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abstractBACKGROUND AND OBJECTIVES: Examination of regional care patterns in antenatal corticosteroid use
(ACU) rates may be salient for the development of targeted interventions. Our objective was to
assess network-level variation using California perinatal care regions as a proxy. We
hypothesized that (1) significant variation in ACU exists within and between California
perinatal care regions, and (2) lower performing regions exhibit greater NICU-level variability
in ACU than higher performing regions.

METHODS: We undertook cross-sectional analysis of 33 610 very low birth weight infants cared
for at 120 hospitals in 11 California perinatal care regions from 2005 to 2011. We computed
risk-adjusted median ACU rates and interquartile ranges (IQR) for each perinatal care region.
The degree of variation was assessed using hierarchical multivariate regression analysis with
NICU as a random effect and region as a fixed effect.

RESULTS: From 2005 to 2011, mean ACU rates across California increased from 82% to 87.9%.
Regional median (IQR) ACU rates ranged from 68.4% (24.3) to 92.9% (4.8). We found
significant variation in ACU rates among regions (P , .0001). Compared with Level IV NICUs,
care in a lower level of care was a strongly significant predictor of lower odds of receiving
antenatal corticosteroids in a multilevel model (Level III, 0.65 [0.45–0.95]; Level II, 0.39
[0.24–0.64]; P, .001). Regions with lower performance in ACU exhibited greater variability in
performance.

CONCLUSIONS: We found significant variation in ACU rates among California perinatal regions.
Regional quality improvement approaches may offer a new avenue to spread best practice.

WHAT’S KNOWN ON THIS SUBJECT: Application of
antenatal corticosteroids to mothers before
delivery is highly beneficial to very low birth
weight infants. Yet despite widespread quality
improvement efforts, many eligible infants fail to
receive this therapy.

WHAT THIS STUDY ADDS: We demonstrate
improvement in antenatal corticosteroid use
during the study period. However, significant
regional variation persists, which network-level
quality improvement efforts might help
eliminate.
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In the United States, ∼60 000 very
low birth weight (VLBW, ,1500 g)
infants are born annually. These
infants require prolonged stays in the
NICU and frequently ongoing
subspecialty care throughout
childhood.1 Improving the care of
preterm infants is important to
reduce adverse consequences to
patients, families, and society.
Administration of antenatal
corticosteroids, ideally provided 48
hours before delivery, is safe for
mother and infant and effective in
preventing death, as well as
potentially devastating short- and
long-term complications of infants
born prematurely between 24 and 34
weeks’ gestation.2,3 If all mothers
who are eligible for antenatal steroids
were fully treated in the United
States, .1000 newborn lives might
be saved, and .3000 cases of
respiratory distress syndrome could
be avoided. Such an improvement
would represent a reduction of 5% in
neonatal mortality rates.4 Recent
research estimates the number of
newborn lives saved through full
treatment with antenatal steroids
might be as high as 500 000
worldwide.5

Antenatal corticosteroid use (ACU)
increased from 24% to 72% from
1991 to 1999,6 but the pace of
adoption has since slowed, increasing
only to 77% by 2009.7,8 In 1998,
a collaborative quality improvement
effort sponsored by the California
Perinatal Quality Care Collaborative
(CPQCC) was successful in improving
ACU rates from 76% to 86% among
25 participating NICUs.9 However,
collaborative quality improvement
efforts only reach a small proportion
of the state’s 140 NICUs and those
that volunteer to participate are not
a representative sample. For all
NICUs to improve their ACU rates,
a new approach to quality
improvement is needed.

With the advent of the Affordable
Care Act and the increasing formation
of Accountable Care Organizations

(ACOs), the traditional fee-for-service
payments will be replaced by various
global payment arrangements.10,11

Under global payment arrangements,
provider ACOs are at financial risk
with respect to their quality of care
delivery, providing an impetus to
monitor and optimize quality of care
across the delivery network. This
situation provides an impetus for
perinatal centers to monitor and
optimize quality of care delivery
across their delivery network.
Therefore, network-level quality
improvement may provide an
intriguing opportunity to achieve
excellence in care delivery. Variation
in quality across networks that is not
explained by clinical risk may signal
an opportunity for network-level
quality improvement. In this study,
we used California Perinatal Regions
as a proxy for “network,” given that
each perinatal region contains 1 or 2
perinatal centers and their referral
NICUs. The hypotheses tested in this
study were that:

1. Significant variation in ACU exists
within and between California
perinatal care regions, and

2. Lower performing regions exhibit
greater NICU-level variability in
ACU than higher performing
regions.

The rationale for the first hypothesis
was that the existence of variation at
the regional level might reasonably be
expanded to the network level. The
second hypothesis is based on the
implications of variability on quality
of care delivery, arguing that regions
with less variability exhibit more
reliable care.12,13

METHODS

Overview

Data for this observational study
came from the CPQCC, whose
membership consists of .130
hospitals, including all of the state’s
perinatal centers. The CPQCC
maintains a real-time, risk-adjusted
perinatal data system, using

standardized data collection
procedures to limit measurement
bias. Medical record data abstracted
locally are transmitted to CPQCC,
where they are subjected to logic and
completeness checks, including
normalized range checks, and alerts
for missing data fields. In the event of
inconsistencies, data are reconciled
against the medical record.

Sample

Our study sample included infants
who had a birth weight of ,1500 g
and a gestational age between 24 0/7
and 32 6/7 weeks born at a CPQCC
member hospital between January 1,
2005 and December 31, 2011. The
gestational age limit is congruent
with inclusion criteria into the CPQCC
small infant database and in
accordance with other measures of
quality endorsed by the National
Quality Forum.14 Using standard
CPQCC definitions, we excluded
patients who died within 12 hours of
admission, and NICUs with ,30
eligible infants during the study
period. We used multiyear analysis
because of the small number of VLBW
infants cared for at some of the
institutions and to explore
longitudinal trends in ACU.

Measures

Outcome Variables – ACU Rate

We calculated the proportion of
infants born according to the
selection criteria who had received
antenatal corticosteroids.
Responsibility for this therapy
was attributed to the hospital of
birth.

Explanatory Variables

We applied CPQCC standard
operational definitions for all
explanatory variables. Perinatal
region was designated according to
the California Department of Public
Health (http://www.cdph.ca.gov/
programs/rppc/Pages/default.aspx).
Figure 1 shows the regions and the
number of CPQCC NICUs in each. Two
of the regions are defined by
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membership in a large integrated
health care system. Other explanatory
variables were selected based on the
existing literature.8 We examined
pregnancy-related and hospital-level
variables. Pregnancy-related variables
included maternal age at delivery
(,20, 20 to 29, 30 to 39, .39 years),
fetal distress (y/n), maternal
hypertension (y/n), prolonged
rupture of membranes (y/n), any
prenatal care (y/n), multiple
gestation (y/n), delivery mode
(vaginal versus cesarean delivery),
infant gender (male or female), and
race (non-Hispanic black, Hispanic,
non-Hispanic white, Asian/Pacific
Islander, Native American, other).
NICU levels were self-designated
according to the classification
described by the Academy of
Pediatrics.15 In addition, we
examined hospital ownership
(government, not-for-profit, for-
profit, other), teaching hospital (y/n),
and urban (urban versus rural).

Statistical Analyses

We conducted descriptive cross-
sectional and longitudinal analyses of
simple proportions, means, medians,
and ranges to examine our patient
sample and trends in ACU over the
study period.

Hypothesis 1: Significant Variation in
ACU Exists Within and Between
California Perinatal Care Regions

For this hypothesis, we computed
summary statistics for each outcome
and explanatory variable. We then
calculated proportions of ACU for
each perinatal care region and used
a x2 test to assess whether the rates
differed across the regions. This
analysis was performed at the level of
the individual. Initially we tested
a candidate set of pregnancy-related
and hospital characteristics based on
the literature8 for an association with
ACU. We then constructed
hierarchical logistic regression
models in which patients are nested
within NICUs and NICUs are nested
within perinatal regions.

We developed 2 different models to
test whether the regional differences
in ACU rates were explained by
differences in patient mix or care
practices. For all models we
designated region as a fixed effect as
the variable of interest. For ease of
interpretation we chose the region
with highest rate of ACU usage as the
referent group. To account for the
repeated measures of NICU over time
we included a random effect for NICU.
Model 1 tested for differences in
patient mix and used logistic

regression to calculate the adjusted
odds of maternal characteristics and
ACU. Model 2 tested for differences in
practices. Building on model 1, we
added hospital level variables and
NICU as a random effect. Given the
longitudinal nature of the data, we
also included year of birth as
a covariate in the models.

Hypothesis 2: Lower Performing Regions
Exhibit Greater NICU-Level Variability in
ACU Than Higher Performing Regions

To examine whether higher
performance correlated with more
reliable care delivery, we plotted the
relation between the median ACU
rate and its interquartile range (IQR)
for each region. We then divided
NICUs into high performing and low
performing regions based on their
mean adjusted regional ACU rates
over the entire study period. We used
a 1-sided Wilcoxon Sum of Ranks test
to assess whether the IQRs between
the high and low performing groups
were significantly different. All
analyses were performed using SAS
9.4 (SAS Institute, Inc, Cary, NC).

Human Subjects Compliance

CPQCC data are collected for quality
improvement and meet the criteria
for de-identified data. The dataset is
then further de-identified with
respect to hospital for use as
a research dataset. This study was
approved by the CPQCC and the
Stanford institutional review board.

RESULTS

Characteristics of Infants and NICUs

A total of 33 610 VLBW infants cared
for at 120 California NICUs in 11
perinatal care regions met the
inclusion criteria for the study. A total
of 5460 (16.2%) eligible VLBW
infants did not receive antenatal
steroids. Regional median (IQR) ACU
rates ranged from 68.4% (24.3) to
92.9% (4.8).

From 2005 to 20011, mean ACU rates
across California increased from 82%
to 87.9%. Figure 2 shows a significant

FIGURE 1
California perinatal care regions as defined by the California Department of Public Health.
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positive time trend in ACU across the
study period by care region (P ,
.001).

Hypothesis 1: Significant Variation in
ACU Exists Within and Between
California Perinatal Care Regions

Figure 3 displays the significant
variation in unadjusted ACU rates by
perinatal care region (P , .001).
Variation is evident both between and
within regions. Table 1 gives the
characteristics of the study sample
according to whether patients
received or failed to receive antenatal
steroids (see Supplemental Appendix
for a regional breakdown of infant
and hospital characteristics). Region
of care was a significant predictor of
ACU after controlling for NICU site
and individual and hospital
characteristics (P , .001). After
adjusting for individual
characteristics (model 1) regions B
and C were no longer statistically
different from the referent region A.
All other regions had lower odds of
ACU. Patients in region K had only
one-fifth the odds of receiving ACU.
Additional adjustment for
organizational factors did not
substantially change this assessment
(model 2).

Among the individual level factors,
receipt of prenatal care, prolonged
rupture of membranes, maternal
hypertension, and multiple gestation
increased the odds of ACU, likely
owing to greater interaction with the
medical system before birth. Fetal
distress reduced the likelihood of
ACU, likely because of late
presentation for care or the need for
urgent delivery. Compared with
whites, black mothers were less likely
to receive antenatal corticosteroids.
There was also a trend for lower ACU
in Hispanics.

With regard to hospital-level
characteristics, only level of care was
associated with higher ACU after
controlling for individual and other
organizational factors. Compared
with birth in a Level IV facility, the
odds of ACU in Level IIIs were

one-third lower and in Level IIs even
less. Hospital ownership, urban
location, and teaching status were not
significantly associated with ACU in
multivariate analyses.

Hypothesis 2: Lower Performing Regions
Exhibit Greater NICU-Level Variability in
ACU Than Higher Performing Regions

Figure 4 shows a bubble plot of each
region’s median ACU rates and IQR.
The size of the bubble refers to the
relative size of the region. There is
a significant trend toward a higher
IQR, (ie, more variability in care
delivery in lower performing
regions). Figure 5 exhibits a boxplot
of ACU among regions whose
performance was above and below

the mean for the combined study
period. High ACU regions have
a smaller IQR and 95% confidence
interval (CI) (ie, less variability).
However, even within the high ACU
regions, there are low performing
NICUs, and even within the low ACU
regions there are high performing
NICUs. A 1-sided Wilcoxon test
showed a trend for significance (P =
.11); however, sample sizes in the
groups were very small (4 and 7,
respectively).

DISCUSSION

In this study, we examined
population-based data on ACU across
California perinatal care regions. We

FIGURE 2
Crude ACU rates by region of care over the study period. Group mean shows rising ACU over the
study period (P , .001) but substantial variation across regions.

FIGURE 3
Crude ACU rates by region of care. Each box and whisker plot shows the median trend line, the IQR,
and 95% CI. Region of care remained a significant predictor of ACU after adjusting for NICU,
maternal, and institutional variables (P , .001).
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posed 2 hypotheses. First, that
significant variation exists between
and within California perinatal care
regions. Second, that lower
performing regions exhibit greater
variability in ACU. We confirmed both
hypotheses. With regard to the first
hypothesis, although ACU has been
increasing over the study period,

significant variation persists across
perinatal care regions. Mean ACU
rates varied from 69.3% to 92.3%
across regions. NICU was a significant
independent risk factor of ACU in
multivariate models. Black, and to
a lesser extent, Hispanic mothers
were less likely to receive antenatal
corticosteroids, even after adjusting

for maternal characteristics,
comorbidities, and receipt of prenatal
care. With regard to the second
hypothesis, we showed greater NICU-
level variability in ACU across low
performing regions. This finding
reaffirms a central tenet of quality
science: reducing variation raises
quality. Overall, our findings imply

TABLE 1 Unadjusted and Adjusted Sample Characteristics by Antenatal Corticosteroid Use

Characteristics P value Model 1 Model 2

ANS No ANS Crude Individual Factors Individual and
Organizational Factors

N = 28150 (%) N = 5460 (%) OR (95% CI) OR (95% CI) P value OR (95% CI) P value

Region
A 1872 (7) 145 (3) ref ref ref ref ref ref
B 2510 (9) 242 (4) 0.80 (0.65–1.00) * 0.80 (0.49–1.33) 0.48 0.81 (0.48–1.34) 0.48
C 2519 (9) 292 (5) 0.67 (0.54–0.82) ** 0.61 (0.35–1.07) 0.15 0.53 (0.30–0.92) *
D 2171 (8) 329 (6) 0.51 (0.42–0.63) ** 0.43 (0.26–0.72) ** 0.40 (0.23–0.68) **
E 1841 (7) 342 (6) 0.42 (0.34–0.51) ** 0.43 (0.26–0.73) ** 0.47 (0.27–0.82) *
F 2549 (9) 488 (9) 0.40 (0.33–0.49) ** 0.24 (0.15–0.40) ** 0.30 (0.17–0.52) **
G 5532 (20) 1299 (24) 0.33 (0.28–0.39) ** 0.34 (0.22–0.53) ** 0.31 (0.19–0.48) **
H 2589 (9) 629 (12) 0.32 (0.26–0.39) ** 0.32 (0.19–0.53) ** 0.38 (0.22–0.66) **
I 2276 (8) 570 (10) 0.31 (0.26–0.37) ** 0.27 (0.16–0.46) ** 0.30 (0.17–0.51) **
J 2175 (8) 556 (10) 0.30 (0.25–0.37) ** 0.32 (0.19–0.53) ** 0.38 (0.22–0.66) **
K 2116 (8) 568 (10) 0.29 (0.24–0.35) ** 0.23 (0.14–0.38) ** 0.21 (0.12–0.35) **

Individual Factors
Prenatal care 27552 (98) 4960 (91) 4.85 (4.27–5.52) ** 3.92 (3.45–4.43) ** 3.91 (3.44–4.44) **
PROM 5518 (20) 327 (6) 3.85 (3.43–4.32) ** 4.49 (4.06–4.98) ** 4.63 (4.15–5.16) **
Hypertension 7657 (28) 1041 (19) 1.59 (1.47–1.70) ** 1.86 (1.74–2.00) ** 1.86 (1.73–1.99) **
Maternal diabetes 3071 (11) 426 (8) 1.44 (1.30–1.60) ** 1.10 (1.00–1.21) 0.09 1.08 (0.98–1.20) 0.18
Multiples 8443 (30) 1189 (22) 1.54 (1.44–1.65) ** 1.49 (1.39–1.59) ** 1.50 (1.40–1.61) **
Cesarean birth 21239 (75) 3859 (71) 1.27 (1.20–1.36) ** 1.06 (1.00–1.14) 0.12 1.05 (0.98–1.13) 0.22
Fetal distress 6216 (23) 1387 (26) 0.83 (0.78–0.89) ** 0.83 (0.78–0.89) ** 0.84 (0.79–0.90) **
Maternal age, y
,20 2271 (8) 677 (12) 0.70 (0.64–0.78) ** 0.85 (0.78–0.93) ** 0.86 (0.79–0.95) **
20 to 29 11370 (40) 2389 (44) ref ref ref ref ref ref
30 to 39 12544 (45) 2076 (38) 1.27 (1.19–1.35) ** 1.05 (0.99–1.11) 0.19 1.06 (0.99–1.12) 0.15
$40 1945 (7) 309 (6) 1.32 (1.16–1.50) ** 0.98 (0.87–1.10) 0.75 0.96 (0.85–1.09) 0.61

Race and Ethnicity
White 8410 (31) 1392 (26) ref ref ref ref ref ref
Asiana 3114 (11) 516 (10) 1.00 (0.90–1.11) 0.98 0.97 (0.87–1.07) 0.59 0.98 (0.88–1.09) 0.71
Black 3487 (13) 708 (13) 0.82 (0.74–0.90) ** 0.89 (0.80–0.98) * 0.89 (0.81–0.98) 0.05
Hispanic 12340 (45) 2699 (51) 0.76 (0.71–0.81) ** 0.93 (0.87–1.00) 0.11 0.94 (0.87–1.01) 0.15

Organizational Factors
Level of Care as defined by AAP
Level IV 6742 (24) 837 (16) ref ref ref ref ref ref
Level III 19438 (71) 4079 (76) 0.59 (0.55–0.64) ** 0.57 (0.44–0.75) ** 0.59 (0.42–0.81) **
Level II 1362 (5) 460 (9) 0.37 (0.32–0.42) ** 0.39 (0.27–0.56) ** 0.40 (0.26–0.62) **

Teaching hospital 5695 (22) 936 (18) 1.25 (1.16–1.35) ** 1.59 (1.22–2.08) ** 1.16 (0.81–1.66) 0.49
Urban location 27215 (97) 5197 (95) 1.47 (1.28–1.70) ** 1.54 (1.04–2.28) 0.05 1.42 (0.92–2.20) 0.19

Hospital ownership
Not for profit 19978 (73) 3908 (74) ref ref ref ref ref ref
For profit 3101 (11) 641 (12) 0.95 (0.86–1.04) 0.24 0.89 (0.65–1.22) 0.53 1.06 (0.78–1.45) 0.74
Government 4160 (15) 725 (14) 1.12 (1.03–1.22) ** 1.45 (1.08–1.93) * 1.17 (0.81–1.67) 0.48

*P , .05; **P , .01. Model 1, adjusted for region, year, fetal distress, maternal diabetes, maternal hypertension, PROM, maternal age, multiple gestation, race/ethnicity, prenatal care, and
random effect for NICU. Model 2, Model 1 + level of care, hospital ownership, teaching hospital, and random effect for NICU. Individual variables may not add up to 33 610 owing to
assignment to “other” categories or missingness, not shown here for parsimony. Columns may not add to 100 owing to rounding. PROM, prolonged rupture of membranes; ref, reference
group.
a Includes Pacific Islanders.
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that network-level quality
improvement may be an attractive
new strategy to promote ACU.

The previous literature on ACU has
focused on its variation at the
hospital-level. For example, Lee et al
examined ACU among 20 488
admissions to 17 tertiary level NICUs
in Canada between 1996 to 1997 and
found that antenatal corticosteroids
were administered to 58% of
mothers, ranging from 23% to 76%.16

Wirtschafter et al showed
improvements in ACU after a CPQCC

Quality Collaborative among 25
NICUs with the median rates
increasing from 80% to 87.8%.9

Howell et al noted that 20% of infants
in 3 NICUs in New York City failed to
receive antenatal corticosteroids.17

Lee et al found similar results across
128 NICUs in California.8 Alleman
et al demonstrated wide differences
among the 16 centers of the Neonatal
Research Network (median, 92%;
range, 47% to 99% among infants
.24 weeks’ gestational age).18 Our
finding of variation in ACU at the level

of care regions moves beyond quality
as a hospital-based to a group-based
phenomenon, implying that regional
collaboration can be used to extend
gains in ACU over and above
strategies targeting individual
hospitals.

Quality improvement science has
stressed that reduction in variation is
key to better quality since Walter
Shewhart developed statistical
process control nearly 100 years
ago.19 William Edwards Deming
extended this concept for use to
management, sparking the revolution
in Japan’s industrial output after
World War II.12 By showing that
higher performing regions exhibited
less variation in ACU rates, this study
corroborates this central tenet.
Although some reduction in variation
among high performing regions may
be attributable to a ceiling effect, we
speculate that other factors, including
greater outreach by the referral
center or care standardization across
the region helped reduce variation. Of
course, other factors, such as
unmeasured differences in population
characteristics may also account for
this observation. Nevertheless,
standardized care pathways for the
use of antenatal corticosteroids
implemented across groups of
hospitals may be key to further
uptake.

This group-level phenomenon may
also be driving the rising ACU rates
across the study period, validating the
sustained efforts to spread this
therapy via quality collaboratives
over recent years. For example, in
California, the CPQCC developed
a toolkit and orchestrated large-scale
collaborative quality improvement
efforts.9 Soll et al found a similar rise
in ACU from 2000 to 2009 among
355 806 VLBW infants in the
Vermont Oxford Network, where
rates increased from 71.7% to 76.8%.
Nevertheless, as about 1 in 5 eligible
infants continue to fail to receive
antenatal corticosteroids, extending
opportunities for group-level

FIGURE 4
Each bubble represents a region. The sizes of the bubbles are proportionate to the number of VLBW
infants in each region. The lower median ACU by region, the greater the IQR of care across NICUs in
that region.

FIGURE 5
Box and whisker plot with a median and IQR, along with 95% CI and outliers. High ACU regions have
a smaller IQR and 95% CI (ie, less variability). However, even within the high ACU regions there are
low performing NICUs, and even within the low ACU regions there are high performing NICUs.

e402 PROFIT et al



improvement using a network-level
approach may offer further
opportunities for improvement.

Network-wide implementation of
standardized approaches to ACU may
further improve the quality of care
delivery for VLBW infants. Current
statewide collaborative quality
improvement initiatives attract only
about one-third of all NICUs in
California. The same NICUs tend to
participate in consecutive initiatives,
limiting the spread of quality
improvement capacity. Interest in
network-level quality improvement
may also be promoted by population-
based payments to ACOs, which will
require organizations to optimize
care across their delivery network.
Our finding that infants in Level II
and III NICUs were significantly less
likely to receive antenatal
corticosteroids further supports
a network-based approach, but also
highlights that implementation of
such an approach will require
adaptation of current implementation

formats to suit the smaller bandwidth
for quality improvement of
community NICUs.

This study has several limitations.
We used perinatal care regions as
a proxy for care networks because
we did not have network-level data.
Although regions and networks may
not overlap fully, our finding of
significant variation across regions
suggests that a network-level study
might yield similar results. In
addition, in light of our observational
study design, associations of ACU
with other variables should be
interpreted as hypothesis generating,
not as causal. It is possible that
unobserved confounding factors,
such as poverty or access to
transportation, reduce the timeliness
with which mothers present to
obstetric care when in labor.
Moreover, our data capture 7 years
of data but we only used a recent
designation of American Academy of
Pediatrics level for the NICUs.
Although overall changes in NICU

designation are uncommon, some
NICUs may have changed over the
study period. However, most NICUs
change to a higher level of care,
which would bias our results toward
the null. Finally, although California
is the most populous state in the
United States and is geographically
and socially diverse, it is unknown
whether our data are generalizable,
owing to state-specific differences in
the organization and regulatory
overview of health care delivery to
sick newborns.

CONCLUSIONS

We found significant positive trends
in ACU across California during the
study period, but persistent variation
across perinatal care regions. Routine
measurement of quality of care
delivery that extends to the regional-
or network-level combined with
network-level quality improvement
initiatives may offer a new approach
to extend these gains.
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