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Objective: Because postpartum hemorrhage may result from factors related to obstetrical
practice patterns, we examined the variability of postpartum hemorrhage and related risk
factors (obstetrical trauma, chorioamnionitis, and protracted labor) across hospital types
and hospitals in California. Methods: Linked birth certificate and hospital discharge data
from 507,410 births in California in 1997 were analyzed. Cases were identified using In-
ternational Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM)
codes. Comparisons were made across hospital types and individual hospitals. Risk ad-
justments were made using 1) sample restriction to a subset of 324,671 low-risk women,
and 2) Bayesian hierarchical logistic regression model to simultaneously quantify the ef-
fects of patient-level and hospital-level risk factors. Results: Postpartum hemorrhage com-
plicated 2.4% of live births. The incidence ranged from 1.6% for corporate hospitals
to 4.9% for university hospitals in the full sample, and from 1.4% for corporate hospi-
tals to 3.9% for university hospitals in the low-risk sample. Low-risk women who deliv-
ered at government, HMO and university hospitals had two- to threefold increased odds
(odds ratios 1.98 to 2.71; 95% confidence sets ranged from 1.52 to 4.62) of having post-
partum hemorrhage compared to women who delivered at corporate hospitals, irrespec-
tive of patient-level characteristics. They also had significantly higher rates of obstetrical
trauma and chorioamnionitis. Greater variations were observed across individual hospitals.
Conclusion: The incidence of postpartum hemorrhage and related risk factors varied sub-
stantially across hospital types and hospitals in California. Further studies using primary
data sources are needed to determine whether these variations are related to the processes
of care.
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INTRODUCTION

Postpartum hemorrhage is a major cause of ma-
ternal mortality and morbidities worldwide. While
death resulting from postpartum hemorrhage is rare
in developed countries, severe maternal morbidities
may arise as a consequence of major blood loss (1).
The most important complications include hypov-
olemic shock, disseminated intravascular coagulopa-
thy, renal failure, hepatic failure, and adult respira-
tory distress syndrome (2).

Some cases of postpartum hemorrhage may re-
sult from factors related to obstetrical practice pat-
terns. For example, inappropriate labor induction
(e.g., elective induction with unfavorable cervix) or
inattentive labor management could lead to pro-
tracted labor, which is associated with increased risk
for uterine atony (particularly with prolonged use
of oxytocin). Protracted labor could also lead to
chorioamnionitis, especially in the setting of pro-
longed rupture of membranes, frequent cervical ex-
aminations, internal monitoring, or operative de-
liveries (3–6). Chorioamnionitis also increases the
risk for uterine atony, which is a leading cause
of postpartum hemorrhage. Inappropriate or inju-
dicious conduct of operative deliveries could lead
to genital tract lacerations or obstetrical trauma,
which could also result in postpartum hemorrhage.
In some instances, postpartum hemorrhage may be
the result of obstetrical practice patterns that led
to protracted labor, chorioamnionitis, or obstetrical
trauma.

The purpose of this paper is to describe the vari-
ability of postpartum hemorrhage across hospitals in
California. We hypothesized that such variability, if
found, may be partially attributable to differences in
the quality of obstetrical care. The primary aim of
this paper is to examine variations in the incidence
of postpartum hemorrhage across hospital types and
individual hospitals in California. A secondary aim
is to examine variations in the incidence of obstetri-
cal trauma, chorioamnionitis, and protracted labor,
three important risk factors for postpartum hem-
orrhage that may be related to obstetrical practice
patterns.

METHODS

This study is part of a collaborative project
to develop a statewide network for quality im-
provement in health services for pregnant women

supported by the California Department of Health
Services Maternal and Child Health Branch.
Human subjects approval was obtained from the
institutional review boards of the state and the au-
thors’ respective institutions prior to the start of the
study.

We used data from the 507,410 births in
California in 1997 for which birth certificates and
maternal and neonatal hospital discharge data were
linked (hereafter referred to as the full sample).
The discharge data were provided by the Office
of Statewide Health Planning and Development
(OSHPD) of California. In excess of 97% of neona-
tal records and 98% of maternal records were
linked using methodologies described elsewhere (7–
8). Cases of postpartum hemorrhage, obstetrical
trauma, chorioamnionitis and protracted labor were
identified using ICD-9-CM (International Classifica-
tion of Diseases, Ninth Edition, Clinical Modifica-
tion) codes as defined in Table I. We also exam-
ined blood transfusion rates using ICD-9 Procedure
Codes 990–9909.

Our analyses were conducted in three stages.
First, a descriptive analysis comparing postpartum
hemorrhage rates across hospital types was con-
ducted in the full sample. Hospital types were de-
fined by hospital ownership according to OSHPD
data categories: for-profit (corporate), non-profit,
district, government, health maintenance organiza-
tion (HMO), and university. Teaching status was
indicated by the presence or absence of an ob-
stetrics and gynecology residency training program,
as identified by OSHPD (9). We also compared
variations in the incidence of obstetrical trauma,
chorioamnionitis, and protracted labor by hospital
types.

Second, because variations in postpartum hem-
orrhage rates may be attributable to differences in
hospital case-mix rather than practice patterns, we
restricted further analyses to a low-risk sample. Our
methodological approach was designed to be consis-
tent with that used by the Agency for Healthcare Re-
search and Quality (AHRQ) (10). In lieu of complex
multivariate risk-adjustment techniques, we used re-
strictions to isolate a homogeneous low-risk popula-
tion. In this low-risk sample, variations in postpartum
hemorrhage rates would more likely be related to dif-
ferences in obstetrical practice patterns than patient
risk status. We excluded women who had a cesarean
delivery without labor because we are making infer-
ences about labor management and its relation to
postpartum hemorrhage. We also excluded women
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Table I. International Classification of Diseases, Ninth Edition,
Clinical Modification (ICD-9-CM) Codes Used to Identify Cases
of Postpartum Hemorrhage, Obstetrical Trauma, Chorioamnioni-

tis, and Protracted Labor

Diagnosis
ICD-9-CM

code

Postpartum hemorrhage
Third-stage hemorrhage: Hemorrhage

associated with retained, trapped, or
adherent placenta; retained placenta NOS

666.0

Other immediate postpartum hemorrhage:
Atony of uterus; hemorrhage within the first
24 h following delivery of placenta;
postpartum hemorrhage (atonic) NOS

666.1

Delayed and secondary postpartum
hemorrhage: Hemorrhage after the first
24 h following delivery and associated with
retained portions of placenta or membranes;
postpartum hemorrhage specified as
delayed or secondary; retained products of
conception NOS, following delivery

666.2

Postpartum coagulation defects: Postpartum
afibrinogenemia or fibrinolysis

666.3

Obstetrical trauma
Third-degree perineal laceration during

delivery
664.2

Fourth-degree perineal laceration during
delivery

664.3

Unspecified perineal laceration during
delivery

664.4

Vulvar and perineal hematoma during
delivery

664.5

Other specified trauma to perineum
and vulva during delivery

664.8

Unspecified trauma to perineum and vulva
during delivery

664.9

Obstetrical laceration of cervix 665.3
High vaginal laceration during and after labor 665.4
Other obstetrical injury to pelvic organs 665.5
Obstetrical damage to pelvic joints and ligaments 665.6
Obstetrical pelvic hematoma 665.7
Other specified obstetrical trauma 665.8
Unspecified obstetrical trauma 665.9

Chorioamnionitis
Infection of amniotic cavity: Amnionitis;

chorioamnionitis; membranitis; placentitis
658.4

Major puerperal infection: Puerperal
endometritis; fever; pelvic cellulites or
sepsis; peritonitis; pyemia; salpingitis;
septicemia

670

Protracted labor
Prolonged first stage 662.0
Prolonged labor, unspecified 662.1
Prolonged second stage 662.2

with antepartum hemorrhage, abruptio placentae,
and placenta previa (ICD-9-CM codes 641.x) as
these are high-risk clinical conditions known to be
associated with maternal hemorrhage. Additionally,

we performed bivariate analyses of postpartum
hemorrhage with 31 maternal, fetal or placental con-
ditions, of which 23 were associated with postpartum
hemorrhage at p < 0.10 level. Women with these
conditions were also excluded from further analyses
(Appendix A). Finally, we excluded women who
delivered at hospitals with fewer than 200 deliveries
per year because of the difficulty in extrapolating
results to practice patterns in such low volume
hospitals.

Following exclusions, we are left with a
clinically-homogeneous subset of 324,671 women
without major maternal, fetal, or placental compli-
cations and at relatively low-risk for postpartum
hemorrhage who delivered at 285 hospitals in
California in 1997. A descriptive analysis comparing
the incidence of postpartum hemorrhage, obstetrical
trauma, chorioamnionitis, and protracted labor
across hospital types and hospitals was conducted
in this low-risk sample. Further comparisons were
made after the sample had been stratified by mode
of delivery (vaginal, vacuum- or forceps-assisted, or
cesarean).

Third, a Bayesian hierarchical logistic regres-
sion model was used to estimate the adjusted rates
of postpartum hemorrhage, obstetrical trauma,
chorioamnionitis, and protracted labor for each
hospital. This two-level model consisted of two equa-
tions, estimated simultaneously. The first equation
quantified the effects of patient-level risk factors,
including age, race-ethnicity, parity, adequacy of
prenatal care utilization (11), and prior cesarean de-
liveries. The second equation quantified the effects
of hospital-level factors, including hospital types and
teaching status. The coefficients for the hospital-level
equation allowed us to calculate the odds ratios for
postpartum hemorrhage by hospital types, control-
ling for patient-level factors and teaching status. The
overall model allowed us to estimate the adjusted
rates of postpartum hemorrhage and related risk
factors for each hospital, while simultaneously
adjusting for patient-level factors and hospital-level
factors using two levels of random variations. Details
of the hierarchical regression model are provided in
Appendix B, and are well described in other areas
of health services research (12–13). At the level
of individual hospitals, we compared the observed
and adjusted incidence of postpartum hemorrhage,
obstetrical trauma, chorioamnionitis, and protracted
labor for hospitals that ranked at the top and bottom
deciles with respect to their postpartum hemorrhage
rates.
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Fig. 1. Incidence of postpartum hemorrhage, obstetrical trauma, chorioamnionitis, and
protracted labor by hospital types in the full sample (N = 507,410).

RESULTS

Full Sample

Of the 507,410 births in California in 1997 for
which birth certificates and maternal and neona-
tal hospital discharge data were linked, there were
11,985 cases of postpartum hemorrhage (2.36% of all
births). The most common subtype was uterine atony
(72%), followed by retained placenta (13%), delayed
(or secondary) postpartum hemorrhage (11%), and
postpartum coagulation defects (4%).

We found significant variations in the incidence
of postpartum hemorrhage by hospital types in the
full sample, ranging from 1.6% for corporate hospi-
tals to 4.9% for university hospitals. As Fig. 1 illus-
trates, the incidence of postpartum hemorrhage was
approximately 2.5 times higher among government
and HMO hospitals, and three times higher among
university hospitals, compared to corporate hospi-
tals. Similarly, the blood transfusion rate was more
than 1.5 times higher among government (0.41%)
and HMO (0.44%) hospitals, and more than twice
higher among university hospitals (0.6%), compared
to corporate hospitals (0.26%).

Next we examined variations in the incidence
of the three risk factors of postpartum hemorrhage
(obstetrical trauma, chorioamnionitis, and pro-
tracted labor) in the full sample (Fig. 1). Hospital
types with high incidence of postpartum hemor-

rhage also tended to have high rates of obstetrical
trauma, chorioamnionitis, and protracted labor.
University hospitals reported some of the high-
est rates, while corporate hospitals reported the
lowest rates in all three. In fact, the incidence of
obstetrical trauma and protracted labor was twice
as high, and that of chorioamnionitis nine times as
high, at university hospitals compared to corporate
hospitals. Government and HMO hospitals also
reported above-average rates of obstetrical trauma
and chorioamnionitis.

Low-Risk Sample

In our low-risk sample of 324,671 women with-
out major maternal, fetal, or placental complications,
we identified 6668 cases of postpartum hemorrhage
(2.05% of all births in the low-risk sample). The dis-
tribution of different subtypes of postpartum hemor-
rhage was similar to that observed in the full sam-
ple, with uterine atony accounting for the majority of
cases.

In this low-risk population, we continued to
find significant variations in the incidence of post-
partum hemorrhage by hospital types, ranging from
1.4% for corporate hospitals to 3.9% for university
hospitals (Fig. 2). However, we did not find signif-
icant variations in transfusion rates, which ranged
from 0.13% for university and nonprofit hospitals to
0.17% for government and HMO hospitals (data not
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Fig. 2. Incidence of postpartum hemorrhage, obstetrical trauma, chorioamnionitis, and
protracted labor by hospital types in a low-risk population (N = 324,671).

shown). We also found similar variations in the in-
cidence of obstetrical trauma, chorioamnionitis, and
protracted labor as in the full sample (Fig. 2). That
is, university hospitals reported some of the high-
est rates and corporate hospitals the lowest rates for
all three, while government and HMO hospitals also
reported above-average rates for obstetrical trauma
and chorioamnionitis.

When the sample was stratified by mode of
delivery, similar patterns of variations were found
(Table II). University hospitals reported some of
the highest rates and corporate hospitals the low-
est rates for postpartum hemorrhage and the three
related risk factors, irrespective of the mode of de-
livery. Notably while government and HMO hos-
pitals had relatively low rates of operative (instru-
mental and cesarean) deliveries, they reported high
rates of postpartum hemorrhage, obstetrical trauma,
and chorioamnionitis associated with these proce-
dures. For example, while only 7% of low-risk births
at HMO hospitals were delivered by vacuum or
forceps, more than one in three (35%) of these
deliveries were complicated by obstetrical trauma
(Table II).

Bayesian Hierarchical Model

We attempted further risk adjustment in the
low-risk population by using a Bayesian hierarchical

logistic regression model. Table III presents the
odds ratios for postpartum hemorrhage, obstetrical
trauma, chorioamnionitis, and protracted labor
by hospital types relative to corporate hospitals,
adjusting for patient-level characteristics. Women
who delivered at university hospitals had 2.7 times
greater odds of postpartum hemorrhage as those
who delivered at corporate hospitals, irrespective of
patient-level risk factors. They were also 2.8 times
as likely to experience obstetrical trauma, 3.5 times
as likely to have chorioamnionitis, and showed a
tendency toward increased risk for protracted labor,
compared to women who delivered at corporate
hospitals. Women who delivered at government and
HMO hospitals were approximately twice as likely
as those who delivered at corporate hospitals to have
postpartum hemorrhage. They also had elevated
risks of obstetrical trauma and chorioamnionitis
relative to those delivered at corporate hospitals
(Table III). When we added teaching status as a
covariate to the model, similar odds ratios were
obtained, except that university hospitals showed
substantial decrements in odds ratios for postpartum
hemorrhage (OR decreased from 2.71 to 2.30),
chorioamnionitis (OR decreased from 3.45 to 2.81),
and obstetrical trauma (OR decreased from 2.84
to 2.54). Government and HMO hospitals also
showed substantial decrements in odds ratios for
chorioamnionitis. Overall teaching status was inde-
pendently associated with a threefold (OR = 3.10;
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Table II. Incidence of Postpartum Hemorrhage, Obstetrical Trauma, Chorioamnionitis, and Protracted labor in a
Low-Risk Population, by Hospital Type and Mode of Delivery

Postpartum
hemorrhage (%)

Obstetrical
trauma (%)

Chorio-
amnionitis

(%)
Protracted
labor (%)

% Births by
mode of
delivery

Vaginal delivery
Corporate 1.4 5.8 0.1 0.4 76.1
Non-profit 1.8 6.8 0.2 0.9 78.0
District 1.9 6.9 0.1 2.1 76.7
Government 3.1 9.7 0.3 0.7 87.0
HMO 3.3 11.1 0.3 0.6 85.8
University 3.7 14.4 0.6 1.4 78.8

Vacuum or forceps
Corporate 1.7 15.9 0.2 3.3 14.5
Non-profit 2.2 18.5 0.5 5.5 13.9
District 2.4 17.9 0.3 6.2 15.3
Government 4.9 26.3 1.1 10.5 6.2
HMO 6.0 34.9 0.9 10.7 7.0
University 5.2 32.8 1.1 10.4 11.9

Cesarean delivery
Corporate 1.0 0.3 1.2 2.7 9.4
Non-profit 1.1 0.6 2.5 3.4 8.2
District 1.0 0.5 2.1 3.3 8.0
Government 2.4 0.5 7.0 2.3 6.9
HMO 2.6 1.4 4.5 2.5 7.1
University 3.9 3.4 11.9 4.1 9.3

95% Confidence Set = 2.18, 4.38) increase in the
odds of chorioamnionitis (data not shown).

Lastly we examined variations in the incidence
of postpartum hemorrhage at the level of individual
hospitals. Table IV presents both observed and
adjusted incidence of postpartum hemorrhage for
the 29 hospitals (top decile) that had the highest
adjusted rates of postpartum hemorrhage. The ob-
served incidence of postpartum hemorrhage in these
29 hospitals ranged from 3.9 to 10.4%, and the
adjusted incidence for a low-risk reference group

(Caucasian women under 35 years of age with
adequate or adequate plus prenatal care who are
multiparous with no prior Cesarean delivery) using
hierarchical regression analyses still ranged from 3.8
to 8.6%. While government, HMO and university
hospitals were disproportionately represented in the
top decile, the list of hospitals with exceptionally high
postpartum hemorrhage rates included all types of
hospitals (Table IV). The average incidence of post-
partum hemorrhage for these 29 hospitals was 6.4%,
more than three times higher than the state average

Table III. Odds Ratios (95% Confidence Sets) of Postpartum Hemorrhage, Obstetric Trauma, Chorioam-
nionitis, and Protracted Labor by Hospital Types Relative to Corporate Hospitals, Controlling for Patient-
Level Characteristicsa and Two Levels of Random Variations Using Bayesian Hierarchical Logistic

Regression Modelsb

Postpartum
hemorrhage

Obstetric
trauma

Chorio-
amnionitis

Protracted
labor

Corporate 1.00 1.00 1.00 1.00
Non-profit 1.12 (0.93, 1.35) 1.15 (0.94, 1.40) 1.49 (1.33, 1.68) 0.96 (0.80, 1.14)
District 1.17 (0.91, 1.50) 1.24 (0.93, 1.66) 1.47 (1.14, 1.90) 1.16 (0.95, 1.41)
Government 1.98 (1.52, 2.57) 1.67 (1.34, 2.09) 2.04 (1.47, 2.75) 0.88 (0.68, 1.12)
HMO 2.05 (1.56, 2.68) 1.89 (1.41, 2.55) 2.67 (2.15, 3.32) 0.98 (0.74, 1.30)
University 2.71 (1.59, 4.62) 2.84 (1.85, 4.36) 3.45 (1.97, 6.06) 1.56 (0.95, 2.55)
aPatient-level characteristics include age, adequacy of prenatal care utilization, race-ethnicity, parity, and

prior cesarean delivery (results not shown).
bThe hierarchical logistic regression models consist of two (patient-level and hospital-level) equations that

are simultaneously estimated. Results from only the hospital-level equation are displayed. The full model
is described in the Appendix B.



Variations in Postpartum Hemorrhage 303

Table IV. Observed and Adjusteda Incidence of Postpartum
Hemorrhage for the 29 Hospitals (Top Decile) that Had the

Highest Adjusted Postpartum Hemorrhage Rates

Postpartum hemorrhage
(% of live births)

Hospital
Adjusted
incidence

Observed
incidence Ownership

A 8.6 10.4 District
B 8.1 9.5 Non-profit
C 7.8 10.9 HMO
D 7.1 7.8 HMO
E 7.0 8.3 Non-profit
F 6.7 6.7 Government
G 6.5 8.2 Corporate
H 6.5 7.1 HMO
I 6.4 6.2 UC
J 6.1 6.8 HMO
K 6.1 6.3 Government
L 6.1 8.3 Non-profit
M 6.0 6.2 UC
N 5.6 7.0 Non-profit
O 5.4 6.8 Government
P 5.4 6.4 Non-profit
Q 5.3 5.0 Government
R 5.0 5.3 Government
S 5.0 6.5 Non-profit
T 4.9 5.0 Government
U 4.7 4.7 Non-profit
V 4.7 5.5 Non-profit
W 4.7 5.3 Corporate
X 4.7 5.5 HMO
Y 4.4 4.5 Non-profit
Z 4.3 5.4 Corporate
AA 4.0 3.8 Non-profit
BB 3.8 4.4 Non-profit
CC 3.8 3.9 HMO
aAdjusted incidence of postpartum hemorrhage was estimated

based on our Bayesian hierarchical regression model using a
reference group of Caucasian women under 35 years of age
with adequate or adequate plus prenatal care who were
multiparous with no prior cesarean delivery.

and nearly 19 times higher than that of hospitals in
the bottom decile. The average rates of obstetrical
trauma, chorioamnionitis, and protracted labor for
the 29 hospitals with the highest postpartum hem-
orrhage rates were 2.0, 10.6, and 4.7 times higher,
respectively, than those among the 29 hospitals with
the lowest incidence of postpartum hemorrhage.

DISCUSSION

Our study found substantial variations in the
incidence of postpartum hemorrhage across hospi-
tal types and hospitals in California. Even after risk
adjustment using a Bayesian hierarchical regression
model, we continued to find greater than two- to

threefold differences in the incidence of postpar-
tum hemorrhage across hospital types. Variations in
postpartum hemorrhage rates were even more strik-
ing across individual hospitals than across hospital
types.

The reasons for such wide variations in post-
partum hemorrhage rates across hospital types and
hospitals are not known. We hypothesized that such
variability may reflect, in part, differences in the
quality of obstetrical care. For example, improper
or inexperienced conduct of operative deliveries
could result in obstetrical trauma leading to post-
partum hemorrhage. Hospitals with high incidence
of postpartum hemorrhage also reported high rates
of obstetrical trauma. Low-risk women delivering
at university hospitals had 2.7 times the odds of
postpartum hemorrhage, and 2.8 times the odds of
obstetrical trauma, compared to those delivering at
corporate hospitals. The decrement in odds ratios
with the addition of teaching status as a covariate
suggests that some, but not all, of the increased risk
for postpartum hemorrhage and obstetrical trauma
at university hospitals may be attributable to their
teaching programs. Despite their relatively low
volumes of operative deliveries, government and
HMO hospitals reported exceptionally high rates of
obstetrical trauma associated with these procedures.
While we could not exclude the possibility of over-
reporting, these results merit further investigation.

Similarly, hospitals with high incidence of
postpartum hemorrhage also reported high rates
of chorioamnionitis and protracted labor. For ex-
ample, low-risk women delivering at government,
HMO, and university hospitals had greater than
two- to threefold increased odds of chorioamnionitis
compared to those delivering at corporate hospi-
tals, irrespective of patient-level risk factors. The
29 hospitals with the highest rates of postpartum
hemorrhage also reported, on average, approxi-
mately ten times higher incidence of chorioamnioni-
tis, and nearly five times higher rates of protracted
labor, compared to the 29 hospitals with the lowest
rates of postpartum hemorrhage. Inappropriate
labor induction, inattentive labor management, and
non-judicious use of oxytocin or internal monitoring
are just a few of a number of obstetrical practices
that could increase the risk for protracted labor and
chorioamnionitis, which could then result in uterine
atony and postpartum hemorrhage (3–6).

Our findings are subject to several limitations.
First, variations in the incidence of postpartum hem-
orrhage may be due to information bias rather than
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actual differences in the quality of care. Previous
studies have shown that clinical estimation of peri-
partum blood loss could be quite imprecise and vari-
able, with a tendency toward underestimation (14).
Different standards may be applied toward making
the diagnosis (1). Reported incidence of postpartum
hemorrhage in the literature ranged from 0.7 to 29%
largely because different standards were used to de-
fine postpartum hemorrhage (3, 4, 15–16). Some have
proposed using erythrocyte transfusion as a more
objective measure of postpartum hemorrhage (3–5),
but different protocols may exist among hospitals for
postpartum transfusion. We found that while trans-
fusion rates by hospital ownership corresponded to
postpartum hemorrhage rates in the full sample, this
was not the case in the low-risk sample, reflecting
perhaps differences in the standards used across
hospitals in the decision-making regarding blood
transfusion, particularly in low-risk, healthy women.
Hospitals may have different incentive structures
(including billing) for coding and reporting. The
intensity of case ascertainment may vary based on
available information technologies in the hospitals.
Systematic differences in diagnosis, coding and
reporting, and case ascertainment could lead to
information bias, resulting in over-reporting by some
hospitals and under-reporting by others. Before
making inferences about quality of obstetrical care,
validation of these administrative data is needed.
We have begun a pilot validation study at several
hospitals in California.

Second, variations in the incidence of postpar-
tum hemorrhage may be due to selection bias result-
ing from differential case-mix across hospital types
and hospitals. That is, hospitals with higher rates
of postpartum hemorrhage may just be caring for
higher-risk women rather than delivering poorer
quality care. While we attempted risk adjustment by
restricting our sample to low-risk women without
major maternal, fetal or placental complications, and
by further adjusting for patient-level characteristics
and teaching status using Bayesian hierarchical re-
gression modeling, our model may still be underspec-
ified, and unmeasured differences in patient case-mix
across hospital types and hospitals may still account
for differences in postpartum hemorrhage rates.

These potential biases underscore the limita-
tions of using administrative data for quality moni-
toring purposes. Our study highlights significant dif-
ferences in reported outcome, but it says little about
the processes of care (17). For example, our data pro-
vide no information about indications for induction

and cervical status at the time of induction, rupture-
of-membranes-to-delivery time, use of oxytocin or
other induction agents, availability of in-house ob-
stetricians and anesthesiologists, indications for and
conduct of operative deliveries, active management
of labor or other process variables that may impact
on postpartum hemorrhage and their related risk fac-
tors. Primary data collection about the actual pro-
cesses of care is needed for quality monitoring.

In conclusion, we found significant variations
in the incidence of postpartum hemorrhage and re-
lated risk factors (obstetrical trauma, chorioamnioni-
tis, and protracted labor) across hospital types and
hospitals. While our study calls attention to these im-
portant variations, we caution against making judg-
ments about quality of care using administrative
data. Our next steps are to determine whether these
variations are real (rather than due to information or
selection biases), and whether they are related to the
processes of care. Further studies are needed to de-
termine whether systematic differences in the quality
of obstetrical care contributed to our findings of wide
variations in postpartum hemorrhage across hospi-
tals in California.

APPENDIX A: MATERNAL, FETAL, OR
PLACENTAL CONDITIONS EXCLUDED
FROM THE LOW-RISK SAMPLE

– Asthma
– Congenital fetal CNS anomaly or chromoso-

mal abnormality
– Diabetes or abnormal glucose tolerance
– Herpes
– Intrauterine fetal demise
– Intrauterine growth restriction
– Macrosomia
– Malpresentation
– Maternal cerebral hemorrhage
– Maternal congenital and other heart disease
– Maternal hypotension or obstetrical shock
– Maternal renal abnormalities
– Maternal soft tissue disorder
– Maternal thyroid abnormalities
– Mental disorder
– Multiple gestation
– Oligohydramnios
– Other types of hypertension
– Polyhyramnios
– Preterm gestation
– Pulmonary embolism
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– Severe hypertension: severe pre-eclampsia or
eclampsia

– Uterine rupture

APPENDIX B: BAYESIAN HIERARCHICAL
LOGISTIC REGRESSION MODEL USED TO
ESTIMATE THE ADJUSTED RATES OF
POSTPARTUM HEMORRHAGE,
OBSTETRICAL TRAUMA,
CHORIOAMNIONITIS, AND PROTRACTED
LABOR FOR INDIVIDUAL HOSPITALS

The probability of each of the four events (post-
partum hemorrhage, protracted labor, chorioam-
nionitis, and obstetrical trauma) was modeled using
hierarchical logistic regression models. This mod-
eling framework facilitates the analysis of provider
variations in outcomes by separating provider-
related factors from patient-related ones. The model
consists of two equations that are simultaneously
estimated, one (patient level) to model within
hospital variability, and the other (hospital level)
to model between hospital variability. For each
dichotomous outcome, the hierarchical logistic
regression equations are as follows:

P(Yij = 1) = Pij is the Bernoulli probability of an
event for patient i in hospital j.

1. Patient level equation:
Logit (Pij) = β1j + β2j (Age ≥ 35)ij + β3j

(Poor PNC)ij + β4j (Asian)ij + β5j (African
American)ij + β7j (Hispanic)ij + β8j (Native
American)ij + β9j (Nulliparous)ij + β10j (Prior
CS)ij

Covariates include age, race-ethnicity, parity,
prenatal care utilization (10), and prior cesarean de-
livery. The reference group consists of Caucasian
women less than 35 years of age, with adequate
or adequate-plus prenatal care, multiparous with no
prior cesarean delivery. The beta coefficients from
this logistic regression (log-odds scale) measure the
effect of patient characteristics on outcome within
hospital j. The intercept β1j is the baseline (for the
reference group) event rate for hospital j and the
other β slopes measure the effects of the covariates
on outcome.

2. Hospital level equation:
βj is distributed multivariate normal with
mean µ and variance–covariance matrix
D (bold parameters are multi-dimensional)

where,

µ = γ1 + γ2(Government)j + γ3(District)j

+ γ4(HMO)j + γ5(Not for profit)j

+ γ6(UC)j + γ7(Other hospital covariates
such as OB teaching status)j

Covariates for the hospital-level equation in-
clude indicator variables for hospital ownership
and OB teaching status. The intercept γ1 is a
reference parameter representing corporate hos-
pitals (none of which are obstetrics teaching
hospitals).

We assume that the hospital-specific parame-
ter βj is a multivariate normal variate with mean
µ that is linearly related to the hospital character-
istics. The components of µ are therefore hospital
class expectations given the class characteristics. The
γ’s are parameters common to all hospitals, mea-
suring the effect of hospital characteristics on the
expected hospital class rate of outcome. In other
words, the components of γ link between hospital
characteristics and hospital-specific effects. While the
βj are directly related to the patient covariates, the
γ’s are directly related to hospital level covariates.
Note that not only mean hospital rate of outcomes
(β intercepts) may vary by hospital characteristics
but also β slopes are allowed to vary by hospital
characteristics.

The model was estimated under a Bayesian
framework that assigns prior probability distribu-
tions to all unknown parameters (specifically to γ and
D). Posterior distributions of the model parameters
(conditional on the data) were derived using Markov
Chain Monte Carlo methodology. For each outcome
a single Gibbs sampler string was used for inference,
implemented using the WinBUGS software (5), with
a burn-in of 1000 iterations and a further 2000 iter-
ation used for inference. Starting values for param-
eters were calculated using logistic regression mod-
els. Estimated posterior means for odd ratios are
reported with significance determined using 95%
confidence sets.
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