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Abstract
Objective—To characterize the natural history of intestinal failure (IF) among 14 pediatric
centers during the intestinal transplantation (ITx) era.
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Study design—The Pediatric Intestinal Failure Consortium performed a retrospective analysis
of clinical and outcome data for a multi-center cohort of infants with IF. Entry criteria included
infants <12 mo receiving parenteral nutrition (PN) for >60 continuous days. Enteral autonomy was
defined as discontinuation of PN for >3 consecutive months. Values are presented as median (25th,
75th percentiles) or as (n, %).

Results—272 infants with a gestational age of 34 wks (30, 36) and birth weight of 2.1 kg (1.2,
2.7) were followed for 25.7 mo (11.2, 40.9). Residual small bowel length in 144 patients was 41
cm (25.0, 65.5). Diagnoses were necrotizing enterocolitis (71, 26%), gastroschisis (44, 16%),
atresia (27, 10%), volvulus (24, 9%), combinations of these diagnoses (46, 17%), aganglionosis
(11, 4%), and other single or multiple diagnoses (48, 18%). Prescribed medications included oral
antibiotics (207, 76%), H2 blockers (187, 69%), and PPIs (156, 57%). Enteral feeding approaches
varied among centers; 19% of the cohort received human milk. The cohort experienced 8.9 new
catheter-related blood stream infections per 1,000 catheter days. The cumulative incidences for
enteral autonomy, death, and ITx were 47%, 27%, and 26%, respectively. Enteral autonomy
continued into the 5th year after study entry.

Conclusions—Children with IF endure significant mortality and morbidity. Enteral autonomy
may require years to achieve. Improved medical, nutritional, and surgical management may reduce
time on PN, mortality and need for transplantation.
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Intestinal failure (IF) in infants and children is a devastating condition that can be broadly
defined as the inability of the gastrointestinal tract to sustain life without supplemental
parenteral nutrition (PN).(1–2) The most common type of IF is short bowel syndrome (SBS)
with an estimated incidence between 3 to 5 per 100,000 births per year.(3–4) Advances in
neonatal intensive care, anesthesia, nutrition support and surgical techniques have improved
survival of children such that the prevalence of short bowel syndrome has likely increased in
recent years.(5)

Human and societal costs for this rare condition are substantial. Long-term use of PN can be
complicated by life-threatening conditions that include sepsis and chronic liver disease.
Mortality and outcomes in patients with IF/SBS are historically linked to residual bowel
length, absence of the ileocecal valve, inability to achieve enteral autonomy, incidence of
sepsis, presence of cholestasis, and timing of ostomy closure.(6–7) Mortality has decreased
from 30% of patients over 5 years(5) to 10–15% over 4 years(8–11) and likely reflects the
impact of multidisciplinary intestinal rehabilitation programs on patient outcomes. However,
children with IF are at risk for multiple morbidities, including metabolic derangement from
gastrointestinal electrolyte losses, mechanical and infectious complications of central venous
catheters, structural and functional bowel disorders, missed school and a lower quality of
life. With approximately 16,000 children on home PN (HPN) in the United States, the
economic burden of this population is substantial, with estimated individual medical charges
exceeding $500,000 in the first year of life.(12) Data regarding the prevalence of children
with SBS weaned from PN are scarce, but some remain at risk for nutritional and growth
abnormalities as a consequence of their altered intestinal anatomy.(13–14)

We created a consortium of academic medical centers to perform a national retrospective
study characterizing the largest and most geographically diverse cohort of infants with IF/
SBS ever studied in order to describe the natural history of this condition and its outcomes.
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Methods
The Pediatric Intestinal Failure Consortium (PIFCon) was initiated in June, 2006 and
consists of 14 sites with established multi-disciplinary pediatric intestinal rehabilitation
programs comprised of medical, surgical, nutritional, nursing and other specialists. Nine
sites are intestinal transplant centers.

This was a multicenter retrospective cohort study. Inclusion criteria consisted of all infants
with IF who were no more than 12 months of age and had received prolonged parenteral
nutrition (PN) as a consequence of IF/SBS. PN was defined as an intravenous solution
containing protein, carbohydrate, electrolytes, as well as vitamins and trace elements.
Prolonged PN was defined as receiving PN in 60 out of 74 consecutive days at any time in
the first year of life. This allowed for brief interruptions in PN for loss of intravenous access
or surgery. Participants at 13 sites met the age and PN criteria between January 1, 2000 and
December 31, 2004, whereas at one site the end date for study entry was extended to
December 31, 2005. Data were collected through December 31, 2006 for 13 sites and
December 31, 2007 at the one site to allow at least a two year follow-up for all children.

Following IRB approval at each site, data were collected retrospectively by chart review of
patients with IF/SBS who were followed by one of the site investigators. Data were entered
into de-identified case report forms and electronically transmitted to a central location at the
University of Pittsburgh Graduate School of Public Health. Time intervals for collecting
data after entry criteria were met were 1, 3, 6, 9, and 12 months and annually thereafter.
Windows to record data were contiguous to ensure maximum data collection. If data
elements were available on more than one occasion within a time interval, those closest to
the designated month were selected.

Data elements sought at baseline included patient demographics, diagnosis leading to IF,
intestinal anatomy (including residual small bowel length as determined by operative
reports), composition of parenteral and enteral nutrition, and clinical laboratory tests.
Diagnosis consisted of the principal etiology of IF/SBS in each patient. When more than one
diagnosis contributed to this process, patients fell into the multiple single diagnoses
category. Data sought at follow-up included anthropometric z-scores to enable calculation of
underweight (weight for age z-score <−2), stunting (height for age z-score <−2), and
wasting (weight-for-height z-score <−2), clinical laboratory tests that included micronutrient
levels, details related to the type, volume and percent energy provided by enteral and
parenteral nutrition, medications, sentinel events, and whether an outcome occurred during
the interval of observation. Sentinel events included frequency of bacteremia, cholestasis
(defined as serum total bilirubin ≥ 5 mg/dL or conjugated or direct bilirubin ≥ 2 mg/dL),
intestinal bleeding, admission to hospital, medical and surgical interventions, and referral for
intestinal transplant evaluation. Outcome variables included death, intestinal transplant
(ITx), and enteral autonomy defined as the discontinuation of PN for more than 3
consecutive months.

Statistical Analyses
Values are presented as median (25th, 75th percentiles) or as (n, %). World Health
Organization (WHO) growth charts were used to obtain z-scores when gestational age was
greater than 40 weeks.(15) When gestational age was 40 weeks or less, an alternative
reference standard was used to calculate z-scores for weight and length.(16) Competing risks
analysis(17) was used to obtain cumulative incidence rates for enteral autonomy, death, and
transplantation where death was a competing risk for transplantation and both death and
transplantation were competing risks for enteral autonomy. The log rank test was used to
compare survival of children with and children without cholestasis at baseline.
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Results
There were 272 infants who met entry criteria (Table I). Follow-up data were collected for a
median 25.7 mo (11.2, 40.9). The majority were male and the majority were Caucasian.
One-half of the cohort initiated PN within 3 days after birth, 77% were premature, and 30%
of the cohort met criteria for very low birth weight (≤1500 grams). Residual small bowel
length was recorded for slightly more than half of the cohort and the median small bowel
length remaining was 41 cm (range 1 to 166 cm). At study entry, 31 (21%; 98 missing) were
underweight, 38 (34%, 161 missing) had stunted growth, and 10 (11%; 183 missing) met
criteria for wasting. Cholestasis was present at study entry in nearly 75 percent of infants.
Only 65 patients had an INR measured at or near the time of study entry, and of those that
were measured, fewer than 10 percent had an INR greater than 1.5.

Diagnoses underlying IF/SBS are listed in Table II. Necrotizing enterocolitis, gastroschisis,
intestinal atresia, and volvulus were the most common single diagnoses. Infants with
multiple single diagnoses, such as gastroschisis and atresia, necrotizing enterocolitis and
atresia, and other combinations occurred in 28% of the cohort.

Medical and surgical Interventions
Children with IF/SBS were exposed to multiple classifications of medications (Table III;
available at www.jpeds.com). The list represents any exposure to medications within that
classification anytime during any interval of observation for patients in the cohort. Oral
antibiotics for bacterial overgrowth, histamine-2 blockers and proton pump inhibitors were
each given to over 50% of patients. Infants with IF underwent a considerable number of
abdominal procedures (Table IV; available at www.jpeds.com). Numbers represent all
abdominal procedures performed from birth. Multiple abdominal procedures could be
performed during a single surgical operation. There were 26 children who underwent 28
bowel lengthening procedures; 11 patients received a longitudinal intestinal lengthening and
tailoring procedure, 13 received a serial transverse enteroplasty (STEP) procedure, and 2
children had both a STEP and a longitudinal lengthening procedure.

Septic Complications
The cohort experienced 8.9 new catheter-related blood stream infections per 1,000 catheter
days. The percent of patients on PN with positive blood cultures during the intervals
following enrollment into the study is depicted in Figure 1. Single bacterial infections
predominated in each of the respective intervals. In the first 548 days of observation, i.e.
across the first six intervals of observation, 185 (68%) of children had at least one septic
event for a total of 711 septic events while on PN. Furthermore, 177, 61, 43 and 18 children
experienced at least one bacterial, fungal, polymicrobial, and polymicrobial and fungal
event, respectively. Of the children not experiencing a septic event, 59 (22%) received PN
for 3 or more intervals of observation.

Nutrition
Breast milk was reported to be given to 52 (19%) of children, and 20 different infant
formulas were used as the initial enteral diet, and 40 different formulas were used overall.

Outcomes
Death was reported for 68 children and 60 children received ITx. Of the 68 who died, 10 had
received an ITx (Figure 2). Causes of death are listed in Table V (available at
www.jpeds.com). Median time to ITx following meeting study entry criteria was 14.7
months. There were 154 children alive without ITx when the last data were abstracted from
the medical record. 118 (77%) had achieved enteral autonomy at least once; 6/118 lost
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enteral autonomy at least once and 5/6 achieved enteral autonomy a second time. There were
27 (18%) who had not achieved enteral autonomy and continued on PN through the last
period of observation, and in 9 the PN status was unknown.

By 12 months following study enrollment, a cumulative percentage of 31% of the cohort had
achieved enteral autonomy, 16% had died, and 9% had received an intestinal transplant
(Figure 3). By 36 months, the cumulative percentages of events were 44% for enteral
autonomy, 26% for death, and 23% for ITx. Beyond 48 months after study entry, no one
received an ITx, 1 child died at 48.8 months, and 3 children achieved enteral autonomy at
48.8, 50.3, and 59.6 months respectively.

Among the 168 infants with sufficient data to assess for the presence of cholestasis at
baseline, 125 children had cholestasis and their cumulative percentage of survival was
significantly lower than in the 43 without cholestasis (79% vs. 95% at 1 year, and 73% vs.
88% at 3 years; p = 0.03). For 26 children who ever received a bowel lengthening procedure,
by the end of their follow-up 9 underwent ITx, 8 continued on PN, 6 had achieved enteral
autonomy and 3 died without ITx.

Discussion
Infants and children with IF are at risk for myriad complications as well as death. Large
societal and financial costs of this relatively small sub-group of patients underlie the
importance of understanding the natural history and outcomes of IF. The rarity of the
condition combined with changing care practices make single center prospective studies that
are adequately powered difficult to perform.

For 272 infants with IF, the cumulative percentage who achieved enteral autonomy (with
death and intestinal transplantation as competing risks) was almost 50% at 3 years and
achievement of enteral autonomy continued through 60 months of study. Our findings along
with others(18) suggest infants with IF can hope to achieve enteral autonomy even after
many years on PN, which is in sharp contrast to adults who rarely achieve enteral autonomy
beyond 2 years on PN.(19) However, the path to enteral autonomy is not linear as a few
children fell back to PN dependency before achieving enteral autonomy a second time. The
cumulative percentage of children who died was 27%, and the cumulative percentage
receiving ITx was 26%. Mortality and morbidity remain high in this population, and is
similar to other reports.(20) Nearly all of the deaths occurred within 2 years after study
entry. Therefore, improvements in the early management of infants with IF may improve
outcomes.

We found greater heterogeneity among the diagnostic categories than previously described
as 26% had complex intestinal anomalies or insults, which can be associated with unique
medical and surgical challenges.(21) Recording of residual bowel length varied between
sites. Reasons to account for these differences include the potential the infant was too sick
for detailed measurements, inability to measure due to multiple adhesions, or clinical
judgment that knowledge of the bowel length would not impact management. The relative
importance of the residual bowel length is also dependent upon other factors that include
gestational age, presence of an ileal segment and/or ileo-cecal valve, and colon length.
Therefore, a standard approach to measuring technique as well as documentation of
important co-variables should be incorporated into future prospective studies.

For those patients in whom the presence or absence of cholestasis could be assessed, we
demonstrated that cholestatic disease is associated with a significant decrease in the
probability of survival. The preponderance of our data were collected prior to initiation of
lipid management strategies to prevent or treat cholestasis. An omega-3 fish oil-based
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parenteral emulsion was first introduced at one PIFCon site in 2004 and their findings were
reported after completion of our data collection.(22) No other sites were able to access the
omega-3 intravenous lipid preparation at any time during the study. A lipid reduction
protocol to treat or prevent cholestasis was not initiated until 2007 at another PIFCon site.
(23) Therefore, the impact on our data set by the evolving changes in clinical practice
related to lipid management is likely small. Whether these strategies prevent PN-related
liver disease or just improve cholestasis remains in question.(24) Newer lipid formulations
containing medium-chain triglycerides, olive oil in addition to soy and fish oil may be
available in the future.(25) The impact of alternative lipid components or reduced lipid
infusions upon neurocognitive development, neuronal maturation, or cellular membrane
composition in seriously ill neonates and infants is not known. Future studies will need to
address these concerns.

Catheter-related blood stream infections (CRBSIs) were common, consistent with prior
reports.(26) Sepsis was the second leading cause of death among those who died without an
ITx, making infectious complications associated with IF a leading cause of morbidity and
mortality in this population. Ethanol lock therapy to prevent CRBSIs in selected patients has
recently been advocated, but adequately powered trials to support its use are lacking in
pediatric populations.(27–28) New technologies related to impregnating central catheters
with molecules to prevent adherence of biofilm or bacteria to the catheter may provide
future options to prevent or reduce CRBSIs.(29) Antibiotic lock therapy has been used to
salvage the central catheter following some CRBSIs and was used in 41 (15%) patients in
our study; this likely represents an evolving change in clinical practice. Lock therapy with
antibiotics is now recommended for catheter salvage (30–31), thus the frequency of
antibiotic lock therapy has likely increased since 2006.

Infants with IF are exposed to multiple medications, none of which have been subjected to
an adequately powered, prospective, randomized study in this population.(32) Although the
prevalence and clinical relevance of bacterial overgrowth in SBS is unknown(33), 76% of
children in our study were given oral antibiotics for presumed bacterial overgrowth with
regimens that differed widely among the centers. Random manipulation of the gut
microbiota with oral antibiotics may negatively impact energy absorption and intestinal
secretion.(34) Ranitidine may reduce gastric acid secretion in patients with SBS (35), but the
impact of prolonged use of more potent proton pump inhibitors alone or in combination with
other histamine 2 antagonists is unknown.(36–37) Likewise, the use of pro- or anti-motility
agents was noted in over 40% of our cohort with little evidence of safety or efficacy in this
population. Alterations in enteral drug absorption and metabolism in the setting of SBS is an
additional confounding variable that impacts a rational use of oral medications.(38)

Enteral feeding is essential for intestinal adaptation. Breast milk has been associated with
decreased duration of PN in IF patients.(7) The beneficial effects of breast milk are
attributable to its immunoprotective properties, effect on postnatal development of intestinal
flora, and its nutrient composition that includes long chain triglycerides, free amino acids,
nucleotides, and growth factors as well as complex protein and fat.(39) Only 52/272 (19%)
of infants were reported to have received breast milk. Variations in practice regarding the
choice of enteral formulas were considerable between and within the 14 sites. Opportunities
to improve oral and enteral feeding strategies aimed to enhance intestinal adaptation should
be addressed in future studies.

One limitation of this study is the gaps in data collected that can occur with retrospective
studies. Reasons for missing data include absence of an electronic medical record, miss-filed
or un-retrievable paper records of these frequently hospitalized children and incomplete
records from the patients’ home institution. A second limitation is the variation in clinical
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practice between and within PIFCon sites. Although not unexpected, identification of
practice variations provide opportunities to pursue comparative effectiveness strategies that
will establish a “best practice” within the consortium. Development of a prospective, multi-
center study would enhance the completeness, consistency and accuracy of the data and its
analysis.

Enteral autonomy can be achieved in this high risk population, but physicians and families
must be patient and vigilant as it may require many years. Current management strategies
are imperfect as many are not evidence-based. Emerging strategies to prevent or treat
cholestasis and CRBSIs will likely improve outcomes for children with IF. Comprehensive,
multi-center, prospective studies will be required to design adequately powered clinical
trials to assess medical, nutritional, and surgical interventions in children with IF that will
reduce time on PN, morbidity, mortality and need for transplantation.
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portions of this study include (by site): Children’s Hospital of Pittsburgh of UPMC: Cartland
Burns, MD, George Mazariegos,, MD, Anita Nucci, PhD, RD, Jane Anne Yawarski, RN,
Danielle Sebbens, DNP, CRNP, Rhonda Cunningham. Children’s Hospital, Boston: Daniel
Kamin, MD, Tom Jaksic, MD, PhD, Hueng Bae Kim, MD, Sharon Collier, RD, LD,
Melanie Connolly, RD, LD. C.S. Mott Children’s Hospital: Pamela Brown, M.D., Michele
Johnson, LD, Robert Drongowski, MA, Research Coordinator. Nationwide Children’s
Hospital: Christina. Valentine, MD, Steven Teich, MD, Beth Skaggs, Clinical Research
Coordinator. Mattel Children’s Hospital UCLA: Martin G. Martin, MD, M.P.P., Patty
Beckwith, RD, CDE, James Dunn, MD, Ph.D, Douglas G. Farmer, MD, F.A.C.S.. Laurie
Reyen, RN, MN. UCSF Benioff Children’s Hospital: Diana Farmer, MD, Sang-Mo Kang,
MD, Lane Bower, Dietician. Children’s Hospital Omaha: Dean L. Antonson, MD, Steve C.
Raynor, MD, Brandy Sunderman, RD, Kris Seipel, Clinical Studies Program Coordinator.
Children’s Hospital at Vanderbilt: Brent Polk, MD, Martha Ballew, MEd, RD. Texas
Children’s Hospital: Mary Brandt, MD, Saul Karpen, MD, PhD, Sara Philips, RD, Kristin
Brown, RD, Alejandro De La Torre. Children’s Hospital Colorado: Sara Fidanza, NP,
Kristin Brown, RD. Seattle Children’s Hospital: Frances Malone, ARNP, Ph.D, Patrick
Healey, MD, Jorge Reyes, MD, Cheryl Davis, RD. Cincinnati Children’s Hospital: Greg
Tiao, MD, Jacqueline Wessel, Nurse Coordinator. Children’s Memorial Hospital: Valeria
Cohran, MD, Kimberley Kazmerski, RD, Lisa Keys, BSN, RN, CCTNMargaret “Peggy”
Richard, RN. University of Calgary: David Sigalet, MD, PhD. Emory-Children’s Center:
Conrad Cole, MD
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Figure 1.
Percent of Patients on PN with Septic Events by Study Interval. Time intervals were
contiguous, with the designated time coinciding with the mid-point of the interval. The
numbers on top of the bars represent the number of children on PN for that study interval.
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Figure 2.
Outcome for the 272 children on the last date for which data are recorded at the clinical site.
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Figure 3.
Primary outcomes: enteral autonomy, death, and intestinal transplantation The data below
the graph show the cumulative incidence of and the number of children who remain at risk
for developing the outcome.
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TABLE 1

Characteristics at birth and at study entry of 272 infants with intestinal failure

FEATURE (N=data available) Number (%) Median (25th-75th)

AT BIRTH

Male 156 (57.4)

Caucasian (250) 204 (81.6)

Hispanic 42 (15.4)

Gestation (wks) (264) 34 (30–36)

 < 37 wk (premature) 202 (76.5)

Birth weight (kg) (221) 2.1 (1.2–2.7)

 ≤ 1.5 kg (very low birth weight) 66 (29.9)

AT STUDY ENTRY

Age when entry criteria met (days) 63 (61, 74)

Small bowel length (cm) (144) 41 (25 – 65.5)

Weight age z-score < −2 (174) 37 (21.3)

Height age z-score <−2 (111) 38 (34.2)

Weight-for-height z-score <−2 (89) 10 (11.2)

ALT ≥ 80 IU/ml (163) 77 (47.2)

AST ≥ 80 IU/ml (138) 92 (66.7)

Cholestasis present* (168) 125 (74.4)

Albumin < 2.8 g/dl (167) 82 (49.1)

INR > 1.5 (65) 6 (9.2)

*
Cholestasis defined as either a total bilirubin ≥ 5 mg/dl or direct/conjugated bilirubin ≥ 2 mg/dl
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TABLE 2

Diagnoses Associated with Intestinal Failure and Short Bowel Syndrome in Infants (N=272)

DIAGNOSIS N (%)

Necrotizing enterocolitis 71 (26)

Gastroschisis 44 (16)

Intestinal atresia (large/small) 27 (10)

Volvulus 24 (9)

Long segment Hirschsprung disease 11 (4)

Tufting or Microvillus inclusion 3 (1)

Other single diagnoses 14 (5)

Unknown 1

Multiple single diagnoses 77 (28)
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TABLE 3

Medication Classifications used in the Management of Infants with IF/SBS (N=272)

CLASSIFICATION N (%)

Oral antibiotics for bacterial overgrowth 207 (76)

Histamine-2 Blockers 187 (69)

Proton pump inhibitors 156 (57)

Pro-motility agents 118 (43)

Anti-motility agents 111 (41)

Bile salt binding medication 55 (20)

Anti-secretory agent 47 (17)

Antibiotic lock therapy 41 (15)
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TABLE 4

Abdominal Surgical Procedures Performed at any Time from Birth until the Last Period of Observation

SURGICAL PROCEDURE N

Small bowel resection 336

Exploratory laparotomy 202

Ostomy creation, revision, closure 209

Gastrostomy creation/revision/closure 218

Lengthening procedure 28

 Intestinal lengthening and tailoring = 13

 Serial transverse enteroplasty = 15

Tapering procedure only 14

Fundoplication 19

Other procedures 200

TOTAL PROCEDURES 1226
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TABLE 5

CAUSE OF DEATH IN INFANTS WITH IF/SBS BEFORE AND AFTER INTESTINAL TRANSPLANT

CAUSE OF DEATH N (%)

PRIOR TO INTESTINAL TRANSPLANT 58

Multi-organ system failure 28 (62)

Sepsis 9 (20)

Hemorrhage 4 (9)

Central nervous system 2 (4)

Meningitis-Palliation 1 (2)

Nephroblastoma-Palliation 1 (2)

Unknown 13

FOLLOWING INTESTINAL TRANSPLANT 10

Respiratory failure 4 (40)

Multi-organ system failure 3 (30)

Sepsis 2 (20)

Hemorrhage 1 (10)
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