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BACKGROUND: The clinical picture of pediatric intestinal failure has changed over the past 15 years, while
effectiveness evolving treatment options remains unclear. This study explored evolution in
care and quantified independent effects of new treatment options.

STUDY DESIGN: Consecutive patients (n ¼ 196) with neonatal or infantile intestinal failure, born between July
1996 and December 2011, were derived from an intestinal rehabilitation program (IRP) pa-
tient registry. Change over time was analyzed using multivariable Box-Jenkins method-based
autoregressive integrative moving average models (ARIMA), robust linear regression, and
nonparametric trend analysis. Four systematically introduced treatment options (IRP, serial
transverse enteroplasty, omega-3 lipid emulsions, and ethanol locks) were evaluated. Analyses
were adjusted for patient characteristics and disease severity. The primary outcome was
disease-specific mortality from liver failure and sepsis. Secondary outcomes included paren-
teral nutrition weaning, transplantations, catheter complications, and liver disease.

RESULTS: Patient characteristics remained unchanged over time, except for decreasing small bowel length
(�0.5%/quarter; 95% CI �0.85, �0.16) and ICU admission time (�0.6 days/quarter; 95%
CI �1.03, �0.18). Disease-specific mortality diminished significantly over time (�0.02
deaths/quarter; 95% CI�0.03,�0.01) by IRP and omega-3 lipids introduction (�0.6 deaths/
quarter each, 95% CI �1.23, �0.02 and �0.77, �0.45, respectively). Serial transverse enter-
oplasty and ethanol locks had no significant impact. Parenteral nutrition weaning and trans-
plantations remained unchanged, while catheter sepsis and complication rates decreased by 0.3
episodes/1,000 catheter-days each (95% CI �0.43, �0.2 and �0.45, �0.24, respectively).

CONCLUSIONS: Introduction of IRP and omega-3 lipids independently decreased disease-specific mortality.
For the first time, time series analysis was applied to evaluate effectiveness of treatment
options in intestinal rehabilitation. (J Am Coll Surg 2016;222:1180e1188. � 2016 by the
American College of Surgeons. Published by Elsevier Inc. All rights reserved.)

Pediatric intestinal failure (IF) is a devastating condition
caused by the inability to absorb sufficient nutrients to
grow and survive, either due to anatomic or functional
loss of intestine.1,2 The course and outcome have changed

in the last 15 years, however, with the introduction of
multidisciplinary intestinal rehabilitation programs
(IRP), and new medical and surgical treatment op-
tions.3-6 Multidisciplinary IRPs have been shown to
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improve clinical outcomes by integrating expert manage-
ment, improving communication, and enhancing conti-
nuity and comprehensiveness of care.6

As previously reported, the early effects of IRP included
significantly reduced mortality from liver failure, septic
episodes, critical care unit admission length, and an
increased rate of transplantation.3 A systematic literature
review reported in 2012 that with increased experience
and maturation of the IRP, novel medical and surgical
treatment options were implemented that further
improved the clinical outcomes of pediatric IF patients.6

Due to small sample sizes of IF studies, it was difficult
to compare adjusted effectiveness of individual treatment
options, and no conclusions on causal inference could be
made.6 Time series analysis represents a valuable meth-
odologic option that permits longitudinal analysis of
change over time, overcoming previously encountered
methodologic limitations related to small samples. It in-
cludes time as a factor in the analysis, accounts for delay
of exposure and effect, and allows confounder adjustment
in multivariate models. Although this statistical method
has been derived from economics, it has been shown to
be valid and useful in the medical setting.7,8

The objective of the study was to evaluate changes in
clinical outcomes of pediatric IF over time, and to identify
and quantify the independent effect of newly introduced
treatment options using novel methodology to overcome
limitations experienced in the literature.

METHODS

Study design

A retrospective analysis of prospectively collected, obser-
vational data from a single study site was performed.
Ethics board approval was obtained from The Hospital
for Sick Children and the University of Toronto, in agree-
ment with which no consents were obtained.

Study sample

Study subjects were drawn from an institutional IRP data-
base. The criteria for referral of new patients to the IRP
are primarily functional, with dependence on parenteral

nutrition (PN) for greater than 42 days after bowel resec-
tion or injury.1 For patients with less than 25% of ex-
pected age-specific small bowel length, referral is
immediate. Patients suffering from primary dysmotility
or mucosal enteropathy were excluded from this study.
Patients with abdominal wall defects were permitted.
Data from patients diagnosed with IF between 0 and

365 days of age were derived from a prospective IRP pa-
tient registry and were included in the analysis. Data from
patients managed at our institution before IRP inception
were identified using an ICU patient database and added
to the IRP registry retrospectively. The final database re-
cords extended from July 1996 to December 2011. Pa-
tients were categorized to quarterly time periods based
on their date of birth. A fraction of these patients have
been described in earlier studies.3,9

Data collection

A single, experienced data coordinator performed data
extraction and input. Any time interval was calculated us-
ing statistical software (Stata 11.2, Microsoft Access), and
dates were extracted from patient records. Time 0 was
defined as the date of primary surgery. Follow-up was
continued until patients were discharged from IRP care,
died, or until the study ended (February 10, 2013).
Missing observations were missing at random and
imputed based on time and whether treatment options
were available using multivariate regression models (the
first quarter of 1997, the third quarter of 1998, the first
quarter of 2001, the third quarter of 2001 to the third
quarter of 2002; representing 6.75% of the dataset, single
and multiple imputation using 50 imputations, based on
Poisson and linear regression).10-13 All variables were
missing similarly frequently; no data were missing on
treatment availability.
Data on patient characteristics, anatomy, etiology, surgi-

cal interventions, medical treatment, and outcomes related
to nutrition, sepsis, IF-associated liver disease, transplanta-
tion and mortality were measured and analyzed. The pri-
mary outcome was disease-specific mortality from liver
failure and sepsis. Secondary outcomes included parenteral
nutrition weaning, transplantations, catheter complica-
tions, and liver disease. Age-adjusted expected small bowel
length was calculated using normal values published by
Struijs and colleagues.14 Intestinal failure secondary to
necrotizing enterocolitis, perforation, or abdominal wall
defect was regarded as inflammatory etiology. Clinical out-
comes were defined as in previous studies by our group:
cholestasis as conjugated bilirubin levels of >50 mmol/L
for at least 2 weeks without association with sepsis;
advanced liver disease as conjugated bilirubin of >100
mmol/L for at least 2 weeks and not associated with sepsis;

Abbreviations and Acronyms

ARIMA ¼ autoregressive integrative moving average models
CRBSI ¼ catheter-related bloodstream infections
CVC ¼ central venous catheter
IF ¼ intestinal failure
IQR ¼ interquartile range
IRP ¼ intestinal rehabilitation program
PN ¼ parenteral nutrition
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