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Abstract

Objective—Intestinal failure is a rare, devastating condition associated with significant
morbidity and mortality. We sought to determine if ethnic and racial differences were associated
with patient survival and likelihood of receiving an intestinal transplant in a contemporary cohort
of children with intestinal failure.

Methods—This was an analysis of a multicenter cohort study with data collected from chart
review conducted by the Pediatric Intestinal Consortium (PIFCon). Entry criteria included infants
< 12 mo receiving parenteral nutrition (PN) for > 60 continuous days and followed for at least 2
years. Outcomes included death and intestinal transplant (ITx). Race and ethnicity were recorded
as they were in the medical record. For purposes of statistical comparisons and regression
modeling, categories of race were consolidated into “white” and “non-white” children.
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Results—Of 272 subjects enrolled, 204 white and 46 non-white children were available for
analysis. The 48 month cumulative incidence probability (CIP) of death without 1Tx was 0.40 for
non-white and 0.16 for white children (p<0.001); the CIP of ITx was 0.07 for non-white vs 0.31
for white children (p=0.003). The associations between race and outcomes remained after
accounting for low-birth weight, diagnosis, and being seen at a transplant center.

Conclusion—Race is associated with death and receiving an ITx in a large cohort of children
with intestinal failure. This study highlights the need to investigate reasons for this apparent racial
disparity in outcome among children with intestinal failure.
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race; intestinal failure; outcome; intestinal transplant

Introduction

Intestinal failure (IF), broadly defined, is the inability of the native intestine to sustain
adequate weight gain and growth in the absence of parenteral nutrition (PN).1: 2 Causes of
intestinal failure in infants include short bowel syndrome, congenital enterocyte disorders,
and intestinal dysmotility.3 4 Management is largely supportive and has improved with
establishment of multidisciplinary teams focused on strategies to minimize complications
and enhance intestinal adaptation.5-2 Mortality associated with IF may be improving over
time. In a single-site retrospective chart review of 171 children with IF, Hess, et. al.
compared children with onset of IF between 1990-1994 with those whose onset was between
2005-2009 and reported that mortality fell during those time intervals from 29.4% to 6.7%,
respectively.10 Months and often years of PN are necessary before enteral autonomy (EA) is
established.* For children unable to achieve EA or who develop life-threatening
complications associated with IF and its management, intestinal transplantation (1Tx) can be
life-saving.11 12

Children with IF suffer significant morbidity and mortality.# Factors reported to be
associated with morbidity and mortality include prematurity, absence of the ileocecal valve,
age-adjusted small bowel length, PN associated liver disease, catheter-related blood stream
infections, presence of a motility disorder, lack of enteral feedings, not receiving breast
milk, and receiving more than 3.5 grams/kg/day of soybean-based fat emulsion.13-18 Race
has not been previously assessed for its association with outcome in children with IF.

Racial disparities in prenatal care utilization, premature birth, and infant mortality are well
documented.19-22 Hispanic and Black non-Hispanic women are less likely to access or
receive adequate prenatal care and are more likely to deliver a preterm infant than are white
women.22 MacDorman reported infants born to non-Hispanic black women in 2006 were 2.4
times more likely to die than infants born to non-Hispanic white women.2! Similarly, racial
and ethnic disparities in access to and undergoing, liver transplantation have been
reported.23-25 Methodologies to identify factors that appear to disadvantage racial and ethnic
minorities from undergoing a liver transplantation typically do not include important factors
that include biological differences, access to health insurance, referral bias, patient
knowledge, and access to quality medical care.24
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As the relationship of ethnicity and race with outcomes of infants with IF has not been
previously explored, we sought to determine if ethnic and racial differences were associated
with patient survival or likelihood of receiving an I1Tx in a large contemporary cohort of
children with IF.

Materials and Methods

The Pediatric Intestinal Failure Consortium (PIFCon) consists of 14 sites with established
multi-disciplinary pediatric intestinal rehabilitation programs comprised of medical,
surgical, nutritional, nursing and other specialists. Of the 14 clinical sites, 9 were established
ITx centers. Study methods have been previously described.*

This was a multicenter cohort study with data collected by chart review. Inclusion criteria
included infants with IF, no more than 12 months of age and prolonged PN as a consequence
of IF. Prolonged PN was defined as receiving an intravenous solution containing protein,
carbohydrate, electrolytes, vitamins, and trace elements on 60 out of 74 consecutive days at
any time in the first year of life. The range was established to allow for brief interruptions in
PN for loss of intravenous access or surgery. Participants at 13 of the 14 sites met age and
PN criteria between January 1, 2000 and December 31, 2004. At one site, children who met
criteria until December 31, 2005 were included. Data were collected through December 31,
2006 for 13 sites and December 31, 2007 at the latter site to allow at least a two year follow-
up for all children.

Following approval by the Institutional Review Board at each site, data of patients with IF
who were followed by a site investigator were collected retrospectively by chart review.
Data were entered into de-identified case report forms and electronically transmitted to a
central database 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 included baseline demographics, diagnosis leading to IF, residual small bowel
length as determined by operative reports, enteral and parenteral feeding regimens, and
clinical laboratory tests. Diagnosis was determined by the attending physician at each site. If
more than one diagnosis contributed to IF, patients were categorized with multiple
diagnoses. Data at follow-up included clinical laboratory tests, sentinel events, and whether
an outcome occurred during the interval of observation. Sentinel events included bacteremia,
cholestasis (defined as serum total bilirubin > 5 mg/dl or conjugated or direct bilirubin > 2
mg/dl), intestinal bleeding, admission to hospital, medical or surgical interventions, and
referral for ITx evaluation. Outcome variables included death, ITx, and EA defined as the
discontinuation of PN for more than 3 consecutive months.

Race and ethnicity were recorded as they were in the medical record at the time entry
criteria were met. For purposes of analysis, race was consolidated into “white” and “non-
white”.

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2015 October 01.
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Statistical Analysis

Results

Baseline characteristics were summarized using frequencies and proportions for categorical
variables and medians and quartiles for continuous variables. Pearson’s chi-square test or its
exact version was used to assess statistical significance of categorical characteristics
between white and non-white children, and Wilcoxon rank-sum test was used for continuous
characteristics. Methods for competing risks2® were used to estimate cumulative
probabilities from study enrollment to 1Tx or death without ITx . The cumulative incidence
probabilities (CIP) between subgroups (e.g., white children vs. non-white children) were
tested for statistical significance using Gray’s K-sample test2’. Fine and Gray’s proportional
hazards regression model?® was used to evaluate the relationship with race after adjusting
for other potentially confounding baseline characteristics birth weight birth weight (< 1.5 kg
vs. otherwise), diagnosis of NEC, whether the site is a transplant center. The descriptive
analyses were performed in SAS (version 9.2, SAS Institute), and the competing risks
analyses were performed in R (version 3.0.1) using “cmprsk”.

Among the 272 subjects enrolled in the PIFCon cohort 22 subjects did not have their race
recorded. Baseline characteristics of the 204 white and 46 non-white children are shown in
Table 1. Compared to white children, non-white children were more likely to die without
ITx (p<0.001) and less likely to receive an ITx (p=0.003) (Figure 1). Specifically, at 48
months after entry criteria were met, the CIP of death without ITx was 0.40 for non-white
children compared to 0.16 for white children and the CIP of ITx was 0.07 for non-white
children and 0.31 for white children.

To determine if race was independently associated with these outcomes, we examined other
baseline characteristics. Children were more likely to die without ITx if they had a birth
weight < 1.5 kg (p <0.001), a baseline aspartate aminotransferase (AST) level > 80 (p=0.05),
a diagnosis of NEC (p=0.05), a small bowel length <43cm (p=0.03), or a baseline
International Normalization Ratio (INR) > 1.5 (p=0.02). Subjects were more likely to
undergo ITx if they met entry criteria < 63 days of age (p=0.001), had a total bilirubin >
5mg/dl (p=0.02), or went to a PIFcon ITx center (p<.001). Subjects were less likely to
undergo ITx if they had a birth weight < 1.5 kg (p=0.002), a small bowel length > 43cm
(p=<0.001), or a diagnosis of NEC (p<.001). Characteristics that were not significantly
associated with either ITx or death without ITx included gender, Hispanic ethnicity,
gestational age <37 weeks, baseline adjusted weight and height for age z-score < -2, baseline
alanine aminotransferase (ALT) level >80 and baseline albumin <2.8 gm/dL. Because low
birth weight and NEC were more common in non-white than in white children, we
performed analyses within strata defined by presence or absence of NEC diagnosis and birth
weight. To examine whether receiving medical care at an ITx center was related to incidence
of ITx, we also examined the relationship of race with outcome in strata defined by ITx
center.

Among 91 participants diagnosed with NEC with known race, there were 66 white and 25
non-white children. The associations of race with both death and ITx were not statistically

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2015 October 01.
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significant, but the numbers were small and the point estimates for non-white children were
higher than for white children (Figure 2). For the 159 children with a diagnosis other than
NEC, non-white children (n=21) were more likely to die without ITx (p=0.004) and less
likely to receive an 1Tx (p=0.014) than were white children (n = 138) (Figure 2). The CIP of
death without 1Tx 48 months after enrollment criteria were met was 0.13 for white children
without NEC and 0.39 for non-white children without NEC. Furthermore, the CIP of ITx at
48 months was 0.42 for white vs. 0.10 for non-white children without NEC.

Among the 64 participants with a birth weight < 1.5 kg and known race, there were 42 white
and 22 non-white infants. There were no significant racial differences in the CIP for death or
for ITx in those subjects < 1.5 kg (Figure 3). However, among 127 white and 15 non-white
infants > 1.5 kg, non-white children were significantly more likely to die without ITx
(p=0.003) (Figure 3).

Finally, we evaluated the association of race with outcome within the strata defined by
whether or not a participant received medical care at a transplantation center participating in
PIFCon. Among 83 known-race children who did not receive medical care at a transplant
center (69 white and 14 non-white) non-white children were more likely to die (p=0.036)
(Figure 4). For 167 participants who received care at a PIFCon I1Tx center, there were 135
white and 32 non-white children and similarly, non-white children were more likely to die
(p=0.003) and less likely to undergo ITx (p=0.005) (Figure 4).

Race and birth weight are associated with the CIP of death without ITx so, recognizing the
limited power we had to detect a significant interaction, we examined the interaction
between race and birth weight due to its clinically meaningful effect, and to identify a large
effect if it existed. The interaction was not statistically significant (p=0.10) which needs to
be interpreted in the light of low statistical power to detect meaningful differences in the
relationship between birth weight and outcome by race. Using the estimates from the model
with interaction, however, the estimated hazard for death without ITx among non-white
infants with birth weights greater than 1.5kg is 3.9 (95% CI 1.6 — 9.5, p=0.002) times that
among white infants with birth weights > 1.5kg.

With respect to ITx, the association of race is statistically significant after adjusting for NEC
and whether the patient was ever seen at a PIFCon ITx center. The hazard for undergoing
ITx for non-white children is 0.3 (95% CI 0.1—0.8, p=0.02) times that for whites children,
suggesting that non-white children were less likely to receive an 1Tx after adjusting for NEC
diagnosis and whether the patient was seen at a transplant center.

Discussion

In this retrospective analysis of 272 infants with IF, we found that non-white children were
significantly more likely to die and less likely to receive an ITx than white children, even
when the data were stratified by birth weight, diagnosis and site of care. This report is the
first to suggest that, for infants with IF, race may be a risk factor for survival and for the
likelihood of receiving an ITx. It is important to note that race encompasses social,
economic, and cultural issues, among others, and its association with outcome is an
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important finding for further investigating what it is about race that is responsible for the
association.

We sought to determine if factors other than race might account for these differences in
outcome. Among the many factors examined, we found birth weight, evidence of liver
disease (e.g., elevated total bilirubin, AST and INR), length of remaining small bowel,
diagnosis, and whether the child was ever cared for at an ITx center to be associated with
death and/or receiving an ITx. When we examined these baseline characteristics among
white and non-white infants, birth weight and diagnosis were significantly different between
the two groups and we queried whether the effect of race could be explained by these two
factors. However, the racial effect persisted for those with a birth weight over 1.5 kg and
those with a diagnosis other than NEC.

Overall infant mortality is higher among non-Hispanic black, American Indian/Alaskan, and
Puerto Rican infants than non-Hispanic white infants.29 Many factors lead to these
discrepancies, but highest among them are increased rates of prematurity and congenital
malformations; although gastrointestinal malformations, such as gastroschisis or rotational
abnormalities appear not to be a major cause of infant mortality.2% Gastroschisis was the
most common diagnosis in the non-NEC category among PIFCon participants and could
disadvantage non-white infants if it were to occur more commonly among minorities.
However, among 72 infants with gastroschisis identified at one site, only 3% were black.30

Factors that influence the likelihood of EA or are associated with death or eligibility for ITx
may have influenced our findings. Breast feeding is thought to be advantageous to infants
with short bowel syndrome.18 The Center for Disease Control reported 50.1% of black
children were ever breast fed compared to 71.5% of white children.3! It is unlikely that
exposure to human milk sufficiently advantaged white infants to account for their improved
survival as we found the likelihood of receiving breast milk was similar among white and
non-white infants. Blood stream infections contribute to morbidity and mortality. Being
African American was a risk factor for developing a blood stream infection in a cohort of
cancer patients.32 In our study, the frequency of sepsis episodes per person month was
similar between white and non-white children. Venous thrombosis and loss of venous access
is an indication for ITx. However, the incidence of venous thrombosis appears to be similar
in African-American and white pediatric patients.33

Barriers to solid organ transplantation in adult patients include race, older age, insurance
status and income.34 Racial barriers also extend to children seeking access to renal
transplantation.3® To our knowledge, racial disparities have not been reported in ITx for
adults or children. Myriad factors account for racial barriers in adult liver transplantation
include prevalence and severity of the liver disease, access to primary care, health insurance,
social support, socioeconomic status, spiritual beliefs, and geographic differences.24
Likewise, our study identifying race as being associated with death and transplantation does
not imply a causal relationship, but may simply reflect complex relationships between
patient characteristics and outcomes.

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2015 October 01.
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The study has several important limitations. It utilized data collected through chart review,
so is limited to information available for clinical care. While variations in practice were
present between sites, we found no difference in the likelihood of death among non-white
children seen at an ITx center versus those who were not. Race could have been miscoded. It
is possible that eligible patients were not identified due to incomplete or un-retrievable paper
records. While ours is the largest single cohort of infants with IF, numbers remain too small
to assess potential confounding factors other than race that may have influenced outcomes.
This study was not able to address the many disease specific, environmental, socioeconomic,
cultural, geographic, medical, and behavioral factors that might have also influenced our
findings.

Conclusions

Race is associated with death and ITx in a large cohort of children with IF. We believe this
study highlights the need for a prospective, geographically distributed, multi-center registry
to investigate reasons for this apparent racial disparity in outcome among children with IF.
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FIGURE 1.

The CIP of death without transplant and transplant, separately for white and non-white
children are presented. The x-axis represents time (months) since the enrollment criteria
were met, and the y-axis represents the estimated cumulative incidence probabilities.
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FIGURE 2.
The plots on the first row correspond to CIP among children diagnosed with NEC, and the

two plots on the second row correspond to CIP among children with a diagnosis other than
NEC. The x-axis represents time (months) since the enrollment criteria were met, and the y-
axis represents the estimated cumulative incidence probabilities.

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Squires et al.

FIGURE 3.

03 04 05 06

CIP

0.2

0.0 0.1

03 04 05 06

CIP

0.2

0.0 0.1

Death without ITx
p=0.4

| = White & Wgt<=1.5kg, N=42
_| = = non-White & Wgt<=1.5kg, N=22

20 30 40 50 60

Death without ITx
p=0.003

| = White & Wgt >1.5kg, N=127
_| = = non-White & Wgt >1.5kg, N=15

CIP
03 04 05 06

0.2

0.0 0.1

03 04 05 06

CIP

0.2

0.0 0.1

ITx
p=0.7

| = White & Wgt<=1.5kg, N=42
_| = = non-White & Wgt<=1.5kg, N=22

ITx
p=0.063

| = White & Wgt >1.5kg, N=127
_| = = non-White & Wgt >1.5kg, N=15

Page 12

The plots on the first row correspond to CIP among children with birth weight < 1.5 kg, and
the two plots on the second row correspond to CIP among children with birth weight over

1.5 kg. The x-axis represents time (months) since the enrollment criteria were met, and the

y-axis represents the estimated cumulative incidence probabilities.
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FIGURE 4.
The plots on the first row correspond to CIP among children not evaluated at a PIFCon ITx

center, and the plots on the second row correspond to CIP among children seen at a PIFCon
ITx center. The x-axis represents time (months) since the enrollment criteria were met, and
the y-axis represents the estimated cumulative incidence probabilities.
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Table 1

Comparison of Patients’ Characteristics between White and Non-White Children

All White Non-White p-value

N=272 N=204 N=46

Age at study entry (day) ** N=272  N=204 N=46 0.07

g y entry (day) 63(61,74) 63(61,72)  65(61,38)

Gender * N=272  N=204 N=46 08

Male 156(57.4) 116(56.9)  25(54.3)

Gestation <37 wk (premature) * N=264 N=199 N=45 0.4
202(76.5) 151(75.9)  37(82.2)

Birth weight<= 1.5 kg * N=221  N=169 N=37 <.001
66(29.9) 42(24.9)  22(59.5)

Hispanic* N=272  N=204 N=46 0.004

Yes 42(15.4)  40(19.6) 1(2.2)

Small Bowel Length at study entry ™ N=143 N=112 N=24 04
43(2570) 41(25,69) 45(34,70.5)

ALT>=80 1U/mL * N=163 N=126 N=26 0.8
77(47.2)  61(484)  12(46.2)

AST>=80 |U/mL * N=138  N=110 N=21 0.6
92(66.7)  72(65.5)  15(71.4)

Albumin<2.8y/dL * N=167  N=127 N=29 0.8
82(49.1)  64(50.4)  14(48.3)

INR>1.5 * N=65 N=51 N=11 1

6(9.2) 5(9.8) 1(9.1)

Total bilirubin >=5 mg/dl * N=131 N=103 N=17 0.7
68(51.9) 55(53.4)  10(58.8)

Adjusted Weight for agez-score<-2# ~ N=174 N=133 N=32 03
37(21.3)  27(20.3) 9(28.1)

Adjusted Height for agez-score<-2*# ~ N=111 N=83 N=23 04
38(342) 28(33.7)  10(43.5)

Weight for height z-score<-2* N=89 N=71 N=13 03
10(11.2)  10(14.1) 0(0.0)

Diagnosed with NEC * N=272 N=204 N=46 0.005

Yes 97(35.7)  66(32.4)  25(54.3)

Ever at an ITx Site” N=272 N=204 N=46 0.7

Yes 186(68.4) 135(66.2)  32(69.6)

*
summarized by freq(%)

* %
summarized by median (q1-g3).
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