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Use of preemptive analgesia in Neonatal Intensive Care Units is recommended for severe and/or invasive pro-
cedures. However, the potential long-term consequences of such analgesia, which may be prolonged, are only
beginning to be studied. In this pilot study, a subset of subjects previously enrolled in the Neurological Out-
comes and Preemptive Analgesia in Neonates (NEOPAIN) trial was assessed at early childhood. These ex-
preterm infants (born at 23–32 weeks of gestational age) required intubation within 72 h postpartum and
were randomized to receive either preemptive morphine analgesia (maximum of 14 days) or placebo within
8 h post-intubation. At 5–7 years of age, neuropsychological outcomes, morphometrics, adaptive behavior,
parent-rated behavior, motivation, and short-term memory were measured. Although overall IQ and aca-
demic achievement did not differ between the morphine treated (n=14) and placebo (n=5) groups, pre-
emptive morphine analgesia was associated with distinct differences in other outcome variables. Head
circumference of morphine treated children was approximately 7% smaller (Cohen's d: 2.83, effect size
large) and body weight was approximately 4% less (Cohen's d: 0.81, effect size large); however, height did
not differ. In the short-term memory task (delayed matching to sample), morphine treated children exhib-
ited significantly longer choice response latencies than placebo children (3.86±0.33 and 2.71±0.24 s, re-
spectively) (pb0.03) and completed approximately 27% less of the task than placebo children (Cohen's d:
0.96, effect size large). Parents described morphine treated children as having more social problems, an effect
specific to creating and maintaining friendships (Cohen's d: −0.83, effect size large). Despite the small sam-
ple size and the preliminary nature of this study, these results are strongly suggestive of long-lasting effects
of preemptive morphine analgesia. A larger investigation with more comprehensive assessments of some of
these key features will enable a more complete understanding of the relationship between preemptive mor-
phine treatment and long-term neurocognitive, behavioral, and adaptive outcomes.

Published by Elsevier Inc.
1. Introduction

Preterm neonates in Neonatal Intensive Care Units (NICUs) repeti-
tively experience painful procedures (intubations, heel lances, tracheal
suctioning, etc.). In the U.S. and elsewhere, the number of such proce-
dures has been estimated at 5–15 per infant/day (Anand et al., 1996;
Barker and Rutter, 1995; Carbajal et al., 2008; Johnston et al., 1997;
Porter and Anand, 1998; Simons et al., 2003). Although there is some
controversy regarding the use of pharmacological agents for minor or
less invasive procedures (Kumar, 2008), there is agreement that pre-
emptive analgesia is recommended for more severe or invasive proce-
dures, (American Academy of Pediatrics et al., 2000; American
rotoxicology, National Center
son, AR 72079, United States.

erguson).

nc.
Academy of Pediatrics (Committee on Fetus and Newborn et al., 2000;
Anand et al., 2006; D'Apolito, 2006; Hall et al., 2007).

Pharmacological interventions for pain management in preterm
neonates are supported by clinical and experimental evidence
(reviewed in Anand et al., 2006); however, much remains to be un-
derstood before routine use is incorporated into daily practice. For ex-
ample, the pharmacokinetics/pharmacodynamics of repeated
analgesic treatment in the neonate are only beginning to be described
(Anand et al., 2008). Less known, however, are the long-term global
effects of neonatal analgesia (see American Academy of Pediatrics
(Committee on Fetus and Newborn et al., 2000; Anand et al., 2006;
Bellu et al., 2010; Fitzgerald and Walker, 2009; Hall et al., 2007) for
the need for followup studies). Given the long-term neurological im-
pact of untreated neonatal pain (Fitzgerald and Walker, 2009), it is
essential to determine the long-term effects of preemptive analgesia.

Several randomized trials have begun to evaluate the efficacy of
preemptive analgesia in neonates; specifically, opiate and sedative
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treatment (e.g., Anand et al., 2004; Quinn et al., 1992, 1993; Roze et
al., 2008). Three have described long-term outcomes of such analge-
sia (de Graaf et al., 2011; MacGregor et al., 1998; Roze et al., 2008).
Specifically, short-term (≤ 5 or 7 days) morphine treatment of pre-
term neonates did not alter IQ, motor development, or behavioral
problems measured at 5–6 years of age (de Graaf et al., 2011;
MacGregor et al., 1998). However, the visual analysis subtest of an
IQ assessment indicated poorer performance in morphine treated 5-
year-old children (de Graaf et al., 2011). Longer term (> 7 days)
unspecified sedative and/or opiate exposure had no effects on cogni-
tive ability measured at 5 years of age after adjusting for illness sever-
ity (Roze et al., 2008).

Here, we report preliminary long-term outcomes from the Neuro-
logical Outcomes and Preemptive Analgesia in Neonates (NEOPAIN)
trial, a randomized placebo-controlled trial which hypothesized that
preemptive morphine analgesia would improve neurological out-
comes in ventilated preterm neonates. Subjects in the NEOPAIN
have not been assessed since NICU discharge and are now school-
age. Although many preterm neonates develop cognitive deficits or
learning disabilities (reviewed in Allen, 2008), it is possible that
prior morphine exposure may have altered such outcomes. This initial
assessment was conducted following those suggestions for studies of
long-term outcomes such as use of well-defined measures (American
Academy of Pediatrics (Committee on Fetus and Newborn et al., 2000;
Anand et al., 2006) and measurement of executive function and
memory (Anand et al., 2006). A small subset of subjects from the
NEOPAIN trial in central Arkansas were administered a brief physical
exam followed by assessments of cognitive, personal and social skills,
and behavioral problems. Operant behavior assessed aspects of moti-
vation and short-term memory since performance on these tasks has
been previously described for preterm children (Paule et al., 1999)
and could be easily compared with those of subjects in this study.

2. Methods

2.1. NEOPAIN trial study design

The NEOPAIN study design including inclusion/exclusion criteria,
maternal and neonatal characteristics, stratification of neonates, mor-
phine doses and duration are described in detail in the original paper
(Anand et al., 2004). Briefly, very premature infants born between 23
and 32 weeks of gestational age and requiring intubation within the
first 72 h were randomized to receive either preemptive morphine
analgesia or placebo within 8 h post-intubation. Morphine dose regi-
mens were based on gestational age. Due to ethical considerations,
additional analgesia with open-label morphine was permitted in ei-
ther group with additional guidelines for the use of phenobarbital,
opiate antagonists, and muscle relaxants. Use of midazolam and
other sedatives was not permitted. Criteria for the weaning and with-
drawal of morphine were defined a priori. Preemptive analgesic use
was permitted for a maximum of 14 days. There were no differences
in the clinical and demographic characteristics of the two randomized
groups.

2.2. Participant recruitment and inclusion/exclusion criteria

Phone contact was attempted with the 196 parents/guardians of
the 212 formerly preterm neonates (some subjects were twins;
total n=96 morphine treated, n=116 placebo) who were enrolled
in the central Arkansas area NEOPAIN cohort. Of those 196, there
was no working phone number (or the number was continually
busy or was not answered) for 117 (n=51 morphine treated,
n=66 placebo). Of those contacted, 28 (n=11 morphine treated,
n=17 placebo) did not respond to phone messages, scheduled a test-
ing appointment but later cancelled, were interested but did not
schedule an appointment, were ineligible, or were not interested.
Final participation consisted of 14 morphine treated (8 male and 6 fe-
male) and 5 placebo (4 male and 1 female) children. Participation did
not affect or alter the child's medical treatment.

Five general criteria were used for inclusion in the current study:
1) the child must have been enrolled in the original NEOPAIN trial
during their NICU course at Arkansas Children's Hospital or the Uni-
versity of Arkansas for Medical Sciences, 2) the child must be
5–7 years of age, 3) if 7 years of age, the child must provide assent,
and 4) because stimulant medication has been shown to have effects
on the operant tasks assessed here (Chelonis et al., 2011 Chelonis et
al., 2002), the child must be able to remain stimulant-medication
free for 18 h prior to testing. Exclusion criteria were: 1) the parent/
guardian was not available or willing to give consent, 2) the family
lived more than 75 miles from Little Rock, AR (the testing site), 3)
the child had documented severe neurocognitive deficits (e.g., cere-
bral palsy), chronic ventilator dependency, neurosensory deficits
(e.g., deafness), or other chronic problems (e.g., chronic renal or he-
patic failure), 4) the parent/guardian or child had a significant lan-
guage barrier (some test materials were available only in English),
or 5) the child was unable to or their parent/guardian did not allow
them to remain stimulant-medication free for 18 h prior to testing.

The original NEOPAIN protocol was approved by the University of
Arkansas for Medical Sciences (UAMS) Institutional Review Board.
Procedures and testing materials for this follow-up study were ap-
proved by: 1) the UAMS Institutional Review Board and, 2) the Food
and Drug Administration's Research Involving Human Subjects Com-
mittee. Written informed consent from the parent/guardian and writ-
ten informed assent from the single 7-year-old subject were obtained
before enrollment. The parent/guardian was present when the assent
form was read to the subject. Parents were offered a copy of the con-
sent form and could withdraw consent at anytime during the study.

2.3. Procedures

2.3.1. Parent-completed questionnaires
The parent/guardian completed a brief demographic question-

naire, the Child Behavior Checklist – Parent version (ages 6–18)
(ASEBA, Burlington, VT), the Conners' Comprehensive Behavior Rat-
ing Scales – Parent Form (Pearson Assessments, San Antonio, TX),
and the Vineland Adaptive Behavior Scales (Second Edition) (Pearson
Assessments, San Antonio, TX). The Child Behavior Checklist yields
three composite scores: Internalizing and Externalizing Syndromes
and a Total Problems score. The Vineland Adaptive Behavior Scales
consists of 13 subdomain scores which are compiled into five do-
mains (Communication, Daily Living, Socialization, Motor Skills, and
Maladaptive Behavior) as well as a total Adaptive Behavior Composite
score. The Conners' Comprehensive Behavior Rating Scales contains
8 content scales, 3 global indices, and 3 symptom scales to assess at-
tention deficits and hyperactivity disorders.

2.3.2. Physical exam
A pediatrician (KJSA or RWH) blind to experimental group con-

ducted a brief physical exam of the child. Height, weight, head cir-
cumference and body mass index (BMI) (kg/m2) were obtained. The
physical exam included assessments of neurologic soft signs and a
brief medical history to determine the presence of hearing, vision,
or attentional problems.

2.3.3. Neuropsychological assessments
Trained psychological examiners blind to experimental group ad-

ministered the Stanford–Binet test (Version 5) (Riverside Publishing,
Rolling Meadows, IL) followed by the Wide Range Achievement Test
(WRAT4) (Psychological Assessment Resources, Inc., Lutz, FL). The
Stanford–Binet provides a full-scale IQ, two domain scores (Nonver-
bal IQ and Verbal IQ), and five factor indices: fluid reasoning, knowl-
edge, quantitative processing, visual-spatial processing, and working
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memory. Sentence comprehension, word reading, spelling, math
computation, and reading composite were WRAT4 metrics.

2.3.4. Operant tests
After the neuropsychological assessments, each child performed a

Progressive Ratio (PR) task followed by a Delayed Matching to Sam-
ple (DMTS) task. The apparatus and tasks have been described in de-
tail (Paule et al., 1988). Briefly, the response panel contained two
types of response manipulanda (press-plates and response levers).
Below the response panel was a tray into which reinforcers (nickels)
were delivered. Video-recorded instructions were shown to the child
before each task. A maximum of $4.50 in reinforcers could be earned
by the child which he or she was allowed to keep.

The PR task began when the far right of four response levers
(aligned horizontally) was extended from the response panel. Lever
presses were reinforced with a nickel based on a PR 1+10 schedule.
Specifically, after the first lever press, a reinforcer was delivered. The
number of lever presses required to obtain each subsequent reinforc-
er was then increased by 10. Thus, the first reinforcer “cost” 1 lever
press, the second cost 11 lever presses, the third 21, and so on. The
task continued until 30 nickels were earned or 10 min had elapsed.
The total number of reinforcers earned was used for statistical
analyses.

Three press-plates aligned horizontally above the retractable le-
vers on the response panel were used for the DMTS task: one of
seven white-on-black geometric symbols (e.g., circle, square, trian-
gle) could be projected onto each press-plate. The task began with
one of the seven stimuli (the sample stimulus) presented on the cen-
ter press-plate. This sample stimulus remained illuminated until the
subject pressed it after which it was darkened and a delay (1, 2, 4,
8, 16, or 32 s) was initiated. Following the delay, each press-plate
was illuminated with a different symbol, one of which was the same
as had initially appeared on the center press-plate (sample). If the
subject pressed the stimulus matching the sample, a reinforcer was
dispensed and the next trial began immediately with presentation
of a sample stimulus. However, if the subject pressed one of the two
stimuli that did not match the sample, all press-plates were darkened
and a 10 s timeout began, after which the next trial began. The DMTS
task continued until 60 nickels were earned or 20 min had elapsed.
Endpoints analyzed were: 1) percent task completed (100*(total
number of reinforcers earned/60), 2) accuracy (100*(total number
of correct trials/total number of trials presented), 3) average observ-
ing response latency (average time between presentation of the sam-
ple stimulus and the press-plate response), 4) average choice
response latency (average time between presentation of the three
stimuli and the press-plate response), 5) average correct choice re-
sponse latency (for those trials that resulted in a correct response),
and 6) average incorrect choice response latency (for those trials
that resulted in an incorrect response).

2.4. Statistical analyses

For most endpoints, an analysis of variance (ANOVA) with exper-
imental group and sex as factors determined statistical significance.
Although there was only one female in the placebo group, the vari-
ance is assumed constant across sexes and treatment groups. Thus,
the data for this subject is assumed to be representative of the
mean for placebo females. For the DMTS task, an additional factor of
delay interval was included for the analyses of accuracy, average ob-
serving response latency, and average choice response latency (cor-
rect and incorrect). Height, weight, head circumference, and BMI
were analyzed with analyses of covariance using age as a covariate.

Traditional statistical significance is influenced by sample size and
at best, we obtained group sizes of 14 and 5 for the morphine-treated
and placebo groups, respectively. Significance testing with small sam-
ple sizes is especially prone to Type II errors. As noted by Zakzanis, a
meaningful effect may be present but the statistical test may lack suf-
ficient power for detection (Zakzanis, 2001). Thus, as advised by the
American Psychological Association (American Psychological et al.,
2009) and as advocated for behavioral pediatrics specifically
(Colliver, 2007), effect sizes were calculated for each endpoint. Effect
sizes describe the magnitude of the effect, are independent of sample
size, scale-free, and they aid in the interpretation of the substantive or
practical significance of a result. Since it has been suggested to be the
most appropriate for neuropsychological research (Zakzanis, 2001),
Cohen's d measure was calculated using the modified formula
which takes into account smaller sample bias (Durlak, 2009). Only
those endpoints which resulted in statistical significance and/or a
large effect size (≥0.80 as defined by Cohen Cohen, 1994) were con-
sidered to definitively distinguish the two experimental groups. Dis-
cussion of a large effect size which was not statistically significant is
not only appropriate, but has been encouraged (Thompson, 1999).

3. Results

Table 1 shows the demographic characteristics of the subjects. Of
the five placebo subjects, four received additional analgesia (3
males and 1 female). Of the 14 morphine treated subjects, 13 received
additional analgesia (7 males and 6 females). Included in Table 1 are
the percentages of the original Arkansas NEOPAIN cohort, excluding
those that died prior to 28 days of age. These percentages are includ-
ed for comparison to the demographics of the current subjects.

3.1. Physical exam

Table 2 shows data and effect sizes for each group by sex. There
were no statistically significant effects of group, sex, or their interac-
tion in the analyses of height, body weight, head circumference, or
BMI. However, body weight and head circumference indicated large
effect sizes (0.81 and 2.83, respectively), indicating decreased body
weight and head circumference in the morphine treated group (see
Fig. 1A and B for individual data). Neurological soft sign abnormalities
were noted in 2/14 children in the morphine treated group and 1/5 in
the placebo treated group. These differences were not significant.

3.2. Parent-completed questionnaires and neuropsychological assessments

Table 3 shows data and effect sizes for each endpoint by group and
sex.

3.2.1. Stanford–Binet, Child Behavior Checklist – Parent Version, and
WRAT4

None of the 8, 11, or 5 endpoints from the Stanford–Binet, the
Child Behavior Checklist, or the WRAT4, respectively, indicated statis-
tically significant effects of group, sex, or their interaction.

3.2.2. Vineland Adaptive Behavior Scales
None of the 5 domain scores or the adaptive Behavior Composite

score indicated statistically significant effects of group, sex, or the in-
teraction. However, the Socialization domain as well as the total
Adaptive Behavior Composite score indicated large effect sizes (see
Table 3). These two effect sizes resulted from comparing one male
placebo subject to 11 morphine subjects, given that similar scores
could not be computed for the other 8 subjects (due to the scoring
criteria). It is not clear how representative this single placebo subject
was of the entire group; thus, these two large effects will not be dis-
cussed further.

3.2.3. Conners' Comprehensive Behavior Rating Scales
None of the endpoints from the Conners' Comprehensive Behavior

Rating Scales indicated statistically significant effects of group, sex, or
the interaction. However, the social problems score indicated a large



Table 1
Subject characteristics.

Placebo Morphine

Boys (n=4) Girls (n=1) Boys (n=8) Girls (n=6)

Months of age at testing 74.3±4.2 75.9 71.2±2.2 77.0±3.4

Child's race Whitea 4 (61.0%)b 1 (46.8%) 7 (72.7%) 6 (60.8%)
Black 0 (37.3%) 0 (51.6%) 1 (21.8%) 0 (37.3%)

Gestational age (weeks) at birth 23–26 1 (35.6%) 0 (24.2%) 4 (27.3%) 2 (21.6%)
27-29 3 (42.4%) 1 (56.5%) 3 (54.6%) 2 (51.0%)
30-32 0 (22.0%) 0 (19.4%) 1 (18.2%) 2 (27.5%)

Mother's marital status Single 0 (56.0%) 0 (71.0%) 1 (49.1%) 1 (58.8%)
Divorced 1 (0%) 0 (0%) 1 (1.9%) 0 (0%)
Married 3 (44.1%) 1 (29.0%) 5 (47.3%) 4 (41.2%)

Mother's education Grades 10–12 3 1 5 1
Associate's degree 0 0 0 0
Bachelor's degree 1 0 1 2
Master's degree 0 0 1 2
Doctorate or

Professional degree 0 0 0 0
Father's education Grades 10–12 2 1 3 3

Associate's degree 0 0 2 0
Bachelor's degree 0 0 0 1
Master's degree 1 0 1 0
Doctorate or

Professional degree 0 0 0 0

a Numbers in each category may not sum to total as the parent/guardian may not have answered all questions.
b Italicized percentages in parentheses represent the percent of the original Arkansas NEOPAIN cohort for each sex/treatment group after elimination of neonatal mortality (i.e.,

death before 28 days of age). These are shown for representative comparisons to the current study numbers. Percentages may not sum to 100 due to rounding. There was an ad-
ditional race category (Hispanic) in the original cohort. Finally, percentage comparisons for mother's education could not be calculated as the original educational categories were
different and percentage comparisons for father's education could not be calculated as this information was not collected in the original cohort study.
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effect size (−0.83) and signified increased social problems in the
morphine treated group. This effect size resulted from scores from
all subjects (i.e., 5 placebo and 14 morphine treated children).

3.3. Operant tests

Two subjects were not assessed for PR and DMTS performance:
one morphine treated male had taken Ritalin the morning of the
test session and one morphine treated female did not participate.
Two additional subjects were not included in the final DMTS ana-
lyses: one morphine treated female did not complete at least one
trial at each delay (a requirement for statistical inclusion) and one
morphine treated male requested to terminate the test session after
the PR task ended. This resulted in final subject numbers for the
DMTS task of 4 placebo males, 1 placebo female, 6 morphine treated
males and 4 morphine treated females. Table 4 shows effect size
and data for each operant test endpoint by group and sex.

3.3.1. Progressive ratio
Analysis of number of reinforcers earned did not yield significant

effects of group, sex, or the interaction. Average number of reinforcers
earned ranged 12–15 for each group, which translated into 121–154
lever presses emitted for the last reinforcer earned.
Table 2
Effect size and mean (±SEM) of physical exam parametersa.

Placebo

Cohen's db Boys (n=4)

Height (cm) 0.52 116.88±1.66
Weight (kg) 0.81 22.27±1.47
BMI 0.10 16.32±1.07
Head circumference (cm) 2.83 52.35±0.96

a No endpoint indicated a statistically significant effect of treatment, sex, or the interacti
b Effect sizes shown in bold are considered “large effects”.
3.3.2. Delayed matching to sample
Analyses of percent task completed, accuracy, and average observ-

ing response latency did not indicate significant effects of group, sex,
or the interaction. However, percent task completed indicated a large
effect size (0.96) and revealed that less of the task was completed by
the morphine treated group. Choice response latency indicated a sig-
nificant effect of group (F(1,11)=6.36, pb0.03). The morphine trea-
ted group had longer choice response latencies (3.86±0.33 and
2.71±0.24 s, respectively, averaged over sex). There was a significant
effect of group (F(1,11)=6.08, pb0.04) for average correct choice re-
sponse latency. Themorphine group exhibited longer choice response
latencies for correct trials than did the placebo group (3.75±0.44 vs.
2.48±0.51 s, respectively, averaged over sex). However, average in-
correct choice response latencies did not differ between groups (F
(1,10)=0.86, pb0.38) (5.33±0.42 and 5.64±1.34 s for the mor-
phine and placebo treated groups, respectively, averaged over sex).

4. Discussion

In this pilot study, preemptive analgesiawithmorphine inpreterm in-
fants had no significant effects on IQ, academic achievement, self-
sufficiency, or motivational assessments at 5–7 years of age. Head cir-
cumference and body weight, however, were decreased in themorphine
treated group. Further, via parent report on the Conners' Comprehensive
Morphine

Girls (n=1) Boys (n=8) Girls (n=6)

114.20 115.05±1.74 115.12±1.28
19.80 19.58±0.78 20.59±1.62
15.18 14.86±0.73 15.56±1.25
50.80 48.63±1.79 47.27±1.09

on.
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Fig. 1. A. Head circumference (cm) and treatment group. Males are indicated by circle
symbols and females as triangles. Cohen's d indicated a large effect size (2.83) for dif-
ferences in head circumference. Identical circumferences in some subjects caused over-
lapping data points (2 male subjects in the placebo group with 52 cm circumferences, 2
subjects in the morphine treated group with 45 cm circumferences and 2 male subjects
in the morphine treated group with 52 cm circumferences). B. Body weight (kg) and
treatment group. Males are indicated by circle symbols and females as triangles.
Cohen's d indicated a large effect size (0.81) for differences in body weight.
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Behavior Rating Scales, more social problems were apparent in the mor-
phine treated group. These children also exhibited increased latencies to
make a choice response in the short-termmemory task. That preemptive
analgesia had no effects on overall IQ or academic achievement is similar
to previous findings of 5–6 year old preterm children who receivedmor-
phine or other unspecified analgesia in the NICU (de Graaf et al., 2011;
MacGregor et al., 1998; Roze et al., 2008). Response latencies have not
been previouslymeasured for childrenwho received preemptive analge-
sia of any type. Thus, although these findings and those of others
(MacGregor et al., 1998; Roze et al., 2008) provide increased confidence
that preemptive analgesia of preterm infants does not produce severe
IQ or academic achievement alterations, the differences in head circum-
ference, body weight, choice response latencies, and social inter-
actions suggest significant differences in these previously unassessed
parameters.

Because of the small sample sizes of this study and the potential clin-
ical implications, it is important to emphasize the preliminary nature of
these assessments. Until these results are replicated and/or extended,
they can only be strongly suggestive. As such, the degree to which the
placebo treated group here is representative of preterm infants is very
important. Because performance on the neuropsychological tests used
here has been measured in previous studies of preterm children, some
comparisons can be described. Stanford-Binet full-scale IQ reported
here is well within the ranges reported for preterm 3–8 year-old chil-
dren (Begega et al., 2010; Caravale et al., 2005; Cohen and Parmelee,
1983; Wallace and McCarton, 1997) and extremely low birthweight
children at 3 or 5 years of age (Kilbride et al., 2004). The WRAT4
scores here are also within the ranges reported for preterm 8-year-old
children (Roberts et al., 2010), small for gestational age 14-year-old
adolescents (O'Keeffe et al., 2003), and extremely low birthweight
12–16-year-old adolescents (Saigal et al., 2000). Further, the Vineland
Adaptive Behavior Scale adaptive behavior composite score here was
within the range of that of preterm 1-year-old infants (Allen et al.,
2004). Finally, PR and DMTS performance by the placebo group here
was very similar to that previously reported for preterm6-year-old chil-
dren (Paule et al., 1999). Thus, despite the small sample size, perfor-
mance of the placebo group here appears representative of preterm
children.

While the neuropsychological performance of the placebo group
appears representative of preterm children in general, the small sam-
ple size may not be representative or reflective of the larger original
Arkansas NEOPAIN cohort. For example, the current study contained
only one black subject (5.3% of the total pool) while the original co-
hort was comprised of 37.5% black subjects, although, it is difficult
to speculate on the potential effect of this difference. The current
study was underrepresented in placebo subjects at the later gesta-
tional age (30–32 weeks), having none in this category while approx-
imately 20% of the placebo group of original cohort was born at
30–32 weeks gestational age. Similarly, the current study was overre-
presentated in the morphine treated subjects born at the earliest ges-
tational age (23–26 weeks) relative to that of the original cohort
(approximately 42.9% vs. 20.6%, respectively). Given that extremely
preterm children can be at increased risk of neuropsychological alter-
ations, such as decreased Stanford–Binet performance, relative to
children born at later gestational ages (Dezoete et al., 2003), this in-
creased representation of morphine treated subjects born at the ear-
liest gestational age may have impacted the results. Therefore, it is
important that these results be replicated and that followup assess-
ments of increased numbers of subjects in the Arkansas NEOPAIN co-
hort as well as the other NEOPAIN locations continue.

Measures of bodyweight and head circumference indicated large ef-
fect sizes. Children in themorphine treated groupweighed less and had
a smaller head circumference than placebo children. As is typical of pre-
term children (e.g., Bracewell et al., 2008; Kan et al., 2008), the head cir-
cumference of the preterm subjects here wasmuch smaller than that of
full term children. With the exception of the single placebo girl whose
head circumference was at the 25th percentile, all placebo subjects
fell at or below the 3rd percentile for full term, same-aged children
(see Rollins et al., 2010 for baseline values for children). Nonetheless,
preemptive morphine analgesia in the NICU appeared to inhibit head
circumference growth and body weight gain. Body weight gain and
head circumference growth during time in the NICU (i.e., from birth to
discharge) has been reported to be a better predictor of neurodevelop-
mental outcome at 5 years of age than are growth gains during the next
few years (Franz et al., 2009), indicating the sensitivity of this early
postpartum period to potential disruption. Franz et al. (Franz et al.,
2009) suggest their findings advocate for improving growth in preterm
infants via intensive nutritional support in theNICU. If themorphine an-
algesia used here interfered with nutritional support during this espe-
cially vulnerable period, head circumference growth and body weight
gain could have been particularly affected. Such a hypothesis appears
to be supported by results from the larger NEOPAIN cohort, in which
the morphine treated infants achieved full enteral feeds approximately
3 days later than did placebo infants (Menon et al., 2008).

Performance on the PR task indicated similar motivational levels
in placebo and morphine treated children; however, the DMTS task



Table 3
Effect size and mean (±SEM) of neuropsychological assessments.

Placebo Morphine

Cohen's da Boys Girls Boys Girls

Stanford–Binet n=4 n=1 n=8 n=6
Full-scale IQ −0.04 98.0±5.8 100.0 100.4±2.5 96.7±2.5
Nonverbal IQ 0.06 97.8±6.0 105.0 100.0±2.7 96.7±2.7
Verbal IQ −0.11 98.8±5.4 95.0 100.3±2.4 97.3±2.8
Fluid reasoning −0.14 93.3±10.9 100.0 97.0±2.4 96.5±3.4
Knowledge 0.53 97.5±5.5 97.0 91.0±4.9 91.8±2.9
Quantitative reasoning 0.46 102.8±5.7 108.0 100.9±2.0 97.7±2.8
Visual spatial processing −0.39 99.0±7.2 97.0 105.4±4.2 101.3±3.8
Working memory −0.17 102.3±6.5 97.0 105.9±2.3 99.5±4.6
WRAT 4 n=3–4 n=1 n=6–8 n=4–6
Word reading −0.48 97.8±7.8 104.0 112.0±6.3 99.7±3.1
Sentence comprehension −0.51 87.0±10.0 77.0 100.3±10.5 89.5±10.2
Spelling 0.24 108.0±2.9 105.0 105.0±3.9 105.8±3.3
Math computation 0.15 99.5±8.5 90.0 97.9±2.6 92.3±3.8
Reading composite −0.61 91.0±11.6 89.0 108.8±7.7 93.8±8.1
VABS n=1–4 n=1 n=4–8 n=3–6
Communication 0.36 114.0±8.0 112.0 105.9±2.5 113.5±7.2
Daily living skills −0.73 107.0±0.0 93.0 108.0±4.6 110.0±4.7
Socialization 1.16 124.0±0.0 – 99.0±9.6 111.3±4.0
Motor skills −0.21 93.5±9.9 – 95.4±4.9 99.7±5.2
Adaptive behavior composite 1.03 117.0±0.0 – 101.3±5.6 112.5±3.7
Maladaptive behavior index −0.32 15.3±0.8 14.0 15.5±0.6 15.8±1.1
CBCL n=4 n=1 n=8 n=6
Internalizing −0.17 47.3±6.8 39.0 47.1±2.3 47.8±3.3
Externalizing 0.50 49.3±1.9 54.0 44.1±4.8 47.7±2.9
Total problems 0.26 51.3±4.6 45.0 46.9±3.7 48.0±3.7
CCBRS n=4 n=1 n=8 n=6
Oppositional 0.11 47.5±2.6 50.0 45.6±3.3 49.3±2.8
Cognitive problems/inattention 0.21 53.0±5.5 44.0 46.8±1.9 52.3±3.5
Hyperactivity 0.13 52.3±5.6 50.0 51.3±2.9 49.8±1.9
Anxious–shy −0.07 55.8±8.2 45.0 51.3±3.8 59.0±2.6
Perfectionism −0.59 46.0±2.3 40.0 45.4±2.2 56.5±4.9
Social problems −0.83 45.3±0.3 45.0 47.9±1.8 48.3±1.5
Psychosomatic 0.17 53.3±6.9 43.0 49.6±2.1 48.8±3.5
ADHD index 0.17 51.8±7.2 45.0 46.6±3.1 50.5±3.5
CGI: restless–impulsive 0.24 53.0±7.4 47.0 49.1±2.7 48.8±2.8
CGI: emotional lability −0.68 41.8±1.5 47.0 45.6±3.2 50.0±2.8
CGI: total 0.08 49.5±5.3 47.0 47.8±3.0 49.0±2.6
DSM-IV: inattentive 0.15 50.5±5.9 42.0 44.9±1.9 50.5±2.8
DSM-IV: hyperactive–impulsive 0.01 53.3±4.8 47.0 52.3±4.3 51.5±3.0
DSM-IV: total 0.09 52.0±5.8 44.0 48.4±3.1 51.0±3.1

a Effect sizes shown in bold are considered “large effects”; however, see Section 3.2.2 for additional information.
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clearly differentiated the groups. Preterm children have later difficul-
ties in working memory (Clark and Woodward, 2010; Mulder et al.,
2011) and attentional delays (Hall et al., 2008), but no study has
assessed the effects of neonatal morphine analgesia on these param-
eters. A large effect size indicated that morphine treated children
completed approximately 27% less of the DMTS task than did placebo
children. Decreased DMTS task completion could result from a num-
ber of factors. Morphine treated children could have experienced
Table 4
Effect size and mean (±SEM) of operant task endpoints.

Placeb

Cohen's da Boys

PR n=4
Number of reinforcers earned −0.12 12.3±
DMTS n=4
Percent task completed 0.96 75.8±
Accuracy 0.64 88.9±
Observing response latency (s) −0.37 2.3±
Choice response latency (s)b −0.62 2.8±
Correct choice response latency (s)c −0.67 2.6±
Incorrect choice response latency (s) 0.25 4.3±
Number of incorrect trials −0.37 5.8±

a Effect sizes shown in bold are considered “large effects”.
b Choice response latency was longer in the morphine treated group (pb0.05).
c Correct choice response latency was longer in the morphine treated group (pb0.05).
more of the 10 s timeouts after an incorrect response, resulting in
the presentation of fewer trials in the allotted task time. Average
number of incorrect trials was somewhat higher in the morphine
treated group, but this does not fully explain the decreased task com-
pletion because accuracy did not differ significantly between the two
groups. The selection of the delay interval (1–32 s) in the DMTS task
is random and if the morphine treated group received more long
delay trials, this could have resulted in less task completion; however,
o Morphine

Girls Boys Girls

n=1 n=7 n=5
1.9 15.0 13.9±1.7 12.7±1.6

n=1 n=6 n=4
4.4 86.7 58.3±7.2 68.3±11.4
2.5 97.0 80.1±8.0 86.4±6.1

0.3 2.4 3.5±0.4 2.4±0.4
0.3 2.3 4.4±0.4 3.1±0.5
0.2 1.9 4.3±0.6 2.9±0.5
0.4 10.9 5.7±0.4 4.7±1.1
1.1 2.0 8.0±2.6 6.5±2.3
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both groups each received a nearly identical number of long delay tri-
als (>4 s) (26.4 and 23.5 trials each for the placebo and morphine
treated groups, respectively).

More probable is that the morphine treated children completed less
of the DMTS task due to their increased choice response latencies.While
increased reaction times are typical of preterm children (Pizzo et al.,
2010), longer response latenciesmean that fewer trials can be complet-
ed in the allotted time, resulting in decreased task completion. Re-
sponse latencies for morphine treated children were longer for both
correct and incorrect choices; however, only correct choice response la-
tencies differed significantly between the groups. Because observing re-
sponse latencies did not differ between the groups, deficits in motoric
skills are not likely to explain the choice response latency difference. In-
creased correct response latencies could indicate that morphine treated
children required more time to remember which of the three symbols
had been presented as the sample stimulus. Indeed, choice response la-
tencies in children and adults for knowledge-based questions or on a
DMTS task are inversely correlated with confidence in the accuracy of
the answer (Koriat and Ackerman, 2010; Olsen et al., 2009; Zakay and
Tuvia, 1998). Though not assessed here, the morphine treated children
may have had less confidence in their choice response. In adults, various
brain regions (i.e., portions of themedial temporal lobe, anterior hippo-
campus, bilateral dorsolateral prefrontal cortex, bilateral fusiform gyri,
anterior cingulate cortex and occipital regions) show increased activa-
tion during those DMTS delay intervals which are followed by a correct
response relative to an those delays followed by an incorrect response
(Melrose et al., 2007; Olsen et al., 2009). While it may be tempting to
speculate about the potential effects of preemptive morphine analgesia
on development of those areas, this requires additional research.

Rather than increased time needed for memory retrieval, an alter-
native explanation for the increased choice response latencies exhib-
ited by the morphine treated group may involve perceptual reasoning
and analysis. Preterm neonates treated with morphine analgesia who
were assessed at 5 years of age performed more poorly than placebo
children on the visual analysis (also known as Hidden Figures) subt-
est of the Revised Amsterdam Child Intelligence Test (RAKIT) (de
Graaf et al., 2011). The Hidden Figures subtest is thought to measure
visual analysis, pattern recognition, matching and the ability to ignore
distracting, irrelevant stimuli (Helms-Lorenz et al., 2003). Similarly,
the DMTS task involves visual analysis, pattern recognition, and
matching. Although the morphine treated children here were no
less accurate at this task than were placebo children, the increased la-
tency to respond may indicate the need for increased time to analyze,
recognize and match the visual stimulus.

Morphine treated children exhibited approximately 6% higher
scores on the social problems scale of the Conners' Comprehensive
Behavior Rating Scales, resulting in a large effect size. Seven of the
14 morphine treated children scored as high or higher than the high-
est scoring placebo child. Items contributing to this measure assess
the child's relationships with friends and feelings of inferiority. Defi-
cits in making and maintaining peer relationships could have far-
reaching consequences (e.g., Kupersmidt and Patterson, 1991;
Schultz et al., 2009). However, social problems as measured by the
Child Behavior Checklist were similar in both groups. Items compris-
ing the social problems scale on the Child Behavior Checklist measure
the number of friendships and quality of interactions with friends and
family. Whether these two scales are significantly correlated is not
clear. For example, the social problems scale of the Child Behavior
Checklist, but not the same scale of the Conners’ Comprehensive Be-
havior Rating Scales, was able to distinguish between sleep-
disordered children and control children (Rosen et al., 2004). Thus,
these two scales (social problems in the Child Behavior Checklist
and social problems in the Conners' Comprehensive Behavior Rating
Scales) could be measuring somewhat different constructs. Similar
measures were not assessed in previous studies of the long term ef-
fects of preemptive analgesia (MacGregor et al., 1998; Roze et al.,
2008). While it is not unusual for formerly preterm children or ado-
lescents to have social problems and/or trouble establishing social
contacts (Delobel-Ayoub et al., 2009; Hille et al., 2008; Skranes et
al., 2007), a potential worsening of such effects by preemptive mor-
phine analgesia could produce additional problems.

Although it remains to be determined if the increased social prob-
lems in morphine treated children are a replicable and/or long-lasting
effect, results of laboratory animal research support the existence of
such an effect. Play behavior in young rats is one of the earliest
forms of social interaction with peers and in many aspects, rodent
play behavior resembles the physical play behavior of children. The
motivational and rewarding aspects of this behavior appear regulated
by CNS opioid systems in that play behaviors can be altered by acute
treatment with morphine or opioid antagonists (Jalowiec et al., 1989;
Vanderschuren et al., 1995). For example, morphine treatment during
the last week of gestation increased play behavior in rats (Hol et al.,
1996; Niesink et al., 1999) but early postnatal treatment caused a
delay in achieving control levels of play in rats (Najam and
Panksepp, 1989). Thus, the alterations in rodent play behavior after
morphine treatment may depend on stage of development at treat-
ment. For a translational assessment, it is difficult to determine with
any great specificity how comparable the CNS of an early postnatal
rat is to a preterm human; however, using certain cortical events as
markers, a 11–12 postnatal day old rat may be most similar to a
27 week gestational age human (see www.translatingtime.net and
Clancy et al., 2007), which is the average gestational age for the sub-
jects in the current study. Thus, in an extremely general sense and
without equating morphine dose or duration of treatment and using
previous results (Najam and Panksepp, 1989), it could be predicted
that the increased social problems of the morphine treated children
may resolve with age.

In summary, while measures of IQ and academic achievement did
not differ between the morphine treated and placebo groups, there
were indications that preemptive morphine analgesia altered certain
morphometrics and behaviors at 5–7 years of age. Morphine treated
children had a smaller head circumference, decreased body weight,
and exhibited longer choice response latencies in a delayed matching
to sample task. Morphine treated children were also described by a
parent as having more social problems, an effect specific to creating
and maintaining friendships. If these effects prove to be long-
lasting, they may interfere with later adolescent functioning. These
pilot study results suggest that a larger study with more comprehen-
sive assessments of these key features would enable a more complete
description of the relationship between preemptive morphine anal-
gesia in preterm infants and long-term neurocognitive, behavioral,
and adaptive outcomes.
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