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Abstract

Introduction: Parenteral nutrition—associated cholestasis (PNAC) is linked with the administration of soybean-based intravenous
fat emulsion (IVFE). IVFE reduction (IFER) may be an effective management strategy for PNAC; however, long-term associated
neurodevelopmental outcomes (NDOs) for infants undergoing IFER have not been measured previously. This single-institution,
prospective study examined the risk for negative NDOs and key predictors of NDOs associated with IFER. Methods: Patients (2—5 years)
treated with soybean-based IFER as neonates underwent NDO measurements, including Ages and Stages Questionnaires—3 (ASQ-3),
Parents’ Evaluations of Developmental Status (PEDS), and Behavior Assessment System for Children, Second Edition Preschool, Parent
(BASC-2 PRS-P). The relationship between NDOs and predictive variables was evaluated. Results: A total of 25 children had a complete
PEDS survey, and 17 were found to be “not at risk.” The BASC-2 PRS-P evaluation (n = 18 patients) showed that all 4 composite domains
fell within the normative developmental range, and 67%—89% of patients were observed to be “typically developing.” For the primary
outcome measure, ASQ-3, 82.4%-94.4% of patients were “not at risk.” Logistical regression analyses were performed to examine risk
factors contributing to negative NDOs. Of children completing all NDO studies, IFER-related variables (eg, development of essential
fatty acid deficiency, duration of IFER, and mean IVFE dose) were not found to be predictors of adverse NDOs. Conclusions: This study
represents the first report of NDOs in pediatric patients treated with IFER. IFER-treated patients score within the normative range most of
the time. [FER-related variables were not found to be associated with negative NDOs. The results set the stage for a larger, multicenter,
prospective study. (JPEN J Parenter Enteral Nutr. 2015;39:34-46)
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Clinical Relevancy Statement

From the 'Department of Clinical, Social and Administrative

Currently, the only intravenous fat emulsion that is approved for
use in pediatric patients in the United States by the Food and Drug
Administration is soybean oil based. However, the long-term
administration of soybean-based intravenous fat emulsion to par-
enteral nutrition (PN)—dependent patients has been shown to be an
independent risk factor for the development of PN-associated
liver disease. One strategy that has been suggested to reduce this
risk is the reduction in dose of soybean-based fat emulsion.
However, the long-term neurodevelopmental outcomes associ-
ated with this strategy are unknown to date. This single-institution
study represents the first published report of neurodevelopmental
outcomes in pediatric patients treated with reduced doses of soy-
bean-based fat emulsion. The neurodevelopmental outcomes
were within the normative range most of the time, and variables
associated with dose reductions were not predictive of poor neuro-
developmental outcomes. This preliminary study calls for further
research to conclusively determine the influence of soybean-based
fat emulsion dose reduction on long-term neurodevelopmental
outcomes.
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Background/Introduction

Infants, particularly those with surgical conditions, are often
dependent on long-term parental nutrition (PN) during a criti-
cal period of growth and development. While PN offers a life-
sustaining therapy, there are multiple known infectious and
metabolic complications from prolonged PN use, including the
development of PN-associated cholestasis (PNAC), which is
associated with significant morbidity and mortality.'”
Specifically, in a study of surgical neonates, nearly one-third of
patients dependent on long-term PN died due to the develop-
ment of PNAC,* and in a study of children with short bowel
syndrome, PNAC was the greatest risk factor for mortality.’
The incidence of PNAC ranges from 7.4%—84%; this variable
reported incidence is attributed to study heterogeneity."* While
more recent survival rates for PNAC have improved, the dis-
ease process remains significant. Several risk factors for the
development of PNAC have been identified, including pro-
longed PN administration, lack of enteral feedings, prematu-
rity, episodes of sepsis, and specific components of PN
itself.>”® The administration of soybean-based intravenous fat
emulsion (IVFE) has been identified as an independent risk
factor for the development of PNAC.>'” Soybean-based IVFE
contain high levels of ®-6 fatty acids as well as phytosterols,
which have been linked to the development of PNAC." Given
this information, several strategies have been used to limit the
delivery of soybean-based IVFE, including the use of intrave-
nous (IV) fish oil or alternative, combination-based fat emul-
sions, and IVFE reduction (IFER).'*"

The approach of IFER involves limiting the dose of soy-
bean-based IVFE to <1 g/kg/d. The benefit of IFER was first
described in the adult literature in 1982, but it was not until
2000 that a similar approach was reported in a pediatric popu-
lation.'*" Since then, several studies have evaluated the use of
IFER as a management approach for the prevention and treat-
ment of PNAC.'?" At our institution, infants receiving long-
term PN (ie, PN duration >2 weeks) who develop PNAC are
treated with IFER. This approach has been used at our center
since 2005, with patients receiving doses ranging from 1 g/kg
twice per week to 1 g/kg/d, depending on clinical factors such
as growth, development, nutrition status, and the development
of essential fatty acid deficiency.

While IFER appears to offer potential benefit in the setting
of PNAC, questions remain about the safety of this manage-
ment approach, specifically with respect to the associated neu-
rodevelopmental outcomes (NDOs), since limiting IVFE may
also limit the essential fatty acids necessary for appropriate
neuro- and behavioral development. Appropriate caloric intake
and provision of essential fatty acids are of specific significance
during preterm and term neonatal and infant development,
when processes such as brain development and organogenesis
take place.”’ Several randomized controlled studies have
attempted to show the benefit of administering certain fatty
acids to promote age-appropriate neurodevelopment and treat

neurocognitive disorders with mixed outcomes.”?’ However,
to date, there are no data available describing the long-term
neuro- and behavioral developmental outcomes in infants
treated with IFER.

A number of validated parent rating instruments have been
developed to screen young children for developmental risks,
with longstanding evidence that parent-identified concerns are
predictive of developmental delays across a range of develop-
mental domains.”® Two of the most commonly used instruments
are the Ages and Stages Questionnaires (ASQ) and the Parent
Evaluation of Developmental Status (PEDS).”~*' These types
of parent-completed instruments have been shown to have
moderate to high sensitivity (PEDS, 74%; ASQ-3, 82%) to
developmental delays identified with standardized measures of
development, cognition, and adaptive behavior but have vari-
able specificity (PEDS, 64%; Ages and Stages Questionnaires—3
[ASQ-3], 78%) across age groups, particularly in low-risk sam-
ples.*? For example, in a low-risk sample, there is evidence of
discordant identification in approximately one-third of cases.”®
Specificity is higher in high-risk samples, however.”* Thus, in
samples with unknown risk for developmental delay, there may
be value in using a set of instruments, rather than a single devel-
opmental screening instrument. Complementary to measures of
risk for developmental delay, there has been longstanding inter-
est in parent-completed instruments that aid in early identifica-
tion of risk for psychological and social developmental
disorders.”® One of the most commonly used parent-completed
measures of behavior is the Behavior Assessment System for
Children, Second Edition (BASC-2), which includes measure-
ment of adaptive behaviors that can add an important dimension
to risk identification.***® Thus, to address the need for a robust
assessment of NDOs, these 3 tools (ie, ASQ-3, PEDS, and
BASC-2) were selected for the NDO evaluation.

Based on the excellent long-term outcomes clinically
observed of many of our patients treated with IFER, we
hypothesized that NDOs would not be adversely affected with
the use of IFER. This single-institution, prospective study
examined the risk for cognitive and adaptive delays and behav-
ioral concerns, as well as key predictors of NDOs, in pediatric
patients previously treated with IFER. To our knowledge, this
is the first report of this type.

Methods

This study was conducted in accordance with the ethical stan-
dards set forth and approved by our institutional review board,
and all parents or guardians gave consent prior to conducting
these studies. This was a single-institution study with the pri-
mary aim of examining the NDOs of pediatric patients between
2 and 5 years of age who were previously treated with IFER
during infancy. Specifically, the study further examined the
risk for cognitive and adaptive delays and behavioral disorders
and key predictors of neurodevelopmental and behavioral out-
comes in this potentially at-risk population.
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The method for the use of IFER at this institution has been
described previously.'®'” In brief, IFER consisted of the reduc-
tion of IVFE from the standard 3 g/kg/d to <1 g/kg/d; initial
doses ranged from 1 g/kg twice per week to 1 g/kg/d and aver-
aged 1 g/kg 3 times per week. IVFE doses were increased if
poor growth was observed or if biochemical and physical signs
and symptoms of essential fatty acid deficiency were present.
IFER was initiated after at least 2 weeks of continuous PN in
infants who developed PNAC, as defined by a direct bilirubin
>2 mg/dL for 2 consecutive weeks.

To be eligible for inclusion, the study participant must have
been living at the time of the study and had received IFER
treatment as an infant between August 1, 2005, and August 31,
2011. Inclusion criteria comprised patients who were previ-
ously treated with IFER during the neonatal period and over at
least the first several months of life. Patients also had to be
between 2 and 5 years of age at the time of NDO measurement.
Patients were excluded if they met 1 or more of the following
criteria: (1) a congenital or chromosomal anomaly, (2) a major
congenital metabolic disorder, (3) hypoxic ischemic encepha-
lopathy or other major congenital defects of the brain, or (4) a
major seizure disorder or cerebral palsy. No exclusions were
made on the basis of sex or race. The neurodevelopmental sur-
vey tools were conducted in the English language, and there-
fore the ability to speak and read English was necessary. The
study range of 2 to 5 years of age was based on the fact that the
neurodevelopmental survey tools used in this study are
designed to measure outcomes in children within specific age
groups and because outcomes of interest may not manifest
until infants reach the preschool or school age. NDOs were
evaluated by 3 validated outcomes tools: (1) ASQ-3, (2) PEDS,
and (3) BASC-2 Preschool, Parent (BASC-2 PRS-P).

The parent(s) or legal guardian(s) of eligible patients were
contacted via telephone. After full disclosure and discussion of
the significance, procedures, risks, and benefits of the research
protocol, verbal consent was obtained to complete the 3 neuro-
developmental survey tools prospectively. After enrollment,
retrospective data collection was performed on all included
patients. These collected clinical data included maternal and
infant demographic data, mode of delivery, gestational age and
birth weight, age at study, primary diagnosis, and nutrition data
including total duration of PN, duration of IFER and mean
lipid dose (g/kg/d), and diagnosis of essential fatty acid defi-
ciency. Essential fatty acid deficiency was defined as a triene
to tetraene ratio of >0.2. Consistent with previous work done at
our institution, a far more conservative triene to tetraene ratio
of >0.05 was used as a criterion for picking up an early trend
toward essential fatty acid deficiency (EFAD) but prior to any
diagnosis of EFAD. Additional demographic data were
obtained once verbal consent was documented, specifically
data regarding number of hospital admissions, whether patients
were receiving PN at the time of the study, general well-being,
and socioeconomic variables. The socioeconomic status of
enrolled patients was calculated using Hollingshead’s Four

Factor Index of Social Status.”” The PEDS survey tool was
completed during the initial phone call. The BASC-2 PRS-P
and the ASQ-3 tools were mailed to consented patients and
completed by the parent or legal guardian and then returned to
study investigators. Study participants successfully completing
all survey tools were provided with a monetary incentive in the
form of a $30 VISA gift card.

The primary outcome measure was the dichotomous score
“at risk” vs “not at risk” based on 1 or more scales falling by
>2 standard deviations below the mean on the ASQ-3.
Secondary outcome measures included the trichotomous score
of “low risk,” “medium risk,” or “high risk” on the PEDS tool
as well as composite 7 scores on the BASC-2 PRS-P tool.

Survey Tools

ASO-3" The ASQ is the most widely used parent-reported
developmental screening instrument.*® Concurrent validity
ranges from 76%—88%, and overall sensitivity and specificity
are 75% and 86%, respectively, compared with standardized
measures. Interobserver reliability between parents and profes-
sional examiners is 94%. The ASQ-3 consists of 19 age-spe-
cific questionnaires covering the age range of 4-60 months. A
reading level of grades 4-6 ensures parental comprehension.
The 30-item questionnaire takes 10—15 minutes to complete
and covers 5 developmental domains: communication, gross
motor, fine motor, problem solving, and personal social skills.
Each domain is assessed by 6 questions answered with “yes,”
“sometimes,” or “not yet,” with a respective score of 10, 5, or
0 points.

Measurements from the ASQ-3 provide a developmental
profile that evaluates global communication, gross motor, fine
motor, problem-solving, and personal social skills domains.
The ASQ-3 provides a score based on the child’s scores in the
5 domains, which is compared with the age-standardized mean
score. Referral for further assessment is advised when the
score on any domain falls more than 2 standard deviations
below the mean of the standardized sample. Scores are ana-
lyzed and interpreted as “above the cutoff,” indicating the
child’s development appears to be on track; “close to the cut-
off,” indicating that additional learning activities are recom-
mended and monitoring may be necessary; and “below the
cutoff” (ie, 2 standard deviations below the mean), indicating
that further assessment with a professional may be needed. For
this analysis, scores were converted into a dichotomous out-
come of “not at risk” or “at risk” as follows: patients scoring
“above the cutoff” or “close to the cutoff” were deemed not at
risk, while those patients scoring “below the cutoff” were
termed at risk.

PEDS.* The PEDS is a 10-item parent report screening
instrument for children ages birth to 8 years that identifies if
children are at developmental risk, warranting further direct
assessment. Items ask the parents if they have any concerns in
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specific developmental domains, including expressive lan-
guage and articulation, receptive language, social-emotional,
behavior, fine motor, gross motor, self-help, school, global/
cognitive, and other possible concerns.” Parents respond with
“no,” “yes,” or “a little” and are given the opportunity to com-
ment in all assessed areas. The PEDS was standardized on a
sample of 971 children. Compared with standardized measure-
ments, sensitivity and specificity are 74%—80% and 70%—80%,
respectively.

Measurements from the PEDS provide a simple identifica-
tion of patients at developmental risk based on the number of
significant concerns identified. Patients with no concerns iden-
tified were termed “no concerns,” those with >1 non-signifi-
cant concerns identified were categorized as “low risk,” those
with 1 significant concern were termed “medium risk,” and
those with >2 significant concern were categorized as “high
risk.”*” For the purposes of this study and consistent with pre-
viously published work, patients were also dichotomized into 2
categories: at risk (=1 predictive/significant concern) and not
at risk (no predictive/significant concerns).****

BASC-2 PRS-P*® The BASC-2 PRS-P is a validated 134-item
questionnaire completed by parents/caregivers that assesses
adaptive and problem behaviors of children between 2 and 5
years of age.”” The parent or caregiver rates the occurrence of
various behaviors using a 4-point rating scale. Responses are
scored and analyzed, yielding a profile that describes behav-
ioral outcomes compared with normative values standardized
across age. The normative population includes 500 children
from 2-3 years old and 700 children from 4-5 years old. The
BASC-2 PRS-P takes 10-20 minutes to complete and requires
a fourth-grade reading level.”” Limited construct validation
data indicate strong correlations with similar scale scores,
including significant correlations between BASC-2 external-
izing, internalizing, and total score scales and similar scales;
evidence of sensitivity to effects of teratogen exposure; and
moderate to high correlations between parents’ BASC-2
ratings.*"™

The score profile yields 4 composite scores: externalizing
problems, internalizing problems, behavioral symptoms index,
and adaptive skills. The composite scores are further broken
down into 8 clinical scales and 4 adaptive scales. The clinical
scales consist of the following: hyperactivity and aggression
(externalizing problems), anxiety, depression and somatization
(internalizing problems), atypicality, withdrawal, and attention
problems (behavioral symptoms index). Adaptability, social
skills, activities of daily living, and functional communication
comprise the 4 adaptive scales.

Scores generated through analysis of the BASC-2 PRS-P
are reported as ¢ scores with a mean score of 50 and a standard
deviation of 10. For clinical scales, higher scores indicate a
higher risk and a greater likelihood of problems. The ¢ scores of
>70 indicate “clinically significant problems,” 60—69 is cate-
gorized as “at risk,” and 20-59 indicates “average response” or

typically developing. For adaptive scales, lower scores indi-
cate a higher risk and a greater likelihood of problems. The ¢
scores of <30 indicate “clinically significant problems,” 31-40
is categorized as “at risk,” and >40 indicates “average
response” or typically developing. For the purposes of this
study, scores were dichotomized to 2 categories: at risk (¢
scores >60 for clinical scales and <40 for adaptive scales) or
not at risk (¢ scores <60 for clinical scales and >40 for adaptive
scales) for the 4 composite scores.

Statistical Analysis

All study participants were included in the statistical analysis.
For those study participants who were unable to fully complete
all 3 survey tools or who returned an incomplete set of survey
tools, all available data were analyzed. All key data elements
were recorded, and partial NDOs were evaluated. However, if
the survey completion was missing the defined primary out-
come measure, these study participants were not included in
the final overall combined study analysis.

Data were analyzed using descriptive statistics, using the
Student ¢ test for normally distributed variables and Wilcoxon
rank sum tests for nonnormally distributed variables. The ¥
and Fisher exact tests were used for comparison of categorical
variables. The relationship between NDOs and variables,
including gestational age, sex, age at study, socioeconomic sta-
tus, sepsis, number of operations/exposure to general anesthe-
sia, trend toward EFAD (note: because a larger number of
infants showed a slight increase in the triene to tetraene ratio
[>0.05], we retained this definition for those infants who were
trending to a potential deficient state but had not yet reached it
for statistical analyses), the total duration of PN, total duration
of IFER, and the mean IVFE dose (g/kg/d), was evaluated by
performing a linear regression for continuous predictors and an
independent samples ¢ test for categorical predictors on the
BASC-2 ¢ scores. Logistic regression analyses were performed
for dichotomized data. The P value for the logistic regression
models was assessed by using a likelihood ratio y” test. In addi-
tion, an exact logistic regression model was fitted for each pre-
dictor to verify the results. Bivariate correlation analysis was
used to assess the association between the 3 neurodevelopmen-
tal survey tools. Data were analyzed using SAS software
release 9.3 for Windows (SAS Institute, Cary, NC).

Results

A total of 62 patients meeting inclusion criteria were identified
and contacted via telephone to participate in the study. Despite
numerous attempts via telephone, 37 participants were unable
to be contacted (nonconsented group). However, the remaining
25 families consented to complete the study. The PEDS was
completed for all 25 consented patients (100% response rate).
The ASQ-3 and the BASC-2 PRS-P were successfully com-
pleted by 18 of the 25 consented patients. Thus, the completed
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Table 1. Demographic Data for Consented vs Nonconsented Groups.

Group Studied

Group Not Studied

Characteristic (Consented) (n = 25) (Nonconsented) (n =37) P Value
Gestational age, mean = SD (range), wk 34.8 +4.2 (25.86-40) 32.6 £4.2 (25.71-38.57) .05
Birth weight, mean + SD (range), g 2376.9 + 929.9 (650-3910) 2013.8 £ 797.7 (700-3400) 12
Age at study, mean + SD (range), mo 53.8+11.8 (35-81) 54.2+11.7 (33-77) .88
Diagnosis, No. (%) 45
Hirschsprung 2 (8) 0
CDH 7 (28) 4(10.8)
EA/TEF 2 (8) 2(54)
SBS 5(20) 9(24.3)
Gastroschisis 6 (24) 13 (34.1)
NEC 2 (8) 4(10.8)
Intestinal perforation 0 1(2.7)
Hydrops fetalis 0 1(2.7)
Meconium ileus 1(4) 0
Congenital cystic adenoid malformation 0 1(2.7)
Atresia 0 1(2.7)
Obstruction 0 1(2.7)
Vaginal delivery, % 54.6 37.8 21
Male sex, % 80 23 13
Current PN at study, % 8 23 .56
Respiratory failure, % 60 46 28
Hypoxia, % 4 243 .04
Sepsis, % 32 29.7 .85
Retinopathy of prematurity, % 8 13.5 .69
Intraventricular hemorrhage, % 4 8.1 .64
Hypotension, % 44 46 .88
Number of operations, median (25th percentile, 7(5,14) 42,7 .01
75th percentile)
Duration of PN, median (25th percentile, 75th 67 (39, 100) 61 (36, 94) .52
percentile), d
Duration lipid restriction, median (25th percentile, 43 (15, 95) 29 (11, 51) 23
75th percentile), d
Dose of lipids, mean + SD (range), g/kg/d 0.48 £ 0.24 (0.26-1.28) 0.41 £0.18 (0.24-1) .10
Trend toward essential fatty acid deficiency 13 (of 16) 10 (of 13) >.999
(triene to tetraene ratio >0.05), No.
Essential fatty acid deficiency (triene to tetraene 1 (of 16) 1 (of 13) >.999

ratio >0.2), No.

CDH, congenital diaphragmatic hernia; EA, esophageal atresia; EFA, essential fatty acid; NEC, necrotizing enterocolitis; PN, parenteral nutrition; SBS,
short bowel syndrome; SD, standard deviation; TEF, tracheoesophageal fistula.

survey tool response rate for all 3 tools for the 25 consented
patients was high, with an overall response rate of 72%.
Demographic data for all 62 patients are displayed in Table 1.
To assess whether the consented patients were representative of
the entire cohort of patients previously treated with IFER, the
consented group was compared with the nonconsented group.
Overall, most demographics were not significantly different
between these 2 populations; however, patients in the consented
group differed in 2 categories. On average, infants were older at
birth, with a mean gestational age in weeks (mean + SD [range])
0f34.8 +4.2 (25.86-40), compared with the nonconsented group,
32.6 + 4.2 (25.71-38.57) (P = .05). There was also a greater

incidence of postdelivery hypoxia, as documented in the medical
record and/or diagnosis list, observed in the nonconsented group
(24.32%) compared with that in the consented group (4%) (P =
.04). Gestational age and hypoxia may represent factors that
affect neurodevelopmental outcomes irrespective of IFER.
Therefore, the NDO results for the consented/studied group may
be more reflective of the variable of interest: IFER.

Results: ASQ-3

Seventeen families completed the ASQ-3. The ASQ-3 domain
scores were categorized as at risk vs not at risk (Table 2). Most
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Table 2. Dichotomized Results: Ages and Stages
Questionnaires—3.

Characteristic At Risk, No. (%) Not at Risk, No. (%)
Communication 1/18 (5.6) 17/18 (94.4)
Gross motor 3/17 (17.7) 14/17 (82.4)
Fine motor 1/17 (5.9) 16/17 (94.1)
Problem solving 1/18 (5.6) 17/18 (94.4)
Personal social 2/17 (11.8) 15/17 (88.2)

of the study participants scored “not at risk” for all 5 domains
of communication, gross motor, fine motor, problem solving,
and personal social. Three of 17 patients (17.7%) scored “at
risk” in the domain of gross motor. In this domain, between-
group differences were identified. Specifically, mean gesta-
tional age in weeks (mean = SD [range]) was 31.5 + 2
(29.7-33.7) for the patients at risk vs was 35.9 £2.7 (30-39.1)
for the group not at risk (P = .02). In addition, the mean age of
those in the at-risk group was 52 = 18.3 (36-72) months at the
time of the study vs 55.3 + 12.8 (35-81) months in the group
not at risk, but the group difference was not statistically signifi-
cant. The median duration of IFER was 53 days (25th, 75th
percentile: 5, 95 days) vs 44.5 days (25th, 75th percentile: 12,
113 days), and the mean lipid dose (g/kg/d) was 0.46 g £ 0.18
(0.32-0.65) vs 0.54 £ 0.29 (0.26—1.28) in the groups at risk and
not at risk, respectively. Differences between IFER duration
and mean lipid dose were not statistically significantly differ-
ent between the groups at risk and not at risk.

To examine the risk factors contributing to at-risk NDOs,
we performed logistic regression analyses (Table 3) for all 5
domains. In the areas of communication, fine motor, and prob-
lem solving, no variables were statistically significant predic-
tors of outcomes. Gestational age was an independent predictor
in the domains of gross motor (P = .03) and personal social (P
=.04), with patients at a younger gestational age at higher risk.
An inspection of 3 specific IFER-related covariates failed to
show significance; specifically, IFER duration, mean IVFE
dose, and development of EFAD were not significant predic-
tors of at-risk ASQ-3 outcomes.

Results: PEDS

A total of 25 families completed the PEDS survey. Eleven
study participants (44%) had no concerns identified and were
deemed to be at no risk. Six patients (24%) had >1 nonsignifi-
cant concern or 1 significant concern, and these latter 6 chil-
dren were categorized as low risk and medium risk, respectively.
Only 2 patients (8%) were at high risk with >2 significant con-
cerns identified (Figure 1). The data were dichotomized, such
that study patients with >1 significant concern were catego-
rized as at risk and those with no significant concerns were
categorized as not at risk. A greater proportion of patients were
found to be not at risk (n = 17 [68%]) vs only 8 patients found

to be at risk (32%). Logistic regression analyses were per-
formed to examine predictors of risk categorization (Table 3).
The only variable found to be a significant predictor of at-risk
outcome was an older average age at study enrollment (P <
.01). No other variables, including IFER duration, mean IVFE
dose, or development of EFAD, were statistically significant
predictors of at-risk PEDS outcomes.

Results: BASC-2 PRS-P

A total of 18 subject families completed the BASC-2 PRS-P
assessment (Table 4). Mean ¢ scores for all 4 composite
domains fell within the average range of 4159, indicating that
the study sample generally scored within the normative
response range. Mean ¢ scores for 7 of 8 clinical scales and all
4 adaptive scales also fell within the range of 41-59. Mean ¢
scores on the clinical scale of somatization fell outside the
average range, 60.5 + 13.65 (range, 43—88).

Descriptive statistics for the study population falling within
the 3 categories of “typically developing,” “at risk,” or “clini-
cally significant problems” were computed. “Typically devel-
oping” categorization was observed in 89% of patients for
externalizing problems, 67% for internalizing problems, and
83% for behavioral symptoms index and adaptive skills. All
clinical and adaptive scales had >50% of study participants
scoring “typically developing,” with the exception of somati-
zation, in which 55.5% of participants fell within the “at-risk”
or “clinically significant problems” category.

Linear regression modeling was performed to examine pre-
dictors of BASC-2 PRS-P 7 scores in the 4 composite scales.
No variables were independent predictors of internalizing or
behavioral problems scores. Gestational age emerged as an
independent predictor of adaptive skills, P = .03 (+* = 0.26),
with lower gestational age associated with poor scores in this
domain. Marginal significance was also seen in the area of
behavioral problems, P = .08 (+* = 0.18), for gestational age.
Average IVFE dose (g/kg/d) was a significant predictor of
externalizing (+* = 0.26, P = .03) for those patients receiving
higher average daily IVFE dose. The ¢ scores were 270 when
the mean IVFE dose was >1.93 g/kg/d. The association
between average IVFE dose and internalizing problems was
marginally significant (/* = 0.17, P = .09). Thus, administra-
tion of higher doses of IVFE was associated with some wors-
ening of behavioral problems; however, no adverse behavioral
scores were detected in those infants receiving restricted doses
of IVFE. However, when the Bonferroni correction was
applied, statistical significance was no longer observed for any
of the variables analyzed.

Dichotomized data are illustrated in Figure 2. Most study
patients were observed to be not at risk in the composite scales,
with 16 (88.9%) not at risk in externalizing problems, 12
(66.7%) in internalizing problems, and 15 (83.3%) in behav-
ioral problems and adaptive skills. Logistic regression analysis
revealed that a younger gestational age was marginally
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Table 3. Logistic Regression Analyses of Key Predictive Variables on NDO Measurements.

Variable Test Domain Odds Ratio 95% Confidence Interval P Value
Gestational age ASQ-3 Gross motor 0.64 0.33-0.97 .03
ASQ-3 Personal social 0.58 0.16-0.97 .04
Older age at study PEDS 1.12 1.03-1.26 .01
Higher average dose of IVFE BASC-2 PRS-P  Internalizing problems 452 1.06-36,680.5 .05

ASQ-3, Ages and Stages Questionnaires—3; BASC-2 PRS-P, Behavior Assessment System for Children, Second Edition Preschool, Parent; IVFE,
intravenous fat emulsion; PEDS, Parents’ Evaluations of Developmental Status.

12 4

44%

Number of Study Subjects

No Risk Low Risk

Medium Risk High Risk

Figure 1. Graphical description of overall results on the Parents’ Evaluations of Developmental Status tool for all 25 consented
study subjects. Forty-four percent (n = 11) of patients had no concerns identified (no risk), 24% (n = 6) had >1 nonsignificant concern
(low risk) or 1 significant concern (medium risk), and 8% (n = 2) had >2 significant concerns and were categorized as high risk for

developmental concerns.

predictive of lower adaptive skills (P = .08). Furthermore, a
higher mean IVFE dose (g/kg/d) was an independent predictor
of risk for the domain of internalizing problems (P = .05), and
higher IVFE dose also showed a marginal significance for
externalizing problems (P = .10). However, no other variables
were statistically significant predictors of outcome in any of
the 4 composite scales when data were dichotomized (Table 3).

Secondary Analysis

The agreement between and relative sensitivity of the ASQ-3
and PEDS surveys is displayed in Table 5. Only 1 of the 18
patients with complete data from both surveys was found to be
at risk on both the ASQ-3 and the PEDS survey tools, indicat-
ing that the 2 tools identified different at-risk patients. As such,
for the purposes of this secondary analysis, an overall risk cat-
egorization was assigned to each of the 18 patients with com-
plete data sets if they were at risk on either the PEDS or the

ASQ-3 tool. When dichotomized and analyzed in this way,
most patients overall were not at risk (n =11 [61.1%]) vs those
observed to be at risk (n = 7 [38.9%]). Logistical regression
analysis revealed that no variables were independent predic-
tors of overall risk categorization (Table 6). In particular, nei-
ther restricted IVFE dose nor duration of IFER was associated
with being at risk. Between-group differences are described in
Table 7 for the groups overall that were not at risk vs at risk.
There were no significant differences in characteristics between
the 2 groups. Finally, the influence of overall risk categoriza-
tion on observed outcomes on the BASC-2 PRS-P is described.
For those patients at risk in the overall combined risk categori-
zation, scores on the BASC-2 PRS-P for behavioral symptom
index and adaptive skills were predicted to be at risk (P =.04).

Post hoc statistical analysis. A limited number of patients
were included in this study due to difficulty in success-
fully contacting and consenting patients and the
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Table 4. Results: BASC-2 PRS-P (n = 18).

Characteristic Score, Mean + SD (range) Typically Developing At Risk Clinically Significant Problems
Externalizing problems 49.6 £ 7.5 (37-64) 16 (88.9) 2(11.1) 0
Hyperactivity 52 + 8.3 (38-74) 15 (83.3) 2 (11.1) 1(5.6)
Aggression 473 +£7.2 (36-59) 18 (100) 0 0
Internalizing problems 54.5+2.6 (37-75) 12 (66.7) 4(22.2) 2 (11.1)
Anxiety 49.5 £ 8.6 (36—66) 17 (94.4) 1(5.6) 0
Depression 50.1 +£9.4 (32-71) 16 (88.9) 1(5.6) 1(5.6)
Somatization 60.5 £ 13.7 (43-88) 8 (44.4) 6(33.3) 4(22.2)
Behavioral symptom index 51.6 £10.2 (36-77) 15 (83.3) 2 (11.1) 1 (5.56)
Atypicality 53.2+£13.1(39-81) 12 (66.7) 4(22.2) 2 (11.1)
Withdrawal 52+11.4(30-78) 14 (77.8) 3 (16.7) 1(5.6)
Attention problems 52.7+10.5 (38-71) 14 (77.8) 3(16.7) 2 (11.1)
Adaptive skills 50.8 +11.5 (23-70) 15 (83.3) 2 (11.1) 1 (5.56)
Adaptability 51.1+12.1(32-72) 16 (88.9) 2 (11.1) 0
Social skills 53.8+11.6 (33-70) 15 (83.3) 3 (16.7) 0
Activities of daily living 48.2+£9.6 (31-61) 15 (83.3) 4(22.2) 0
Functional communication 48.8 £10.7 (19-71) 16 (88.9) 1(5.6) 1(5.6)

Overall results, reported as mean ¢ scores + SD (range) for the Behavior Assessment System for Children, Second Edition Preschool, Parent (BASC-2
PRS-P) are displayed for the 18 study participants who completed the BASC-2 PRS-P. The 4 composite scores are broken down into 8 clinical scales and
4 adaptive scales: (1) externalizing problems (hyperactivity, aggression), (2) internalizing problems (anxiety, depression, somatization), (3) behavioral
symptom index (atypicality, withdrawal, attention problems), and (4) adaptive skills (adaptability, social skills, activity of daily living, functional
communication). Higher scores on clinical scales and lower scores on adaptive scales indicate a higher risk and greater likelihood of problems. Results

<

for participants with scores categorized as “typically developing,
each group and percentage of participants.

at risk,” and “clinically significant problems” are reported as total number within

18 q
88.9%
16

14
66.7%
12 4

10 A

33.3%

Number of Study Subjects

11.1%

83.3% 83.3%

16.7% 16.7%

Externalizing Problems
M Not At Risk

Internalizing Problems

Behavioral Symptoms
B At Risk

Adaptive Skills

Figure 2. Behavior Assessment System for Children, Second Edition Preschool, Parent (BASC-2 PRS-P) risk categorization: study
participants falling into the not at risk vs at-risk category is graphically displayed for the 4 composite domains.

unavailability of complete survey data for some consented
patients. As such, while some patients were identified to
be at risk for poor neurodevelopmental outcomes, the
true, absolute risk cannot be conclusively determined
from these data. Therefore, a post hoc sample size calcu-
lation cannot be accurately determined from these pilot
data.

Similarly, the ability to stratify results by several covariates,
such as exposure to enteral nutrition (EN), PN duration, IFER
duration, gestational age, and development of EFAD, would
have been of interest and may have provided valuable informa-
tion. However, due to the small sample size, this type of statisti-
cal analysis was not possible but should be considered for larger
studies aimed at further evaluating NDOs associated with IFER.
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Table 5. ASQ-3/PEDS Result Agreement.

PEDS, No. (%)

ASQ-3 Not at Risk At Risk
Not at risk 11 (61.1) 3 (16.7)
At risk 3 (16.7) 1(5.6)

Tabular description of agreement between the Ages and Stages
Questionnaires—3 (ASQ-3) and Parents’ Evaluations of Developmental
Status (PEDS) survey tools for the 18 subjects completing both surveys.
One patient was at risk on both the ASQ-3 and PEDS survey tools.

Discussion

A recognized approach to the management of PNAC is the
reduction of soybean-based IVFE. While biochemical reduc-
tion in liver function tests and potential benefits to the liver
have been shown with this approach,'®'”'*? long-term out-
comes—specifically, neurodevelopmental and behavioral out-
comes—have not been described previously. To our knowledge,
this is the first published report of neurodevelopmental and
behavioral outcomes in pediatric patients previously treated
with IFER. Importantly, most patients were found to be not at
risk, and in those with negative NDOs, regression analysis
showed that IFER-related variables were not predictive of neu-
rodevelopmental or behavioral outcomes.

The essential fatty acids are known to be important for neu-
rodevelopment. Specifically, docosahexaenoic acid (DHA),
arachidonic acid (AA), and long-chain polyunsaturated fatty
acids are important for neural development and visual develop-
ment within the first year of life.”' The essential fatty acids,
linoleic and a-linolenic acids, are converted to AA and DHA
and are typically provided through EN (eg, breast milk or
enteral formulas). However, for PN-dependent patients, the
essential fatty acids must be provided through IVFE. The deli-
cate balance between providing these essential nutrients during
infancy, a critical period of growth and development, and pre-
venting the development of PNAC through alterations in the
provision of IVFE has raised the question of long-term neuro-
developmental effects associated with these methods. To date,
little has been known regarding the effects of reducing IVFE,
including the types of neurodevelopmental domains of concern
and the influence of IFER on outcomes. Of the IFER-related
variables analyzed, IVFE dose was the only variable that was
associated with outcomes. Interestingly, however, higher lipid
doses, to our surprise, were associated with worse NDO out-
comes in the domain of externalizing problems on the BASC-2
PRS-P. Although this outcome may be due to chance, there are
2 likely explanations for this finding. First, it is possible that
those patients treated with higher doses of lipids are at greater
risk for poor NDOs. The optimal dose and source of IVFE are
a topic of current investigation, and the effects of exogenous
supplementation via IVFE or the enteral route on the develop-
ing brain have not been elucidated conclusively.* Second, it

may be that the higher dose of lipids is reflective of those
patients who received IFER for a longer duration and under-
went dose titration either due to suboptimal growth or the
development of EFAD. Due to the nature of the retrospective
data collection, the specific clinical indications for IVFE dose
escalation were unable to be obtained; however, escalation was
chosen for either failure to demonstrate adequate weight gain
or with any evidence of a trend toward EFAD. Thus, the inter-
pretation of these data is challenging, specifically with respect
to EFAD. One limitation to the interpretation of the EFAD data
is that there was a significant amount of missing data.
Specifically, several patients did not have an essential fatty
acid profile drawn, and thus the numbers reported represent
those patients in each group who had an essential fatty acid
profile drawn and were found to be deficient. Still, the devel-
opment of EFAD was not found to be a predictor of poor neu-
rodevelopmental outcomes.

EN, both breast milk as well as enteral formula, provides an
important source of essential fatty acids. While stratification of
neurodevelopmental results by this covariate was not possible
due to small sample size, at the completion of the study, we
performed a retrospective analysis of exposure to EN. A
description of the average percent enteral intake and parenteral
intake at the time of IFER initiation and for the first 6 weeks of
IFER is provided in Table 8. Evaluation over the first 6 weeks
was chosen to account for the most critical period of brain
development. An additional rationale was that this comprised
the period when the greatest number of infants was on IFER.
Overall, for the first 6 weeks of IFER, the mean percent of EN
ranged from 11.7%—25.3%, and the mean percent of PN ranged
from 71.1%—-89.5% for the 18 patients completing all 3 NDO
surveys. While EN comprised a small proportion of the calo-
ries over the first 6 weeks of IFER, most calories were pro-
vided from PN. Furthermore, cautious interpretation of enteral
intake and exposure to enteral essential fatty acids is recom-
mended, since patients dependent on long-term PN may have
variable absorption of EN, and exposure to EN may not accu-
rately reflect the absorption of nutrients. We believe that the
results of this study and the influence of IFER on NDOs can be
interpreted and attributed to exposure to IFER rather than
enteral intake. However, due to the retrospective nature of this
study, future studies are warranted, which may be designed to
prospectively evaluate the effects of enteral and parenteral pro-
vision of essential fatty acids and to stratify results based on
exposure to EN.

The neurodevelopmental screening tools used in this inves-
tigation were parental surveys rather than direct assessments of
development, behavior, and neuropsychological status. While
these survey tools are validated measures,”>***" they offer
gross measurements of risk and are not designed to assess sub-
tle developmental deviations, including abnormalities in atten-
tion and early executive dysfunction. Despite this limitation,
the study measurement is strengthened by the combination of
assessment tools. Instruments are sensitive to different aspects
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Table 6. Logistic Regression Analyses of IFER-Related Variables on Overall Risk Categorization.
Variable Odds Ratio 95% Confidence Interval P Value
IFER duration 1 0.99-1.02 .54
IVFE dose 9.97 0.37-1352.89 18
Trend toward essential fatty acid deficiency 0.12 0-2.2 17
(triene to tetraene ratio >0.05)
IFER, intravenous fat emulsion reduction; IVFE, intravenous fat emulsion.
Table 7. Characteristics and BASC-2 PRS-P Risk Categorization Overall for Patients Not at Risk vs At Risk.
Characteristic Not at Risk (n=11) AtRisk (n=7) P Value
Gestational age, mean + SD (range), wk 36.4+2.6 (31.4-40) 33.8+3.7(29.7-39.1) .09
Birth weight, mean + SD (range), g 2594.9 + 589 (1375-3353) 2037.1 £939.9 (972-3500) 15
Age at study, mean £ SD (range), mo 51.1 £ 10.3 (35-72) 59.3+16.1 (36-81) 2
Socioeconomic status score, mean + SD (range) 39.2 +15.3 (22-63.5) 26.9 £ 9.3 (9-39.5) .29
Diagnosis, No. i
Hirschsprung 2 0
CDH 2 1
EA/TEF 1 1
SBS 1 1
Gastroschisis 4 2
NEC 0 2
Intestinal perforation 0 0
Hydrops fetalis 0 0
Meconium ileus 1 0
Congenital cystic adenoid malformation 0 0
Atresia 0 0
Obstruction 0 0
Vaginal delivery, % 70 50 .61
Male sex, % 81.8 71.4 >.999
Current PN at study, % 0 28.6 .14
Respiratory failure, % 45.5 71.4 37
Hypoxia, % 0 0
Sepsis, % 36.4 42.9 >.999
Retinopathy of prematurity, % 0 0
Intraventricular hemorrhage, % 0 0
Hypotension, % 27.3 28.6 >.999
Number of operations, median (25th percentile, 7(4,11) 7(5,17) i
75th percentile)
Duration of PN, median (25th percentile, 75th 65 (23, 120) 79 (53, 100) 48
percentile), d
Duration lipid restriction, median (25th percentile, 20 (5, 113) 65 (9, 95) .49
75th percentile), d
Dose of lipids, mean + SD (range), g/kg/d 0.44 +0.19 (0.26-1) 0.62 +0.33 (0.32-1.28) .26
Trend toward essential fatty acid deficiency 4 (of 5) 3 (of'5) 44
(triene to tetraene ratio >0.05), No.
Severe essential fatty acid deficiency (triene to 0 (of 5) 1 (of5) >.999
tetraene ratio >0.2), No.
BASC-2 PRS-P risk categorization, %
Externalizing problems 0 28.6 .14
Internalizing problems 273 42.9 .63
Behavioral symptom index 0 42.9 .04
Adaptive skills 0 42.0 .04

BASC-2 PRS-P, Behavior Assessment System for Children, Second Edition Preschool, Parent; CDH, congenital diaphragmatic hernia; EA, esophageal
atresia; EFA, essential fatty acid; NEC, necrotizing enterocolitis; PN, parenteral nutrition; SBS, short bowel syndrome; SD, standard deviation; TEF,

tracheoesophageal fistula.
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Table 8. Mean Percent Enteral Nutrition vs Parenteral Nutrition During the First 6 Weeks of IFER.

Characteristic Enteral Nutrition, Mean + SD (Range), % Parenteral Nutrition, Mean = SD (Range), %
At time of IFER 11.7 £ 17.8 (0-60) 89.5 £ 17.2 (40-100)

Week 1 of IFER 23.4+£29.5 (0-100) 75.6 =£28.2 (0-100)

Week 2 of IFER 21.7 £25.2 (0-75) 74.8 £25.4 (25-100)

Week 3 of IFER 25.3+£29.2 (0-90) 71.1 £28.4 (10-100)

Week 4 of IFER 18 +£23.8 (0-50) 77.1 £24.8 (50-100)

Week 5 of IFER 19.8 +£23.1 (0-50) 75.5+£23.9 (50-100)

Week 6 of IFER 18.1 £22.6 (0-50) 81.9+£22.6 (50-100)

IFER, intravenous fat emulsion reduction.

of risk. This was seen in our study findings, with differing
areas of concern identified on the various tools: gross motor
(17.6% of children evaluated) on the ASQ-3 and somatization
(22.2% of children evaluated) on the BASC-2 PRS-P.
Furthermore, consistent with previous research, the ASQ-3 and
PEDS identified differences in those considered at risk.”> As
noted by Sices et al,> these instruments use different formats,
including assessment of concerns vs assessment of skills, as
well as different approaches to cutoff for risk that may affect
sensitivity. In addition, the PEDS is validated across an older
age range, which may explain some of the differences, since
this tool may be more sensitive in picking up outcomes once
peer relationships are known and children are at school age,
whereas the ASQ-3 may be more sensitive to risk in younger
children. Because the correlation between the PEDS and
ASQ-3 was not strong in our study, we performed the second-
ary analysis, which combined the data to include patients who
were deemed at risk on either the PEDS tool or the ASQ-3 tool.
In doing so, we found that 61.1% (11 of 18 children) overall
were not at risk in our study, whereas 38.9% (7 of 18 children)
were deemed at risk. A comparison of the 2 groups revealed
that there were no significant demographic or clinical differ-
ences between those at risk and those not at risk. Importantly,
IFER-related variables were not found to be significant predic-
tors of outcome.

Several risk factors for negative neurodevelopmental and
behavior outcomes for neonates have previously been investi-
gated and described in the literature, including, but not limited
to, prematurity, exposure to certain medications, hypoxia at
time of birth, development of intraventricular hemorrhage,
chronic lung disease, episodes of sepsis, and retinopathy of
prematurity.*>° The relatively strict inclusion and exclusion
criteria of our study allowed for the influence of confounding
variables to be limited and for the variables of interest—
namely, IFER-related variables—to be isolated. Likewise, of
the identified participants who consented to the study, there
were fewer episodes of hypoxia, and the consented group had
an older gestational age at the time of birth. While accounting
for confounding variables allowed for a clean data analysis, a
potential limitation is that the sample size was small, thus
potentially limiting the power to detect significant differences

as well as the generalizability of the findings. Furthermore,
additional variables such as exposure to EN, suboptimal energy
delivery, and normal growth assessments may affect NDOs.
Although adverse neurodevelopmental outcomes may come
from poor nutrition delivery, we carefully followed our infants
twice weekly to ensure adequate growth. Our infants had
increased soybean-based IVFE if growth fell below accepted
means. Furthermore, using even more stringent IVFE restric-
tion, Cober et al'®'” demonstrated normal weight and linear
length via standard growth curves and World Health
Organization z scores. While these were not specifically evalu-
ated in this study, we believe that the results are not signifi-
cantly limited based on previous findings.

Of importance, early gestational age and low birth weight
have been linked to long-term neurodevelopmental delays.’' ™
In a recent study that evaluated 2.5-year neurodevelopmental
outcomes associated with prematurity, 31% were found to have
mild disability, 16% with moderate disability, and 11% with
severe disability, with overall rates of moderate and severe dis-
ability decreasing with increasing gestational age.* It is, there-
fore, not surprising that in our investigation, gestational age was
identified as a predictive factor for negative NDOs. The surgi-
cal population may also represent a patient population that is at
a higher baseline risk for negative NDOs, as repeated exposure
to anesthetics has been linked to developmental problems such
as learning disabilities.”*> In our study, while between-group
differences did not exist, the median number of operations in
the groups at risk and not at risk was seven. Thus, it is probable
that while we did identify a portion of our cohort to be at risk,
they are representative of a higher risk group at baseline and
would have been at risk even if they had not been treated with
IFER. It must also be noted that the neurodevelopmental out-
comes of the children included in our study were compared
with population norms rather than to a sample with similar neo-
natal and surgical baseline characteristics. Future investigations
will need to focus on prospective evaluations that compare a
larger sample of children treated with IFER with those who
receive standard IVFE therapy who are comparable at baseline
to more definitively assess the influence of IFER on neurode-
velopmental outcomes. Comparisons of IFER-treated children
compared with those who receive alternative fat emulsions (ie,
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fish oil, olive oil, or combination fat emulsions) are also impor-
tant future directions. In addition, a larger study sample would
allow for the combined influence of covariates to be analyzed,
potentially elucidating the additive effect of factors such as ges-
tational age and IFER-related variables. Finally, we did not spe-
cifically collect data pertaining to early intervention programs.
In general practice, our neonatal intensive care unit does screen
patients, and all premature neonates are screened at 1 year of
life. Additional referrals to early intervention were done on an
ad hoc basis by the primary care physicians or surgeons. Future
studies should incorporate this into the study design to address
this limitation.

Conclusion

This study represents the first report of NDOs in pediatric
patients treated with IFER. The neurodevelopmental outcomes
of infants previously treated with IFER were within the norma-
tive range most of the time in the population evaluated in this
study. Although roughly one-third of the patients were at risk on
at least 1 measure, we were unable to demonstrate any causal
relation of these at-risk infants to the use of IFER. These pre-
liminary results do not reveal significant associations with the
variables related to IFER such as IFER duration, IVFE dose, and
the development of EFAD, since these were not predictive of
poor neurodevelopmental outcomes. However, several limita-
tions to this study exist, including small sample size, retrospec-
tive data collection, and parental report of neurodevelopmental
outcomes. Thus, further research is needed to conclusively
determine the influence of IFER on long-term neurodevelop-
mental outcomes, which may be accomplished, ideally, through
a large, multisite, randomized, prospective study.
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