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Objective. To define the association between large-scale obstetric unit closures and
relative changes in maternal and neonatal outcomes.
Data Sources/Study Setting. Birth and death certificates were linked to maternal
and neonatal hospital discharge records for all births between January 1, 1995 and June
30, 2005 in Philadelphia, which experienced the closure of 9 of 19 obstetric units
between 1997 and 2005, and five surrounding counties and eight urban counties that
did not experience a similar reduction in obstetric units.
Design. A before-and-after study design with an untreated control group compared
changes in perinatal outcomes in Philadelphia to five surrounding control counties and
eight urban control counties after controlling for case mix differences and secular
trends (N = 3,140,782).
Results. Relative to the preclosure years, the difference in neonatal mortality (odds
ratio (OR) 1.49, 95 percent CI 1.12–2.00) and all perinatal mortality (OR 1.53, 95
percent CI 1.14–2.04) increased for Philadelphia residents compared with both con-
trol groups between 1997 and 1999. After 2000, there was no statistically significant
change in any outcome in Philadelphia county compared with the preclosure
epoch.
Conclusions. Obstetric unit closures were initially associated with adverse changes in
perinatal outcomes, but these outcomes ameliorated over time.
Key Words. Neonatal mortality, obstetric unit closures, bed supply

Between 1997 and 2005, 9 of 19 obstetric units in Philadelphia County
closed, resulting in a 40 percent reduction in the number of obstetric beds
(Maternity Care Coalition 2005). The literature on the reduction in hospital
services largely studies potential reasons for hospital closures. These studies
suggest that closures occur in highly competitive health care markets (Lee
and Alexander 1999; Mullner et al. 1989), and the hospitals most at-risk for
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closing were smaller and for profit (Buchmueller, Jacobson, and Wold
2006; Ciliberto and Lindrooth 2007; Deily, McKay, and Dorner 2000;
Lillie-Blanton et al. 1992; Lindrooth, Lo Sasso, and Bazzoli 2003). In Phila-
delphia, primary data suggest that increased fixed costs over the postclosure
period, primarily increased malpractice premiums (Anonymous 2007; Bur-
ling 2007; George 2001, 2002, 2005, 2008a, 2009; McCullough 2003;
Treaster 2002) and reduced reimbursement for obstetric care (Burling 2007;
George 2008a,b, 2009; McCullough 2003) were the primary reason for clo-
sures. Most investigations into the effect of hospital closures are limited to
the closure of rural hospitals (Rosenbach and Dayhoff 1995) or single hospi-
tals within a large metropolitan area. These studies show conflicting results
on the impact of hospital closures on patient outcomes. Even though obstet-
ric units are the units most commonly eliminated by individual hospitals
when reducing services (Kirby et al. 2006), the effects of a large urban
obstetric service reduction on perinatal outcomes have not been systemati-
cally examined in the literature.

The goal of this study was to determine the effect of a large-scale
reduction in obstetric bed supply on maternal and neonatal outcomes,
using a before-and-after study design with an untreated control group to
control for secular trends and changes in patient characteristics. Based on
prior literature, we hypothesized that some outcomes, such as neonatal
mortality, neonatal complications, and maternal complications would wor-
sen as more units closed. These outcomes are most likely to change with
changes in either access of hospital care or the timeliness of care delivery.
Other outcomes, such as the delivery of infants between 23 and 32 weeks
gestation, would not change because multiple studies suggest that medical
management cannot reduce the risk of a delivery under 32 weeks gestation
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by mothers in premature labor (American College of Obstetricians and
Gynecologists 2003), and thus timeliness of care may not affect these
outcomes.

METHODS

Study Design and Choice of Control Groups

This study used a before-and-after study design with an untreated control
group (Card 1990; Shadish, Cook, and Campbell 2002; Volpp et al. 2007a,b)
to determine the association between obstetric unit closures in Philadelphia
and changes in maternal and neonatal outcomes between a preclosure period
(1995–1996) and three separate postclosure periods (1997–1999, 2000–2002,
and 2003–2005). This study design answers questions where a randomized
trial is not feasible, and the reasons for obstetric unit closures are not strongly
associated with factors that both (1) changed more in Philadelphia, relative to
the control group, between the preclosure and postclosure epoch, and (2)
independently affect perinatal outcomes (Beasley and Case 2000). This study
design controls for secular trends, stable differences between Philadelphia and
the control counties over time, and differences in changes in each county’s
case mix.

The choice of control counties is important for this study design. We
adopted the framework of Rosenbaum and Campbell (Campbell 1969;
Rosenbaum 1987) in choosing two separate control groups for this study.
The results from an observational study are strengthened if we find similar
results after choosing two control groups with different similarities to Phila-
delphia. The first control group was a combination of five counties surround-
ing Philadelphia (Bucks, Montgomery, Delaware, Chester, and Berks).
These counties operated under similar state and insurance regulations to
Philadelphia during the 11-year time frame of the study, and these counties
have a similar medical culture to Philadelphia county because of their geo-
graphic proximity. However, these counties have different obstetric systems
to Philadelphia, such as large rural communities without an obstetric unit or
many smaller urban areas with only a single obstetric unit. To address these
differences, we selected a second control group made up of control counties
that are similar to Philadelphia in terms of urban location, educational
achievement, insurance status, and obstetric network (Table 1). The eight
counties that made up this urban control group were Alameda, CA; Alle-
gheny, PA; Lehigh, PA; Los Angeles, CA; Sacramento, CA; San Diego, CA;
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San Francisco, CA; and San Jose, CA. These counties, though, are in either a
different part of Pennsylvania or in another state. Thus, the secular trends in
perinatal outcomes may differ in these counties. By comparing the change in
outcomes in Philadelphia county to two dissimilar control populations, we
learn more from the observational study than by comparing with a single
control population.

Data Population and Sources

Weobtained live birth and fetal death certificates from all in-hospital deliveries
occurring in Pennsylvania and California between January 1, 1995 and June
30, 2005. Each state’s department of health linked these birth certificates to

Table 1: Demographics of Study Population

Philadelphia
County

Five Surrounding
Control Counties

Eight Urban
Control Counties

No. of deliveries 155,261 269,570 2,985,521
%Deliveries <1,500 g 2.32% 1.28% 1.19%
%Deliveries � 32 weeks GA 3.56% 2.07% 2.27%
%Deliveries via C-section 24.27% 25.53% 25.67%

Race
White 30.02% 75.75% 32.41%
Black 42.51% 7.47% 8.07%
Asian 3.50% 2.01% 11.49%
Hispanic 9.72% 6.49% 44.36%
Other 14.25% 8.28% 3.66%

Insurance
Fee for service 7.03% 19.34% 3.99%
HMO 35.58% 53.07% 49.46%
Medicaid/Medicare 42.46% 13.68% 42.51%
Other 13.03% 12.43% 1.02%
Uninsured 1.09% 0.99% 2.99%
Missing 0.80% 0.49% 0.03%

Mother’s education level
At least high school diploma 72.76% 91.05% 69.34%
No high school diploma 23.49% 7.11% 28.90%
Missing 3.75% 1.85% 1.76%

Cormorbidities
Chronic hypertension 1.40% 0.91% 0.59%
Diabetes mellitus 0.78% 0.54% 0.76%
Gestational diabetes 3.19% 3.54% 4.36%
Renal disease 0.17% 0.11% 0.09%

Note.GA, gestational age.
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death certificates using name and date of birth, and then deidentified the
records.We thenmatchedover 98 percent of live birth or fetal death certificates
to maternal and newborn hospital records using prior methods (Herrchen,
Gould, and Nesbitt 1997; Phibbs et al. 2007). Over 80 percent of the
unmatched live birth or fetal death certificate records weremissing the delivery
hospital, suggesting a birth at home or a birthing center. The unmatched
records had similar gestational age and racial/ethnic distributions to the
matched records. The departments of health in California and Pennsylvania
and the IRB at theChildren’sHospital of Philadelphia approved this study.

Mothers residing in Philadelphia, the five surrounding control counties,
and the eight urban control counties were identified using the maternal county
of residence on the birth certificate, and validated with the maternal zip code
from the hospital record. Birth records were excluded if they had a gestational
age less than 23 weeks or greater than 44 weeks, a birth weight less than
400 g or greater than 8,000 g, or if the birth weight was more than 5 standard
deviations from the mean birth weight for the recorded gestational age in the
cohort (Parker and Schoendorf 2002). Initially, 3,195,062 birth records were
identified; 54,280 met the exclusion criteria, leaving 3,140,782 births in the
final cohort.

Definition of Study Outcomes

Six outcome measures were used in this study that either (1) could be affected
by changes in the delivery hospital or (2) are common outcomes measures
used by public health departments to monitor perinatal care. Mortality is a
common perinatal outcomes measure. This was measured in two ways. Neona-
tal deaths were defined as any death during the initial birth hospitalization and
were determined from death certificate records. In addition, we examined fetal
deaths in two ways. First, we used death certificate data to count all fetal deaths
in each county with either a gestational age of at least 23 weeks or a birth
weight of 400 g or more. Second, we counted only those fetal deaths that met
a prior definition of a preventable fetal death that may be influenced by care
delivered at the hospital (Phibbs et al. 2007). These deaths were identified by
a previously constructed algorithm of ICD-9CM codes and birth certificate
data. Complications around the time of delivery have also been used as
adjunct outcome measures to mortality, as mortality rates are typically very
low. We constructed a composite of neonatal complications that may be affected
by a delay in delivery as infants with any one of the following complications:
asphyxia (ICD-9CM codes 768.5, 768.6, 768.9), birth trauma (ICD-9CM
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codes 767.2, 767.4–767.9), or seizures (ICD-9CM codes 779.0, 780.3x). We
constructed a composite of maternal complications that may be increased with a
delay in delivery or a change in the quality of care at the remaining hospitals.
This composite included women with any one of the following complications:
wound infection (ICD-9CM codes 674.1x, 674.2x, 674.3x), postdelivery
hemorrhage (ICD-9CM codes 641.3x, 641.8x, 641.9x, 660.0x, 660.1x,
660.2x, 660.3x, 667.1x), and blood transfusion (ICD-9CM procedure code
99.0x), as a proxy for severe postdelivery hemorrhage. Finally, there are com-
mon measures of perinatal care that may or may not be influenced by either
the closure of the obstetric hospital or even obstetrical care. However, they
are commonly used by public health departments to monitor obstetric care.
These measures include preterm deliveries, defined as a delivery between 23 and
32 weeks, 23 and 37 weeks, or 34–37 weeks gestational age on the birth certif-
icate; and deliveries via Cesarean section, identified from an ICD-9CM code of
669.7x in the maternal delivery record or a notation of a Cesarean section
delivery in the birth certificate. For birth certificate records missing gestational
age, we multiply imputed gestational age when it was the dependent variable
in a multivariable model.

Definition of Covariate Variables

We included specific covariate variables in a risk-adjustment model based on
their association with one or more study outcomes. The final models included
birth weight, grouped into 250–500 g strata, because lower birth weight
infants have an increased risk of death or complications; maternal sociodemo-
graphic factors, such as race, age, education, and insurance status; maternal
comorbid conditions listed in the appendix, which may increase the risk of
each outcome measure listed above; an interaction term between gender and
birth weight, as female infants tend to have lower birth weights than male
infants; and 49 congenital anomalies grouped by affected organ system, listed
in the appendix, which have previously been identified as being associated
with higher risk of neonatal and fetal death (Phibbs et al. 2007).

Data Analysis

For each outcome measure, we constructed two separate regression models:
(1) unadjusted models that included county, treatment epoch, and an interac-
tion term between each postclosure treatment epoch and Philadelphia county,
and (2) multivariable logistic regression models that adjusted for patient-level
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factors, secular trends, and differences between the counties during the preclo-
sure time period. The coefficients of interest were the interaction term
between each postclosure treatment epoch and the Philadelphia County indi-
cator variable. This interaction term measured the relative effect of obstetric
unit closures on each outcome, after controlling for patient-level factors,
secular trends, and differences between Philadelphia and the control counties
that existed before the obstetric closures began. To adjust for hospital-level
clustering of each outcome, we calculated standard errors using the robust
methods of Huber-White (Angrist and Pischke 2008; Hansen 2007; Huber
1967; Localio et al. 2001; White 1980). All statistical analyses reported two-
tailed P values with a statistical significance level of 5 percent.

Based on a total population of 3.14 million deliveries, and 155,261 in
Philadelphia, we had 90 percent power to detect an odds ratio of 1.27 if the
outcome occurred 0.5 percent of the time in the control group in both the
before and after period and in the treatment group in the before time period
(Demidenko 2008). This detectable odds ratio decreased to 1.20 if the out-
come occurred 1 percent of the time in the control group. We assumed that
the effect of clustering by county would increase the variance by 10 percent.

With two separate control groups we conducted a series of analyses.
First, the multivariable models compared Philadelphia county to the control
groups combined into one group. Statistically significant interaction terms
were then further analyzed by comparing Philadelphia county to each of the
two control groups separately. Only those outcomes and treatment epochs
that were statistically significant for both the control groups combined into
one group and for each control group examined separately were reported as
statistically significant. Given the large size of Los Angeles county in this anal-
ysis, we also performed a sensitivity analysis where we removed this county
from the urban control population and repeated the analyses.

RESULTS

Demographic information for all pregnancies included in the study is shown
in Table 1. In 1995, there were 19 hospitals in Philadelphia with obstetric
units. Between 1997 and 2005, Philadelphia lost nine obstetric units that deli-
vered 30.75 percent of the county’s births in 1995 and 1996. These hospitals
were primarily private and localized to the Northwest and Northeast areas of
the city. Closed hospitals typically had between 500 and 1,000 deliveries per
year, delivered prenatal care to women in their local communities, and few
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had neonatal intensive care units. The control counties experienced the clo-
sure of 1–2 maternity wards that delivered 1.43–4.78 percent of the births in
1995 and 1996. In the year preceding their closure, only 1 of the 9 closed
obstetric units in Philadelphia had a delivery volume less than 80 percent of its
1995–1996 average volume, whereas four of the nine units had a volume over
100 percent of its 1995–1996 average volume. Between 1995–1996 and 2005,
the average number of Philadelphia county residents delivering at a Philadel-
phia obstetrics unit that remained open throughout the study period increased
by 37 percent, whereas the percentage of Philadelphia county patients deliver-
ing at a hospital outside of the county increased by 23 percent. During the
preclosure years, we did not detect a statistically significant difference in
risk-adjusted rates of mortality, neonatal complications, or maternal complica-
tions between those hospitals that later closed between 1997 and 2005 and
those that remained open.

Univariable Analyses

The unadjusted pregnancy outcomes in Philadelphia and the combination of
the two control groups between 1995 and 2005 are shown in Table 2. Mortal-
ity rates, primarily neonatal deaths, were increased in Philadelphia by 18.1
percent during the first postclosure epoch compared with 1995–1996, the pre-
closure epoch. This increase was in contrast to the 6.1 percent decline in neo-
natal mortality seen in the combined control counties (p = .04). Cesarean
section rates took longer to increase in Philadelphia compared with the com-
bined control counties, with a 0.2 percent decrease in Philadelphia over the
first postclosure epoch compared to a 6.8 percent increase in the combined
control counties (p = .02). After 1999, the rate of Cesarean sections increased
at a similar rate in both Philadelphia and the combined control counties. The
change in 34–37 weeks gestational age births was lower in Philadelphia com-
pared with the combined control counties in the 1997–1999 epoch (5.9 per-
cent decline compared to a 3.5 percent increase in the combined control
counties, p = .006). There were no significant changes in the rate of fetal
death, neonatal complications, or maternal complications between Philadel-
phia and the combined control groups in any epoch.

Multivariable Analyses

Combined Control Groups. In multivariable analyses (Table 3), the relative
difference in neonatal (odds ratio (OR) 1.49, 95 percent CI 1.12–2.00) and
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neonatal + fetal mortality (OR 1.53, 95 percent CI 1.14–2.14) increased for
Philadelphia residents compared with the combined control counties in
the first postclosure epoch. There were no statistically significant changes
in the neonatal or maternal complication rates, Cesarean section rates, or
preterm delivery rates in Philadelphia between 1997 and 1999 compared
with combined control counties. After 2000, there was no statistically
significant change in any perinatal outcome in Philadelphia compared with
the combined control counties after adjusting for confounding factors
except for a significantly lower Cesarean section rate in 2003–2005 in
Philadelphia.

Separate Control Groups. The change in neonatal and neonatal + fetal morta-
lity rates in Philadelphia county over the first postclosure epoch remained
statistically higher when compared with both the five-county surrounding
control group and the eight-county urban control group separately (Table 4).

Table 3: Relative Change in Pregnancy Outcomes in Philadelphia County
Compared with Combined Control Counties in Postclosure Years

1997–1999 2000–2002 2003–2005

Newbornmortality
Neonatal deaths 1.49 (1.12, 2.00) 1.14 (0.85, 1.53) 1.05 (0.81, 1.36)
All fetal deaths 1.61 (0.95, 2.74) 1.52 (0.98, 2.37) 0.85 (0.31, 2.37)
All fetal deaths + neonatal deaths 1.53 (1.14, 2.04) 1.22 (0.94, 1.58) 0.93 (0.59, 1.46)
Possibly preventable fetal deaths* 1.33 (0.58, 3.02) 1.39 (0.71, 2.71) 0.61 (0.15, 2.43)
Possibly preventable
fetal + neonatal deaths*

1.45 (1.09, 1.94) 1.15 (0.87, 1.52) 0.94 (0.66, 1.35)

Cesarean sections
All deliveries 0.90 (0.79, 1.03) 0.96 (0.83, 1.12) 0.85 (0.73, 0.98)
All deliveries with GA 37–42 weeks 0.89 (0.79, 1.01) 0.94 (0.81, 1.10) 0.82 (0.70, 0.96)

Premature delivery
23–32 weeks preterm 1.10 (0.95, 1.28) 1.08 (0.85, 1.37) 0.91 (0.69, 1.19)
23–37 weeks preterm 0.95 (0.89, 1.02) 1.01 (0.87, 1.17) 0.84 (0.69, 1.03)
34–37 weeks preterm 0.94 (0.88, 1.01) 1.00 (0.89, 1.12) 0.88 (0.76, 1.02)

Complications
Any infant complication 1.18 (0.84, 1.64) 0.97 (0.72, 1.31) 1.04 (0.73, 1.48)
Anymaternal complication 0.95 (0.78, 1.14) 1.04 (0.88, 1.22) 1.09 (0.88, 1.35)

Note. All values reported as odds ratios with 95% confidence intervals. All statistically significant
differences at a p < .05 level are shown in bold. All results control for secular time trends, stable
differences in county outcomes, maternal comorbid conditions, presence of a congenital anomaly,
gestational age, and birth weight.
*As per the codingmethodology (Phibbs et al. 2007).
GA, gestational age.
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Philadelphia experienced a 59 percent larger increase in the odds of neonatal
death compared with the surrounding control group (95 percent CI 1.07–
2.37) and a 40 percent larger increase in the odds of neonatal death compared
with the urban control group (95 percent CI 1.10–1.79). This increase in odds
for Philadelphia was similar for neonatal + fetal deaths and neonatal +
preventable fetal deaths. For Cesarean sections between 2003 and 2005,
though, Philadelphia county only had a statistically significant change in odds
compared with the surrounding control group (OR 0.79, 95 percent CI 0.67–
0.91) but not the urban control group (OR 0.91, 95 percent CI 0.77–1.07).
Rerunning the regression models after omitting Los Angeles County showed
similar results to those of the full model.

1997–1999 Epoch. After stratifying the population by birth weight, we found
that most groups had increased mortality in Philadelphia compared with the
combined control groups (Table 5). Neonatal mortality and neonatal + all
fetal mortality reached statistical significance for infants with a birth weight
under 1,000 g (neonatal mortality OR 1.91, 95 percent CI 1.25–2.93; neona-
tal + fetal mortality OR 2.09, 95 percent CI 1.40–3.12). This finding persisted
when we compared Philadelphia county to the surrounding county and urban
county control groups separately.

We next examined the changes in risk-adjusted mortality rates at the
remaining open hospitals in Philadelphia county in 1997–1999 and

Table 4: Relative Change in Pregnancy Outcomes in Philadelphia County
Compared with Nearby Control Counties and Urban Control Counties
Separately

Outcome and Epoch Philadelphia vs .Nearby Philadelphia vs. Urban

Neonatal death, 1997–1999 1.59 (1.07, 2.37) 1.40 (1.10, 1.79)
All fetal deaths + neonatal
deaths, 1997–1999

1.60 (1.11, 2.32) 1.45 (1.11, 1.89)

Possibly preventable fetal
+ neonatal deaths*, 1997–1999

1.52 (1.05, 2.20) 1.39 (1.07, 1.80)

Cesarean sections, all deliveries,
2003–2005

0.79 (0.67, 0.92) 0.91 (0.77, 1.07)

Cesarean sections, all deliveries
with GA 37–42 weeks, 2003–2005

0.76 (0.64, 0.89) 0.89 (0.75, 1.06)

Note. All values reported as odds ratios with 95% confidence intervals. All statistically significant
differences at a p < .05 level are shown in bold. All results control for secular time trends, stable
differences in county outcomes, maternal comorbid conditions, presence of a congenital anomaly,
gestational age, and birth weight.
*As per the codingmethodology of (Phibbs et al. 2007).
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the changes in delivery volume at these hospitals. More than 50 percent of the
deliveries in Philadelphia county occurred at hospitals with a higher risk-
adjusted mortality rate between 1997 and 1999 compared with 1995 and
1996, whereas only 20 percent of the deliveries occurred at hospitals with
lower risk-adjusted mortality rates. There was only a minor correlation
between change in volume and change in risk-adjustment mortality rate
(Pearson r = .07). By 2003–2005, risk-adjusted mortality rates returned to the
1995–1996 baseline in the majority of hospitals that remained open.

DISCUSSION

We observed an adjusted 49 percent increase in the odds of neonatal mortality
during the first 3-year epoch after obstetric units began to close in Philadelphia
county, compared with both surrounding counties that experienced similar

Table 5: Relative Change in Mortality in Philadelphia Compared with
Combined Control Counties, 1997–1999, Stratified by BirthWeight

Neonatal Deaths
BirthWeight Category Odds Ratio 95% CI

<1,000 g 1.91 (1.25, 2.93)
1,001–1,500 g 0.97 (0.47, 2.01)
1,501–2,000 g 1.66 (0.76, 3.66)
2,001–2,500 g 1.36 (0.65, 2.86)
2,501–3,000 g 1.32 (0.68, 2.58)
3,001–3,500 g 1.15 (0.64, 2.08)
3,501–4,000 g 1.37 (0.58, 3.28)
>4,000 g 3.03 (0.58, 15.8)

Neonatal + All Fetal Deaths
BirthWeight Category Odds Ratio 95% CI

<1,000 g 2.09 (1.40, 3.13)
1,001–1,500 g 0.90 (0.49, 1.62)
1,501–2,000 g 1.58 (0.85, 2.94)
2,001–2,500 g 1.58 (0.87, 2.85)
2,501–3,000 g 1.42 (0.82, 2.47)
3,001–3,500 g 1.35 (0.80, 2.28)
3,501–4,000 g 1.34 (0.60, 2.95)
>4,000 g 2.53 (0.63, 10.15)

Note. All values reported as odds ratios with 95% confidence intervals. All results control for secu-
lar time trends, stable differences in county outcomes, maternal comorbid conditions, presence of
a congenital anomaly, gestational age, and birth weight.
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state and insurance regulations to Philadelphia and other large urban counties
with similar obstetric networks. Unlike our initial hypotheses, after the year
2000, the relative difference in mortality rates returned to the preclosure
levels, but it did not improve beyond these baseline levels. The resolution of
these observed changes in risk-adjusted mortality rates may be related to
increased cooperation between obstetric departments in the city, increased
monitoring of the obstetric care delivery system by the public health depart-
ment, or adaptive changes within the remaining open hospitals to cope with
the increased volume of deliveries. Relative differences in complication rates
during the postclosure epochs remained statistically similar to preclosure rates
after controlling for differences in case mix and delivery hospital. These
results suggest that even small-scale closures of obstetric units may be associ-
ated with adverse effects on perinatal outcomes, but these outcomes could
recover.

These results should be placed in context of three other studies of the
health impact of a reduction in hospital health care services. Hemmelgarn,
Ghali, and Quan (2001) studied the impact of a 1996 hospital closure in Cal-
gary on the outcomes of coronary revascularization procedures. This study
found shorter lengths of stay and no change in mortality in the county in the
2 years succeeding the closure. However, this study did not include a control
group or control for secular trends in their outcomes. Rosenbach and Dayhoff
(1995) used a multiple time-series design to examine the impact of rural hospi-
tal closures on health care utilization and mortality. These rural hospital clo-
sures were associated with higher admissions to urban hospitals with no
change in all-cause mortality rates. While this study included a control group
of patients who lived in rural counties without a hospital closure, the study
minimally controlled for case mix differences in the different counties.

Buchmueller, Jacobson, and Wold (2006) examined the closure of 15
small hospitals in Los Angeles between 1997 and 2001. For each one-mile
increase in distance between a zip code and the nearest hospital, patients
admitted with acute myocardial infarction had a 6.5 percent increase in mor-
tality and patients admitted with an unintentional injury had an 11–20 percent
increase in their mortality rates. The observed effect of the hospital closures
was partially reduced by transport to higher quality hospitals. As this prior
study is the only examination of multiple closures across a single urban area,
its results are more representative to the situation observed in obstetric care
closures.

Examining the relative change in mortality rates suggests potential con-
sequences of obstetric closures. Our results suggest that the effect resulted
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from changes to risk-adjusted mortality rate at several hospitals after closures
initially began, affecting over 50 percent of the deliveries in Philadelphia
county. First, changes in delivery volume at the remaining hospitals
could reduce the ability of health care providers to provide patient-specific
management that would prevent a specific complication from occurring,
resulting in higher neonatal mortality. However, we only found aminimal cor-
relation between changes in delivery volume and changes in risk-adjusted
mortality rates at these hospitals. This measure, though, does not account for
potential surges in the number of deliveries, which have been identified as
issues in previous studies of emergency room closures in Los Angeles (Sun
et al. 2006), French obstetric units (Pilkington et al. 2008), pediatric hospital-
izations (Lorch et al. 2008), and urban hospital closures (Lindrooth, Lo Sasso,
and Bazzoli 2003).

Alternatively, the closure of obstetric units could have impacted
patients’ access to health care, either during the pregnancy or during the
immediate delivery period. Many obstetric units also provide antepartum ser-
vices to women, especially to those residing close to the hospital (Phibbs et al.
1993). This feature is particularly important in Philadelphia, as almost all
obstetric hospitals provide some sort of prenatal care. Thus, in 2008, a survey
of Philadelphia women found reduced access to early and adequate prenatal
care, particularly in areas most affected by the closure of obstetric units
(Knauer 2008). Also, the remaining open hospitals reported more patients
delivering at their hospital without previously receiving care at an affiliated
health care site (Bishop 2006). While historic studies fail to show a significant
effect of prenatal care on maternal or neonatal outcomes (Fiscella 1995; Villar
and Berqsio 1997), the importance of early and adequate prenatal care is a sta-
ted national health goal (U.S. Department of Health and Human Services
2010). These changes in patient access may change the types of services pro-
vided by obstetric units, especially concerning social services and access to
health care. The relative difference in mortality at both the county level and at
many affected hospitals returned to the preclosure baseline by 2000, suggest-
ing that the health care system and individual hospitals compensated for these
changes.

There were multiple outcome measures that differed between Philadel-
phia and the two control groups in univariable analysis but did not reach statis-
tical significance in multivariable analysis. There were several likely reasons
for these differences. First, as shown in Table 1, there were differences in the
sociodemographic makeup between Philadelphia and each of the two control
groups. The most striking was the larger percentage of white, insured patients
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in the surrounding control group compared with Philadelphia. This difference
may have resulted in both differences in access to health care as these
changes were occurring, or better navigation of the health care system in the
surrounding counties compared with Philadelphia. Also, there were differ-
ences in the rate of several comorbid conditions between Philadelphia and
each of the two control populations. These differences, which are controlled
for in the multivariable analysis, may have explained the differences between
univariable andmultivariable analyses.

One major advantage to our study is the use of multiple comparison
groups. The choice of control populations is important for this study design.
Without a control group, our results would be confounded by secular trends
in many outcomes. For example, Cesarean section rates increased through-
out the study population by 20 percent by 2002 and 40 percent by 2005
compared with the 1995–1996 baseline. However, no single control group
ideally reflects the racial/ethnic and sociodemographic breakdown in Phila-
delphia nor the practice environment experienced by patients in Philadel-
phia county. Nearby counties experienced similar practice and regulatory
environments, but there are likely unmeasurable differences between the lar-
gely suburban population of these five counties and the urban population of
Philadelphia beyond those measured by racial/ethnic and insurance back-
ground. Other urban areas have a more similar case mix to Philadelphia
county, but they have a different practice environment. In these cases, stud-
ies suggest that the use of multiple control groups may strengthen the evi-
dence from an observational study (Campbell 1969; Meyer 1995;
Rosenbaum 1987). As these two control groups differ from each other, the
fact that we found a statistically significant increase in mortality in the first
postclosure epoch, whether we compared Philadelphia county to either both
groups separately or combined, suggests that the choice of control group
does not explain the results we found. Changes in Cesarean section rates in
the third postclosure epoch, though, were only detected between Philadel-
phia and the nearby control counties—not the urban control counties. Thus,
we cannot be certain whether the difference was related to the progressive
closure of obstetric units in Philadelphia or unmeasured secular differences
in Cesarean section rates.

There are several potential limitations to this study. First, we did not
examine medical error rates or other patient safety indicators. Examining
these outcomes through a careful chart review could help further quantify the
impact of the obstetric unit closures. Second, the study was not designed to
determine the reason for the high level of obstetric unit closures. Additional
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studies are needed to answer this question. Third, there is also potential
unmeasured confounding because we did not have specific clinical data to fur-
ther improve our risk-adjustment models, such as prenatal labs and ultrasound
results. Other work, though, has used similar lists of comorbid conditions to
control for differences in case mix (Phibbs et al. 2007). As with other popula-
tion-based studies, we relied on ICD-9CM codes to determine some of our
outcomes. However, by comparing the results of Philadelphia versus either
other urban counties or nearby counties to each other during the preclosure
and three postclosure epochs, we reduced these potential biases from both of
these issues as well as the effect of secular trends. Finally, there could be a
change in payments for obstetric care, the supply of obstetricians in Philadel-
phia, or another omitted variable (Meyer 1995) that coincided with the clo-
sures of obstetric units but did not occur in the other urban areas. Primary
data, though, suggest that increased fixed costs over the postclosure period,
primarily increased malpractice premiums (George 2001, 2002, 2005, 2008a,
2009; Treaster 2002; Anonymous 2007; Burling 2007; McCullough 2003),
and reduced reimbursement for obstetric care (McCullough 2003; Burling
2007; George 2008a,b, 2009) were the primary reason for closures.While eco-
nomic changes in the area could have resulted in both increased neonatal mor-
tality rates and increased closure of obstetric units, no indices changed solely
in Philadelphia compared to other counties between 1997 and 1999 to support
this potential explanation.

In conclusion, obstetric unit closures in Philadelphia were associated
with potentially adverse changes in the maternal and neonatal outcomes.
These changes are similar to the rise in mortality seen in the closure of smaller,
adult hospitals in Los Angeles (Buchmueller, Jacobson, andWold 2006). State
and county public health agencies should carefully monitor and prepare for
changes to the health of communities experiencing large-scale reductions in
obstetric services.

ACKNOWLEDGMENTS

Joint Acknowledgment/Disclosure Statement: This work was funded by an R01
grant from the Agency for Healthcare Research and Quality (PI Lorch; R01
HS 015696) and a K12HD001265 (PI Driscoll; Scholar Srinivas) from the
Eunice Kennedy Shriver National Institute of Child Health and Human
Development, Maternal and Child Health Bureau.

The Impact of Obstetric Unit Closures 471



Dr. Srinivas is the recipient of an investigator initiated research grant
entitled the Warren H. Pearse/Wyeth Pharmaceuticals Women’s Health
Policy Research Award.

Disclosures: None
Disclaimers: None

REFERENCES

American College of Obstetricians and Gynecologists. 2003. “Management of
Preterm Labor. Acog Practice Bulletin Number 43. Clinical Management
Guidelines for Obstetrician-Gynecologist.” Obstetrics and Gynecology 101 (5 Part
1): 1039–47.

Angrist, J. D., and J.-S. Pischke. 2008.Mostly Harmless Econometrics: An Empiricist’s Com-
panion. Princeton, NJ: Princeton University Press.

Anonymous. 2007. “Chestnut Hill Could Be Next Area Hospital to EndObstetrics Pro-
gram.” Philadelphia Business Journal. March 30 [accessed on September 30, 2011].
Available at http://www.bizjournals.com/philadelphia/stories/2007/03/26/
daily44.html

Beasley, T., and A. Case. 2000. “Unnatural Experiments? Estimating the Incidence of
Endogenous Policies.” The Economic Journal 110: F672–94.

Bishop, G. 2006. “Childbirth at a Crossroads in Southeastern Pennsylvania” [accessed
on March 20, 2012]. Available at http://maternitycarecoalition.org/wp-content/
uploads/2012/03/MCC_Childbirth-at-a-Crossroads_sm.pdf

Buchmueller, T. C., M. Jacobson, and C. Wold. 2006. “How Far to the Hospital? The
Effect of Hospital Closures on Access to Care.” Journal of Health Economics 25 (4):
740–61.

Burling, S. 2007. “Holy Redeemer Seeks Help with Labor Pains.” The Philadelphia
Inquirer. September 22:BUSINESS; P-com Biz for PC Home Page, C01.
[accessed on September 30, 2011]. Available at http://articles.philly.com/2007-
09-22/business/24995849_1_maternity-beds-redeemer-hospital-new-mothers

Campbell, D. T. 1969. “Reforms as Experiments.” American Psychologist 24 (4): 409–29.
Card, D. 1990. “The Impact of the Mariel Boatlift on the Miami Labor Market.” Indus-

trial and Labor Relations Review 43 (2): 245–57.
Ciliberto, F., and R. C. Lindrooth. 2007. “Exit from the Hospital Industry.” Economic

Inquiry 45 (1): 71–81.
Deily, M. E., N. L. McKay, and F. H. Dorner. 2000. “Exit and Inefficiency.” The Journal

of Human Resources 35 (4): 734–47.
Demidenko, E. 2008. “Sample Size and Optimal Design for Logistic Regression with

Binary Interaction.” Statistics in Medicine 27 (1): 36–46.
Fiscella, K. 1995. “Does Prenatal Care Improve Birth Outcomes? A Critical Review.”

Obstetrics and Gynecology 85 (3): 468–79.

472 HSR: Health Services Research 48:2, Part I (April 2013)



George, J. 2001. “Health Care: Ills Mount for an Already-Ailing Sector.” Philadelphia
Business Journal. July 9 [accessed on September 30, 2011]. Available at http://
www.bizjournals.com/philadelphia/stories/2001/07/09/focus11.html

———————. 2002. “Jefferson Increases Number of Job Cuts.” Philadelphia Business Journal.
May 20 [accessed on September 30, 2011]. Available at http://www.bizjournals.
com/philadelphia/stories/2002/05/20/daily7.html

———————. 2005. “Frankford Hospitals Dropping Maternity Care.” Philadelphia Business
Journal. October 21 [accessed on September 30, 2011]. Available at http://www.
bizjournals.com/philadelphia/stories/2005/10/17/daily50.html

———————. 2008a. “A Call for Better Access to Maternity Care in Northeast Phila.”
Philadelphia Business Journal. January 31 [accessed on September 30, 2011]. Avail-
able at http://www.bizjournals.com/philadelphia/stories/2008/01/28/daily30.
html

———————. 2008b. “Delivery of Aid for Ob Units.” Philadelphia Business Journal. April 4
[accessed on September 30, 2011]. Available at http://www.bizjournals.com/
philadelphia/stories/2008/04/07/story3.html

———————. 2009. “Next Hospital to Stop Delivering Babies: Mercy Suburban in East Nor-
riton.” Philadelphia Business Journal. November 20 [accessed on September 30,
2011]. Available at http://www.bizjournals.com/philadelphia/stories/2009/11/
16/daily56.html

Hansen, C. B. 2007. “Generalized Least Squares Inference in Panel and Multilevel
Models with Serial Correlation and Fixed Effects.” Journal of Econometrics 140 (2):
670–94.

Hemmelgarn, B. R., W. A. Ghali, and H. Quan. 2001. “A Case Study of Hospital Clo-
sure and Centralization of Coronary Revascularization Procedures.” Canadian
Medical Association Journal 164 (10): 1431–5.

Herrchen, B., J. B. Gould, and T. S. Nesbitt. 1997. “Vital Statistics Linked Birth/Infant
Death and Hospital Discharge Record Linkage for Epidemiological Studies.”
Computers and Biomedical Research 30 (4): 290–305.

Huber, P. J. 1967. “The Behavior of Maximum Likelihood Estimates under Non-Stan-
dard Conditions.” In Proceedings of the Fifth Berkeley Symposium on Mathematical
Statistics and Probability, edited by L. M. Le Cam and J. Neyman, pp. 221–33.
Berkeley, CA: University of California Press.

Kirby, P. B., J. Spetz, L. Maiuro, and R. M. Scheffler. 2006. “Changes in Service Avail-
ability in California Hospitals, 1995 to 2002.” Journal of Healthcare Management 51
(1): 26–38.

Knauer, C. 2008. “Survey of Prenatal Care Availability for Medicaid Managed Care Recipi-
ents. Summer 2007, Philadephia” [accessed on March 20, 2012]. Available at
http://maternitycarecoalition.org/wp-content/uploads/2012/03/Phil-Prenatal-
Care-Report-2007.pdf

Lee, S. Y., and J. A. Alexander. 1999. “Managing Hospitals in Turbulent Times: Do
Organizational Changes Improve Hospital Survival?” Health Services Research 34
(4): 923–46.

The Impact of Obstetric Unit Closures 473



Lillie-Blanton, M., S. Felt, P. Redmon, S. Renn, S. Machlin, and S. Wennar. 1992.
“Rural and UrbanHospital Closures, 1985–1988: Operating and Environmental
Characteristics That Affect Risk.” Inquiry 29 (3): 332–44.

Lindrooth, R. C., A. T. Lo Sasso, and G. J. Bazzoli. 2003. “The Effect of Urban Hospital
Closure onMarkets.” Journal of Health Economics 22 (5): 691–712.

Localio, A. R., J. A. Berlin, T. R. Ten Have, and S. E. Kimmel. 2001. “Adjustments for
Center in Multicenter Studies: An Overview.” Annals of Internal Medicine 135 (2):
112–23.

Lorch, S. A., A. M. Millman, X. Zhang, O. Even-Shoshan, and J. H. Silber. 2008.
“Impact of Admission-Day Crowding on the Length of Stay of Pediatric Hospi-
talizations.” Pediatrics 121 (4): e718–30.

Maternity Care Coalition. 2005. “Childbirth at a Crossroads” [accessed on September
30, 2011]. Available at http://www.momobile.org/

McCullough,M. 2003. “NoDeliveries Due atMercy Fitzgerald;Mercy Fitzgerald Hos-
pital No Longer Delivering Babies.” The Philadelphia Inquirer. June 3:Local News
Philadelphia and Its Suburbs, B01 [accessed on September 30, 2011]. Available
at http://articles.philly.com/2003-06-03/news/25447881_1_
maternity-unit-delaware-valley-healthcare-council-deliveries

Meyer, B. D. 1995. “Natural and Quasi-Experiments in Economics.” Journal of Business
& Economic Statistics 13 (2): 151–61.

Mullner, R. M., R. J. Rydman, D. G.Whiteis, and R. F. Rich. 1989. “Rural Community
Hospitals and Factors Correlated with Their Risk of Closing.” Public Health
Reports 104 (4): 315–25.

Parker, J. D., and K. C. Schoendorf. 2002. “Implications of Cleaning Gestational Age
Data.” Paediatric and Perinatal Epidemiology 16 (2): 181–7.

Phibbs, C. S., D. H. Mark, H. S. Luft, D. J. Peltzman-Rennie, D. W. Garnick, E.
Lichtenberg, andS. J.McPhee.1993. “ChoiceofHospital forDelivery:ACompari-
sonofHigh-RiskandLow-RiskWomen.”Health ServicesResearch28 (2): 201–22.

Phibbs, C. S., L. C. Baker, A. B. Caughey, B. Danielsen, S. K. Schmitt, and R. H. Phib-
bs. 2007. “Level and Volume of Neonatal Intensive Care and Mortality in
Very-Low-Birth-Weight Infants.” The New England Journal of Medicine 356 (21):
2165–75.

Pilkington, H., B. Blondel, M. Carayol, G. Breart, and J. Zeitlin. 2008. “Impact of
Maternity Unit Closures on Access to Obstetrical Care: The French Experience
between 1998 and 2003.” Social Science &Medicine 67 (10): 1521–9.

Rosenbach, M. L., and D. A. Dayhoff. 1995. “Access to Care in Rural America: Impact
of Hospital Closures.”Health Care Financing Review 17 (1): 15–37.

Rosenbaum, P. R. 1987. “The Role of a Second Control Group in an Observational
Study (with Discussion).” Statistical Science 2 (3): 292–316.

Shadish, W. F., T. D. Cook, and D. T. Campbell. 2002. Experimental and Quasi-Experi-
mental Designs for Generalized Casual Inference. Boston, MA: Houghton Mifflin
Co..

Sun, B. C., S. A. Mohanty, R. Weiss, R. Tadeo, M. Hasbrouck, W. Koenig, C. Meyer,
and S. Asch. 2006. “Effects of Hospital Closures and Hospital Characteristics on

474 HSR: Health Services Research 48:2, Part I (April 2013)



Emergency Department Ambulance Diversion, Los Angeles County, 1998 to
2004.” Annals of Emergency Medicine 47 (4): 309–16.

Treaster, J. B. 2002. “Rise in Insurance Forces Hospitals to Shutter Wards.” The New
York Times. August 25:1; Column 6; Business/Financial Desk, 1 [accessed on
September 30, 2011]. Available at http://www.nytimes.com/2002/08/25/busi-
ness/rise-in-insurance-forces-hospitals-to-shutter-wards.html?src=pm

U.S. Department of Health and Human Services. Office of Disease Prevention and
Health Promotion. 2010. “Healthy People 2020” [accessed on March 20, 2012].
Available at http://www.healthypeople.gov/2020/topicsobjectives2020/pdfs/
HP2020objectives.pdf

Villar, J., and P. Berqsio. 1997. “Scientific Basis for the Content of Routine Antenatal
Care. I. Philosophy, Recent Studies, and Power to Eliminate or Alleviate
Adverse Maternal Outcomes.” Acta Obstetricia et Gynecologica Scandinavica 76 (1):
1–14.

Volpp, K. G., A. K. Rosen, P. R. Rosenbaum, P. S. Romano, O. Even-Shoshan, A.
Canamucio, L. Bellini, T. Behringer, A. Lee, and J. H. Silber. 2007a. “Mortality
among Patients in VaHospitals in the First Two Years Following Acgme Resident
Duty Hour Reform.” The Journal of the American Medical Association 298 (9):
984–92.

Volpp, K. G., A. K. Rosen, P. R. Rosenbaum, P. S. Romano, O. Even-Shoshan, Y.
Wang, L. Bellini, T. Behringer, A. Lee, and J. H. Silber. 2007b. “Mortality among
Hospitalized Medicare Beneficiaries in the First Two Years Following Acgme
Resident Duty Hour Reform.” The Journal of the American Medical Association 298
(9): 975–83.

White, H. 1980. “A Heteroskedasticity-Consistent Covariance Matrix Estimator and a
Direct Test for Heteroskedasticity.” Econometrica 48 (4): 817–30.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Appendix SA1: AuthorMatrix.
Appendix SA2: ICD-9CM Codes for Maternal Comorbid Conditions

and Infant Congenital Anomalies.

Please note: Wiley-Blackwell is not responsible for the content or func-
tionality of any supporting materials supplied by the authors. Any queries
(other than missing material) should be directed to the corresponding author
for the article.

The Impact of Obstetric Unit Closures 475


