deficiency. Zinc levels should 
be measured using special metal-free tubes in order to reduce the risk of errors. 
Lower zinc levels can be found in cases of myocardial infarction, estrogen ther-
apy, fever, and sepsis. Also, albumin levels can influence the results; thus, zinc 
levels should be correlated with serum albumin and C-reactive protein (CRP). 
Ancillary tests such as alkaline phosphatase, a zinc-dependent enzyme that can 
show low levels in case of zinc deficiency, or urinary zinc, which is also poten-
tially low in case of zinc deficiency, can be used but are not diagnostic. As zinc 
levels can frequently oscillate, often a therapeutic trial followed by clinical 
improvement of symptoms is suggestive of deficiency [1, 2, 6].

	– Copper: The assessment of copper deficiency should include both serum copper 
as well as ceruloplasmin levels. The normal range of plasma copper is between 
70 and 140 μg/dL. Levels lower than 70 μg/dL are found in deficiency; however, 
if ceruloplasmin levels are also decreased, a differential diagnosis with Wilson 
disease should be considered. Ancillary tests include a complete blood count 
(CBC) that can show anemia and neutropenia, and rarely thrombocytopenia 
[4, 8, 64].
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	– Selenium: Normal plasma selenium concentrations vary between 60 and 150 ng/
mL. However, in cases of clinically relevant deficiency, the levels are usually 
lower than 40  ng/mL.  Ancillary tests include plasma glutathione peroxidase 
(GPx) and urinary selenium levels that can show low levels, further supporting 
the diagnostic [8, 64, 69].

	– Iron: Iron deficiency assessment should include serum iron levels, ferritin, trans-
ferrin saturation, and total iron-binding capacity (TIBC). In the case of iron defi-
ciency, the levels of all of these biological markers are usually decreased, with 
the exception of TIBC, which is high. However, one of the most common indica-
tors of iron deficiency is the presence of anemia, as shown by low hemoglobin 
levels in the CBC. The profile of iron-deficient anemia is microcytic, hypochro-
mic with a low reticulocyte count [8, 64].

	– Magnesium: Serum magnesium under 1.5 mg/dL indicates deficiency. However, 
as 99% of magnesium is stored intracellularly and only 1% is circulating in the 
plasma, a normal result is not entirely indicative of adequate levels. A better 
assessment can be obtained when using urinary magnesium. Associated electro-
lyte imbalances are frequently found, notably hypokalemia, hypocalcemia, 
hyponatremia, and hypophosphatemia; thus, these should also be actively 
assessed in cases of magnesium deficiency [4, 8, 64].

15.4	� Management of Trace Element Deficiencies

A comprehensive nutritional evaluation should be performed in all SBS patients, 
addressing both macro- and micronutrient deficiencies. The evaluation of trace ele-
ments uses mainly serum levels and optimally involves the support of a dietician 
with expertise in SBS. The long-term monitoring involves—beyond measuring the 
serum levels of trace elements—regular assessment of fluid balance, weight fluctua-
tions, bone density, liver and kidney function, and electrolyte balance [8].

Most frequently, the monitored trace elements are iron, calcium, magnesium, 
and phosphorus, since they are parameters at-hand in the everyday clinical practice, 
and their deficiencies have an easily noticeable clinical impact. Other trace elements 
useful to be monitored in SBS patients are zinc, selenium, chromium, and copper, 
which can be deficient in this patient category with sometimes a less obvious clini-
cal impact [73] (Table 15.1).

Since currently available parenteral nutrition formulas include trace elements to 
maintain a proper balance of micronutrients [74], the risk of developing trace ele-
ment deficiencies emerges especially at the phase of weaning parenteral nutrition, 
as several studies report significant deficiencies both at this point [75–77] and also 
after successfully discontinuing parenteral nutrition [54].

The preferred route of administration for managing trace element deficiencies is 
the oral route, especially after discontinuation of parenteral nutrition, which should 
be possible in more than half of the SBS patients after 2–5 years [78].

The SBS patients have variable needs of some micronutrients, depending on the 
moment of evaluation. Therefore, patients with increased gastrointestinal losses 
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Table 15.1  Disorders 
associated with trace element 
deficiencies in SBS

Type of 
element Consequence of deficit
Iron Anemia, glossitis
Calcium Osteoporosis
Magnesium Anxiety, impaired sleep, tetany, 

arrhythmia
Zinc Stomatitis, alopecia, immune 

dysfunction
Selenium Thyroid dysfunction, infertility
Copper Ataxia, cytopenia
Chromium Neuropathy
Phosphorus Ataxia, paresthesia

might require higher amounts of zinc and selenium, while those with cholestasis 
should receive lower levels of copper and manganese. Additionally, long-term PN 
often leads to elevated levels of manganese and chromium [64].

One important factor impacting micronutrient deficiency is small bowel length, 
since this aspect is a key contributor to reaching enteral autonomy [79], especially 
at the time of weaning off parenteral nutrition. However, the residual bowel has the 
capacity to adapt within a certain degree [80], which can explain the variable reports 
of trace element deficiencies during total enteral nutrition ranging from 25% [3] to 
83.9% [75]. Other factors which should be considered when managing trace ele-
ments after weaning off parenteral nutrition, beyond the remaining small bowel 
length, are: the presence of small bowel bacterial overgrowth, altered transit time, 
the presence or absence of remaining colon, and the presence of chronic changes of 
the intestinal mucosa [81].

In patients with SBS, the deficiency of divalent cations—including calcium, 
zinc, and magnesium—can result from various factors, such as a diminished absorp-
tive surface area, an accelerated transit time, and the binding of these cations to 
unabsorbed fats present in the intestinal lumen [1].

In the subgroup of SBS patients with colon in continuity, dietary adjustments can 
improve several mineral statuses. For example, the adoption of a low-fat diet is 
important to minimize loss of magnesium, calcium, zinc, and copper [82], while a 
low-oxalate intake is useful to decrease the risk of oxalate nephrolithiasis, in addi-
tion to optimum calcium intake, considering that calcium binds oxalate in the gut. 
Calcium supplementation is also essential in preventing loss of bone mineral den-
sity, with special consideration to be exerted in patients with SBS following bile 
acid sequestrant treatment, since their use can impair both calcium and iron absorp-
tion and maintain suboptimal levels of these micronutrients [83].

As far as magnesium supplementation is concerned, there is a wide range of 
magnesium salts available for oral administration: magnesium sulfate, hydroxide, 
chloride, acetate, carbonate, gluconate, lactate, citrate, aspartate, pyroglutamate, 
oxide, and diglycinate. However, many of these compounds are not well absorbed 
and can worsen diarrhea or increase stoma output. For instance, studies indicate that 
magnesium acetate tends to produce less diarrhea than magnesium gluconate. 
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Magnesium oxide is a popular choice because it offers a higher amount of elemental 
magnesium compared to the other salts, with typical administration at night, when 
the slower intestinal transit allows for better absorption. Additionally, magnesium 
diglycinate (a chelated form) is absorbed as efficiently as magnesium oxide in the 
proximal jejunum and after an ileal resection, generating fewer bowel movements 
than magnesium oxide [84].

Zinc is a trace element that could be deficient in SBS patients, especially in 
patients with large-volume gastrointestinal output. In these cases, often high doses 
of oral zinc supplements are needed. Additionally, low serum zinc levels may occur 
as a result of reduced serum albumin—the primary protein responsible for binding 
zinc—which does not always indicate a true zinc deficiency. Consequently, falsely 
decreased zinc levels can be identified in the context of inflammation; that is why 
zinc measurement should be accompanied by evaluation of both albumin and CRP 
[5, 85]. However, the zinc supplementation should be carefully monitored, since it 
can lead to negative clinical effects even at moderate doses. Moreover, high levels 
of zinc can lead to reduced copper levels, since copper binds most strongly to 
metallothionein [86].

A summary of the current standard recommendations for trace element supple-
mentation can be found in Table 15.2. One should consider that doses for each trace 

Table 15.2  Usual supplementation requirements in SBS patients [8, 87]

Trace element
Recommended 
supplementation Typical dose

Iron Oral or intravenous 
(IV)*

100–200 mg per day or every other day

Calcium 1000–3000 mg per day
(careful consideration of dose, due to risk of 
calcium oxalate nephrolithiasis in SBS patients 
with extensive ileal resection and intact colon)

Magnesium Oral or IV* 50–500 mg elemental magnesium (lactate or 
gluconate)
Additional IV may be required (2 g magnesium 
sulfate biweekly)

Zinc Oral 220 mg tablet (equivalent of 50 mg elemental 
zinc)
(zinc sulfate tablet up to 220 mg three times 
daily)

Selenium Oral 100–200 μg daily
Chromium Oral 100–200 μg, 1–3 daily
Copper Oral or IV* From 2 mg elemental copper daily
Phosphate (as 
sodium and 
potassium salts)

Oral 250–2000 mg per day

Manganese For patients requiring 
parenteral nutrition

* depending on degree of deficit
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element need to be personalized, with tailored doses based on the level of deficit, 
but also considering several patient-related factors, from diet and underlying associ-
ated chronic diseases to concomitant pharmacotherapy and patient’s adherence to 
medical interventions.

15.5	� Conclusions

Trace element deficiencies are frequent among SBS patients, especially during the 
process of intestinal rehabilitation. The levels of trace elements need to be moni-
tored regularly in order to promptly identify deficiency and guide supplementation. 
The most common trace element deficiencies are iron, zinc, copper, selenium, and 
magnesium deficiencies, although other deficiencies such as phosphate, chromium, 
and manganese can arise in this patient category.

Individualized trace element supplementation together with close follow-up and 
nutritional monitoring are essential to ensure optimum evolution of patients with 
SBS and to avoid both deficiencies and potential toxicities.
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16.1	� Introduction

Short bowel syndrome (SBS) is characterized by malnutrition and growth retarda-
tion resulting in the most frequent cases from substantial surgical resection of the 
small intestine. Intestinal failure (IF), a clinical manifestation of SBS, exhibits sig-
nificant variability in severity based on the type and length of the remaining small 
intestine [1].

Three types of SBS are identified according to the anatomy of the remaining 
bowel: end-jejunostomy, jejunocolic anastomosis, and jejunoileal anastomosis, 
with the entire colon and ileocecal valve remaining intact [2]. SBS is characterized 
by several clinical features, such as malabsorption, electrolyte imbalances, dehydra-
tion, and starvation. It is the leading cause of chronic IF, which is defined as a reduc-
tion in gut function below the minimum threshold necessary for the absorption of 
water, electrolytes, and/or macronutrients. Patients with SBS often require long-
term nutritional support, with parenteral nutrition (PN) being a cornerstone therapy. 
While PN can be lifesaving, it also presents unique challenges, such as the risk of 
complications and the need for ongoing monitoring [3]. Recent advancements in 
management have significantly reduced the morbidity and mortality associated with 
SBS–IF, largely due to an improved understanding of physiological changes and 
strategies to enhance them to achieve enteral autonomy [4].
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Effective management of SBS–IF requires a multidisciplinary team approach, 
involving specialized physicians such as surgeons, gastroenterologists, and regis-
tered dietitians. Long-term parenteral support, which includes parenteral nutrition 
and/or intravenous fluids (PN/IV), is necessary for patients who are unable to meet 
their nutritional and hydration needs through oral intake. However, PN/IV has 
drawbacks. Besides being expensive, it is associated with several problems, some of 
which are potentially fatal [5]. Beyond nutritional support and therapies aimed at 
malabsorption symptoms and problems, there have historically been limited choices 
for managing SBS–IF, with surgery and transplantation being reserved for 
extreme cases.

However, novel targeted therapeutic approaches have recently been proposed to 
improve gut function and lessen dependency on PN/IV [6]. The costs associated 
with long-term home parenteral nutrition (HPN) are substantial and typically 
increase with prolonged patient longevity. The life-sustaining benefits of HPN are 
counterbalanced by its economic impact on the healthcare system, which includes 
direct costs related to PN, medical consultations, laboratory monitoring, home sup-
port, and hospitalizations resulting from treatment-related complications. 
Furthermore, non-healthcare expenses and indirect costs resulting from productiv-
ity loss contribute to the total economic burden. Despite all its disadvantages, PN in 
patients with SBS and IF remains the most important therapeutic method [7].

16.2	� The Rationale for Parenteral/Enteral Nutrition Use

SBS–IF is characterized by diarrhea, steatorrhea, stomach discomfort, electrolyte 
imbalances, dehydration, and malnutrition, although the exact symptoms vary from 
patient to patient, depending on the extent of resection and the adaptation of the 
remaining bowel. Because management is complicated, a customized and all-
encompassing strategy is needed. To improve fluid and nutrient absorption, the pri-
mary objectives of therapy are intestinal rehabilitation and symptom control. The 
ability of the remnant gut to adapt after surgical resection depends on several param-
eters, including age, concomitant diseases, remaining bowel length and structure, 
and oral food intake [8]. An end jejunostomy with less than 115 cm of small intes-
tine left, a jejunocolic or ileocolic anastomosis with less than 60 cm of small intes-
tine left, or a duodenostomy or jejunoileal anastomosis with less than 35  cm of 
small intestine left are the usual procedures performed on patients deemed to be at 
the highest nutritional risk [9]. Weight loss and specific clinical syndromes associ-
ated with deficiencies in a variety of micronutrients and macronutrients (calcium, 
magnesium, potassium, selenium, zinc, iron, vitamin B12, vitamins A, D, and K, 
carbohydrates, lactose, protein, and fat, among others) are among the consequences 
of malnutrition from SBS–IF. Each of the body’s systems is affected by malnutri-
tion, which lowers overall health and quality of life [10]. Also, mortality rates per-
sist at elevated levels in patients with SBS–IF, varying between 25% and 32% over 
5 years globally [11].
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The primary objectives of SBS–IF therapy include enhanced intestinal absorp-
tion, reduced diarrhea, and prevention of dehydration. Intestinal rehabilitation is the 
ultimate goal to reduce and, ideally, eliminate PN/IV dependence. The cornerstone 
of treatment remains nutritional support. Patients require parenteral nutrition (PN)/
intravenous (IV) therapy in addition to a hypercaloric diet, enteral nutrition, proper 
oral rehydration, vitamin and mineral supplements, and medication to manage 
symptoms and consequences of SBS–IF [12].

16.3	� Enteral Nutrition

Enteral nutrition (EN), although rarely used, has proven its effectiveness during the 
adaptation period. The presence of nutrients in the intestinal lumen stimulates the 
intestinal adaptation process, which occurs through mucosal hyperplasia and the 
trophic secretion of digestive hormones and biliopancreatic enzymes [13]. The use 
of EN, alone or in combination with an oral diet, has been shown to increase protein, 
lipid absorption, and energy intake in patients with SBS [14].

A complex composition of EN formulas containing whole proteins, complex 
carbohydrates, and long-chain triglycerides is recommended. Isotonic polymeric 
formulas are preferred over elemental ones, as they are well tolerated, less hyperos-
motic, more cost-effective, and have an increased potential to enhance intestinal 
adaptation. The addition of fiber is beneficial only in cases of SBS when the large 
bowel is present [3, 15].

EN can be administered through a nasogastric tube (for short-term administra-
tion) or via endoscopic, percutaneous gastrostomy, taking into account the technical 
difficulties related to anatomical changes and adhesion syndrome. Slow administra-
tion of the solution into the stomach is recommended to increase intestinal transit 
time and improve absorption [16].

EN should be started as soon as the patient has digestive tolerance. Both the 
European Society for Clinical Nutrition and Metabolism (ESPEN) and the American 
Gastroenterological Association (AGA) recommend the use of EN in combination 
with or without an oral diet in stable patients with SBS–IF (normal electrolyte lev-
els, adequate hydration, stool excretion <2 L/day), with insufficient oral intake. The 
adjunctive use of EN could help patients discontinue PN [3, 10].

16.4	� Role of Parenteral Nutrition in Short Bowel Syndrome

PN is a life-sustaining therapy for patients with SBS who are unable to meet their 
nutritional needs through enteral feeding alone. PN delivers essential nutrients, 
including carbohydrates, proteins, fats, electrolytes, vitamins, and trace elements 
directly into the bloodstream, bypassing the gastrointestinal tract.

For long-term PN administration, tunneled, single-lumen central catheters (with 
a lower risk of infection and thrombosis) or totally implantable devices (port) are 
preferred [17].
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16.4.1	� Goals of Parenteral Nutrition

The primary goals of PN in SBS management include the following:

	– Maintaining nutritional status and preventing malnutrition
	– Ensuring adequate hydration and correcting electrolyte imbalances
	– Supporting metabolic demands during periods of bowel adaptation and recovery
	– Promoting growth and development in pediatric patients
	– Reducing the risk of long-term complications associated with malnutrition

16.4.2	� Prescribing Parenteral Nutrition: Process and Formulation

Prescribing PN requires a detailed and individualized approach. It involves calculat-
ing the patient’s daily requirements for macronutrients, fluids, electrolytes, vita-
mins, and trace elements, while regularly monitoring for complications. The steps 
involved in prescribing PN include the following:

16.4.2.1	� Initial Assessment
A thorough clinical evaluation includes assessing body weight, height, and body 
composition, as well as recent weight trends; evaluating laboratory parameters to 
assess liver function, kidney function, electrolytes, and glucose levels; and evaluat-
ing fluid balance, urine output, and signs of dehydration.

16.4.2.2	� Calculation of Energy Requirements
Energy requirements depend on the patient’s age, weight, clinical condition, and 
metabolic demands. General guidelines: adults, 25–35 kcal/kg/day; children, vary 
based on age and growth needs, typically higher than for adults.

Energy requirements are adjusted for stress factors, such as infections and 
surgeries.

16.4.2.3	� Macronutrient Composition
Macronutrient delivery in PN includes carbohydrates, proteins, and fats, each tai-
lored to meet the patient’s specific needs.

•	 Carbohydrates: provided as glucose (dextrose). It typically contributes 50–60% 
of total caloric intake; infusion rates should not exceed 4–5 mg/kg/min to avoid 
hyperglycemia.

•	 Proteins: delivered as amino acids. Requirements: adults, 1–2 g/kg/day; pediatric 
patients, up to 3 g/kg/day to support growth and development.

•	 Fats: lipid emulsions provide essential fatty acids and account for 20–30% of 
total caloric intake. Newer emulsions containing fish oil have been shown to 
reduce the risk of liver toxicity compared to soybean-based emulsions.
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16.4.2.4	� Electrolytes, Vitamins, and Trace Elements
Electrolytes are adjusted daily based on laboratory results to maintain normal physi-
ological levels.

•	 Sodium, potassium, calcium, magnesium, and phosphate are monitored and sup-
plemented as needed.

•	 Vitamins: multivitamin preparations ensure adequate intake of both fat-soluble 
and water-soluble vitamins.

•	 Trace elements, including zinc, selenium, copper, manganese, and chromium, 
are included in PN formulations according to the recommended daily allowances.

16.4.2.5	� Fluid Requirements
Fluid needs depend on the patient’s clinical condition, typically 30–35 mL/kg/day. 
Additional fluids may be required for patients with high-output stomas or diarrhea, 
as well as during hot weather [18].

16.4.3	� Monitoring Parenteral Nutrition

Monitoring PN is essential to ensure efficacy, prevent complications, and make nec-
essary adjustments. Effective monitoring includes clinical assessments, laboratory 
tests, and imaging studies when needed.

16.4.3.1	� Clinical Monitoring
•	 Daily weight and fluid balance: regular monitoring of body weight and fluid 

input/output helps detect fluid imbalances
•	 Vital signs: monitoring for signs of infection, particularly catheter-related 

infections
•	 Nutritional status: regular assessment of muscle mass, fat stores, and overall 

clinical condition

16.4.3.2	� Laboratory Monitoring
•	 Blood glucose: checked daily initially, then adjusted based on stability to prevent 

hyperglycemia or hypoglycemia
•	 Electrolytes (sodium, potassium, magnesium, phosphate): monitored daily ini-

tially, then weekly or as clinically indicated
•	 Liver function tests (ALT, AST, alkaline phosphatase, bilirubin): monitored 

weekly to detect early signs of cholestasis or liver injury
•	 Triglycerides: assessed weekly to prevent hypertriglyceridemia from lipid 

emulsions
•	 Micronutrient levels: checked periodically to ensure adequate vitamin and trace 

element status
•	 Bone health markers: regular assessment of calcium, vitamin D, and bone den-

sity for patients receiving long-term PN
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16.4.3.3	� Imaging Studies
•	 Ultrasound: used to assess liver size and detect hepatobiliary complications, such 

as gallstones or hepatic steatosis
•	 DEXA scan: performed periodically for bone mineral density assessment in 

long-term PN patients [17]

16.4.4	� Advancements in Parenteral Nutrition Formulations

Recent advancements in PN formulations have improved outcomes for patients with 
SBS. Notable developments include the following:

•	 Lipid Emulsions. Traditional soybean oil-based lipid emulsions have been asso-
ciated with hepatotoxicity. Newer emulsions containing fish oil or mixed-oil for-
mulations (such as soybean, olive, and fish oils) have demonstrated improved 
safety profiles.

•	 Customized PN Solutions. Tailored PN solutions offer individualized nutrient 
delivery, enabling precise control of macronutrient and micronutrient intake tai-
lored to the patient’s clinical status.

•	 Amino Acid Formulations. Improved amino acid formulations now include 
essential and conditionally essential amino acids, enhancing nitrogen balance 
and reducing the risk of catabolism.

Glucagon-like peptide-2 (GLP-2) analog therapies, such as teduglutide, promote 
intestinal adaptation, improve nutrient absorption, and reduce dependence on 
PN [19].

16.4.5	� Parenteral Nutrition-Associated Complications

Complications of long-term PN are presented in Table 16.1 [20].

Table 16.1  Long-term parenteral nutrition complications

Catheter-related complications Obstruction, thrombosis, infection
PN-associated liver disease Cholestasis, steatosis, fibrosis, unclassified

End-stage liver disease
Metabolic complications Metabolic bone disease

Iron deficiency anemia
Manganese toxicity

Others Blood clots
Gallbladder disease
Kidney disease
Anxiety
Depression

PN parenteral nutrition
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Catheter-Related Complications  The primary complications associated with cen-
tral venous catheters are mechanical and infectious. Mechanical complications 
(occlusion, thrombosis) can lead to loss of venous access, representing an indication 
for intestinal transplantation. Thrombosis is treated with anticoagulants, although 
these are not recommended in primary prevention [3]. Infectious complications 
have a highly variable reported incidence, ranging from 0.199 to 11.5 episodes per 
1000 catheter days, with Staphylococcus spp. being the most frequently involved. 
They can be prevented by observing the rules of asepsis and antisepsis, providing 
adequate education to the patient and the care team, and using antimicrobial locks 
(e.g., taurolidine) [21]. Treatment involves the administration of antimicrobial 
agents both locally and systemically. In severe cases, such as tunnel infections, port 
abscesses, severe sepsis, endocarditis, suppurative thrombophlebitis, or a positive 
blood culture for fungi, catheter replacement may be necessary [3].

Liver Disease  PN-associated liver disease requires vigilant monitoring and the use 
of newer lipid formulations. ESPEN recommends the use of the term “Intestinal 
failure-associated liver disease (IFALD),” emphasizing that the disease’s pathogen-
esis is multifactorial, with parenteral nutrition (PN) being only one of the etiopatho-
genic factors [22]. The primary mechanisms involved are increased intestinal 
permeability, alterations in the enterohepatic circulation of bile acids, and disrup-
tion of the intestinal microbiota and the liver–intestinal axis.

It is more common in children compared to adults and can progress to end-stage 
liver disease, which requires combined intestinal and liver transplantation. It is 
diagnosed based on modified liver tests (in the absence of pre-existing liver dis-
eases) and can be monitored in its evolution by transient elastography [20]. 
Preventive measures include combating infectious or inflammatory factors (catheter 
infections, intestinal bacterial overgrowth), maintaining the colon and as much 
length of the small intestine as possible during surgical procedures, use of enteral or 
oral nutrition, discontinuous use of PN, avoiding overfeeding, and limiting the use 
of soybean-based intravenous fat emulsions [22].

16.4.6	� Weaning of Parenteral Nutrition

Virtually all patients with SBS will follow parenteral nutrition (PN) in the initial 
period until the adaptation process reaches its maximum (usually after 1 year); over 
50% of them will be able to resume oral nutrition, most of whom will do so within 
the first 2 years post-resection [16]. Predictive factors for PN weaning include the 
length and integrity of the remaining intestine, the presence of the colon and ileoce-
cal valve, age, duration of PN, nutritional status, and gastrointestinal motility. 
Fasting plasma citrulline has been shown to have prognostic value in IF, with values 
below 20 μmol/L correlating with PN elimination [23].
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The reduction and eventual elimination of PN is a progressive process, with care-
ful monitoring of symptoms, stool and urine excretion, body weight, hydration sta-
tus (daily urine volume over 1 liter, urinary Na  >  20  mEq/L), electrolytes, and 
micronutrients. The reduction of PN is achieved either by decreasing the number of 
weekly administrations or by reducing the daily administered volume. The intro-
duction of enteral nutrition as soon as the patient has oral tolerance helps the intes-
tinal adaptation process and the abandonment of PN [24].

PN will be resumed if there are abnormalities in laboratory parameters, a weight 
loss of more than 1 kg/week occurs, or the volume of fecal matter exceeds 600 g/
day. In patients with irreversible IF, with suboptimal remaining intestine, PN is a 
necessity throughout life (home PN). It is estimated that patients with residual small 
bowel measuring less than 100–140 cm without a colon or those with an ileo-jejunal 
length of 40–60 cm and colonic anastomosis will require long-term PN [13].

16.4.7	� Challenges in the Long-Term Management 
of Parenteral Nutrition

Despite advancements, long-term PN management remains challenging. Key issues 
include cost and resource utilization (PN therapy is expensive and requires a multi-
disciplinary approach for optimal management) and patient education (ensuring 
adherence and understanding of catheter care is vital for preventing 
complications).

Managing patients with SBS on long-term PN requires a team approach com-
prising gastroenterologists and nutrition specialists (to oversee the patient’s nutri-
tional management and adjust PN regimens), pharmacists (to assist in the preparation 
and monitoring of customized PN solutions), nurses (to provide catheter care and 
patient education), and dietitians (to facilitate the transition to enteral feeding and 
support long-term dietary planning) [25].

16.5	� Unmet Needs and Future Directions

Short bowel syndrome and IF are rare conditions in the general population, requir-
ing an individualized, multidisciplinary approach with high costs to the health sys-
tem. Ideally, any patient with IF should be referred to a specialized center with 
expertise in nutritional, medical, and surgical management to maximize the chances 
of long-term PN discontinuation, avoid HPN failure, and determine the optimal tim-
ing for intestinal transplantation. Despite the availability of a multidisciplinary 
approach, disparities in care persist [26]. Additionally, although numerous pub-
lished guidelines exist for the diagnosis and management of SBS–IF, the treatment 
algorithms and care pathways are often inadequately defined, even within special-
ized SBS–IF clinics [27].

From the multidisciplinary team to the existence of dedicated national programs, 
from access to innovative medical therapies to intestinal transplant centers, 
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specialized medical resources are limited. Professional societies have developed a 
series of management guidelines and recommendations; however, their implemen-
tation is suboptimal, particularly in low- and middle-income countries. Consequently, 
individuals with SBS–IF frequently experience inadequate access to financial, med-
ical, and psychosocial support throughout their journey [28].

Recent advancements in surgical and medical therapies have been implemented 
to expand treatment options for SBS. The uses of Teduglutide, regenerative thera-
pies including TESI (tissue-engineered small intestine) and SIC (small intestinal-
ized colon), and xenotransplantation are under investigation as potential treatments 
for patients with SBS.  However, each approach presents distinct challenges that 
require resolution. Currently, no definitive treatment for SBS has been established; 
however, ongoing research in this area is expected to facilitate the development of 
innovative therapies and enhance patient prognosis [1]. Until then, enteral and par-
enteral nutrition remain the cornerstone of SBS treatment.
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17Drug Pharmacokinetics 
and Pharmacodynamics in Short Bowel 
Syndrome: Special Considerations

Liliana Mirea, Cristian Cobilinschi, 
and Ioana Marina Grintescu

17.1	� Introduction

Pharmacokinetics is traditionally referred to as the study of what the body does to a 
drug. A more scientific definition of pharmacokinetics states that it is the study of 
the absorption, distribution, metabolism, and, finally, excretion of drugs and their 
metabolites regardless of the method of administration [1]. These basic pharmaco-
kinetic processes can be characterized using physiological principles as well as 
mathematical models, in order to calculate the concentration of the drug at the site 
of its effect [2]. Different pharmacokinetic models are developed to better predict 
drug effects based on varying concentrations [1]. The optimal concentration of a 
drug at its site of effect may be influenced by alterations in pharmacokinetic pro-
cesses, such as decreased absorption, metabolic variability, liver or kidney failure, 
as well as interactions with co-administered drugs [3].

Pharmacodynamics describes the effects of different drugs on the body and 
examines the interactions of different molecules with various biological targets. 
Pharmacodynamic studies focus on mechanism of action, drug responses based on 
interactions at the target receptor site, and drug responses in relation to plasma con-
centrations [4].

However, pharmacokinetics and pharmacodynamics of a drug should not be con-
sidered as separate phenomena, as the latest clinical pharmacological approaches 
propose an integration of both pharmacokinetics and pharmacodynamics with phys-
iological data of patients [5]. Pharmacokinetic–pharmacodynamic integration or 
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quantitative pharmacology emphasizes the importance of concentration–response 
and response–time relationships over the simplified approach, based solely on peak 
plasma drug concentration [6]. One of the key principles of this approach includes 
differentiating between the rate and extent of absorption, as an independent factor 
influencing the effect of an orally administered drug, as well as dose regimens and 
modes of administration [6].

In patients with short bowel syndrome resulting from extensive intestinal resec-
tion, various disturbances in the normally expected pharmacokinetics and pharma-
codynamics are anticipated. However, factors such as the time elapsed since the 
resection, current nutritional status, remaining bowel segments, hydration status, 
and liver and kidney function should be considered to optimize the pharmacological 
profile in these patients.

In the following sections, we discuss the impact of anatomical and pathophysi-
ological changes that occur in patients with short bowel syndrome and their signifi-
cant effects on pharmacological processes.

17.2	� Pharmacokinetic Considerations in Patients with Short 
Bowel Syndrome

Absorption represents the process through which a drug reaches the systemic circu-
lation after oral administration. This sequence involves a more complex mechanism 
than the mere presence of the drug in the gastrointestinal tract and is influenced by 
the absorption surface, local motility, and pH, as well as by the chemical properties 
of the drug [7]. The extent of absorbed drugs is determined by the product of bio-
availability and the drug dose. The mathematical model of the absorption rate in the 
case of oral administration of drugs is best described by a first-order absorption rate. 
This model suggests that the absorption rate is linear and proportional to the remain-
ing amount of drug to be absorbed [8].

Normally, the small intestine and duodenum are the main sites responsible for 
the absorption of most drugs, a process that is also influenced by the rate at which 
these drugs are transported from the stomach to this area [9]. Since absorption 
capacity is proportional to surface area, which is increased by the presence of intes-
tinal villi, it decreases in the latter part of the gastrointestinal tract where the surface 
area is reduced [10].

Since drug absorption occurs mainly in the duodenum and the initial part of the 
jejunum, gastrointestinal transit time—determined by the alternation between the 
migrating myoelectric complex (fasted state) and digestive motility patterns (fed 
state)—is an important factor influencing drug absorption [11].

Drug absorption and bioavailability are also influenced by the pH of the gastro-
intestinal lumen. The pH of the solution influences the ratio of ionized to unionized 
drug fractions, depending on the drug’s acid-base dissociation constant (pKa). This 
process is crucial for drug absorption, as only the unionized form can penetrate 
physiological membranes [12]. An elevated gastric pH reduces the absorption of 
weakly basic drugs, which require low pH for dissolution and absorption [13].
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Bile salts, alone or in combination with lecithin, may play a significant role in 
drug absorption. Depending on the drug formulation (solid, solution, or cyclodex-
trin complex), bile salts can enhance absorption and increase bioavailability by pre-
venting precipitation, facilitating solubilization, or displacing drug molecules from 
cyclodextrin complexes [14].

Patients with short bowel syndrome due to extensive intestinal resections exhibit 
alterations in all the previously described physiological mechanisms involved in 
normal drug absorption. Although the latest European Society of Clinical Nutrition 
and Metabolism (ESPEN) classification does not reference the degree of malab-
sorption associated with short bowel syndrome, it should be assessed individually, 
as it depends not only on the extent of resection but also on the anatomy of the 
remnant intestine and mucosal integrity [15].

As expected, a decrease in surface area impairs optimal drug absorption, with 
patients who have undergone extensive intestinal resection being the most affected—
particularly those with short bowel syndrome type I and a jejunostomy [16].

For this reason, drugs with decreased bioavailability should be avoided in patients 
with short bowel syndrome and replaced with other routes of administration. 
Examples include bisphosphonates, pyridostigmine, levothyroxine, and cyclospo-
rine [17, 18].

The extensive use of proton pump inhibitors and H2-receptor antagonists, com-
monly prescribed in patients with short bowel syndrome to reduce gastrointestinal 
fluid losses, may further interfere with drug absorption due to their impact on lumi-
nal pH [19]. Previous reports indicate that gastric pH may increase from 1.9 to 
4.5–5 after just 5 days of omeprazole administration [20].

Boutte et al. indicated that patients with short bowel syndrome may experience 
increased bile acid loss, reduced enterohepatic recirculation, and a compensatory 
increase in hepatic bile acid synthesis [21]. All these disturbances further contribute 
to abnormal intestinal drug absorption.

Taking into account all these expected changes in drug absorption in patients 
with short bowel syndrome, drug prescriptions should always be made cautiously. 
The Biopharmaceutical Classification System (BCS) may be useful in selecting the 
most appropriate medical treatment for these patients. For example, drugs from 
BCS Class IV—low solubility, low permeability—such as cyclosporine, ritonavir, 
hydrochlorothiazide, or furosemide, should be avoided in patients with short bowel 
syndrome, and alternative formulations or administration routes should be consid-
ered. Nevertheless, considering the altered bile acid metabolism in patients with 
short bowel syndrome, drugs from BCS Class II—such as amiodarone, atorvastatin, 
digoxin, diclofenac, carbamazepine, and macrolides—which have low solubility 
and high permeability, should be replaced, especially in patients with type I short 
bowel syndrome [13, 22].

Very few studies have evaluated drug absorption in patients with short bowel 
syndrome, despite their similar pharmacological needs to other patients.

Notably, patients with short bowel syndrome often require antibiotic therapy due 
to catheter-related bloodstream infections (CRBSIs), which are considered the most 
frequent cause of hospital admission for patients with intestinal failure (IF) [23]. 
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One of the currently established quality indicators for appropriate antimicrobial use 
is the early switch from intravenous to oral therapy. Therefore, pharmacological 
data on antimicrobial absorption are urgently needed for patients with short bowel 
syndrome [24].

In a study evaluating the bioavailability of different antibiotics and antifungals in 
short bowel syndrome patients, Korzilius et al. reported that oral clindamycin and 
fluconazole had a bioavailability similar to that found in healthy subjects. However, 
ciprofloxacin and flucloxacillin registered decreased absorption [25].

Patients with short bowel syndrome often experience psychiatric disturbances as 
well as reduced quality of life, making the prescription of antidepressants necessary. 
Faye et al. reported that expected concentration-to-dose ratios for escitalopram and 
citalopram were observed only in patients with at least 180 cm of remaining small 
bowel or those with a minimum of 80 cm of small bowel and at least 50% of their 
colon intact [26].

Anticoagulation and antiplatelet therapy are commonly prescribed for patients 
with short bowel syndrome, either due to associated cardiac conditions (such as 
atrial fibrillation, ischemic heart disease, or mechanical heart valves) or because 
bowel ischemia with superior mesenteric artery thrombosis is one of the most fre-
quent causes of short bowel syndrome. Additionally, catheter-associated thrombosis 
may also necessitate prolonged anticoagulation therapy [23, 27]. In a recent system-
atic literature review, Mercer et al. suggested that warfarin is effective in achieving 
anticoagulation therapy in patients with a short bowel of less than 12 cm, with the 
advantage of easy monitoring through the measurement of the international normal-
ized ratio (INR) [28]. When considering the use of direct oral anticoagulant agents 
(DOACs), rivaroxaban has the most available data supporting its efficacy and may 
be effective even in patients with a small bowel of at least 30 cm [28]. As patients 
with short bowel syndrome usually receive high doses of proton pump inhibitors, it 
was reported that rivaroxaban pharmacokinetics is not influenced by this concomi-
tant prescription [29].

Acetylsalicylic acid absorption was evaluated in a study conducted by Faye 
et al., which indicated that its absorption may be effective in patients with at least 
30 cm of remaining small intestine. However, the assessment technique used for 
platelet aggregation is not widely available in all hospitals [30]. Clopidogrel’s inter-
individual pharmacokinetic variations make it unsuitable as an antiplatelet agent in 
patients with short bowel syndrome. On the other hand, ticagrelor has been reported 
to have rapid absorption and a safer pharmacological profile [31].

It is worth mentioning that most of the available data on orally administered 
drugs in patients with short bowel syndrome come from small studies, case series, 
and case reports, highlighting the need for more extensive research in this field. 
Nevertheless, the impact of increased use of glucagon-like peptide-2 analogs on 
drug absorption should also be investigated, alongside their effects on reducing the 
need for parenteral nutrition [32].

The British Intestinal Failure Alliance (BIFA), as part of the British Association 
for Parenteral and Enteral Nutrition (BAPEN), suggests that some drugs should be 
administered at higher doses than usually recommended to obtain the desired 
effects. However, some adverse effects should be expected in these conditions.
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Patients with short bowel syndrome who have sufficient remaining colon (jejuno-
ileo-colic—short bowel type 3) may soon benefit from colonic drug delivery tech-
niques, which have recently advanced due to a better understanding of colonic 
physiology and promising in vitro and in vivo results [33, 34].

In this regard, given the increasing use of therapeutic drug monitoring techniques 
in patients with inflammatory bowel disease, it should be considered that, in the 
absence of solid pharmacological evidence, this type of monitoring should also be 
considered for patients with extensive bowel resections.

17.3	� Pharmacodynamic Considerations in Patients 
with Short Bowel Syndrome

Patients with short bowel syndrome may not exhibit specific pharmacodynamic dis-
turbances directly related to the disease; however, the pharmacodynamic profile of 
drugs may be indirectly influenced by alterations in pharmacokinetics, mainly 
related to the absorption process [4]. Keller et al. better describe this relationship, 
with pharmacokinetics being the cause (determining drug concentration in the com-
partments) and pharmacodynamics representing the effect (the drug response) [4].

Except during the acute phase, patients with short bowel syndrome who have 
achieved metabolic stability usually maintain a normal hydration status, meaning 
the volume of distribution for drugs is not affected. This is reflected in reported data 
on body composition in patients with short bowel syndrome, which shows that these 
patients appear thinner with decreased muscle mass, but without sarcopenia and 
with normal muscle function [35]. Chiplunker et  al. indicated that patients with 
short bowel syndrome who are on long-term parenteral nutrition may develop an 
increased percentage of body fat compared to healthy individuals. However, it was 
also stated that adipose tissue is an anhydrous tissue, with no significant effects on 
the volume of distribution [36].

Even if patients with short bowel syndrome have an increased risk for developing 
Intestinal Failure-Associated Liver Disease, hepatic drug metabolism is impaired 
only in very late stages of the disease [37].

17.4	� Conclusions

Considering the pathophysiological changes that occur secondary to the loss of 
extensive intestinal segments, namely decreased nutrient absorption, it is easy to 
appreciate that drug absorption is also affected, despite the paucity of data regarding 
drug pharmacokinetics in these patients. Even though there are some recommenda-
tions available, primarily based on best practices, it remains unclear how different 
medications should be prescribed to patients with short bowel syndrome.

To ensure the highest standard of medication safety, therapeutic drug monitoring 
should be available at every center dedicated to patients with short bowel syndrome. 
Alternatively, when possible, other formulations (such as intravenous or cutaneous) 
should be recommended.

17  Drug Pharmacokinetics and Pharmacodynamics in Short Bowel Syndrome…



192

References

1.	Byers JP, Sarver JG.  Chapter 10—Pharmacokinetic modeling. In: Hacker M, Messer W, 
Bachmann K, editors. Pharmacology. San Diego: Academic Press; 2009. p. 201–77.

2.	Atkinson AJ. Chapter 1—Introduction to clinical pharmacology. In: Atkinson AJ, Abernethy 
DR, Daniels CE, Dedrick RL, Markey SP, editors. Principles of clinical pharmacology. 2nd ed. 
Burlington: Academic Press; 2007. p. 1–7.

3.	Flood P, Rathmell JP, Urman RD. Stoelting’s pharmacology & physiology in anesthetic prac-
tice, 6e. Lippincott Williams & Wilkins, a Wolters Kluwer Business; 2022. p. 12–47.

4.	Keller F, Hann A. Clinical pharmacodynamics: principles of drug response and alterations in 
kidney disease. Clin J Am Soc Nephrol. 2018;13(9):1413–20.

5.	Kumar N, Kanchan T, Unnikrishnan B, Thapar R, Mithra P, Kulkarni V, et al. Applying quanti-
tative and systems pharmacology to drug development and beyond: an introduction to clinical 
pharmacologists. Indian J Pharmacol. 2018;49(5):344–7.

6.	Gabrielsson J, Green AR, Van der Graaf PH. Optimising in vivo pharmacology studies-practi-
cal PKPD considerations. J Pharmacol Toxicol Methods. 2010;61(2):146–56.

7.	Loftsson T.  Chapter 3—Physicochemical properties and pharmacokinetics. In: Loftsson T, 
editor. Essential pharmacokinetics. Boston: Academic Press; 2015. p. 85–104. https://www.
sciencedirect.com/science/article/pii/B9780128014110000032.

8.	Rajpoot K, Tekade RK, Sharma MC, Tekade M. Chapter 2—Pharmacokinetics and biophar-
maceutics: “a leader or attendant”. In: Tekade RK, editor. Biopharmaceutics and pharmaco-
kinetics considerations, Advances in Pharmaceutical Product Development and Research, 
vol. 1. Academic Press; 2021. p.  17–27. https://www.sciencedirect.com/science/article/pii/
B9780128144251000206.

9.	Severijnen R, Bayat N, Bakker H, Tolboom J, Bongaerts G. Enteral drug absorption in patients 
with short small bowel: a review. Clin Pharmacokinet. 2004;43(14):951–62.

10.	Sardou HS, Abbaspour M, Akhgari A, Kesharwani P, Sahebkar A.  Colon-targeted delivery 
systems of budesonide as second-line therapy in inflammatory bowel disease. J Drug Deliv 
Sci Technol. 2024;93

11.	Deloose E, Janssen P, Depoortere I, Tack J. The migrating motor complex: control mecha-
nisms and its role in health and disease. Nat Rev Gastroenterol Hepatol. 2012;9(5):271–85. 
https://doi.org/10.1038/nrgastro.2012.57.

12.	Gaohua L, Miao X, Dou L.  Crosstalk of physiological pH and chemical pKa under the 
umbrella of physiologically based pharmacokinetic modeling of drug absorption, distribution, 
metabolism, excretion, and toxicity. Expert Opin Drug Metab Toxicol. 2021;17(9):1103–24. 
https://doi.org/10.1080/17425255.2021.1951223.

13.	Abuhelwa AY, Williams DB, Upton RN, Foster DJR. Food, gastrointestinal pH, and models 
of oral drug absorption. Eur J Pharm Biopharm. 2017;112:234–48. https://doi.org/10.1016/j.
ejpb.2016.11.034.

14.	Holm R, Mul̈lertz A, Mu H. Bile salts and their importance for drug absorption. Int J Pharm. 
2013;453(1):44–55. https://doi.org/10.1016/j.ijpharm.2013.04.003.

15.	Billiauws L, Corcos O, Joly F. What’s new in short bowel syndrome? Curr Opin Clin Nutr 
Metab Care. 2018;21(4):313–8.

16.	Tappenden KA.  Anatomical and physiological considerations in short bowel syndrome: 
emphasis on intestinal adaptation and the role of enterohormones. Nutr Clin Pract. 
2023;38(S1):S27–34.

17.	Ward N. The impact of intestinal failure on oral drug absorption: a review. J Gastrointest Surg. 
2010;14(6):1045–51.

18.	Patel R, Barker J, Elshaer A. Pharmaceutical excipients and drug metabolism: a mini-review. 
Int J Mol Sci. 2020;21(21):1–21.

19.	Massironi S, Cavalcoli F, Rausa E, Invernizzi P, Braga M, Vecchi M.  Understanding short 
bowel syndrome: current status and future perspectives. Dig Liver Dis. 2020;52(3):253–61. 
https://doi.org/10.1016/j.dld.2019.11.013.

L. Mirea et al.

https://www.sciencedirect.com/science/article/pii/B9780128014110000032
https://www.sciencedirect.com/science/article/pii/B9780128014110000032
https://www.sciencedirect.com/science/article/pii/B9780128144251000206
https://www.sciencedirect.com/science/article/pii/B9780128144251000206
https://doi.org/10.1038/nrgastro.2012.57
https://doi.org/10.1080/17425255.2021.1951223
https://doi.org/10.1016/j.ejpb.2016.11.034
https://doi.org/10.1016/j.ejpb.2016.11.034
https://doi.org/10.1016/j.ijpharm.2013.04.003
https://doi.org/10.1016/j.dld.2019.11.013


193

20.	Prichard PJ, Yeomans ND, Mihaly GW, Jones DB, Buckle PJ, Smallwood RA, et  al. 
Omeprazole: a study of its inhibition of gastric pH and oral pharmacokinetics after morning or 
evening dosage. Gastroenterology. 1985;88(1 Pt 1):64–9.

21.	Boutte HJ, Chen J, Wylie TN, Wylie KM, Xie Y, Geisman M, et al. Fecal microbiome and bile 
acid metabolome in adult short bowel syndrome. Am J Physiol Gastrointest Liver Physiol. 
2022;322(1):G154–68.

22.	Samineni R, Chimakurthy J, Konidala S. Emerging role of biopharmaceutical classification 
and biopharmaceutical drug disposition system in dosage form development: a systematic 
review. Turkish J Pharm Sci. 2022;19(6):706–13.

23.	Jahns F, Hausen A, Keller P, Stolz V, Kalff JC, Kuetting D, et al. Life on the line—incidence 
and management of central venous catheter complications in intestinal failure. Clin Nutr. 
2024;43(6):1627–34.

24.	Kallen MC, Prins JM.  A systematic review of quality indicators for appropriate anti-
biotic use in hospitalized adult patients. Infect Dis Rep. 2017;9(1). https://www.mdpi.
com/2036-7449/9/1/6821.

25.	Korzilius JW, Gompelman M, Wezendonk GTJ, Jager NGL, Rovers CP, Brüggemann RJM, 
et al. Oral antimicrobial agents in patients with short bowel syndrome: worth a try! J Antimicrob 
Chemother. 2023;78(8):2008–14. https://doi.org/10.1093/jac/dkad198.

26.	Faye E, Corcos O, Lancelin F, Declèves X, Bergmann JF, Joly F, et al. Antidepressant agents 
in short bowel syndrome. Clin Ther. 2014;36(12):2029–33.e3.

27.	Woods A, Lal S.  Intestinal failure and short bowel syndrome. Med (United Kingdom). 
2024;52(3):181–5. https://doi.org/10.1016/j.mpmed.2023.12.004.

28.	Mercer C, Crawford A, Shapiro S, Allan PJ, Ambrose T.  Anticoagulation and antiplatelet 
therapy in short bowel syndrome: a systematic review. Intest Fail. 2024;1:100007. https://doi.
org/10.1016/j.intf.2024.100007.

29.	Moore KT, Plotnikov AN, Thyssen A, Vaccaro N, Ariyawansa J, Burton PB. Effect of multiple 
doses of omeprazole on the pharmacokinetics, pharmacodynamics, and safety of a single dose 
of rivaroxaban. J Cardiovasc Pharmacol. 2011;58(6):581–8.

30.	Faye E, Drouet L, De Raucourt E, Green A, Bal-dit-Sollier C, Boudaoud L, et al. Absorption 
and efficacy of acetylsalicylic acid in patients with short bowel syndrome. Ann Pharmacother. 
2014;48(6):705–10.

31.	Droppa M, Karathanos A, Gawaz M, Geisler T.  Individualised dual antiplatelet therapy in 
a patient with short bowel syndrome after acute myocardial infarction with coronary artery 
stenting. BMJ Case Rep. 2015;2015:10–3.

32.	Vande Casteele N, Herfarth H, Katz J, Falck-Ytter Y, Singh S. American Gastroenterological 
Association Institute technical review on the role of therapeutic drug monitoring in the man-
agement of inflammatory bowel diseases. Gastroenterology. 2017;153(3):835–57.e6. https://
doi.org/10.1053/j.gastro.2017.07.031.

33.	McCoubrey LE, Favaron A, Awad A, Orlu M, Gaisford S, Basit AW.  Colonic drug deliv-
ery: formulating the next generation of colon-targeted therapeutics. J Control Release. 
2023;353:1107–26. https://doi.org/10.1016/j.jconrel.2022.12.029.

34.	 Iyer K, DiBaise J, Rubio-Tapia A. AGA clinical practice update on management of short bowel 
syndrome: expert review. Clin Gastroenterol Hepatol. 2022;20:2185–94.

35.	Bannert K, Karbe C, Förster RH, Sautter LF, Meyer F, Valentini L, et  al. Orally compen-
sated short bowel patients are thin, potentially malnourished but rarely sarcopenic. Clin Nutr. 
2023;42(8):1480–90.

36.	Chiplunker AJ, Chen L, Levin MS, Warner BW, Davidson NO, Rubin DC.  Increased adi-
posity and reduced lean body mass in patients with short bowel syndrome. Dig Dis Sci. 
2020;65(11):3271–9.

37.	Lal S, Pironi L, Wanten G, Arends J, Bozzetti F, Cuerda C, et  al. Clinical approach to the 
management of intestinal failure associated liver disease (IFALD) in adults: a position paper 
from the Home Artificial Nutrition and Chronic Intestinal Failure Special Interest Group of 
ESPEN. Clin Nutr. 2018;37(6):1794–7.

17  Drug Pharmacokinetics and Pharmacodynamics in Short Bowel Syndrome…

https://www.mdpi.com/2036-7449/9/1/6821
https://www.mdpi.com/2036-7449/9/1/6821
https://doi.org/10.1093/jac/dkad198
https://doi.org/10.1016/j.mpmed.2023.12.004
https://doi.org/10.1016/j.intf.2024.100007
https://doi.org/10.1016/j.intf.2024.100007
https://doi.org/10.1053/j.gastro.2017.07.031
https://doi.org/10.1053/j.gastro.2017.07.031
https://doi.org/10.1016/j.jconrel.2022.12.029


195© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2025
A. Trifan et al. (eds.), Short Bowel Syndrome in Adults, 
https://doi.org/10.1007/978-3-031-95848-9_18

18Management of Short Bowel Syndrome: 
Antisecretory, Antimotility, 
and Luminally Active Agents

Liana Gheorghe and Razvan Cerban

18.1	� Introduction

Short bowel syndrome (SBS) is a complex, often debilitating condition that occurs 
following significant surgical resection of the small intestine or severe bowel dis-
ease. The limited bowel length in SBS patients leads to compromised digestion, 
malabsorption, and often severe diarrhea, fluid, and electrolyte imbalances [1]. 
Management of SBS focuses on maximizing nutrient absorption, stabilizing fluid-
electrolyte balance, and improving the quality of life [2]. While parenteral nutrition 
(PN) and enteral feeding are commonly utilized, pharmacological interventions 
play a crucial role in enhancing the remaining intestinal function and minimizing 
fluid loss [3]. This chapter provides an overview of these agents, their mechanisms 
of action, clinical application, and relevant evidence supporting their use in treating 
SBS patients.

Pharmacologic therapy in SBS targets three main goals:

	– Reducing intestinal secretion to minimize fluid loss (antisecretory agents)
	– Slowing intestinal motility to enhance nutrient and fluid absorption (antimotil-

ity agents)
	– Improving nutrient absorption or modifying luminal content to improve absorp-

tion (luminally active agents)
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18.2	� Antisecretory Agents

After extensive intestinal resection, gastric secretions are usually increased for the 
first 6–12 months after surgery. While the exact mechanism remains unclear, some 
researchers suggest that it may be caused by the loss of feedback mechanisms from 
the resected bowel segments [3].

Gastric hypersecretion is usually temporary and tends to resolve within weeks to 
months following resection [2]. In addition, gastric hypersecretion can cause the 
release of acidic content into the proximal small bowel, which will lead to altered 
lipid digestion due to diminished pancreatic enzyme activity and alteration of bile 
acids. Treating gastric hypersecretion, besides reducing the volume of secretions, 
can also help restore the normal intestinal pH to optimize bile salt and pancreatic 
enzyme activity.

18.2.1	� Proton Pump Inhibitors (PPIs) and H2-Receptor 
Antagonists (H2RAs)

The main drugs used for gastric hypersecretion are proton pump inhibitors (PPIs) 
and H2-receptor antagonists (H2RAs), with PPIs having a more potent effect on 
acid inhibition. PPIs irreversibly inhibit the H+/K+ ATPase in gastric parietal cells, 
resulting in sustained suppression of gastric acid production. H2RAs, in contrast, 
block histamine receptors in gastric parietal cells, thereby reducing acid production 
through competitive inhibition. Studies have shown that PPIs and H2RAs can 
reduce gastric hypersecretion and improve clinical outcomes in SBS patients, par-
ticularly during the first 6 months following surgery [4]. In addition, patients with 
ileal resection, which frequently leads to loss of feedback inhibition, can also have 
an important benefit [5, 6]. A significant effect heterogeneity of PPIs was reported. 
Patients with SBS passing large amounts of wet fecal excretions (more than 2 kg/
day) had better treatment results. The degree of PPIs absorption in SBS patients is 
difficult to estimate, so intravenous administration should always be considered in 
case of lack of effect of oral medication. However, despite their good tolerability, 
PPIs are linked to an increased risk of community-acquired pneumonia, osteoporo-
sis, and vitamin B12 deficiency [7, 8].

18.2.2	� Somatostatin Analogs

Somatostatin analogs, such as octreotide, are synthetic versions of the naturally 
occurring hormone somatostatin, which inhibits various gastrointestinal (GI) secre-
tions, including gastric, pancreatic, and biliary fluids [9]. Octreotide is effective at 
reducing gastrointestinal secretions and can help prolong intestinal transit time. Its 
effectiveness is often limited by development of tachyphylaxis over time. By bind-
ing to somatostatin receptors, octreotide can reduce gastrointestinal motility and 
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fluid secretion, which leads to a decrease in fecal output and fluid losses in patients 
with SBS [10].

Several studies have demonstrated that octreotide significantly reduces intestinal 
fluid losses in patients with SBS, although its use may be limited by side effects, 
such as gallstone formation and glucose and fat malabsorption [10, 11]. Additionally, 
somatostatin reduces splanchnic blood flow and may interfere with the use of amino 
acids for splanchnic protein synthesis, potentially hindering the physiological adap-
tation process following intestinal resection [12]. Octreotide can be given as a 72-h 
trial, at the dose of 300 μg/day, and if clinically effective, it can be switched to a 
longer-acting formulation. If there is no significant response, there is no point in 
continuing this drug, with as few as 5% of patients having a prolonged benefit [13]. 
Some patients experienced significant fluid retention associated with octreotide 
treatment [12].

Consequently, it is recommended to objectively monitor the effects and adjust 
parenteral support as needed.

18.3	� Antimotility Agents

Antimotility agents reduce intestinal motility, allowing for longer contact time 
between nutrients and the absorptive mucosa, which enhances nutrient and water 
absorption in SBS patients.

18.3.1	� Opioid Agonists

To decrease intestinal motility, patients should receive loperamide or diphenoxylate 
in conjunction with atropine as a first-line medication. Loperamide and diphenoxyl-
ate are commonly used opioid agonists in the management of SBS. These agents 
bind to opioid receptors in the gut, slowing intestinal motility and transit time. 
Loperamide and diphenoxylate act as agonists at μ-opioid receptors in the intestinal 
smooth muscle. This reduces peristalsis and increases the time for fluid and nutrient 
absorption, subsequently decreasing stool volume. Research has shown that both 
loperamide and diphenoxylate can effectively reduce stool output in SBS patients, 
especially when taken consistently before meals. In one study, patients experienced 
up to a 40% reduction in stool output with loperamide use [14]. Diphenoxylate is 
often used in conjunction with atropine to further slow transit, though side effects 
such as constipation may limit its use. Loperamide, typically administered at 4 mg 
three to four times per day, is commonly recommended. However, due to its entero-
hepatic circulation, higher doses of 12–24 mg at a time may be necessary for patients 
with terminal ileum resection. The optimal timing, dosage, and tolerability of these 
medications vary greatly between individuals. They are often used in combination 
and may be given 30–60 min before meals and at bedtime, although scientific evi-
dence supporting this practice is limited [8].
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18.3.2	� Codeine and Other Narcotics

Although less commonly used due to their potential for dependency, codeine and 
other narcotics are occasionally considered as second-line medication in SBS man-
agement. Codeine, like loperamide, binds to μ-opioid receptors in the gut, decreas-
ing motility and prolonging transit time.

However, because it is systemically absorbed, codeine can lead to central ner-
vous system side effects and has a higher potential for abuse [15]. Codeine is often 
considered only when other antimotility agents fail, but studies have shown that it 
can be effective in reducing stool frequency and volume in severe cases [16, 17]. In 
some centers, a mixture of codeine phosphate (8 mg/mL) in doses ranging from 80 
to 160  mg, or tincture of opium at 0.3–1.0  mL, is administered four times per 
day [12].

Loperamide and codeine can work synergistically when used together, enhanc-
ing their combined effect on slowing intestinal motility [18]. This synergy may 
provide greater relief from diarrhea and reduce stool output more effectively than 
either agent alone. However, careful monitoring is necessary to manage potential 
side effects and minimize the risk of dependency associated with codeine use [3].

18.3.3	� Clonidine

Clonidine, available in a transdermal form, has shown some benefit in patients with 
high-output stool losses. Clonidine can reduce intestinal fluid secretion by binding 
to alpha-adrenergic receptors on enteric neurons in addition to reducing gastric and 
colonic motility [19, 20]. Due to its antihypertensive effect, the use of clonidine is 
often restricted, as patients can develop low blood pressure and a high risk of ortho-
static hypotension. While antimotility agents can effectively decrease intestinal 
transit and reduce stool outputs, their use in patients with a dilated bowel requires 
caution. In such cases, antimotility drugs may even worsen diarrhea by promoting 
bacterial overgrowth, as slowed transit provides an ideal environment for bacterial 
proliferation. In order to avoid these circumstances, close monitoring and a tailored 
approach for each patient are essential.

18.4	� Luminally Active Agents

Luminally active agents act directly in the intestinal lumen to enhance absorption, 
promote mucosal growth, or inhibit the breakdown of nutrients, thus helping to 
compensate for the reduced absorptive surface area in SBS.
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18.4.1	� Bile Acid Sequestrants

Bile acid sequestrants, such as cholestyramine, bind bile acids in the intestine, pre-
venting their osmotic effects and reducing diarrhea in patients with SBS, particu-
larly those with ileal resections.

By binding bile acids, these agents prevent their reabsorption in the colon, where 
bile acids can induce diarrhea through their laxative effect [15]. This is particularly 
relevant in SBS patients who lack a functional ileum for bile acid reabsorption. 
Cholestyramine can be especially useful in patients with distal ileal resection. 
Pancreatic enzyme replacement should be given if appropriate.

The use of bile acid sequestrants may be limited in patients with extensive resec-
tion, as these drugs can worsen steatorrhea by reducing bile acid availability for 
micelle formation [21].

18.4.2	� Short-Chain Fatty Acid (SCFA) Supplements

Short-chain fatty acids, produced through the fermentation of non-absorbable car-
bohydrates, play a role in enhancing water and electrolyte absorption in the colon. 
SCFA supplements or prebiotics that promote SCFA production have shown poten-
tial benefits for SBS patients. SCFAs stimulate colonic absorption of sodium and 
water, compensating for fluid losses in the upper gastrointestinal tract. In patients 
with residual colon, SCFA supplements may promote mucosal adaptation and nutri-
ent absorption. Studies on SCFAs in SBS have indicated that they can improve fluid 
and electrolyte balance, particularly in patients with colon-in-continuity [22, 23].

18.4.3	� Oral Rehydration Solutions

Patients with SBS lacking a colon can often lose more water and sodium through 
their stoma than they consume orally [24]. This is particularly common in individu-
als with less than 100 cm of residual jejunum, where daily jejunostomy output can 
exceed 4 L. To maintain adequate hydration, fluids should be provided to match 
losses, ensuring a urine output of at least 1 L/day. In the intestinal lumen, glucose 
increases sodium and water absorption, using the sodium-glucose-coupled transport 
system [25]. Particularly in patients with high-output jejunostomies, the use of inap-
propriate fluids, such as hypertonic beverages (fruit juices) or low-sodium, hypo-
tonic solutions like water, tea, and coffee, can worsen fluid losses. A common 
misconception among patients is that drinking large quantities of water aids 
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hydration; however, this typically increases ostomy output, perpetuating fluid and 
electrolyte imbalances. Instead, glucose-electrolyte oral rehydration solutions 
(ORS) are preferred, as they enhance absorption and reduce secretion. ORS is par-
ticularly important in SBS patients with a high risk of dehydration. Formulas are 
specifically tailored to maximize sodium and water absorption and reduce losses. 
The ideal sodium concentration of any ORS should be between 90 and 120 mEq 
Na+/L (with a carbohydrate-to-sodium ratio of 1:1) [26]. ORS has proven effective 
in reducing the need for parenteral hydration and is recommended as a standard 
intervention for managing dehydration in SBS patients [25, 27].

Most patients with SBS who still have a colon can typically stay well-hydrated 
by drinking hypotonic fluids. For those needing additional support, commercially 
prepared ORS are readily available, and there are also simple recipes for making 
affordable, homemade versions. Regardless of how patients hydrate themselves, it 
is crucial for clinicians to identify those who require parenteral fluid support based 
on factors such as urine output, hypotension, or the presence of acute kidney injury 
(Table 18.1).
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18.5	� Conclusion

The management of SBS with antisecretory, antimotility, and luminally active 
agents aims to control symptoms, reduce fluid and electrolyte loss, and improve 
nutrient absorption. While antisecretory agents decrease GI secretions, antimotility 
agents help to prolong intestinal transit, and luminally active agents directly modify 
intestinal content to support absorption. These therapies can be used in combination 
to optimize patient outcomes, but individualized treatment plans are necessary due 
to varying responses and potential adverse effects. Future advancements in SBS 
management are anticipated with the ongoing development of agents that promote 
intestinal adaptation, thus further reducing dependence on PN.
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19.1	� Introduction

Short bowel syndrome (SBS) is a multifaceted malabsorption disorder, ranging 
from isolated micronutrient deficiencies to complete intestinal failure. The severity 
of the condition largely depends on the remaining length and anatomical portion of 
the intestine, as well as the functional capacity of the remnant bowel [1].

19.1.1	� Differentiating SBS with Intestinal Insufficiency Vs. SBS 
with Intestinal Failure

It is essential to distinguish between short bowel syndrome with intestinal insuffi-
ciency and SBS with intestinal failure (IF). Intestinal insufficiency is characterized 
by a reduced absorptive surface, yet the intestine maintains its autonomy, with defi-
ciencies being manageable through dietary adjustments. In contrast, intestinal fail-
ure occurs when absorption is insufficient to maintain homeostasis, requiring 
parenteral supplementation for survival [2, 3].
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19.2	� Intestinal Adaptation

19.2.1	� Phases of Adaptation

Managing short bowel syndrome (SBS) requires understanding its clinical stages: 
acute, adaptation, and maintenance. The acute phase (lasting weeks to months) 
involves fluid and electrolyte losses, requiring stabilization and reassessment, often 
with fasting. As stability improves, parenteral nutrition (PN) is introduced. The 
adaptation phase (lasting up to 2 years) focuses on reducing PN dependence through 
progressive nutritional support and intestinal adaptation. The maintenance phase 
marks the end of spontaneous adaptation, with intestinal failure deemed permanent 
if PN remains necessary. However, aggressive management may still enable PN 
weaning [4].

19.2.2	� Structural and Functional Changes

However, the adaptation process begins as early as 48 h after surgery, during which 
the intestine undergoes both structural and functional modifications under the influ-
ence of internal and external stimuli, including nutrients (fiber, short-chain fatty 
acids, and glutamine), bile and pancreatic secretions, and hormones. Among these 
hormones are trophic factors like growth hormone (GH), glucagon-like peptide-2 
(GLP-2), epithelial growth factor (EGF), and transforming growth factor-α (TGF-
α), alongside those that regulate intestinal motility, such as GLP-1, GLP-2, and 
peptide YY (PYY) [1, 5].

Structurally, the intestine undergoes dilation and elongation, leading to an 
increase in its overall mass, crypt hyperplasia with increased crypt cell depth, villus 
elongation, microvillus expansion, enterocyte proliferation, and angiogenesis. 
Functionally, intestinal transit slows down, enzymatic activity and brush border 
membrane activity change, crypt differentiation accelerates, and nutrient transporter 
levels increase, expanding the absorptive surface [6].

19.2.3	� The Role of Anatomical Configuration in Adaptation

Among the anatomical types of anastomoses—Type 1 (end-jejunostomy), Type 2 
(jejuno-colonic anastomosis), and Type 3 (jejuno-ileo-colic anastomosis)—Type 3 
appears to have the most favorable prognosis due to the preservation of the terminal 
ileum and the ileocecal valve [7]. The ileocecal valve plays a crucial role in motility, 
and this region contains the highest concentration of L cells, which are the primary 
source of natural GLP-1 and GLP-2 hormone secretion [3, 8]. Additionally, the 
ileum is capable of complex adaptive processes, both structural and functional. In 
contrast, Type 1 anastomosis is associated with the least favorable prognosis, as the 
jejunum lacks adaptive capacity. The colon also appears to undergo adaptive pro-
cesses following major intestinal resections [9].
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19.2.4	� The Role of Gastrointestinal Hormones in Adaptation

As previously mentioned, the repair of the intestinal mucosa, its functional mainte-
nance, and adaptation in the context of intestinal impairment occur through the 
influence of both internal and external stimuli, including the action of gastrointesti-
nal peptide hormones.

19.2.4.1	� GLP-2 and Growth Factors
Glucagon-like peptide-1 (GLP-1) belongs to the incretin family, alongside secre-
tin, vasoactive intestinal peptide (VIP), pituitary adenylate cyclase-activating pep-
tide (PACAP), gastric inhibitory polypeptide (GIP), glucagon, GLP-2, calcitonin, 
calcitonin gene-related peptide (CGRP), parathyroid hormone, corticotropin-
releasing factor (CRF), and growth hormone-releasing factor (GHRF). Incretins are 
gastrointestinal peptide hormones secreted by K and L endocrine cells within the 
intestinal epithelium. These open-type cells have an apical process equipped with 
microvilli, allowing direct communication with the intestinal lumen [10].

GLP-1, a peptide composed of 30–31 amino acids, is secreted by L enteroendo-
crine cells in the terminal ileum, alpha cells in the pancreas, and the central nervous 
system. Its effects include slowing gastric emptying, promoting satiety, and enhanc-
ing insulin secretion in response to oral glucose intake [11, 12].

Thus, its influence on adaptation processes in SBS patients translates into slowed 
gastric emptying, allowing for increased nutrient absorption in the intestine. This 
process is driven by GLP-1 secretion from the terminal ileum, either through a neu-
rohumoral feedback mechanism or direct stimulation by luminal carbohydrates. 
Consequently, resection of the terminal ileum leads to accelerated gastrointestinal 
motility [13].

Glucagon-like peptide-2 (GLP-2) is a 33-amino acid peptide hormone, mem-
ber of the PACAP (pituitary adenylate cyclase-activating peptide) glucagon super-
family, that has been proven to have a trophic effect on the entire gastrointestinal 
tract [14]. It is primarily secreted by enteroendocrine L cells in the distal ileum and 
proximal colon in response to nutrient ingestion [14, 15]. It is produced through the 
post-translational processing of proglucagon, a process that also releases the related 
glucagon-like peptide-1 (GLP-1). In addition to its intestinal origin, GLP-2 is also 
synthesized in the central nervous system, particularly by neurons in the brainstem 
and hypothalamus, indicating its broader physiological roles beyond the gastroin-
testinal tract [16, 17].

Within the intestine, this hormone plays a crucial role in maintaining homeosta-
sis by promoting crypt cell proliferation, inhibiting enterocyte apoptosis, suppress-
ing gastric acid secretion, enhancing nutrient absorption, and regulating gastric 
emptying. Additionally, it increases intestinal blood flow, slows gastric emptying, 
and reduces intestinal motility. GLP-2 also plays a key role in stimulating crypt cell 
proliferation, further supporting intestinal adaptation and function [15].

These properties make GLP-2 a significant target for therapeutic strategies 
addressing conditions such as short bowel syndrome and other gastrointestinal 
disorders.
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In patients with distal intestinal resections, where there is a deficiency of hor-
mones secreted as a pro-adaptive feedback response in the terminal ileum (GLP-1, 
GLP-2, peptide YY, oxyntomodulin, and fibroblast growth factor (FGF)), the pro-
secretory and pro-motility effects of hormones released proximally (gastrin, chole-
cystokinin, secretin, and motilin) is not counteracted. Consequently, accelerated 
intestinal transit, hypersecretion, and disturbances in blood and lymphatic flow 
occur [18].

Growth hormone (GH), composed of 191 amino acids, is secreted by the pitu-
itary gland and plays a well-known role in promoting postnatal growth in mammals. 
In the intestine, its receptors are widely distributed, from epithelial cells to the 
deeper layers, including the muscularis propria.

Beyond its direct effect on stimulating the growth of intestinal wall cells, GH 
also promotes the secretion of other growth-related hormones, such as insulin-like 
growth factor 1 (IGF-1) [19]. Additionally, previous studies have shown that in ani-
mal models, hypophysectomy reduces intestinal adaptation processes [20]. For 
these reasons, GH analogues have been proposed as a potential treatment option for 
patients with SBS-IF.

19.3	� Aim of Treatment

The goal of treating patients with intestinal failure (IF) due to short bowel syndrome 
(SBS) is to optimize the function of the remaining intestine while ensuring adequate 
nutritional and fluid support, thereby maintaining proper nutritional and hydroelec-
trolytic balance. This approach aims to alleviate gastrointestinal symptoms and 
reduce the need for supplemental nutrition and hydration [21].

The definitive aim of the adaptation process is to discontinue home parenteral 
nutrition (HPN), which has long been considered the standard of care in SBS with 
intestinal failure. However, despite its effectiveness, HPN has a significant impact 
on quality of life and poses substantial risks, such as steatohepatitis, IF-associated 
liver disease, and catheter-related complications, such as recurrent sepsis and 
thrombosis [22, 23].

Therefore, the key objectives in treating SBS include enhancing the absorptive 
surface, preventing and managing complications related to nutritional deficiencies, 
easing symptoms, and, most importantly, facilitating the successful cessa-
tion of HPN.

19.4	� Patient Selection

This treatment is primarily intended for patients who, despite optimized dietary 
measures and conventional therapy, have not achieved enteral independence during 
the adaptation period [7].

Although the intestine should normally be given sufficient time for physiological 
adaptation before treatment is initiated, in cases where rapid adaptation is desired, 
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treatment may begin earlier. In patients with extensive resections and anastomoses 
and a guarded prognosis, early intervention is indicated. For example, in patients 
with a group I jejuno- or ileostomy anastomosis—where adaptation and gradual 
weaning from HPN occur in fewer than 20% of cases 1 year after intervention—
treatment with hormonal analogues is justified [24].

It should be borne in mind that, in patients with SBS, complete weaning off HPN 
is unlikely (<10%) if 2–3 years have elapsed since the most recent intestinal resec-
tion [2].

19.4.1	� Recommendations for Initiating Treatment 
with Hormonal Analogues

The initiation of treatment with hormonal analogues should be guided by an assess-
ment of natural intestinal adaptation and the optimal timing of intervention. In most 
cases, it is advisable to allow sufficient time for physiological adaptation before 
starting therapy. However, in patients with extensive resections and a guarded prog-
nosis, early initiation of hormonal analogue treatment may be beneficial to promote 
intestinal adaptation (see Table 19.1).

It is essential that patients receive comprehensive information regarding their 
pathology, therapeutic options, and the associated risks. Conventional treatment is 
generally associated with lower costs, and its adverse reactions are better under-
stood. Prior to considering hormonal analogue therapy, it is advisable to stabilize 
the patient using individualized conventional therapeutic measures. Additionally, 
patients should be informed about the potential benefits and risks associated with 
growth factor therapy, including the likelihood of successfully discontinuing HPN, 
the possibility of improved quality of life, the estimated duration of treatment, 
potential adverse reactions, and relevant cost considerations [7, 24].

Table 19.1  Adaptation rates and indications for hormonal analogue therapy by anastomosis type

Type Adaptation rate Hormonal analogue therapy
Jejuno-ileostomy
(group I)

Low adaptation rate (<20% weaned 
at 1 year)

Recommended to accelerate 
adaptation

Jejuno-colonic 
anastomosis (group 
2)

Progressive adaptation (~50% 
weaned by 5 years, minimal 
progress at 2–3 years)

Considered based on clinical 
status and need to speed up 
adaptation

Jejuno-Ileo-colonic 
anastomosis (group 
3)

Majority achieve adaptation (75% 
weaned by 5 years)

Considered case-by-case if 
additional support is needed
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19.5	� Growth Factors Treatment

Currently, only two molecules have been approved for the treatment of SBS: 
somatotropin (growth hormone), available only in the US, and teduglutide (a gluca-
gon-like peptide-2 analogue), approved in both the US and Europe [25].

19.5.1	� GLP-2 Analogues

Teduglutide, a glucagon-like peptide-2 (GLP-2) analog, is the treatment of choice 
for patients with short bowel syndrome (SBS) who have not attained intestinal 
autonomy during the adaptation phase and remain dependent on parenteral nutrition 
despite intensive conventional therapy. This recombinant is a long-acting GLP-2 
analog offering the advantage of a longer half-life (2–6 h), enabling convenient, 
once-daily subcutaneous administration. In contrast, human GLP-2 (h-GLP2) has a 
significantly shorter half-life of only 7 min [26, 27].

Teduglutide’s prolonged duration of action is due to its resistance to degradation 
by the enzyme dipeptidyl-peptidase IV (DPP-IV) [28].

GLP-2 is released in response to enteral nutrient stimulation, a process regulated 
by the vagus nerve that, at the cellular level, activates G-protein-coupled receptors. 
Exogenous administration of GLP-2 to an intact intestine promotes gastrointestinal 
mucosal hypertrophy, leading to increased villus height, crypt deepening, greater 
intestinal mass, enhanced blood flow, and improved glucose absorption [29, 30].

After proximal intestinal resection, GLP-2 secretion from the distal ileum rises, 
facilitating enhanced nutrient absorption. Moreover, research indicates that GLP-2 
can stimulate adaptation pathways in the remaining ileum, even in the absence of 
enteral nutrient stimulation [31].

In adults, exogenous GLP-2 administration promotes adaptation of the remain-
ing jejunum, despite previous studies suggesting its limited capacity to adapt. The 
induced changes include increased crypt cell proliferation, an improved villus 
height-to-crypt depth ratio, an expansion of the total mucosal surface area, and 
enhanced glucose absorption [27].

Following resection, GLP-2 secretion increases significantly, especially when 
the colon remains intact, with its levels directly linked to the extent of intestinal 
adaptation. In this setting, phase 3 studies have shown that teduglutide administra-
tion effectively reduces the dependency on parenteral nutrition and intravenous flu-
ids [32, 33].

A 2009 prospective longitudinal observational study [34] on 11 patients treated 
with teduglutide 400 μg TID for 2 years found that fecal wet weight decreased by 
~1 L/day, averaging 811 g/day in year 1 and 1081 g/day in year 2, stabilizing after 
week 13. After treatment cessation, fecal weight returned to baseline but was fully 
regained within 13 weeks of reinitiation. Oral intake declined gradually, reaching 
full adaptation by week 52 in year 1 but much faster (by week 13) in year 2.

Intestinal absorption efficiency improved, but total absorption remained 
unchanged. No significant morphological changes were observed, with villus height 
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(P = 0.37) and crypt depth (P = 0.44) showing no overall change. Among electro-
lytes, magnesium absorption increased, while sodium, potassium, and calcium 
remained unchanged. GLP-2 alone had minimal effects on the energy balance, but 
when combined with cholylsarcosine, it significantly reduced fecal fat excretion and 
slightly increased energy absorption, though not significantly. Doubling the GLP-2 
dose had no added benefits.

A randomized placebo-controlled study performed on 85 patients over a period 
of 24 weeks, published in 2011 [35], evaluated teduglutide’s impact on parenteral 
support reduction. When administered at 0.05 mg/kg/day, the treatment was more 
effective than 0.10 mg/kg/day, significantly reducing parenteral volume, increasing 
urine output, and enhancing enterocyte mass. While 0.10  mg/kg/day showed no 
significant difference from placebo (P = 0.16), 0.05 mg/kg/day demonstrated a sig-
nificant improvement (P = 0.007).

More patients in the 0.05 mg/kg/day group achieved ≥20% PN reduction (46% 
vs. 6%, P  =  0.005), with two fully weaned from PN.  Parenteral energy needs 
dropped the most at 0.05 mg/kg/day (−912 kJ/day, P = 0.001), though intergroup 
differences were not significant.

Both doses increased lean body mass, while bone mineral content improved at 
0.10 mg/kg/day (P = 0.046). Villus height increased in both groups, but colonic 
crypt depth increased only at 0.10 mg/kg/day (P = 0.016). Plasma citrulline levels 
improved at both doses, indicating intestinal adaptation. Despite these positive 
effects, quality of life remained unchanged.

The STEPS-2 placebo-controlled study [36] evaluated the long-term safety and 
efficacy of teduglutide in 88 patients, with 74% completing the study. Among tedu-
glutide-treated patients, 89% achieved ≥20% reduction in parenteral support (PS) 
volume, compared to 46% in the placebo group and 50% in the not treated group, 
with greater reductions in those treated longer. Thirteen patients achieved full 
enteral autonomy, mostly in the teduglutide-treated group. Plasma citrulline 
increased by 71% in the teduglutide, indicating enhanced intestinal adaptation.

Teduglutide was well tolerated, with 95% of patients reporting mild-to-moderate 
adverse events and no significant changes in kidney function, electrolytes, or malig-
nancy risk. Teduglutide-specific antibodies were found in 43% of patients but had 
no clinical impact. Liver enzymes declined in responders, and “slow responders” 
showed improvements with continued treatment.

Teduglutide demonstrated sustained benefits in reducing PS volume, with some 
patients achieving complete independence. It was safe and effective over long-term 
use, with no major safety concerns.

In the combined phase III studies [37], 16 of 134 patients (12%) treated with 
teduglutide 0.05  mg/kg/day achieved complete independence from PN after a 
median of 5 years. Most (75%) had partial colon-in-continuity, though four reached 
independence without a colon, with no significant difference between the groups.

PN reductions began within days to months, but 75% required at least 1 year for 
enteral autonomy. By week 24, the teduglutide group reduced PN by 4.4 L, com-
pared to 2.3 L in the placebo group. Fifteen patients (11%) across phase III trials 
and extensions achieved full independence within 12–130 weeks (median 89 weeks). 
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Plasma citrulline increased by 28.3%, reflecting intestinal adaptation, while body 
weight, albumin, and creatinine remained stable. All independent patients had mild-
to-moderate adverse events, mainly abdominal pain, nausea, diarrhea, and injection 
site reactions. Serious AEs occurred in 13 patients, mostly catheter infections, with 
no neutralizing antibodies detected.

Summarizing the study results, teduglutide effectively reduces dependence on 
parenteral support, with 12% of patients achieving complete independence. While 
some required over a year of treatment before reaching enteral autonomy, reduc-
tions began within days to months, and long-term treatment provided sustained 
benefits.

Regarding intestinal absorption and adaptation, villus height increased in the 
small intestine, while colonic crypt depth expanded at higher doses. These structural 
changes enhanced nutrient and fluid absorption, leading to reduced oral fluid intake 
and increased urine output.

In terms of body weight and composition, data indicate that teduglutide promotes 
an increase in lean body mass and overall body weight.

In the pediatric population, a 24-week phase 3 clinical trial conducted on 59 
patients [38] evaluated teduglutide’s efficacy and safety in reducing PN depen-
dence. Fifty patients received teduglutide (24 at 0.025 mg/kg, 26 at 0.05 mg/kg), 
and nine received standard care (SOC).

Teduglutide significantly reduced PN volume, with 69% (0.05 mg/kg) and 54% 
(0.025 mg/kg) achieving ≥20% reduction, compared to 11% in SOC. PN volume 
decreased by 23.3 mL/kg/day (0.05 mg/kg), 16.2 mL/kg/day (0.025 mg/kg), and 
6.0 mL/kg/day (SOC). PN calories, infusion duration, and frequency also declined. 
By week 24, five teduglutide patients (8–12%) achieved full enteral autonomy, 
while none in the SOC group did. Enteral nutrition (EN) increased significantly, 
with EN volume rising by ~77–79% and EN calories by ~83–86%, compared to 
minimal SOC changes.

Teduglutide was well tolerated, with mostly mild-to-moderate AEs including 
pyrexia, vomiting, diarrhea, and abdominal pain. Serious AEs (TESAEs) were more 
common in teduglutide groups but did not lead to treatment discontinuation. 
Teduglutide-specific antibodies appeared in 13–20% of patients, but neutralizing 
antibodies were found in only 4%, with no cases of intestinal stenosis, heart failure, 
or drug absorption issues. No deaths occurred.

Therefore, teduglutide effectively reduced PS needs in pediatric patients, with 
higher doses achieving greater reductions. Some patients achieved full enteral 
autonomy, and PS volume, calories, and infusion time decreased significantly. The 
treatment was well tolerated, with manageable AEs and no major safety concerns.

Teduglutide (Revestive in Europe and Canada; Gattex in the United States of 
America) was approved in 2012 for the treatment of SBS patients who need paren-
teral support, in adults and children 1 year of age and older. In adults, the recom-
mended dose is 0.05 mg/kg SubQ once daily. A treatment period of 6 months is 
recommended, after which the treatment effect should be evaluated. In children 
below the age of 2 years, treatment should be evaluated after 12 weeks. The dosage 
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for children is calculated on a mg/kg basis (see https://www.ema.europa.eu/docu-
ments/product-information/revestive-epar-product-information_en.pdf).

19.5.1.1	� Safety
The most commonly reported adverse effects (AEs) in the studies were abdominal 
pain, nausea, gastrointestinal stoma complication, and abdominal distension. 
Treatment-emergent serious AEs were acute cholecystitis and small intestinal ste-
nosis. A small percentage of patients developed antibodies, without these being 
neutralizing or causing systemic hypersensitivity [33]. In the randomized placebo-
controlled trial published by B. Jeppesen in 2011 [35], the most frequent AEs were 
abdominal pain, nausea, vomiting, and nasopharyngitis. There were no deaths 
reported during the study. In the group studied by Lauren K. Schwartz [36], gastro-
intestinal AEs and catheter-related complications were the most common (abdomi-
nal pain, nausea, constipation, catheter sepsis). In addition, three patients developed 
neoplasms, all of whom had significant risk factors. Two heavy smokers were diag-
nosed with lung cancer, while one patient with a history of Hodgkin’s lymphoma, 
previously treated with chemotherapy and radiotherapy, was found to have meta-
static adenocarcinoma.

19.5.1.2	� Special Considerations
Given that teduglutide is a growth factor capable of stimulating intestinal and 
colonic mucosal growth and polyp formation, pretreatment upper gastrointestinal 
endoscopy and colonoscopic screening are recommended, with polyp resection if 
necessary. In children under 12  years old, a fecal hemoccult test should be per-
formed before starting therapy. Additionally, caution should be exercised in patients 
at risk of intestinal obstruction, such as those with a narrowed stoma opening.

In adults, a follow-up colonoscopy is advised 2 years after treatment initiation, 
followed by regular surveillance every 5 years. In pediatric patients, a colonoscopy 
should be performed 1  year after starting treatment, with continued monitoring 
every 5 years.

If neoplasms are detected during treatment, therapy must be discontinued.
The only contraindication to teduglutide is active gastrointestinal neoplasia. 

Therefore, the GLP-2 analogue should not be used in patients suspected or diag-
nosed with malignancies or those with a history of gastrointestinal diseases within 
the past 5 years, including hepatic and pancreaticobiliary disorders.

Novel long-acting GLP-2 analogues (glepaglutide and apraglutide), which would 
allow greater spacing between administrations, were developed, but their efficacy 
on intestinal adaptation and their safety profile still need more studies [39, 40].

19.5.2	� GLP-1 Analogues

Originally developed for diabetes management, GLP-1 analogues show promise in 
reducing gastrointestinal motility, increasing transit time, and improving fluid bal-
ance in SBS patients. While research on their use in SBS is still evolving, early 
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findings suggest that GLP-1 analogues could play a valuable role in enhancing 
intestinal adaptation and improving quality of life in affected patients.

A study on five SBS patients [13], which included manometric studies, found 
that exenatide significantly improved bowel function, nutrient absorption, and qual-
ity of life. Patients experienced a notable reduction in bowel movements (from up 
to 12 per day to as few as 3), allowing for better continence, improved sleep, and 
increased daily activity. Post-meal bowel movements were delayed from 15 min to 
2–6 h, suggesting enhanced nutrient absorption. Albumin, total protein, and vitamin 
levels increased, and two patients successfully discontinued PN while maintaining 
stable weight and hydration. Manometry findings indicated that exenatide sup-
pressed continuous antral contractions, slowing gastric emptying and motility, 
which may contribute to improved absorption. The treatment was well tolerated, 
with minimal side effects, as only one patient reported nausea, which resolved with 
dose adjustment. These findings suggest that exenatide could be a promising ther-
apy for reducing PN dependence and improving overall SBS management.

A study of eight SBS-IF [41] patients with end-jejunostomy found that liraglu-
tide reduced ostomy wet weight output by 13%, leading to a 50% increase in urine 
output and improved intestinal fluid absorption. Energy absorption increased by 
9%, with higher carbohydrate uptake (53% → 62%), while lipid and protein absorp-
tion showed minor improvements.

Liraglutide was well tolerated, causing mild nausea and appetite reduction but no 
serious side effects. Body weight, composition, bone mineral content, and hormone 
levels remained unchanged, and quality of life scores showed no significant 
improvement. Despite no effect on gastric emptying, liraglutide enhanced fluid bal-
ance and absorption efficiency, suggesting potential benefits for SBS-IF patients.

A placebo-controlled study on nine SBS patients [42] (seven with end-
jejunostomies, two with partial colon continuity) evaluated the effects of GLP-1, 
GLP-2, and their combination on fluid balance, nutrient absorption, and body 
composition.

GLP treatments significantly reduced fecal wet weight output compared to pla-
cebo (GLP-1: −295  g/day, GLP-2: −387  g/day, GLP-1  +  2: −503  g/day), with 
GLP-2 and GLP-1 + 2 improving absolute wet weight absorption. Urine volume 
remained unchanged. Sodium and potassium excretion decreased with all treat-
ments, but only GLP-1  +  2 significantly increased sodium absorption (42.5%). 
Energy absorption improved, with GLP-1 + 2 leading to the largest relative increase 
(+7.0%).

GLP-1 + 2 increased total fat mass (1.8 kg) and total body mass (2.2 kg), but no 
significant changes were observed in lean mass, bone mineral content, or weighed 
body weight. GLP-1 reduced appetite, while GLP-2 decreased the perception of 
fecal production. GLP-1 also tended to increase nausea. Altogether, GLP-1, GLP-2, 
and their combination improved wet weight absorption and reduced fecal losses, 
with GLP-1 + 2 showing the most benefits in energy absorption and body composi-
tion changes.

GLP-1 analogues show promising results in SBS treatment by slowing gastroin-
testinal motility, improving fluid balance, and enhancing nutrient absorption. The 
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two molecules have an additive effect, amplifying their benefits while potentially 
mitigating each other’s adverse effects.

19.5.3	� Growth Hormone Analogues

Growth hormone was initially explored as a supplementary therapy for short bowel 
syndrome (SBS) due to its potential to enhance intestinal adaptation and reduce 
dependence on parenteral nutrition. However, inconsistent efficacy and safety con-
cerns prevented its approval for SBS treatment. While GH therapy may provide 
short-term benefits for some patients, its long-term effectiveness and safety remain 
uncertain. Further research is needed to clarify GH therapy’s role in both adult and 
pediatric SBS populations and determine its potential as a viable treatment option 
[7, 20].

In the studies available to date, the observed positive effects of GH include a 
reduction in PN dependence, which was enhanced by the addition of glutamine, as 
well as weight gain, though accompanied by increased fluid intake, likely compen-
sating for PN reductions. Reported adverse effects include peripheral edema, mus-
culoskeletal complaints, and gastrointestinal symptoms. GH was temporarily 
discontinued in four patients due to chest pain (two patients), severe edema, head-
aches, and vomiting [43].

In children and adolescents, growth hormone (GH) therapy has shown significant 
benefits in reducing parenteral nutrition (PN) dependence, increasing lean body 
mass, and promoting weight gain, with effects sustained even after treatment dis-
continuation. GH therapy maintains stable hematologic and organ function, making 
it a promising option for managing intestinal adaptation. However, adverse effects 
such as peripheral edema (94%), musculoskeletal pain (44%), and gastrointestinal 
symptoms (75%) are common, necessitating careful monitoring and dose adjust-
ments. While chest pain, headaches, and rare cases of intracranial hypertension have 
been reported, symptoms typically resolve upon temporary discontinuation or dose 
reduction. Given these findings, GH therapy offers a viable but closely monitored 
approach to improving outcomes in patients requiring PN support [44].

Nevertheless, the effects of GH on nutrient absorption diminished after discon-
tinuation in other studies, raising concerns about its long-term efficacy [19].
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20.1	� Introduction

Short bowel syndrome (SBS) is a complex condition characterized by a significant 
loss of functional small intestine, leading to malabsorption, diarrhea, electrolyte 
imbalances, and nutritional deficiencies [1, 2]. It commonly arises following exten-
sive intestinal resection due to conditions such as mesenteric ischemia, Crohn’s 
disease, volvulus, trauma, or congenital disorders, such as gastroschisis and necro-
tizing enterocolitis [3]. While medical and nutritional therapies, including total par-
enteral nutrition (TPN), play a crucial role in managing SBS, surgical interventions 
are often necessary to optimize bowel function, enhance nutrient absorption, and 
reduce complications associated with long-term parenteral support [4].

Surgical management of SBS is tailored to the individual patient’s intestinal 
anatomy, functional capacity, and clinical status. The primary objectives include 
preserving and maximizing existing bowel function, restoring intestinal continuity 
when possible, and slowing intestinal transit to improve absorption [5]. Various pro-
cedures are available, ranging from bowel-lengthening techniques—such as the 
Bianchi procedure and Serial Transverse Enteroplasty (STEP)—to reconstructive 
strategies, such as strictureplasty and bowel tapering [1, 3]. In severe cases where 
intestinal failure is irreversible, intestinal transplantation remains a viable option, 
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particularly in patients with TPN-related complications such as liver dysfunction or 
recurrent sepsis [2, 4].

A multidisciplinary approach involving surgeons, gastroenterologists, dietitians, 
and transplant specialists is essential for optimizing outcomes in patients with 
SBS. The decision to pursue surgical intervention is influenced by factors such as 
residual bowel length, presence of the ileocecal valve, degree of bowel dilation, and 
dependence on parenteral nutrition (PN) [3]. With advances in surgical techniques 
and perioperative care, many patients can achieve significant improvements in 
nutrient absorption and quality of life, with some even attaining enteral autonomy [5].

In nearly every intestinal failure (IF) team, a gastroenterologist takes on a pivotal 
role, complemented by nursing assistance and, often, contributions from a dietitian. 
In many of the more advanced programs, there is typically a specialized surgeon 
who dedicates a significant portion of their practice to IF and associated issues. The 
surgeon’s responsibility involves collaborating closely with the entire interdisci-
plinary team, participating actively in clinic sessions, and addressing all surgical 
concerns that emerge within the SBS patient group [6, 7].

In many patients, SBS typically emerges in emergency conditions, due to inci-
dents like midgut volvulus, trauma, or mesenteric ischemia. Alternatively, it can 
develop gradually following multiple surgical resections, often related to inflamma-
tory bowel disease or intricate adhesions. In acute scenarios, such as the former, a 
general on-call surgeon usually addresses the issue, while chronic, latter cases may 
require the expertise of a colorectal specialist [8].

Surgical treatment of SBS addresses issues such as intraoperative management 
of conditions predisposing to SBS in the instances stated above, ostomy manage-
ment (local treatment of a dysfunctional ostomy, closure of ostomy), management 
of fistular complications, autologous gastrointestinal (GI) reconstruction, and intes-
tinal transplantation [9, 10]. While minimally invasive methods may be applicable 
in certain instances, the intricate nature of surgery and the common history of mul-
tiple abdominal procedures often necessitate the use of traditional open techniques.

20.2	� Patient Selection for Surgical Management of SBS

Surgical intervention in SBS is not universally indicated for all patients and must be 
carefully tailored based on clinical presentation, residual bowel anatomy, and 
dependence on PN. The ideal candidates for surgical management include patients 
with significant bowel dilation, those with potential for bowel rehabilitation, and 
those experiencing complications related to their anatomy or dependence on PN [3].

Patients who may benefit from bowel lengthening procedures—such as the STEP 
procedure or the Bianchi procedure—are typically those with severe bowel dilation 
and poor motility, as these procedures can increase surface area and improve transit 
time, thereby enhancing nutrient absorption [11]. Additionally, individuals with 
segmental strictures due to conditions such as Crohn’s disease may require stric-
tureplasty or resection to restore bowel continuity while preserving as much func-
tional intestine as possible [2].
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Another category of patients requiring surgical intervention includes those with 
persistent high-output enterostomies or malabsorptive diarrhea that cannot be ade-
quately controlled with medical therapy. These patients may benefit from intestinal 
continuity restoration surgeries that reconnect remaining bowel segments to improve 
fluid and electrolyte balance [1]. In contrast, patients with chronic complications of 
PN, such as parenteral nutrition–associated liver disease (PNALD) or recurrent 
catheter-related bloodstream infections, may require intestinal transplantation, par-
ticularly if they have irreversible intestinal failure and cannot transition to enteral 
feeding [4].

Ultimately, the decision to pursue surgery is highly individualized and should 
involve a multidisciplinary team, including surgeons, gastroenterologists, and nutri-
tionists, to assess the risks and benefits of the procedure and determine the likeli-
hood of achieving enteral autonomy [5]. Surgical strategies are most effective when 
combined with nutritional rehabilitation and pharmacologic interventions aimed at 
optimizing bowel adaptation and function.

20.3	� Surgical Management of SBS

Table 20.1 summarizes the main surgical options currently available for the man-
agement of SBS. Daily practice also faces the need for hybrid procedures depending 
on patient characteristics that stress the need for tailored therapy. Throughout the 
current section, we approach the main SBS management strategies currently backed 
by evidence.

20.3.1	� Intraoperative Management of Conditions 
Predisposing to SBS

A crucial intraoperative approach is to refrain from extensive resection unless it is 
unequivocally warranted. Decisions regarding resection margins and the manage-
ment of intestinal lesions should be made only after a comprehensive evaluation of 
the entire situation. Approaches such as stricturoplasty, intestinal tapering, and 

Table 20.1  Surgical options in SBS

Correction of slow transit ��• � Diagnosis and surgical treatment of strictures, partial 
obstructions, blind loops, or enteroenteric fistulas

Improvement of intestinal 
motility in dilated bowel

��•  Tapering enteroplasty
��• � Longitudinal intestinal lengthening and tailoring (Bianchi 

LILT procedure)
��•  Serial transverse enteroplasty (STEP)

Decrease in intestinal transit in 
non-dilated bowel

��•  Segmental reversal of the small bowel (SRSB)
��•  Isoperistaltic colonic interposition

Increase of mucosal surface ��•  Sequential intestinal lengthening
��•  Controlled tissue expansion
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serosal patching can be advantageous in addressing particular lesions that would 
typically necessitate resection. Most strictures can be effectively managed using a 
stricturoplasty technique in a Heineke–Mikulicz pyloroplasty fashion. This involves 
a longitudinal incision directly over the narrowed segment, followed by a transverse 
closure to widen the lumen. To ensure adequate patency, the incision should extend 
approximately 1  cm beyond both the proximal and distal ends of the stricture. 
Closure of the enterotomy may be performed using either a single-layer or two-
layer suture technique, depending on the surgeon’s preference and the condition of 
the bowel. Additionally, care should be taken to avoid the creation of blind loops, 
which can contribute to stasis and complications such as bacterial overgrowth [12].

Serosal patching offers a valuable surgical option for addressing localized intes-
tinal problems such as persistent fistulas, strictures, or small defects, especially 
when the affected bowel segment is difficult to mobilize. The technique involves 
suturing a healthy segment of adjacent bowel—typically another loop of small 
intestine or colon—so that its serosal surface lies flush against the damaged area. A 
seromuscular-to-seromuscular anastomosis is fashioned using either interrupted or 
continuous sutures, creating a stable patch over the lesion. Over time, mucosal 
regeneration occurs, as epithelial cells from the surrounding intestine migrate later-
ally to cover the serosal graft, effectively integrating it into the native mucosa [13].

Intestinal ischemia presents a significant intraoperative challenge that necessi-
tates immediate evaluation and intervention. The alleviation of mesenteric obstruc-
tion or constriction should be the primary focus, and the affected bowel should be 
enveloped in warm, moist packs to facilitate reperfusion. Signs of intestinal viabil-
ity include enhanced coloration, observable peristalsis, and the reestablishment of 
mesenteric pulsations. Direct palpation of mesenteric vessels can aid in identifying 
the root cause of the ischemia. Doppler ultrasonography and indocyanine green 
(ICG) fluorescence angiography can aid the surgeon in assessing perfusion. If pos-
sible, efforts should be made to undertake revascularization to preserve potentially 
viable bowel segments. Clearly necrotic areas must be excised, while segments of 
uncertain viability should be scheduled for a second-look laparotomy after 
stabilization.

The creation of an ostomy should be evaluated in patients who are unstable, in 
situations where bowel viability is in doubt, or when the remaining length of the 
small intestine is less than 60 cm. In cases where a second-look surgery is expected, 
temporary discontinuity via stapled bowel ends may be suitable. Whenever a viable 
distal segment exists, efforts should be made to restore intestinal continuity [9, 10].

20.3.2	� Ostomy Management

20.3.2.1	� Preoperative Planning of the Stoma Site
Preoperative stoma site marking is a critical step in surgical planning for patients 
undergoing bowel diversion. A joint position statement by the American Society of 
Colon and Rectal Surgeons and the Wound, Ostomy, and Continence Nurses Society 
(WOCN) emphasizes its importance in reducing postoperative complications. 
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Although the guidelines primarily focus on patients without prior ostomies or 
enterocutaneous fistulas, the same principles can be adapted to cases with existing 
stomas or fistulas. Studies consistently show that patients who are marked preopera-
tively by a trained ostomy specialist experience fewer stoma-related complications 
and improved functional outcomes [9, 10].

Key elements of effective stoma site selection include placing the stoma within 
the rectus abdominis muscle, evaluating the site in multiple patient positions (sit-
ting, standing, supine), and avoiding areas of scarring, skin folds, or interference 
with clothing and belts. While access to certified ostomy nurses may not always be 
available, it is essential that surgeons are familiar with these core principles. 
Ultimately, intraoperative judgment determines final stoma placement, but incorpo-
rating proper preoperative marking techniques—especially in complex cases—can 
significantly improve long-term management and quality of life for patients [9, 10].

20.3.2.2	� Ostomy Care Principles
Basic ostomy care begins with maintaining healthy peristomal skin. The area should 
be gently cleaned using plain water or a pH-balanced soap, rinsed with tap water, 
and dried by patting—never scrubbing. Harsh substances such as alcohol, betadine, 
or hydrogen peroxide should be avoided. Adhesive residue can be removed with 
specialized adhesive remover wipes or sprays; if oil-based, these products should be 
washed off thoroughly to ensure adequate adhesion. Patients should be cautioned 
against picking or aggressively removing barrier material from the skin, as this can 
lead to damage. During pouch changes on an active stoma, a bedside suction device 
with a Yankauer tip can help manage effluent stool, but care must be taken to avoid 
direct contact with the bowel [1, 9, 10].

Supply management is an important aspect of long-term ostomy care. Ostomy 
products are generally covered by medical insurance, but specific coverage varies, 
and copays may apply. When a home health agency is involved, they typically pro-
vide supplies during the active care period. Patients with SBS or complex ostomies 
often benefit from working with agencies experienced in such conditions. Supply 
costs can escalate quickly when there are persistent issues such as leakage or skin 
breakdown [6, 7].

Complex ostomy cases demand a methodical, individualized approach to finding 
the most effective pouching system. Delayed intervention in the face of peristomal 
complications can lead to skin deterioration, infection, or hospitalization. Early 
involvement of ostomy care specialists is recommended in difficult cases to opti-
mize management before conditions worsen. In scenarios where pouching remains 
problematic despite best efforts, referral to a surgeon for evaluation of potential 
surgical revision or intervention should be considered to restore function and 
improve quality of life [9, 10, 14].

20.3.2.3	� Ostomy Care for High-Output Stomas
High-output stomas are a common challenge in patients with short bowel syndrome 
(SBS), particularly in the early postoperative period. Output is typically liquid and 
high in both digestive enzymes and alkaline, making it caustic to the skin. The 
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amount and consistency of effluent are influenced by the type and length of remain-
ing bowel, patient adherence to the treatment plan, and the phase of intestinal adap-
tation. High output is generally defined as exceeding 2 L/day and is often associated 
with symptoms such as dehydration, electrolyte imbalances, and early weight loss, 
with malnutrition becoming a concern in the longer term [6, 7].

While the core principles of ostomy care remain the same, patients with ABS 
require more intensive management due to the high volume and irritant nature of the 
effluent. A key goal is to identify a pouching system that provides consistent wear 
time and maintains skin integrity. Average wear times for standard colostomies and 
ileostomies range from 3 to 4 days, but no standard exists for high-output stomas 
due to variability in effluent volume and stoma anatomy. Regular assessment of bar-
rier seal performance is essential. During pouch changes, the wafer should be exam-
ined for signs of erosion, moisture absorption, or leakage to guide reinforcement 
with barrier rings or caulking agents [9, 10, 15].

The physical characteristics of the stoma—such as height, location, and lumen 
orientation—play a major role in appliance effectiveness. Ideally, the stoma should 
protrude approximately 2 cm above the skin surface, with the lumen at the apex to 
allow efficient flow into the pouch. Stomas positioned within skin folds, near scars, 
or with low profiles increase the risk of leakage and skin breakdown. Although these 
anatomical features cannot easily be altered postoperatively, recognizing their 
impact can guide pouching strategies and the need for additional supportive materi-
als [16].

Patients with SBS often present with challenging abdominal contours due to 
prior surgeries and weight loss, resulting in soft, doughy, or fibrotic skin. To prop-
erly assess pouching system fit, it is important to evaluate the peristomal area in 
multiple patient positions—lying, sitting, standing, and bending—to identify poten-
tial stress points on the barrier. These dynamic assessments allow for more person-
alized and effective management plans, minimizing the risk of barrier failure and 
improving patient outcomes [17].

20.3.2.4	� Barrier Products and Wafers
Barrier products play a critical role in protecting the peristomal skin, especially in 
patients with SBS, where stoma effluent is typically high in volume and enzymati-
cally active. Moisture-associated skin damage, rashes, and erosions are not expected 
outcomes of an ostomy and often indicate a compromised pouch seal. Barrier prod-
ucts are designed to maintain the integrity of the skin, smooth uneven peristomal 
surfaces, and support a secure wafer attachment. These include liquid skin barriers, 
powders for denuded or weeping skin, and caulking agents, such as pastes, strips, or 
rings that help create an even, sealed surface around the stoma. When treating irri-
tated skin, alcohol-free products should be used to minimize pain and further trauma 
[9, 10].

Wafers, which serve as the adhesive base for the ostomy pouch, come in flat or 
convex forms and in standard or extended-wear options. Convex wafers are useful 
when the peristomal skin is uneven, scarred, or pliable, as they help improve stoma 
protrusion and seal integrity. Convexity can range from soft and flexible to rigid, 
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with selection based on the firmness and contour of the abdominal wall. Extended-
wear wafers are typically recommended for high-output ostomies, as they contain 
additional substances to resist breakdown from frequent or liquid effluent. Wafers 
should be cut to fit within 3 mm of the stoma margin and resized periodically, espe-
cially if the stoma changes due to weight fluctuation or surgical recovery [9, 10].

Proper fit and barrier performance should be evaluated with every pouch change. 
The back of the wafer should be inspected for signs of leakage, erosion, or excessive 
moisture absorption, which may suggest a need for additional reinforcement or a 
different barrier configuration. An ostomy belt may enhance convex wafer perfor-
mance if the stoma lies at the natural waistline. For stomas above or below this level, 
belts may shift with movement and cause leaks, requiring alternative support solu-
tions [9, 10, 18].

20.3.2.5	� Ostomy Pouches and High-Output Considerations
Ostomy pouches are designed to be odor-proof and water-resistant and are available 
in one-piece or two-piece systems. One-piece pouches have the wafer and pouch 
fused together, while two-piece systems allow the pouch to detach from the wafer 
using mechanical or adhesive couplings. Features such as built-in filters, tail clo-
sures, and varying pouch sizes are generally selected based on patient preference 
and output type. Pouches are usually changed every 2–3 days, in coordination with 
wafer changes [9, 10, 19].

In patients with high-output ostomies, larger-capacity pouches with drainage 
spouts are recommended to handle the volume and weight of liquid effluent. 
Allowing the pouch to overfill can stress the wafer seal and contribute to peristomal 
breakdown. Patients should be educated to empty their pouch when it reaches one-
third to one-half capacity. For extremely high volumes, connecting the pouch to a 
dependent drainage system—such as a bedside collection bag—can reduce strain on 
the seal and improve comfort. These systems are typically changed monthly and 
should be disinfected regularly with a diluted bleach solution [20].

20.3.2.6	� Restoring Intestinal Continuity
Determining the appropriate timing and necessity of restoring intestinal continuity 
in patients with a distal small bowel or colonic remnant is a critical component in 
the management of SBS. More than 50% of patients initially receive an ostomy dur-
ing their primary resection, frequently due to the urgent nature of the surgical pro-
cedure, doubts regarding the perfusion of the remaining bowel, preexisting colonic 
conditions, or concerns about immediate postoperative functionality [9, 10, 21].

From a functional standpoint, restoring continuity offers several potential bene-
fits. Reintegrating segments of residual small bowel or colon can enhance nutrient 
absorption and overall intestinal function. In appropriate cases, this can help reduce 
or eliminate the need for long-term parenteral nutrition (PN). Additional advantages 
include elimination of the stoma, increasing the patient’s quality of life.

However, this decision must be carefully individualized, considering several key 
factors: (i) length of the remaining small intestine (generally, ≥60–90 cm is favor-
able); (ii) presence and function of the ileocecal valve; (iii) condition and functional 
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capacity of the colon; and (iv) patient’s overall health and surgical risk profile. 
Although functional improvements may be achievable, it is important to acknowl-
edge the possible disadvantages. Restoring continuity might result in complications, 
including diarrhea induced by bile acids, breakdown of the perianal skin, and an 
elevated risk of kidney stones, particularly when there is an increase in oxalate 
absorption within the colon. In certain situations, these negative outcomes could 
overshadow the advantages, especially in patients with limited bowel length or 
notable comorbidities [22].

In practice, only a limited percentage (approximately 25%) of patients with SBS 
who initially receive a stoma ultimately achieve a successful reversal. For certain 
individuals, the stoma is retained permanently due to elevated surgical risks or 
anticipated suboptimal postoperative function. In specific instances, transitioning a 
high-output proximal stoma to a more distal location may serve as a viable compro-
mise, enhancing nutritional absorption while minimizing the risk of severe diar-
rhea [23].

While the traditional approach has been to delay reentry into the abdomen for 
6 months or more, following complex surgery, clinical experience now suggests that 
repeat operations are often safely feasible after approximately 3  months, and in 
some cases, even earlier. The timing of reoperation, however, requires careful surgi-
cal judgment, considering the specific circumstances and complications of previous 
procedures. If a surgeon determines that a longer delay is necessary, the patient 
should be considered for referral to a specialized center with expertise in complex 
intestinal reconstruction [24].

20.3.3	� Surgical Management of Enterocutaneous Fistulas

Enterocutaneous fistulas (EFs) most commonly occur as a postoperative complica-
tion, with up to 90% arising after abdominal surgery. Unlike surgically planned 
stomas, EFs develop unpredictably, often emerging in anatomically challenging 
locations, such as skin folds, wound edges, or over scar tissue—areas that compli-
cate appliance adherence and effluent control. EFs are classified based on their out-
put volume, anatomical origin, underlying cause, and number of fistula tracts, all of 
which influence management strategy. Successful care requires coordination 
between the surgical team, WOC nurses, nutritionists, and bedside clinicians, par-
ticularly in patients with high-output fistulas and short bowel syndrome [6, 7, 25].

The primary surgical management goals mirror those of ostomy care: protect the 
perifistular skin, contain effluent, manage odor, and establish a secure pouching 
system when needed. Low-output fistulas (<100 mL/day) may be managed conser-
vatively using absorptive dressings like gauze, foam, or hydrofiber, with careful 
skin protection using ointments or zinc-based pastes. Fistulas with higher output 
generally require a pouching system, tailored to the location, number, and configu-
ration of the fistula(s). Evaluating the patient in multiple positions helps anticipate 
how skin creases and body contours may affect seal integrity and wear time [9, 
10, 26].

V. Scripcariu et al.



227

For high-output or complex EFs, pouching begins with leveling the skin around 
the fistula. This may involve the use of caulking materials or custom fillers, such as 
a paste-and-powder mixture, to fill in surface irregularities and accommodate move-
ment. Standard ostomy appliances, commercial fistula management systems, or 
custom-cut barriers can be used, depending on the availability of intact skin around 
the fistula (typically requiring at least 2–3 in. for adequate adhesion). Templates are 
created to guide cutting of the appliance, ensuring a margin of intact skin is pre-
served. Internal dressings can be maintained within wound managers using systems 
that feature access windows, extending the functional life of the pouch and mini-
mizing the frequency of full appliance changes [9, 27, 28].

Advanced drainage options may be necessary for patients with high-volume or 
continuous fistula output. Many pouch systems include a drainable spout or port 
that can be connected to dependent drainage (e.g., Foley bag) or suction systems. 
For suction, a drain (e.g., red rubber catheter, JP tube) may be inserted into the 
pouch port and secured with a stabilizer, allowing continuous evacuation of liquid 
effluent. Solid food intake may need to be limited, as particulate matter can clog 
tubing. When not on drainage, the pouch should be emptied when one-third to one-
half full in order to avoid excessive weight on the wafer, which could compromise 
seal integrity and increase the risk of skin breakdown or leakage [29].

Negative pressure wound therapy (NPWT) can be used in conjunction with an 
ostomy pouch to manage open abdominal wounds complicated by enterocutaneous 
fistulas (EFs). The key principle is the isolation of the fistula from the surrounding 
wound bed to allow simultaneous control of fistula output and promotion of granu-
lation and healing. This is achieved by first applying barrier products around the 
fistula to protect the skin and create separation. The open wound is then dressed 
with NPWT foam or gauze, typically layered over a protective nonadherent mesh to 
prevent direct contact with exposed bowel or viscera. A transparent occlusive drape 
is applied to create an airtight seal, and negative pressure is initiated [9, 10, 30].

Once suction is established, a small opening is cut in the drape directly over the 
isolated fistula, and an ostomy pouch is applied to collect effluent. This technique is 
most effective when the fistula is stomatized, well defined, and positioned in a way 
that allows for clear separation from the wound. It is crucial to understand that 
NPWT is not suitable for directly managing fistula effluent, as thick drainage can 
clog the suction system and compromise function. Instead, NPWT should focus on 
wound healing while effluent is diverted through a separate, appropriately fitted 
pouching system. Proper implementation of this combined approach can reduce 
complications, improve skin integrity, and enhance healing in complex abdominal 
wounds involving EFs [9, 10, 29, 30].

20.3.4	� Surgical Management of Percutaneous Enteral Tube Sites

Percutaneous enteral tubes, such as gastrostomy or jejunostomy tubes, are fre-
quently associated with minor complications including skin irritation, leakage, 
bleeding, infection, and hypergranulation tissue formation. These issues are often 
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exacerbated by poor tube positioning, excess movement, or incorrect dressing prac-
tices. From a surgical standpoint, proper tube placement and secure anchoring are 
critical in preventing stoma site enlargement and subsequent leakage. The external 
retention bumper should sit lightly on the skin—typically 0.5–1 cm above the sur-
face—to prevent pressure injuries while minimizing mobility. Excessive tightening 
or looseness can result in pressure ulcers or leaks, both of which compromise skin 
integrity and can increase the risk of infection or need for tube revision [31].

Routine site care and inspection are essential to identify early signs of break-
down, such as moisture-associated dermatitis, denudation, or infection. Daily gentle 
cleaning with mild soap and water under the retention bumper, without shifting or 
sliding the bumper, helps prevent damage over time. Use of harsh chemicals or 
routine topical antibiotics should be avoided, as they may worsen skin conditions. 
For minor irritation, alcohol-free barrier wipes and oil-based ointments may provide 
adequate protection. Leakage should be managed promptly, as gastric or enteric 
effluent is caustic and can rapidly break down the surrounding skin. Frequent dress-
ing changes and minimizing moisture retention are key to preventing further 
complications.

Pressure injuries and hypergranulation tissue are common with improperly 
secured tubes or when retention bumpers apply constant pressure. Thin foam or 
alginate dressings may help relieve localized pressure, but the underlying cause—
such as a tight bumper or short tube length—must be corrected. Hypergranulation 
can lead to persistent drainage, pain, and bleeding, and may require treatment with 
silver nitrate, topical steroids, moisture-managing dressings, or surgical excision 
under local anesthesia. Surgical teams should monitor tube site healing closely, par-
ticularly in high-risk patients (e.g., obese, immunocompromised, diabetic), and 
intervene early to prevent chronic wound complications [32].

Correct tube anchoring is one of the most effective strategies to reduce stoma 
complications. Tubes lacking built-in retention devices should be immobilized 
using adhesive patches, commercial tube holders, or custom solutions, such as 
anchoring with a modified ostomy wafer and baby bottle nipple setup. These meth-
ods provide cost-effective, patient-specific stabilization to prevent in/out motion of 
the tube, which can enlarge the stoma tract and perpetuate leakage. Simply upsizing 
the tube to manage leakage is not a definitive solution and may worsen the problem 
if mobility persists.

From a surgical management perspective, minimizing complications begins with 
proper placement technique, appropriate site selection, and careful attention to 
abdominal wall anatomy. Follow-up should include patient and caregiver education 
on daily care, recognition of early signs of skin compromise, and maintenance of 
tube positioning. When persistent site issues occur despite optimal care, referral to 
a wound care specialist or surgical re-evaluation may be necessary to prevent esca-
lation to more serious wound or infectious complications.
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20.3.5	� Autologous Gastrointestinal Reconstruction

Autologous gastrointestinal reconstruction pertains to the surgical alteration of the 
existing small or large intestine in patients with short bowel syndrome. This process 
typically employs surgical methods designed to address intestinal dilation, thereby 
enhancing the exposure of the mucosal absorptive surface to the enteric flow. 
Candidates for autologous reconstruction must not have responded to standard med-
ical treatment and present with small intestine dilation exceeding 3.5 cm. A range of 
surgical techniques is available for modifying the dilated intestine, aiming to 
enhance overall functionality. The outcomes associated with these techniques, both 
in the short and long term, are generally comparable [6, 7].

One of the consequences of SBS is the progressive dilation of the residual small 
intestine, often occurring without a clear mechanical obstruction. While the exact 
mechanism remains uncertain, this dilation may be part of the natural intestinal 
adaptation process. In some cases, however, it results from partial obstructions, 
which can be surgically relieved to allow the bowel to return to a more normal cali-
ber. In certain instances, some surgical approaches have been proposed to intention-
ally induce near-complete obstruction to promote dilation, serving as a preparatory 
step for autologous bowel reconstruction procedures [33].

These autologous reconstruction techniques, often referred to as “lengthening 
procedures,” are aimed not only at increasing intestinal length but more importantly 
at normalizing luminal diameter. Dilated bowel segments often exhibit poor motil-
ity and are prone to bacterial overgrowth due to stasis and remixing of intestinal 
contents, which impairs tolerance of enteral feeding. Surgical tapering or entero-
plasty addresses these issues by reducing the diameter of the bowel, improving 
motility, enhancing nutrient absorption, and potentially enabling weaning from par-
enteral nutrition. The perceived lengthening effect is thus secondary to the func-
tional benefits achieved through reshaping the bowel [34].

There remains some debate in the surgical community regarding the role of dila-
tion as a potentially beneficial adaptation. Some advocate for promoting or preserv-
ing dilation to maximize mucosal surface area, followed by planned enteroplasty. 
This approach suggests that dilation can be harnessed rather than reversed to 
improve long-term outcomes. Others argue for early intervention to restore normal 
diameter and function. At present, the optimal strategy remains uncertain, and surgi-
cal decisions must be individualized based on patient anatomy, symptoms, and 
nutritional goals.

20.3.6	� The Longitudinal Intestinal Lengthening 
and Tapering Procedure

The Longitudinal Intestinal Lengthening and Tapering (LILT) procedure, also 
known as the Bianchi procedure, is a surgical technique developed in the 1980s to 
address bowel dilation and insufficient intestinal length in patients with short bowel 
syndrome. The procedure takes advantage of the mesenteric blood supply, which 
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fans out to each side of the intestine, allowing for safe longitudinal division of the 
bowel into two parallel, well-vascularized segments. LILT is typically applied to 
moderately or severely dilated segments of small intestine, excluding short seg-
ments (<10 cm), the duodenum, and areas that have previously undergone entero-
plasty (with some exceptions) [6, 7, 35].

The surgery begins by opening the dilated segment longitudinally along its 
antimesenteric border. The surgeon then develops the plane between the two mesen-
teric vascular pedicles. With careful dissection and traction, the bowel is divided 
into two equal halves, each supported by its own mesenteric blood supply. These 
segments are then tubularized and reconnected in a looped “lazy S” configuration, 
which maintains isoperistalsis. This reconstruction aims not only to lengthen the 
intestine but also to normalize luminal diameter and improve motility, reducing 
complications like bacterial overgrowth and poor nutrient absorption.

There are variations in surgical technique. In the original description, the bowel 
was divided manually using electrocautery and sutured by hand. A modified 
approach uses a longitudinal stapler to divide the bowel more rapidly, but this 
method has been associated with a higher rate of certain complications, such as 
staple-line breakdown or intraloop fistula formation, especially if not executed with 
meticulous technique.

Surgical risks include the standard complications of major gastrointestinal sur-
gery—such as anastomotic leak, bleeding, and infection—as well as unique risks 
like segmental ischemia or necrosis due to compromised blood supply. Long-term 
issues may include stricture formation and fistulas between adjacent loops, particu-
larly when stapling is used instead of hand sewing. These risks emphasize the need 
for careful patient selection, surgical expertise, and close postoperative monitoring. 
Long-term outcomes following LILT are highly variable, largely influenced by 
patient anatomy, and the expertise of the surgical center. Reported success rates for 
complete weaning from parenteral nutrition range widely—from as low as 4% to as 
high as 100%—with an average of around 70%. Most patients who achieve enteral 
autonomy do so within 1–2 years postoperatively. Ultimately, LILT remains a valu-
able option for select patients with SBS and dilated small bowel, particularly when 
performed in experienced centers with a multidisciplinary approach to postopera-
tive care [36, 37].

20.3.7	� The Serial Transverse Enteroplasty Procedure

The STEP procedure, introduced in 2003 by Kim et al., has become the most com-
monly performed bowel-lengthening surgery worldwide for the treatment of short 
bowel syndrome. STEP involves applying a series of alternating transverse staple 
lines along a dilated segment of bowel using a gastrointestinal anastomosis stapler. 
This zigzag pattern effectively reduces the luminal diameter to approximately 2 cm 
while simultaneously increasing the overall length of the intestine—sometimes by 
more than 100%, depending on the segment’s initial diameter. This is a key 
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advantage over the LILT (Longitudinal Intestinal Lengthening and Tapering) proce-
dure, which typically cannot achieve more than a 100% length gain [5, 6, 36].

Surgical precision is critical during the STEP procedure. Staple lines must cross 
the longitudinal midline of the bowel in an alternating pattern to form an effective 
and uniform zigzag. The orientation of the bowel must be carefully maintained 
throughout the operation to ensure symmetrical tapering and avoid twisting or mis-
alignment. While staple firings can be performed either transversely or in a mesen-
teric-to-antimesenteric fashion, the latter may offer better control of alignment. A 
small incision in the mesentery is often required to facilitate proper stapler place-
ment while avoiding vascular injury. Once complete, all staple lines should be 
inspected and reinforced as needed [37].

One of STEP’s advantages is its versatility and adaptability. The procedure can 
be repeated in segments that have previously undergone STEP or even a LILT pro-
cedure, and it can be applied to short dilated segments or, with caution, portions of 
the duodenum. However, repeat operations can be challenging if the initial staple 
lines were poorly aligned or placed off-axis. In such cases, restoring uniform lumi-
nal diameter may require a combination of extending staple lines, adding new ones, 
or performing excisional tapering. Nevertheless, repeat STEP procedures have 
shown outcomes comparable to primary surgeries when performed by experi-
enced hands.

A more recent extension of the STEP technique involves its use in infants during 
their initial surgery, such as in cases of intestinal atresia. This is intended to address 
discrepancies in diameter between a dilated proximal bowel and a narrower distal 
segment, which can impair anastomotic function. Historically, proximal tapering 
enteroplasty was used in such cases, but surgeons now sometimes opt for 
STEP. However, the short staple lines typical of these neonatal procedures often fail 
to maintain a reduced diameter long term. When reoperation is needed, these previ-
ously stapled segments can complicate subsequent attempts at effective tapering, 
and long-term outcomes for this indication remain unclear. This application should 
therefore be reserved for centers with expertise in complex intestinal reconstruc-
tion [38].

In terms of operative safety, STEP can generally be performed with low morbid-
ity when done by skilled surgeons. Complication rates are similar to those observed 
with LILT, though STEP appears to have a lower risk of intraloop fistulization, pos-
sibly due to the standardized stapling technique. Following a successful STEP, 
patients often show gradual reduction in dependence on parenteral nutrition over 
6–12  months, with a corresponding increase in enteral intake. Reported rates of 
parenteral nutrition weaning vary widely, from 20% to 100%, with an average of 
60–70%, which is similar to outcomes seen with LILT [38, 39].

Long-term complications of STEP include recurrent bowel dilation, stricture for-
mation, and delayed gastrointestinal bleeding. Recurrent dilation may result from 
technical inadequacies during the initial procedure or from progressive underlying 
bowel pathology. Strictures are typically the result of overcorrection—narrowing 
the lumen too aggressively in an effort to lengthen the bowel—leading to impaired 
flow and feeding intolerance. These often require surgical revision, such as 
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stricturoplasty or segmental resection. Delayed GI bleeding is less common but may 
also necessitate intervention.

An additional concern observed in some cases is the development of an unex-
plained inflammatory response in distal segments of the small intestine, often near 
the colon. These segments do not show ischemia and are not associated with similar 
changes elsewhere in the bowel. The etiology is unclear but may involve altered 
microbial populations following bowel reconstruction. In select cases, this inflam-
matory response has recurred even after resection and may respond to immuno-
modulatory therapy. This highlights the need for long-term follow-up and 
individualized management in patients undergoing STEP.

20.3.8	� The Spiral Intestinal Lengthening and Tapering Procedure

The Spiral Intestinal Lengthening and Tapering (SILT) procedure is a recently 
developed enteroplasty technique designed for use in dilated bowel segments, par-
ticularly those that are appropriate for LILT but may be too short to allow traditional 
longitudinal division. It is not typically suited for reoperations following prior 
enteroplasty. The surgical technique involves marking the bowel orientation and 
creating a series of alternating 60° spiral incisions along the length of the dilated 
segment. This configuration enables the surgeon to apply longitudinal traction, 
effectively lengthening the bowel and tapering its diameter. The cut edges are then 
reanastomosed to form a narrowed, isoperistaltic segment, preserving the natural 
direction of peristalsis [40].

Unlike the STEP procedure, which creates a zigzag configuration and may alter 
peristaltic flow, SILT aims to maintain the bowel’s native longitudinal alignment, 
potentially offering better physiological motility. While early technical results are 
promising, and perioperative morbidity appears comparable to that of other entero-
plasty procedures, published outcome data remain limited due to the novelty of the 
technique. Further studies are needed to evaluate its long-term impact on enteral 
tolerance and nutritional autonomy in patients with short bowel syndrome [41].

20.3.9	� The Excisional Tapering Enteroplasty

The tapering enteroplasty is a valuable surgical option for managing bowel dilation, 
particularly when the goal is to reduce luminal diameter without altering the native 
orientation of smooth muscle fibers or the myenteric plexus. The most widely used 
method is the longitudinal excisional tapering enteroplasty, which involves resect-
ing a strip of the antimesenteric bowel wall along the dilated segment, typically 
using a stapler [42]. This reduces the diameter of the bowel to a more physiologic 
size, thereby improving the volume-to-surface area ratio, which enhances motility 
and nutrient transit. The procedure preserves the bowel’s longitudinal structure, 
allowing for the later application of other enteroplasty techniques (e.g., STEP, SILT, 
or LILT) if needed.
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This technique is most appropriate when bowel length is sufficient and further 
lengthening would not significantly improve function. It is especially effective in 
the duodenum, where dilation can hinder gastric emptying, and in short, dilated seg-
ments, particularly in areas previously modified by STEP where additional trans-
verse staple lines cannot be placed. Although tapering results in a modest loss of 
absorptive surface, this trade-off is usually acceptable when it leads to improved 
luminal uniformity and function. In certain rare disorders like intestinal myopathies 
or idiopathic dilation, tapering can be performed over long segments—sometimes 
up to 200 cm—requiring careful attention to avoid over-narrowing and to maintain 
bowel orientation.

A nonexcisional variation of the tapering enteroplasty exists, where the antimes-
enteric surface is imbricated rather than resected. This technique reduces the diam-
eter by folding excess tissue inward, minimizing the risk of leaks. However, it is less 
effective in bulky bowel segments and has a tendency to re-dilate over time, poten-
tially compromising long-term outcomes. While it may have selected use—such as 
in high-risk duodenal segments where leak avoidance is critical—excisional taper-
ing remains the preferred and more reliable technique in most cases due to its dura-
ble and functional results [43].

20.3.10	� Operations to Slow Intestinal Transit in the Absence 
of Bowel Dilatation

In patients with SBS but without significant bowel dilation, certain surgical proce-
dures aim to slow intestinal transit to enhance nutrient absorption. One of the most 
promising techniques is segmental reversal of the small bowel (SRSB), which 
involves reversing a 10–12 cm segment of small intestine to create an antiperistaltic 
segment, typically placed just upstream of a stoma or small bowel-colon anastomo-
sis. Factors associated with better outcomes include earlier timing after enterec-
tomy, longer reversed segments, and extended care within a nutrition-focused 
program [44, 45].

Another less commonly performed option is isoperistaltic colonic interposition, 
in which a segment of colon is inserted into the small bowel while maintaining the 
direction of peristalsis. Although initially described in animal models, limited 
human data exist. The largest series followed six infants, three of whom achieved 
enteral autonomy within 4 months. However, the remaining three failed to wean 
from PN and died within 2 years. Given the mixed outcomes and the advancement 
of intestinal transplantation, this approach is considered experimental and should be 
approached cautiously, especially in infants with severe SBS [46, 47].
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20.4	� The Future of Surgical Management of SBS

The future of surgical management of SBS is evolving with advancements in regen-
erative medicine, bioengineering, and innovative surgical techniques, aiming to 
improve long-term outcomes and reduce dependence on PN. One of the most prom-
ising developments is tissue engineering and bioartificial intestine fabrication, 
where researchers are exploring the use of stem cells, scaffold-based tissue regen-
eration, and intestinal organoids to grow functional intestinal tissue for transplanta-
tion [48]. This approach has the potential to restore absorptive function without the 
need for traditional transplantation and immunosuppression.

Additionally, refinements in intestinal lengthening procedures, such as robot-
assisted and minimally invasive techniques may allow for more precise anastomotic 
reconstruction, reducing postsurgical complications such as strictures, dysmotility, 
and bacterial overgrowth [49]. Advances in intestinal transplantation are also mak-
ing significant strides, with improvements in immunosuppressive protocols, toler-
ance induction strategies, and gene editing, potentially reducing the risk of graft 
rejection and long-term complications [50].

Furthermore, the integration of AI and precision medicine into surgical planning 
and postoperative monitoring is expected to enhance decision-making and predict 
individualized patient outcomes, leading to more personalized and effective inter-
ventions [51]. As these technologies continue to develop, the future of SBS surgery 
is moving toward less invasive, more regenerative, and highly personalized treat-
ment approaches, ultimately improving quality of life and enteral autonomy for 
patients.

20.5	� Conclusions

The surgical management of short bowel syndrome (SBS) presents a complex and 
evolving challenge, requiring a highly individualized, multidisciplinary approach. 
Surgeons play a critical role, from initial emergency interventions to intricate bowel 
reconstruction and continuity restoration. Despite significant advances in tech-
niques such as longitudinal and transverse enteroplasty, autologous gastrointestinal 
reconstruction, and improved ostomy and fistula care, many patients continue to 
face substantial hurdles in achieving long-term intestinal autonomy.

Key challenges remain in determining the optimal timing and selection of recon-
structive procedures, particularly in the setting of severe bowel dilation or high-
output stomas. While methods like STEP and LILT have improved outcomes, the 
risk of complications, such as strictures, fistulization, and recurrent dilation, per-
sists. Furthermore, managing high-output stomas and enterocutaneous fistulas still 
relies heavily on specialized wound and ostomy care, which may not be universally 
accessible.

Another unresolved issue lies in predicting which patients will benefit from 
restorative procedures and which may ultimately require intestinal transplantation. 
Functional outcomes vary widely, and there is currently no standardized algorithm 
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to guide surgical decision-making across diverse patient presentations. The role of 
novel techniques, such as SILT, and the long-term implications of reversing intesti-
nal segments or utilizing colonic interpositions also require further validation 
through clinical trials and long-term studies.

Ultimately, the goal of surgical care in SBS is not only to restore anatomy but 
also to optimize function, preserve quality of life, and reduce dependence on paren-
teral nutrition. Continued innovation, improved access to multidisciplinary teams, 
and more robust outcome data are essential for addressing the persistent gaps in care 
and improving prognosis for this complex patient population.
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21Intestinal Transplantation in Short 
Bowel Syndrome

Daniel Timofte, Sebastian Zenovia, and Cristina Muzica

21.1	� Introduction

Short bowel syndrome (SBS) occurs when the small intestine reaches less than 
180–200 cm, following intestinal resection, when the typical length ranges from 
275 to 850 cm. It is the most common cause of intestinal failure (IF), which the 
European Society for Clinical Nutrition and Metabolism defines as a condition 
where the gut’s functionality is insufficient to absorb essential macronutrients, 
water, or electrolytes, making intravenous supplementation necessary to sustain 
health or support growth [1].

The number of hospitalizations for patients with chronic intestinal failure (CIF) 
caused by SBS increased in one decade by 55%, from 4037 in 2005 to 6265 in 2014. 
This increase was primarily due to complications such as fluid and electrolyte 
imbalances (52.5%), catheter-related bloodstream infections leading to sepsis 
(41.4%), and malnutrition (40.1%) [2]. CIF is a severe condition in which the body 
is unable to absorb the necessary nutrients and fluids to sustain vital functions and 
patients with CIF rely on parenteral nutrition (PN), administered intravenously, to 
receive carbohydrates, proteins, fats, water, electrolytes, trace elements, and essen-
tial vitamins needed for maintaining health. PN is delivered daily over several hours 
and requires a long-term central venous catheter (CVC) [3].
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A recently approved drug, teduglutide (a glucagon-like peptide-2 (GLP-2) ana-
log), offers some patients with SBS-related intestinal failure the possibility of 
reducing or discontinuing PN. However, this treatment comes at a high cost, esti-
mated at $300,000/year, and carries significant risks, including the potential devel-
opment of colonic polyps and cancers [4, 5]. The only definitive cure for CIF is 
intestinal transplantation (ITx), which enables patients who can no longer tolerate 
PN due to complications to regain the ability to eat and drink normally. ITx has been 
a recognized treatment for over three decades and was initially offered to patients 
with IF who could no longer receive intravenous nutrition due to end-stage venous 
access loss or advanced liver disease. However, with costs exceeding $1 million per 
transplant and the risks associated with lifelong immunosuppression—including 
severe complications and even mortality—ITx is reserved for patients facing life-
threatening PN-related complications [6].

According to the Intestinal Transplant Registry, a total of 4103 intestinal trans-
plant procedures, with or without a liver graft, have been performed worldwide up 
to 2019 since the registry was established in 1985 [7]. Recent advancements in 
surgical techniques and immunosuppressive therapies have led to better short-term 
outcomes for ITx patients, including improved survival rates and digestive indepen-
dence. However, this procedure should be reserved for a highly specific group of 
SBS patients who experience severe, irreversible complications from PN and have 
no prospects for intestinal recovery [6]. ITx can be categorized into several types: 
isolated small bowel, combined liver-intestine, multivisceral transplantation (MVT), 
and modified MVT, having, over the years, transitioned from being an experimental 
procedure to a vital, life-saving treatment for patients with intestinal failure. 
Although it is often performed as a standalone procedure, ITx can also be combined 
with a liver transplant (orthotopic liver transplantation [OLT] + ITx); or with the 
liver, stomach, and pancreas MVT; or with just the stomach and pancreas (modified 
MVT) [8]. The causes of intestinal failure, the choice of graft type, surgical 
approaches, outcomes, and the achievement of nutritional independence vary 
between adults and children. Children generally respond well to long-term paren-
teral nutrition; both parents and physicians aim to support children’s growth into 
adulthood before considering a transplant, and only if complications make it abso-
lutely necessary, the procedure can be performed, though with high risk. It is advis-
able to refer patients for an early evaluation for intestinal transplantation in order to 
address those with a high risk of mortality, enhance the chances of discontinuing 
parenteral nutrition, and avoid complications associated with its failure.

21.2	� Indications for Intestinal Transplantation

The degree of nutrient absorption directly correlates with the length of the remain-
ing bowel.

Patients at the highest risk of malnutrition—and thus candidates for ITx—typi-
cally include those with a duodenostomy or jejunoileal anastomosis and ≤35 cm of 
residual small intestine, those with a jejunocolic or ileocolic anastomosis and 
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≤60 cm of residual small intestine, and those with an end jejunostomy and ≤115 cm 
of residual small intestine. In 2002, the Centers for Medicare and Medicaid Services 
officially recognized ITx for adult patients as a standard treatment rather than an 
experimental procedure, later extending approval to pediatric patients. When estab-
lishing eligibility criteria for ITx, Medicare acknowledged the high survival rates of 
patients with CIF receiving PN, with 1-year survival exceeding 90% and 4-year 
survival ranging from 80% to 85% [9, 10]. Medicare criteria for ITx can be sum-
marized as the presence of irreversible CIF, effectively defined as permanent depen-
dence on PN along with the development of PN-related complications (Table 21.1). 
The most common complications include intestinal failure–associated liver disease, 
catheter-related issues such as recurrent life-threatening sepsis, a single episode of 
fungal sepsis, or metastatic infections like endocarditis or osteomyelitis. 
Additionally, ITx may be indicated when central venous access is lost due to central 
venous stenosis or thrombosis. The time from the decision to refer a patient for ITx 
evaluation to the actual transplant date varies and is often prolonged (Table 21.2). 
Several factors contribute to these delays, including the patient’s medical complex-
ity, the need to travel long distances to a specialized referral center, and extended 
wait times after being placed on the transplant list due to the availability of a suit-
able donor [11].

As a result, delays in referral for ITx evaluation can lead to many patients with 
CIF requiring simultaneous liver transplantation at the time of ITx, which is associ-
ated with significantly higher mortality while on the waiting list [12].

The American Society for Transplantation established guidelines for appropriate 
indications for ITx in both adults and pediatric patients. They identified three cate-
gories of patients who should be considered for ITx: those with complications of 
intestinal failure, those with a low likelihood of survival, and those with signifi-
cantly reduced quality of life [13]. Complications of intestinal failure include severe 
liver disease, recurring sepsis, and impending loss of vascular access. Patients with 
a low likelihood of survival include those with extremely short bowel syndrome 
(defined as less than 10 cm of small bowel distal to the ligament of Treitz without 
an ileocecal valve), as well as enterocyte defects like microvillus inclusion disease 
and tufting enteropathy. The final category, reduced quality of life, includes patients 
with high output requiring challenging fluid management and those with 

Table 21.1  Criteria for intestinal transplantation based on international consensus

Severe and irreversible intestinal failure accompanied by significant complications:
 �� •  Frequent or life-threatening septic episodes
 �� •  Loss of at least 50% of central venous access sites
 �� •  Persistent and uncontrollable fluid balance disturbances
 �� •  Liver disease accompanied by portal hypertension
The consensus criteria of the working group for consultation or referral (in addition to the 
above):
 �� •  Children who have undergone extensive small bowel resection
 �� •  Children with severely damaged intestines and significant morbidity
 �� •  Ongoing uncertainty in prognosis or diagnosis
 �� •  Microvillus inclusion disease or intestinal epithelial dysplasia
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Table 21.2  Criteria for waiting list inclusion of patients for intestinal transplantationa

Signs of advanced or worsening liver disease related to intestinal failure:
 �� • � Bilirubin >75 μmol/L (4.5 mg/dL), despite intravenous lipid modification methods, 

lasting for more than 2 monthsb

 �� • � Any combination of raised bilirubin, altered synthesis function (evidenced by low 
albumin or an increased international normalized ratio), and indications of portal 
hypertension and hypersplenism, especially a low platelet count, persisting for over 
1 month in the absence of any complicating infectious events

Thrombosis in three out of four distinct upper body central veins (left subclavian and internal 
jugular, right subclavian and internal jugular) or blockage of a brachiocephalic vein in 
children. In adults, this criterion should be assessed on a case-by-case basis
Patients who are indefinitely dependent on parenteral nutrition face life-threatening morbidity, 
whether stemming from anatomical or functional causes, as indicated by the following:
 �� • � In pediatric patients, two admissions to an intensive care unit after initial recovery from 

the event leading to IF occur due to cardiorespiratory failure, necessitating mechanical 
ventilation or inotrope infusion, resulting from sepsis or other complications associated 
with IF

 �� •  In adults, this should be evaluated on a case-by-case basis
Invasive intra-abdominal desmoid tumors in adolescents and adults
Acute diffuse intestinal infarction accompanied by hepatic failure
Failure of the first intestinal transplant

a Patients are presumed to have undergone evaluation by a multidisciplinary team, rehabilitation 
options have been considered, and they are in a condition of permanent or life-limiting intesti-
nal failure
b A total serum bilirubin level of 62 or 70 μmol/L is associated with increased mortality rates. A 
bilirubin level of 75 μmol/L serves as a useful consensus marker for progressive liver disease; 
however, it must be evaluated alongside other clinical parameters

pseudo-obstruction who experience recurrent bowel dilation and pain [13, 14]. 
Advancements in parenteral nutrition management and the reduction of complica-
tions have significantly changed the field of intestine transplantation. As a result, in 
2019, a new consensus panel re-evaluated the existing criteria for intestine trans-
plant indications. The working group of transplant experts critically examined the 
original indications to assess whether updates were necessary. Specifically, the 
group questioned whether the loss of two access sites and recurrent sepsis, in the 
absence of life-threatening episodes, should be sufficient to justify an intestine 
transplant [14] (Table 21.2).

Demographic factors and the underlying disease may influence decisions related 
to placement on the transplant waiting list. In contrast to the variable clinical pro-
gression typically observed in short bowel syndrome, certain conditions warrant 
early listing for transplantation due to their consistently unfavorable prognosis. IF 
resulting from SBS in infants and children is now linked to prolonged survival on 
PN for varying lengths of time in approximately 85–100% of patients, while in 
adults, the 5-year survival rate on PN ranges from 58% to 83%, with an increased 
risk of death associated with the patient’s age and the specific underlying condition 
causing the IF [15]. Historically, patients with ultrashort bowel—defined as less 
than 10 cm in children and less than 20 cm in adults—have been considered appro-
priate candidates for immediate listing. This is due to the low probability of 

D. Timofte et al.



243

discontinuing parenteral nutrition (PN) and the elevated risk of severe infections 
and chronic liver failure, either individually or collectively. However, in modern 
practice, patients with ultrashort bowel can remain on PN for extended periods, 
which raises questions about the continued appropriateness of this traditional 
approach [6, 15, 16]. Although conclusions are limited due to the small number of 
cases reported, it appears that those who cannot have enterocolonic continuity 
restored have a worse prognosis than those who can, and in the absence of more 
definitive evidence, they may still be considered on a case-by-case basis for early 
placement on the transplant waiting list.

21.2.1	� Indications for Intestinal Retransplantation

ITx is a high-risk procedure with a small, yet real, possibility of graft loss, and a 
high mortality rate.

Early graft loss can occur due to technical issues like graft ischemia or severe, 
irreversible acute rejection [17]. However, as with all organ transplants, as long-
term survival rates improve for ITx recipients, it has become evident that late-stage 
graft loss, caused by chronic allograft enteropathy or chronic rejection, happens in 
7–10% of cases [18]. In these cases, meticulous immunosuppressive management 
and retransplantation in appropriately selected patients can result in successful 
long-term survival with a functioning second graft. Additionally, in well-selected 
patients, strategically planned retransplantation can achieve outcomes similar to 
those of first-time ITx. Managing immunosuppression during the transition and 
induction of the second graft, addressing risks of sepsis and allosensitization (with 
the development of preformed antibodies), and technical factors such as planning 
the vascular reconstruction for the second graft are key aspects that influence patient 
survival [19].

21.3	� Preemptive Intestinal Transplantation

As the outcomes of intestinal rehabilitation improve, particularly with the addition 
of teduglutide to the range of available multimodal treatments, the justification for 
“preemptive” intestinal transplant may become more difficult to justify. However, in 
this context, “preemptive” should be understood as “prior to the development of 
significant complications” related to PN or chronic IF [20]. A reasonable approach 
might suggest that different thresholds for considering intestinal transplant should 
be established, based on the underlying cause of CIF and the potential for intestinal 
rehabilitation, which can depend on the diagnosis and, in the case of SBS, the 
remaining gastrointestinal anatomy. For example, a patient with global gastrointes-
tinal dysmotility caused by pseudo-obstruction, who has a poor quality of life on 
PN, cannot eat or drink, and needs ongoing gastrointestinal decompression through 
ostomies or enteric tubes, could be considered for early intestinal transplant even 
before significant complications arise. Similarly, a patient with extreme SBS who 
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has a stapled-off foregut and requires foregut decompression through a gastrostomy 
tube while on PN, with no potential for PN weaning, should be considered for early 
transplant as well, potentially even preemptively. A proposed approach could offer 
a rational, multimodal care plan for CIF, with timely consideration of intestinal 
transplantation. Ultimately, a more enlightened perspective might regard ITx as a 
critical tool in the growing field of intestinal rehabilitation, one that should be used 
at the right time for patients who still have the potential for good long-term survival 
and quality of life [21].

21.4	� Surgical Approach

The definition of SBS relies on an accurate measurement and reporting of the 
remaining bowel length. Surgeons performing extensive bowel resections should 
report the length of the residual bowel, not just the length of bowel that was removed. 
The outcome of the condition is determined by the remaining bowel length, which 
cannot be accurately predicted if only the resected bowel length is known. Typically, 
the residual bowel length is measured during surgery along the antimesenteric bor-
der of the unstretched bowel, from the duodenojejunal flexure to the ileocecal junc-
tion, or to the site of any small bowel–colon anastomosis or end-ostomy. Patients 
with short SBS can be categorized into three types based on the presence of residual 
colon: Type 1 includes patients with an end-jejunostomy; Type 2 consists of patients 
with a jejunum anastomosed to a partial colon (jejunocolonic anastomosis); and 
Type 3 encompasses patients with a jejuno-ileocolic anastomosis, retaining the 
entire colon and ileocecal valve. The relationship between residual bowel anatomy 
and prognosis has been thoroughly outlined. Type 3 represents the most favorable 
anatomical outcome for SBS, while Type 1 represents the most severe form, with 
patients having high-output end-jejunostomies being the most difficult to manage. 
The degree of nutrient absorption directly correlates with the length of the remain-
ing bowel. Patients at the highest risk of malnutrition typically include those with a 
duodenostomy or jejunoileal anastomosis and ≤35 cm of residual small intestine, 
those with a jejunocolic or ileocolic anastomosis and ≤60  cm of residual small 
intestine, and those with an end jejunostomy and ≤115 cm of residual small intes-
tine. Historically, SBS patients were categorized into two distinct subgroups: those 
with the colon in continuity and those without. In individuals with SBS, the colon 
assumes a crucial compensatory role in digestion and fluid absorption, helping to 
mitigate nutrient and electrolyte losses [22].

21.4.1	� Intestinal Transplantation Techniques

The terminology used to describe the technical aspects of intestinal transplantation 
has been inconsistent in medical literature, especially when additional organs are 
transplanted alongside the intestinal graft [8]. There are three primary types of 
intestinal transplants: (I) isolated intestinal transplant, (II) combined liver-intestine 
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transplant, and (III) MVT [23]. The most frequently performed procedure is the 
isolated intestinal transplant, which involves transplanting the entire jejunum and 
ileum from a deceased donor. This procedure is typically indicated for patients with 
intestinal failure confined to the small intestine. The arterial connection is estab-
lished using the recipient’s superior mesenteric artery or a jump graft from the infra-
renal aorta. Venous drainage is usually achieved by connecting the superior 
mesenteric vein of the graft to the recipient’s native superior mesenteric vein or 
splenic vein; in some cases, systemic venous drainage to the inferior vena cava is 
necessary. Gastrointestinal continuity is restored through an anastomosis between 
the recipient’s and donor’s proximal jejunum, along with the creation of a distal 
Bishop-Koop or loop ileostomy, with or without anastomosis to the recipient’s 
colon. In living donor transplants or cases where there is a significant size discrep-
ancy between the donor and recipient (such as an adult deceased donor to a pediatric 
recipient), a 200-cm segment of the distal small intestine is used, with blood supply 
provided by the ileocolic artery and drainage through the ileocolic vein. For patients 
with concurrent pancreatic dysfunction, such as those with cystic fibrosis, type 1 
diabetes, or chronic pancreatitis, the pancreas may also be included in the intestinal 
transplant [23].

The second most commonly performed technique involves transplanting the liver 
and pancreas along with the intestine [8]. In this procedure, the liver, pancreas, and 
intestine (including the duodenum) are retrieved as a single unit from the donor and 
transplanted en bloc into the recipient. The arterial supply for this combined graft is 
derived from an aortic conduit that includes both the celiac trunk and the superior 
mesenteric artery, while venous drainage is managed through the hepatic veins or 
the inferior vena cava. During the recipient’s surgery, the arterial connection is 
established between the donor’s aortic conduit and the recipient’s suprarenal or 
infrarenal aorta.

Venous drainage is facilitated either through a standard caval replacement or via 
the piggyback technique. Gastrointestinal continuity is restored by creating a direct 
anastomosis between the proximal donor and recipient jejunum or duodenum, while 
a distal Bishop-Koop or loop ileostomy is created, with or without a connection to 
the recipient’s colon. Additionally, in this type of transplant, a portocaval shunt is 
necessary to manage venous outflow from the remaining native organs, including 
the stomach, pancreas, duodenum, and spleen. The third type of intestinal transplant 
is the MVT, which involves transplanting additional gastrointestinal organs along 
with the intestine. These may include the donor’s stomach, duodenum, pancreas, 
and colon, with or without the liver. MVT is commonly indicated for conditions 
such as hollow visceral myopathy or neuropathy, pseudo-obstruction syndrome, 
extensive gastrointestinal polyposis, neuroendocrine tumors, and symptomatic total 
splanchnic vascular thrombosis. The procedure requires complete removal of the 
recipient’s splanchnic organs, followed by the en bloc transplantation of the stom-
ach, duodenum, pancreas, liver, and small intestine, sometimes including the right 
and transverse colon (full MVT) [23]. If the stomach is removed during upper 
abdominal organ removal, gastrointestinal continuity is restored by connecting the 
donor’s stomach to the recipient’s distal esophagus or remaining gastric tissue. For 
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patients with preserved liver function, a modified MVT may be performed, where 
the native liver is left intact. In cases where the patient has chronic or impending 
renal failure, a kidney transplant (typically the right kidney) can also be incorpo-
rated into the procedure [24]. While earlier studies suggested that including the 
colon increased the risk of infections, more recent findings indicate that colon inclu-
sion is not only safe but may also enhance water absorption, reducing dehydration 
episodes and hospital readmissions. The inclusion of the stomach remains a debated 
topic, with some transplant centers routinely incorporating it while others rarely or 
never do. Currently, there is limited evidence to definitively determine the risks or 
benefits of including the stomach in an MVT [8].

The recipient’s surgery can be particularly complex due to factors such as 
abdominal adhesions from previous surgeries, existing stomas, gastrojejunosto-
mies, limited intra-abdominal space, and, in cases requiring a liver transplant, sig-
nificant portal hypertension. One unique challenge in intestinal transplantation is 
the loss of abdominal domain, which is generally not an issue unless the patient has 
substantial ascites due to liver failure or conditions like hollow visceral myopathy 
or neuropathy (e.g., pseudo-obstruction syndrome) [8]. Several innovative 
approaches have been developed to address this issue, including abdominal wall 
transplantation, the use of tissue expanders, staged closure techniques, and muscu-
locutaneous free flaps. Gastrojejunostomy tubes are almost always inserted during 
surgery to allow for gastric decompression and early enteral nutrition [25]. A 
Bishop-Koop or loop ileostomy is also created to decompress the terminal ileum 
and enable endoscopic access for biopsies, which are crucial for monitoring the 
graft and detecting acute rejection. These ileostomies are typically reversed within 
a year posttransplant if ongoing monitoring is no longer necessary. Additionally, 
prophylactic appendectomy and cholecystectomy—whether of the donor or recipi-
ent—are routinely performed to minimize the risk of postoperative infections. In 
MVT, a donor pyloroplasty is recommended to promote proper gastric emptying [8].

21.5	� Post-surgical Immunosuppressive Management

Immunosuppressive therapy should commence immediately after surgery. Various 
protocols have been established for this purpose. According to the OPTN/SRTR 
2013 Annual Data Report, T-cell depleting agents were used in 54% of intestinal 
transplant recipients, while 11% received interleukin-2 receptor antagonists as 
induction therapy. Notably, 38% of recipients did not receive any induction therapy. 
The most commonly prescribed maintenance immunosuppressants included tacro-
limus (95%), corticosteroids (73%), mycophenolate (35%), and mTOR inhibitors 
(15%). One year after transplantation, 70% of recipients were still on oral steroid 
therapy. Tacrolimus blood concentration targets are typically 12–15 ng/mL during 
the first postoperative month, then adjusted to 8–12  ng/mL over the following 
3  months. Despite immunosuppressive regimens, intestinal transplants remain 
highly susceptible to rejection. The OPTN/SRTR 2013 report indicated that among 
adults undergoing isolated intestinal transplants, 45% experienced acute rejection 
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within the first year, increasing to 53% by the second year. While induction therapy 
and tacrolimus-based maintenance regimens have reduced rejection episodes, ste-
roid-resistant rejection continues to pose a significant risk, carrying a 50% mortality 
rate in adult recipients, primarily due to sepsis [26]. Traditionally, acute rejection 
has been managed by suppressing T-cell activity with corticosteroid pulses or anti-
lymphocyte therapy. However, growing attention is being directed toward antibody-
mediated rejection (AMR) in intestinal transplantation. AMR remains challenging 
to treat, as it does not respond well to steroids. The detection of donor-specific 
antibodies (DSA) has gained importance with the implementation of advanced 
immunological techniques, such as single-antigen fluorescent bead assays. The 
presence of preformed or newly developed DSAs correlates with rejection episodes 
and graft failure. Patients with DSAs before and after transplantation tend to have 
the lowest long-term graft survival, primarily due to both acute rejection episodes 
and chronic allograft enteropathy [27]. Chronic allograft enteropathy is character-
ized by mucosal atrophy, ulceration, mesenteric lymphoid depletion, fibrosis, and 
sclerosis, often linked to mesenteric vasculopathy influenced by DSAs. While CD4 
activity and antibody-mediated complement activation in mesenteric vasculopathy 
are not well documented—largely due to reliance on mucosal rather than full-
thickness intestinal biopsies—complement activation plays a crucial role in late 
graft dysfunction. DSAs can bind to the C1q component of complement, triggering 
the complement cascade and contributing to chronic graft deterioration. Interestingly, 
the inclusion of a liver graft alongside the intestinal transplant appears to offer pro-
tective benefits, potentially promoting immune tolerance through antigen-presenting 
cells in the liver or by sequestering sensitized T-cells and antibodies targeting the 
intestine. Further large-scale studies are needed to refine immunosuppressive strate-
gies targeting different mediators of rejection, including plasmapheresis and immu-
noglobulin for preformed DSAs, infliximab for cytokine inhibition, rituximab for 
B-cell suppression, bortezomib for plasma cell depletion, and eculizumab for early 
complement cascade inhibition [27].

21.6	� Outcomes

Studies have shown that transplants containing the liver offer the highest survival 
rates [6].

Additionally, the small intestine presents unique challenges as a transplant organ 
due to its strong immunogenicity, the high concentration of donor immune cells 
within the graft, and its non-sterile environment, all of which contribute to an 
increased risk of rejection and infection [28].

Advancements in immunosuppressive therapy have significantly improved short-
term outcomes, leading to better survival rates and digestive autonomy. However, 
long-term success remains hindered by chronic rejection and complications related 
to immunosuppressive treatment.

At present, the 1-year survival rate for intestinal transplantation is approximately 
80%, while the 5-year survival rate stands at around 50% [28]. Most long-term 

21  Intestinal Transplantation in Short Bowel Syndrome



248

survivors achieve independence from PN. A recent study conducted by Ceulemans 
et al., based on The Intestinal Transplant Registry, reported that there are no signifi-
cant differences in rejection or survival between living donor ITx and deceased 
donor ITx, highlighting that living donor ITx has been rarely performed worldwide 
[29]. However, ITx should be reserved for a highly specific group of SBS patients 
who suffer from severe, irreversible PN-related complications and have no potential 
for intestinal rehabilitation.

21.7	� Conclusions

Traditionally, ITx has been reserved for patients with irreversible intestinal failure 
who develop complications from PN. In most cases, the necessity for an MVT indi-
cates a delayed referral for transplantation. Patients awaiting a combined liver-
intestinal transplant face higher mortality rates on the waiting list compared to those 
awaiting an isolated intestinal transplant. However, referring patients with intestinal 
failure at an earlier stage—particularly those at high risk for complications related 
to PN or experiencing a significantly reduced quality of life—may lead to better 
transplant outcomes. Despite its benefits, ITx remains limited to a specific SBS 
group of patients with total and irreversible intestinal failure accompanied by com-
plications from PN.
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22.1	� The Role of Gastroenterologists

The gastroenterologist plays a central and continuous role in the multidisciplinary 
management of short bowel syndrome (SBS), from initial diagnosis through long-
term follow-up. Their involvement begins with a comprehensive evaluation of the 
patient’s condition, including identification of the underlying cause of SBS, such as 
Crohn’s disease, mesenteric ischemia, surgical resection, or congenital anomalies 
[1, 2]. Through clinical assessment, imaging studies, endoscopic evaluations, and 
laboratory investigations, the gastroenterologist determines the length and func-
tional capacity of the remaining bowel, assesses the degree of malabsorption, and 
establishes a baseline for nutritional and metabolic status [2].

Following initial stabilization, the gastroenterologist oversees the monitoring 
and promotion of intestinal adaptation, a key physiological process by which the 
remnant bowel attempts to increase its absorptive efficiency [3]. This is supported 
by targeted medical therapies, such as proton pump inhibitors or H2 blockers to 
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reduce gastric acid secretion, antimotility agents to slow intestinal transit and 
enhance absorption, and bile acid binders when appropriate [4, 5]. In selected cases, 
newer therapies like glucagon-like peptide-2 (GLP-2) analogues are used to stimu-
late mucosal growth and reduce reliance on parenteral nutrition [6]. The gastroen-
terologist must closely monitor clinical parameters, including fluid and electrolyte 
balance, nutritional markers, and bowel function, to tailor interventions effectively.

In addition to supporting adaptation, the gastroenterologist is responsible for 
identifying and managing complications commonly associated with SBS.  These 
include small intestinal bacterial overgrowth (SIBO), which often presents with 
bloating, diarrhea, and malnutrition and requires clinical vigilance and appropriate 
antibiotic therapy [7]. Hepatic complications related to long-term parenteral nutri-
tion—collectively referred to as intestinal failure–associated liver disease 
(IFALD)—necessitate regular liver function monitoring and adjustments in nutri-
tion and lipid intake [8]. Other complications, such as metabolic bone disease and 
nephrolithiasis, arise from chronic deficiencies in calcium, vitamin D, magnesium, 
and fluid imbalances, requiring routine surveillance and supplementation guided by 
the gastroenterologist.

Nutritional management is another critical area of oversight. While clinical dieti-
tians calculate daily caloric and micronutrient needs and plan enteral or parenteral 
nutrition regimens, the gastroenterologist determines the appropriate route of nutri-
tion and ensures that the patient’s hydration, electrolyte, and vitamin needs are 
being met [9]. They oversee the transition from parenteral to enteral nutrition when 
feasible and monitor for complications such as refeeding syndrome during this pro-
cess. The gastroenterologist ensures that patients receive adequate supplementation 
of fat-soluble vitamins, vitamin B12, trace elements, and essential minerals, adjust-
ing regimens based on clinical progress [9].

In cases where intestinal rehabilitation is no longer sufficient and complications 
from parenteral nutrition become life-threatening, the gastroenterologist initiates 
referral for intestinal transplantation [10]. They are responsible for identifying suit-
able candidates—typically those with progressive liver disease, loss of central 
venous access, recurrent catheter-related sepsis, or severely impaired quality of 
life—and for coordinating the necessary pretransplant evaluations. Close communi-
cation with transplant centers is vital to optimize timing, manage expectations, and 
provide ongoing support during the pre- and posttransplant periods.

A key component of the gastroenterologist’s role is long-term patient education 
and follow-up [11, 12]. They educate patients and caregivers on dietary modifica-
tions, symptom recognition, medication adherence, and signs of dehydration or 
infection. Regular outpatient monitoring, including laboratory tests and clinical 
assessments, ensures that emerging issues are addressed promptly and that therapy 
remains individualized and responsive to the patient’s evolving needs.

In summary, the gastroenterologist serves as both a clinician and coordinator in 
the care of patients with SBS, navigating the complex interplay between medical 
therapy, nutrition, and surgical considerations. Their active involvement across all 
stages of disease management is essential to improving outcomes and ensuring 
comprehensive, patient-centered care.
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22.2	� The Role of the Anesthesiologist 
and Perioperative Team

In the multidisciplinary management of SBS, the anesthesiologist plays a critical 
role during surgical interventions, including primary enterectomy, surgical proce-
dures to restore intestinal continuity, or intestinal transplantation. These operations 
are often complex due to the patient’s compromised physiological state, chronic 
malnutrition, and systemic effects of long-term inflammation. Perioperative mor-
bidity and mortality are significantly increased in this population and are influenced 
by the severity of the underlying pathology, comorbidities, and the urgency and 
extent of the surgical procedure. Effective perioperative planning and optimization 
are essential to improving outcomes.

Surgical intervention for patients with inflammatory bowel disease (IBD), one of 
the leading causes of SBS, remains common despite advancements in biological 
therapy [13]. Approximately 70–80% of patients with Crohn’s disease will require 
bowel surgery within 20 years of diagnosis, and up to 30% of them may require a 
second operation [14]. In ulcerative colitis, colectomy is needed in around 20–30% 
of patients after 25 years, although this percentage has declined due to more effec-
tive therapies [15]. However, surgical emergencies still occur due to complications 
such as bowel perforation, severe hemorrhage, or toxic megacolon. These emergen-
cies often involve septic shock, severe hypovolemia, and multi-organ dysfunction, 
significantly raising perioperative risk.

A recent Danish study involving 394 patients with IBD reported that 31.2% of 
surgical interventions were performed emergently, with the remainder being elec-
tive [15]. Despite improvements in perioperative management, these patients remain 
at risk for prolonged hospital stays, complications, and intensive care requirements.

Patients with IBD often present with a range of systemic complications. These 
include malnutrition, sarcopenia, anemia (due to iron deficiency or chronic inflam-
mation), fluid and electrolyte imbalances, and a dysregulated immune system. Many 
are colonized by multidrug-resistant organisms due to repeated hospital exposure. 
Additionally, IBD is associated with an increased risk of thromboembolic events, 
cardiovascular disease, and major adverse cardiac events (MACE), including myo-
cardial injury after noncardiac surgery (MINS), particularly in younger patients 
under 50 years old [16].

In elective surgeries, the anesthesiologist plays a key role in preoperative assess-
ment and optimization. This includes evaluation of functional status, cardiovascular 
risk, fluid and electrolyte balance, and anemia. Iron supplementation is recom-
mended in cases of iron deficiency anemia. Nutritional rehabilitation and muscular 
conditioning should be coordinated with dietitians and physiotherapists. 
Corticosteroid and biologic therapy must be reviewed in collaboration with the gas-
troenterologist to reduce the risk of postoperative infections and impaired wound 
healing. Early counseling by colorectal surgeons and stoma nurses improves patient 
readiness and postoperative recovery.

Preoperative preparation follows Enhanced Recovery After Surgery (ERAS) 
protocols, which have shown promise in promoting early mobilization, reducing 
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complications, and shortening hospital stays. ERAS includes preoperative carbohy-
drate loading, maintaining oral intake up to 2 h before surgery, and clear, consistent 
patient education [17].

Intraoperatively, general anesthesia using short-acting agents is standard. 
Multimodal analgesia—particularly the use of epidural anesthesia—is encouraged, 
barring contraindications, to reduce opioid consumption and enhance postoperative 
recovery. Intraoperative fluid therapy should be guided by invasive monitoring and 
echocardiographic assessment when available, maintaining mean arterial pressure 
above 65 mmHg. Central venous access and large-bore intravenous lines may be 
necessary for fluid and blood product administration. Preventing hypothermia 
through core temperature monitoring and active warming is a key component 
of ERAS.

Minimally invasive surgical techniques and the avoidance of unnecessary 
abdominal drains are preferred to limit surgical trauma and promote faster recovery. 
Prophylactic antibiotics should be administered according to protocol.

Postoperatively, ERAS continues with early removal of nasogastric tubes and 
urinary catheters, rapid reintroduction of oral intake (as early as the evening of the 
day of surgery), and mobilization within the first 24 h. If oral intake is inadequate 
by postoperative day 3, nutritional screening should guide the initiation of paren-
teral nutrition. Patients are encouraged to chew gum to reduce postoperative ileus, 
and daily monitoring of stoma output is crucial to detect high-output states.

Pain control is maintained through multimodal strategies, and respiratory ther-
apy is initiated with positive expiratory pressure devices to prevent pulmonary com-
plications. Thromboprophylaxis with low molecular weight heparin and compression 
stockings is standard.

A comparison of ERAS to traditional perioperative care in IBD surgery found a 
reduced median ICU stay (from 6 to 4 days) and faster recovery, although it did not 
significantly impact serious postoperative complications or readmission rates. The 
rate of complications was slightly lower in the ERAS group (15.0% vs. 20.8%), 
though this did not reach statistical significance [15].

In emergency surgeries for causes such as intestinal ischemia, perforation, stran-
gulated hernia, or obstructing malignancy, patients often arrive hemodynamically 
unstable with acute electrolyte disturbances, metabolic acidosis, and renal dysfunc-
tion. These situations require aggressive resuscitation, close intraoperative monitor-
ing, and multidisciplinary collaboration to stabilize the patient and reduce the risk 
of perioperative death.

In summary, anesthesiologists are integral to the multidisciplinary management 
of patients with SBS requiring surgery. Their involvement in preoperative optimiza-
tion, intraoperative management, and postoperative recovery—guided by ERAS 
principles—contributes substantially to improving outcomes in this vulnerable 
population.
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22.3	� Surgical Management in Short Bowel Syndrome

Surgical therapy for patients with short bowel syndrome (SBS) typically begins 
prior to or during the initial operation, with the objective of employing all feasible 
strategies to prevent extensive intestinal resection and the subsequent development 
of SBS. This approach involves adopting a conservative strategy in cases of uncer-
tain intestinal ischemia, planning second-look surgeries when necessary, and mini-
mizing the risk of abdominal compartment syndrome and further bowel ischemia by 
avoiding premature or inappropriate abdominal closure [18].

In contrast to intestinal transplantation, definitive guidelines for non-transplant 
surgical procedures in SBS patients have not been fully established. The timing and 
role of bowel-lengthening procedures remain topics of ongoing debate. Current 
expert opinion suggests that surgery should be reserved for patients who are unable 
to discontinue parenteral nutrition after all conservative measures have been 
exhausted. Surgical intervention is generally recommended for those who fail to 
achieve at least 50% of their daily caloric needs enterally after 6 months of opti-
mized treatment [19].

Some specialists recommend that bowel-lengthening surgery be considered only 
for long-term parenteral nutrition (PN)-dependent patients who exhibit significant 
bowel dilation. The primary indication for such surgery includes patients who have 
reached a stable phase of intestinal adaptation or those experiencing persistent com-
plications, such as small intestinal bacterial overgrowth (SIBO) [20].

End-stage liver disease is a well-known contraindication to bowel-lengthening 
procedures, as patients in this condition typically benefit more from intestinal trans-
plantation [20, 21].

Although uncommon, some patients with SBS may exhibit delayed intestinal 
transit. In such cases, it is essential to thoroughly investigate underlying causes, 
including partial obstructions, blind loops, or intestinal fistulas [22].

Patients who do not respond to medical therapy may be candidates for surgical 
procedures known as “narrowing enteroplasty” or “bottleneck enteroplasty.” This 
technique involves resecting the dilated portion of the bowel along its antimesen-
teric border, with the goal of restoring peristaltic efficiency while preserving overall 
intestinal length. Such surgery is appropriate when the residual bowel length is suf-
ficient to ensure adequate nutrient absorption despite the reduced surface area 
[23, 24].

Surgical interventions can be categorized into three main approaches [25, 26]:

	1.	 Restoration of intestinal transit
	2.	 Enhancement of intestinal motility by addressing bowel dilation
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	3.	 Slowing intestinal transit without inducing bowel dilation

22.3.1	� Surgeries to Correct Intestinal Transit

This surgical approach must adhere to anatomical principles, promoting the transi-
tion from jejunostomy or ileostomy to colon-in-continuity procedures, with the goal 
of improving long-term prognosis [27]. In cases where intestinal length is not a 
limiting factor, segmental intestinal dilatation can be effectively addressed by a 
straightforward tapering enteroplasty. This involves resecting a portion of the bowel 
along the antimesenteric border to restore normal luminal diameter [28].

In patients with short bowel syndrome (SBS) and marked bowel dilatation, the 
primary objective is to taper the intestine without compromising the mucosal sur-
face area available for absorption. Two major surgical techniques are used in this 
context: the Longitudinal Intestinal Lengthening and Tailoring (LILT) procedure, 
originally described by Bianchi, and the Serial Transverse Enteroplasty (STEP) pro-
cedure, introduced by Kim [28, 29].

The LILT technique is especially useful when intestinal length is critically short. 
It creates a narrower intestinal configuration while preserving the absorptive surface 
area. The procedure begins by identifying a longitudinal, avascular segment approx-
imately 5 cm along the mesenteric border of the dilated bowel [30, 31]. The intes-
tine is then divided longitudinally into two separate channels, which are reconstructed 
to form a single, narrower, iso-peristaltic segment—effectively doubling the length 
of the absorptive surface.

Alternatively, this procedure can be performed using a gastrointestinal anasto-
mosis stapler to divide the bowel into two narrower tubes, which are then recon-
nected in an end-to-end, iso-peristaltic fashion [32]. LILT should be performed 
cautiously, particularly in patients with severely reduced bowel length or those with 
end-stage liver disease.

The success of the LILT technique depends on careful anatomical identification 
of the mesenteric vasculature, specifically the bifurcation of the mesenteric arteries 
into anterior and posterior branches before entering the intestinal wall. This step 
ensures adequate blood flow to both segments during the longitudinal division [33].

Potential complications associated with LILT include anastomotic fistula, sepsis, 
redilatation, strictures, adhesions, and perforation [34, 35]. Among these, intestinal 
necrosis remains the most feared and severe complication [36].

The Serial Transverse Enteroplasty (STEP) procedure is another surgical tech-
nique used in the management of short bowel syndrome. It was first described by 
Kim et al. in 2003 [37]. The method involves applying surgical staplers in a zigzag 
pattern perpendicular to the longitudinal axis of the intestine [38]. These trans-
verse staple lines alternate from either side of the bowel, effectively reducing the 
diameter of dilated segments while simultaneously increasing overall bowel 
length [39].

The STEP procedure can be repeated multiple times if necessary, a strategy 
known as re-STEP, to further reduce intestinal diameter and improve functional 
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outcomes [40, 41]. It is particularly suited for cases where the bowel is significantly 
dilated but sufficiently long. By contrast, the Longitudinal Intestinal Lengthening 
and Tailoring (LILT) procedure may be more appropriate for anatomically complex 
segments, such as the duodenum, or when bowel length is critically short.

Although the STEP technique is associated with lower mortality and is generally 
less technically demanding than LILT, patients undergoing STEP are more likely to 
eventually require intestinal transplantation [42]. Complications associated with 
STEP include staple-line leaks, intra-abdominal abscesses, sepsis, bowel obstruc-
tions, bleeding, and recurrent intestinal dilatation [43, 44].

On average, the STEP procedure achieves a bowel lengthening of approximately 
49%, and about 45% of patients successfully wean off parenteral nutrition. The 
overall mortality rate associated with STEP is around 7%, which contributes to its 
reputation as a safer and more accessible alternative to LILT in appropriately 
selected patients [45].

While STEP offers advantages in simplicity and lower operative risk, the deci-
sion between LILT and STEP should be based on individual patient characteristics, 
bowel anatomy, and the experience of the surgical team [46]. LILT has been associ-
ated with improved long-term outcomes, including higher survival rates, increased 
independence from PN, and a lower likelihood of requiring intestinal transplanta-
tion. However, it also carries a higher risk of postoperative complications compared 
to STEP, which has led to wider adoption of the STEP procedure in many cen-
ters [47].

A more recent surgical innovation, Spiral Intestinal Lengthening and Tailoring 
(SILT), was developed specifically for patients with severely dilated bowel. In this 
technique, a spiral-shaped incision is made at a 45°–60° angle relative to the longi-
tudinal axis of the bowel, followed by re-tubularization into a longer, narrower seg-
ment [48]. Unlike STEP, SILT preserves the natural orientation of the intestinal 
muscle fibers and requires less manipulation of the mesentery compared to the 
Bianchi (LILT) procedure [49, 50].

22.3.2	� Surgeries to Extend Intestinal Transit

22.3.2.1	� Reversed Segmental Small Intestine (RSSI)
This surgery involves the creation of an antiperistaltic segment of small intestine as 
distally as possible—ideally near the terminal stoma or the small intestine–colon 
junction. This reversed segment promotes retrograde peristalsis distally while 
simultaneously inhibiting motility in the proximal intestine. The result is a suppres-
sion of intrinsic nerve plexus activity, which in turn delays the propagation of myo-
electric activity in the distal segment [30, 31]. By slowing intestinal transit and 
enhancing nutrient absorption, this technique can significantly reduce or even elimi-
nate the need for parenteral nutrition in selected patients. To optimize enteral auton-
omy, it is critical to minimize the time between the initial enterectomy and RSSI 
surgery. Furthermore, the reversed segment should be at least 10 cm in length to 
achieve meaningful physiological benefit [51].
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22.3.2.2	� Colon Interposition
This technique involves interposing a colonic segment within the residual small 
intestine, in either an iso- or antiperistaltic orientation, to slow intestinal transit 
while preserving peristaltic coordination. Some patients undergoing this procedure 
have achieved enteral autonomy from PN within 4 months [52, 53].

22.3.2.3	� Valves and Sphincters
This can be surgically constructed using several techniques, including external 
intestinal constriction, segmental denervation, or, most commonly, intussusception 
of an intestinal segment. These methods aim to create a partial obstruction that dis-
rupts normal intestinal motility patterns and prevents retrograde reflux [47].

22.3.3	� Transplantation of the Intestinal Organs

A combined liver–intestine transplant can be performed simultaneously and is gen-
erally reserved for patients in whom autologous gastrointestinal reconstruction has 
failed or who remain fully dependent on parenteral nutrition [54]. Intestinal trans-
plantation, however, is not suitable for every patient, as several contraindications 
exist. A combined liver–intestinal transplant is typically required when short bowel 
syndrome is accompanied by advanced liver disease [55, 56], particularly in cases 
of severe portal hypertension or irreversible hepatic dysfunction. In some patients 
with complex multiorgan involvement or total splenic vein thrombosis, multivis-
ceral transplantation—sometimes including the pancreas—may be indicated [57]. 
While most organ donations are from deceased donors, living-related intestinal 
transplantation has been explored, especially in pediatric populations. In these 
cases, the terminal ileum is often favored over the jejunum due to its technical 
accessibility and superior adaptive capacity. Recent advances in surgical techniques 
and immunosuppressive therapy have led to improved short-term outcomes, includ-
ing increased survival rates and better digestive autonomy [58].

Over the past two decades, immunosuppression protocols have significantly 
evolved. Tacrolimus-based maintenance therapy remains the global standard, 
though adjunctive immunosuppressants such as corticosteroids, azathioprine, 
mycophenolate mofetil, sirolimus, or everolimus may be employed during rejection 
episodes [26, 31].

A highly selective subgroup of SBS patients may be candidates for intestinal 
transplantation—those with irreversible complications from long-term PN and no 
potential for intestinal rehabilitation. It is crucial to refer these patients for trans-
plant evaluation early, before liver dysfunction progresses to the point of necessitat-
ing a liver transplant. Due to stringent eligibility criteria for liver transplantation, 
patients requiring combined transplants often face worse outcomes compared to 
those needing isolated intestinal grafts [31].

Reported 1-year survival rates after intestinal transplantation are approximately 
89%, with a graft survival rate of 79%. These numbers decline to 72% and 69%, 
respectively, in patients undergoing combined liver–intestinal transplantation. 
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Interestingly, long-term survival following isolated small bowel transplantation is 
slightly lower than with combined procedures, largely due to a higher incidence of 
chronic rejection. This disparity is attributed to the greater immunological tolerance 
conferred by hepatic lymphocytes compared to intestinal lymphocytes [26, 59].

Despite current challenges, outcomes following intestinal transplantation have 
improved considerably and are now approaching those seen with long-term PN 
dependence. It is important to recognize that for many candidates, lifelong PN is 
associated with near-universal mortality in the midterm [60].

It is estimated that 50–60% of patients undergoing autologous gastrointestinal 
reconstruction may eventually achieve independence from PN. However, no single 
surgical procedure can offer a definitive cure for SBS. All surgical strategies must 
be considered within the framework of comprehensive, multidisciplinary care 
[31, 59].

22.3.4	� Other Methods of Surgical Procedures

A modified technique known as duodenal lengthening has recently been introduced 
for patients diagnosed with “no gut” syndrome and duodenal dilation [61]. This 
method applies a variation of the STEP procedure, involving sequential transverse 
applications of an endoscopic stapler to the anterior and posterior walls of the duo-
denum. The procedure must be performed with great caution to avoid injury to the 
biliopancreatic structures. This approach has been used successfully in patients with 
a mega-duodenal stump, re-establishing digestive continuity through an end-to-side 
anastomosis between the duodenum and colon [62].

An alternative strategy for prolonging intestinal transit time involves the use of a 
reversed antiperistaltic segmental bowel loop, which functions by delaying content 
progression through the intestine. While bowel-lengthening operations inherently 
slow transit, this technique can further enhance absorption, particularly in patients 
with sufficient residual bowel length. Clinical studies have reported that, following 
this procedure, the median rate of oral autonomy can reach approximately 
100% ± 38%, significantly reducing or eliminating the need for parenteral nutrition 
[63, 64].

The combination of successive bowel-lengthening procedures with controlled 
tissue expansion (CTE) has shown promising yet limited improvements in clinical 
outcomes [64]. Despite these gains, stimulating neo-mucosal growth remains a 
major challenge. Recent preclinical experiments in pigs have reinforced the theo-
retical basis of CTE in non-dilated bowel segments, designed to prepare the intes-
tine for later lengthening procedures. These studies demonstrated mucosal 
hypertrophy and measurable increases in both bowel length and diameter following 
partial obstruction [65].

A novel direction in SBS surgery involves the use of intestinal organoids, in 
which epithelial tissue derived from stem cells is implanted into larger segments of 
intestine to restore function. This technique aims to improve mucosal absorptive 
capacity and long-term prognosis. Although it represents a highly innovative 
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approach, several hurdles remain—particularly in generating functional organoids 
that possess vascular networks and coordinated peristaltic activity [66].

Additionally, biomimetic approaches inspired by shark intestines have been 
explored in experimental models. These involve the creation of spiral valves within 
the gut using external sutures and STEP techniques to mimic the natural resistance 
and absorption enhancement observed in certain aquatic species [67].
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23Education of Patients with Short Bowel 
Syndrome
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23.1	� Introduction

Short bowel syndrome (SBS) is a severe malabsorptive disorder associated with 
considerable morbidity and mortality, a reduced quality of life, and substantial 
healthcare costs. Short bowel syndrome is defined as a severe clinicopathological 
entity resulting from the loss of intestinal length due to underlying disease or surgi-
cal resection. Functionally, it is characterized by the inability to maintain nutri-
tional, fluid, and electrolyte homeostasis on a standard diet following bowel 
resection [1].

The most common causes of SBS in adults are mesenteric ischemia, Crohn’s 
disease, complications of abdominal surgery, including bariatric procedures, and 
various malignancies. Other causes include severe abdominal trauma, volvulus and 
other types of strangulation of the bowel, radiation enteritis, and multiple bowel 
fistulas [2].

The severity of SBS depends on the extent and location of intestinal loss, with 
proximal resections leading to deficiencies in iron, calcium, and fat-soluble vita-
mins, while distal resections impact vitamin B12 absorption and bile salt reabsorp-
tion. Understanding the etiology of SBS is essential for tailoring appropriate 
medical, nutritional, and surgical interventions to optimize patient outcomes. 
Moreover, it is crucial to bear in mind that the multidisciplinary treatment of patients 
diagnosed with SBS also considers the type of SBS. Therefore, based on the pres-
ence or absence of the residual colon, patients with SBS can be categorized into 
three groups: group 1—end-jejunostomy; group 2—jejunum anastomosed to a 
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partial colon (jejuno-colonic anastomosis); and group 3—jejuno-ileo-colic anasto-
mosis, where the entire colon and ileocecal valve are preserved. Patients with 
jejuno-ileo-colic anastomosis represent the most favorable anatomical phenotype of 
SBS, whereas those with end-jejunostomy are the most severe. Patients with high-
output end-jejunostomies pose the greatest management challenges due to signifi-
cant fluid and nutrient losses [3].

Recent guidelines emphasize a multidisciplinary approach involving gastroen-
terologists, dietitians, surgeons, and specialized healthcare providers. The clinical 
presentation, prognosis, and management of SBS are influenced by the anatomical 
configuration of the remaining bowel and its functional capacity. The primary man-
agement goals are to minimize reliance on parenteral nutrition (PN), alleviate SBS-
related symptoms, prevent complications associated with this condition, and achieve 
a good quality of life [1].

Survival in patients with SBS is influenced by multiple factors, including the 
anatomical and functional integrity of the remaining bowel, patient age, underlying 
disease etiology, coexisting medical conditions, presence of chronic intestinal 
obstruction, and the expertise of the healthcare management team [2].

The management of patients with SBS differs nationwide. Many individuals, 
including those with diagnosed or undiagnosed SBS, continue to seek medical care 
with minimal or no prior education about their condition. That is why these patients 
need special care and education, and engaging with peers and organizations that 
have firsthand experience with SBS can significantly enhance patients’ understand-
ing of the condition and improve their overall well-being [4]. There are many orga-
nizations offering support and education for SBS patients, such as the Oley 
Foundation and the Short Bowel Syndrome Foundation [2]. Furthermore, actively 
involving patients with SBS in treatment decisions can enhance their adherence to 
therapy and contribute to an improved quality of life.

Patients with SBS and their caregivers should receive comprehensive education 
on essential aspects of the condition. While long-term parenteral nutrition (PN) can 
impose limitations on daily activities and affect quality of life, it remains a vital, 
life-sustaining therapy. Over time, with proper guidance and adaptation, individuals 
receiving PN can adjust their lifestyles to reduce its impact and maintain a greater 
degree of routine and stability [1].

Effective management of patients with SBS demands diligence, perseverance, 
and meticulous attention to detail. These patients are fragile and face substantial 
risks, often leading to a significant decline in quality of life and increased healthcare 
costs. A thorough understanding of gastrointestinal anatomy and physiology is cru-
cial for identifying these risks and optimizing patient care. A comprehensive, mul-
tidisciplinary approach is essential, incorporating dietary and fluid adjustments, 
symptom-targeted pharmacologic therapy, judicious use of intestinotrophic agents 
and surgical interventions, and the management of comorbid conditions to enhance 
outcomes and improve long-term prognosis [1, 2].

The management of SBS patients requires individualized interventions in each 
particular case and multidisciplinary coordination of dietary, fluid, pharmacologic, 
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and comorbid disease management [5]. The management interventions are vital in 
both phases of SBS. While the acute phase generally lasts for a few weeks past the 
intestinal resection and is characterized by increased intestinal fluid losses and met-
abolic impairment, the adaptation phase could last up to 2  years post-resection. 
During the adaptation phase, the remaining portions of the intestines and the diges-
tive system undergo structural and functional changes to compensate for the loss by 
adjusting nutrient absorption and orocecal transit time [6].

As up to 60% of adults and 25% of pediatric patients are lost within 5 years of 
diagnosis [7, 8], and in most cases, the patients remain on home parenteral nutrition, 
patient education could be an important component of healthcare, complementary 
to management interventions.

23.2	� The Role of Patient Education in SBS

Recent clinical practice guidelines for SBS patient management recommend that 
patients and their caregivers should be educated on the most important aspects of 
SBS. Previous experience showed that patient education successfully improves out-
comes, medication adherence, and survival in different chronic and malignant dis-
eases [9–12]. As a result of the important contribution of patient education in disease 
management, several strategies are also recommended for educating SBS patients. 
The complexity of this pathological condition and the extensive self and assisted 
care that includes adherence to medication and dietary adjustments necessitate com-
prehensive training of the multidisciplinary team, patient, and caregiver (specialized 
personnel or family members) (Table 23.1).

Current expert opinions suggest that permanent communication between spe-
cialists and SBS patients is vital [13]. Additionally, experts highlighted the need for 
education and specialization for healthcare providers. Both SBS and experts in SBS 
are relatively rare, thus patients should be advised by the general practitioner to find 
SBS experts. Iyer et al. [13] cited the example of a New Mexico–based multidisci-
plinary team that provides educational support for nonspecialist clinicians.

Table 23.1  The targets of 
SBS patient education

Understanding the anatomy and physiology of SBS
Performing efficient self-monitoring of symptoms and 
general health status
Understanding the lifestyle changes
Understanding the urge for requesting medical and 
psychological support, when appropriate
Understanding the importance of clinical monitoring and 
follow-up
Constantly updating the knowledge on the pathology, 
management options, and resources
Understanding their participation as active contributors to 
disease management
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Clinical outcomes improvement could be the most important impact of patient 
education in SBS. Recent studies show that educational interventions directed to 
SBS patients with intestinal failure could improve awareness and understanding of 
the disease, facilitate timely diagnosis, and standardize management practices as 
well as reduce the occurrence of complications requiring hospital admissions, thus 
reducing the costs of patient management [14, 15].

Since SBS patients are often dependent on partial or total parenteral nutrition, 
their quality of life could be severely affected. By contrast, being partially or totally 
disabled could be prevented by patient education in self-management. A systematic 
review of European and Canadian studies regarding the SBS patients’ and caregiv-
ers’ quality of life concluded that the type of treatment significantly affects the 
patients’ lives [16]. No treatment and dependency on parenteral nutrition were 
reported as a significant negative influence on quality of life. Iyer et al. [13] estab-
lished that patients with parenteral nutrition could be educated on how to automate 
and mobilize logistical support to reduce disability. A recent study shows that self-
management techniques could contribute to enhanced coping mechanisms and emo-
tional support [17].

Another important role of SBS patient education is adherence to prescribed treat-
ment. According to the guidelines suggested by Kumpf and Parrish [18], different 
types of treatments significantly improve patient outcomes. Yet a vital component of 
treatment approaches that ensures efficiency is patient adherence [19].

23.3	� Common Practices in SBS Patient Education

In SBS, patient education should be focused on self-monitoring, self-care, and psy-
chological support. Specifically, several key components include the patient’s 
understanding of the pathology and the particular management interventions rec-
ommended for their case. The attending physician should clearly explain the causes, 
symptoms, and changes in their lives when being diagnosed with SBS. The use of 
simple terms and visual aids, such as charts, videos, or any digital resource could 
help patients better understand the condition they are diagnosed with. Clinical prac-
tice experience has shown that patients who understand the meaning of their symp-
toms have increased positive outcomes. These could result from reporting the 
symptoms to a healthcare provider and dealing with them through interventions 
previously designed by their medical caregivers [16]. In SBS, patients should be 
educated to recognize the clinical signs of the most frequent symptoms and compli-
cations, such as diarrhea, weight loss, dehydration, anemia, and nutrient 
deficiencies.

Also, SBS patients could benefit from a good understanding of the medication 
used for their condition. Besides the long-term treatments, SBS patients should 
know when to self-administer therapies, such as over-the-counter antidiarrheals, 
prebiotics, probiotics, vitamins, minerals, electrolytes, and digestion supple-
ments [5].
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While SBS patients are dependent on partial or total parenteral nutrition, in many 
cases, they should be instructed to communicate with their attending physician 
when changes in overall health status occur. Recently, the dependency on partial or 
total parenteral nutrition could be corrected by innovative interventions (e.g. intes-
tinal transplantation). Catron et al. [20] reported parenteral nutrition elimination in 
five young SBS patients following intestinal transplantation, but concluded that the 
success of the procedure is primarily due to individualized care and frequent patient 
communication.

Since previous studies have reported that the incidence of nutritional deficits is 
high when partial or total parenteral nutrition is administered, SBS patients should 
be instructed to recognize the most common symptoms of various hypovitaminosis 
and mineral deficits and to search for immediate medical care [19, 21–23]. Similarly, 
SBS patients should be educated to recognize the symptoms of known complica-
tions and early signs of occurrence of comorbidities, such as small intestine bacte-
rial overgrowth, severe dehydration, kidney failure, and liver failure [19, 21, 24]. 
However, since some of the symptoms may not be recognized by the patient or their 
caregiver, SBS patient education should focus on the importance of monitoring and 
follow-up provided by the attending physician. They should understand the particu-
lar needs of their condition for regular medical monitoring and self-monitoring of 
health status. Benefits may arise from using written logs or smart applications.

SBS patients who are not dependent on PN should be instructed on the particular 
requirements of their diet as well as the benefits that these changes provide. Various 
studies and resources teach SBS patients that nutrient absorption is more efficient if 
smaller and repeated meals are administered, while abundant meals and several ali-
ments predispose them to complications, such as intestinal obstruction [5, 25–27]. 
Similarly, SBS patients should be instructed on how to prevent diarrhea and intesti-
nal bacterial overgrowth by limiting simple carbohydrates and adding foods that are 
rich in protein content [28, 29].

Consequent to the progress of science and technology, new resources are emerg-
ing. As psychological and emotional support was previously provided through sup-
port groups and specialized therapy, online resources and widespread multilingual 
access now enable SBS patients to connect globally [5, 30]. However, caution 
should be advised when using these resources, as many differences were noted 
between the populations in several physiological aspects, such as diet particularities 
[1, 31–34]. An educational paper written by a Polish group of SBS experts [35] 
comprehensively presented detailed information about the particularities of the 
digestive system and nutrition in SBS.

Due to the increased psychological burden and decreased quality of life among 
SBS patients, patient education and management should include efforts to prevent 
the occurrence of comorbid mental health disorders, such as stress, anxiety, and 
depression [36, 37]. Consequently, SBS patients should be educated on symptom 
management options to live a close-to-normal life rather than limiting their activi-
ties (travel, work, daily chores, and social interactions) [13, 38].

As described above, almost any resource at the disposal of the gastroenterology 
expert could be used to educate SBS patients as a part of the more complex process 
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Fig. 23.1  Items of SBS patient education. (Created with BioRender.com)

of disease management (Fig. 23.1). The objective assessment of the patient’s clini-
cal spectrum, needs, preferences, limitations, and goals could significantly improve 
the formulation of individualized management programs. The thorough training of 
the experts should be accompanied by the willingness to develop trusting relation-
ships with the patients. Modern technological resources (smartphone applications, 
telehealth, online resources) could also be useful in SBS patient education.

23.4	� Limitations and Future Perspectives

Sometimes, SBS patient education could be limited by certain issues, such as lim-
ited availability of specialists or time, limited access to educational means, or lim-
ited understanding (Table 23.2).

The patient education process often resides in the education of the clinical prac-
titioner who provides healthcare services [39, 40]. Real-world observations based 
on clinical cases suggested that efficient guidelines for managing the most prevalent 
symptoms that lead to complications (chronic diarrhea and nutrient loss) could sig-
nificantly improve the development of best practices for individualized medical care 
[41]. Furthermore, the reduced number of gastroenterology specialists and the 
increasing number of patients could prevent extended management processes for 

C. Cojocariu et al.

http://biorender.com


271

Table 23.2  Limitations of 
SBS patient education

Limited resources and guidelines for healthcare providers
Limited number of specialists to perform patient 
education programs
Limited time for counseling and education
Limited access to educational means
Cultural, educational, or cognitive limitations

SBS patients. Since patient education is mainly performed by the clinical practitio-
ner during monitoring visits and follow-ups, counseling and education could 
take time.

In SBS patients experiencing severe complications, the associated comorbid 
cognitive disorders, such as depression, anxiety, or decreased performance in con-
tent retention, could prevent understanding and participation in educational pro-
cesses [5]. Also, belonging to vulnerable populations or having limited medical 
knowledge could decrease the efficiency of patient education programs [42, 43]. 
Socioeconomic and cultural barriers were also reported as potential limitations of 
the efficiency of education programs.

The future perspectives of SBS patient education could be correlated with 
addressing the limitations with continuous research on SBS pathology and manage-
ment options. The development of novel educational means could also improve the 
patient education process by adapting innovative resources to the needs of both 
educators and patients (e.g., artificial intelligence). The increasing number of reports 
of the significant improvements brought by artificial intelligence use in patient edu-
cation suggests the encouraging future perspective of artificial intelligence-based 
resources [44–48]. A prestigious medical school in England is currently offering 
online programs to train healthcare providers on artificial intelligence as an efficient 
tool in clinical practice.

Furthermore, long-term educational interventions are less studied for SBS but 
reported as efficient in the management of other gastrointestinal diseases, with spe-
cial regard to improving the patient’s quality of life [49], improving ergonomics in 
gastrointestinal endoscopy [50, 51] or preventing the misuse of over-the-counter 
medication, such as broad-spectrum antibiotics or proton pump inhibitors [52, 53].

23.5	� Conclusions

In conclusion, healthcare providers should consider that individualized approaches 
are often needed in SBS patients based on the particularities of their pathological 
profiles. In this context, SBS management could imply periodic follow-ups and 
specialized medical counseling as newer resources are constantly emerging and 
modern-era pathologies are complexly evolving. Thus, the final role of patient edu-
cation is to provide comprehensive support and empowerment for SBS patients to 
maximize outcomes and improve their quality of life. Many resources could be used 
to educate SBS patients as a part of the more complex disease management. The 
objective assessment of the patient’s clinical tableau, needs, preferences, 
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limitations, and goals could significantly improve the formulation of individualized 
management programs. The thorough training of the experts should be accompa-
nied by the willingness to develop trusting relationships with the patients. Modern 
technological resources (smartphone applications, telehealth, online resources) 
could also be vital in SBS patient education.
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24Future Perspectives in Short Bowel 
Syndrome: Organoid-Based 
Tissue-Engineered Small Intestine, SIC, 
and Xenotransplantation

Ioana Manea and Liana Gheorghe

24.1	� Introduction

The human intestine is a complex structure with multiple functions. In addition to 
its cardinal role in the final steps of digestion and the absorption of nutrients, it is 
also pivotal in maintaining a barrier against the contents of the lumen. Harboring the 
human gut microbiota, immunomodulatory and neurohormonal roles also make the 
human intestine a key structure in maintaining homeostasis.

Extensive loss of the small intestine, either anatomical (such as short bowel syn-
drome) or functional (congenital conditions, dysmotility, etc.), leads invariably to 
intestinal failure (IF). Short bowel syndrome (SBS) is the most severe form of IF, 
and it is also irreversible. Patients with SBS are dependent on parenteral nutrition 
and hydration. Intestinal adaptation as a compensatory mechanism can be further 
stimulated with parenteral nutrition and enhanced with the aid of medication: 
growth factors (growth hormone, glutamine, glucagon-like peptide 2), antisecretory 
drugs (H2 receptor antagonists, proton pump inhibitors), antimotility medication 
(loperamide, cholestyramine), antibiotics, and probiotics to control small intestine 
bacterial overgrowth (SIBO) [1]. However, current treatment options, including 
intestine transplantation, seem to be insufficient.

The necessity to overcome the consequences of intestinal failure (digestive inca-
pacity and absorptive dysfunction leading to malnutrition) has brought to attention 
organoid development and xenografting technologies.
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Patient-derived organoids (PDOs) are three-dimensional structures derived from 
the patient’s own cells. The principle behind all organoid generation is that when 
primary cells isolated from patients are embedded in the proper extracellular matrix-
like structure, they have the ability to self-organize into three-dimensional struc-
tures that become autonomous and also have the ability, at least in part, to recapitulate 
the morphology and physiology of the tissue of origin [2]. An essential part of the 
process is the use of growth media containing, aside from nutrients, the growth fac-
tors specific to the tissue of origin.

Thus far, PDOs have been widely used in studies on various types of tissues, 
both wild-type and tumoral, in order to advance functional studies, disease model-
ing, pharmacotyping studies [3, 4], etc. When addressing the specific matter of 
small intestine organoid clinical use, there are several key aspects to be taken into 
account:

•	 The type of extracellular matrix extract and growth medium used must be appro-
priate for organoid grafting/transplantation.

•	 The amount of organoids generated must be large enough to suffice the grafting/
transplantation procedure.

•	 Organoid models used in basic science studies are usually obtained from intesti-
nal stem cells (ISCs) from the base of the intestinal crypts. Thus, the organoids 
will not contain the non-epithelial structures present in the original tissue (mes-
enchymal cells, endothelial cells, immune cells).

Therefore, it is essential to adapt the organoid generation technology to the type 
of downstream application that follows: basic science studies or clinical studies 
involving grafting/transplantation.

24.2	� Laboratory Requirements for Organoid Culturing

The equipment and general consumables required for organoid generation and bio-
banking are similar to those used in monolayer cell cultures. The minimal equip-
ment requirements are as follows:

•	 Safety cabinet—class II
•	 Centrifuge with temperature control (refrigerated centrifuge)—with rotors suit-

able for 50 and 15 mL conical tubes (ideally, with swing-out rotors)
•	 Microcentrifuge
•	 Incubator with carbon dioxide source (that can be set for 37 °C and 5% carbon 

dioxide atmosphere)
•	 Inverted light microscope
•	 2–8 °C fridge; −20 °C fridge; −80 °C fridge; liquid nitrogen storing unit
•	 Freezing containers with a controlled rate of cooling
•	 Weighing scales (for micrograms, milligrams, and grams)
•	 Pipettes and micropipettes ranging from 25 mL to 0.1 μL
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General consumables are similar for all types of organoids, irrespective of the 
tissue of origin and are extensively presented in the organoid protocol by Driehuis 
et al. [5].

24.3	� Specimen Collection and Transportation

Organoids can be developed from all kinds of tissues obtained via biopsy or surgical 
resection. For intestinal organoids, most commonly, the patient undergoes endos-
copy and one or several biopsies are taken from the healthy areas of the intestine. 
The bioptic tissue is then transported to the laboratory (in dedicated transport media) 
where it is enzymatically digested (using enzymes such as collagenase, Accutase, or 
various trypsin/trypsin-like enzyme combinations) into small clusters of cells.

A general laboratory good practice rule for any type of cell culture derived from 
primary cells (patient-derived cell cultures) is that transportation of the biological 
material to the research laboratory, irrespective of its provenance, should be per-
formed as soon as possible—cell viability decreases over time.

Tissue samples are collected directly in transport medium containing Advanced 
DMEM/F12, fetal calf serum or fetal bovine serum (FCS or FBS), and several anti-
microbial agents [6]. The addition of Rho-kinase inhibitor Y-27632 to the collection 
and transport medium will decrease anoikis, and thus increase the organoid yield 
per sample [6].

The sample should be processed immediately upon arrival. However, should 
extemporaneous processing not be possible, the tissue may be preserved in dedi-
cated cell culture freezing medium, at −80 °C, as described in Urbano PCM et al. [6].

24.4	� Organoid Culturing

For intestinal crypt isolation, samples must be devoid of underlying muscle tissue. 
This can be achieved with a surgical blade or with surgical scissors [7]. All process-
ing steps in the organoid generation protocols are to be performed at low tempera-
tures, using cold phosphate buffered saline (PBS) and ethylenediaminetetraacetic 
acid (EDTA) chelation buffers. Typically, this refers to refrigerator temperatures 
(2–8 °C).

Tissue fragments should be about 5 mm in size [8]. After fragmenting the tissue 
into small pieces with a surgical blade, the fragments are washed in cold PBS, and 
then incubated with EDTA chelation buffer. In order to best separate the crypts from 
the fragments, several steps of resuspension followed by sedimentation are required. 
Sato et  al. recommend 6–8 resuspension/sedimentation cycles [8]. However, 
depending on the sample, the number of crypts isolated in the supernatant can be 
assessed microscopically and the number of cycles adjusted.

The supernatant containing the crypts is centrifuged in order to pellet the crypts 
and separate them from single cells. After discarding the supernatant, the pelleted 
crypts are resuspended in extracellular matrix extract (ECM). Table 24.1 presents a 
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Table 24.1  Extracellular matrices used in intestinal organoid culture

Extracellular matrix type Reference article
Matrigel (basement membrane 
extract)

Sato, T., et al. (2009). Nature, 459(7244), 262–265. 
https://doi.org/10.1038/nature07935 [2]

Cultrex (basement membrane 
extract)

Co, J. Y., et al. (2019). Cell Reports, 26(9), 2509–2520.
e4. https://doi.org/10.1016/j.celrep.2019.01.108 [9]

Collagen I hydrogels Peng, H., et al. (2015). ACS Biomaterials Science & 
Engineering, 1(1), 37–42. https://doi.org/10.1021/
ab500041d [10]

Matrigel (basement membrane 
extract)

Watson, C. L., et al. (2014). Nature Medicine, 20(11), 
1310–1314. https://doi.org/10.1038/nm.3737 [11]

Polyethylene glycol hydrogels (PEG 
RGD)

Gjorevski, N., et al. (2016). Nature, 539(7630), 
560–564. https://doi.org/.1038/nature20168 [12]

PEG-4MAL Cruz-Acuña, R., et al. (2017). Nature Cell Biology, 
19(11), 1326–1335. https://doi.org/10.1038/ncb3632 
[13]

Decellularized human intestinal 
scaffolds/Cultrex (basement 
membrane extract)

Meran, L., et al. (2020). Nature Medicine, 26(10), 
1593–1601. https://doi.org/10.1038/
s41596-022-00751-1

Matrigel (basement membrane 
extract)

Lei, N. Y., et al. (2014). PLOS ONE, 9(1), e84651. 
https://doi.org/10.1371/journal.pone.0084651 [14]

PEG RGD with laminin-111 Gjorevski, N., & Lutolf, M. P. (2017).  
Nature Protocols, 12(11), 2263–2274. https://doi.
org/10.1038/nprot.2017.095 [15]

Matrigel (basement membrane 
extract)

Spence, J. R., et al. (2011). Nature, 470(7332), 
105–109. https://doi.org/10.1038/nature09691 [16]

Type I collagen–Matrigel mix Nikolaev, M., et al. (2020). Nature, 585(7826), 
574–578. https://doi.org/10.1038/s41586-020-2724-8 
[17]

PEG RGD polyethylene glycol with arginine-glycine-aspartic acid peptide, PEG-4MAL polyeth-
ylene glycol with 4 maleimide functional groups, ECM extracellular matrix, DMEM/F12 
Dulbecco’s modified eagle medium/nutrient mixture F-12, RGD arginine-glycine-aspartic acid (a 
cell adhesion peptide)

list of extracellular matrices that have been used in several articles employing intes-
tinal organoid culturing in their experiments. As a general laboratory good practice 
rule, when developing cultures that need very specific growth factors to thrive, it is 
adamant to use growth factor reduced ECMs.

After resuspending the crypts in ECM, small domes of the mixture are pipetted 
into the culture plates. The size of the culture plate used should be determined by 
the amount of sample available—small samples should be plated in smaller wells 
(e.g., 48 or 24 wells) so that the crypts would not be too sparsely distributed. 
Depending on the type of ECM used, the domes containing the crypts polymerize 
and solidify (manufacturers’ instructions should be followed) (Table 24.1).

After the ECM is fully polymerized, growth medium is added to each well, and 
the plate is incubated at 37 °C, in 5% carbon dioxide atmosphere. Table 24.2 pres-
ents a list of culture media that have been used in several articles employing intesti-
nal organoid culturing in their experiments.
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Table 24.2  Culture media used in intestinal organoid culture

Culture media type Reference article
Advanced DMEM/F12, HEPES, Glutamax, 
B27, NACC, Gastrin, EGF, Nicotinamide, 
A83-01, Wnt3a, RSPO, Noggin, antibiotic

Sato, T., et al. (2009). Nature, 459(7244), 
262–265. https://doi.org/10.1038/
nature07935 [2]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, NACC, Gastrin, EGF, Nicotinamide, 
A83-01, Wnt3a, RSPO, Noggin, antibiotic

Co, J. Y., et al. (2019). Cell Reports, 26(9), 
2509–2520.e4. https://doi.org/10.1016/j.
celrep.2019.01.108 [9]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, NACC, Gastrin, EGF, Nicotinamide, 
RSPO, Noggin, N2, antibiotic

Peng, H., et al. (2015). ACS Biomaterials 
Science & Engineering, 1(1), 37–42. https://
doi.org/10.1021/ab500041d [10]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, EGF, Noggin, antibiotic

Watson, C. L., et al. (2014). Nature 
Medicine, 20(11), 1310–1314. https://doi.
org/10.1038/nm.3737 [11]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, NACC, Gastrin, EGF, Nicotinamide, 
RSPO, Noggin, N2, CHIR99021, valproic acid, 
antibiotic

Gjorevski, N., et al. (2016). Nature, 
539(7630), 560–564. https://doi.
org/10.1038/nature20168 [12]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, EGF, RSPO, Noggin, antibiotic

Cruz-Acuña, R., et al. (2017). Nature Cell 
Biology, 19(11), 1326–1335. https://doi.
org/10.1038/ncb3632 [13]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, NACC, Gastrin, EGF, Nicotinamide, 
A83-01, Wnt3a, RSPO, Noggin, SB202190, 
CHIR99021, antibiotic

Meran, L., et al. (2020). Nature Medicine, 
26(10), 1593–1601. https://doi.org/10.1038/
s41596-022-00751-1

Advanced DMEM/F12, HEPES, Glutamax, 
B27, NACC, EGF, RSPO, Noggin, antibiotic

Lei, N. Y., et al. (2014). PLOS ONE, 9(1), 
e84651. https://doi.org/10.1371/journal.
pone.0084651 [14]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, EGF, RSPO, Noggin, N2, CHIR99021, 
valproic acid, antibiotic

Gjorevski, N., & Lutolf, M. P. (2017). 
Nature Protocols, 12(11), 2263–2274. 
https://doi.org/10.1038/nprot.2017.095 [15]

mTesR1 medium (before differentiation); after 
differentiation: Advanced DMEM/F12, HEPES, 
L-Glutamine, B27, EGF, RSPO, Noggin, N2, 
antibiotic

Spence, J. R., et al. (2011). Nature, 
470(7332), 105–109. https://doi.
org/10.1038/nature09691 [16]

Advanced DMEM/F12, HEPES, Glutamax, 
B27, NACC, EGF, RSPO, Noggin, N2, 
CHIR99021, valproic acid, antibiotic

Nikolaev, M., et al. (2020). Nature, 
585(7826), 574–578. https://doi.
org/10.1038/s41586-020-2724-8 [17]

DMEM/F12 Dulbecco’s modified eagle medium/nutrient mixture F-12, HEPES 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (a buffering agent), B27 B27 supplement (a serum-free additive 
for neural/epithelial cultures), NACC N-acetylcysteine, EGF epidermal growth factor, RSPO 
R-spondin (a Wnt signaling activator), Noggin bone morphogenetic protein inhibitor, N2 N2 sup-
plement (a nutrient mix for neuronal and epithelial cultures), CHIR99021 GSK-3β inhibitor (acti-
vates Wnt/β-catenin signaling), A83-01 TGF-β type I receptor inhibitor, SB202190 p38 MAP 
kinase inhibitor, mTeSR1 maintenance medium for human pluripotent stem cells
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During the first few days, the cultures should be followed closely for potential 
signs of infection. After that, culture media is changed according to each sample’s 
growth rate.

24.5	� Alternative Scaffolding and the Perspective 
of Xenotransplantation

A protocol published in 2023 has engineered human mucosal grafts from PDOs. 
The novelty presented in the study is that the intestinal PDOs derived from intestinal 
crypts were co-cultured with fibroblasts and embedded in a natural scaffold derived 
from resected human intestine [8] (Table 24.2).

The decellularized human intestine scaffold is obtained from fresh surgically 
resected human intestine. The cells go through a process of osmotic shock disinte-
gration, followed by several steps of enzymatic treatment, using a detergent (in 
order to successfully remove lipids).

Removal of residual cells is performed with a mild detergent (Na deoxycholate) 
followed by Dnase-I (an endonuclease that is active against both packaged and 
unpackaged DNA).

According to the authors, the scaffold thus obtained may have a stability of 
months, but may be preserved for up to several years. Another study on human tis-
sue derived scaffold (oesophagus-derived) has reported a stability of 6 months in 
liquid nitrogen [18]. The intestinal scaffold was recellularized at the luminal pole, 
in a bioreactor, first with the fibroblasts and then with the intestinal organoids.

Intestinal grafts obtained from both patient-derived scaffolding and patient-
derived organoids represent a promising technology for xenotransplantation. 
Furthermore, a study published in 2022 reports developing a xenotransplantation 
system that embeds human intestinal organoids in decellularized mouse intestines. 
The authors have reported successfully repopulating scaffolds with both wild-type 
and tumoral organoids, and obtaining intestinal crypts and tumoral tissue resem-
bling the tissue of origin, respectively [19].

Organoids and organoid co-culture systems have emerged as crucial scientific 
tools in basic science. Their potential applications range from disease modeling and 
drug discovery and testing, to personalized regenerative medicine and tissue engi-
neering. The development of new scaffolding materials and the automation of 
organoid generation represent a promising avenue for bioengineering patient-
derived tissue and xenotransplantation, with the potential to bypass the shortcom-
ings of transplantation and offer short bowel syndrome patients more effective 
therapies in the future.

References

1.	Neelis EG, Olieman JF, Hulst JM, de Koning BA, Wijnen RM, Rings EH. Promoting intestinal 
adaptation by nutrition and medication. Best Pract Res Clin Gastroenterol. 2016;30(2):249–61. 
https://doi.org/10.1016/j.bpg.2016.03.002. Epub 2016 Mar 8. PMID: 27086889.

I. Manea and L. Gheorghe

https://doi.org/10.1016/j.bpg.2016.03.002


281

2.	Sato T, Vries RG, Snippert HJ, van de Wetering M, Barker N, Stange DE, van Es JH, Abo A, 
Kujala P, Peters PJ, Clevers H. Single Lgr5 stem cells build crypt-villus structures in vitro 
without a mesenchymal niche. Nature. 2009;459(7244):262–5. https://doi.org/10.1038/
nature07935. Epub 2009 Mar 29. PMID: 19329995.

3.	Fujii M, Sato T. Somatic cell-derived organoids as prototypes of human epithelial tissues and 
diseases. Nat Mater. 2021;20(2):156–69. Epub 2020 Aug 17. PMID: 32807924. https://doi.
org/10.1038/s41563-020-0754-0.

4.	Grützmeier SE, Kovacevic B, Vilmann P, Rift CV, Melchior LC, Holmström MO, Brink L, 
Hassan H, Karstensen JG, Grossjohann H, Chiranth D, Toxværd A, Hansen CP, Høgdall E, 
Hasselby JP, Klausen P. Validation of a novel EUS-FNB-derived organoid co-culture system 
for drug screening in patients with pancreatic cancer. Cancers (Basel). 2023;15(14):3677. 
https://doi.org/10.3390/cancers15143677. PMID: 37509338; PMCID: PMC10377599.

5.	Driehuis E, Gracanin A, Vries RGJ, Clevers H, Boj SF. Establishment of pancreatic organoids 
from normal tissue and tumors. STAR Protoc. 2020;1(3):100192. https://doi.org/10.1016/j.
xpro.2020.100192. PMID: 33377086; PMCID: PMC7757566.

6.	Urbano PCM, Angus HCK, Gadeock S, Schultz M, Kemp RA. Assessment of source mate-
rial for human intestinal organoid culture for research and clinical use. BMC Res Notes. 
2022;15(1):35. https://doi.org/10.1186/s13104-022-05925-4. PMID: 35144661; PMCID: 
PMC8830126.

7.	Sato T, Stange DE, Ferrante M, Vries RG, Van Es JH, Van den Brink S, Van Houdt WJ, 
Pronk A, Van Gorp J, Siersema PD, Clevers H. Long-term expansion of epithelial organoids 
from human colon, adenoma, adenocarcinoma, and Barrett’s epithelium. Gastroenterology. 
2011;141(5):1762–72. https://doi.org/10.1053/j.gastro.2011.07.050. Epub 2011 Sep 2. PMID: 
21889923.

8.	Meran L, Tullie L, Eaton S, De Coppi P, Li VSW. Bioengineering human intestinal mucosal 
grafts using patient-derived organoids, fibroblasts and scaffolds. Nat Protoc. 2023;18(1):108–35. 
https://doi.org/10.1038/s41596-022-00751-1. Epub 2022 Oct 19. PMID: 36261633.

9.	Co JY, Margalef-Català M, Li X, Mah AT, Kuo CJ, Monack DM, Amieva MR. Controlling 
epithelial polarity: a human enteroid model for host-pathogen interactions. Cell Rep. 
2019;26(9):2509–20.e4. https://doi.org/10.1016/j.celrep.2019.01.108. PMID: 30811997; 
PMCID: PMC6391775.

10.	Peng H, Poovaiah N, Forrester M, Cochran E, Wang Q. Ex vivo culture of primary intestinal 
stem cells in collagen gels and foams. ACS Biomater Sci Eng. 2015;1(1):37–42. https://doi.
org/10.1021/ab500041d. Epub 2014 Dec 8. PMID: 33435081.

11.	Watson CL, Mahe MM, Múnera J, Howell JC, Sundaram N, Poling HM, Schweitzer JI, 
Vallance JE, Mayhew CN, Sun Y, Grabowski G, Finkbeiner SR, Spence JR, Shroyer NF, Wells 
JM, Helmrath MA. An in vivo model of human small intestine using pluripotent stem cells. 
Nat Med. 2014;20(11):1310–4. https://doi.org/10.1038/nm.3737. Epub 2014 Oct 19. PMID: 
25326803; PMCID: PMC4408376.

12.	Gjorevski N, Sachs N, Manfrin A, Giger S, Bragina ME, Ordóñez-Morán P, Clevers 
H, Lutolf MP.  Designer matrices for intestinal stem cell and organoid culture. Nature. 
2016;539(7630):560–4. https://doi.org/10.1038/nature20168. Epub 2016 Nov 16. PMID: 
27851739.

13.	Cruz-Acuña R, Quirós M, Farkas AE, Dedhia PH, Huang S, Siuda D, García-Hernández V, 
Miller AJ, Spence JR, Nusrat A, García AJ. Synthetic hydrogels for human intestinal organ-
oid generation and colonic wound repair. Nat Cell Biol. 2017;19(11):1326–35. https://doi.
org/10.1038/ncb3632. Epub 2017 Oct 23. PMID: 29058719; PMCID: PMC5664213.

14.	Lei NY, Jabaji Z, Wang J, Joshi VS, Brinkley GJ, Khalil H, Wang F, Jaroszewicz A, Pellegrini 
M, Li L, Lewis M, Stelzner M, Dunn JC, Martín MG. Intestinal subepithelial myofibroblasts 
support the growth of intestinal epithelial stem cells. PLoS One. 2014;9(1):e84651. https://doi.
org/10.1371/journal.pone.0084651. PMID: 24400106; PMCID: PMC3882257.

15.	Gjorevski N, Lutolf MP. Synthesis and characterization of well-defined hydrogel matrices and 
their application to intestinal stem cell and organoid culture. Nat Protoc. 2017;12(11):2263–74. 
https://doi.org/10.1038/nprot.2017.095. Epub 2017 Oct 5. PMID: 28981121.

24  Future Perspectives in Short Bowel Syndrome: Organoid-Based…

https://doi.org/10.1038/nature07935
https://doi.org/10.1038/nature07935
https://doi.org/10.1038/s41563-020-0754-0
https://doi.org/10.1038/s41563-020-0754-0
https://doi.org/10.3390/cancers15143677
https://doi.org/10.1016/j.xpro.2020.100192
https://doi.org/10.1016/j.xpro.2020.100192
https://doi.org/10.1186/s13104-022-05925-4
https://doi.org/10.1053/j.gastro.2011.07.050
https://doi.org/10.1038/s41596-022-00751-1
https://doi.org/10.1016/j.celrep.2019.01.108
https://doi.org/10.1021/ab500041d
https://doi.org/10.1021/ab500041d
https://doi.org/10.1038/nm.3737
https://doi.org/10.1038/nature20168
https://doi.org/10.1038/ncb3632
https://doi.org/10.1038/ncb3632
https://doi.org/10.1371/journal.pone.0084651
https://doi.org/10.1371/journal.pone.0084651
https://doi.org/10.1038/nprot.2017.095


282

16.	Spence JR, Mayhew CN, Rankin SA, Kuhar MF, Vallance JE, Tolle K, Hoskins EE, 
Kalinichenko VV, Wells SI, Zorn AM, Shroyer NF, Wells JM. Directed differentiation of human 
pluripotent stem cells into intestinal tissue in vitro. Nature. 2011;470(7332):105–9. https://doi.
org/10.1038/nature09691. Epub 2010 Dec 12. PMID: 21151107; PMCID: PMC3033971.

17.	Nikolaev M, Mitrofanova O, Broguiere N, Geraldo S, Dutta D, Tabata Y, Elci B, Brandenberg 
N, Kolotuev I, Gjorevski N, Clevers H, Lutolf MP. Homeostatic mini-intestines through scaf-
fold-guided organoid morphogenesis. Nature. 2020;585(7826):574–8. https://doi.org/10.1038/
s41586-020-2724-8. Epub 2020 Sep 16. PMID: 32939089.

18.	Urbani L, Maghsoudlou P, Milan A, Menikou M, Hagen CK, Totonelli G, Camilli C, Eaton 
S, Burns A, Olivo A, De Coppi P. Long-term cryopreservation of decellularised oesophagi 
for tissue engineering clinical application. PLoS One. 2017;12(6):e0179341. https://doi.
org/10.1371/journal.pone.0179341. PMID: 28599006; PMCID: PMC5466304.

19.	Sugimoto S, Kobayashi E, Kanai T, Sato T. In vivo intestinal research using organoid trans-
plantation. Keio J Med. 2022;71(4):73–81. https://doi.org/10.2302/kjm.2022-0019-IR. Epub 
2022 Dec 1. PMID: 36450523.

I. Manea and L. Gheorghe

https://doi.org/10.1038/nature09691
https://doi.org/10.1038/nature09691
https://doi.org/10.1038/s41586-020-2724-8
https://doi.org/10.1038/s41586-020-2724-8
https://doi.org/10.1371/journal.pone.0179341
https://doi.org/10.1371/journal.pone.0179341
https://doi.org/10.2302/kjm.2022-0019-IR

	Contents
	1: Definition and Classification of Short Bowel Syndrome
	1.1	 Definition
	1.2	 Classification of Short Bowel Syndrome
	References

	2: Epidemiology and Survival of Short Bowel Syndrome
	Bibliography

	3: Pathophysiology and Anatomical Considerations in Short Bowel Syndrome
	3.1	 Pathophysiology in Short Bowel Syndrome
	3.2	 Site-Specific Effects of Intestinal Resection
	3.2.1	 End Jejunostomy
	3.2.2	 Jejunoileostomy
	3.2.3	 The Role of the Colon (Jejunocolic or Jejunoileocolic Anastomosis)

	References

	4: Humanistic Burden of Short Bowel Syndrome
	4.1	 Introduction
	4.2	 Physical and Health-Related Burden
	4.2.1	 Chronic Symptoms and Complications
	4.2.2	 Impact on Quality of Life

	4.3	 Emotional and Psychological Impact
	4.3.1	 Mental Health Challenges
	4.3.2	 Coping Mechanisms and Resilience

	4.4	 Social and Relational Burden
	4.4.1	 Impact on Family and Caregivers
	4.4.2	 Social Isolation

	4.5	 Economic and Financial Burden
	4.5.1	 Direct Costs
	4.5.2	 Indirect Costs
	4.5.3	 Healthcare System Implications

	4.6	 Patient Advocacy and Support
	4.7	 Future Directions
	4.7.1	 Importance of Interdisciplinary Approach
	4.7.2	 Call to Action for Healthcare Professionals and Policymakers

	4.8	 Conclusion
	References

	5: Intestinal Adaptation: Mechanisms and Therapy Goals
	5.1	 Introduction
	5.2	 Optimizing Intestinal Function: Key Rehabilitation Goals
	5.3	 Structural and Functional Changes in Short Bowel Syndrome
	5.3.1	 Adaptation Patterns According to the Remaining Intestinal Segments
	5.3.2	 Structural Adaptation Mechanism
	5.3.3	 Functional Changes in Short Bowel

	5.4	 Conclusions
	References

	6: Free Water, Electrolytes, and Acid–Base Balance Disturbances in Short Bowel Syndrome
	6.1	 Physiology of Fluid and Electrolyte Absorption
	6.1.1	 Water and Electrolyte Absorption in the Gastrointestinal Tract
	6.1.2	 Role of the Small and Large Intestine in Electrolyte Homeostasis
	6.1.3	 How SBS Disrupts These Processes Due to Reduced Absorptive Surface Area

	6.2	 Water and Electrolyte Disturbances in SBS
	6.2.1	 Fluid and Electrolyte Imbalances in SBS: Mechanisms and Treatment
	6.2.1.1	 Management of Fluid Imbalance

	6.2.2	 Sodium Losses and Management in Short Bowel Syndrome
	6.2.2.1	 Management of Sodium Loss
	6.2.2.2	 Monitoring and Addressing Hyponatremia

	6.2.3	 Potassium Imbalance and Management in Short Bowel Syndrome
	6.2.3.1	 Factors Contributing to Potassium Deficiency
	6.2.3.2	 Management of Potassium Deficiency

	6.2.4	 Magnesium Imbalance and Management in SBS
	6.2.4.1	 Mechanisms of Magnesium Loss
	6.2.4.2	 Management of Magnesium Deficiency

	6.2.5	 Calcium Homeostasis and Management in SBS
	6.2.5.1	 Mechanisms of Calcium Imbalance
	6.2.5.2	 Management of Calcium Deficiency

	6.2.6	 Phosphorus Balance in SBS
	6.2.6.1	 Management of Phosphorus Deficiency


	6.3	 Physiology of Acid–Base Balance in Short Bowel Syndrome
	6.3.1	 Mechanisms of Acid–Base Disturbance in IF/SBS
	6.3.2	 Detection of Acid–Base Disturbance in SBS
	6.3.3	 Consequences of Unrecognized Acid–Base Disturbance

	References

	7: Refeeding Syndrome: Prevention, Diagnosis, and Treatment
	7.1	 Definition
	7.2	 Risk Factors
	7.3	 Pathophysiology
	7.4	 Diagnosis
	7.5	 Prevention and Management
	References

	8: Cholelithiasis and Nephrolithiasis in Short Bowel Syndrome
	8.1	 Introduction
	8.1.1	 Cholelithiasis
	8.1.2	 Nephrolithiasis

	8.2	 Pathophysiology of Cholelithiasis in Short Bowel Syndrome
	8.3	 Bile Acid Malabsorption and Gallstone Formation
	8.4	 Risk Factors for Cholelithiasis in SBS
	8.5	 Clinical Manifestations of Cholelithiasis
	8.6	 Nephrolithiasis Epidemiology
	8.7	 Pathophysiology of Nephrolithiasis in Short Bowel Syndrome
	8.7.1	 Oxalate Malabsorption and Kidney Stone Formation
	8.7.2	 Contributing Factors to Nephrolithiasis

	8.8	 Risk Factors for Nephrolithiasis in SBS
	8.9	 Clinical Manifestations of Nephrolithiasis
	8.10	 Diagnosis of Cholelithiasis and Nephrolithiasis in SBS
	8.10.1	 Diagnostic Tools for Cholelithiasis
	8.10.2	 Diagnostic Tools for Nephrolithiasis

	8.11	 Differential Diagnosis in Nephrolithiasis
	8.12	 Management of Cholelithiasis and Nephrolithiasis in SBS
	8.12.1	 Management of Cholelithiasis
	8.12.2	 Management of Nephrolithiasis

	8.13	Conclusions
	References

	9: D-Lactate Encephalopathy in Patients with Short Bowel Syndrome
	9.1	 Introduction
	9.2	 Pathophysiology
	9.3	 Diagnosis
	9.4	 Treatment
	References

	10: Metabolic Bone Disease in Short Bowel Syndrome: Diagnosis and Management
	10.1	 Introduction
	10.2	 Etiopathogenesis
	10.2.1	 Bone Disease and Calcium–Phosphorus Balance in Parenteral Nutrition
	10.2.2	 Urinary Calcium Excretion and Hypercalciuria
	10.2.3	 Metabolic Acidosis and Bone Loss
	10.2.4	 Aluminum Contamination
	10.2.5	 Vitamins D and K Deficiencies
	10.2.6	 Fluoride and MBD
	10.2.7	 Medications and Bone Disease
	10.2.8	 Concomitant Diseases and Bone Health

	10.3	 Clinical Presentation
	10.4	 Diagnosis
	10.5	 Treatment
	10.5.1	 General and Lifestyle Recommendations
	10.5.2	 Optimizing Parenteral Nutrition Formula
	10.5.3	 Pharmacologic Treatment

	10.6	Conclusion
	References

	11: Intestinal Failure-Associated Liver Disease
	11.1	 Introduction
	11.1.1	 Definition
	11.1.2	 Epidemiology

	11.2	 Etiology and Risk Factors
	11.2.1	 Nutrient Toxicity
	11.2.2	 Nutrient Deficiency
	11.2.3	 Patient-Related Factors

	11.3	 Predictive Biomarkers in IFALD
	11.4	 Clinical Manifestations
	11.4.1	 Early Symptoms of IFALD
	11.4.2	 Progression to Advanced Disease

	11.5	 Diagnosis
	11.5.1	 Role of Routine Liver Function Tests (LFTs) in IFALD Monitoring
	11.5.2	 Imaging Modalities for Noninvasive Liver Assessment
	11.5.3	 Emerging Noninvasive Biomarkers for IFALD Detection
	11.5.4	 Liver Biopsy: Gold Standard for Diagnosis

	11.6	 Prevention Strategies and Management
	11.6.1	 Enteral Feeding Strategies
	11.6.2	 Lipid-Sparing Strategies
	11.6.3	 Managing Infections
	11.6.4	 Medical Interventions
	11.6.5	 Surgical Interventions

	11.7	 Transplantation
	11.7.1	 Isolated Liver Transplantation
	11.7.2	 Intestinal and Multivisceral Transplantation
	11.7.3	 Outcomes and Quality of Life (QoL) after Transplantation

	References

	12: Insights into Nutritional Management of Short Bowel Syndrome: Nutritional Assessment and Diet Considerations
	12.1	 Nutritional Assessment
	12.1.1	 Measurement of Ingestion and Excretion of Nutrients
	12.1.2	 Nutrition-Focused Physical Exam (NFPE)
	12.1.3	 Objective Measurements of Nutritional Status
	12.1.3.1	 Anthropometric Measurements
	12.1.3.2	 Dual-Energy X-Ray Absorptiometry (DXA)
	12.1.3.3	 Imaging Studies (Computed Tomography [CT], Magnetic Resonance Imaging [MRI], Ultrasound [US])
	12.1.3.4	 Bioelectrical Impedance Analysis (BIA): Single-Frequency (SF)-BIA, Multi-Frequency (MF)-BIA, Bioimpedance Spectroscopy (BIS), Bioelectrical Impedance Vector Analysis (BIVA)
	12.1.3.5	 Functional Status Assessment

	12.1.4	 Laboratory Evaluation of Nutritional Deficits

	12.2	 Diet Considerations
	12.2.1	 Introduction
	12.2.2	 Phases of Diet Management in SBS
	12.2.2.1	 The Acute Phase (Immediate Post-operative Phase)
	12.2.2.2	 The Adaptation Phase (3–24 Months Post-operative)
	12.2.2.3	 Maintenance Phase (Beyond 24 Months Post-operative)

	12.2.3	 Dietary Advices According to Phenotypes of Bowel Resection (Recommendations of American Society for Parenteral and Enteral Nutrition [ASPEN])
	12.2.3.1	 Type 1: End-Jejunostomy
	12.2.3.2	 Type 2: Jejunocolic
	12.2.3.3	 Type 3: Jejunoileocolic

	12.2.4	 Conclusion

	References

	13: Home Parenteral Nutrition in Long-Term Intestinal Failure
	13.1	 Introduction
	13.2	 Epidemiology of Long-Term Intestinal Failure Requiring HPN
	13.3	 Role of Home Parenteral Nutrition
	13.4	 Indications of Home Parenteral Nutrition
	13.5	 Patients’ Assessment and Selection for Home Parenteral Nutrition Application
	13.6	 Central Venous Access Device Selection and Care for Long-Term HPN
	13.7	 Components of Parenteral Nutrition Formulations
	13.8	 Monitoring and Management of HPN Patients
	13.9	 Complications Associated with Long-Term HPN
	13.9.1	 CVAD-Related Complications
	13.9.2	 Disease-Related Complications Associated with HPN

	13.10	 Operational and Healthcare System Considerations
	13.10.1	 Structure of HPN Programs
	13.10.2	 Cost and Economic Burden of Long-Term HPN

	13.11	 Conclusion
	References

	14: Long-Term Venous Access for HPN: Types, Devices, and Complications
	14.1	 Introduction
	14.1.1	 Challenges and Goals of Vascular Access Selection in Delivering HPN

	14.2	 Vascular Access Devices for Home Parenteral Nutrition
	14.2.1	 Central Venous Access Device Characteristics
	14.2.2	 Types of Central Venous Access Devices

	14.3	 The Choice of CVAD and Exit Site
	14.4	 Insertion Techniques for Vascular Access Devices
	14.4.1	 Pre-insertion Assessment and Planning
	14.4.2	 Infection Prevention Measures during Insertion
	14.4.3	 Documentation and Confirmation

	14.5	 Maintenance of Vascular Access Devices
	14.5.1	 Flushing Protocols
	14.5.2	 Catheter Inspection, Dressing Changes, and Maintenance
	14.5.3	 Patient and Caregiver Education

	14.6	 Complications Related to Vascular Access in Home Parenteral Nutrition
	14.6.1	 Infectious Complications
	14.6.1.1	 Diagnosis
	14.6.1.2	 Management
	14.6.1.3	 Strategies to Prevent Infections

	14.6.2	 Mechanical Complications
	14.6.2.1	 Catheter Malposition and Kinking
	14.6.2.2	 Catheter Occlusion
	14.6.2.3	 Thrombosis
	14.6.2.4	 Vessel Perforation and Extravasation
	14.6.2.5	 Catheter Fracture or Breakage
	14.6.2.6	 Venous Stenosis


	14.7	 Special Considerations in Vascular Access
	14.7.1	 Pediatric Patients
	14.7.2	 Patients with Limited Venous Access

	14.8	 Advances in Vascular Access Devices
	14.8.1	 Antimicrobial-Coated Catheters

	14.9	 Conclusion
	References

	15: Monitoring and Management of Trace Elements in Short Bowel Syndrome
	15.1	 Introduction
	15.2	 Mechanisms of Trace Element Deficiencies in Short Bowel Syndrome
	15.3	 Diagnosis and Monitoring of Trace Element Deficiencies: Clinical and Biological Aspects
	15.3.1	 Clinical Assessment
	15.3.2	 Biological Assessment

	15.4	 Management of Trace Element Deficiencies
	15.5	 Conclusions
	References

	16: Enteral Feeding and Parenteral Nutrition in Short Bowel Syndrome: Current Recommendations and Unmet Needs
	16.1	 Introduction
	16.2	 The Rationale for Parenteral/Enteral Nutrition Use
	16.3	 Enteral Nutrition
	16.4	 Role of Parenteral Nutrition in Short Bowel Syndrome
	16.4.1	 Goals of Parenteral Nutrition
	16.4.2	 Prescribing Parenteral Nutrition: Process and Formulation
	16.4.2.1	 Initial Assessment
	16.4.2.2	 Calculation of Energy Requirements
	16.4.2.3	 Macronutrient Composition
	16.4.2.4	 Electrolytes, Vitamins, and Trace Elements
	16.4.2.5	 Fluid Requirements

	16.4.3	 Monitoring Parenteral Nutrition
	16.4.3.1	 Clinical Monitoring
	16.4.3.2	 Laboratory Monitoring
	16.4.3.3	 Imaging Studies

	16.4.4	 Advancements in Parenteral Nutrition Formulations
	16.4.5	 Parenteral Nutrition-Associated Complications
	16.4.6	 Weaning of Parenteral Nutrition
	16.4.7	 Challenges in the Long-Term Management of Parenteral Nutrition

	16.5	 Unmet Needs and Future Directions
	References

	17: Drug Pharmacokinetics and Pharmacodynamics in Short Bowel Syndrome: Special Considerations
	17.1	 Introduction
	17.2	 Pharmacokinetic Considerations in Patients with Short Bowel Syndrome
	17.3	 Pharmacodynamic Considerations in Patients with Short Bowel Syndrome
	17.4	 Conclusions
	References

	18: Management of Short Bowel Syndrome: Antisecretory, Antimotility, and Luminally Active Agents
	18.1	 Introduction
	18.2	 Antisecretory Agents
	18.2.1	 Proton Pump Inhibitors (PPIs) and H2-Receptor Antagonists (H2RAs)
	18.2.2	 Somatostatin Analogs

	18.3	 Antimotility Agents
	18.3.1	 Opioid Agonists
	18.3.2	 Codeine and Other Narcotics
	18.3.3	 Clonidine

	18.4	 Luminally Active Agents
	18.4.1	 Bile Acid Sequestrants
	18.4.2	 Short-Chain Fatty Acid (SCFA) Supplements
	18.4.3	 Oral Rehydration Solutions

	18.5	 Conclusion
	References

	19: Growth-Stimulating Effects of Glucagon-Like Peptide-2, Growth Hormone, and Other Agents
	19.1	 Introduction
	19.1.1	 Differentiating SBS with Intestinal Insufficiency Vs. SBS with Intestinal Failure

	19.2	 Intestinal Adaptation
	19.2.1	 Phases of Adaptation
	19.2.2	 Structural and Functional Changes
	19.2.3	 The Role of Anatomical Configuration in Adaptation
	19.2.4	 The Role of Gastrointestinal Hormones in Adaptation
	19.2.4.1	 GLP-2 and Growth Factors


	19.3	 Aim of Treatment
	19.4	 Patient Selection
	19.4.1	 Recommendations for Initiating Treatment with Hormonal Analogues

	19.5	 Growth Factors Treatment
	19.5.1	 GLP-2 Analogues
	19.5.1.1	 Safety
	19.5.1.2	 Special Considerations

	19.5.2	 GLP-1 Analogues
	19.5.3	 Growth Hormone Analogues

	References

	20: Surgical Management of Short Bowel Syndrome: Ostomy, Fistula, Autologous Gastrointestinal Reconstruction
	20.1	 Introduction
	20.2	 Patient Selection for Surgical Management of SBS
	20.3	 Surgical Management of SBS
	20.3.1	 Intraoperative Management of Conditions Predisposing to SBS
	20.3.2	 Ostomy Management
	20.3.2.1	 Preoperative Planning of the Stoma Site
	20.3.2.2	 Ostomy Care Principles
	20.3.2.3	 Ostomy Care for High-Output Stomas
	20.3.2.4	 Barrier Products and Wafers
	20.3.2.5	 Ostomy Pouches and High-Output Considerations
	20.3.2.6	 Restoring Intestinal Continuity

	20.3.3	 Surgical Management of Enterocutaneous Fistulas
	20.3.4	 Surgical Management of Percutaneous Enteral Tube Sites
	20.3.5	 Autologous Gastrointestinal Reconstruction
	20.3.6	 The Longitudinal Intestinal Lengthening and Tapering Procedure
	20.3.7	 The Serial Transverse Enteroplasty Procedure
	20.3.8	 The Spiral Intestinal Lengthening and Tapering Procedure
	20.3.9	 The Excisional Tapering Enteroplasty
	20.3.10	 Operations to Slow Intestinal Transit in the Absence of Bowel Dilatation

	20.4	 The Future of Surgical Management of SBS
	20.5	 Conclusions
	References

	21: Intestinal Transplantation in Short Bowel Syndrome
	21.1	 Introduction
	21.2	 Indications for Intestinal Transplantation
	21.2.1	 Indications for Intestinal Retransplantation

	21.3	 Preemptive Intestinal Transplantation
	21.4	 Surgical Approach
	21.4.1	 Intestinal Transplantation Techniques

	21.5	 Post-surgical Immunosuppressive Management
	21.6	 Outcomes
	21.7	 Conclusions
	References

	22: Multidisciplinary Approach in Short Bowel Syndrome
	22.1	 The Role of Gastroenterologists
	22.2	 The Role of the Anesthesiologist and Perioperative Team
	22.3	 Surgical Management in Short Bowel Syndrome
	22.3.1	 Surgeries to Correct Intestinal Transit
	22.3.2	 Surgeries to Extend Intestinal Transit
	22.3.2.1	 Reversed Segmental Small Intestine (RSSI)
	22.3.2.2	 Colon Interposition
	22.3.2.3	 Valves and Sphincters

	22.3.3	 Transplantation of the Intestinal Organs
	22.3.4	 Other Methods of Surgical Procedures

	References

	23: Education of Patients with Short Bowel Syndrome
	23.1	 Introduction
	23.2	 The Role of Patient Education in SBS
	23.3	 Common Practices in SBS Patient Education
	23.4	 Limitations and Future Perspectives
	23.5	 Conclusions
	References

	24: Future Perspectives in Short Bowel Syndrome: Organoid-Based Tissue-Engineered Small Intestine, SIC, and Xenotransplantation
	24.1	 Introduction
	24.2	 Laboratory Requirements for Organoid Culturing
	24.3	 Specimen Collection and Transportation
	24.4	 Organoid Culturing
	24.5	 Alternative Scaffolding and the Perspective of Xenotransplantation
	References


