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OBJECTIVE: Maternal infection is a common complication of childbirth,
yet little is known about the extent to which infection rates vary among
hospitals. We estimated hospital-level risk-adjusted maternal infection
rates (RAIR) in a large sample of US hospitals and explored associations
between RAIR and select hospital features.

STUDY DESIGN: This retrospective cohort study included hospitals in the
Perspective database with �100 deliveries over 2 years. Using a compos-
ite measure of infection, we estimated and compared RAIR across hospitals
using hierarchical generalized linear models. We then estimated the
amount of variation in RAIR attributable to hospital features.

RESULTS: Of the 1,001,189 deliveries at 355 hospitals, 4.1% were com-
plicated by infection. Patients aged 15-19 years were 50% more likely to
experience infection than those aged 25-29 years. Rupture of membranes

�24 hours (odds ratio [OR], 3.0; 95% confidence interval [CI], 3.24�3.5),
unengaged fetal head (OR, 3.11; 95% CI, 2.97�3.27), and blood loss ane-
mia (OR, 2.42; 95% CI, 2.34�2.49) had the highest OR among comorbidi-
ties commonly found in patients with infection. RAIR ranged from
1.0�14.4% (median, 4.0%; interquartile range, 2.8�5.7%). Hospital fea-
tures such as geographic region, teaching status, urban setting, and higher
number of obstetric beds were associated with higher infection rates, ac-
counting for 14.8% of the variation observed.

CONCLUSION: Obstetric RAIR vary among hospitals, suggesting an op-
portunity to improve obstetric quality of care. Hospital features such as
region, number of obstetric beds, and teaching status account for only a
small portion of the observed variation in infection rates.
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Childbirth is the most common rea-
son for hospital admission in the

United States, with �4,000,000 admis-
sions for labor and delivery occurring
annually.1 Although most births are

uncomplicated, a small but significant
number of women experience compli-
cations such as infection, trauma, and

hemorrhage during childbirth.2-4 Reduc-
ing obstetric complications has emerged as
a national priority in the US, as reflected in
goals established by Healthy People 20204

and the Centers for Medicare and Medic-
aid Services’ Partnership for Patients.5

Maternal infection is one of the most
common perinatal complications, af-
fecting nearly 6% of deliveries,2 and
many of these infections may be prevent-
able. Several small studies and reviews
have described clinical practices that can
increase the risk of infection, primarily
related to cesarean deliveries.6-10 Some
larger epidemiologic studies have esti-
mated overall regional and national ob-
stetric infection rates2,3,11 and still others
have explored the associations between
complications and factors such as an ob-
stetrician’s residency training site.12

However, little is known about the extent
to which obstetric infection rates vary
across hospitals or what impact struc-
tural and organizational features of a
hospital may have on these rates.

Tosupport thenationalgoalof improving
maternal outcomes following childbirth, we
used hierarchical generalized linear model-
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ing to estimate risk-adjusted maternal infec-
tionrates(RAIR)inalargesampleofUShos-
pitals. We then examined whether hospital
features,suchasthenumberofhospitalbeds,
teachingstatus,geographicregion,volumeof
deliveries, and level of implementation of
electronic health records (EHR), were asso-
ciated with higher rates of infection.

MATERIALS AND METHODS
Study sample and data source
We conducted a cross-sectional study
using Perspective, a voluntary, fee-sup-
ported database developed by Premier
Inc (Charlotte, NC) that enables partici-
pating hospitals to analyze care quality
and costs at their institution and to com-
pare their performance to other institu-
tions within the database. The database
is comprised of a structurally and geo-
graphically diverse set of approximately
450 US hospitals that together account
for approximately 20% of all annual hos-
pital admissions in the United States. In
addition to information derived from
standard hospital discharge files (ie, Uni-
form Billing form-04) Perspective con-
tains a date-stamped log of all items
(eg, medications, laboratory, diagnostic
tests) and therapeutic services billed to
the patient or their insurer.

Women were included in the study if
they were discharged from Jan. 1, 2008,
through Dec. 31, 2009, and had an Inter-
national Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-
CM) principal or secondary diagnosis or
procedure code for a vaginal delivery

(650, 640.0x-676.9x [x � 1 or 2], or
73.59) or cesarean delivery (763.4,
669.71, 74.x [x � 0-2, 4], or 74.99). We
excluded discharges for ectopic and mo-
lar pregnancies and for pregnancies end-
ing in spontaneous or elective abortion
because we were interested in exploring
intrapartum/peripartum infections. We
also excluded patients who were trans-
ferred from or to another institution, be-
cause we did not have information about
the clinical course or treatments prior to
admission or subsequent outcomes, and
women age �15 or �44 years because
15-44 years is a common age range for
childbearing. In addition we excluded
hospitals that recorded �100 deliveries
over the 2-year study period to provide
stable estimates of infection rates, and
because these institutions do not rou-
tinely provide obstetric care. Permission
to conduct the study was obtained from
the institutional review board at Baystate
Medical Center in Springfield, MA.

Obstetric infection
Adeliverywasconsideredcomplicatedbyin-
fection if the patient received �1 diagnoses
consistent with infection using a broad set of
ICD-9-CM codes that have been used in ear-
lier studies of infections associated with
childbirth2,12 (Appendix; Supplementary
Table 1). We excluded ICD-9-CM infection
codes with a fifth digit of 3, which indicates
an antepartum condition, because we were
most interested in risk-adjusted infection
rates occurring in the intrapartum/peripar-
tumperiodaswellas theassociationbetween
these risk-adjusted infection rates and hospi-
tal features. We organized infection codes
into groups of related diagnoses for descrip-
tive purposes (Table 1). Each infection code
was counted toward the overall frequency of
eachtypeof infection.Whencalculatinghos-
pital-level infection rates, a patient was con-
sidered to either have experienced or not
experienced an infectious complication re-
gardless of the number of infection codes as-
sociated with a single delivery.

Patient characteristics
We recorded patient demographics (age,
gender, race/ethnicity, marital status, and
insurance status) and conditions that
might confer elevated risk for obstetric in-
fection. We used 2 complementary meth-

ods to identify maternal comorbidities and
pregnancy-specific conditions that could
influence a patient’s risk of infection. The
presence of any of 29 comorbidities was
computed using Elixhauser Comorbidity
Software, version 3.1, developed by the
Agency for Healthcare Research and Qual-
ity.13 In addition, we identified the pres-
ence of a set of pregnancy-specific condi-
tions that may confer higher risk for
infection.14 These conditions were origi-
nally developed to predict risk for cesarean
delivery, but have also been used for risk
adjustment for infection rates in obstetric
patients.12 For conditions that appeared in
both sets, such as hypertension and sub-
stance abuse, we created combined indica-
tors for patients identified by either
method. Gestational diabetes and diabetes
existing prior to pregnancy were assessed
separately because they confer different
risk for infection.15 A total of 41 maternal
comorbidities and pregnancy-specific
conditions were evaluated for inclusion in
risk-adjustment modeling (Table 2).

Structural and organizational
hospital features
Using data from the American Hospital
Association (AHA) annual survey and
Premier Inc, we noted each hospital’s
geographic location, number of hospital
beds, number of obstetric beds, number
of deliveries in the 2-year period,
whether the hospital was located in an
urban or rural setting, teaching status,
and whether a hospital reported full im-
plementation of EHR. Four questions
on the AHA Annual Survey (2008)16

were used to define a hospital’s level of
implementation. The questions encom-
passed EHR use related to patient-level
health information, results manage-
ment, order entry management, and
decision support. A hospital was cate-
gorized as having a fully implemented
EHR if all 4 domains were reported as
“fully implemented.”

Statistical analysis
We evaluated the association of patient
demographics, maternal comorbidi-
ties, pregnancy-related conditions, and
structural and organizational hospital
features with the presence of “any infec-
tion” using �2 statistics. We used this

TABLE 1
Frequency of maternal infections
by category of infection

Infection n (%)

Any infection below 40,605 (4.1)
..................................................................................................

Puerperal infection 20,519 (2.1)
..................................................................................................

Maternal pyrexia 16,067 (1.6)
..................................................................................................

Surgical site infection 3523 (0.4)
..................................................................................................

Infection of genitourinary
tract

1964 (0.2)

..................................................................................................

Sepsis 1319 (0.1)
..................................................................................................

Other maternal infection 1456 (0.2)
...........................................................................................................
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