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Short  bowel  syndrome  (SBS)  is  a rare malabsorptive  disorder  as a result  of the  loss  of  bowel  mass  mostly
secondary  to  surgical  resection  of the  small  intestine.  Other  causes  are  vascular  diseases,  neoplasms  or
inflammatory  bowel  disease.  The  spectrum  of the disease  is  widely  variable  from  single  micronutrient
malabsorption  to complete  intestinal  failure,  depending  on the  remaining  length  of the small  intestine,
the  anatomical  portion  of intestine  and the  function  of the  remnant  bowel.  Over  the  last  years,  the
management  of  affected  patients  has  remarkably  improved  with  the  increase  in  patients’  quality  of life
and survival,  mainly  thanks  to advances  in  home-based  parenteral  nutrition  (PN).  In  the  last  ten  years
new treatment  strategies  have  become  available  together  with  increasing  experience  and  the  encouraging
results  with  new  drugs,  such  as teduglutide,  have  added  a new  dimension  to the  management  of  SBS.
hort bowel syndrome (SBS)
eduglutide

This  review  aims  to summarize  the  knowledge  available  in the  current  literature  on  SBS  epidemiology,
pathophysiology,  and  its  surgical  (including  intestinal  lengthening  procedures  and  intestinal  transplan-
tation)  and  medical  management  with  emphasis  on the  recent  advances.

Moreover,  this  review  attempts  to provide  the new  understanding  and  recent  approaches  to SBS
complications  such as sepsis,  catheter  thrombosis,  and  intestinal  failure-associated  liver  disease.

© 2019  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Short bowel syndrome (SBS) is an uncommon malabsorptive
ondition most frequently caused by massive surgical resection
f the small intestine. SBS is associated with significant morbid-
ty and mortality, reduced quality of life, and high healthcare costs
1]. The clinical manifestations are only partially related with the
ength of the resected intestine, but it mostly depends on the abil-
ty of the residual gastrointestinal tract to compensate the resected
art and to adapt functionally to the new anatomical condition.

herefore, the definition of SBS is based upon functional rather than
natomical impairment and it is related to the presence of signifi-
ant malabsorption of both micronutrients and macronutrients. For

∗ Corresponding author at: Gastroenterology and Endoscopy Unit, Fondazione
RCCS Ca’ Granda Ospedale Maggiore Policlinico, Via F. Sforza 35, 20122 Milan, Italy.
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S. Massironi).

ttps://doi.org/10.1016/j.dld.2019.11.013
590-8658/© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All
these reasons, the spectrum of the clinical disease is widely variable
from only single micronutrient malabsorption to complete intesti-
nal failure, defined as the reduction of the gut function below the
minimum necessary for the absorption of macronutrients and/or
water and electrolytes. Whether the intestinal function is inade-
quate to maintain an adequate protein-energy, fluid, electrolytes, or
micronutrient balances, intravenous supplementation is required
to keep up health and/or growth [2].

Over the last fifty years, the management of these patients has
drastically changed: parenteral nutrition (PN) is currently a stan-
dard of care for SBS patients, with a wide range of formulations now
available for both hospital and outpatient management. However,
PN still presents a relevant burden of complications (infective risk,
catheter malfunction, thrombosis, and metabolic derangements),
healthcare costs and impairment in quality of life [3].
Moreover, recently introduced pharmacological drugs (GLP-2
analogs) have begun to generate a significant impact on the care
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nd ultimate management of these patients, giving PN-dependent
atients a possibility of reducing PN requirements.

. Epidemiology

The actual prevalence of SBS in adults worldwide has not been
ully clarified mostly because of under-reporting and the absence
f reliable patients databases [4,5]. The best estimates are based
n numbers of patients receiving long-term parenteral nutrition
nd/or intravenous fluid support. SBS prevalence has been reported
o be 1.4 cases for million in Europe (ranging from 0.4 in Poland to
0 in Denmark) and 30 cases per million in the US [4,6,7]. How-
ver, estimates can widely vary between countries. Overall, based
n a recent study by Brandt et al. an increase in the worldwide
revalence of SBS has been suggested, indeed the authors reported

 more than two-fold increase in the number of patients with SBS
ver the past 40 years [8].

SBS occurs in about 15% of adult patients who undergo intestinal
esection. Of these up to 75% of cases result from massive intesti-
al resection and 25% from multiple sequential resections [9]. SBS
as been more frequently reported in women than men, possibly
ecause of the shorter length of the small intestine in women vs.
en  [10].
For patients with SBS, the rate of PN dependency at 1, 2, and 5

ears was reported as 74%, 64%, and 48% and is significantly asso-
iated with a remnant small bowel length less than 75 cm and a
arge part of the remaining colon [11]. Mortality rates remain high
anging from 30% to 50%.

. Etiology

Several conditions requiring intestinal resection may  lead to SBS
12]. To date, re-surgery performed for complications following a
revious abdominal operation is one of the leading causes of SBS

n adults and accounts for up to 50% of patients [13–16]. The cause
f re-intervention may  be related to intestinal obstruction (mostly
econdary to internal hernia or volvulus), ischemia due to vascular
njury, or hypotension [12,16].

Mesenteric ischemia remains an important risk factor for SBS
17–19]. Mesenteric vascular disease related to arterial thrombosis
r embolism is the most common mechanism of intestinal ischemia
20]. However, ischemia related to drug abuse and coagulation dis-
rders is increasingly reported [21,22]. Non-occlusive mesenteric
schemia is also an important cause of SBS, particularly in critically
ll patients.

Neoplasm with or without radiation treatment also accounts for
 significant number of SBS cases [23,24]. The mechanisms through
hich a neoplasm may  favor SBS are to do with the development of

ntestinal obstruction, fistulas, perforation, massive resection due
o the involvement of mesenteric vessels [25]. Radiotherapy might
esult in radiation enteritis and the need for resection [23].

Crohn’s disease is also a common cause of SBS in adult and
ccounts for 10%–20% of cases, but its incidence is declining due
o less aggressive resective therapy [17,26–28]. Most cases arise in
atients with extensive small intestinal or ileocolonic involvement
nd of penetrating type [29].

Finally, resection for trauma or some benign conditions, such as
ntestinal pseudo-obstruction, or recurrent bleeding results in SBS
n approximately 10% of the cases [12,30] (refer to Supplementary
le).
. Pathophysiology

Several factors determine the severity and type of malab-
orption in SBS. The primary pathophysiological mechanism of
er Disease 52 (2020) 253–261

malabsorption is the loss of intestinal absorptive surface secondary
to small bowel surgical removal or loss of function. In addition, the
loss of different anatomical sites may  result in specific nutrients
deficiency. Terminal ileum lack is responsible for malabsorption of
vitamin B12, fat-soluble vitamins, and bile acids [31]. The loss of the
distal ileum and ileocecal valve causes the lack of inhibitory hor-
mones signals that result in intestinal transit acceleration, gastric
hypersecretion, and dumping syndrome [32]. Other mechanisms
responsible for malabsorption are rapid transit, because of inap-
propriate mixing of nutrients and reduced mucosal contact for
absorption, and small intestinal bacterial overgrowth (SIBO), sec-
ondary to alteration in motility and loss of the ileocecal valve. In
addition, SIBO worsens malabsorption via direct nutrient consump-
tion (particularly vitamin B12) and bile acid deconjugation causing
lipid malabsorption [31].

For these reasons, the SBS classification is usually based on
anatomical and pathophysiological criteria. The presence of small
bowel-colon continuity represents the main factor driving the clin-
ical presentation and determines the differences in the occurrence
of possible complications. Colon removal significantly reduces
sodium and water absorption increasing the risk of dehydration and
renal failure. Furthermore, colon surgery prevents the salvage of
calories from unabsorbed carbohydrates, which undergo fermen-
tation by colonic bacteria into short-chain fatty acids (SCFAs) that
are absorbed in the colon. On the other hand, the presence of the
colon increases the risk of enteric hyperoxaluria, which leads to
nephrolithiasis and lactic acidosis [33].

According to the anatomical criteria, 3 types of SBS have been
identified:

Type I – end-jejunostomy: patients undergoing end-jejunostomy
have the ileum and colon completely removed, while a por-
tion of jejunum is retained and forms the end of the intestine.
Patients with a jejunostomy present with accelerated gastric emp-
tying and bowel transit due to reduced hormonal (polypeptide
YY, enteroglucagon-1, and enteroglucagon-2) secretion, which in
physiological conditions reduces bowel transit. In addition, the
increased excretion of water and electrolytes in the lumen is
observed to balance endoluminal osmolarity and plasmatic osmo-
larity. Thus, the patients with end-jejunostomy are at high risk of
dehydration immediately after surgery due to large stomal water
and sodium losses, which may  lead to electrolyte imbalance (par-
ticularly hypomagnesemia), hypotension, and renal failure [34].

Type II – jejunocolonic anastomosis: patients with type-II SBS
have had a jejuno-ileal resection, in which all or most of the ileum
is removed with the preservation of the colon and jejuno-colonic
anastomosis formation. Jejunum-colon patients can reabsorb unab-
sorbed fluids in their colon, thus the clinical picture is dominated by
malnutrition, diarrhea/steatorrhea, and vitamin/mineral deficien-
cies [34].

Type III – jejuno-ileal anastomosis: This type is represented pre-
dominantly by jejunal resection leaving ≥10 cm of the terminal
ileum and the entire colon intact. Jejunum-ileum patients are
uncommon, and they usually do not need nutritional support [34].

As regards the pathophysiological mechanism, SBS can be
divided into 2 categories: SBS without the colon and SBS with the
colon in continuity.

Finally, in relation to the time interval from SBS development, 3
phases are recognized: acute, adaptation, failure.

The acute phase of SBS lasts 3–4 weeks and involves metabolic
derangement and relevant intestinal losses along with increased
gastric secretion due to the loss of hormonal negative feedback
signals, which are normally released from the terminal ileum. In

the acute phase, hospitalization is required for close monitoring to
avoid dehydration, acute kidney failure, acid-base imbalance, and
electrolyte abnormalities [35].
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Table  1
Main causes of short bowel syndrome (SBS) in adults.

Cause of SBS Relative frequency

Surgical complications 29%–50%
Mesenteric infarction (arterial or venous thrombosis) 25%–30%
Neoplasms 20%
Radiation enteritis 10%
Crohn’s disease 10%–20%
Abdominal trauma 5%–10%
Benign conditions 5%
Intestinal volvulus
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Complicated intussusception
Chronic intestinal pseudo-obstruction

The SBS adaptation phase is a post-resection spontaneous pro-
ess which lasts 1–2 years. It is characterized by adaptive changes
f the remaining small bowel (structural adaptation) in order to
ncrease the absorptive surface while the time of intestinal transit
ypically decreases to maximize the time available for absorption
functional adaptation). These processes are promoted by the pres-
nce of nutrients in the bowel, pancreatic and biliary secretions,
nd hormones released by the ileum and colon.

. Management of short bowel syndrome

.1. Acute phase

The SBS acute phase starts immediately after resection and usu-
lly lasts for three to four weeks and it is characterized by huge
nteric losses. This condition causes a metabolic imbalance with
rofuse fluid leaks as well as gastric hypersecretion due to the

ack of inhibitory hormones normally released from the termi-
al ileum. Therefore, this condition requires the close monitoring
f the patient’s total output (both fecal and urinary) and prompt
ntravenous replacement of fluid and electrolyte losses, even more
han protein-energy, in order to prevent any renal impairment,
hich may  eventually occur (Table 1). Patients with acute intesti-
al failure (AIF) are metabolically unstable and need intravenous

nfusion for days, weeks, or even months and are to be treated
n a hospital setting. In this phase both hypo- and hypervolemia
ught to be avoided. Initial fluid administration aims to achieve
emodynamic balance, tissue perfusion, and oxygen delivery goals.
evere hypovolemia itself can lead to severe vasoconstriction and
ctivation of the pro-inflammatory cascade. Once hypovolemia
as been corrected, vasodilation commonly occurs and should be
reated with vasopressors rather than additional fluids. At the same
ime, treating severe hypovolemia with vasopressors is harmful
nd the achieved normal blood pressure does not indicate ade-
uate perfusion. Balanced crystalloids should be utilized in the

nitial resuscitation. Synthetic colloids may  expand the intravas-
ular volume more effectively but have been associated with renal
ysfunction [36]. The replacement of fluids and electrolytes should
e repeated several times a day (up to every 2 h) and it seems to bet-
er to correct the depletion of liquids and electrolytes with solutions
ndependently from the nutritional support [37]. Whenever pos-
ible, the oral administration of rehydrating solutions containing
lucose and electrolytes may  improve hydrosaline homeostasis.

Parenteral nutrition should promptly begin once the patient
tabilizes after surgery. Postoperative ileus usually spontaneously
esolves within some days but, while intestinal function recovers,
hort-term parenteral fluid and nutrition support will be needed.
his phase can be self-limiting with the spontaneous recovery of

ntestinal function, in cases of non-massive bowel resection. Obvi-
usly, the duration of parenteral nutrition support depends on the
ength of the small bowel resected, the location of resection, and
he presence of an intact ileocecal valve and colon-in-continuity
Fig. 1. Schematic management of the acute phase of short bowel syndrome (SBS).
PN = parenteral nutrition.
EN = enteral nutrition.

with the small bowel. This period can be shortened by multimodal
enhanced-recovery techniques with the goal to promote the early
mobilization and early introduction of oral nutrition and/or enteral
nutrition.

Enteral nutrition should even be tried after the stool losses
become controllable. In fact, it promotes intestinal adaptation,
which in turn improves absorption of nutrients over time. Oral
intake is not adequate in most critically ill patients and may  carry
the risk of aspiration. In the acute phase, any early nutrition aim-
ing to provide the patient’s full caloric requirements is harmful,
but the optimal amount of calories and protein necessary during
this early stage is not well established [37]. Feeding via the enteral
route is desirable because it may  prevent mucosal atrophy and help
to preserve the microbiome, but it is troublesome to monitor mal-
absorption in this setting. A combined feeding strategy, such as
oral-enteral or enteral-parenteral nutrition, should be considered
while keeping in mind the possible risk of overfeeding (Fig. 1).

5.2. Adaptation phase

The adaptation phase is characterized by structural and func-
tional changes to improve nutrient absorption and slow the
gastrointestinal transit. The adaptive phase usually lasts for one
to two  years. Adaptation is the result of spontaneous adjustments,
however, it can be increased through diet, enteral feeding, and med-
ications. The spontaneous post-resection intestinal adaptation is a
process that tries to guarantee a more efficient absorption of nutri-
ents per unit length of the remaining gut [4,34]. This occurs partly
by expanding the absorptive area (structural adaptation) and/or
by slowing the gastrointestinal transit (functional adaptation). It is
promoted by the presence of nutrients within the gut lumen, by
the pancreatic and biliary secretions and by gut hormones, prin-
cipally produced by the small intestine and colon. Therefore, it is
essential throughout this phase that the patients are advised to eat
by mouth since this stimulates intestinal absorption and promotes
intestinal adaptation [refer to Table 2]. There is no specific diet
for individuals with short bowel syndrome. Generally, patients are
encouraged to eat at least five or more small meals a day rather than
two or three large meals. Concentrated sugars should be avoided
or reduced because they can contribute to diarrhea. Some people
may  need to take additional vitamin or mineral supplementation
to interchange for any deficiency of these substances. Likewise,
affected individuals might be also given oral rehydration solutions
to keep the correct fluid balance up. These solutions, composed
of water, sugar, and salt, in some cases, can reduce the neces-

sity for parenteral nutrition. The affected individuals may  also be
treated by means of enteral nutrition. Thus, not all the patients
with SBS are intended to intestinal failure, as this condition may
be reversible. Post-operative intestinal adaptation appears to be
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Table 2
Main characteristic of the different type of SBS according to the anatomical criteria.

Type I (end-jejunostomy) Type II (jejuno-colonic
anastomosis)

Type III (jejuno-ileal
anastomosis)

Surgical procedure Complete resection of
ileum and colon. Jejunum
preserved and represent
the end of the intestine.

Resection of most of the
ileum with preservation of
colon.

Jejunal resection, at least
10 cm of terminal ileum
and colon are retained.

Representation
Presence of ileum-coecal
valve

No No Yes

Preservation of colon No Partial Complete
Clinical features Dehydration immediately

postsurgery with risk of
electrolyte imbalances.

Weight loss,
diarrhea/steatorrhea.

Malnutrition rare. Usually
not need for parenteral
support

Jejunal output increase
after food and drink intake

Severe malnutrition
developing in months.

Fig. 2. Schematic management of the adaptation phase of short bowel syndrome
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Table 3
Medications used in the late phase of short bowel syndrome.

Anti-diarrheal medication (e.g. loperamide, codeine)
Pancreatic enzyme replacement therapy
Bile-acid resins, such as cholestyramine
H2 blocker and proton-pump inhibitors to reduce stomach acid
Antibiotics for bacterial overgrowth
Lactase supplement (to improve the bloating and diarrhea associated with

lactose intolerance)
Drugs that reduce the frequency and volume of total parenteral nutrition

(TPN), comprising:
oral solution of glutamine

growth hormone, of recombinant DNA origin, for injection together with a
SBS).
N = parenteral nutrition.
N = enteral nutrition.

bsent or impaired in the presence of an end-jejunostomy [4,34]
Fig. 2).

.3. Chronic intestinal failure

SBS-associated intestinal failure reverses completely in approx-
mately 50% of adults within the first two years. Thereafter,
mportant intestinal adaptation occurs in only a minority of
atients. In the absence of further intervention (e.g. trophic factors,
utologous gastrointestinal reconstruction, and intestinal trans-
lantation) these patients remain dependent on chronic parenteral
utrition.

Around fifty percent of prolonged acute intestinal failure evolves
o chronic intestinal failure (CIF) [38]. Patients with CIF are

etabolically stable, need intravenous nutritional support over
onths or years (reversible CIF) or lifelong (irreversible CIF) and

re treated by home-based parenteral nutrition (HPN). During this

hase symptoms of short bowel syndrome are usually addressed
ith medication (Table 3).

Overall, the probability of weaning off HPN has been reported
o be about 50% in adults and up to 73% in children. Complete com-
specialized oral diet.
teduglutide, a glucagon-like peptide-2 analog

mutation off HPN in patients with SBS is unlikely [38]. Parenteral
nutrition can be necessary either to replace the total caloric-
nutritional needs when patients are on fasting and are totally
dependent on HPN (total PN) or to replace only a part of it when
patients partially satisfy the energy requirement by oral/enteral
feeding (supplemental PN).

6. Short bowel syndrome complications and consequences

Short bowel syndrome complications can occur as a conse-
quence of SBS itself as well as complications of long-term HPN.

6.1. Consequences related to short bowel syndrome (SBS)

6.1.1. Diarrhea
The physiological modifications in SBS lead to numerous poten-

tial clinical alterations. Diarrhea tends to be the most debilitating
symptom for the majority of patients with SBS. Uncontrolled and
refractory diarrhea is the symptom of the greatest negative impact

on the quality of life of HPN patients [39]. Therefore, the effective
management of diarrhea is of primary importance to this popula-
tion of patients. Many pathophysiological mechanisms are at the
base of diarrhea, such as gastric hypersecretion, which increases
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Table 4
ESPEN guidelines: recommendations for the prevention of IFALD.

Prevent any infective/inflammatory foci (particularly catheter-related
bloodstream infection and small intestinal bacterial overgrowth).

Preserve the small intestinal length as long as possible and retain the colon in
continuity during surgical procedures.

Maintain oral/enteral feeding.
Avoid continuous PN infusion, and prefer cycle PN infusion.
Avoid PN overfeeding.
S. Massironi et al. / Digestive a

he fluid amount, and acidity and denatures and inactivates pan-
reatic enzymes, and bile salts, which contribute to maldigestion
nd malabsorption. Moreover, a diminished bile salt pool result-
ng from distal ileum resection further aggravates malabsorption.
gain, because of to the intestinal resection reduced gut hormone

eedback mechanisms (e.g. peptide YY, glucagon-like peptide-1)
acilitate accelerated dumping into the upper gut with rapid intesti-
al transit. Finally, small bowel bacterial overgrowth, as well as the
rimary disease that caused SBS (Chron’s disease, radiation enteri-
is), may  contribute to aggravate diarrhea.

.1.2. Intestinal failure-associated liver disease (IFALD)
A liver injury, named intestinal failure-associated liver disease

IFALD), is a potential complication for patients on long-term HPN.
lterations of liver function occurring in patients on PN were ini-

ially defined as PN-associated liver disease (PNALD) [40]. However,
ncreasing evidence has suggested that liver disease is not linked to
PN per se,  but rather to underlying intestinal failure (IF), hence the

erm IFALD. Accordingly, the European Society for Clinical Nutrition
nd Metabolism (ESPEN) position paper on IFALD recommends that
the term IFALD refers to liver injury as a result of one or more
actors relating to IF, including, but not limited to, PN and occur-
ing in the absence of another primary parenchymal liver pathology
e.g. viral or autoimmune hepatitis), other hepatotoxic factors (e.g.
lcohol/medication) or biliary obstruction” [41].

The IFALD pathogenesis is multifactorial and mainly related to
everal factors: (a) increased intestinal permeability due to the
ucosal atrophy related to the lack of enteral/oral feeding; (b)

lteration of the entero-hepatic circulation of bile acids; and (c)
hanges in the gut microbiome, causing the latter conditions the
isruption of the gut-liver axis [38].

Infants seem to be more at risk of IFALD than adults and accord-
ngly, cholestasis is more frequent in infants, in whom the evolution
o severe hepatic fibrosis, cirrhosis, and end-stage liver failure is

ore rapid.
No formally agreed criteria have been defined so far to diag-

ose IFALD, even if a persistent elevation of liver function tests
LFTs), alkaline phosphatase and �-glutamyl transferase ≥1.5 above
he upper limit, normal or conjugated bilirubin >0.3 mg/dL, which
ersists for ≥6 months in adults or ≥6 weeks in children, are
idely accepted criteria [42,43]. Liver histology is not considered
andatory for the diagnosis of IFALD and the need for it should be

valuated on a case-by-case basis.
Depending on the used diagnostic criteria, a wide range of

revalence and incidence (0%–50%) of IFALD have been reported,
n particular the range of the frequency of IFALD was 5%–15%
or cholestasis, 19%–43% for steatosis, 11%–22% for fibrosis, and
%–40% for unclassified criteria [44].

IFALD can ultimately progress to advanced liver disease up to
nd-stage liver failure, which can represent a mandatory indica-
ion for life-saving combined liver and small bowel transplantation.

onitoring the evolution of IFALD is therefore essential to prevent
he evolution to end-stage liver disease as well as for planning

 patient’s referral for liver transplantation. No association was
ound between the liver function tests (LFTs) and the histologi-
al degree of fibrosis. The role of transient elastography (TE) as a
on-invasive marker of liver fibrosis in various liver diseases for
atients on HPN has been evaluated in only a few studies, with
onflicting results: in fact TE values seems to be significantly cor-
elated to the serum bilirubin level and severity of histological
holestasis, more than irreversible fibrosis in adult patients [45],
hereas according to a study on children, TE has shown that it can
e a promising non-invasive method for monitoring the develop-
ent of IF-related liver histopathology [46]. However, according

o TE results, the prevalence of advanced fibrosis or cirrhosis dur-
ng HPN, was  low (<10%) without further significant progression
Limit the dose of soybean-based intravenous fat emulsions to less than
1  g/kg/d in adults

within the 12-month follow-up and the short intestinal remnant
length <100 cm appeared to be a risk factor for the development of
fibrosis [47]

The recommendations from the ESPEN guidelines about the pre-
vention of IFALD are summarized in Table 4.

6.1.3. Other metabolic complications of SBS
Patients with SBS may  experience a number of other compli-

cations, such as cholelithiasis, oxalate nephropathy, and d-lactic
acidosis. Cholelithiasis, particularly cholesterol stones, can occur in
up to 44% of patients with SBS [10,48]. Risk factors for cholelithia-
sis include the use of parenteral nutrition, resection of the terminal
ileum, and an intestinal remnant <120 cm [10,48,49].

The pathogenesis of cholelithiasis in patients with SBS is not
completely understood. At least two  factors may  contribute: altered
bile composition, due to the entero-hepatic circulation of bile acids
impaired by ileal resection, results in a reduction in hepatic bile acid
secretion which becomes supersaturated with cholesterol; another
possible mechanism can be the bile stasis, due to the diminished
enteric hormonal stimulation of gallbladder contractions that may
lead to biliary stasis and biliary sludge formation.

It has been reported that the risk of complications of cholelithia-
sis may  be higher in patients with SBS, as compared with the general
population, therefore prophylactic cholecystectomy may  be taken
into consideration [50].

Patients with SBS and a colon in continuity with intestinal con-
tents are at increased risk for oxaluria and nephrolithiasis. In SBS
patients with fat malabsorption and a colon in continuity, calcium
binds to unabsorbed fatty acids, leaving oxalate free to pass into the
colon to be absorbed and then filtered by the kidney. In the kidney,
oxalate binds to calcium, resulting in oxalate nephrolithiasis and
progressive obstructive nephropathy. The management of patients
with enteric hyperoxaluria is through a low-oxalate diet, high fluid
intake, potassium citrate to correct metabolic acidosis if present,
and oral calcium carbonate to bind oxalate in the intestinal lumen.

Another possible complication is related to d-lactic acidosis, a
rare neurological syndrome characterized by altered mental sta-
tus ranging from confusion to coma, slurred speech, seizures, and
ataxia resulting from bacterial fermentation of unabsorbed car-
bohydrates. It primarily occurs in patients with an intact colon
and often in the setting of underlying bacterial overgrowth. In
such patients, the delivery of unabsorbed carbohydrates to the
colon causes gram-positive anaerobic bacteria to produce d-lactate
(rather than l-lactate that is produced by normal metabolic pro-
cesses).

6.2. Consequences related to long-term HPN

The long-term use of TPN can be associated with a variety of
complications including bacterial infections, intravenous catheter

complications, low bone calcium uptake, blood clots, gallbladder
disease, kidney disease, and liver problems. Liver and kidney prob-
lems can ultimately result in liver or kidney failure.
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.2.1. Central venous access device (CVAD)-related complications
Central venous access device infection is a significant complica-

ion in patients receiving long-term HPN [51,52]. The most common
omplications for HPN therapy are CVAD mechanical complications
nd catheter-related bloodstream infection (CRBSI).

The CVADs used for HPN infusion include total implanted infu-
ion venous access devices (TCVC), PICCs, and tunneled catheters.
hese types of catheters carry different rates of complications. As
oncerns mechanical complications, it seems that the risk for these
omplications does not differ by the type of CVAD. It seems that
ICCs are associated with an increased risk for deep vein throm-
osis, limiting their use for indefinite PN therapy and situations
here vessel preservation is a priority. According to recent guide-

ines, and based on observational studies and expert consensus,
unneled CVADs should be selected for adult patients requiring
ong-term daily PN infusions. If the duration of HPN is uncertain
r of short duration (i.e. < one month), PICCs may  be used, even if
ased on a low grade of evidence [53].

As concerns infective complications, catheter-related blood-
tream infection (CRBSI) is an important and still too common
omplication of parenteral nutrition. A recent meta-analysis has
howed a lower rate of catheter-related bloodstream infection in
PN patients using PICC compared with TCVC, but only when
nalyzing comparative studies. However, the analysis of single-
rm studies has shown that the rate of CRBSI was comparable in
ICC and TCVC use [54]. Predictive factors significantly related to
atheter-related bloodstream infection in patients receiving home-
ased parenteral nutrition are longer duration of HPN, cyclic HPN
compared with continuous HPN), and hospital-based compound
PN (compared with 3-in-1 commercial formulations), all being

ignificantly associated with CRBSI [52].
The risk of infection can be reduced by adopting cost-effective,

vidence-based interventions such as proper education and spe-
ific training of the ward personnel, an adequate hand washing
olicy, proper choice-making regarding the type of device and site
f insertion, use of maximal barrier protection during insertion, use
f chlorhexidine as an antiseptic prior to insertion and for disinfect-
ng the exit site thereafter, appropriate policies for dressing the exit
ite, routine changes of administration sets, and removal of central
ines as soon as they are no longer necessary.

Long-term catheters should be removed from patients with
RBSI only when associated with such complications as severe
epsis, suppurative thrombophlebitis, endocarditis, bloodstream
nfection that continues in spite of 72 -h antimicrobial therapy to

hich the infecting microbes are susceptible. In uncomplicated
RBSI involving long-term catheters due to pathogens other than
. aureus,  P. aeruginosa, Bacillus species, Micrococcus species, Propi-
nibacteria, fungi, or mycobacteria, because of the limited access
ites in many patients with SBS, treatment should be attempted
ithout catheter removal and with application of both systemic

nd antimicrobial lock therapy [55]. In fact, the expansive duration
f HPN (ranging from months to decades) has shifted the focus of
are to salvaging rather than removing the CVAD when infected.
nfusion of concentrated antibiotics (antibiotic lock therapy) sen-
itive to the offending organisms into the CVAD lumen should be
sed for catheter salvage. Urokinase and other thrombolytic agents
re not recommended as adjunctive therapy for patients with CRBSI
55].

Prophylactic antibiotic lock solutions are only applicable to
atients with long-term CVADs who have a history of multiple
RBSI despite optimal maximum adherence to aseptic technique.
thanol and antimicrobial lock instillations should be consid-

red when needed to prevent recurrent infection [53]. Tunneled
VADs instilled with concentrated vancomycin have demonstrated

 decrease in CRBSI in one study [56]. Recent studies have also
er Disease 52 (2020) 253–261

shown that taurolidine lock is a cost-effective intervention in
patients on HPN with a high risk of CRBSI [57–59].

In general, the strict compliance by patients and caregivers with
evidence-based instructions together with supervision by well-
trained HPN providers is the most effective strategy to prevent
CVAD-related complications. The type of CVAD should be selected
based upon the length of therapy, patient choice, and the ability
of the patient/caregiver to care for the CVAD, as well a patient’s
underlying comorbidities that may  potentially contribute to other
catheter-related complications.

6.3. Other metabolic complications of HPN

Other metabolic complications described during long-term HPN
can be represented by metabolic bone disease, iron deficiency ane-
mia, manganese toxicity. There are a number of treatment options
for each of these complications. It is important to evaluate the
entire clinical picture prior to initiating an intervention and con-
sider evidence-based interventions when available.

6.3.1. Metabolic bone disease (MBD)
Low bone mineral density with metabolic bone disease (MBD)

is commonly reported in patients receiving home-based parenteral
nutrition. Osteoporosis contributes to morbidity in patients with
intestinal failure on long-term HPN. The pathogenesis of MBD  is
related to several factors which may  be HPN-related and/or related
to a patient’s underlying disease. Patients affected by SBS obviously
present with poor nutrient absorption, particularly fat malabsorp-
tion, which may  play a role in vitamin D deficiency [60]. Moreover,
inadequate ultraviolet exposure from sunlight due to chronic ill-
ness and medications that affect the vitamin D metabolism are
additional risk factors found in HPN patients [61]. The prevalence
of osteoporosis in HPN patients with IF has been found to range
from 57% [62] to 67% [63]. Low BMI  and vitamin-D deficiency were
identified as independent risk factors.

Giving the high prevalence of MBD, it is therefore important to
monitor the vitamin D levels during HPN [64] at least every six
months, and adequately supplement it by intramuscular or sep-
arate vitamin D parenteral infusion, even if the exact dose and
duration of oral vitamin D supplementation in intestinal failure
patients has not been completely established. Moreover, in patients
on long-term HPN, BMD  should be annually monitored and osteo-
porosis should be treated [64]. From a therapeutic point of view,
oral and intravenous calcium, vitamin D, and bisphosphonates have
been used to treat BMD  even if with low efficiency due to their
limited absorption and patients’ compliance. Also, vitamin K sup-
plementation should be taken into consideration as it may  have a
potential benefit to BMD. More recently, denosumab, a new drug
that helps to prevent osteoclast development and activation and
led to decreased bone resorption, has been studied in patients with
intestinal failure receiving HPN with encouraging results [65].

6.3.2. Iron deficiency anemia
Patients receiving long-term HPN have been reported with a

high incidence of iron deficiency anemia, which varies from 30% to
55% of cases [66,67].

Nevertheless, iron has not been routinely added to HPN with the
exception of a small entity of iron being a component of the main
supplements of trace elements. Instead, intravenous iron prepa-
rations are not currently used, because of the reported risks of

anaphylaxis and because the data regarding the compatibility of
iron supplementation with parenteral mixtures are conflicting [67].

Iron status should be assessed before HPN initiation and rou-
tinely monitored during therapy.
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.3.3. Manganese toxicity
Manganese (Mn) is an essential micronutrient required for nor-

al  physiological processes, such as bone growth, development
f cartilage and connective tissues, reproductive function, neu-
onal function [68]. It is a fundamental component of parenteral
utrition, however, its requirement is low and the iatrogenic risks
ssociated with excessive Mn  administration in HPN patients are
ell documented [68]. The ideal Mn  equilibrium is hard to obtain

nd it is even more difficult to assess it with the commonest method
f measurement of its concentration in the whole blood [69]. The
ata in the literature is conflicting about the best method for assess-

ng Mn stores in humans and a definitive biomarker of Mn  exposure
r induced neurotoxicity is yet to be identified or validated.

Despite all the described essential physiological functions of Mn
nd its classification as an essential trace element, there is little evi-
ence in humans of Mn  deficiency being clinically relevant [70], as
nly a few cases of Mn  deficiency have been described in humans
eceiving unsupplemented PN. Instead, more relevant is this risk
f excessive Mn  administration. Mn  toxicity usually presents with
arkinsonian-like symptoms and this risk can even increase in case
f cholestasis or anemia or, of course, if the patient has received
igh doses of Mn  [68]. Hypermanganesemia and neurotoxicity are

n fact associated with the duration of Mn  supplementation and
n  dosage [68]. Most of the case reports on Mn  intoxication were

bout adults receiving >500 �g/d parenteral Mn.  The currently rec-
mmended dose of Mn  for adults treated with PN is 55 �g/d, but
he doses provided by most currently available multi-trace element
roducts exceed this.

. Short bowel therapeutic approaches

.1. Drugs that reduce the frequency and volume of total
arenteral nutrition

.1.1. Oral solution of glutamine
Glutamine is an amino acid that is well and actively absorbed

n the human jejunum. Historical studies have demonstrated that
lutamine, like and together with glucose, stimulates both neu-
ral and electrogenic sodium absorption. Classically, in patients
ith cholera, glutamine together with glucose significantly reduces
et water and sodium secretion [71]. Again, oral rehydration solu-
ions with glutamine and glucose are widely used to treat the
ehydration associated with diarrhea in infants. In addition, glu-
amine contributes to intestinal cell proliferation by augmenting
he effects of growth factors such as epidermal growth factor (EGF),
nsulin-like growth factor-I (IGF-I) and transforming growth factor-

 (TGF-�)  [72]. For these reasons, glutamine has been used and
tudied in patients with short-bowel syndrome, however despite
he pathophysiological assumptions, there is no current evidence
hat glutamine can be used effectively to reduce the amount of gas-
rointestinal fluid losses. To date, studies performed have failed to
emonstrate any beneficial effect of glutamine [73].

.1.2. Growth hormone
Somatropin (of recombinant DNA origin) for injection, a human

rowth hormone, has been approved by the Food and Drug Admin-
stration (FDA) for the treatment of patients with SBS. Under
he influence of trophic factors, such as growth hormone (GH),
ntestinal adaptation is enhanced. Somatropin is similar to the GH
roduced by the pituitary gland. This drug can improve the abil-
ty of the small intestine to absorb nutrients, thereby reducing the
eed for TPN. Supplying a therapeutic regimen of GH, an optimized
iet and glutamine supplementation for 4 weeks to patients with
hort bowel syndrome who are dependent on parenteral nutrition,
er Disease 52 (2020) 253–261 259

has shown to reduce their long-term requirements for parenteral
nutrition [74,75].

7.1.3. Glucagon-like peptide-2 analog
Teduglutide was approved by the U.S. Food and Drug Adminis-

tration (FDA) in 2012 to treat patients with short bowel syndrome,
aged ≥1 year, who are stable following a period of post-surgery
intestinal adaptation. This drug is a glucagon-like peptide-2 analog
that increases intestinal absorption.

In a phase-III trial on adults with SBS IF dependent on home-
based parenteral nutrition, a significantly greater proportion of
patients taking 0.05 mg/kg/day teduglutide than placebo recipients
achieved a ≥20% reduction in weekly HPN volume from baseline to
week 20 and maintained it to week 24 [76]. These results were
subsequently confirmed in a real-life setting as well [77], and sev-
eral studies have demonstrated that teduglutide can be applied
to anatomically and clinically heterogeneous SBS-IF patients and
it results in an adaptive response with variable time and effect
range in routine medical care [78]. In real-life experience, in con-
trast to randomized controlled studies, the reduction of parenteral
support has taken longer [77].In this study stool consistency and
frequency, as well as the sensation of thirst, were identified as
early clinical markers of response [77]. Additionally, a recent study
has demonstrated that HPN volume reductions were associated
with improvements in quality of life scores for patients with short
bowel syndrome treated with teduglutide [79]. Adverse events
were mostly of mild-to-moderate severity and generally consistent
with the underlying condition or known mechanism of the drug
(e.g. central line-related issues, gastrointestinal events). Teduglu-
tide is, therefore, a useful treatment option.

7.2. Surgical procedures

Surgical treatments other than transplantation have been pro-
posed in order to increase the absorptive area, slowing down the
intestinal transit and reducing bacterial overgrowth.

Surgical procedures to lengthen the small bowel include the
Bianchi procedure, which consists in a longitudinal incision of a
dilated segment of small bowel to then sew the two new sections
end to end; the serial transverse enteroplasty (STEP), where the
bowel is incised and stapled in a diagonal non-occlusive pattern
in order to increase the bowel length and slow transit time; and
the spiral intestinal lengthening and tailoring (SILT), a spiral inci-
sion around the dilated small bowel then re-sewn to tailor the
length [80]. Gastrointestinal reconstructive procedures have been
described mostly in pediatric SBS. One of the largest adult series
of 20 patients over a 15-year period, has shown a mean length of
gut increased from 60 cm to 80 cm post-surgery with weaned-off
PN or increased enteral calorie intake for 17 patients [81]. All the
reconstructive techniques harbor a relevant risk of anastomotic
breakdown, stricture, and vascular injury. For these reasons, SBS
surgical approaches are usually performed in highly specialized
centers [82].To date, reconstructive procedures have been per-
formed mostly on children and their application in adults should
be reserved to specifically selected cases.

7.3. Intestinal transplantation

Over the last years, intestinal transplantation has become a
viable option for patients with SBS and intestinal failure. The
terminal ileum represents the used graft, because of technical
feasibility and its greater adaptive potential than the jejunum

[83]. To date, intestinal transplant may  be considered for highly
selected patients who  are likely to experience a poor outcome on
long-term PN (ultra-short residual small intestinal length <50 cm,
end-jejunostomy, and patients with motility disorders) [17,34,84].
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t does not represent an alternative therapy for stable patients
n intravenous nutrition, because of both the excellent outcomes
eported for long-term parenteral nutrition and the challenges of
ntestinal transplantation [85]. Indeed, intestine transplant often
equires a liver-to-small-bowel graft or a “multivisceral” graft (such
s the stomach and pancreas) with liver-containing grafts demon-
trated having the longest survival [86]. In addition, the small bowel
s an arduous organ to transplant due to its immunogenicity, large
opulation of donor immune cells present within the graft, and its
on-sterile contents which increases both the risk of rejection and

nfection [34]. It is mostly thanks to the recent advances in immuno-
uppression that short-term results of small bowel transplant have
ecently improved in terms of survival and digestive autonomy
87]. The challenges for long-term results are chronic rejection
nd immunosuppressant-related complications [88]. Currently, the
ne-year survival rate for intestinal transplantation approaches
0%, while the 5-year survival rate is approximately 50%, with the
ajority of survivors being free of parenteral nutrition [34]. In con-

lusion, intestinal transplantation should be suggested to a very
elect subset of SBS patients with severe and irreversible compli-
ations of PN and no hope of intestinal rehabilitation.

. Conclusions

SBS is a complex and articulated condition, with many shades
nd clinical implications. Its management and treatment usu-
lly involve gastroenterologists and nutrition specialists working
ogether as a multi-disciplinary team.

onflict of interest

one declared.

ppendix A. Supplementary data

Supplementary material related to this article can be found,
n the online version, at doi:https://doi.org/10.1016/j.dld.2019.11.
13.

eferences

[1] Carlsson E, Bosaeus I, Nordgren S. Quality of life and concerns in patients with
short bowel syndrome. Clin Nutr 2003;22:445–52.

[2] Pironi L, Arends J, Baxter J, Bozzetti F, Peláez RB, Cuerda C, et al. ESPEN endorsed
recommendations. Definition and classification of intestinal failure in adults.
Clin Nutr 2015;34:171–80.

[3] DiBaise J. Home parenteral nutrition: complications, survival, costs, and qual-
ity  of life. In: Langnas A, Goulet O, Quigley E, Tappenden K, editors. Intestinal
failure: diagnosis, management, and transplantation. Oxford: Blackwell Pub-
lishing; 2008. p. 130–41.

[4] Buchman AL, Scolapio J, Fryer J. AGA technical review on short bowel syndrome
and intestinal transplantation. Gastroenterology 2003;124:1111–34.

[5] O’Keefe SJ, Buchman AL, Fishbein TM,  Jeejeebhoy KN, Jeppesen PB, Shaffer
J.  Short bowel syndrome and intestinal failure: consensus definitions and
overview. Clin Gastroenterol Hepatol 2006;4:6–10.

[6] DiBaise JK, Young RJ, Vanderhoof JA. Intestinal rehabilitation and the short
bowel syndrome: part 1. Am J Gastroenterol 2004;99:1386–95.

[7] Jeppesen PB. Teduglutide, a novel glucagon-like peptide 2 analog, in the
treatment of patients with short bowel syndrome. Therap Adv Gastroenterol
2012;5:159–71.

[8] Brandt CF, Hvistendahl M,  Naimi RM,  Tribler S, Staun M,  Brøbech P, et al. Home
parenteral nutrition in adult patients with chronic intestinal failure: the evo-
lution over 4 decades in a tertiary referral center. JPEN J Parenter Enteral Nutr
2017;41:1178–87.

[9] Thompson JS. Comparison of massive vs. repeated resection leading to short
bowel syndrome. J Gastrointest Surg 2000;4:101–4.

10] Nightingale JM,  Lennard-Jones JE, Gertner DJ, Wood SR, Bartram CI. Colonic
preservation reduces need for parenteral therapy, increases incidence of renal

stones, but does not change high prevalence of gall stones in patients with a
short bowel. Gut 1992;33:1493–7.

11] Amiot A, Messing B, Corcos O, Panis Y, Joly F. Determinants of home parenteral
nutrition dependence and survival of 268 patients with non-malignant short
bowel syndrome. Clin Nutr 2013;32:368–74.

[

er Disease 52 (2020) 253–261

12] Thompson JS. Short bowel syndrome and malabsorption – causes and preven-
tion. Viszeralmedizin 2014;30:174–8.

13] Grainger JT, Maeda Y, Donnelly SC, Vaizey CJ. Assessment and management
of  patients with intestinal failure: a multidisciplinary approach. Clin Exp Gas-
troenterol 2018;11:233–41.

14] Carlson GL, Dark P. Acute intestinal failure. Curr Opin Crit Care 2010;16:347–52.
15] Thompson JS, DiBaise JK, Iyer KR, Yeats M, Sudan DL. Postoperative short bowel

syndrome. J Am Coll Surg 2005;201:85–9.
16] McBride CL, Oleynikov D, Sudan D, Thompson JS. Short bowel syndrome after

laparoscopic procedures. Am Surg 2014;80:382–5.
17] Messing B, Crenn P, Beau P, Boutron-Ruault MC,  Rambaud JC, Matuchansky C.

Long-term survival and parenteral nutrition dependence in adult patients with
the short bowel syndrome. Gastroenterology 1999;117:1043–50.

18] Vantini I, Benini L, Bonfante F, Talamini G, Sembenini C, Chiarioni G, et al. Sur-
vival rate and prognostic factors in patients with intestinal failure. Dig Liver
Dis  2004;36:46–55.

19] Gupta PK, Natarajan B, Gupta H, Fang X, Fitzgibbons RJ. Morbidity and mortality
after bowel resection for acute mesenteric ischemia. Surgery 2011;150:779–87.
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