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CONTROL ID: 3367905
TITLE: Screening for Delirium in the Neonatal ICU – Prevalence and Associated Risk Factors
PRESENTER: Elana Siegel

AUTHORS (LAST NAME, FIRST NAME): Siegel, Elana2; Traube, Chani1; Hojsak, Joanne3; Groves, Alan3 

AUTHORS/INSTITUTIONS: C. Traube, Weill Cornell Medical College, New York, New York, UNITED STATES; 
E. Siegel, Kravis Children's Hospital at Mount Sinai, New York, New York, UNITED STATES;
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CURRENT CATEGORY: Neonatology
CURRENT SUBCATEGORY: Neonatal General
KEYWORDS: delirium, NICU, neonatal.
SESSION TITLE: Neonatal General: Brain |Neonatal General: Brain
SESSION TYPE: Webinar|Platform
ABSTRACT BODY: 
Background: Delirium is a well-described complication of critical illness. Studies in the Pediatric Intensive Care Unit 
demonstrate prevalence rates of up to 20%. Infants in the highly medicalized NICU environment are likely at risk, yet 
there are only a handful of reports of NICU delirium. There have been no previous screening studies to quantify delirium 
prevalence in the neonatal population.

Objective: The objectives of our study were to assess feasibility of delirium screening, establish prevalence of delirium, 
and analyze risk factors for a positive delirium screen.

Design/Methods: All term or term-corrected (≥37+0 weeks) infants admitted to a level IV NICU were screened for 
delirium using the Cornell Assessment for Pediatric Delirium (CAPD) over eight study days; CAPD score≥9 was positive 
for delirium. Additional information collected included: gestational age at birth; recent exposure to opiates, 
benzodiazepines or steroids; respiratory support; recent surgery; and known neurological disorder potentially altering 
level of arousal/activity.

Results: Of 151 eligible infants, 147 (97.3%) were screened for delirium. Overall prevalence of a positive delirium 
screen was 33 (22.4%). Among infants without co-existing neurological disorder, prevalence was 13.3%. After 
controlling for neurological disorder, prevalence of delirium was significantly higher for those infants recently exposed to 
opiates, benzodiazepines or steroids, compared to those who were not (53.3% vs 6.9%, p<0.0001). Adjusted odds ratio 
for positive delirium screen was 7.25 (p = 0.0003) (Table).
Intubation/tracheostomy status was also associated with a positive delirium screen (15.2% vs 1.8%, p=0.0002). There 
was no evidence of association between delirium and babies born term/premature or recent surgery (Table).
For infants with a co-existing neurological disorder, delirium was not associated with use of
opioids/benzodiazepines/steroids (66.7% vs 57.1%, p= 0.70). For infants without a co-existing condition, delirium was 
associated with use of opioids/benzodiazepines /steroids (53.3% vs 6.9%, p<0.0001), (Figure).

Conclusion(s): Screening for delirium is feasible in term-born and term-corrected age infants admitted to the NICU. 
More than 20% of such infants screen positive. Prevalence of positive delirium screen remains high when infants with 
underlying neurologic disorders are excluded. Respiratory support and medications known to be deliriogenic in older 
subjects were associated with a positive screen.
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TITLE: Associations of body size and composition with brain volumes and white matter microstructure in very preterm 
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PRESENTER: Katherine Bell
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SESSION TITLE: Neonatal General: Brain |Neonatal General: Brain
SESSION TYPE: Webinar|Platform
ABSTRACT BODY: 
Background: For very preterm infants, birth to term equivalent age is a critical period for brain growth and development.
Differentiating lean from fat mass describes the quality of physical growth during this period and may index brain growth
and maturation. But, little is known about the relationships between body composition and regional brain growth or white
matter maturation.

Objective: To assess associations of body size and composition with 1) total brain volume, 2) volumes of brain regions
known to be sensitive to nutritional perturbations (hippocampus, cerebellum), and 3) white matter microstructure at term
equivalent age among very preterm infants. We hypothesized greater lean mass—but not fat—would be associated with
larger hippocampus and cerebellum volumes, and higher fractional anisotropy (FA) of early myelinating white matter
tracts.

Design/Methods: Prospective observational study of 85 infants born <33 wks’ gestation. At median postmenstrual age
39.3 wks, infants underwent air displacement plethysmography to measure body composition (from which we calculated
Z-scores of lean and fat mass, weight, length, and body mass index) and brain magnetic resonance imaging (MRI). From
MRI we assessed 1) total brain volume; 2) regional volumes from automated segmentation (MANTiS); 3) white matter
microstructure using diffusion tensor imaging to calculate FA of 15 white matter tracts (listed in Table 2). We estimated
associations of body size and composition with brain volumes and FA, using generalized estimating equations to adjust
for covariates and account for multiple births.
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Results: Infants were 57% male, median gestational age 29.1 wks (range 23.4, 32.9). Body size and lean mass were
positively associated with volumes of most brain regions including the cerebellum, and with total brain size; whereas fat
was not (Table 1). Body size and lean mass—but not fat—were also positively associated with FA in multiple white
matter tracts (Table 2). Specifically, one unit increase in lean mass Z-score was associated with greater FA in: left
cingulum 0.3%; left corticospinal tract 0.5%; and right posterior limb of the internal capsule 0.3%.

Conclusion(s): Greater lean mass—but not fat—at term equivalent age was associated with larger total brain and
cerebellar volumes and alterations in white matter microstructure. Lean mass accrual may index brain growth and white
matter development among preterm infants. Nutritional factors that promote lean mass accretion may also promote brain
growth and maturation.
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CURRENT CATEGORY: Neonatology
CURRENT SUBCATEGORY: Neonatal General
KEYWORDS: Cerebral autoregulation, Extremely low gestational age, Diffuse Correlation Spectroscopy.
SESSION TITLE: Neonatal General: Brain |Neonatal General: Brain
SESSION TYPE: Webinar|Platform
ABSTRACT BODY: 
Background: Extremely low gestational age (ELGA, < 29 wks GA) newborns are at high risk to develop germinal
matrix intraventricular hemorrhage (GM-IVH) within the first 3 days after birth. The GM-IVH results in poor
neurodevelopmental outcomes. This risk relates to the immaturity of the vascular bed within the germinal matrix, which
is particularly vulnerable to dysregulation of cerebral blood flow (CBF).

Objective: Therefore, optimal therapeutic strategies that maintain cerebrovascular stability is needed in ELGA; however,
we lack a reliable continuous monitoring of CBF. To address this unmet need, we developed a diffuse correlation
spectroscopy (DCS, 785nm) system and flexible optical sensors (Figure 1) to continuously monitor CBF in ELGA infants
during their first three postnatal days.

Design/Methods: To date, we have enrolled 9 newborns (3 ELGA infants). We monitored them with DCS for 2-6 hours a
day during the first few days after birth. We also co-recorded electrocardiogram, pulse oximetry, and when available
invasive blood pressure, transcutaneous pCO2, and regional cerebral oximetry. The presence of IVH was assessed from
the head ultrasound on days 1, 3, 7, and 30 of life. We computed cross-correlation between CBFi responses to fluctuation
in mean arterial blood pressure (MAP) to quantify the degree of dysfunction in cerebral autoregulation (e.g., pressure
passive events). A sliding window of 2.5 minutes was used to find a peak correlation (R) within 20 seconds of lag, and
response time (Tr) was identified at the time of the peak correlation. A bootstrapped null distribution was used to test the
significance of the correlation (Pr).

Results: This report summarizes the results of a pair of 23 wks GA twins. When baby A was compared to baby B, A had
significantly higher probability of pressure passive events than baby B (p=0.046, Chi-square test, Table 1). Also,
significantly shorter response time and unstable MAP had been detected in baby A than B, which suggests more reactive
yet disruptive cerebral autoregulation. Although both babies developed Grade II IVH, while baby A had an ultrasound
diagnosis of IVH at day 2 of life, IVH was not detected until day 7 of life in baby B.

Conclusion(s): We assessed cerebral autoregulation in ELGA infants using continuous CBF monitoring via DCS and
signal cross-correlation. This can help clinicians to make informed decisions and foster the development of new
interventions that can stabilize CBF and prevent IVH in ELGA infants.

Figure 1. Our optical sensor prototype includes 5mm short (ss) and 20mm long (ls)
separation channels and an accelerometer. The sensor is attached to the baby’s head with
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hydrogel to ensure skin integrity during the long monitoring sessions, and covered by a continuous
positive airway pressure (CPAP) hat.

Figure 2. Two cases (2 twins, 23 wks GA) of CBFi responses to MAP measured at day 4 of
life. Baby A and B were diagnosed with IVH at day 2 and 7 of life, respectively.

IMAGE CAPTION:

Figure 1. Our optical sensor prototype includes 5mm short (ss) and 20mm long (ls) separation channels and an
accelerometer. The sensor is attached to the baby’s head with hydrogel to ensure skin integrity during the long
monitoring sessions, and covered by a continuous positive airway pressure (CPAP) hat.

Figure 2. Two cases (2 twins, 23 wks GA) of CBFi responses to MAP measured at day 4 of life. Baby A and B were
diagnosed with IVH at day 2 and 7 of life, respectively.
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TITLE: Antibiotic exposure soon after birth is associated with altered auditory processing and discrimination responses 
in infants at one month of age
PRESENTER: Marie Hickey

AUTHORS (LAST NAME, FIRST NAME): Hickey, Marie1; Miller, Neely C.2; Haapala, Jacob4; Demerath, Ellen
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N.C. Miller, University of Minnesota, Minneapolis, Minnesota, UNITED STATES;
E.W. Demerath, Epidemiology and Community Health, University of Minnesota School of P, Minneapolis, Minnesota, 
UNITED STATES;
J. Haapala, HealthPartners Institute, Minneapolis, Minnesota, UNITED STATES;
CURRENT CATEGORY: Neonatology
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SESSION TYPE: Webinar|Platform
ABSTRACT BODY: 
Background: Exposure to antibiotics, in the absence of infection, results in abnormal brain function in animals which is 
linked to changes in gut microbes. The hippocampus, a brain region important for recognition learning and memory, is a 
target of microbe-mediated effects on the brain. Studies in germ-free mice have shown that there is an early-life sensitive 
period for gut microbe effects on neurodevelopment.

Objective: To test the hypothesis that neonatal exposure to antibiotics affects recognition memory responses in human 
infants.

Design/Methods: Auditory recognition memory (mother-stranger voice paradigm) was assessed at 1 month of age in 15 
infants born at term and exposed to antibiotics, but with negative cultures, and a subset of 57 term infants in the Mothers 
and Infants Linked for Health Growth (MILk) Study not exposed to antibiotics, using event-related potentials (ERPs).
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Linear regression analysis, with adjustment for covariates such as birth mode, gestational age at birth, and sex, was
employed to compare groups with respect to ERP features that represent early stimulus processing and discrimination (P2
amplitudes) between mother and stranger voices.

Results: Infants exposed to antibiotics exhibited smaller overall mean P2 amplitudes for both mother and stranger voice
conditions (p = 0.001), with the greatest reduction (more negative beta coefficients in bold) observed in response to
mother’s voice in right and left frontal and right central scalp regions (Table). In addition, infants exposed to antibiotics
showed larger P2 amplitudes to stranger's as compared to mother's voice, a reversal of the typical response exhibited by
infants not treated with antibiotics (Figure, compare mother to stranger response change within each infant treatment
group). In an exploratory analysis within the group of infants exposed to antibiotics, abnormal ERP responses did not
correlate with increased inflammatory cytokine concentrations (tumor necrosis factor alpha, interleukin-1-beta,
interleukin-6, interleukin-8, and interferon gamma).

Conclusion(s): Otherwise healthy infants born at term gestation and exposed to antibiotics soon after birth demonstrated
altered auditory processing and discrimination responses at one month of age, supporting the presence of a microbiota-
gut-brain axis in humans during very early life.
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ABSTRACT BODY: 
Background: Very preterm infants are at high risk for motor impairments. Qualitative brain imaging is commonly used 
to assess risk, however accurate prediction remains elusive especially in infants without severe brain injury.
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Objective: To determine whether automatically-quantified brain volume measurements on term MRI are independent
predictors of motor outcomes in preterm infants, above and beyond known clinical risk factors and semi-quantitative
structural MRI readings.

Design/Methods: Prospective cohort of preterm infants born ≤31 weeks gestation from four level III NICUs in
Columbus, Ohio of 94 infants without severe injury or motion artifacts using 3T MRI scanner (1mm3 resolution) at term-
equivalent age. Motor testing was performed using the Bayley Scales of Infant and Toddler Development, Third Edition
at two years corrected age. Automated volumetric analysis was performed using the Developing Human Connectome
Project pipeline. Structural MRI scans were reviewed by a three pediatric neuroradiologists and global brain abnormality
score per Kidokoro et al. (2013) was assigned by first author. Biometric measurements were done by first author and
demonstrated high intra-rater reliability (n=20, intra-class coefficients 0.82 – 0.99). We used multivariable regression to
evaluate the independent value of relative brain volumes (adjusted for total tissue volume) above clinical predictors and
Kidokoro score (Table 1) for predicting motor outcomes.

Results: 75 of the 94 infants (80%) returned for developmental testing (Table 2). Several regional volumes were
significantly associated with motor outcomes in univariate analyses (Table 3). For motor impairment (Bayley Motor<80),
the area under the receiver operating characteristic curve (AUC) for clinical predictors and Kidokoro score was 0.91;
with the addition of brain volumes, it improved to 0.96 (Table 4). Similarly, addition of brain volumes to clinical
predictors and Kidokoro score improved the adjusted R2 value for the Bayley Motor score from 0.33 to 0.55, with several
regional volumes showing significance or trend towards significance in predicting motor scores (Table 4).

Conclusion(s): : In our regional cohort, objectively-quantified regional brain volumes at term independently improved
the accuracy of predicting motor outcomes beyond existing clinical and structural imaging predictors in very preterm
infants without severe brain injury. External validation in a large sample of infants is needed.
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ABSTRACT BODY: 
Background: Very preterm infants are at risk for cognitive impairment. Standard imaging tools, including head 
ultrasound and qualitative brain MRI, do not reliably predict cognitive outcomes. Regional brain volumes at term have 
shown conflicting prognostic value and have not been adequately compared with existing predictors or cognitive 
outcomes beyond 2 years corrected age.

Objective: To determine whether automated brain volume measurements on term MRI improves ability to predict 
cognitive outcomes at 3 years corrected age, independent of clinical predictors and structural MRI.

Design/Methods: Prospective cohort of 110 very preterm infants (31 weeks gestation) were enrolled from 4 level III

NICUs in Columbus, Ohio. Brain MRI was done at term-equivalent age using 3T scanner (1 mm3 resolution). General 
conceptual score (GCA) on the Differential Ability Scales (DAS)-II was our primary outcome. Automated volumetric 
analysis was successful in 94 subjects (subjects excluded for severe brain injury or motion artifacts) using the Developing 
Human Connectome Project pipeline to yield more than 200 regional brain volumes. Structural MRI scans were read by 3 
pediatric neuroradiologists and biometric measurements were obtained by the first author with high intra-rater reliability 
(n=20; ICC 0.82 – 0.99) to yield a global brain abnormality score per Kidokoro et al. (2013). We used multivariable 
regression to assess independent value of relative brain volumes (divided by total tissue volume) over and above known 
clinical predictors and Kidokoro score for predicting cognitive outcomes (Table 1).

Results: Of the 94 very preterm infants with successful imaging, 80 (81%) returned for DAS-II testing at 3 years 
corrected age (Table 2). In univariate analyses, several relative regional volumes were significantly correlated with the 
DAS-GCA score (Table 3). Some volumes remained significant in multivariable analysis, independent of Kidokoro score 
and injury on head ultrasound. Addition of volumes to prediction model improved performance of prediction of cognitive 
impairment (Table 4).

Conclusion(s): In our regional cohort, objectively-quantified regional brain volumes improved performance of prediction 
model for cognitive impairment. This data suggests that there may be a role for brain volumes in prediction of cognitive 
outcomes of preterm infants, especially those without severe brain injury.
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ABSTRACT BODY: 
Background: Chronic lung disease (CLD) is a significant risk factor for developmental delays in children born preterm.
Most studies assessing preterm infants with CLD have performed neurodevelopmental exams at or after 12 months of
age, with no known studies in patients prior to discharge from the NICU.

Objective: To determine whether CLD severity in preterm infants is associated with atypical neurobehavior and cry
acoustics prior to hospital discharge.

Design/Methods: Infants born <30 weeks post-menstrual age (PMA) were enrolled in the multicenter Neonatal
Neurobehavior and Outcomes in Very Preterm Infants (NOVI) Study. The NICU Network Neurobehavioral Scale
(NNNS) was administered at discharge, and risk profiles and summary scores calculated. Maximum likelihood factor
analysis was performed on cry acoustics. Generalized estimating equations examined the associations of CLD severity
with NNNS scores and cry factors adjusting for site, maternal and neonatal complications, and PMA at birth and NNNS.

Results: Of 709 enrolled NOVI infants, 676 had complete medical and NNNS data; 177 (26.2%) had moderate/severe
(mod/sev) CLD, and 163 (24.1%) had mild CLD. Maternal and infant characteristics differed by CLD severity (Table 1).
Factor analysis of cry data (n=418) revealed two factors that explained the greatest proportion of variation:
frequency/energy (loudness) and hyperphonation (high pitch). Cry factors were not associated with CLD. Infants with
mod/sev CLD were 3 times more likely to have an overall atypical NNNS risk profile when compared to infants without
CLD (OR=3.09; 95% CI:1.02, 9.37). Comparisons for individual NNNS summaries indicated that mod/sev CLD was
associated with lower NNNS attention scores and increased lethargy. Mod/sev CLD was also associated with lower
quality of movement compared to mild CLD, and with lower arousal compared to no CLD (Table 2).

Conclusion(s): Severity of CLD in preterm newborns at the time of hospital discharge was associated with specific
neurobehavioral patterns. Identification of targeted neurobehavioral problems by administering the NNNS in these at-risk
newborns prior to NICU discharge may lead to earlier initiation of specific therapeutic interventions with potential to
improve long-term outcomes.
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