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Long-term 1impact of systematic pain and sedation

management on cognitive, motor, and behavioral outcomes
of extremely preterm infants at preschool age

Philipp Steinbauer', Philipp DeindI?, Renate Fuiko', Lukas Unterasinger’, Francesco Cardona’, Michael Wagner', Joy Edobor’,
Tobias Werther', Angelika Berger', Monika Olischar' and Vito Giordano'

BACKGROUND: Providing optimal pain relief is a challenging task when caring for premature infants. The aim of this study was to
compare the long-term cognitive, motor, and behavioral outcomes of preterm infants before and after the implementation of a

pain and sedation protocol. In addition, we investigated whether the increased opiate administration resulting after the
implementation process had an impact on these outcomes.

METHODS: Cognitive outcomes were evaluated using the Kaufman Assessment Battery for Children (KABC), neuromotor
examinations were based on Amiel-Tison, and behavioral outcomes were assessed using the parent-reported Child Behavior
Checklist (CBCL).

RESULTS: One hundred extremely preterm infants were included in the study (control group, n = 53; intervention group, n = 47).
No significant differences were found in cognitive and motor outcomes at preschool age. However, every increase in the
cumulative opiate exposure for each 100 mg/kg was weakly significantly associated with a higher risk for autism spectrum features
(adjusted odds ratio (aOR) = 1.822, 95% confidence interval (Cl) [1.231-2.697]; P = 0.03) and withdrawn behavior (aOR = 1.822, 95%
Cl [1.231-2.697]; P = 0.03) at preschool age.

CONCLUSION: Increased neonatal cumulative opiate exposure did not alter cognitive and motor outcomes but may represent a

risk factor for autism spectrum and withdrawn behavior at preschool age.
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IMPACT:

® The implementation of a protocol for the management of pain and sedation in preterm infants resulted in increased cumulative

opiate exposure.

® Our study adds further evidence that increased neonatal opiate exposure did not alter cognitive and motor outcomes but may
yield a potential risk factor for autism spectrum disorders and withdrawn behavior at preschool age.

® A vigilant use of opiates is recommended.

® Further studies are needed looking for novel pain management strategies and drugs providing optimal pain relief with minimal

neurotoxicity.

INTRODUCTION

Preterm neonates admitted to the neonatal intensive care unit
(NICU) are repeatedly exposed to painful procedures, most of
them still performed without the use of adequate analgesia.’
Exposure to repeated stressful and painful procedures has been
associated with several adverse outcomes, such as altered brain
development,** internalizing symptoms,* and alterations in pain
processing and pain sensitivity.’

Consequently, pain management in the NICU often includes
opiate therapy. Concerns have been raised regarding the safety of
opiates in preterm infants. Multiple lines of evidence suggest that
early opiate exposure in rodents result in altered dendritic
architecture, increased neuronal apoptosis,® and behavioral and

motor difficulties.” However, translation of results of animal studies
to humans is difficult and results of clinical trials are controversial ®°

Since both conditions of over-sedation and excessive pain are
related to a risk for worse neurodevelopmental outcomes, the
NICU staff is challenged with regard to the appropriate pain-
relieving treatment. To render the interpretation of patient’s pain
more objective among different raters working in the NICU,
international guidelines recommend the use of pain and sedation
scales.'”

Our research group recently reported that the implementa-
tion of a protocol to manage and treat neonatal pain and
sedation using opiates at two NICUs at the Medical University of
Vienna resulted not only in an improvement of pain and
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sedation management, but also in an increased opiate admin-
istration.'" We therefore examined the neurodevelopmental
outcome of study patients at the age of 1 year'? and 3 years."?
Since the age of 5 years represent an important stage of
cognitive, motor, and behavioral development, data were
collected within the last follow-up appointment provided by
our follow-up clinic at preschool age (at the age of 5-6 years).
The aim of the study was to examine whether the implementa-
tion of a protocol for the management of pain and sedation had
an impact on cognitive, motor, and behavioral outcomes in
extremely preterm infants at preschool age. Furthermore, we
evaluated whether increased cumulative opiate exposure
resulting from the implementation of the protocol'? was
associated with worse cognitive, motor, and behavioral out-
comes at preschool age.

METHODS

Setting

This single-center observational cohort study was performed at
the Division of Neonatology, Pediatric Intensive Care and
Neuropediatrics at the Medical University of Vienna, a tertiary
perinatal center admitting an average of 900 neonates per year,
including about 180 very low birth weight infants. The
institutional ethics review board approved the study (EN:
1064/2018).

Patients

In 2010, the Neonatal Pain, Agitation and Sedation Scale (N-PASS)
and the associated Vienna Protocol for Neonatal Pain
and Sedation (V-PNPS) were implemented at two NICUs of the
Medical University of Vienna.'" We evaluated all children assessed
and treated using the N-PASS and the V-PNPS 1 year after the
implementation process with a historical group of children
belonging to the era before the implementation process at
preschool age. All patients born at the Medical University of
Vienna between 2009 and 2011 prior to 28 week of gestational
age and weighing <1500 g, without any chromosomal aberration
or congenital malformation, were eligible for inclusion in
this study.

Cumulative opiate exposure

Infants were treated according to our V-PNPS using continuous, as
well as bolus intravenous morphine or fentanyl. To summarize the
use of both drugs in one cumulative dose, a morphine equivalent
dose was calculated using the following formula: morphine
equivalent dosage = fentanyl dose x 100."*

Follow-up assessment

Neurodevelopmental assessment at preschool age was performed
in the follow-up clinic of the Department of Pediatrics and
Adolescent Medicine and included neuromotor examinations
based on the Amiel-Tison neurological assessment tool,'”
cognitive assessment using the Kaufman Assessment Battery for
Children (KABC),'® and behavior assessment using the parent-
reported Child Behavior Checklist (CBCL)."”

In addition, medical data were collected including hearing and
visual impairment as well as growth parameters, including weight,
height, and head circumference. Medical examination was
performed on the same day as cognitive, motor, and behavioral
assessment.

Cognitive assessment (KABC). The KABC is a clinical instrument for
assessing cognitive development. A German version was used in
the study using age-specific reference data from German-speaking
children including Germany, Switzerland, and Austria.'® A more
recent version of the KABC, the KABC-Il has been published in the
German version by Melchers and Melchers.'® Both KABC scales
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were designed and validated by the same authors and share the
same scientific background. However, some subscales were added
in the new version. Only subscales included in both versions were
used for statistical analysis: simultaneous processing scale and
sequential processing scale.

Motor assessment (Amiel-Tison). Motor function was assessed
according to the standardized neurologic examination proposed
by Amiel-Tison,' including information regarding gross motor
skills, fine motor skills, muscle tone, and reflexes. Information
about gross motor skills, fine motor skills, muscle tone, and
reflexes were extracted from the medical charts and were
classified as normal vs abnormal.

Behavioral assessment (CBCL). Behavior was assessed using the
parent-reported CBCL."” The CBCL is a questionnaire for parents
revealing behavioral problems of children and adolescents. In the
CBCL/1.5-5, two evaluation methods are available. In the first
evaluation method, questions are grouped in seven empirically
based problem scales including emotionally reactive, anxious/
depressed, aggressive behavior, attention problems, somatic
complaints, sleep problems, and withdrawn.

The second evaluation approach is based on the DSM-5
(Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition)."? Five DSM-5-oriented scales are provided in the CBCL/
1.5-5 including depressive problems, anxiety problems, autism
spectrum features, attention deficit/hyperactivity problems, and
oppositional defiant problems.

The questionnaire takes 15 min to complete. T values can be
calculated for the evaluation. Furthermore, cut-off values for the
individual T values can be defined. While for all problem scales
and DSM-5-oriented scales, cut-off values >67 points were defined
as clinically relevant, for internalizing, externalizing, and total
problems cut-off values >63 points were defined as clinically
relevant.'’

Statistical analysis

Baseline characteristics, outcomes, and population characteristics
at follow-up before and after the intervention, were compared
using a t test for independent samples for normally distributed
continuous outcomes. For non-normally distributed continuous
outcomes, we used the Mann-Whitney test. Categorical variables
between the groups were tested for significance using the chi-
square test.

To control for confounding factors, multivariable linear
regression was performed for the analysis of risk factors for
the prediction of KABC scores at preschool age. Adjusted odds
ratios (aORs) and 95% confidence interval (Cl) for the prediction
of gross and fine motor outcomes as well as for the prediction of
clinically apparent CBCL scores were calculated using firth
logistic regression, due to complete separation of the data that
led to an infinite maximum likelihood estimate for these
variables.?® Both multivariable and firth logistic regression
analysis included an adjustment for the following risk factors:
group assignment, sex, postmenstrual age, cumulative opiate
exposure, intraventricular hemorrhage (IVH) grade >3/4, retino-
pathy of prematurity (ROP) grade =3/4, necrotizing enterocolitis
(NEC) requiring surgery, and bronchopulmonary dysplasia (BPD)
defined as oxygen at 36 weeks corrected age. Statistical analysis
was performed using SPSS 24 for Mac (IBM Corporation, Armonk,
NY, USA). Firth logistic regression was done using the R
statistical software (R Core Team). A power of 70% was obtained
in our post hoc power analysis of our logistic regression
model performed with G*Power.?’ Conclusion and interpreta-
tion of data was derived from our regression model and not
from raw data (which are not adjusted for other medical
conditions). A P value of <0.05 was considered as statistically
significant.
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Fig. 1 Overview of patients lost and returned to follow-up at all three follow-up examination. While green pictograms indicate infants
present at the examination, red pictograms illustrate that infants were lost to follow-up at the examination. In addition, infants in both yellow
and red illustrate infants who were lost to follow-up at the 1-year examination and returned to follow-up at the 5-year examination.

RESULTS

Patients

For the follow-up examination at preschool age, 100 patients were
included in the analysis. An overview of infants lost to follow-up
and returned to follow-up is provided in Fig. 1. Compared to the
previous follow-up examination at the age of 3 years,'® 20
neonates were lost to follow-up (control group, n=11; interven-
tion group, n = 9) and 6 additional neonates returned to follow-up
(control group, n = 3; intervention group, n=3) at 5-6 years of
age (Fig. 1, Supplementary Fig. S1, Supplementary Table S1). This
is in line with the literature reporting similar dropout ratios.?
Table 1 shows the baseline population characteristics, intensive
care therapy, and in-hospital outcomes. There were no significant
differences between the control and the intervention groups
regarding population characteristics and in-hospital outcomes.
However, cumulative opiate exposure was significantly higher in
the intervention group when compared with the control group
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(48.8 (1.3-423.7) mg/kg vs 5.5 (0.8-29.8) mg/kg; P = 0.04; Table 1).
No significant differences were observed in age, growth
parameters, and visual and hearing impairment at preschool age
(Table 1).

Cognitive, motor, and behavioral outcomes at preschool age

When comparing means of KABC scores between the intervention
and control group at preschool age, no significant differences
were found in the sequential processing scale (91.6 + 19.4 vs 89.6
+17.0; P=0.59) and simultaneous processing scale (97.1+17.8 vs
91.6+£18.1; P=0.13; Supplementary Table S2). Moreover, no
significant differences were observed regarding the occurrence
of motor abnormalities, including gross motor function, fine motor
function, muscle tone, and reflexes at preschool age (Supplemen-
tary Table S2). Despite some missing data in the behavioral
outcomes (intervention group, n=>5; control group, n=7),
oppositional defiant problems (0 vs 4; P=0.05) and sleep
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Table 1. Characteristics at baseline and preschool age.

Characteristic Intervention group (n =47) Control group (n=53) P value
Patient characteristics
Birth weight, g, mean £ SD 821.5+260.3 854.0+210.9 0.50
<3rd percentile, n (%) 12 (26) 11 (21) 0.57
Head circumference (birth), cm 23.8+43 243+20 0.45
<3rd percentile, n (%) 4(9) 5(9) 0.88
Gestation, week, mean = SD 26.0+2.1 259+1.6 0.69
Male sex, n (%) 24 (51) 26 (49) 0.84
Cesarean section, n (%) 41 (87) 45 (85) 0.74
Multiple gestation, n (%) 7 (15) 18 (34) 0.06
CRIB score, mean = SD 57+33 44+33 0.07
Intensive care therapy
Patients treated with intravenous opiates, n (%) 17 (36) 24 (45) 0.36
Total dose, mg/kg, median (IQR) 48.8 (1.3-423.7) 5.5 (0.8-29.8) 0.04*
>100 mg/kg cumulative opiate dose, n (%) 7 (41) 4 (17) 0.08
<100 mg/kg cumulative opiate dose, n (%) 10 (59) 20 (83) 0.08
Patients treated with midazolam, n (%) 6 (13) 7 (13) 0.95
Total dose, mg/kg, median (IQR) 0.9 (0.5-5.5) 0.5 (0.1-15.7) 0.39
Patients treated with chloral hydrate, n (%) 17 (36) 20 (38) 0.87
Total dose, mg/kg, median (IQR) 431.2 (287.6-1189.7) 187.7 (92.1-611.3) 0.07
Mechanical ventilation, n (%) 26 (55) 33 (62) 0.48
Time on mechanical ventilation, days, median (IQR) 4 (3-13) 3.5 (2-12) 0.62
Catecholamine therapy, n (%) 9 (19) 18 (34) 0.10
Time on catecholamine therapy, days, median (IQR) 2.3 (0.4-7.5) 3.6 (0.7-11.6) 0.51
No. of patients with central catheter, n (%) 47 (100) 51 (96) 0.18
Time to full enteral feeds, days, mean + SD 30.3+15.3 345+227 0.32
In-hospital outcomes
Oxygen at 36 week corrected gestational age, n (%) 15 (32) 10 (19) 0.13
Severe intracranial hemorrhage (IVH 3/4), n (%) 1(2) 6 (11) 0.07
NEC requiring surgery, n (%) 4 (9) 7 (13) 0.45
No. of patients with bacteremia?, n (%) 14 (30) 16 (30) 0.97
Time to discharge from NICU, days, mean + SD 73.8+36.7 74.1+35.8 0.97
Severe retinopathy of prematurity (ROP 3/4), n (%) 11 (23) 13 (25) 0.90
Congenital heart defect, n (%) 2 (4) 7 (13) 0.12
Morbidity-free survival®, n (%) 29 (62) 28 (53) 0.31
Patient characteristics at preschool age
Age at follow-up, months 66.7 +2.2 66.47 +1.0 0.47
Growth parameters at preschool age
Weight, kg 18.5+3.0 18.5+2.7 0.94
<3th Percentile, n (%) 2 (4) 24 0.92
Height, cm 111557 111557 0.97
<3th Percentile, n (%) 3 (6) 3(6) 0.92
Head circumferences, cm 504 +2.0 499+1.3 0.21
<3th Percentile, n (%) 6 (13) 6 (11) 0.91
Visual and hearing impairment at preschool age
Visual impairment, n (%) 12 (26) 12 (23) 0.74
Visual aid, n (%) 12 (26) 11 (21) 0.57
Hearing impairment, n (%) 0 (0) 0 (0) 1.00
Hearing aid, n (%) 0 (0) 0 (0) 1.00

*Statistically significant (P < 0.05).
®Bacteremia was defined by a positive blood culture.

PMorbidities: necrotizing enterocolitis, intervention for retinopathy of prematurity, oxygen at 36 weeks, or intraventricular hemorrhage grade >3.

Counts and percentages are written as n (%), and parameters are shown as mean + SD or median (IQR). Percentages refer to the percentage based in the particular
group. For continuous variables P value was calculated using t test or Mann-Whitney test and for categorical variables P value was calculated using chi-square test.
IVH intraventricular hemorrhage, ROP retinopathy of prematurity, NEC necrotizing enterocolitis.
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problems (0 vs 4; P = 0.05) were significantly more frequent in the
control group than in the intervention group (Supplementary
Table S2). Yet, this was true only when looking at raw data not
adjusted for other medical conditions.

Subgroup analysis was performed considering infants who did
receive opiates vs infants who did not receive opiates in the
neonatal period (Supplementary Tables S3 and S4 and Supple-
mentary Fig. S2). When comparing infants regarding their opiate
exposure, infants in the intervention group who did not
receive opiates had significantly higher simultaneous processing
scores (101.4+142 vs 894+210; P=0.02) and higher
frequency of fine motor abnormalities (6 vs 11; P=0.01) when
compared with infants who did receive opiates (Supplementary
Table S3). However, this was not adjusted for other medical
conditions.

Results of multivariable linear regression analysis of risk factors
to predict KABC scores at preschool are provided in Table 2.
Severe IVH and BPD were both predictive for lower sequential
(P=0.001 and P=0.007, respectively) and simultaneous
processing scale (P=0.02 and P=0.02, respectively) scores. In

Table 2. Multivariable linear regression analysis of risk factors for the
prediction of KABC scores at preschool age.

Simultaneous
processing scale

Kaufman Assessment Battery for Sequential
Children processing scale

Estimate P value Estimate P value

Control group vs — — — _
intervention group

Male sex — — —8304 0.009*
Postmenstrual age, weeks 1.806 0.05* 2.645 0.002*
Cumulative opiate exposure per — — — —

100 mg/kg

IVH grade 3/4 —19.504 0.001* —14.322 0.02*
ROP grade 3/4 -11.419 0.001* — —
NEC requiring surgery — — —-8.521 0.09
BPD —-9.918 0.007* -—8752 0.02*
A stepwise selection of risk factors was performed; — indicates not an

important risk factor with additional value for prediction in this model.
IVH intraventricular hemorrhage, ROP retinopathy of prematurity, BPD
bronchopulmonary dysplasia, NEC necrotizing enterocolitis, KABC Kaufman
Assessment Battery for Children.

*Statistically significant (P < 0.05).
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addition, high-grade ROP was predictive for lower sequential
processing scale (P=0.001) scores. Moreover, male sex was a risk
factor for lower simultaneous processing scale (P =0.009) scores.
Higher postmenstrual age was predictive for higher sequential
processing (P=0.05) and simultaneous processing scale (P=
0.002) scores. Group assignment, NEC requiring surgery, and
cumulative opiate exposure had no influence on prediction of
KABC scores at preschool age (Table 2).

Firth logistic regression analysis of risk factors for the prediction
of gross motor and fine motor skills at preschool age is provided
in Table 3. Infants who developed high-grade IVH postnatally had
a 14 times higher risk to develop altered gross motor (aOR =
14.498; 95% Cl [2.054-102.322]; P = 0.002) and fine motor function
(@OR =14.910; 95% Cl [0.591-376.200]; P = 0.03) at preschool age.
Furthermore, occurrence of high-grade ROP after birth was
associated with a sixfold higher risk of developing impaired fine
motor function (aOR=6.068; 95% Cl [1.390-26.494]; P=0.01).
While male sex (aOR = 6.740; 95% Cl [1.926-23.581]; P=0.001)
was predictive for a higher risk of developing fine motor
abnormalities, higher postmenstrual age (@OR=0.701; 95% ClI
[0.482-1.020]; P=0.04) was predictive for a lower risk of
developing fine motor abnormalities at preschool age. Group
assignment, cumulative opiate exposure, occurrence of NEC
requiring surgery, and BPD had no impact on gross motor and
fine motor skills at preschool age (Table 3).

Firth logistic regression analysis of risk factors for the prediction
of parent-reported CBCL scores is provided in Table 4. Every
increase of 1mg/kg cumulative opiate exposure was weakly
significantly associated with autism spectrum features (aOR=
1.006, 95% Cl [1.002-1.010]; P=0.03) and withdrawn behavior
(@OR=1.006, 95% Cl [1.002-1.010]; P=0.03) in the CBCL at
preschool age. For infants who received a cumulative dose of 100
mg/kg, the odds for both exhibiting autism spectrum
features (aOR = 1.822, 95% Cl [1.231-2.697]; P=0.03) and with-
drawn behavior (aOR = 1.822, 95% CI [1.231-2.697]; P=10.03) in
the CBCL at preschool age was 1.82 times higher, when compared
to infants who did not receive any opiates in the neonatal period
(Table 4).

DISCUSSION

In this single-center observational study of extremely preterm
infants managed according to V-PNPS,"" we did not observe any
long-term detriments on cognition, motor function, and growth
parameters, as well as hearing and visual function compared to a
historical control group, even though implementation of the
protocol resulted in significantly higher cumulative opiate

Table 3. Firth logistic regression analysis of risk factors for the prediction of gross and fine motor abnormality at preschool age.

Gross motor abnormality Fine motor abnormality

Estimate  aOR 95% ClI Pvalue  Estimate aOR 95% Cl P value
Control group vs intervention group 0.251 1.285  0.315-5.250 0.73 0.078 1.081 0.325-3.602 0.90
Male sex 0.408 1.504 0.384-5.895 0.56 1.908 6.740 1.926-23.581 0.001*
Postmenstrual age —0.411 0.663 0.409-1.076 0.09 —0.355 0.701 0.482-1.020 0.04*
Cumulative opiate exposure per 100 mg/kg 0.100 1.105 0.747-1.636 0.64 0.300 1.350 0.750-2.430 0.18
IVH grade 3/4 2,674 14.498 2.054-102.322 0.002* 2.702 14.910 0.591-376.200 0.03*
ROP grade 3/4 0.644 1.904  0.377-9.611 0.45 1.803 6.068  1.390-26.494 0.01*
NEC requiring surgery 0.739 2094  0.306-14.321 0.44 0.632 1.881 0.254-13.918 0.54
BPD —0.232 0.793 0.165-3.819 0.77 0.455 1.576 0.411-6.047 0.50
IVH intraventricular hemorrhage, ROP retinopathy of prematurity, BPD bronchopulmonary dysplasia, NEC necrotizing enterocolitis, aOR adjusted odds ratio, C/
confidence interval.
*Statistically significant (P < 0.05).
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Table 4.

Firth logistic regression analysis of risk factors for the prediction of abnormal CBCL scores at preschool age.

CBCL/1.5-5 empirically based scales

CBCL/1.5-5 DSM-5-oriented scales

B aOR  95% ClI P value B aOR  95% ClI P value
Lower Upper Lower Upper

Emotionally reactive®

Depressive problems®
Control vs intervention group  —0.116 0.890 0.220 3.609 0.88 Control vs intervention group  —0.978 0.376 0.070 2.029 0.28
Male sex 0.409 1.505 0377 6.006 0.57 Male sex —0.200 0.819 0.176 3.799 0.81
Postmenstrual age —0.141 0.868 0.552 1.366 0.57 Postmenstrual age 0.121 1.129 0.693 1.839 0.67
Cumulative opiate exposure, 0.100 1.105 0.747 1.636 0.82 Cumulative opiate exposure, 0.200 1.221 0.825 1.808 0.38
per 100 mg/kg per 100 mg/kg
High-grade IVH —0.654 0.520 0.019 14.218 0.67 High-grade IVH —0.258 0.773 0.029 20.554 0.87
High-grade ROP 0.539 1.714 0301 9.772 0.56 High-grade ROP 0.855 2351 0.285 19.375 0.48
NEC requiring surgery —0.583 0.558 0.030 10.539 0.70 NEC requiring surgery —0.453 0.636 0.037 10.796 0.76
BPD —0.511 0.600 0.088 4.103 0.61 BPD —1.091 0.336 0.024 4717 041
Anxious/depressed”

Anxiety problems®
Control vs intervention group  —0.338 0.713 0.118 4.328 0.74 Control vs intervention group  —0.452 0.636 0.138 2930 0.57
Male sex —0.364 0.695 0.116  4.160 0.72 Male sex —1.196 0.302 0.057 1.609 0.16
Postmenstrual age —0.442 0.643 0.322 1.284 0.29 Postmenstrual age —0.396 0.673 0.388 1.167 0.17
Cumulative opiate exposure, 0.100 1.105 0.614 1.990 0.61 Cumulative opiate exposure, 0.100 1.105 0.747 1.636 0.72
per 100 mg/kg per 100 mg/kg
High-grade IVH 0.097 1.102 0.031 39.178 0.96 High-grade IVH 1.689 5414 0407 71.966 0.22
High-grade ROP 0.396 1.486 0.179 12364 0.75 High-grade ROP 0.123 1.131 0.181 7.068 0.90
NEC requiring surgery —0.333 0.717 0.024 21.406 0.86 NEC requiring surgery —0.449 0.638 0.030 13.500 0.78
BPD —1.031 0.357 0.022 5.824 0.50 BPD —0.132 0.876 0.122 6.307 0.89
Somatic complaints®

Autism spectrum problems®
Control vs intervention group  —0.617 0.540 0.092 3.174 0.51 Control vs intervention group 0.201 1.223 0.278 5.370 0.80
Male sex —0.686 0.504 0.087 2922 045 Male sex 0.194 1.214 0.281 5.239 0.80
Postmenstrual age 0.234 1.264 0.730 2.188 0.44 Postmenstrual age —0.081 0.922 0.590 1.442 0.74
Cumulative opiate exposure, —0.100 0.905 0.503 1.629 0.82 Cumulative opiate exposure, 0.600 1.822 1.231 2.697 0.03*
per 100 mg/kg per 100 mg/kg
High-grade IVH 0.464 1.590 0.055 46.303 0.78 High-grade IVH 1475 4371 0483 39569 0.17
High-grade ROP 1.946 7.001 0.679 72.125 0.12 High-grade ROP 0.888 2430 0439 13451 0.31
NEC requiring surgery 1.322 3.751 0418 33.690 0.25 NEC requiring surgery —0.249 0.780 0.070 8.653 0.83
BPD 0.391 1.478 0.190 11.509 0.72 BPD —0.492 0.611 0.084 4426 0.63
Withdrawn®

Attention deficit/hyperactivity problems®
Control vs intervention group  —0.080 0.923 0.205 4.151 0.92 Control vs intervention group 0.507 1.660 0.291 9.464 0.61
Male sex 1.005 2.732 0.616 12.117 0.18 Male sex 0.570 1.768 0.289 10.816 0.58
Postmenstrual age —0.321 0.725 0.443 1.189 0.20 Postmenstrual age 0.002 1.002 0.610 1.645 0.99
Cumulative opiate exposure, 0.600 1.822 1.231 2.697 0.03*  Cumulative opiate exposure, 0.100 1.105 0.747 1.636 0.93
per 100 mg/kg per 100 mg/kg
High-grade IVH 0.353 1.423 0.135 14.984 0.76 High-grade IVH 0.055 1.057 0.036 30.820 0.98
High-grade ROP 0.615 1.850 0.357 9.597 0.46 High-grade ROP —0.550 0.577 0.045 7447 0.71
NEC requiring surgery —1.448 0.235 0.008 6.658 0.36 NEC requiring surgery 0459 1.582 0.087 28.671 0.80
BPD —1.072 0.342 0.042 2810 0.30 BPD 0.572 1.772 0.241 13.030 0.62
Sleep problems®

Oppositional defiant problems®
Control vs intervention group  —2.034 0.131 0.012  1.421 0.08 Control vs intervention group  —4.497 0.011 0.000 1.031 0.30
Male sex —0.795 0452 0.076 2.682 0.42 Male sex 0.388 1.474 0.213  10.221 0.72
Postmenstrual age —0.082 0.921 0.525 1.617 0.81 Postmenstrual age —1.699 0.183 0.035 0.949 0.04*
Cumulative opiate exposure, 0.300 1.350 0.750 2430 0.21 Cumulative opiate exposure, 0.300 1.350 0.750 2430 0.30
per 100 mg/kg per 100 mg/kg
High-grade IVH 0.154 1.166 0.043 31.338 0.93 High-grade IVH —0.889 0411 0.010 16.765 0.59
High-grade ROP —0.855 0.425 0.025 7.265 0.60 High-grade ROP —3.380 0.034 0.001 1.438 0.10
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Table 4. continued

CBCL/1.5-5 empirically based scales

CBCL/1.5-5 DSM-5-oriented scales

—0.021 0979 0.602 1.592 0.94
0.100 1.105 0.747 1.636 0.54

Postmenstrual age

Cumulative opiate exposure,
per 100 mg/kg

High-grade IVH —0.450 0.638 0.026 15.776 0.76
High-grade ROP 1.022 2.779 0428 18.062 0.30
NEC requiring surgery 0.114 1.121 0.089 14.047 0.93
BPD 0424 1.528 0.255 9.147 0.66
Aggressive behavior”

Control vs intervention group —0.268 0.765 0.136  4.318 0.79
Male sex —0.251 0.778 0.135 4.496 0.81

—0.202 0.817 0475 1.406 053
0.100 1.105 0.747 1.636 0.59

Postmenstrual age

Cumulative opiate exposure,
per 100 mg/kg

High-grade IVH 0.327 1.387 0.058 32929 0.84
High-grade ROP —0.813 0.444 0.031 6.253 0.59
NEC requiring surgery 0.530 1.699 0.102 28.404 0.76
BPD —0.504 0.604 0.047 7.706 0.72

B aOR  95% CI P value B aOR  95% ClI P value
Lower Upper Lower Upper
NEC requiring surgery —0.043 0.958 0.051 17.838 0.98 NEC requiring surgery 0.946 2575 0.051 130.055 0.67
BPD —0.698 0.498 0.036 6.852 0.61 BPD —1.536 0.215 0.009 5442 033
Attention problems®
Control vs intervention group 0.176 1.192 0.235 6.043 0.84
Male sex 1.116 3.053 0.547 17.029 0.20

dysplasia, dOR adjusted odds ratio, C/ confidence interval.
*Statistically significant (P < 0.05).
#Values missing for CBCL (n = 5 intervention group, n =7 control group).

CBCL Child Behavior Checklist, IVH intraventricular hemorrhage, NEC necrotizing enterocolitis, ROP retinopathy of prematurity, BPD bronchopulmonary

exposure. Nevertheless, we found that increased cumulative
opiate exposure may represent a potential risk factor for
developing autism spectrum features and withdrawn behavior in
the parent-reported CBCL at the preschool follow-up examination.

Cognitive outcomes

The sequential processing scale is an important subscale of the
KABC measuring short-term and working memory. Our finding
that the higher cumulative opiate exposure associated with
implementation of the V-PNPS did not have an impact on
sequential processing scale scores was also confirmed by de Graaf
and colleagues.”®> They did not find any difference between
morphine and control group infants in working memory at the
age of 8 and 9 years.”® Conversely, Ferguson and colleagues*
showed that morphine-exposed infants exhibited significantly
longer choice response latencies indicating an impaired short-
term memory when compared to children treated with placebo at
5-7 years of age.

We also used the simultaneous processing scale, a subscale
part of the KABC measuring visual memory, spatial relations, and
visual motor integration. Poorer visual motor integration is more
common in preterm infants when compared to full-term
infants.>®> However, neonatal morphine exposure was not
associated with poorer visual motor integration scores when
compared to placebo-treated infants at the age of 52° and 8-9
years.?® These findings are consistent with our results. Increased
cumulative opiate exposure was not a risk factor for lower scores
in the simultaneous processing scale at preschool age. Similar
results were also found in our 1-year'? and 3-year follow-up."* In

Pediatric Research _###############

both studies, the mental developmental index, a subscale of the
Bayley Scales of Infant Development measuring cognitive
function, was unaffected by the increased cumulative opiate
exposure.

Motor outcomes

The implementation of the V-PNPS and the associated increased
cumulative opiate exposure did not have an impact on motor
outcomes in the intervention group neither when comparing the
incidence of motor abnormalities between the groups nor when
looking at the logistic regression model considering cumulative
opiate exposure as a risk factor for the prediction of motor
abnormalities. Only a few studies have investigated the associa-
tion of postnatal morphine exposure on motor outcomes after a
follow-up of several years, and results are contradictory. Results of
the present study are in line with our previous follow-up studies.
At 1-year'? and 3-year'® follow-up, increased cumulative opiate
exposure was not associated with altered motor development. In
addition, our data are consistent with results by MacGregor and
colleagues.?” A study by Ferguson and colleagues®® assessed
motor outcome of a small number of children who participated in
the NEOPAIN (Neurologic Outcomes and Pre-emptive Analgesia in
Neonates) trial at the age of 5-7 years and found no significant
difference in motor function between the morphine (n = 14) and
placebo (n=5) groups. However, definite conclusions cannot be
drawn from this small sample size study. Conversely, Grunau and
colleagues reported that greater intravenous morphine exposure
was associated with poorer motor outcomes at the corrected age
of 8 months but not at 18 months.?® However, there was no
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specific morphine protocol and morphine was administered by
clinical judgement only.

Behavioral outcomes

Autism spectrum disorders (ASD). There is growing evidence that
a combination of perinatal risk factors including preterm birth,?
small for gestational age,*° and perinatal hypoxia®' contribute to
an increased risk of developing ASD. However, the impact of these
risk factors and the role of morphine for the development of ASD
is still unclear.

In our study, cumulative opiate exposure seemed to be a risk
factor for exhibiting abnormal autism spectrum problem scores in
the parent-reported CBCL. Multiple lines of evidence from animal
models suggested an association of postnatal morphine exposure
with Purkinje cell death®? and altered cerebellar development.3
Moreover, it has been reported that neonatal morphine exposure
is also associated with impaired cerebellar growth in the human
neonate, independently of additional prominent perinatal risk
factors.*

Interestingly, alterations in the cerebellum and Purkinje cell
function have been associated with a higher incidence of ASD in
preterm infants>> and behavioral deficits relevant to ASD in an
animal model.*® Thus there might be an association between
morphine-induced alteration of cerebellar growth and develop-
ment of ASD. However, to date no study has examined the link
between morphine-induced brain alterations and development of
ASD in preterm infants.

Recently, Chau and colleagues showed that higher neonatal
morphine exposure was associated with more internalizing and
externalizing behaviors at the corrected age of 18 months in
infants born very preterm. Interestingly, these effects were
moderated by genetic markers in the morphine metabolic
pathway including UDP-glucuronosyltransferase and catechol-
O-methyltransferase. In addition, they found a dose-dependent
association of morphine exposure on CBCL scores at the
corrected age of 18 months after adjusting for other clinical
confounders. Thus higher dosing of morphine was associated
with a clinically important impact on behavior.?” Although we
did not include genetic variants as cofactors in our regression
analysis, this is in line with our study as we also found a dose-
dependent effect of neonatal morphine exposure on behavior.

Withdrawn behavior. Preterm birth is associated with a higher
risk of developing internalizing behaviors including withdrawn
and anxious/depressed behavior, as well as somatic problems
when compared with infants born at term.3® Multivariable linear
regression analysis of potential risk factors showed that cumula-
tive opiate exposure was associated with an increased risk of
developing clinical apparent withdrawn scores in the parent-
reported CBCL in our study. These findings are confirmed by
animal models and human studies. Evidence from animal models
suggests that neonatal morphine exposure might result in
depression-like behavior in juvenile and adult rats.® This is in
line with a study by Ranger and colleagues®® who identified
higher neonatal morphine exposure in infants born very preterm
as a risk factor for developing higher internalizing behavior scores
in the parent-reported CBCL.

Limitations

This study was initially designed to assess the implementation of a
protocol for the management of pain and sedation'" and provides
a unique opportunity to investigate the impact of opiates on
outcomes at preschool age. Although the parent-reported CBCL is
not a diagnostic tool for making the final diagnosis of ASD, high
accuracy was reported to distinguish preschool infants with an
ASD from preschool infants with a normal development.*’
Consequently, the CBCL is a good screening tool but does not
replace ASD-specific diagnostic instruments. Moreover, another

SPRINGERNATURE

weakness of the study was the drop-out rate throughout the
whole follow-up period. However, our two study groups were well
matched. Even if there were no significant differences between
the two groups at baseline, we were not able to completely rule
out any other confounding factors. Consequently, we tried to
control for the most prominent risk factors, but as in every
clinical study, it was not possible to consider our patients within
their complete environment. For this reason, to contextualize
our P values, we always provided estimates, ORs, and Cls. Given
the exploratory nature of this study and the influence of
potential unknown confounding factors, P values should be
interpreted with caution and not allow any conclusions on
causality.

CONCLUSION

The implementation of a protocol for the management of pain
and sedation in preterm infants resulted in increased cumulative
opiate exposure but did not impair cognitive and motor outcomes
at the age of 5-6 years. However, we found that higher cumulative
opiate exposure may represent a possible risk factor for
developing autism spectrum features and withdrawn behavior
in the parent-reported CBCL at preschool age. Thus a judicious
use of opiates is recommended, and new studies should
be conducted searching for new pain management strategies
and drugs providing optimal pain relief with minimal
neurotoxicity.
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