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Abstract

BACKGROUND: Unexpected admissions of term neonates to the neonatal intensive care unit
and unexpected postnatal complications have been proposed as neonatal-focused quality metrics
for intrapartum care. Previous studies have noted significant variation in overall hospital neonatal
intensive care unit admission rates; however, little is known about the influence of obstetric
practices on these rates or whether variation among unanticipated admissions in low-risk, term
neonates can be attributed to systemic hospital practices.

OBJECTIVE: The objective of the study was to examine the relative effects of patient
characteristics and intrapartum events on unexpected neonatal intensive care unit admissions and
to quantify the between-hospital variation in neonatal intensive care unit admission rates among
this group of neonates.

STUDY DESIGN: We performed a retrospective cross-sectional study using data collected

as part of the Consortium for Safe Labor study. Women who delivered term (=37 weeks),
singleton, nonanomalous, liveborn infants without an a priori risk for neonatal intensive care

unit admission were included. The primary outcome was neonatal intensive care unit admission
among this population. Multilevel mixed-effect models were used to calculate adjusted odds
ratios for demographics (age, race, insurer), pregnancy characteristics (parity, gestational age,
tobacco use, birthweight), maternal comorbidities (chronic and pregnancy-induced hypertension),
hospital characteristics (delivery volume, hospital and neonatal intensive care unit level, academic
affiliation), and intrapartum events (prolonged second stage, induction of labor, trial of labor after
cesarean delivery, chorioamnionitis, meconium-stained amniotic fluid, and abruption). Intraclass
correlation coefficients were used to estimate the between-hospital variance in a series of
hierarchical models.

RESULTS: Of the 143,951 infants meeting all patient and hospital inclusion criteria, 7995 (5.6%)
were admitted to the neonatal intensive care unit after birth. In the fully adjusted model, the
factors associated with the highest odds for neonatal intensive care unit admission included:
nulliparity (adjusted odds ratio, 1.62 [95% confidence interval, 1.53-1.71]), large for gestational
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age (adjusted odds ratio, 1.59 [95% confidence interval, 1.47-1.71]), and small for gestational

age (adjusted odds ratio, 1.60 [95% confidence interval, 1.47-1.73]). Induction of labor (adjusted
odds ratio, 0.95 [95% confidence interval, 0.89-1.01]) was not associated with increased odds of
neonatal intensive care unit admission compared with women who labored spontaneously. The
events associated with higher odds of neonatal intensive care unit admission included: prolonged
second stage (adjusted odds ratio, 1.66 [95% confidence interval, 1.51-1.83]); chorioamnionitis
(adjusted odds ratio, 3.89 [95% confidence interval, 3.42-4.44]), meconium-stained amniotic fluid
(adjusted odds ratio, 1.96 [95% confidence interval, 1.82-2.10]), and abruption (adjusted odds
ratio, 2.64 [95% confidence interval, 2.16—.21]). Compared with women who did not labor, the
odds of neonatal intensive care unit admission were lower for women who labored: adjusted odds
ratio, 0.48 (95% confidence interval, 0.45-0.52) for women with no uterine scar and adjusted
odds ratio, 0.83 (95% confidence interval, 0.73-0.94) for women with a uterine scar. There was
significant variation in neonatal intensive care unit admission rates by hospital, ranging from 2.9%
to 11.2%. After accounting for case mix and hospital characteristics, the between-hospital variance
was 1.9%, suggesting that little of the variation was explained by the effect of the hospital.

CONCLUSION: This study contributes to the currently limited understanding of term, neonatal
intensive care unit admission rates as a marker of obstetrical care quality. We demonstrated that
significant variation exists in hospital unexpected neonatal intensive care unit admission rates
and that certain intrapartum events are associated with an increased risk for neonatal intensive
care unit admission after delivery. However, the between-hospital variation was low. Unmeasured
confounders and extrinsic factors, such as neonatal intensive care unit bed availability, may limit
the ability of unexpected term neonatal intensive care unit admissions to meaningfully reflect
obstetrical care quality.
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Many quality metrics in obstetrics focus on maternal outcomes but few represent
intrapartum care.! The most commonly recognized metric is the cesarean delivery rate,
reported for all women and for various subsets of women at low risk.2-6

Much attention has been focused on the maternal cesarean delivery rate and the potential
overuse of this procedure, particularly given its rise over the last 20 years.”~2 While the
current rate in the United States (31%) is generally accepted to be too high, the optimal
cesarean delivery rate, in which both maternal and neonatal outcomes are maximized, is not
known, given the complexity of defining, quantifying, and measuring these outcomes.10-13

Similarly, hospital early-term delivery rates were adopted recently as a proxy measure to
reduce neonatal morbidity.14 However, studies have demonstrated that interventions limiting
early-term deliveries have not been associated with improved neonatal outcomes, and there
have been conflicting reports on the impact on the stillbirth rate.1>-17 Currently there are

no widely adopted outcome measures that represent neonatal health, which could serve as
balancing measures to more maternal-focused metrics.
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Unexpected admissions to the intensive care unit and unexpected postnatal complications
among term neonates have been proposed as neonatal-focused metrics for intrapartum
care.1:18:19 previous studies have noted significant variation in hospital neonatal intensive
care unit (NICU) rates, predominantly in the pediatric literature.20-23 However, little is
known about the influence of obstetric practices on NICU admissions or admission variation
among this unexpectedly admitted group of neonates. Thus, the primary objective of this
study was to examine the relative effects of patient characteristics and intrapartum events on
term NICU admissions and to quantify the between-hospital variation in NICU admission
rates in this group.

Materials and Methods

This study is a secondary analysis of the Consortium for Safe Labor data.2 The Consortium
for Safe Labor project was a multicenter retrospective observational study of women that
occurred between 2002 and 2008.

A total of 228,438 pregnancies from 208,695 women in 19 hospitals from 12 health systems
were included. Notably, data were abstracted from the electronic medical records, including
discharge summaries, from these institutions; data cleaning and validation was overseen by
the primary study team. The variables of interest were established prior to the start of the
project; maternal and neonatal conditions were defined locally at each institution, and there
were no standardized definitions supplied with the data set documentation. The full details
of this cohort and the original study have been previously described.2425

For our study, the primary study group was women who had deliveries of term, singleton,
nonanomalous, liveborn infants without an a priori risk for NICU admission. Thus, women
were excluded if they had a multiple gestation or if their neonate was preterm (<37 weeks
gestation), anomalous, or demised antenatally.

Neonates considered to have an a priori risk for NICU admission were those born to
mothers with the following conditions: diabetes (both pregestational and gestational), given
the need for glycemic monitoring and risk of hypoglycemia; illicit drug use in pregnancy
because infants at risk for neonatal abstinence syndrome may be admitted for monitoring or
treatment; and those born to mothers with human immunodeficiency virus because antiviral
treatment may be administered in higher-care settings. No other maternal conditions in

the data set were thought to be associated with NICU admission; thus, all admissions in

the final cohort were considered unexpected. Furthermore, hospitals without a NICU were
excluded because infants would not be eligible for NICU admission. Lastly, 3 sites in the
original Consortium for Safe Labor project did not contribute data for multiple pregnancy
comorbidities or neonatal outcomes; thus, to avoid biases introduced by missing data, these
sites were excluded prior to the start of the analysis.

The primary outcome was NICU admission among this cohort of infants, in which NICU
admission included recorded admissions to either a Level 2 or 3 NICU. We compared
maternal demographic (age, race, insurer), pregnancy characteristics (parity, gestational
age, tobacco use, illicit drug use, birthweight), and maternal comorbidities (tobacco use
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and chronic and pregnancy-induced hypertension) between those infants not admitted and
admitted to the NICU. All variables were predefined and categorized in the data set.
Categorical variables were compared with XZ tests, and continuous variables were compared
with Student ftests.

The intrapartum and labor events that were examined included prolonged second stage
(defined as >3 hours for nulliparous patients and >2 hours for multiparous patients at

the time of the original study) among women who reached full dilation, induction of

labor among women who underwent a trial of labor, trial of labor after cesarean delivery,
chorioamnionitis, presence of meconium-stained amniotic fluid, and intrapartum abruption.
Of these, induction of labor and trial of labor after cesarean delivery reflect interventions
that affect a woman’s labor management from the start of her admission.

A provider’s decision to recommend that a patient continue pushing in the second stage

is presumably predicated on the assumption of reassuring maternal and neonatal status;
however, there is known increased morbidity with a prolonged second stage.26-29 Therefore,
a prolonged second stage was chosen as a variable of interest related to possible NICU
admission.

The other 3 intrapartum events (presence of chorioamnionitis, presence of meconium-stained
amniotic fluid, and intrapartum abruption) are not directly under a provider’s control but
may be associated with labor management practices in the !rst and second stage of labor.
The incidence of NICU admission was compared among the intrapartum events using XZ
tests.

First, the effects of demographics, pregnancy characteristics, and maternal comorbidities
were explored on NICU admission using multilevel, mixed-effects logistic regression
models that accounted for the random effect of the hospital and the individual patient.

This model structure accounts for the possible clustering of outcomes or events among the
following: (1) hospitals (n = 15) and (2) patients with multiple pregnancies in the data set (n
=12,238).

Partially adjusted odds ratios incorporated only the random effects of the hospital and
individual. Fully adjusted odds ratios adjusted for all maternal and pregnancy characteristics,
hospital characteristics, and the random effects. Hospitals were deidentified, but all available
hospital characteristics in the original data set were included in the model: number of

annual deliveries in 2006; hospital type, defined as university, nonuniversity, or teaching
community; NICU level, either level 2 or 3; and hospital level, defined as secondary or
tertiary. All definitions for these variables were prede!ned in the original data set. Then, the
association of each intrapartum event with NICU admission was determined using similar
models.

A subgroup analysis was performed for women without a uterine scar who labored in an
attempt to isolate the effects of labor management. Women undergoing a trial of labor after
cesarean delivery were excluded from this group because their labor management may be
different from those without a uterine scar.

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 September 24.
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For all patients meeting eligibility criteria, NICU admission rates were calculated for each
hospital by dividing the number of infants admitted to the NICU over all term, singleton,
nonanomalous liveborn infants without an a priori risk for admission in the data set. The
incidence of the following complications, as defined and recorded in the Consortium for
Safe Labor data set, were calculated for infants admitted to the NICU: anemia, asphyxia,
death, intracranial hemorrhage, intrapartum aspiration, patent ductus arteriosus, pneumonia,
respiratory distress syndrome, seizures, transient tachypnea of the newborn, and ventilation
use. These complications included both admitting and associated diagnoses.

For the 5 most common complications (transient tachypnea of the newborn, sepsis,
anemia, respiratory distress syndrome, and pneumonia), the incidences were calculated and
compared for each hospital.

To estimate the between-hospital variation, intraclass correlation coefficients were calculated
in a series of random effect hierarchical models. The first model included only the random
effect of the hospital and patient. Then maternal demographics and pregnancy characteristics
were added to assess the effects of case mix on hospital-level variance. Lastly, characteristics
of the hospital (annual delivery volume, NICU level, hospital level, and hospital type) were
added.

Intrapartum events (prolonged second stage, induction of labor, trial of labor after cesarean
delivery, chorioamnionitis, presence of meconium-stained amniotic fluid, and intrapartum
abruption) were not included in these models because these events may be on the causal
pathway to NICU admission. In the final model, the intraclass correlation coefficients
approximate the amount of variation in NICU admission rates that is attributed to the
clustering effect of the hospital, after accounting for case mix.

For reference, the intraclass correlation coefficient can range from 0 to 1. When 0, the
coefficient suggests there is no measurable clustering effect attributable to the hospital

to explain the observed variation; when 1 (or 100%), the observed variation can all be
attributed to the clustering effect of the hospital (ie, due to systematic differences between
hospitals). When less than 1, the remaining variation not explained by the hospital is
attributed to systematic (unmeasured) differences in patients or their management within a
hospital. The details of using this method for studying variation in models with a binary
outcome have been previously described.30-32

All analyses were conducted in Stata 15.1 (Stata Corp, College Stastion, TX). The values of
P < .05 were considered statistically significant. The Partners Healthcare Human Research
Committee exempted this study from review. The Consortium for Safe Labor data were
obtained with permission from the Eunice Kennedy Shriver National Institute for Child
Health and Development for this specific project.

Figure 1 is a flow diagram of the final cohort included in the analysis. Of the 228,438
deliveries included in the Consortium for Safe Labor study, 171,674 were term, singleton,
nonanomalous, liveborn infants born to mothers without comorbidities that may be
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associated with NICU admission (diabetes, illicit drug use, human immunodeficiency virus).
One hospital was excluded because it did not have an NICU (necessary for the primary
outcome of this study), and 3 hospitals were excluded because they did not systematically
collect covariate information on variables critical to the analyses (eg, indications for NICU
admission, maternal comorbidities). Of the 143,951 infants from the 15 hospitals meeting all
patient and hospital inclusion criteria, 7995 (5.6%) were admitted to the NICU after birth.

There was significant variation in NICU admission rates of these infants by hospital, ranging
from 2.9% to 11.2%. Figures 2 and 3 highlight the incidence of neonatal complications
among infants admitted to the NICU. Figure 2 shows the relative incidence of complications
recorded in the original study. Transient tachypnea of the newborn (TTN) accounted for
more than one third of neonatal complications. Sepsis had the second highest incidence at
17%. The remainder of the complications had incidences of less than 10%. Figure 3 shows
the relative incidences in the 5 most prevalent complications among NICU admissions
(TTN, sepsis, anemia, respiratory distress syndrome, and pneumonia) by hospital and each
hospital’s NICU admission rate among the study population.

Table 1 compares the maternal demographics and pregnancy characteristics among infants
admitted and not admitted to the NICU. Table 2 presents the incidence of NICU admissions
for intrapartum and labor events. There were statistically significant differences for all
comparisons (P <.001), given the overall large sample size with the exception of induction
of labor. There were no differences in NICU admissions among women who labored either
spontaneously or via induction.

Table 3 shows the results of the partially and fully adjusted logistic regressions for patient
and pregnancy characteristics. In the fully adjusted model, the factors associated with the
highest odds for NICU admission include nulliparity (adjusted odds ratio [aOR], 1.62 [95%
confidence interval [C1], 1.53-1.71]), large for gestational age (aOR, 1.59 [95% CI, 1.47-
1.71]), and small for gestational age (aOR, 1.60 [95% CI, 1.47-1.73]).

Table 4 shows the results of the partially and fully adjusted logistic regressions for each
individual intrapartum event. Induction of labor (aOR, 0.95 [95% CI, 0.89-1.01]) was not
associated with increased odds of NICU admission compared with women who were in
spontaneous labor. The events associated with higher odds of NICU admission included
prolonged second stage (aOR, 1.66 [95% CI, 1.51-1.83]); chorioamnionitis (aOR, 3.89
[95% CI, 3.42-4.44]), meconium-stained amniotic fluid (aOR, 1.96 [95% CI, 1.82-2.10]),
and abruption (aOR, 2.64 [95% CI, 2.16-3.21]). Compared with women who did not labor,
the odds of NICU admission were lower for women who labored, including those who had
a trial of labor after cesarean delivery: aOR, 0.48 (95% Cl, 0.45-0.52) for women with no
uterine scar and aOR, 0.83 (95% CI, 0.73-0.94) for women with a uterine scar.

Table 5 presents the series of hierarchical random-effects models, showing the effects of
patient and hospitals characteristics on the between-hospital variation estimates (ie, the
intraclass correlation coefficients). When accounting for the random effects of the hospital
and the individual, the amount of between-hospital variation was 4.5%. After adjustment
for patient case mix, the variance decreased to 3.3%. Lastly, with the addition of hospital
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characteristics, the hospital variance decreased to 1.9%. Thus, only 1.9% of the total
variation was explained by between-hospital differences, while 98.1% of the variation in
NICU admissions were attributed to unmeasured differences among practice patterns and
characteristics at the patient level.

The analysis was repeated in the subgroup of women who labored without a prior cesarean
delivery (n = 119,466), of which 6607 (5.1%) were admitted to the NICU. The findings
from the partially and fully adjusted logistic regressions and the series of hierarchical
random-effects models mirrored the results presented from the full model. The tables for
these model results are included in Appendix 1, 2, and 3.

Comment

Among women who delivered term, liveborn, singleton, nonanomalous infants, the rates

of unexpected NICU admissions varied nearly 4-fold among the 15 hospitals in this large,
multicenter cohort. While controlling for patient factors and the random effects of the
hospital and the individual, there were increased odds for NICU admission for women
who developed chorioamnionitis, had an intrapartum abruption, or had the presence of
meconium-stained amniotic fluid. Women who had prolonged second stage also had a 70%
increased risk. Notably, induction of labor was not associated with NICU admission.

There was wide variation in the incidence of neonatal complications among NICU
admissions by hospital. TTN was the most common indication for NICU admission. After
controlling for case mix and hospital-specific factors, the between-hospital attributable
variation was minimal (1.9%), suggesting that unmeasured within-hospital factors explained
most of the observed variation.

The primary intent of the Consortium for Safe Labor project was to study contemporary
patterns of women in labor and their associated neonatal outcomes.2425 By design, detailed
information was collected on intrapartum and neonatal events. Thus, this data set contains
highly granular patient information and hospital characteristics, allowing us to examine the
association between intrapartum events and NICU admissions.

Three intrapartum events are known to be associated with adverse neonatal outcomes, likely
contributing to their higher odds for NICU admission: chorioamnionitis and neonatal sepsis;
the presence of meconium-stained amniotic fluid and meconium-aspiration syndrome; and
intrapartum abruption with fetal anemia and hypoxic insults.33-37 Of these, chorioamnionitis
had the strongest association with unexpected NICU admission with an adjusted odds ratio
of 3.89 (95% Cl, 3.42-4.44). Notably, the hospital-specific incidence of sepsis among NICU
admissions ranged from 0.4% to 43.5% of admissions (median, 14.3%).

We were not able to distinguish between cases of suspected sepsis and confirmed sepsis
from the data set, which likely contributed to this wide range; length of stay in the

NICU was not reliably captured across all institutions to understand how institution-specific
policies for sepsis evaluation and monitoring may have affected an infant’s risk of NICU
admission.
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Of the 3 provider-influenced intrapartum events, a prolonged second stage was associated
with the highest odds of NICU admission (aOR, 1.66 [95% CI, 1.51-1.83]). Compared with
women who had a normal second-stage length, twice as many infants were admitted to the
NICU after a prolonged second stage. The neonatal complication with the highest incidence
among infants admitted to the NICU after a prolonged second stage was sepsis (30.5%),
which is likely contributing to this association.

These findings support prior work showing an increased incidence of chorioamnionitis and
neonatal sepsis in women with prolonged second stages, although hospital-specific practices
for sepsis work-up and management, as discussed, limit the interpretation of the association
between NICU admission and a prolonged second stage.26-29

Interestingly, induction of labor was not associated with NICU admission after controlling
for gestational age and common indications for induction (hypertension, small for
gestational age). These data add to the growing literature on the safety of inductions and
supports results from large randomized trials.38:39

In comparison, labor was associated with a lower risk for NICU admission, among both
women without a uterine scar (52% risk reduction) and with a uterine scar (17% risk
reduction). We hypothesize this is related to lower rates of respiratory morbidity among
infants born via vaginal delivery compared with via cesarean delivery.*0-42 Comparing the
2 groups of women who had a trial of labor with and without a prior uterine scar, 6.8% of
infants born to mothers who underwent a trial of labor after cesarean delivery were admitted
to the NICU compared with 5.1% of infants born to mothers with no prior uterine scar.

The variation in the observed NICU admission rates (range, 2.9-11.2%) support prior
studies noting that NICU admissions are multifactorial, dependent on such factors as
hospital protocols, provider judgment (nurses and neonatal providers), staffing availability,
and NICU bed availability.20-23 These factors are often not easily measured or controlled
for in population analyses, nor are their effects weighted equally or systematically in each
patient, making the examination of NICU admissions challenging.

Using this same data set, although in a different population, Ziegler et al2® demonstrated
there was a high rate of unexplained variability among infants with absolute and relative
criteria for NICU admissions; they hypothesized that hospital-specific policies may be
contributing to the observed variability. In our study, we estimated the between-hospital
variation in NICU admission rates (ie, the degree to which hospital clustering explains

the variation between hospitals) to understand the effect of systemic hospital practices

and factors. Prior to adjustment to any patient factors, less than 5% of the variation was
attributed to hospital practice variation. Of this variation, 50% was explained by patient case
mix (demographics and comorbidities) and hospital characteristics, which are considered
fixed properties of the institution.

After adjustment, the final proportion of the variation attributed to clustering effects at the
hospital-level was minimal (1.9%). Thus, the lack of hospital-based clustering suggests that
even within individual hospitals, there was considerable variation in which infants were
unexpectedly admitted to the NICU.
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While this analysis comprised a large, geographically diverse, multiinstitution sample using
data that were collected by trained extractors for the Consortium for Safe Labor study,

there are several limitations. This analysis was a secondary analysis of a preexisting,
retrospectively collected data set. While approximately 150,000 patients were included in
the final sample, there were only 15 institutions analyzed; the analysis should be performed
in larger sample of hospitals to better understand the effects of interhospital NICU admission
variation. Furthermore, information collected on maternal and neonatal conditions relied on
local institutional definitions, and their incidences were likely related to hospital-specific
documentation and coding practices.

This lack of uniformity can introduce biases of over- and underreporting and have an impact
on the estimates of associations; however, this lack of uniformity is a reflection of actual
practice and similarly affects all population-level analyses (eg, discharge database studies).
To minimize the effects of biases introduced by missing data, variables and hospitals with
large amounts of missing data were excluded prior to the analysis.

Also, this data set comprises information that now is at least 10 years old; practice patterns
may have changed, limiting the generalizability of these findings to current obstetric and
neonatal practices. The data were not specifically collected for this research question, which
limited the availability and reliability of the data elements used in this analysis. Notably, we
were limited in our ability to quantify or stratify the severity of the primary outcome, NICU
admission. As hospitals were deidentified, we were unable to further investigate whether
institutional protocols (eg, NICU admission for routine administration of intra-venous
antibiotics in the setting of maternal chorioamnionitis) may have contributed to a hospital’s
NICU admission rate. If unexpected term NICU admission rates were adopted as a marker
of obstetric care quality, many of these same limitations would have to be considered in its
interpretation.

This study analyzed unexpected term NICU admissions and contributes to the currently
limited understanding of admission rates among this population to reflect obstetrical care
quality. We demonstrated that significant variation exists in hospital NICU admission rates
and that certain intrapartum events and practices are associated with increased risk for NICU
admission after delivery. However, the between-hospital variation was low, of which greater
than 50% was explained by factors (case mix and fixed hospital properties) outside the
control of providers at a specific institution.

A high degree of between-hospital variation, after accounting for case mix, suggests that
systematic practices within an individual hospital may explain the observed variation. From
a quality perspective, this finding would prompt further study into the causes of these
systematic differences contributing to NICU admission rates, such as labor management
among providers at a hospital or protocoled admissions for specific neonatal conditions. The
lack of significant between-hospital variation suggests that hospital-based NICU admission
rates are unlikely to meaningfully reflect consistent obstetrical care practices within these 15
hospitals.
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the distribution of unexpected NICU admission rates and between-hospital variation. It is
likely that unmeasured confounders and properties extrinsic to intrapartum care (eg, NICU
bed availability) will ultimately limit the ability of unexpected term NICU admissions to

meaningfully reflect obstetrical care quality.
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APPENDIX 1: Fully adjusted odds of neonatal intensive care unit admission

for maternal demographics and pregnancy characteristics for women who

underwent a trial of labor without a uterine scar

Characteristics Fully adjusted OR (95% CI)  Pvalue
Maternal age 1.01 (1.01-1.02) <.001
Race

White Reference

Black 1.22 (1.11-1.34) <.001

Hispanic 1.05 (0.95-1.15) .33

Asian 1.00 (0.85-1.17) 1.00

Other 1.03 (0.92-1.16) 57
Insurer

Private Reference

Public 1.15 (1.07-1.24) <.001

Self-pay 1.01 (0.78-1.30) 97

Other 0.87 (0.36-2.08) 75

Unknown 0.82 (0.71-0.95) .008
Nulliparity 1.98 (1.84-2.11) <.001
Gestational age, wks

Early term (37-38) 1.19 (1.12-1.27) <.001

Term (39-40) Reference

Past term (241) 1.21 (1.10-1.32) .001
Hypertension

Chronic 1.22 (1.00-1.50) .05

Pregnancy related 1.40 (1.25-1.57) <.001
Tobacco use in pregnancy  1.31 (1.15-1.49) <.001
Birthweight

<10% 1.53 (1.41-1.67) <.001

10-90% Reference
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Characteristics Fully adjusted OR (95% CI) Pvalue

>90% 1.65 (1.50-1.82) <.001

The fully adjusted model was for maternal demographics (age, race, insurance status), pregnancy characteristics (parity,
gestational age, hypertension, tobacco use in pregnancy, birthweight), and hospital characteristics (delivery volume,
neonatal intensive care unit level, hospital type, and hospital level), and the random effects of the hospital and the patient.

Cl, confidence interval; OR, odds ratio.

Clapp et al. Unexpected term NICU admissions. Am J Obstet Gynecol 2019.

APPENDIX 2: Fully adjusted odds of neonatal intensive care unit admission
for labor and intrapartum events for women who underwent a trial of labor

without a uterine scar

Intrapartum events Fully adjusted OR (95% CI)  Pvalue
Prolonged second stagea 1.59 (1.44-1.76) <.001
Induction of labor” 0.96 (0.91-1.03) 25

Chorioamnionitis 3.98 (3.46-4.59) <.001
Meconium-stained amniotic fluid  2.06 (1.90-2.23) <.001
Abruption 2.40 (1.89-3.05) <.001

The fully adjusted model was for maternal demographics (age, race, insurance status), pregnancy characteristics (parity,
gestational age, hypertension, tobacco use in pregnancy, birthweight), and hospital characteristics (delivery volume,
neonatal intensive care unit level, hospital type, and hospital level), and the random effects of the hospital and the patient.

Cl, confidence interval; OR, odds ratio.
a .

Reference group is women who reached the second stage but had a normal second-stage length;
bReference group is women who had spontaneous labor.

Clapp et al. Unexpected term NICU admissions. Am J Obstet Gynecol 2019.

APPENDIX 3: Between-hospital variance in neonatal intensive care unit
admissions among infants born to women who underwent a trial of labor

without a uterine scar

Intraclass correlation coefficient (95%

Model confidence interval)
No adjustments for patient or hospital characteristics 4.8% (2.3-9.5%)
Adjustment for maternal demographics and pregnancy characteristics ~ 3.7% (1.8-7.6%)
(case mix)

Adjustment for case mix and hospital characteristics 1.9% (0.1-4.1%)

Clapp et al. Unexpected term NICU admissions. Am J Obstet Gynecol 2019.
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AJOG at a Glance

Why was this study conducted?

. To determine the relative effects of patient characteristics and intrapartum
events on neonatal intensive care unit (NICU) admissions among low-risk
neonates.

. To understand hospital variation in NICU admission rates and quantify the

proportion of variance attributed to hospital-specific practices.

Key findings
. Intrapartum events influence a neonate’s risk for NICU admission.
. Rates of NICU admission varied by nearly 4-fold among hospitals in this
sample.
. Little of this variance could be attributed to hospital-specific effects.

What does this add to what is known?

. The indications for unexpected term NICU admissions are multifactorial.

. NICU admission rates are unlikely to accurately reflect hospital-specific
practices.

. Many limitations would need to be addressed before adopting this rate as an

obstetric quality metric.

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 September 24.
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FIGURE 1.

admitted to the NICU
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Flow diagram of patients included in the analysis
CSL, Consortium for Safe Labor; N/CU, neonatal intensive care unit.
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Incidence of neonatal complications among infants admitted to the NICU

One hospital did not collect neonatal sepsis information, resulting in missing data for 794
infants. If this hospital is excluded, the incidence of sepsis among infants admitted to the
neonatal intensive care unit was 18.0%.

NICU, neonatal intensive care unit; RDS, respiratory distress syndrome; 77N, transient
tachypnea of the newborn.

Clapp et al. Unexpected term NICU admissions. Am J Obstet Gynecol 2019.
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FIGURE 3.
Incidence of the most common neonatal complications in NICU admissions

Relative incidence of the 5 most common neonatal complications among infants admitted
to the neonatal intensive care unit in comparison with the hospital’s neonatal intensive care
admission rate. The incidence of complications is calculated as the number of complications
among NICU admissions in the study population at the hospital over the total number of
NICU admissions at the hospital. Because an infant can have more than 1 complication,

the incidence of complications can exceed 100% at each hospital. Hospital unexpected term
NICU admission rates are shown on the right y-axis; hospitals are shown in ascending order
by NICU admission rate.

NICU, neonatal intensive care unit; RDS, respiratory distress syndrome; 77N, transient
tachypnea of the newborn.
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