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ABSTRACT BODY: 
Background: A previous study in California identified differences in neonatal intensive care unit (NICU) quality of care 
by race and ethnicity using Baby-MONITOR, a NICU-level composite measure. In that study, black non-Hispanic and 
Hispanic infants scored lower on process measures and higher on outcome measures than white infants.

Objective: To measure racial/ethnic differences in quality of care at the national level using Baby-MONITOR

Design/Methods: Vermont Oxford Network member NICUs in the U.S. contributed data from 2014 to 2018 on all 
infants 22-29 weeks’ gestation or 401-1500 grams birth weight who were inborn or transferred to the reporting hospital 
within 28 days of birth. Baby-MONITOR is a NICU-level score calculated using infant-level process (antenatal steroid 
exposure, admission hypothermia, timely retinal exam, discharge on human milk) and outcome (pneumothorax, health 
care-associated infection, chronic lung disease, mortality, growth velocity) measures. Measures were individually risk-
adjusted, standardized relative to other hospitals in the dataset, equally weighted, and averaged to derive a score for the 
process measures, a score for the outcome measures, and an overall composite score. To receive scores, hospitals needed 
to have data on at least one infant for each measure. Other or unknown races, serious congenital anomalies, deaths in the 
delivery room or within 12 hours of birth, and infants that transferred more than once were excluded.

Results: The analysis included 195,556 infants (86,513 non-Hispanic white, 60,939 non-Hispanic black, 36,552 
Hispanic, 9,977 non-Hispanic Asian, 1,575 non-Hispanic Native American) at 780 hospitals. Compared to white infants 
in the same NICU, Black, Hispanic, and Asian infants had significantly higher mean Baby-MONITOR composite scores, 
while Native American infants’ scores were not significantly different (Figure 1). Black, Hispanic, Asian, and Native 
American infants had significantly lower mean process scores and significantly higher mean outcome scores compared to 
white infants in the same NICU (Figure 1). Differences by race/ethnicity from white infants varied by individual measure 
(Figure 2).

Conclusion(s): Using a national dataset, non-Hispanic black, Hispanic, and non-Hispanic Asian very preterm infants had 
significantly higher composite Baby-MONITOR scores than non-Hispanic white infants in the same NICUs. However, a 
single score from a composite measure masked important differences by race/ethnicity and process/outcome measures.
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Figure 1: Mean score difference in process, outcome, and composite scores for non-Hispanic black
(red), Hispanic (orange), non-Hispanic Asian (green), and non-Hispanic Native American (purple)
infants compared to non-Hispanic white infants in the same NICU. Error bars represent 95%
confidence interval for the difference.

Figure 2: Mean score difference by Baby-MONITOR component for non-Hispanic black (red),
Hispanic (orange), non-Hispanic Asian (green), and non-Hispanic Native American (purple)
infants compared to non-Hispanic white infants in the same NICU. Error bars represent 95%
confidence interval for the difference.
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Figure 1: Mean score difference in process, outcome, and composite scores for non-Hispanic black (red), Hispanic
(orange), non-Hispanic Asian (green), and non-Hispanic Native American (purple) infants compared to non-Hispanic
white infants in the same NICU. Error bars represent 95% confidence interval for the difference.

Figure 2: Mean score difference by Baby-MONITOR component for non-Hispanic black (red), Hispanic (orange), non-
Hispanic Asian (green), and non-Hispanic Native American (purple) infants compared to non-Hispanic white infants in
the same NICU. Error bars represent 95% confidence interval for the difference.
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ABSTRACT BODY: 
Background: Although neonatal abstinence syndrome (NAS) affects thousands of newborns in the U.S. annually and has
increased 5-fold in recent years, little is known about how these children fare clinically beyond the immediate post-
partum period, and no study has yet examined national hospital readmission rates for NAS infants.

Objective: To examine the clinical characteristics and hospital rates of readmission for NAS infants.

Design/Methods: We used the 2016 Nationwide Readmissions Database, a nationally representative sample of hospital
readmissions, to compare 90-day, all-cause readmissions for two cohorts: NAS infants (identified by ICD-10-CM codes
P961, P04.9, and P04.49) vs. healthy newborns (identified by DRG code 795). To allow for equal follow-up time for all
births, only infants born between January 1 and September 30, 2016 were included in the analysis. Logistic regression
was used to compare clinical characteristics.

Results: Of the 1,840,128 newborns included in the study, 52,038 (2.8%) were diagnosed at birth with NAS. For healthy
newborns, the 90-day readmission rate was 25.6 per 1,000, compared to 46.3 per 1,000 for NAS newborns (P < .001).
Among the 49,443 infants readmitted for any cause, NAS infants were more likely than healthy newborns to be
diagnosed with failure to thrive (odds ratio [OR] 1.86, 95% confidence interval [CI] 1.50-2.31), respiratory distress (OR
2.11, 95% CI 1.87-2.38), seizures (OR 1.59 , 95% CI 1.31-1.92), or child maltreatment (OR 1.91, 95% CI 1.49-2.46).
NAS infants were also more likely to die (OR 5.86, 95% CI 4.40-7.81) during a hospital readmission. The median charge
(interquartile range) for the first readmission for NAS newborns was $12,313 ($6,262-$25,669), compared to $9,322
($4,890-$16,718) for healthy newborns (P < .001). NAS infants were 6 times more likely to be covered by Medicaid (OR
6.11, 5.97-6.25).

Conclusion(s): Infants with NAS suffer substantial medical complications in the first 3 months of life. They are nearly
twice as likely as healthy newborns to be readmitted to the hospital and more than 5 times as likely to die during a
readmission. NAS infants are also nearly twice as likely to suffer from child maltreatment. Overall, these findings
underscore the need for prevention efforts to reduce the misuse of prescription and illicit opioids among women of child-
bearing age. They also speak to the need for comprehensive, family-centered care, including social and home-health
services and addiction treatment, to support parents in caring for these clinically complex infants.
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ABSTRACT BODY: 
Background: Numerous prior studies demonstrate lower mortality and morbidity when high-risk infants, or those
delivering prematurity or with a very-low birth weight, deliver at a hospital with a level 3 or 4 neonatal intensive care
unit (NICU). However, such studies have led to a proliferation of low-volume, high-level NICUs. There is little evidence
for specific volume thresholds that optimize outcome of high-risk infants.

Objective: (1) Determine the relationship between volume of very preterm infants with a GA < 32 wks (VPT) and
mortality of high-risk infants, and (2) determine this volume-outcome relationship for mortality or morbidity.

Design/Methods: A retrospective cohort was created of all infants born at a GA<32 wks or BW<1500 grams in
California, South Carolina, and Missouri from 1995-2012 using birth certificates linked to infant death certificates,
maternal hospital administrative records, and infant hospital administrative records until the infant’s discharge to home.
For each hospital and year, we determined the number of VPT delivered. Multivariable logistic regression models
determined the association between this annual VPT volume and mortality or mortality or any morbidity (BPD, NEC,
IVH) after adjusting for education, insurance, and race/ethnicity; antepartum and intrapartum medical conditions;
gestational age, congenital anomalies, and a fixed effect for hospital.

Results: There was wide variation in the annual hospital volume of VPT in the study (median 58, IQR 29-100, range 0-
421). Risk-adjusted mortality rates varied substantially across different volumes for both mortality and
mortality+morbidity outcomes (Figures 1 and 2). 35.5% of all infants delivered at a NICU with < 40 VPT/year, while
25.2% delivered at a NICU caring for > 100 VPT/year. Low volume NICUs cared for fewer mothers with hypertension or
diabetes, or infants with a GA<28 wks compared to higher volume NICUs (Table 1). In multivariable analysis, mortality
improved for high-risk infants delivering at hospitals with at least 40 VPT/year, while mortality+morbidity was
optimized at the NICUs caring for at least 100 VPT/year (Figure 3).

Conclusion(s): High-risk, premature infants have improved rates of both survival and the combined outcome of mortality
or morbidity when they deliver at higher volume hospitals. Volume thresholds vary by outcome. The more precisely
estimated effect of NICU volume will help policy makers address the trend towards de-regionalization of NICU care with
increased mortality and morbidity.

Table 1: Demographic characteristics of patients delivering at NICUs of varying VPT censuses.

Figure 1: Association of hospital VPT annual volume and risk-adjusted mortality rate. Green line
shows the lowess trend line for this association.
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Figure 2: Association of hospital VPT annual volume and risk-adjusted mortality or morbidity
rate. Green line shows the lowess trend line for this association.

Figure 3: Adjusted odds ratios for the association of various VPT annual volumes on mortality
(top) or mortality + morbidity (bottom), compared to delivering at a NICU caring for > 100 VPT
infants annually. For mortality, there was a volume threshold reached at 40 VPT annually, while
for mortality or morbidity, the volume threshold was at 100 VPT annually.

IMAGE CAPTION:
Table 1: Demographic characteristics of patients delivering at NICUs of varying VPT censuses.

Figure 1: Association of hospital VPT annual volume and risk-adjusted mortality rate. Green line shows the lowess trend
line for this association.

Figure 2: Association of hospital VPT annual volume and risk-adjusted mortality or morbidity rate. Green line shows the
lowess trend line for this association.

Figure 3: Adjusted odds ratios for the association of various VPT annual volumes on mortality (top) or mortality +
morbidity (bottom), compared to delivering at a NICU caring for > 100 VPT infants annually. For mortality, there was a
volume threshold reached at 40 VPT annually, while for mortality or morbidity, the volume threshold was at 100 VPT
annually.
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ABSTRACT BODY: 
Background: Slow weight gain and linear growth stunting are common among preterm infants during the neonatal
intensive care unit (NICU) hospitalization and reflect impaired nutrient accretion during a critical period in development
of multiple organ systems. In addition to deficiencies in nutrient intake, non-dietary factors such as postnatal systemic
inflammation may impair nutrient accretion and contribute to slow weight gain, linear growth, and head growth.

Objective: To examine the contribution of systemic inflammation to impaired weight gain, linear growth, and head
growth among extremely low gestational age newborns admitted to the neonatal intensive care unit

Design/Methods: We studied 850 infants born <28 weeks' gestation between 2002-2004. We defined inflammatory
protein elevation as being in the highest quartile of c-reactive protein (CRP), interleukin 6 (IL-6), tumor necrosis factor
alpha (TNF-∝), or interleukin 8 (IL-8) on postnatal days 1, 7, and 14 and 'sustained' elevation as being in the highest
quartile on 2 of 3 days measured. We compared growth outcomes (z-scores of weight, length, head circumference) at
hospital discharge or transfer between infants with vs. without protein elevation. We adjusted in linear regression for birth
weight, length, or head circumference z-score, sex, gestational age at birth, diet (mean of energy and protein delivered on
postnatal days 7, 14, 21, and 28), and length of NICU hospitalization.

Results: Mean gestational age was 25.8 weeks (range, 23 to 27) and birth weight 859 grams (range, 420 to 1450) [Table
1]. Infants with elevated CRP or IL-6 on day 7 and/or 14 were lighter and shorter at discharge or transfer than infants
without elevation of these proteins, adjusting for covariates [Table 2]. IL-8 was associated with lower weight if elevated
on day 1 or 14, and TNFα was associated with lower weight only if elevated on day 14. IL-6 elevation was most
predictive of growth outcomes when sustained over 2 interval measurements. CRP elevation on postnatal days 1 or 14
were associated with smaller head circumference at discharge or transfer.

Conclusion(s): Among extremely low gestational age newborns, postnatal systemic inflammation may contribute to
impaired nutrient accretion as indicated by poorer weight gain, linear growth, and head growth.

Table 1. Infant characteristics

Table 2. Inflammatory protein elevation and neonatal growth outcomes
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Table 1. Infant characteristics

Table 2. Inflammatory protein elevation and neonatal growth outcomes
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ABSTRACT BODY: 
Background: The American College of Obstetricians and Gynecologists (ACOG) described maternal levels of care in an 
effort to improve maternal outcomes. Research has shown that high level neonatal care is associated with better outcomes 
for high risk infants, however the impact of maternal levels of care on perinatal outcomes for high risk mothers and 
infants remains unclear.

Objective: To determine if the maternal level of care, high (level 3 or 4) versus low (level 1 or 2), at the time of delivery 
is associated with maternal and neonatal outcomes among high risk women after adjusting for unmeasured differences in 
case-mix using an instrumental variable.

Design/Methods: Retrospective cohort study of high risk women (e.g. disorders of placentation, multiple gestation, 
hypertension, diabetes, renal disease, severe chronic and severe cardiac conditions) and their infants who delivered in a 
hospital with ≥100 births/year in California (CA), Missouri (MO), and Pennsylvania (PA) from 2000 to 2009. Hospitals 
were assigned a maternal level of care based on the ACOG guidelines, using data on the types of patients who delivered 
at each center which were identified using International Disease Classification codes. Models were used to examine the 
association between outcomes, such as maternal or infant death, severe maternal morbidity (SMM), cesarean section
(CS), maternal hemorrhage, and neonatal asphyxia and maternal levels of care in a cohort that matched women with 
similar illness severity who lived close to a high level center with those who lived far from a high level center.

Results: Characteristics differed between women who delivered in high versus low level maternal centers (Table 1). 
Differences were not significant after the match (Table 2), but women who lived close to a high level maternal center 
were much more likely to deliver at such a hospital compared to those who lived far away. In the matched cohort, 
associated outcomes differed by state (Figure 1 & 2). Delivery at a high level maternal center suggested more positive 
effects in MO and PA with less SMM, CS, and neonatal death. In CA, high level maternal care was associated with lower 
odds of maternal hemorrhage and neonatal asphyxia.

Conclusion(s): This study illustrates the state-level variation in the effect of maternal levels of care on both maternal and 
neonatal outcomes. Delivery at a high level maternal center in PA and MO was associated with less SMM and neonatal 
death. Further study of differences in state perinatal structures and policies is needed.



Table 1. Pre-Match Characteristics of High Risk Mothers Delivering at Hospitals with High-Level
versus Low-Level Maternal Care in Pennsylvania, Missouri, and California, 2000-2009

Table 2. Improved Balance of Measured Characteristics in Pennsylvania, Missouri, and California
after applying an Instrumental Variable and Matching, 2000-2009

Figure 1. Adjusted Maternal Outcomes of Matched Cohort by State
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Figure 2. Adjusted Neonatal Outcomes of Matched Cohort by State
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Table 1. Pre-Match Characteristics of High Risk Mothers Delivering at Hospitals with High-Level versus Low-Level
Maternal Care in Pennsylvania, Missouri, and California, 2000-2009

Table 2. Improved Balance of Measured Characteristics in Pennsylvania, Missouri, and California after applying an
Instrumental Variable and Matching, 2000-2009
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Characteristics of births by birth setting for included births 2006-2017. FBC – freestanding birth
center; HB – home birth; MW – midwife.

Early (<7 day) mortality by birth setting for infants meeting our exclusion criteria. Confidence
bands are displayed around each trendline such that non-overlap indicates a significant difference
between groups at the p=0.05 level. FBC – freestanding birth center; HB – home birth; MW –
midwife.
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Intended birth status by attendant for all home births 2006-2017 (2863/ (197564+2863) = ~1.4%).

Characteristics of births by birth setting for included births 2006-2017. FBC – freestanding birth center; HB – home
birth; MW – midwife.

Early (<7 day) mortality by birth setting for infants meeting our exclusion criteria. Confidence bands are displayed
around each trendline such that non-overlap indicates a significant difference between groups at the p=0.05 level. FBC –
freestanding birth center; HB – home birth; MW – midwife.
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