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Abstract

Short bowel syndrome (SBS) is a significant condition in neonates and infants, resulting from extensive bowel
resection due to congenital or acquired causes. This disorder leads to malabsorption, posing challenges in nutrient
absorption and overall growth. Advances in neonatal care and surgical techniques have improved survival rates, but
long-term management remains complex. This review explores the etiologies, clinical manifestations, diagnostic
approaches, and treatment strategies for SBS in early life. Current therapeutic approaches include parenteral
nutrition, enteral feeding advancements, surgical interventions, and emerging regenerative therapies. A
multidisciplinary approach is crucial for optimizing outcomes, enhancing quality of life, and reducing dependency on
parenteral nutrition. Further research is necessary to develop innovative treatments that support intestinal adaptation
and improve long-term prognosis.
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Introduction

Short bowel syndrome (SBS) is a rare yet serious condition affecting neonates and infants, primarily
resulting from congenital anomalies or surgical resection due to necrotizing enterocolitis, intestinal atresia,
or midgut volvulus [1]. This disorder is characterized by significant malabsorption, leading to nutritional
deficiencies, dehydration, and failure to thrive [2]. The severity of SBS depends on the remaining bowel
length and its ability to adapt over time [3].

Advancements in neonatal intensive care and surgical interventions have significantly improved the
survival of infants with SBS. However, managing this condition remains challenging due to the long-term
dependence on parenteral nutrition (PN), which carries risks of liver dysfunction, infections, and metabolic
complications [4]. The goal of SBS management is to promote intestinal adaptation, enabling a gradual
transition to enteral nutrition while minimizing complications [5].

Several therapeutic strategies have been explored to enhance intestinal adaptation, including optimized
nutritional support, pharmacological agents, and surgical approaches such as bowel lengthening procedures
[6]. Emerging regenerative therapies, including tissue engineering and stem cell applications, hold promise
for improving outcomes in affected infants [7]. This review aims to provide a comprehensive overview of
the pathophysiology, diagnostic approaches, and evolving treatment modalities for SBS in neonates and
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early infancy. Understanding the latest advancements in management strategies is crucial for optimizing
care and improving long-term prognosis [8].

Definition of Short Bowel Syndrome

Short bowel syndrome (SBS) is a disorder characterized by the loss or malfunction of a significant portion
of the small intestine, resulting in severe malabsorption and the inability to sustain adequate nutrition
through oral intake alone [9]. The severity of SBS is influenced by multiple factors, including the length of
the residual bowel, the specific intestinal segments remaining, and the body's capacity for intestinal
adaptation [10]. Patients with SBS often require intensive medical support, particularly specialized
nutritional strategies, to compensate for reduced absorptive capacity and to prevent malnutrition-related
complications [11].

Cause

The underlying causes of SBS in neonates and infants can be classified into congenital and acquired
conditions. Congenital causes include intestinal atresia, gastroschisis, and congenital short bowel
syndrome, which result in an underdeveloped or abnormally short intestine at birth [12]. Acquired causes,
on the other hand, involve the necessity of extensive bowel resection due to severe conditions such as
necrotizing enterocolitis, midgut volvulus, intestinal ischemia, and traumatic bowel injury [13]. The
etiology of SBS plays a pivotal role in determining prognosis, influencing the potential for intestinal
adaptation and long-term clinical outcomes [14].

Pathophysiology

SBS disrupts normal gastrointestinal function by drastically reducing the intestinal surface area available
for digestion and nutrient absorption [15]. The degree of malabsorption depends on the extent and location
of the remaining intestine, as different intestinal segments perform distinct roles in nutrient absorption. The
duodenum and jejunum are primarily responsible for absorbing carbohydrates, proteins, and fats, while the
ileum is essential for vitamin B12 absorption and bile acid reuptake [16].

Following intestinal resection, the remaining bowel initiates a compensatory adaptive response aimed at
increasing its absorptive efficiency. This adaptive process is marked by structural and functional changes,
including villous hyperplasia, increased crypt cell proliferation, and the upregulation of nutrient transporter
proteins, all of which contribute to improved absorption [17]. Several factors modulate the extent of
intestinal adaptation, including the presence of the ileocecal valve, the remaining length of the small
intestine, and the role of the colon in enhancing digestion and fluid retention [18].

Predictors of Enteral Autonomy

Enteral autonomy is defined as the ability of an individual with SBS to maintain adequate nutritional intake
through enteral feeding alone, without the need for long-term parenteral nutrition [19]. Several key
determinants influence the likelihood of achieving enteral independence, including the residual bowel
length, the functionality of the ileocecal valve, and the extent of colonic involvement in nutrient and fluid
absorption [20].

Early initiation and gradual progression of enteral feeding are crucial for stimulating intestinal adaptation,
improving absorptive efficiency, and facilitating enteral autonomy [21]. Emerging pharmacological
therapies, such as glucagon-like peptide-2 (GLP-2) analogs, have demonstrated efficacy in enhancing
intestinal adaptation by promoting mucosal growth and increasing nutrient absorption capacity [22].
Moreover, a comprehensive multidisciplinary approach incorporating optimized nutrition plans, surgical
techniques, and novel therapeutic interventions has significantly improved the likelihood of weaning
patients from parenteral nutrition, thereby reducing associated complications and enhancing overall quality
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of life [23].

Complications

Short bowel syndrome (SBS) is associated with a wide range of complications that significantly impact
patient outcomes and quality of life. These complications arise due to severe malabsorption, intestinal
dysmotility, and prolonged dependence on parenteral nutrition (PN) [24]. One of the most common
complications is intestinal failure-associated liver disease (IFALD), which results from prolonged PN use,
leading to cholestasis, hepatic fibrosis, and potential liver failure [25]. Catheter-related bloodstream
infections (CRBSIs) pose another serious risk, as the long-term requirement for central venous catheters
increases susceptibility to infections, sepsis, and thrombotic complications [26].

Nutritional deficiencies are another major concern in SBS patients, as impaired absorption leads to deficits
in essential macronutrients and micronutrients, including fat-soluble vitamins (A, D, E, and K), iron, zinc,
and calcium, which can cause growth failure, osteoporosis, and immune dysfunction [27]. Additionally,
fluid and electrolyte imbalances, particularly sodium and potassium losses, contribute to chronic
dehydration and metabolic derangements, necessitating careful monitoring and supplementation [28].
Patients with SBS may also experience small intestinal bacterial overgrowth (SIBO), which exacerbates
malabsorption by disrupting gut microbiota and increasing the risk of diarrhea, bloating, and malnutrition
[29]. Furthermore, those who undergo bowel lengthening procedures are at risk of developing anastomotic
strictures, intestinal obstructions, and recurrent episodes of bowel dilatation [30].

Management

The management of SBS requires a multidisciplinary approach aimed at optimizing intestinal adaptation,
minimizing complications, and improving long-term nutritional independence [31]. The cornerstone of
treatment is nutritional support, which initially relies on PN to meet caloric and fluid requirements while

gradually transitioning to enteral feeding to stimulate intestinal adaptation and promote functional recovery
[32].

Enteral nutrition plays a critical role in SBS management by enhancing gut motility, promoting mucosal
growth, and reducing dependency on PN. The introduction of trophic feeds at an early stage, even in
minimal amounts, has been shown to facilitate intestinal adaptation and improve long-term outcomes [33].
Specialized diets, including elemental and semi-elemental formulas, are often used to enhance nutrient
absorption in patients with compromised digestive capacity [34].

Pharmacological interventions have emerged as key components in SBS management, particularly
glucagon-like peptide-2 (GLP-2) analogs such as teduglutide, which have demonstrated effectiveness in
promoting intestinal growth, increasing nutrient absorption, and reducing the need for PN [35]. Other
supportive medications include anti-motility agents like loperamide and proton pump inhibitors to manage
diarrhea and acid-related complications, respectively [36].

Surgical approaches are considered in cases where conservative management fails to achieve enteral
autonomy. Intestinal lengthening procedures, including the Bianchi and serial transverse enteroplasty
(STEP) techniques, aim to increase bowel surface area and improve absorptive function [37]. In severe
cases, intestinal transplantation may be considered for patients who develop irreversible complications
from PN, such as life-threatening liver disease or recurrent sepsis [38].

Emerging therapies in regenerative medicine, including tissue engineering and stem cell therapy, hold
promise for revolutionizing SBS treatment by enhancing mucosal regeneration and restoring functional
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intestinal tissue [39]. Advances in microbiome research are also paving the way for novel therapeutic
strategies, such as fecal microbiota transplantation, to modulate gut flora and improve nutrient absorption
[40]. Ultimately, a tailored, patient-centered approach integrating nutritional, pharmacological, and surgical
Strategies are crucial for optimizing SBS outcomes and improving survival rates in neonates and infants
[41].

Pharmacological Approaches in SBS

Pharmacological interventions have emerged as key components in SBS management, particularly
glucagon-like peptide-2 (GLP-2) analogs such as teduglutide, which have demonstrated effectiveness in
promoting intestinal growth, increasing nutrient absorption, and reducing the need for PN [35]. Other
supportive medications include anti-motility agents like loperamide and proton pump inhibitors to manage
diarrhea and acid-related complications, respectively [36].

Prevention and Management of Central Line-Associated Bloodstream Infections (CLABSI):

Given the dependence on long-term PN, SBS patients are highly susceptible to CLABSI, which can lead to
sepsis and life-threatening complications. Preventative strategies include strict aseptic techniques during
catheter insertion and maintenance, regular monitoring for early signs of infection, ethanol lock therapy,
and antibiotic prophylaxis when necessary [37]. The proper education of caregivers and healthcare
providers plays a critical role in reducing infection rates and improving patient outcomes [38].

Surgical Considerations in SBS Treatment

Surgical interventions are considered for patients with SBS when conservative measures fail to achieve
enteral autonomy. Intestinal lengthening procedures, such as the Bianchi and serial transverse enteroplasty
(STEP) techniques, increase the functional surface area of the small intestine, enhancing nutrient absorption
[39]. For patients with irreversible complications related to PN, intestinal transplantation remains a viable
option, offering improved survival and quality of life [40].

Mucous Fistula Refeeding (MFR) and Stoma Reversal

MEFR has emerged as a beneficial technique in neonates and infants with SBS, allowing the use of proximal
enteric secretions to enhance intestinal adaptation and promote mucosal growth. This method facilitates the
reintroduction of gut nutrients, ultimately aiding in the transition towards full enteral feeding [41]. Stoma
reversal, performed when the residual bowel has achieved sufficient adaptation, further supports the
restoration of intestinal continuity, improving nutrient absorption and reducing dependence on PN [42].

Prognosis and Long-Term Outcomes:

The prognosis of SBS largely depends on the residual bowel length, underlying etiology, and the success of
intestinal adaptation. Advances in medical and surgical management have significantly improved survival
rates, with many patients achieving partial or complete enteral autonomy over time. Long-term follow-up is
essential to monitor for complications such as nutritional deficiencies, liver dysfunction, and growth
impairment [43]. Emerging therapies, including regenerative medicine and gut microbiome modulation,
hold promise for further improving outcomes in affected individuals [44,45].

Conclusion

SBS remains a complex and challenging condition requiring a comprehensive, patient-centered approach.
Advances in nutritional support, pharmacological interventions, surgical techniques, and emerging
therapies have significantly enhanced the management and prognosis of SBS patients. Continued research
and multidisciplinary collaboration are crucial in optimizing long-term outcomes and improving the quality
of life for individuals affected by this disorder
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