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Case Report 

 Female newborn, born at 35+5 weeks gestation via c-section, 
birth weight 2780g, APGAR 9/9 

 DOL#0-1: 
 admitted to NICU for respiratory distress requiring CPAP and r/o sepsis 

 DOL#2:  
 no meconium, abdomen soft,  

 AXR: scattered gas filled loops of bowel and dilated transverse colon 

 drop in hct requiring transfusion of PRBC 

 DOL#3:  
 abdominal distention and bilious drainage from OGT 

 AXR: remained unchanged 

 pediatric  surgery consulted 
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Transient tachypnea of the newborn (TTN, TTNB, or "Transitory tachypnea of newborn") is a respiratory problem that can be seen in the newborn shortly after delivery. Amongst causes of respiratory distress in term neonates, it is the most common.[1][2] It consists of a period of rapid breathing (higher than the normal range of 40-60 times per minute). It is likely due to retained lung fluid, and is most often seen in 35+ week gestation babies who are delivered by caesarian section without labor. Usually, this condition resolves over 24–48 hours. Treatment is supportive and may include supplemental oxygen and antibiotics. The chest X-Ray shows hyperinflation of the lungs including prominent pulmonary vascular markings, flattening of the diaphragm, and fluid in the horizontal fissure of the right lung.
Infant respiratory distress syndrome (IRDS), also called neonatal respiratory distress syndrome[1] or respiratory distress syndrome of newborn, previously called hyaline membrane disease (HMD), is a syndrome in premature infants caused by developmental insufficiency of surfactant production and structural immaturity in the lungs. It can also result from a genetic problem with the production of surfactant associated proteins. IRDS affects about 1% of newborn infants and is the leading cause of death in preterm infants.[2] The incidence decreases with advancing gestational age, from about 50% in babies born at 26–28 weeks, to about 25% at 30–31 weeks. The syndrome is more frequent in infants of diabetic mothers and in the second born of premature twins.




Case Report 

UGI: 

 Obstruction at the second/ 
third portion of the 
duodenum 

BE: 
 Patent colon with cecum in 

the right upper quadrant 
adjacent to the obstructed 
duodenal loop  
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Case Report 

 DOL#3:  
 UGI/BE concerning for malrotation with volvulus 

 Urgent surgical exploration: malrotation  with volvulus and necrosis of the 
small bowel from third portion of duodenum to terminal ileum 

 Detorsion of small bowel, closure of abdomen 

 Return to NICU for resuscitation 

 Planned second look in 24h 

 DOL#4: 
 Second look: unchanged necrosis of small bowel 

 DOL#5-11 (POD#1/2-6/7) 
 Awake, alert, on abx, TPN, NCPAP 
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Case Report 

 DOL#12 (POD#8/9): 
 Exploratory laparotomy, resection 

of necrotic small bowel with 
anastomosis of mid duodenum to 
terminal ileum 

 Gastrostomy 

 Broviac placement 

 

www.downstatesurgery.org



Case Report 

 DOL#21 (POD#9/17/18) 
 Off abx, on RA, TPN, starting feeds 

via gastrostomy 

 DOL#32 (POD#20/28/29) 
 Tolerating feeds at 3cc/h via 

gastrostomy 
 TPN 
 UGI: esophageal reflux, delayed 

passage of contrast into ileum 

 DOL#72  
 Tolerating feeds at 12 cc/h via 

gastrostomy 
 Continuous TPN 
 Weight: 3905g 
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Intestinal Failure 

 Inability of the GI tract to provide sufficient absorption 
capacities to cover nutritional requirements for 
maintenance in adults and growth in children 

 Functional and structural adaption for 1-2 years after 
resection 

 Permanent intestinal failure is determined after 2 years 
 Parenteral nutrition is first line treatment, allowing 

satisfactory growth and acceptable quality of life 
 Intestinal transplant is indicated for failure of PN 
 5 year survival rate on PN is 75% 
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Causes of Intestinal Failure in Children 

 Short bowel syndrome 68% 
 Volvulus 15% 
 Gastroschisis 24% 
 Necrotizing enterocolitis 16% 
 Atresia 9% 
 Other 4% 

 Motility Disorders 14% 
 Long segment Hirschsprung disease, chronic intestinal pseudoobstruction 

 Mucosal Defects 10% 
 microvillus inclusion disease, tufting enteropathy 

 Retransplantation 5% 
 Others 3% 
 tumors 
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SBS: Pathophysiologic changes 

 Loss of intestinal 
absorptive surface 

 More rapid 
intestinal transit 

 Gastric 
hypersecretion 

 Inactivation of 
pancreatic 
enzymes 

 Loss of bile salts 

 Malnutrition 
 Weight loss 
 Diarrhea 
 Steatorrhea 
 Vitamin deficiency 
 Electrolyte 

imbalance 
 Cholelithiasis 
 Nephrolithiasis 
 Liver Disease 

Malabsorption 
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Factors influencing Outcome 
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The underlying disease leading to resection is an important patient-related outcome factor. Patients with inflammatory disease (eg, Crohn's disease and radiation injury) in the intestinal remnant may have impaired intestinal function. They may also be at increased risk of hepatobiliary disease.43 The cause of resection will also influence outcome because of the effect on other digestive organs. Patients with malignancy and trauma often have involvement of other organs.28
Long-term treatment and survival are influenced by the patient's age and other medical conditions. Infants and young children have the potential for intestinal growth but typically have caloric needs 2 to 3 times those of adults to support normal growth and development.20 Elderly patients generally have a less favorable outcome.17 Paradoxically, obesity has also been recognized recently as an important positive determinant of SBS outcome.31
The small intestine has the ability to adapt to compensate for the reduction in absorptive surface area caused by intestinal resection.19, 44 and 45 This adaptive process occurs within the first year or 2 after resection in adults and improves intestinal absorptive capacity (Fig 3).44 Intestinal failure is considered permanent when specialized nutritional support is required beyond this initial 2-year period. Whether or not the adaptive response can be significantly accelerated or augmented (hyperadaptation) pharmacologically is uncertain but is 1 of the main goals of intestinal rehabilitation. Intestinal adaptation in children is influenced by growth and development and thus occurs over a longer period in younger children.20 The overall intestinal adaptive response results from changes in intestinal structure, absorptive function, and motility.
The early molecular events associated with this hyperplastic response are being investigated.58, 59, 60, 61, 62 and 63 Intestinal resection results in increased levels of a variety of gene products in crypt and villus enterocytes within hours. There is an immediate increase in genes influencing cell proliferation, nutrient absorption and trafficking, and cellular homeostasis. Many of these are novel genes, not normally present in intestinal epithelium. This molecular response is spatially and temporally regulated. Proteomic analysis has also been performed after resection and many proteins are increased.60 Proteins, such as fatty acid (FA) binding protein, may prove useful in monitoring the adaptive response. The specific triggers for these events are not clear, but there are many candidates. Gene expression is regulated by growth factors in a specific fashion [eg, epidermal growth factor (EGF) and GLP-2 but not Insulin-like growth factor (IGF)-1 up-regulate PC4 expression61 and early but not late administration of GLP-2 expands progenitor cells].47 Currently there is great clinical interest in manipulating the adaptive response pharmacologically.




Prognosis 

 80% of children with neonatal onset SBS wean from PN 
between age 1-2 

 10% die from complications 

 10% remain on permanent PN 
 Remnant length <30-40 cm 

 Absent ileocecal valve 

 Colon resection 

 Tolerance of <25% of enteral calories at  3 months of age 

 Multidisciplinary approach at specialized center improves 
outcome 

Kaufman et al: Indications for pediatric intestinal transplantation: A position paper of the American Society of transplantation. Pediatr Transplantation. 2001;5:80-
87 
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Intestinal Rehabilitation 

enhance intestinal absorption and function  

eliminate long-term dependency on PN 

Surgical Rehabilitation 
• Preserve intestinal 

remnant length 
• Improving intestinal 

motility 
• Increasing absorptive 

area 

Medical Rehabilitation 
• Maintain nutritional 

status 
• Maximize enteral 

nutrient absorption 
• Prevent complications 
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Maintain nutritional status 

 Replacement of fluid and electrolyte losses 

 Parenteral Nutrition 
 Continuous then cyclic PN 

 Lipid minimization and alternate lipid preparations to reduce IFALD 

 Enteral Nutrition 
 Start as early as possible postop with hypoosmolar feeds 

 Gradually increase as enteral adaption occurs 

 Enteral independence is goal 
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Patients with more than 180 cm of small intestine remaining generally require no PN; those with more than 90 cm and colon in continuity will require PN for less than 1 year; and those with less than 60 cm of small intestine will likely require permanent PN, depending on the length of colon remaining.




Dietary recommendations for SBS 

Thompson et al. Current Management of the Short Bowel Syndrome. Surg Clin N Am. 2011;91:493-510 
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Pharmacologic treatment 

 Slow transit / diarrhea 
 Loperamide 
 Diphenoxylate 
 Narcotics 
 Cholestyramine 
 Pancreatic enzymes 

 Reduce GI secretion 
 H2 receptor antagonists 
 Proton pump inhibitors 
 Octreotide 
 Clonidine 

 Treat bacterial overgrowth 
 Antibiotics 
 Probiotics 
 Prokinetics 

 Glutamine, hormonal treatment 
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Hypoosmolar diets are started initially to minimize gastrointestinal fluid losses. Ingestion of a glucose-electrolyte oral rehydration solution with a sodium concentration of at least 90 mmol/L will optimize water and sodium absorption in the proximal jejunum and prevent secretion into the lumen.177 and 178 Oral fluid intake should be limited in the acute post-resection phase with gradual increase to 2 to 3 L sipped throughout the day. Hyperosmolar oral fluids should be avoided. In patients with remaining colon water and sodium handling are generally more significant; however, adequate dietary sodium is required.
Patients with colon in continuity should consume 5 to 6 meals per day composed of complex carbohydrates that provide 50% to 60% of calories, restrict simple sugars, and take 20% to 30% of calories as protein.179 The diet should be low (20%-30%) in fat. Lactose-containing diets have been shown to be well tolerated by some patients, but their use must be assessed on an individual basis especially if a previous intolerance may have been present. Lactose-reduced products are also commonly available and may allow for continued milk consumption with the benefit of improving dietary calcium intake. A goal of 2 grams of calcium daily is generally recommended. Five to 10 grams per day of soluble fiber should be given for net secretors.
Patients without colon should take 4 to 6 meals; 40% to 50% of calories should be provided by carbohydrates; protein should provide 20% to 30%, and fat should provide 0% to 40% of total calories with an emphasis on essential fats. Specific oxalate or lactose restrictions are not needed but isotonic rehydration solutions are advocated for the enhancement of enteral fluids and may be needed at a volume of 3 L sipped throughout the day. Net secretors may benefit from 5 to 10 grams per day of soluble fiber.




Hormonal Treatments 

 Growth hormone combined with glutamine 
 Effects short lived, results inconclusive in metaanalysis  

 GLP-2 and its analog teduglutide 
 Hormone strongly associated with intestinal growth and post resection 

intestinal adaptation 
 Reduction in PN compared to placebo in RCT over 52 weeks 

 EGF 
 transiently increased carbohydrate absorption and improved tolerance to 

enteral feeding in pediatric patients 
 Under investigation 

 GLP-1 agonist exenatide 
 GLP-1 receptor agonist approved for type 2 DM 
 Improvement in intestinal transit in case series 

Thompson et al.Current Management of Short Bowel Syndrome. Curr Prob Surg.2012:49(2);52-119 
O’keefe et al. Safety and Efficacy of Teduglutide after 52 weeks of treatment in patients with shirtnBowel syndrome intestinal failure. Clin GastroenetrolHepatol.2013:13:87-6 
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A recent Cochrane review focused on randomized controlled trials of human growth hormone with or without glutamine for patients with SBS.203 This review suggested a positive effect of human growth hormone on weight gain and energy absorption. However, in most trials, the effects are short-lived, returning to baseline shortly after cessation of therapy. The temporary benefit calls into question the clinical utility of this treatment. The authors concluded that the evidence is inconclusive to recommend growth hormone and glutamine for SBS.203 We do not use these agents routinely because of these conflicting results, cost, and potential side effects.
GLP-2 is a pleiotropic hormone that affects multiple facets of intestinal physiology, including growth, barrier function, digestion, absorption, motility, and blood flow.204 and 205 GLP-2 is strongly associated with intestinal growth and postresection intestinal adaptation. Intestinal GLP-2 is produced in enteroendocrine L-cells of the distal jejunum, ileum, and colon. The downstream effects of GLP-2 include expansion of the intestinal mucosa by crypt cell growth and a reduction in enterocyte apoptosis.206, 207 and 208 Jeppesen and colleagues in 2001195 performed balance studies where GLP-2 was given to 8 patients with SBS with no terminal ileum and colon at a dose of 400 μg subcutaneously twice per day for 35 days.195 The intestinal absorption of energy improved 3.5% and body mass and lean body weight increased as did the 24-hour urine creatinine excretion. Jeppesen and colleagues in 2009 showed that GLP-2 dosed at 400 μg subcutaneously three times per day given in 11 SBS patients showed in 8 patients that completed the study that GLP-2 reduced fecal weight by approximately 1000 g/d and enabled SBS patients to maintain their intestinal fluid and electrolyte absorption at lower oral intakes.196 The creatinine clearance improved 28%.




Surgical Rehabilitation 

 Preserve intestinal remnant length 
 Minimize resection (tapering, stricturoplasty) 
 Restore continuity  
 Recruit additional intestine  

 Improve motility 
 Relieve obstruction  
 Taper dilated bowel  
 Prolong intestinal transit (reversed segments, artificial valve, colon 

interposition) 

 Increase absorptive area 
 STEP 
 Bianchi 

 

 
 

www.downstatesurgery.org



Surgical Rehabilitation 

 STEP: Stepwise transverse 
enteroplasty (2003) 
 Alternating staple lines 

 Reducing diameter while increasing 
length 

 Mortality 8% 

 80% clinical improvement 

 Can be done more than once on 
same segment 

 Bianchi enteroplasty (1980) 
 Longitudinal division of loop of 

distended bowel 

 Each mesenteric leaf supplies one 
of the divided segments 

 Divided segments are anastomosed 

 Early complication rate 20% 

 50-80% sustained clinical 
improvement 
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Some SBS patients will develop dilated intestinal segments that may be amenable to intestinal tapering and lengthening. These procedures are an attempt to optimize the volume-to-surface-area ratio of the intestine to improve contact time between luminal contents and absorptive surface. They should also improve motility and reduce stasis. The primary technique of longitudinal intestinal lengthening was initially described by Bianchi in 1980226 (Fig 9). More recently an alternative technique called serial transverse enteroplasty (STEP) was reported by Kim and colleagues in 2003227 and 228 (Fig 10). Using these approaches, the dilated segments are not only tapered, but the redundant intestine is preserved as additional length.
Intestinal lengthening by the Bianchi procedure has now been reported in more than 150 patients, the vast majority being children.226, 228, 231, 232, 233, 234, 235 and 236 After an initial prolonged ileus, significant improvement in absorptive capacity and nutritional status has been reported in 80% of these patients in the short term. PN weaning is achieved in more than one half of the patients. Early complications, such as necrosis of divided segments, anastomotic leak, and obstruction, occur in up to 20% of patients. Gastrostomy tubes are often placed because of the prolonged dysmotility that occurs. The close proximity of multiple staple lines can lead to enteroenteral fistulas, which can influence functional outcome and lead to a challenging reoperation. Although short-term results have been encouraging, our long-term results suggest that approximately one half of the patients undergoing this procedure have sustained benefit for up to 10 years.231 However, others report an 80% clinical improvement rate.236 The overall mortality rate has been 15% to 20% but reflects patient selection rather than technical problems. Recurrent dilation can occur and may lead to further procedures, such as a STEP, although great care must be taken because of the already divided blood supply to the intestine. Ten percent of patients underwent intestinal transplant after longitudinal lengthening.233
The STEP procedure involves serial transverse applications of a linear stapler from alternating directions, in an overlapping fashion, which incompletely divides the bowel perpendicular to the long axis of the intestine. This can be done in a lateral side-to-side fashion or mesenteric-to-antimesenteric, although in either case, the staple lines must cross the midpoint of the diameter of the bowel to produce an appropriate overlapped pattern. Either approach preserves the blood supply from the mesenteric border. The length and spacing of the transverse division is determined by the diameter of the intestine, which is in general guided by the age and size of the patient. Multiple stapler applications are required and the lengthening achieved is determined by the length and number of firings. Although referred to in general terms as a “lengthening procedure,” the net effect again is to alter the volume to surface area of the intestine to improve absorption and propulsive contraction. Grossly the net result is an increase in length and reduction in diameter. This procedure is less complicated than the Bianchi procedure because it avoids the extensive mesenteric dissection and the additional anastomosis. It is feasible for very short segments and those near the ligament of Treitz. It is also more applicable than the Bianchi procedure when the bowel diameter is asymmetrical along its length.

Intestinal tapering and lengthening should be considered in 2 situations. Patients who remain PN-dependent after intestinal rehabilitation is 1 group. The goal here is to reduce or eliminate PN. Tapering enteroplasty can also be considered in the setting of dilated bowel and recurrent bacterial overgrowth. Here the primary goal is to restore intestinal motility and prevent bacterial overgrowth. The STEP procedure is the preferred alternative method to simple tapering. Adaptive dilation without obstruction is particularly common in children and thus most of the procedures have been preferred in this age group. However, we have been identifying more adults who are candidates for these procedures.240 When the underlying cause of dilated bowel is obstruction, then the primary goal is to relieve the obstruction and enteroplasty may not be prudent at that time. Patients with cirrhosis are not suitable candidates. Performance of this procedure in neonates remains controversial.
Unfortunately, the lengthening procedures can be applied only to a fairly select group of patients. The intestinal diameter should be at least 4 cm to provide an adequate lumen size after tapering. The vascular anatomy must be favorable and dilation fairly uniform for the Bianchi procedure. Sequential operations, first employing a procedure, such as an artificial valve to produce intestinal dilation and then performing the lengthening at a later time, have been used to expand the applicability of this technique. Efforts have also been directed at recruiting additional vascular supply to permit longitudinal lengthening. The STEP procedure should markedly increase the applicability of intestinal lengthening.
�
�



Bianchi vs STEP 

 Single Center review of 
lengthening procedures 
over 24 years  

 Comparing survival, TPN 
weaning, complications 

 64 patients (14 adults) 

 Complications 10% 

 

Bianchi STEP 

Procedures (#) 43 34 

Remnant length 
before lengthening 

44 cm 45 cm 

Remnant length 
after lengthening 

68 cm 65 cm 

Overall survival 
(3.8y) 

88% 95% 

Time to 
discontinuation of 
TPN (months) 

8.4  4.8 

TPN weaning  55% 60% 

Sudan et al. Comparison of intestinal lengthening procedures for patients with short bowel syndrome. Ann Surg.2007;246(6):593-604 
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Complications of Short Bowel Syndrome 

Catheter 
related 

Hepatobiliary Metabolic Renal Gastrointestinal 

Infection 
Intestinal failure 
associated liver 
disease 

Fluid and electrolyte 
abnormalities 

Chronic renal failure 
Gastric 
hypersecretion 

Loss of vascular 
access 

 Cholelithiasis D-Lactic acidosis Nephrolithiasis 
Small bowel 
bacterial overgrowth 

Micronutrient 
deficiency 

Changes in colonic 
flora 

Metabolic bone 
disease 

Osteoporosis and 
osteomalacea 
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Catheter-related infections and venous thrombosis with loss of vascular access are important complications in SBS patients requiring long-term parenteral support.96 These 2 problems are related in that repeated infection predisposes to thromboses. SBS patients are at increased risk for infection because of their underlying intestinal disease, bacterial overgrowth, and presence of stomas. Furthermore, both complications are determinants of outcome and the need for intestinal transplantation.
Sepsis because of central line-associated bloodstream infections (CLABSIs) causes substantial morbidity and results in excess direct and indirect costs. The cumulative excess health care costs between 2001 and 2009 due to CLABSIs in the intensive care unit alone in the USA was $1.8 billion.97 The US Centers for Disease Control and Prevention reported that CLABSIs are associated with a 12% to 25% mortality rate. Prevention programs have resulted in a reduction of central line-associated infections by 58%, saving up to 6000 lives and $414 million in 2009 alone.97 Rates of line infection can be expressed as a true number of cases or can be reported as several cases per 1000 line days, which allows us to standardize rates between health care settings. Quality review and outcomes measurement of PN management is important. Rates of catheter-related blood infection higher than 2 per 1000 catheter-days are no longer acceptable.98 Updated guidelines by the Healthcare Infection Control Practices Advisory Committee have been published.99
The American Society for Parenteral and Enteral Nutrition guidelines recommend that a central venous access device used for PN to be placed with its tip in the superior vena cava adjacent to the right atrium. Position of the catheters should be confirmed and, if necessary, followed serially radiologically because misplacement can occur.100 This can be accomplished by placement of a centrally placed tunneled catheter (Hickman, Broviac, Groshong), ports, or a peripherally inserted central catheter (PICC). The use of a port for home PN is generally discouraged since ports seem to be susceptible to contamination on account of the frequent need for access. Based on retrospective data on adult patients receiving home PN, PICC lines may be associated with a higher incidence of catheter infections compared to central venous access devices.101 Catheters for long-term PN with ethanol lock capability (silicone-based) are preferred over polyurethane and cabothane polymers. In general, centrally placed venous access devices are preferred over PICC access because the latter lack ethanol lock therapy capability. Ethanol lock therapy involves instillation of 70% ethanol, equal to the volume of the line, into the catheter lumen for 12 to 24 hours and then withdrawal when PN is resumed. In many centers, this has surpassed antibiotic lock therapy as a technique to prevent infections. Several studies have confirmed the efficiency and safety of ethanol lock therapy in pediatric and adult patients for treatment and prevention of CLABSIs.102, 103, 104, 105, 106 and 107 Prospective data from 2008 have confirmed that the use of intraluminal ethanol in immunosuppressed hematology patients reduced catheter-associated bloodstream infection.105
The implementation of a specific central venous catheter postinsertion care bundle was associated with a significant reduction in CLABSI in a setting where compliance with the central line insertion bundle was already high.108 In this Veterans Affairs based study the intervention incidence density of 5.7 CLABSIs per 1000 catheter-days was reduced to an incidence density of 1.1 CLABSIs per 1000 catheter-days after implementation of the interventions. Using the catheters only for PN also reduces the risk of infection.
The epidemiology and microbiologic characteristics of bloodstream infections in long-term adult PN patients have been reported in a prospective cohort study. One fourth of infections were polymicrobial96; 55% were due to Gram-positive organisms. Coagulase-negative staphylococci account for 33% of infections. Twenty-two percent were fungal. Central venous thrombosis was seen in 44% of patients with a mean duration of 4.5 years of PN.96 Because of the high prevalence of antibiotic resistance and fungal infections in these patients, broad spectrum antibiotics and antifungal therapy are appropriate empiric therapy in an ill patient. In patients with SBS—because of the chronicity of the underlying illness and the higher incidence of vascular thrombosis—not all line infections call for immediate removal of the catheter since progressive loss of access can become a major problem. Infections at the tunnel or exit site or suspected fungal infection should prompt early removal. Management algorithms are useful for guiding decisions.53
Prevention of catheter and venous thrombosis is also related to catheter type and insertion. The subclavian vein is the preferred site. Proper orientation of the tip is also important. Vascular access exhaustion because of vascular thrombosis sometimes results in placement of central catheters via the transhepatic or translumbar inferior vena caval approach. This was originally reported in bone marrow transplant and hemodialysis patients but subsequently has been used in patients recieving long-term PN.109, 110 and 111 Arteriovenous fistulas are another alternative.112 The loss of vascular access should prompt referral for evaluation for intestinal transplantation.
There are no established guidelines that are specific for SBS patients or patients who are recieving long-term PN as far as screening or surveillance for susceptibility to infection and vaccination protocols are concerned. Prevention of infection through implementation of vaccination schedules however seems intuitively important and we follow the standard vaccination schedules for adults in the USA based on the Advisory Committee on Immunization Practices with the Centers for Disease Control and Prevention.113 We aim to vaccinate all long-term PN patients against hepatitis A and hepatitis B on account of the potential to develop chronic liver disease. We also recommend administration of pneumococcal prophylaxis, annual influenza vaccination, MMR, tetanus, pertussis, and shingles vaccination. We do not routinely screen for fungal exposure and TB but implement an evaluation if the imaging studies indicate exposure to pathogens based on past personal residential and travel history.
Three types of hepatobiliary disorders occur with prolonged PN management in SBS patients: steatosis, cholestasis, and gallbladder sludge/stones. The term intestinal failure-associated liver disease (IFALD) is preferred for these entities because both SBS and PN contribute. IFALD is commonly defined as the persistent elevation of liver blood tests 1.5 times above the upper limit of normal.114 The prevalence rates of IFALD between adults and children are variable with steatosis being more prominent in adults and cholestasis more prominent in children. In the adult PN population the incidence of elevated liver function tests has been reported between 25% and 100%. Similar findings have been reported in children.20 Severe steatosis and cholestasis can progress to fibrosis, cirrhosis, and end-stage liver disease.
Prospective cohort studies have shown that the prevalence of complicated IFALD increases with longer duration of PN. Earlier cohort studies on adult patients followed between 1985 and 1996 showed that chronic cholestasis occurs in 65% after a median of 6 months (range, 3-132 months). Complicated liver disease occurred in 37% after a median of 17 months (range, 2-155 months). Of these patients, 17 showed extensive fibrosis after 26 months (range, 2-148 months), and 5 had cirrhosis after 37 months (range, 26-77 months). The prevalence of complicated IFALD was 26 ± 9% at 2 years and 50 ± 13% at 6 years. Six patients died of liver disease (22% of all deaths).115 In another study of 42 adult patients in the USA receiving home PN for more than 1 year, 6 (15%) developed end-stage liver disease. All 6 patients died, at an average of 10.8 ± 7.1 months after the initial elevation of serum bilirubin.116
The etiology of IFALD is multifactorial (Fig 6) with a variety of postulated mechanisms having been put forward.117 The relative importance of the events that lead to IFALD differ in adults and children. Two partially overlapping events of steatosis and cholestasis, however, present final common pathways. Steatosis can occur because of carnitine deficiency, essential FA deficiency, choline deficiency, or excess carbohydrates via PN. Cholestasis may result because of a lack of enteral stimulation, which in turn leads to bile stasis and bacterial translocation.
The clinical evaluation and management of patient with SBS and suspected IFALD require the elimination of other causes for the abnormal liver function tests (review of hepatotoxic medications, herbal supplements, biliary obstruction, hepatitis, infection), changes to the composition of PN (decrease dextrose, decrease fat emulsion, cyclical infusion), maximization of enteral intake, treatment of small intestinal bacterial overgrowth, and pharmacotherapy with ursodeoxycholic acid.117 The evaluation for liver disease includes routine laboratory studies that are done in every liver patient (metabolic, viral, autoimmune markers) and a liver biopsy. Noninvasive markers of fibrosis, such as FibroTest, SteatoTest, and NashTest, are available but are not Food and Drug Administration (FDA) approved.118 and 119 Finally, consideration for small intestine transplantation for patients with IFALD should be entertained.
Traditional lipid emulsion is prepared from soybean oil that is composed of long-chain triacylglycerols with a high amount (>60%) of polyunsaturated FAS. Soybean oil is a reliable source of essential FA in the form of linoleic acid (ω-6 FA) and α-linolenic acid (ω-3 FA). In the USA, Intralipid (Fresenius Kabi, Uppsala, Sweden) and Liposyn (Abbott Laboratories, Chicago, IL) are FDA approved and are based on safflower and/or soybean with high concentrations of ω-6 FA, phytosterols, and vitamin E. Elevated levels of phytosterols have been shown to be associated with paralysis of bilirubin transport mechanisms in the hepatocyte membrane. The major morbidity because of soybean-based lipid appears to be cholestasis, which may be an important part of IFALD in children and adults. Recent studies have emphasized the necessity of reducing the total soy lipid dose, either alone in a protocol of lipid minimization or in concert with additional non-soy lipid calories, such as a fish oil emulsion.
The advent of pure ω-3 fish oil based emulsion (omega-3 FA) (omegaven; Fresenius Kabi) has provided a new option in preventing IFALD and has been heralded by some as a major breakthrough in the management of pediatric IFALD.120 and 121 Omegaven is approved in Europe and Asia only and may be accessed in the USA through compassionate release, or under the auspices of an FDA-approved trial. Although published studies in children suggest a benefit in improving cholestasis, it is not clear if this is purely an effect of the fish oil emulsion or whether it is a result of the minimization of soy-based lipid. There is presently no evidence to suggest that overall outcomes are improved; however, it has become an important part of the treatment armamentarium in treating IFALD in infants. Data for omegaven in the adult population are limited. For a 75-year-old woman with 12 cm of small bowel in continuity with ascending colon the administration of an omega-3-enriched lipid emulsion added to the PN regimen reversed cholestasis and was associated with histologic improvement on serial liver biopsy.122
SMOFlipid 20% (Fresenius Kabi) is an intravenous lipid emulsion containing soybean oil (30%), medium-chain triglycerides (30%), olive oil (25%), and fish oil (15%) developed to provide energy, essential FAS, and long-chain ω-3 FAS as a mixed emulsion containing α-tocopherol.123 Data in adults with SMOFlipid indicate that hepatic integrity was maintained in adults.124
Cholelithiasis occurs in 30% to 40% of adult patients with SBS and 20% of pediatric patients.20, 42, 125 and 126 Factors that predispose these patients to gallstone formation include altered hepatic bile metabolism and secretion, gallbladder stasis, and malabsorption of bile acids. Depending on the dominant mechanism, either mixed pigment stones or cholesterol stones may occur. Biliary sludge forms within a few weeks of initiating PN in the absence of enteral intake but rapidly disappears when enteral nutrition is resumed. Long-term PN is associated with gallbladder stasis and alters hepatic bile metabolism and thus is an important contributing factor. Because patients receiving PN develop both cholelithiasis and hepatocellular dysfunction, they require careful clinical evaluation to distinguish between the 2.125 and 126 Intestinal mucosal disease and resection, particularly of the ileum, cause bile acid malabsorption leading to lithogenic bile and the formation of cholesterol stones. Colon preservation does not affect the incidence of cholelithiasis.41 The risk for cholelithiasis is significantly increased if less than 120 cm of intestine remains after resection, the terminal ileum has been resected, and PN is required.
The incidence of cholelithiasis can be minimized by providing nutrients enterally when feasible to prevent stasis. Lipid infusion also stimulates gallbladder emptying. Patients totally dependent on PN may be treated with intermittent cholecystokinin injections to prevent stasis and formation of sludge, although we do not generally use this. Cholelithiasis appears to lead to complications more frequently in SBS patients compared to the general population. This requires more complicated surgical treatment. Thus, prophylactic cholecystectomy is recommend in SBS patients when laparotomy is being undertaken for other reasons.125 and 126 Given the similar development of gallbladder disease in children, this recommendation should also be considered in the pediatric population.
Metabolic complications are common in patients with SBS because of their tremendous fluid and electrolyte losses and the need to replace these with specialized solutions127 (Table 3). Intravascular volume must be maintained to prevent dehydration and renal dysfunction. Hyperglycemia and hypoglycemia are frequent complications of patients receiving a large amount of their calories parenterally. Hypocalcemia is a common problem related to poor absorption and binding by intraluminal fat. Hypomagnesemia is a major challenge because oral supplementation is usually associated with a severely cathartic effect.128 and 129 Maintaining adequate levels of calcium, magnesium, and vitamin D supplementation are important to minimize bone disease in the long term. Both metabolic acidosis and alkalosis can occur.
D-lactic acidosis (D-lactate encephalopathy) is a rare neurologic syndrome that results from bacterial fermentation of unabsorbed nutrients, particularly simple sugars.130 Symptoms can occur after intake of high-carbohydrate feedings and include altered mental status, slurred speech, and ataxia.130 Lactate reduces colon pH, permitting the growth of acid-resistant anaerobes capable of producing d-lactate.131, 132 and 133 Impaired metabolism of d-lactic acid may also contribute to elevated serum d-lactic acid levels. d-lactic acid is not measured by standard laboratory techniques for lactic acid determination. Thus, an increased anion gap but normal lactate level in the appropriate clinical setting mandates measurement of d-lactic acid. d-lactic acidosis is treated by minimizing overall caloric intake or by a low-carbohydrate diet. Administering intestinal antibiotics may be appropriate, but the optimal duration of such treatment is unclear, and the recurrence rates are significant. Uchida and colleagues have reported the successful combination of probiotic Bifidobacterium brebe and Lactobacillus casei powder (Yakult Co Ltd, Tokyo, Japan) and kanamycin, 400 mg d−1, in an effort to eliminate D-lactic acid producing lactobacilli in a 22 year old with SBS and D-lactic acidosis.134 Finally, intestinal tapering enteroplasty has been reported to resolve D-lactic acidosis in an SBS patient with dilated bowel.135
Specific nutrient deficiencies need to be prevented and monitored closely. These include iron and vitamin deficiencies as well as deficiencies of micronutrients, such as selenium, zinc, and copper. Because fat is poorly absorbed, FA deficiency can also occur. Although medium-chain FA can supplement the diet enterally, parenteral lipids are required in patients who depend primarily on that route. Serum-free FA levels and triene-to-tetraene ratios may need to be monitored periodically to determine the need for supplementation and response to treatment. In general, the enteral intake must greatly exceed the absorptive needs to ensure that these needs are being met.
Metabolic bone disease (MBD) is increased in SBS patients requiring PN, including osteoporosis and osteomalacia.136, 137, 138, 139 and 140 A substantial prevalence of low bone mass has been described in these patients according to dual-energy X-ray absorptionmetry measurements of bone mineral density with the prevalence of osteoporosis in PN-treated patients (T-score < −2.5) being reported between 33% and 67%. MBD leads to a fracture rate of 10%. 135, 136 and 137 The etiology is multifactorial, including increased calcium excretion, calcium deficiency, vitamin D deficiency, toxic components of PN, and underlying disease.139 The incidence of MBD is increased further after intestinal transplantation.140
We screen the bone health at intake visit and perform close follow-up with dual-energy X-ray absorptionmetry scanning as indicated and based on published guidelines (National Osteoporosis Foundation [2008]. Clinician's guide to prevention and treatment of osteoporosis. Washington, DC: National Osteoporosis Foundation141; http://www.nof.org). The World Health Organization Fracture Risk Assessment Tool (FRAX)142 is available online and provides a useful application to give the 10-year probability of fracture143 (http://www.shef.ac.uk/FRAX/).
The monitoring of vitamin D status, parathyroid hormone, testosterone levels, and the close collaboration with the endocrine consultant are part of the effort to reduce the significant morbidity and mortality from osteoporosis. The plethora of available medications allows us to tailor the treatment individually.144 The availability of injection-based drugs for osteoporosis is helping our SBS patients who have erratic mucosal absorption patterns. Growth hormone favorably affects bone turnover and bone mineral density and is another therapeutic option.145
Both nephrolithiasis and renal dysfunction are potential complications of SBS.42 Hyperoxaluria due to increased oxalate absorption from the colon is 1 common mechanism.42 and 146 Oxalate is normally bound to calcium in the intestinal lumen and is not absorbed. Decreased availability of calcium secondary to reduced intake or binding by intraluminal fat secondary to fat malabsorption and bile salt deficiency leaves free oxalate in the lumen. Thus, the oxalate is absorbed in the colon and forms calcium oxalate in the urine. Nephrolithiasis is unusual in patients with intestinal resection and jejunostomy but occurs in one fourth of such patients with an intact colon within 2 years of resection.42 The chronic deposition of oxalate crystals with hyalinization and interstitial fibrosis in the tubules presents a longer term problem to renal function. The resultant development of end-stage renal disease is well known.147 Other causes of renal failure include acute metabolic derangements and chronic obstruction.148 and 149 Reports of successful renal transplantation in patients with SBS and chronic renal failure with long-term survival have been published.150, 151 and 152
Nephrolithiasis can be prevented by maintaining a diet low in oxalate, minimizing intraluminal fat, monitoring vitamin C supplementation, supplementing calcium citrate orally, and maintaining a high urinary volume. Foods with high oxalate content include chocolate, tea and cola, spinach, celery, carrots, and other fruits and vegetables. Cholestyramine, which binds oxalic acid in the colon, is another potential treatment
There are a few well-recognized gastrointestinal complications of SBS. Gastric hypersecretion is an important early problem. Alterations in the gut bacteria, such as bacterial overgrowth, are also important changes that are being studied in the context of the gut microbiome.
Gastric hypersecretion is a common problem in both adult and pediatric patients with SBS.153, 154, 155 and 156 Massive intestinal resection can cause gastric hypersecretion because of parietal cell hyperplasia and hypergastrinemia. This phenomenon is usually transient, lasting several months. The etiology has not been completely elucidated but presumably involves loss of an inhibitor from the resected intestine. The associated hyperacidity exacerbates malabsorption and diarrhea. Clinical development of peptic ulcer disease may also occur. Approximately one fourth of patients undergoing massive resection develop this complication.153 Treatment of gastric acid secretion may improve absorption but also prevents peptic ulcer disease. Control of acid secretion by histamine-2 (H2) receptor antagonists or proton pump inhibitors should be initiated in the perioperative period after resection and maintained until the increased acid production resolves. Some patients, however, continue to have symptoms of peptic ulcer disease that eventually require surgical intervention.153 and 157 Gastric resective therapy should be avoided when possible.
Small bowel intestinal bacterial overgrowth (SIBO) is a well-recognized long-term complication associated with both intestinal disease and resection.158, 159, 160, 161, 162, 163, 164 and 165 SIBO may result from impaired motility or stasis caused by obstructive lesions. Achlorhydria is also a contributing factor.166 This condition is defined by overgrowth of more than 105 colony forming units per milliliter of bacteria in the proximal small bowel.163 The limitations of available diagnostic tests (hydrogen breath testing and duodenal aspiration with quantitative bacterial culture) need to be recognized.164 and 165
SIBO has several detrimental effects. Histologically there is villus blunting and inflammation. Bacterial deconjugation of luminal bile salts impairs bile salt reabsorption. Bacteria also metabolize intraluminal vitamin B12 and compete for enteral nutrients. Depending on the bacterial species present, secretory diarrhea may also occur. Typically, the patient presents with increased flatulence, bloating, crampy abdominal pain, changes in stool habits, foul smelling bowel movements, or intolerance to enteral feedings. Because these are common symptoms in SBS patients, bacterial overgrowth requires a high degree of suspicion for diagnosis.
SIBO is treated with poorly absorbed antibiotics empirically, which are adjusted based on sensitivities. Cycling of antibiotics may be necessary due to induction of bacterial resistance. Probiotics are another potential therapy, either alone or with antibiotics. Because SIBO may result from a mechanical obstruction or a blind loop which can be relieved by operation, radiographic evaluation should be performed. However, it is often a primary motor abnormality, which requires intermittent therapy with antibiotics.
The large bowel flora have gained recent attention in the context of the obesity epidemic.167, 168, 169 and 170 The human microbiome consist of as many as 10 to 100 trillion microorganisms, representing at least 10-fold more cells than exist in the human body.171 Little is known about the microbiome with intestinal failure.172 Joly and colleagues reported in 2010 on 11 patients with jejunocolonic anastomosis that the microbiome was unbalanced with a high prevalence of Lactobacillus along with a subdominant presence and poor diversity of Clostridium leptum, Clostridium coccoides, and Bacteroidetes compared to 8 healthy controls.173Lactobacillus mucosae was detected within the fecal and mucosa-associated microbiota of SBS patients, whereas it remained undetectable in controls.173 Analysis of the microbiome after small bowel transplant showed that the posttransplant microbial community was found to be dominated by Lactobacilli and Enterobacteria, both typically facultative anaerobes. This represents an inversion of the normal community that is dominated instead by the strictly anaerobic Bacteroides and Clostridia.174 We would anticipate that with the evolution of knowledge of the human microbiome in health and disease in future years, more data will become available regarding the microbiome in SBS patients and perhaps open new avenues of treatment.




Intestinal Transplantation 

 1989:  first successful intestinal 
transplant 

 2011: 2067 intestinal 
transplants and 629 liver-
pancreas-intestine transplants 
performed in the USA (75% in 
children) 

 Cost-effective compared to PN 
at 2 years 

 Early referral and listing are 
important to ensure greatest 
opportunity to obtain a 
transplant 
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Presentation Notes
Listing patients for transplantation should not be viewed as a failure of intestinal rehabilitation, but rather an alternative pathway in getting patients to achieve the goal of intestinal failure treatment, which is the development of enteral autonomy




Indications for Intestinal Transplantation in children 

 Failure of TPN (impending life-threatening complications) 
 Intestinal failure-associated liver failure  
 Thrombosis of ≥2 central veins  
 ≥2 episodes/yr severe sepsis especially fungemia  

 Intestinal failure that virtually always results in early death 
despite optimal parenteral nutrition 
 Extreme short bowel syndrome 
 Congenital intractable epithelial disorders  

 Controversial indications  
 Intestinal failure with frequent hospitalizations, high enteric fluid losses or 

pseudoobstruction  
 Patient unwillingness to accept long-term parenteral nutrition (PN) 

 

Kaufman et al: Indications for pediatric intestinal transplantation: A position paper of the American Society of transplantation. Pediatr Transplantation. 2001;5:80-
87 
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The other common indications for intestinal transplantation are an irreversible permanent PN requirement along with episodes of sepsis or loss of venous access. Septic episodes that would prompt consideration for intestinal transplantation are typically catheter-related, especially those associated with yeast. Patients who have undergone multiple hospitalizations related to catheter sepsis, often requiring intensive unit care with the need for vasopressors, fall into this category. Other indications for intestinal transplantation are multi-antibiotic-resistant bacteremias or metastatic infections in sites, such as tricuspid valve or the brain. Loss of venous access typically implies an inability to place a catheter in the subclavian or intrajugular veins and the use of extemporaneous sites, such as the hepatic veins or the inferior vena cava. A transplant evaluation is strongly recommended in patients with conditions having no meaningful hope of enteral nutrition, such as microvillus inclusion disease, tufting enteropathy, or intestinal aganglionosis. The use of intestinal transplant, either alone or as part of a multivisceral transplant, has been successfully employed in patients with desmoid tumors that have had massive bowel loss in the course of resection and also in selected patients with neuroendocrine malignancies. Caution must be taken in expanding the indications for intestinal transplantation away from life-threatening complications and toward indications, such as “poor personal tolerance of PN” or lifestyle issues, since there is clear evidence that these patients have worse survival following transplant than without it. Today with improved outcomes and large numbers of patient dying on the waiting list, a greater responsibility is being placed on the treating physician to make earlier referral to a transplant center.




Referral and Listing Criteria for IT 

Avitzur et al. Intestine Transplantation in Children: Update 2010. Pediatr Clin N Am.2010;57:415-431 
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Types of Intestinal Transplant 

Isolated intestinal 
transplant  

Intestine plus liver 
transplant  

Multivisceral transplant 
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Complications after Transplant 

 Acute rejection 
 Breakdown of gut barrier function leading to bacterial translocation and 

infection 
 Main cause of graft loss and death 

 Infections 
 Sepsis one of the main cause of death post-transplant 
 Immune suppression, breakdown of gut barrier and ischemia reperfusion 

injury contribute to high indidence 
 Viral infections can lead to severe and prolonged diarrhea 

 Chronic renal failure  
 PTLD  
 More common in ITx than in other solid organ transplant 

 GVHD 5% 
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Outcomes 

 Patient survival: 
 1y: 80-94% (worse if <1y of age)  

 3y: 65-84% 

 5y: 50-70%         

 Graft survival: 
 1y: 88% 

 3y: 74% 

 5y: 58% 

 80-100% of pediatric recipients develop enteral 
autonomy within 1-3 months 
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Outcomes 

 Single center retrospective 
review of 123 patients 
from 1994-2006 

 Median age 16m (4m-17y) 
 Median weight 9.5kg (4.4-

67kg) 
 Irreversible intestinal 

failure and complications 
of TPN 

 Multivisceral or isolated 
intestine  
 

Kato et al. Intestinal and Multivisceral Transplantation in Children. Ann Surg: 2006;243(6):756-766 
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Outcomes 

 Single Center retrospective 
review of 87 children (93 
transplants) from 1994-
2010  

 Patient survival (1/5/10y) 
73%/69%/61% 

  Graft survival (1/5/10y) 
59%/46%/34% 

Revillon et al. Indications and strategies for intestinal transplantation. J Ped Surg. 2011;46:280-283 
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Outcomes 

 Multicenter cross-sectional 
survey of candidates and 
non-candidates for ITx 
(adult and pediatric) 

 Evaluation of validity of 
AST listing criteria (failure 
of home PN/ high risk of 
death/ high morbidity) 

Pironi et al. Survival of patients identified as candidates for intestinal transplantation: a 3 year prospective follow-up. 
Gatroenterol.2008;135:61-71 
 

www.downstatesurgery.org

Presenter
Presentation Notes
3 year survival: non-candidates: 94%, candidates 87%
Patients listed for QOL and high risk disease, unlike patients listed for liver failure and central line complications, did worse with itx



Summary 

 Multidisciplinary approach to SBS and progress in all aspects 
of management have greatly improved outcomes over the 
past 20 years 

 Home PN is first line treatment 
 Medical intestinal rehabilitation is initial treatment focus 
 Surgical intestinal rehabilitation (lengthening procedures) may 

further improve function 
 Short- and long-term survival for intestinal transplantation are 

improving 
 Intestinal transplant is accepted treatment for patients with 

failure of PN 
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