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Abstract
Objectives—To estimate risk factors for premature infants not receiving antenatal steroids in a
population-based cohort and to determine whether the gains of a quality improvement
collaborative project on antenatal steroid administration were sustained long-term.

Methods—Clinical data for premature infants born in 2005-2007 were obtained from the
California Perinatal Quality Care Collaborative, which collects data on more than 90% of neonatal
admissions in California. Eligible infants had a birth weight of less than 1500 grams or gestational
age less than 34 weeks born at a Collaborative hospital. These data were linked to administrative
data from California Vital Statistics. Socio-demographic and medical risk factors for not receiving
antenatal steroids were determined. We also examined the effect of birth hospital participation in a
prior quality improvement collaborative project. A random effects logistic regression model was
used to determine independent risk factors.

Results—Of 15,343 eligible infants, 23.1% did not receive antenatal steroids in 2005-2007.
Hispanic mothers (25.6%), mothers younger than age 20 (27.6%), and those without prenatal care
(52.2%) were less likely to receive antenatal steroids. Mothers giving birth vaginally (26.8%) and
mothers with a diagnosis of “fetal distress” (26.5%) were also less likely to receive antenatal
steroids. Rupture of membranes prior to delivery, and multiple gestations were associated with
higher likelihood of antenatal steroid administration. Hospitals who participated in a quality
improvement collaborative in 1999-2000 had higher rates of antenatal steroid administration (85%
vs. 69%, p < 0.0001).

Conclusion—A number of eligible mothers do not receive antenatal steroids. Quality
improvement initiatives to improve antenatal steroid administration could target specific high-risk
groups.
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Introduction
It has been known for more than 35 years that exposure to antenatal steroids (ANS)
decreases the incidence of neonatal respiratory distress syndrome and other morbidities in
premature infants.(1-2) Therefore, it is the recommendation of obstetric and pediatric
societies to routinely administer ANS to pregnant women when delivery is expected prior to
34 weeks gestation.(3-5) Nonetheless, only 75-85% of eligible women receive ANS.(6-7)

A recent study of 790 infants from a single region in France identified risk factors for not
receiving ANS.(6) These included medical factors such as preterm birth associated with
maternal bleeding, as well as socio-demographic factors such as young maternal age. In their
cohort of 790 premature neonates, 19.4% did not receive ANS.(6) A similar population
based study has not been performed in the United States. Furthermore, the impact of socio-
demographic factors may be different in a system with universal health care coverage and
potential relevant factors in the United States, such as prenatal care and payment source,
have yet to be investigated.(6)

Our objective was to estimate risk factors associated with lack of ANS administration in a
contemporary data set. We also wanted to evaluate whether active participation in a quality
improvement (QI) collaborative, the California Perinatal Quality Care Collaborative
(CPQCC), was associated with sustained improvement in care over time.

Methods
Study Sample

The CPQCC collects maternal and neonatal clinical data prospectively for infants born at
128 member California hospitals, using an expanded version of the Vermont Oxford
Dataset.(8-9) Membership is offered to any hospital in California that provides neonatal
intensive care. In the study period of January 2005 to December 2007, greater than 90% of
California’s neonatal intensive care admissions were cared for in CPQCC hospitals. Clinical
data from CPQCC were linked to administrative data from the California Vital Records
using a linkage strategy developed with the support of March of Dimes.(10)

The study population included 17,467 hospitalized newborns with a birth weight less than
1,500 grams or gestational age less than 34 weeks born at a CPQCC hospital during the
study period. We excluded the following patients: infants whose antenatal steroid
administration status was unknown (n = 529), and infants for whom linkage between
CPQCC and Vital Statistics could not be established (n = 535). We also excluded infants
who died in the delivery room (n = 1,041), as these infants may have been born in
circumstances in which there was a decision for non-resuscitation, and therefore ANS may
not have been considered. Ninety percent of delivery room deaths occurred in infants whose
gestational age was 25 weeks or lower. We further excluded infants whose birth weight was
larger than the 99th percentile for gestational age, based on previous norms as these infants
were likely to have a miscoded gestational age (n = 19).(11) The number of participating
hospitals that had eligible patients was 94 in 2005, 108 in 2006, and 113 in 2007.

We identified 15,343 eligible patients during the study period. We evaluated patient
characteristics, including maternal demographics (age, race / ethnicity, prenatal care),
obstetric conditions (“fetal distress”, diabetes, hypertension, bleeding, non-vertex
presentation, premature rupture of membranes (rupture prior to delivery), prolonged rupture
of membranes (defined as > 18 hours of rupture), multiple gestations, mode of delivery),
infant characteristics (sex, birth weight, gestational age at birth), birth year, and insurance
status. Gestational age was the best estimate available, with the following hierarchy: 1.
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obstetric measures, based on last menstrual period, obstetrical parameters, or prenatal
ultrasound as recorded in the maternal chart; 2. neonatologists’s estimate based on physical
or neurologic examination, combined physical and gestational age examination (Ballard /
Dubowitz), or examination of the lens. Data regarding the ultimate method used for
estimating gestational age were not recorded.

We also evaluated the impact of prior QI activity, as determined by active group
participation in a prior CPQCC QI collaborative from 1999 to 2000 focused on improving
ANS administration rates.(7) The dissemination process for the collaborative was developed
by the CPQCC Perinatal Quality Improvement Panel and key components included a QI
toolkit made available to all members of the collaborative, and webcasts and workshops
which were open to all members, but selectively attended. For our analysis, we considered
those member hospitals that attended some or all of the webcasts and workshops as QI
participants.

To assess the impact of level of neonatal care, we used the California Children’s Services
(CCS) classification of neonatal intensive care units (NICUs) into three levels, based on
published guidelines by the American Academy of Pediatrics (AAP).(12) Regional NICUs
provide mechanical ventilation and major surgery without restriction (equivalent to AAP
levels IIIC and IIID); community NICUs provide unrestricted care and ventilation to infants
of all gestational ages, but are limited to surgery of only stable infants or those with a patent
ductus arteriosus (equivalent to AAP levels IIIA and IIIB); intermediate NICUs provide care
to a variably restricted population, ventilate only up to a specified number of hours and refer
all complicated cases to a higher level of care.(12) There are a small number of hospitals in
California who are not classified by CCS.

The primary outcome of interest was ANS administration, defined as any dose of ANS given
prior to delivery. CPQCC records ANS administration as a yes / no variable and does not
record the exact timing of administration before time of birth.

We conducted univariable and multivariable analyses to examine associations with ANS
administration. For univariable analyses, the Mann-Whitney test was used for continuous
variables and chi-square test for categorical variables. For multivariable analysis, nonlinear
mixed regression models were performed with PROC NLMIXED in SAS version 9.2 (SAS
Institute Inc, Cary, North Carolina), with individual hospitals modeled as a random effect.
Forward stepwise selection was used to determine the optimal model. Mean ANS
administration rates were compared between QI participants and non-participants, both
crude rates and after risk adjustment accounting for the significant factors determined from
multivariable analysis. We derived ANS rates for each hospital as predicted random effects
using mixed effects logistic regression modeling that adjusted for significant variables from
the stepwise selection. The strength of a random effects model is to account for factors that
are not determined even after risk adjustment for known risk factors and allow attribution to
being clustered at or cared for at a specific hospital. We fit the model using PROC
NLMIXED which calculates predicted random effects as posterior modes. Such predictions
tend to “shrink” the crude rates; further description of the relationship of predicted random
effects and crude estimates are available elsewhere.(13)

The development of a strategy to link data from CPQCC and California Vital Records was
facilitated by a grant from the March of Dimes. This study was reviewed by the institutional
review boards of University of California, San Francisco and Stanford University.
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Results
During 2005-2007, there were 15,343 eligible infants born at CPQCC hospitals, with an
overall ANS administration rate of 76.9%. Infants whose mothers received ANS were more
likely to have had lower birth weight (1220 vs. 1350 grams, p < 0.0001) and deliver at an
earlier gestational age (28.9 vs. 29.7 weeks, p < 0.0001). Further characteristics of the study
population and univariable analysis are shown in Table 1. In unadjusted analysis, infants of
mothers who were younger or Hispanic were less likely to receive ANS. Female infants and
those born from multiple gestations were more likely to receive ANS. Private insurance
patients had higher ANS rates (80.3%) compared to other payers (71.5-73.7%, p < 0.0001).

After 30 weeks gestational age, a mother was much less likely to receive antenatal steroids,
with the ANS administration ranging from 80 to 85% from 24 to 30 weeks and then
decreasing steadily from 78% at 31 weeks to 39% at 34 weeks gestational age (Figure 1).
Factors associated with not receiving antenatal steroids in multivariable analysis are shown
in Table 2. Obstetrical conditions, in which timing of delivery may have been a factor such
as fetal distress and vaginal delivery (vs. cesarean), were associated with non-ANS
administration when adjusting for maternal age, race / ethnicity, prenatal care, birth year,
and NICU level. On the other hand, mothers who had rupture of membranes of any duration
prior to delivery were more likely to receive ANS. Infants with higher birth weight and
those born at later gestational age were less likely to receive ANS. Patients without prenatal
care and those born at non-Regional hospitals were also less likely to receive ANS.

Hospital rates of ANS administration varied widely (Figure 2). During the years of the
study, there were 11 hospitals which had participated in the previous CPQCC quality
improvement collaborative caring for 3,111 infants. Forty-five percent of these were
Regional hospitals. The remaining 107 hospitals, 11% of which were Regional hospitals,
cared for 12,232 infants. Infants born at QI participant hospitals were more likely to receive
ANS than those born at hospitals which did not participate, with unadjusted rates for QI
participants of 85% vs. non-participants 69% (p < 0.0001). After risk adjustment for risk
factors identified in Table 2 and modeling individual hospital as a random effect, QI
participants also had higher ANS administration than non-participants (58% vs. 49%, p =
0.028). This method of modeling allowed for risk adjusted comparison of hospitals
accounting for clustering at the hospital level and can result in “shrunken” estimates, which
was consistent with the present analysis.

Discussion
In this study of premature infants born in CPQCC hospitals, we found that contrary to well
established guidelines, 23.1% of mothers of infants with birth weight < 1500 grams or born
< 34 weeks gestation did not receive ANS. Moreover, this phenomenon was
disproportionately evident among more vulnerable women (i.e. no prenatal care, Hispanic
women). Mothers giving birth after 30 weeks gestation were less likely to receive ANS.
Additionally, we found wide variation in the use of ANS among different hospitals, which
was evident even after risk adjustment. We also found that participating in webcasts and
workshops in a quality improvement collaborative several years prior to the study period
was associated with higher ANS administration.

Our findings are consistent with existing literature indicating 15-25% of eligible infants are
not exposed to ANS and suggest specific targets for reducing inequalities in care.(6-7)
Through a new data linkage strategy, we were able to combine neonatal clinical data from
CPQCC with maternal clinical and socio-demographic data from California Vital Records.
In unadjusted analyses, younger mothers were at higher risk for not receiving ANS, as has
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been described in other studies.(6,14) There were also differences by race / ethnicity;
however, after risk adjustment, the most prominent factors associated with not receiving
ANS were neonatal level of care and lack of prenatal care (Table 2). Mothers in this higher
risk cohort may have greater benefit from ANS, considering that their infants may be more
vulnerable to being medically underserved or subject to disparities in access to care.

We also found obstetrical conditions such as vaginal birth increased the likelihood of not
receiving ANS. Although the lack of ANS in these cases may be related to the urgency of
delivery, they still represent lost opportunities for improvement in quality of care. Although
optimal neonatal benefit for ANS occurs after 24 hours of exposure prior to delivery, there is
still likely to be some benefit if delivery occurs prior to this time.(15-16) Furthermore,
10.1% of mothers with prolonged rupture of membranes (> 18 hours) did not receive ANS.
More than 80% of prolonged rupture of membranes was accounted for by infants born prior
to 32 weeks gestation in this cohort. The American College of Obstetricians and
Gynecologists recommends ANS for all infants up to 32 weeks gestation, even in the setting
of premature membrane rupture, so lack of sufficient time could not have accounted for this
finding in our cohort.(3,28)

In addition to socio-demographic and medical risk factors, we found that the rate of non-
administration of ANS increased rapidly in infants delivering between 30 and 34 weeks
gestation, with a six-fold increase in adjusted odds of not receiving ANS at 34 weeks. The
reasons for this are unclear. It may represent a difference in the imminence of birth on
maternal presentation at later gestational ages, or it may reflect reduced attention to the
potential adverse consequences of “moderately preterm” birth. There has been recent
interest in the increased risk of morbidity and mortality in late preterm infants (34 and 37
weeks gestation).(18-21) The recognition that degree of prematurity presents something akin
to a dose-dependent risk should also lead to closer attention of the “moderately preterm”
infant born from 30 to 34 weeks gestation. These infants are at even higher risk than late
preterm infants for respiratory and other morbidities, yet we found that the ANS rates in this
population were markedly lower than infants born at younger gestational ages.(22) Given
the evidence of benefit of ANS to 34 6/7 weeks, there is opportunity to improve care for
mothers with threatened preterm birth at these intermediate gestational ages.(23-25)

Risk adjusted hospital-specific ANS rates for eligible infants varied widely (Figure 2),
indicating substantial variation that cannot be explained by hospital characteristics.
Considering that there remained large hospital variation in practice after risk adjustment
suggests that there are substantial opportunities for improving ANS rates at many facilities.

The evidence that ANS administration reduces the risk of neonatal death, respiratory distress
syndrome, and other morbidities in premature infants has led to it being the standard of care
for at least the past decade.(3-5,16,23) Due to the evidence supporting its use, ANS
administration increased dramatically in the 1990’s, from 23.8% in 1991 to 71.6% in 1999
in the Vermont Oxford Network.(26) Although the causes of this rise have not been studied
in detail, directed quality improvement interventions have been used successfully to increase
ANS rates.(7,27-28)

One such effort occurred within CPQCC from 1999 to 2000. Details of the dissemination
strategy have been described previously.(7) An ANS toolkit was developed and
disseminated. A series of interactive workshops and webcasts were then provided. Although
the toolkit was available to all CPQCC members, not all hospitals participated in the
workshops. ANS rates increased from 76% in 1998 to 86% in 2001.(7)

The sustainability of QI initiatives is an increasing area of scrutiny. There have been a
dearth of studies on long-term effects of quality improvement collaborative efforts, and
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specifically none which have looked at the sustainability of efforts to improve ANS
administration.(29) For our analysis, we considered those hospitals which sent
representatives to participate in the workshops and webcasts as the quality intervention
participants. We found that the efforts of this group were associated with long-term change;
participating hospitals had higher rates of ANS administration than other hospitals 5 to 7
years after the end of the intervention. Furthermore, there was evidence of holding the gains
of the previous collaborative with ANS rates in the QI participants remaining at 85%.

Limitations of our study include those related to the obstetrical data collected. ANS
administration is categorized by the CPQCC as any dose of ANS given prior to delivery, as
opposed to a complete course. Therefore, our reported rate of ANS administration likely
overestimates the rate of the more optimal complete ANS course. We were unable to
determine if some mothers may have been admitted to the hospital just prior to delivery,
without enough time for ANS administration. Finally, the comparison of ANS rates by
quality improvement collaborative participation was not the result of a randomized
controlled design. There may be some degree of selection bias in that hospitals that
participated may have other factors relevant to their success. Nevertheless, the higher ANS
administration rates in quality improvement participants are encouraging, as it suggests that
the collaborative effort was associated with a sustained improvement at those hospitals. As
quality improvement becomes a higher priority in medicine, further research should focus on
not just the effectiveness of quality improvement, but its sustainability.

We found that there is still a concerning proportion of eligible patients at risk for not
receiving ANS. It may be the case that relatively “easy” patients to identify and treat such as
those who are followed through prenatal care with identification of high risk conditions are
generally being treated appropriately. On the other hand, mothers who present without
prenatal care and / or mothers who present suddenly without warning with imminent
delivery may be at highest risk for not receiving ANS. There also may be some
complacency toward ANS administration at later, yet still eligible, gestational ages. Quality
improvement initiatives to target such mothers may be the next priority in further efforts to
increase ANS rates. Our study showed that a collaborative effort by CPQCC may have had a
lasting change on participating hospitals, an encouraging result in this era of quality
improvement.
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Figure 1.
Antenatal steroid administration by gestational age.
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Figure 2.
Adjusted rates of antenatal steroid administration by hospital. Rates were risk adjusted using
a random effects logistic regression model. Adjusted rates for the majority of hospitals were
lower than actual crude rates.
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Table 1

Antenatal steroid administration in preterm infants in the California Perinatal Quality Care Collaborative.

Antenatal steroid administration

Yes No P

Birth Year

 2005 3658 (76.7%) 1109 (23.3%) 0.0088

 2006 3950 (75.7%) 1271 (24.3%)

 2007 4186 (78.2%) 1169 (21.8%)

Maternal age (years)

 < 20 994 (72.4%) 378 (27.6%) < 0.0001

 20 – 29 4720 (75.4%) 1539 (24.6%)

 30 – 39 5297 (79.3%) 1382 (20.7%)

 >= 40 783 (75.8%) 250 (24.2%)

Prenatal care

 Yes 11496 (78.1%) 3223 (21.9%) < 0.0001

 No 298 (47.8%) 326 (52.2%)

Maternal race / ethnicity

 Non-Hispanic White 3655 (80.2%) 905 (19.8%) < 0.0001

 Native American 32 (86.5%) 5 (13.5%)

 Asian / Pacific Islander 1250 (78.5%) 343 (21.5%)

 Black 1441 (77.4%) 421 (22.6%)

 Hispanic 5112 (74.4%) 1763 (25.6%)

 Other 217 (71.6%) 86 (28.4%)

Fetal distress

 Yes 2303 (73.5%) 831 (26.5%) < 0.0001

 No 9491 (77.7%) 2718 (22.3%)

Maternal diabetes

 Yes 1132 (80.5%) 274 (19.5%) 0.0007

 No 10662 (76.5%) 3275 (23.5%)

Maternal hypertension

 Yes 3079 (81.7%) 689 (18.3%) < 0.0001

 No 8111 (75.0%) 2703 (25.0%)

Maternal bleeding / placental abruption / placenta previa

 Yes 1708 (74.1%) 597 (25.9%) 0.0006

 No 10086 (77.4%) 2952 (22.6%)

Malpresentation / breech

 Yes 2714 (78.8%) 732 (21.2%) 0.0028

 No 9080 (76.3%) 2817 (23.7%)

Membrane rupture prior to delivery

 Yes 3798 (79.7%) 968 (20.3%) < 0.0001
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Antenatal steroid administration

Yes No P

 No 7996 (75.6%) 2581 (24.4%)

Prolonged (> 18 hours) rupture prior to delivery

 Yes 2090 (89.9%) 234 (10.1%) < 0.0001

 No 9704 (74.5%) 3315 (25.5%)

Multiple gestation

 Yes 3770 (82.8%) 785 (17.2%) < 0.0001

 No 8022 (74.4%) 2764 (25.6%)

Sex

 Female 5798 (77.7%) 1662 (22.3%) 0.018

 Male 5993 (76.1%) 1881 (23.9%)

Mode of delivery

 Cesarean section 8816 (78.2%) 2459 (21.8%) < 0.0001

 Vaginal 2972 (73.2%) 1088 (26.8%)

CCS level

 Community 7075 (74.5%) 2423 (25.5%) < 0.0001

 Intermediate 513 (71.2%) 208 (28.8%)

 Non-classified 577 (84.0%) 110 (16.0%)

 Regional 3629 (81.8%) 808 (18.2%)

Payment source

 MediCal / Other government / Indian Health 4888 (73.7%) 1742 (26.3%) < 0.0001

 Private insurance 6297 (80.3%) 1540 (19.7%)

 Self-pay or other 442 (71.5%) 176 (28.5%)

The following categories do not add up to the total n = 15,343 of the total cohort due to missing or unknown values: maternal race, hypertension,
multiple gestation, mode of delivery, and payment source.
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Table 2

Multivariable analysis of risk factors for non-administration of antenatal steroids.

Odds ratio (95% confidence interval)

Socio-demographic factors

 Prenatal care 0.27 (0.23, 0.33)

 Race / Ethnicity

  Non-Hispanic White 1.00 (reference)

  Native American 0.51 (0.18, 1.44)

  Asian / Pacific Islander 1.15 (0.98, 1.36)

  Black 1.16 (0.99, 1.36)

  Hispanic 1.16 (1.04, 1.30)

  Other 1.59 (1.16, 2.18)

 Maternal age (years)

  < 20 0.95 (0.82, 1.11)

  20-29 1.00 (reference)

  30-39 0.96 (0.87, 1.06)

  >= 40 1.23 (1.03, 1.47)

Clinical factors

 Prolonged membrane rupture prior to delivery 0.31 (0.27, 0.37)

 Maternal hypertension 0.54 (0.48, 0.60)

 Multiple gestation 0.62 (0.56, 0.69)

 Membrane rupture prior to delivery 0.85 (0.77, 0.95)

 Birth weight (increase of 100 grams) 1.02 (1.00, 1.03)

 Male sex 1.03 (0.95, 1.12)

 Gestational age (increase of 1 week) 1.12 (1.09, 1.14)

 Fetal distress 1.28 (1.15, 1.42)

 Vaginal delivery (vs. Cesarean) 1.30 (1.17, 1.45)

Birth year

 2005 1.00 (reference)

 2006 1.00 (0.90, 1.11)

 2007 0.80 (0.72, 0.90)

California Children’s Services level

 Regional 1.00 (reference)

 Community 1.71 (1.16, 2.51)

 Intermediate 1.75 (1.03, 2.97)

 Non-classified 1.07 (0.58, 1.99)

Factors listed are those that remained after stepwise selection. Non-significant factors were: maternal diabetes, maternal bleeding, malpresentation /
breech, and payment source.
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