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Section 1: Executive Summary



OVERVIEW

The California Hospital Outcomes Project is an initiative mandated by the State of California and
conducted by the Office of Statewide Health Planning and Development (OSHPD), to develop
public reports comparing hospital outcomes for selected medical conditions and surgical
procedures for patients treated in hospitals throughout California. Over the last decade, CHOP
has reported risk-adjusted hospital mortality rates for heart attack and community-acquired
pneumonia. In 2005, OSHPD is releasing its first report on obstetric care.

Delivery was selected as an important topic for public reporting because it is the most frequent
single reason for hospitalization in California, and because complications of delivery are
associated with substantial health care costs and impairment of function. In 2003, for example,
there were 170,465 repairs of obstetric lacerations and 147,084 cesarean deliveries performed in
California hospitals — more than any other surgical procedure. Although most women who
require these procedures have excellent outcomes, a small minority experience complications
that cause pain, weakness, impaired bonding with their new child, bowel or bladder problems,
sexual dysfunction, rehospitalization, and even death.

This technical report, prepared for OSHPD, summarizes the validation of multiple potential
measures of inpatient obstetric quality of care. These measures include two that have been
endorsed by OSHPD for public reporting: risk-adjusted postpartum maternal readmission rates
and risk-adjusted perineal laceration rates. Other measures were also evaluated in this validation
study, but are not recommended for public reporting, including risk-adjusted rates of
endometritis, wound infection, hemorrhage, and urinary tract infection. This validation study
was designed by the UC Davis research team in collaboration with OSHPD staff and the AB 524
Technical Advisory Committee. It was designed to address a variety of concerns, specified in
detail later in this report, about the validity of using hospital-reported ICD-9-CM codes in the
California Patient Discharge Data Set to report publicly on hospital performance.

The original methodology for estimating and analyzing risk-adjusted postpartum maternal
readmission rates was developed in 1996, using data on deliveries performed in 1992-1993. This
developmental work is fully described in a report that was published by the OSHPD in
December 1996 (Section 2, citation 19). We were subsequently asked by the OSHPD to validate
the data and methodology used in this 1996 report. To simplify the task, we selected a
subsample of the same records for this validation study. As described in detail in later sections
of this report, we collected records from hospitals in 1998, recoded and abstracted them in 1999,
and performed analyses in 2000-2001. Although some results from these analyses have already
appeared in print elsewhere, this report compiles all relevant findings in a single document. We
believe that the findings are still informative, despite their age, because there is no evidence of
statewide improvement in the coding of obstetric records over the past decade. In addition, the
mean postpartum length of stay and readmission rate have remained relatively stable over time
(after some decrease in length of stay during the 1990s), suggesting that the clinical factors
driving readmissions have also been relatively stable. This study remains the most
comprehensive published analysis of the accuracy of ICD-9-CM coded inpatient obstetric data.
However, if the OSHPD continues to use the same datasets in the same manner, it would be
prudent to repeat this validation study in the future.



VALIDATION QUESTIONS AND KEY FINDINGS

The primary purpose of the validation study was to evaluate the impact of errors in hospitals’
reporting of risk factors and complications on risk-adjusted outcomes estimated using OSHPD’s
administrative data. This is known as an evaluation of criterion validity, because data of
uncertain accuracy are compared against data that are known or believed to be highly accurate.
These latter data represent a “criterion standard,” which is uniformly applied across all hospitals,
even though it may not be perfect.

The validation study was also designed to provide some information about whether measurable
differences in the process of care explain, in part, observed differences in risk-adjusted
outcomes. This is known as an evaluation of construct validity, because it is based on the
construct (or conceptual model) that better processes of care should lead to better outcomes, and
hence worse outcomes should result from worse processes of care. To the extent that there are
strong associations between process measures and risk-adjusted outcome measures, we become
more confident that both sets of measures describe true quality of care.

The basic study design was a retrospective cohort of women who were admitted to acute care
nonfederal hospitals in California for delivery of a child in 1992 or 1993. These women were
followed for 6 weeks after delivery to identify postpartum readmissions, and their records were
reviewed for 9 months before delivery to identify antepartum conditions requiring
hospitalization. Hospitals, and cases within hospitals, were randomly sampled from the
OSHPD’s Patient Discharge Data Set. To ensure sufficient statistical power to answer the
questions listed below, we oversampled women at hospitals with lower or higher than expected
readmission rates, women who underwent cesarean delivery, and women who required
readmission. After obtaining a complete photocopy of each sampled record, we collected data
through detailed, independent review by a coding professional and a research nurse, with
physician back-up as needed.

The remainder of this Section outlines the specific research questions addressed by this study,
and summarizes the key findings.

Question 1. What percentage of obstetric discharges reported to OSHPD are
fundamentally miscoded, in terms of whether a delivery occurred or whether the delivery
type was vaginal or cesarean?

The OSHPD identifies deliveries using ICD-9-CM diagnosis codes for “complications of
pregnancy, childbirth, and the puerperium.” For most codes in this chapter of ICD-9-CM, the
fifth digit indicates whether a patient was “delivered” or was admitted simply for an “antepartum
condition or complication” or a “postpartum condition or complication.” Among these
deliveries, cesarean deliveries are identified by the presence of specific procedure codes, and
vaginal deliveries are defined by default as all deliveries without any of those procedure codes.
We evaluated the accuracy of both delivery diagnosis codes and cesarean procedure codes,
through reabstraction of each sampled record by a professional coder and an obstetric nurse.
These results are described in Section 2.



We received 1,614 of the 1,662 records that we requested from participating hospitals (97.1%).
Three of these records did not actually represent deliveries, meaning that 99.8% of hospital-
reported deliveries were confirmed as such. Reporting of cesarean versus vaginal delivery was
also nearly perfect, with an unweighted sensitivity of 99.9% (e.g., one cesarean delivery was
misreported as a vaginal delivery) and an unweighted positive predictive value (PPV) of 99.7%
(e.g., two vaginal deliveries were misreported as cesarean deliveries). We conclude that the
OSHPD’s patient discharge data may be used to identify deliveries, and to distinguish cesarean
from vaginal deliveries.

Question 2. What is the statewide reporting accuracy for risk factors in the risk adjustment
models, using California patient discharge data?

Previous CHOP validation studies have demonstrated that the validity of risk factor data varies
significantly, depending on the severity and importance of the risk factor. If certain risk factors
are widely underreported or overreported by hospitals, then risk-adjustment models that include
those factors may be biased. For example, if hospitals only report the most severe cases of a risk
factor, then that risk factor may appear to have a much greater impact on patient outcomes than it
actually does. To identify risk factors that may be coded too poorly to include in risk-adjustment
models, professional coding experts completed a “blind” recoding of each discharge in the
validation study. We compared their findings with the information that hospitals reported to the
OSHPD, on a patient-by-patient basis. These results are described in Section 2.

Forceps and vacuum delivery were accurately reported, with sensitivities and predictive values
exceeding 90%. Episiotomy was underreported (70% sensitivity), especially among women who
experienced a third or fourth degree perineal laceration. All cesarean indications were reported
with at least 60% sensitivity, except for uterine inertia, herpes, and long labor. Among
comorbidities, sensitivity exceeded 60% for chorioamnionitis, diabetes, premature labor,
preeclampsia, intrauterine death, and congenital abnormalities. Sensitivity was poor (<60%) for
anemia, asthma, thyroid disorders, mental disorders, drug abuse, genitourinary infections,
obesity, fibroids, excessive fetal growth, hypertension, premature rupture, polyhydramnios, and
postdates. Based on these analyses of data from 1992 and 1993, we conclude that the OSHPD’s
patient discharge data may be used to ascertain the most important delivery-associated
procedures and selected antepartum and intrapartum complications. However, certain risk
factors cannot be validly ascertained, and should therefore be excluded from risk-adjustment
models to reduce bias. Of course, we cannot exclude the possibility that the accuracy of
reporting some of these risk factors may have improved statewide over the past decade.

Question 3. Is there a significant difference in the coding of important risk factors when
comparing hospitals with significantly fewer readmissions than expected, significantly
more readmissions than expected, and neither?

The ICD-9-CM coding of all key risk factors was examined by hospital outlier status, to
determine whether variation in coding practices may explain why some hospitals appear to have
better-than-expected outcomes and others appear to have worse-than-expected outcomes. In
other words, hospitals that underreport risk factors may have relatively low expected readmission



rates, and thus relatively high risk-adjusted readmission rates, because their patients do not
appear as sick as they actually are. To address this question, we compared the accuracy of risk
factor reporting across hospitals stratified by whether they had fewer readmissions than
expected, more readmissions than expected, or neither. These results are described in Section 2.

We found several statistically significant differences in reporting of risk factors between
hospitals with more readmissions than expected and hospitals with fewer readmissions than
expected, but no consistent pattern. Substituting recoded data for administrative data in our
multivariate model to estimate readmission risk had minimal impact (e.g., hospitals that had 34%
more readmissions than expected using administrative data still had 28% more readmissions than
expected using recoded data, and hospitals that had 55% fewer readmissions than expected using
administrative data still had 42% fewer readmissions than expected using recoded data). We
conclude that differential underreporting of risk factors in the OSHPD’s patient discharge data
accounts for little of the observed variation in risk-adjusted readmission rates across hospitals.

Question 4. What is the statewide reporting accuracy for postpartum complications, using
California patient discharge data?

Fortunately, maternal mortality is extremely rare in California. Therefore, consumers,
purchasers, and providers of obstetric care are all interested in measures of potentially
preventable postpartum complications. Several such measures have been endorsed by the Joint
Commission on the Accreditation of Healthcare Organizations and the Agency for Healthcare
Research and Quality. However, previous CHOP validation studies have shown that
complications after back surgery are markedly underreported, and that variation in reporting
practices accounts for a substantial proportion of the observed variation in complication rates
between hospitals with fewer complications than expected and hospitals with more
complications than expected. Do these findings apply to obstetric patients? To address this
question, we again asked professional coding experts to complete a “blind” recoding of each
discharge in the validation study, and we then compared their findings with the information that
hospitals reported to the OSHPD. These results are described in Section 3.

Both third and fourth degree perineal lacerations were reported very accurately, with estimated
sensitivities exceeding 90% and positive predictive values (PPVs) exceeding 65% (weighted) or
85% (unweighted). After in-depth review of discrepant cases, we estimate the actual PPV at
over 90%. Most coding discrepancies for perineal laceration were between no injury and first
degree, or between first and second degree. Most postpartum complications, including urinary
tract and wound infections, endometritis, anesthesia complications, and postpartum hemorrhage
were reported with less than 70% sensitivity, but at least 80% PPV. Composite measures from
HealthGrades and Solucient, which include these complication codes, also suffer from high false
negative rates. Based on these analyses of data from 1992 and 1993, we conclude that perineal
lacerations are the only significant complication of inpatient obstetric care that can be validly
ascertained using the OSHPD’s patient discharge data. Of course, we cannot exclude the
possibility that the accuracy of reporting other complications may have improved statewide over
the past decade.



Question 5. Can vital statistics data (e.g., birth certificates) be used in place of, or in
addition to, hospital discharge abstracts to ascertain maternal risk factors and adverse
outcomes?

In the decade since the obstetric validation study was conceived, the OSHPD has begun routinely
linking hospital discharge abstracts for new mothers and newborn babies with the corresponding
birth certificate(s) in California’s vital statistics registration database. Through this linkage, it
may be possible to ascertain risk factors and potentially preventable complications more
accurately than would be possible using hospital discharge abstracts alone. To use these linked
data responsibly, one must understand when both data sets should be used to ascertain a risk
factor of interest, and when one data set should be used in preference to the other. We found
many previous studies evaluating the accuracy of data elements on birth certificates in the US, so
we did not undertake any independent validation of birth certificate data. The published studies,
and their implications for hospital quality measurement, are described in Section 4.

We found 484 unique citations and selected 100 papers for review, plus two that were identified
through extended search methods. Studies of parental race/ethnicity and age (or date of birth)
have reported excellent validity of birth certificate data. The accuracy of these data on parental
education and occupation is lower, but at least 69%. Gravidity and parity, especially nulliparity,
are accurately reported. Agreement between birth certificates and other data is moderate for
timing of the last menstrual period and length of gestation. Almost all pregnancy-related
conditions are poorly reported; prior cesarean is the only consistent exception. Birth certificates
tend to exaggerate both the duration of prenatal care and the number of visits. Most
complications of labor and delivery are reported with moderate sensitivity (20-75%). Method of
delivery is accurately reported, but vaginal birth after cesarean (VBAC) is consistently
underreported, with sensitivities of 39-70%. Reporting of forceps or vacuum usage has 60-83%
sensitivity. Agreement between birth certificates and other data is high (=93%) for birthweight,
Apgar score, birth order, and infant gender. However, abnormal conditions of the newborn and
congenital anomalies are consistently underreported, with sensitivities below 50% for most. We
conclude that birth certificate data can be used to complement the OSHPD’s patient discharge
data by enhancing ascertainment of key ICD-9-CM coded risk factors and by identifying risk
factors for which no ICD-9-CM codes exist (e.g., gravidity and parity). In general, birth
certificates should not be relied upon as the sole source of data on antepartum and intrapartum
risk factors.

Question 6. How does the risk-adjustment model change when additional clinical
variables are used as risk factors?

Administrative datasets provide limited data, based on ICD-9-CM codes, to characterize
patients’ risk of readmission and other adverse outcomes. To assess how much risk-adjustment
models using the OSHPD’s data could be improved through supplementation with more detailed
clinical data, our nurse abstractors collected key clinical data elements from all sampled medical
records. These additional clinical variables were identified through a literature review and
through discussions with a Clinical Advisory Panel. This information was then used, in part, to
determine whether more complete clinical information would improve the validity of our risk-
adjustment models for postpartum readmissions. These results are described in Section 5.



Adding several clinical data elements abstracted from medical records modestly improved the
predictive performance of risk-adjustment models for postpartum readmission, at both the patient
and hospital levels. These clinical data elements include the number of prior vaginal deliveries,
body mass index (a measure of obesity), fetal macrosomia, antepartum fever, and thick
meconium. A few other “clinical” risk factors were also independent predictors of postpartum
readmission, but only because of underreporting in the OSHPD database. If these underreported
risk factors, including prior cesarean, multiple gestation, insulin-requiring diabetes, psychiatric
disorders, preterm gestation, preeclampsia or eclampsia, antepartum hemorrhage, and antepartum
anemia, were reported with 100% sensitivity, then clinical abstraction would not have improved
the risk-adjustment models. Overall, adding information from clinical abstraction of medical
records improved the discrimination of predictive models for readmission from c=0.587 to
¢=0.619 after vaginal delivery, and from c=0.631 to c=0.651 after cesarean delivery. Hospitals
that had 34% more readmissions than expected using administrative data still had 36% more
readmissions than expected using additional clinical data, and hospitals that had 55% fewer
readmissions than expected using administrative data still had 49% fewer readmissions than
expected using additional clinical data. We were not able to evaluate whether using birth
certificate diagnoses in conjunction with hospital discharge diagnoses would have improved
ascertainment of these risk factors to the same extent as clinical abstraction. We conclude that
analyses of risk-adjusted postpartum readmissions based on patient discharge data are not biased
by unreported clinical risk factors that are documented in medical records.

Question 7. Do women who are delivered at hospitals with more readmissions than
expected experience more postpartum complications than women who are delivered at
hospitals with fewer readmissions than expected?

If risk-adjusted postpartum readmission rates are a valid quality indicator, then hospitals with
high rates should also have high rates of in-hospital postpartum complications that are likely to
worsen after discharge, thereby necessitating readmission. To address this question, our
professional coders and nurse abstractors collected detailed information on postpartum
complications by reviewing all sampled medical records. In the absence of such detailed review,
hospitals with more readmissions than expected may appear to have excess complications,
simply because of more conscientious reporting of adverse outcomes. These results are
described in Section 5.

Most post-cesarean complications were more prevalent at high-readmission than at low-
readmission hospitals (laceration, 9.4% versus 0.7%; wound infection, 5.9% versus 0.0%;
endometritis, 13.3% versus 2.5%; estimated blood loss, 832 cc versus 648 cc; mean hematocrit
drop 4.8% versus 3.9%). In addition, mean postpartum length-of-stay was shorter at low-
readmission hospitals than elsewhere (vaginal, 28 versus 31-32 hours; cesarean, 70 versus 75-82
hours). We conclude that hospitals with more readmissions than expected actually did
experience more adverse outcomes after delivery, relative to hospitals with fewer readmissions
than expected.

Question 8. Are there meaningful differences in the process of care between hospitals with
fewer readmissions than expected and hospitals with more readmissions than expected?



If risk-adjusted postpartum readmission rates are a valid quality indicator, then hospitals with
high rates should manage labor, delivery, and the puerperium in ways that predispose to
complications necessitating readmission. These management practices are also known as
processes of care, because they describe the process by which nurses, physicians, and other
health professionals provide care at the bedside. To address this question, we collected detailed
information about medical and nursing management, although many important components of
peripartum care could not be ascertained from medical records. For example, we hypothesized
that several physician and nurse behaviors known to increase the risk of postpartum infection
would be more prevalent at hospitals with high risk-adjusted readmission rates than at hospitals
with low risk-adjusted readmission rates. These results are described in Section 5.

There were no significant differences in labor management, but women at high-readmission
hospitals were less likely to have operative vaginal delivery (1.5% versus 16%) or scheduled
repeat cesarean (17% versus 58%), and more likely to have vaginal birth after cesarean (60%
versus 28%), than women at low-readmission hospitals. The latter difference was largely
attributable to the fact that 16% of eligible patients at hospitals with fewer readmissions than
expected were not counseled about a trial of labor, and 47% reportedly refused despite
counseling. None of several physician and nurse behaviors that may increase the risk of
postpartum infection was more prevalent at high-readmission hospitals than at low-readmission
hospitals. We conclude that hospitals with fewer readmissions than expected generally practiced
a more aggressive style of obstetric management than hospitals with more readmissions than
expected, but we found no clear explanation for the observed difference in patient outcomes.

Question 9. Do hospitals with more readmissions than expected simply have a lower
threshold for readmission than hospitals with fewer readmissions than expected?

If risk-adjusted postpartum readmission rates are a valid quality indicator, then patients who are
readmitted after delivery at hospitals with high rates should be just as sick as patients who are
readmitted after delivery elsewhere. Differences in severity of illness at readmission would
suggest that hospitals with high readmission rates may be less selective in whom they readmit, or
may see more vulnerable patients who would have difficulty managing their complications in the
outpatient setting. To address this question, we collected detailed information from patients’
histories, physical examinations, and laboratory studies about their severity of illness at the time
of readmission. We then characterized each woman who was readmitted as meeting definite
clinical criteria for readmission (i.e., readmission is the standard of care), any clinical criteria for
readmission (i.e., readmission is acceptable but not essential), or no clinical criteria for
readmission (i.e., readmission is probably unnecessary). These results are described in Section 5.

The percentage of women in the highest acuity level at readmission was similar at low (62%),
intermediate (64%), and high-readmission (52%) hospitals. Only for postpartum endometritis
was there evidence that women readmitted at high-readmission hospitals were less severely ill
than women readmitted at low or intermediate-readmission hospitals (i.e., 42% met definite
criteria for readmission, versus 56% and 62%, respectively). This difference disappeared when
looser criteria for readmission were applied or when postpartum endometritis was aggregated
with other complications that often necessitate readmission. We conclude that variation across



hospitals in the threshold for readmission may explain at least some of the difference in risk-
adjusted readmission rates that is attributable to endometritis, but none of the difference that is
attributable to postpartum hemorrhage, wound infection, or urinary tract infection.
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Section 2: The Accuracy of Obstetric Diagnoses and
Procedures Reported in California Patient Discharge Data
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SUMMARY

Objective: To assess the validity of obstetric procedures and diagnoses in the California Patient
Discharge Data Set.

Methods: We randomly sampled 1,611 deliveries from 52 of the 267 hospitals that performed
more than 678 eligible deliveries in California in 1992-1993. We compared hospital-reported
procedures and diagnoses against our recoding of the same records.

Results: Cesarean, forceps, and vacuum delivery were accurately reported, with sensitivities and
predictive values exceeding 90%. Episiotomy was underreported (70% sensitivity). Cesarean
indications were reported with at least 60% sensitivity, except for uterine inertia, herpes, and
long labor. Among comorbidities, sensitivity exceeded 60% for chorioamnionitis, diabetes,
premature labor, preeclampsia, intrauterine death, and congenital abnormalities. Sensitivity was
poor (<60%) for anemia, asthma, thyroid disorders, mental disorders, drug abuse, genitourinary
infections, obesity, fibroids, excessive fetal growth, hypertension, premature rupture,
polyhydramnios, and postdates.

Conclusions: The validity of obstetric procedures and diagnoses on hospital discharge abstracts
varies, with moderate-high accuracy for the most important codes.

The key results from this section have also been published in:

Yasmeen S, Romano PS, Schembri ME, Keyzer JM, Gilbert WM. Accuracy of obstetric
diagnoses and procedures in hospital discharge data. American Journal of Obstetrics and
Gynecology 2006;194(4):992-1001.
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INTRODUCTION

Maternal hospital discharge abstracts have been used extensively to monitor trends in pregnancy-
related treatments and outcomes such as cesarean births, ' operative vaginal deliveries,” hospital
length of stay and charges,’ and perinatal morbidity and mortality.*>® The validity of these
analyses depends upon the accuracy of the available data.

Multiple previous studies have evaluated the accuracy of diagnosis and procedure codes in
Medicare claims data,7’8 the Veterans Health Administration’s Patient Treatment File,9’10 the
OSHPD Patient Discharge Data Set,'"'*'* and similar data sets from individual hospitals'* or
other countries.'”” However, these studies have focused almost entirely on the general medical-
surgical population.

Our objective was to validate coding of obstetric procedures and diagnoses in the nation’s largest
statewide discharge data program. We examined the sensitivity and positive predictive value of
maternal hospital discharge abstracts, using the complete inpatient medical record as a gold
standard. We hypothesized that clearly defined and clinically serious conditions such as placenta
previa and malpresentation would be accurately coded, whereas more ambiguous conditions such
as anemia and fetal distress would be poorly coded.

METHODS

We searched the MEDLINE database from 1985 through 2000 to identify clinical trials and case
series reporting maternal outcomes of delivery. Additional papers were identified by a clinical
advisory panel (which included four obstetricians and/or perinatologists, two family physicians,
one obstetric nurse specialist, and one health information professional) and by reviewing
reference lists in obstetrics texts and meta-analyses. We excluded papers without abstracts or in
languages other than English, studies from developing countries, and studies limited to patients
with unusual procedures or risk factors. We then reviewed abstracts to locate studies with at
least 250 patients that identified risk factors for adverse postpartum outcomes. After discussing
these findings with our advisory panel, we developed a comprehensive list of clinical risk
factors, which we mapped to ICD-9-CM using appropriate references'® with the assistance of
two coding professionals. We also reviewed how the Joint Commission for the Accreditation of
Healthcare Organizations (JCAHO) defines clinical risk factors for its Core Measures on
Pregnancy and Related Complications.'” Some risk factors were redefined or aggregated to
capture differences in risk more precisely, based on the cesarean delivery rate and postpartum
readmission rate associated with each ICD-9-CM diagnosis.

Inclusion and Exclusion Criteria

This retrospective cohort study was based on a stratified cluster sample of women between 10
and 55 years of age who were discharged from a nonfederal licensed acute care hospital in
California, after giving birth, between January 1, 1992 and December 31, 1993. We defined
delivery based on a pregnancy-related principal or secondary diagnosis of 640-676, with a fifth
digit of 1 or 2, or 650 (“delivery in a completely normal case’). We excluded cases with a
principal diagnosis of postpartum care (V24.x), hydatidiform mole (630), other abnormal product
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of conception (631), or ectopic pregnancy (633.xx). We also excluded cases with a principal or
secondary diagnosis of malignancy (141.x-172.x, 174.x-208.xx), missed abortion (632), or
pregnancy with abortive outcome (634.xx-639.x). Finally, we excluded cases with a principal or
secondary diagnosis of significant trauma (800.xx-839.xx, 850.xx-904.xx, 925.x-929.x, 940.x-
958.x) or fetal death (656.4x, V27.1, V27.3-V27.4, V27.6-V27.7), if an external cause of injury
code indicated a cause other than poisoning (E800-848, E880-899, E905-909, E916-926, E928,
E950-958, E960-966, E968, E970-976, E980-988), with no suggestion of iatrogenic injury
(E849.7, E870-876).

Cesarean delivery was defined to include all 74.xx codes except 74.3 (removal of extratubal
ectopic pregnancy) and 74.91 (hysterotomy to terminate pregnancy, if not associated with a live
birth [V27.0, V27.2-V27.3, V27.5-V27.6]). Vaginal deliveries were defined by default as all
other deliveries, except that those with a principal or secondary diagnosis of “cesarean delivery
without mention of indication” (669.7x) or a procedure code suggesting surgical delivery (74.3,
74.91) were excluded.

Linkage of Prior and Subsequent Hospitalizations

We linked delivery records with both postpartum (within 6 weeks after delivery) and antepartum
hospitalizations (within 273 days before delivery), using the patient’s SSN and date of birth. If
two records had the same SSN but different dates of birth, then both were discarded to minimize
the risk of false linkage. About 22% of vaginal and 15% of cesarean deliveries were excluded
because of missing SSNs. To ensure a full period for ascertaining postpartum hospitalizations,
we also excluded cases with delivery dates after November 19, 1993. The date of delivery was
assigned as the date of the earliest delivery-associated procedure (72.xx, 73.5x-74.xx) or the date
of admission (in the absence of any valid delivery-associated procedure dates). Our algorithm
for defining readmissions is described more fully in Section 5 of this report.

Through this linkage process, we identified and reconciled cases that appeared to have two or
more deliveries within 182 days; delivery records sharing the same admission date; records with
admission dates 1-7 days apart with identical procedures and diagnoses; and records with
overlapping admission and discharge dates. Most cases of the first anomaly were corrected by
searching for specific coding errors (e.g., reporting a delivery diagnosis without a delivery
procedure or outcome of delivery); uncorrectable cases were discarded. The same correction
algorithm was applied to women with reported interpartum intervals of 182 to 223 days, except
that uncorrectable cases were retained. Deliveries that occurred within six months after a molar
(630-631), ectopic (633.x), or aborted (634.xx-637.xx, 639.x) pregnancy were excluded, unless
retention of at least one viable fetus (651.3x-651.6x) was documented. The last three anomalies
were resolved by manually selecting the more complete record of the same hospitalization, or by
randomly selecting from among identical records; paired records that could not be
“unduplicated” were discarded.

Sampling Hospitals and Cases

To ensure adequate representation, we identified and oversampled hospitals with fewer or more
readmissions than expected. We did so by first excluding hospitals with no licensed perinatal
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beds (15 in 1992), based on annual reports submitted to the OSHPD. We then used multivariate
probit regression to estimate each patient’s risk of experiencing a postpartum readmission. To
develop these models, we split cases randomly, after stratifying by readmission status, into 60%
estimation and 40% validation samples. We randomly generated ten 25% subsamples without
replacement from the estimation sample. In each subsample, we used stepwise forward selection
(p-to-enter <0.10) to identify independent predictors of readmission, after forcing in age, race,
and a transformed instrumental variable representing the likelihood of cesarean delivery (derived
from a separate model). We did not adjust for the actual method of delivery, because it may
reflect quality of care (e.g., endogeneity bias)."®

Candidate risk factors were defined as characteristics or conditions that probably existed at
admission and that may have influenced patient outcomes. Hospitalization-related risk factors
included source of payment, source of admission, and number of antepartum admissions
(truncated at seven). Source of payment (uninsured, private, public) was used as a crude
indicator of socioeconomic status, whereas source of admission (acute, skilled nursing, or
intermediate care; all others) was a marker for high-risk patients who were referred to a regional
center. Clinical risk factors were identified through the process described above, except that risk
factors were dropped if they were extremely rare (<0.1%) or were not associated (p>0.10) with
postpartum readmission.

Predictors that entered at least 5 of 10 subsample models were tested in the entire estimation
sample. We used simple two-variable models to screen all two-way interactions involving the
selected main effects, if present in at least 20 patients with readmissions. The final set of
covariates was tested for robustness by comparing the parameter estimates from our estimation
sample to the corresponding estimates derived by fitting the same model to our validation
sample. After confirming robustness, we reestimated our model on the entire sample to generate
more reliable parameter estimates. The resulting model had a c statistic of 0.630 and a barely
significant Hosmer-Lemeshow statistic of x’=18.30 (p=0.019)."

In the first stage of sampling, we stratified the 267 eligible hospitals that performed more than
678 deliveries in the study period according to the number of postpartum readmissions:
significantly (p<0.01) or marginally (0.01<p<0.10) more than expected, significantly or
marginally fewer than expected, and none of the above. Within three of these five strata, we
substratified northern California Kaiser hospitals to support a separate collaborative project. We
randomly sampled 46 hospitals from the eight resulting strata (e.g., up to six per stratum). Five
hospitals declined to participate and were replaced by ten randomly selected alternates. The
resulting sample of 52 hospitals is representative of all acute care hospitals with active obstetric
services in California: 3 city/county, 7 district, 10 Kaiser, 23 other non-profit, 1 private
university, and 8 for-profit hospitals.

Next, we randomly sampled eligible patients within each sampled hospital. Records with one or
more readmissions, and cesarean deliveries, were oversampled to boost the number of patients
with adverse outcomes and thereby improve efficiency. Stratified random sampling increases
the reliability of estimates for subsets of particular interest, but allows the researcher to generate
unbiased population estimates using sampling weights, as described below. The statewide
readmission rate during the study period was 1.0% for cesarean and 0.6% for vaginal deliveries;
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the target readmission rate in our validation sample was 30%. Accordingly, we drew a sample of
1,662 deliveries, which were associated with 493 postpartum readmissions. The number of cases
contributed by each hospital within a stratum was proportional to its total volume. The sample
was designed to provide 80% power to detect a 20% absolute interstratum difference (e.g., 60%
versus 80%) in sensitivity or positive predictive value (PPV) for a high-prevalence (e.g., 14%)
condition, with a type I error rate of 5%.

Data Collection and Analysis

We asked each participating hospital to photocopy each sampled record, including associated
prenatal records if available. Each record was reviewed by one of four experienced Accredited
Record Technicians or Certified Coding Specialists, who recoded the ICD-9-CM diagnosis and
procedure codes, as well as maternal demographic and prenatal data, blinded to the original
discharge abstract. A regional coding authority tested these individuals before they were hired,
trained and supervised them, and verified at least 10% of each abstractor’s records to ensure at
least 95% accuracy. Discrepancies were resolved through collective review of appropriate
coding references.

Because of the complex sample structure, all analyses were weighted (unless otherwise noted).
The weight was defined as the inverse of the sampling probability, which was calculated by
multiplying the probability of sampling a specific hospital by the probability of sampling an
individual within that hospital. These weights were adjusted to reflect both nonsubmitted
records and records that were later classified as ineligible.

In this Section, we evaluate whether specific procedures and conditions can be accurately
ascertained from the ICD-9-CM codes on hospital discharge abstracts. Accuracy was measured
in terms of sensitivity and PPV, using our recoding of hospital charts as the gold standard. We
defined sensitivity as the proportion of patients with a condition identified through recoding for
whom the same condition was reported on the hospital’s original discharge abstract. We defined
PPV as the proportion of patients with a condition reported on the hospital’s original discharge
abstract for whom the same condition was independently found through recoding. We do not
report specificity, or the percentage of patients without a complication (according to recoding)
who were correctly reported as not having it, because this parameter was never below 95%, and
nearly always exceeded 98%. Sensitivities were compared across hospital sampling strata using
the svytab procedure in STATA Release 6, which provides robust variance estimates accounting
for oversampling of cesarean deliveries and clustering of observations within hospitals.

The study protocol was approved by the appropriate committees at the University of California,
Davis and the California Health and Human Services Agency.

RESULTS

We received 1,614 of the 1,662 records that we requested from participating hospitals (97.1%).
Three of these records did not actually represent deliveries; 1,611 records were abstracted
(30.3% primary cesarean, 18.9% repeat cesarean, 51.0% vaginal). This cohort had a weighted
mean (SD) age of 28.0 (0.52) years, and a racial/ethnic composition similar to the target
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population (55% white, 8% African American, 8% Asian, 29% Hispanic, 0.1% Native American,
and 0.8% “‘other”).

Tables 1 through 3 summarize the sensitivity and PPV of obstetric procedures and conditions
that were documented in at least 12 women. Unweighted sensitivities and PPVs permit
computation of the number of false positive and false negative cases. Weighted values permit
extrapolation to the entire population of women who were delivered at acute care, non-federal
hospitals with active obstetric services in California during the study period. However, weighted
estimates are less stable because women who were readmitted had a higher sampling probability
than women who were not. Therefore, the weighted estimate should be interpreted cautiously
when it differs greatly from the corresponding unweighted estimate. Unless otherwise stated,
weighted estimates are cited below.

Table 1 shows that cesarean, forceps, and vacuum deliveries were reported very accurately, with
sensitivities exceeding 89% and PPV exceeding 96%. When 19 of the 20 discrepant cases were
reviewed by the lead nurse abstractor and the principal investigator, 6 were resolved in favor of
the original discharge abstract and 13 were resolved in favor of our recoding. Episiotomy was
underreported, with a sensitivity of 70%, but rarely overreported, with a PPV of 95%. A
thorough review of discrepant cases confirmed our recoding in all but one case of suspected
underreporting, but 6 of the 14 cases of suspected overreporting were found to be true positives.
Induction of labor was highly underreported, with sensitivities of 32-45%, and modestly
overreported, with PPVs of 76-88%.

Table 2 shows moderately high concordance between hospital-reported and recoded data for
most potential indications for cesarean delivery. Both sensitivity and PPV (either weighted or
unweighted) exceeded 85% for malpresentation, previous cesarean, shoulder dystocia, multiple
gestation, occiput posterior, placenta previa, and abruption. Uterine inertia, obstructed labor,
genital herpes, long labor, antepartum hemorrhage, and failed induction were substantially
underreported, with sensitivities of 60% or less. Long labor was substantially overreported, with
PPV below 60%.

Table 3 shows variable concordance between hospital-reported and recoded data for other
pregnancy-related conditions. Both sensitivity and PPV (either weighted or unweighted)
exceeded 80% only for preeclampsia, intrauterine death, and congenital uterine abnormalities.
Among the other conditions evaluated, only chorioamnionitis (79% sensitivity, 87% PPV),
diabetes (64% sensitivity, 96% PPV), premature labor (77% sensitivity, 96% PPV), and
prolonged rupture (65% sensitivity, 66% PPV) approached these thresholds. Most of the other
pregnancy-related conditions shown in Table 3 were markedly underreported.

In secondary analyses (not shown), we evaluated the impact of defining conditions based on both
delivery records and linked antepartum records. In no case did the sensitivity of reporting
increase by more than 5%. To determine whether hospitals with high risk-adjusted readmission
rates actually had sicker patients than their reported data suggested, we compared the sensitivity
of reporting across sampling strata. We found several statistically significant differences, as
shown in Table 4, but no consistent pattern. Substituting recoded data for administrative data in
our multivariate model to estimate readmission risk had minimal impact (e.g., hospitals that had
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34% more readmissions than expected using administrative data still had 28% more readmissions
than expected using recoded data, and hospitals that had 55% fewer readmissions than expected
using administrative data still had 42% fewer readmissions than expected using recoded data).
Finally, we explored whether the sensitivity of reporting for episiotomy was related to the
occurrence of perineal injury. About 62% of episiotomies were reported among women with
third or fourth degree lacerations, compared with 71% among women without such injuries.

Finally, Table 5 provides a comprehensive summary of the sensitivity and PPV of every risk
factor that JCAHO uses in risk-adjustment of its Core Measures on Pregnancy and Related
Complications. In some cases, the JCAHO definition of a risk factor, shown in this table, differs
from our preferred definition of the same risk factor, shown in Tables 2 or 3.

DISCUSSION

The current study represents a comprehensive analysis of the validity of obstetric diagnosis and
procedure codes on 1,611 discharge abstracts from 52 California hospitals. Validity varied
widely across procedures and conditions. Surgical procedures such as cesarean and instrumented
vaginal delivery were accurately reported, with both sensitivities and PPVs exceeding 90%.
Episiotomy was an exception, with 30% underreporting in the hospital database. Underreporting
was particularly frequent among women with high-grade lacerations, because official coding
policy states that when “an episiotomy extends spontaneously to become a perineal laceration...
the laceration is coded as a diagnosis and no code is assigned for the episiotomy.”'® Induction of
labor was markedly underreported, consistent with the Uniform Hospital Discharge Data Set’s
definition of a “significant” procedure as one that is “surgical in nature, or carries a procedural
risk, or carries an anesthetic risk, or requires specialized training.” False positive errors were
generally attributable to confusion between inducing and augmenting labor.

Most potential indications for cesarean delivery were reported with moderate or high accuracy,
with the notable exceptions of uterine inertia, obstructed labor, genital herpes, long labor, and
antepartum hemorrhage. These conditions may be documented more clearly in the medical
record, and hence coded more often, when they represent the actual indication for cesarean
delivery. Hospitals are only required to report “conditions that affect patient care in terms of
requiring: clinical evaluation; or therapeutic treatment; or diagnostic procedures; or extended
length of hospital stay; or increased nursing care and/or monitoring.”*® According to ICD-9-CM
Official Guidelines, “diagnoses that relate to an earlier episode which have no bearing on the
current hospital stay are to be excluded.” Hence, genital herpes must be reported only if it is
active at the time of delivery and it affects obstetric management.

Among various pregnancy-related comorbidities, the sensitivity of reporting was moderate (60-
80%) or high (over 80%) for chorioamnionitis, diabetes, preeclampsia, premature labor,
intrauterine death, congenital uterine abnormalities, and prolonged rupture. The sensitivity of
reporting was poor (40-60%) or very poor (<40%) for all other comorbidities. False positive
errors were generally less frequent than false negative errors, and some may represent diagnoses
missed on recoding. Most false positives for anemia, genitourinary infections, and obesity
appear attributable to hospitals’ improperly coding from laboratory or physical findings rather
than from physician notes. Coding Clinic for ICD-9-CM has consistently advised coders not to
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"reach into the medical record to code other conditions for the sake of coding...(if in doubt)
contact the physician.”' Therefore, a positive urine culture or a low hematocrit is not codable
unless the treating physician documents a codable diagnosis.

Our findings suggest that computerized hospital discharge abstracts are a valid source of data on
delivery type, multiple births, malpresentation, and selected pregnancy-related conditions such as
chorioamnionitis and preeclampsia. The validity of data on many other maternal risk factors may
be adequate for some applications, but not for others. For example, estimates of the association
between episiotomy and perineal laceration based on hospital discharge data are probably biased
toward the null,” because an episiotomy that extends into a 3™ or 4™ degree laceration need not
be reported. Conversely, estimates of the association between ill-defined (e.g., fetal distress) or
mutable (e.g., herpes) risk factors and cesarean delivery are probably biased away from the null,
because these risk factors must be reported only if they affect obstetric management. Although
reporting practices vary across hospitals, we saw no evidence of systematic bias in estimating
risk-adjusted readmission rates from discharge data.

Our results are generally consistent with the few prior studies on the validity of obstetric
procedures and diagnoses in hospital administrative datasets. Using linked discharge abstracts
and birth certificates as a limited gold standard, Keeler and colleagues reported sensitivities of
99% for cesarean delivery, 89% for prior cesarean, and 91% for breech presentation in 1989-
1990 Washington discharge data.”® Parrish and colleagues independently reabstracted 7,536 of
these records and reported sensitivities of 98% for cesarean delivery, 78% for forceps or vacuum
delivery, 56% for episiotomy, 95% for prior cesarean in the setting of a repeat cesarean, 68% for
prior cesarean with vaginal delivery, 87% for fetal distress, and 81% for disproportion.”* In a
smaller study from one center,”” Korst and colleagues reported sensitivities of 81% for
malpresentation, 20% for “antepartum bleeding or placental conditions” (including previa,
abruption, and other/unspecified antepartum hemorrhage), 32% for herpes, 100% for multiple
gestation, 50% for excessive fetal growth, 44% for “soft tissue conditions” (including congenital
uterine abnormalities, fibroids, cervical incompetence, and other pelvic floor problems), 100%
for severe preeclampsia or eclampsia, 70% for other preeclampsia or hypertension, and 84% for
early onset of delivery. PPVs exceeded 80% for all conditions except excessive fetal growth
(35%) and “‘soft tissue conditions” (64%).

The most important limitation of this research is that our recoded data do not provide an ideal
gold standard. However, we selected coders with experience in obstetrics, trained them
thoroughly using specific written guidelines, monitored them carefully, and gave them unlimited
time to abstract each record. When cases with discrepant procedural data were thoroughly
reviewed by the lead nurse abstractor and the principal investigator, nearly every false negative
was confirmed but some false positives were found to represent recoding errors. Second,
because this study was designed to validate a published report on risk-adjusted outcomes, our
medical records came from 1992 and 1993. ICD-9-CM coding of obstetric diagnoses may have
improved in the past decade. The mean number of diagnoses reported on all California hospital
discharge abstracts increased from 4.50 in 1997 to 5.46 in 2003,% although comparable statistics
are not available for obstetric abstracts. Third, linked databases that include both maternal
discharge abstracts and newborn birth certificates may allow researchers to overcome
underreporting in hospital data. For example, using the linked database instead of the OSHPD
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hospital discharge database to ascertain perinatal risk factors in California in 2000-2002,
estimated prevalence increased by 7% for abruption, 8% for diabetes, 22% for premature labor,
3% for hypertension, 26-29% for preeclampsia, 32% for breech, 34% for long labor, 43% for
induction of labor, 4% for chorioamnionitis, 16% for anemia, 40% for placenta previa, and 11%
for cardiac disease. Finally, our exclusion of very low-volume hospitals from the sampling
frame may limit the generalizability of our findings. Fortunately, these hospitals accounted for
fewer than 10% of deliveries performed in California hospitals during the study period.

Despite these limitations, our findings have important implications for epidemiologic and health
policy research. Hospital discharge data are very useful for studying delivery-related procedures,
most indications for cesarean delivery, and a few other perinatal risk factors. However, they
seem less useful for identifying chronic maternal conditions (e.g., asthma, thyroid disorders,
alcohol or drug abuse, obesity), ill-defined conditions of uncertain significance (e.g., uterine
inertia, fetal distress, long labor), and antepartum conditions that may resolve before delivery
(e.g., anemia, genitourinary infections). Researchers should avoid relying on hospital discharge
data alone to ascertain these diagnoses. Health information professionals should direct more
attention to coding obstetric diagnoses, which rarely affect the Medicare population and have
therefore been excluded from previous national studies of coding and DRG accuracy. Given that
obstetric diagnoses usually do not affect hospital or physician reimbursement, obstetric records
may not be abstracted as carefully as medical-surgical records. For the same reason, physicians
providing obstetric care may not face as much local scrutiny of their documentation practices.
Obstetric diagnoses are important for quality monitoring and for clinical and epidemiologic
research, even if there are no national audits and no financial incentives to code them accurately.
Finally, several ICD-9-CM obstetric codes would benefit from clearer definitions that are more
consistent with the terminology currently used in the obstetric community.
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Table 1. Validity of ICD-9-CM delivery-related procedures on California hospital discharge abstracts
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No. (%) Positive Predictive Value
women with Sensitivity (%) (%)
Procedure ICD-9-CM codes condition | Unweighted Weighted Unweighted | Weighted
Cesarean delivery 74.0-74.2,74.4,74.99 789 (21.5%) 100% 100% 100% 100%
Induction of labor (any) | 73.01, 73.1, 73.4, 659.0x- 244 (14.7%) 49% 45% 72% 88%
659.1x
Medical induction 73.4 110 (10.2%) 46% 42% 74% 84%
(vaginal deliveries only)
Surgical induction 73.01,73.1 32 (3.6%) 31% 32% 63% 76%
(vaginal deliveries only)
Forceps/Vacuum 72.0-72.4,72.51, 72.53, 38 (4.5%) 87% 89% 92% 99%
(vaginal deliveries only) | 72.6 (forceps)
72.7x (vacuum) 100 (10.1%) 90% 94% 98% 96%
72.0-72.4,72.51,72.53, 131 (14.5%) 93% 95% 98% 98%
72.6-72.9 (either)
Episiotomy (vaginal 72.1,72.21,72.31,72.71, 410 (53.9%) 72% 70% 95% 95%
deliveries only) 73.6
Repair of obstetric 75.62 54 (4.8%) 83% 51% 85% 41%
laceration of rectum and
sphincter ani (vaginal
deliveries only)
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Table 2. Validity of ICD-9-CM conditions representing potential indications for cesarean delivery on California hospital discharge

abstracts
No. (%) Positive Predictive Value
women with Sensitivity (%) (%)
Condition ICD-9-CM codes condition | Unweighted Weighted Unweighted | Weighted
Uterine inertia 661.0x- 661.2x 256 (7.2%) 59% 56% 82% 84%
Malpresentation, 652.2x-652.4x, 652.6x, 124 (3.9%) 90% 88% 85% 67%
specified type 669.6x
Malpresentation, any 652.2x-652.4x, 652.6x- 192 (7.6%) 85% 90% 93% 97%
652.9x, 669.6x
Cesarean, previous 654.2x 366 (14.8%) 87% 74% 98% 91%
Disproportion’ 653.xx 205 (6.6%) 76% 64% 91% 92%
Obstructed labor (caused | 660.1x, 660.2x 183 (6.2%) 50% 40% 85% 80%
by maternal problem)
Shoulder dystocia’ 660.4x 16 (1.6%) 81% 99% 93% 98%
Fetal distress 656.3x 230 (9.7%) 66% 68% 80% 69%
Genital herpes 054.10-054.12, 054.19, 38 (2.3%) 29% 9% 73% 69%
054.79-054.9
Long labor’ 662.0x-662.2x 24 (0.4%) 46% 36% 52% 25%
Multiple gestation 651.xx, 652.6x, 660.5x, 44 (2.3%) 95% 92% 100% 100%
662.3x, V27.2-V27.7
Occiput posterior 660.3x 48 (3.3%) 56% 60% 60% 81%
Placenta previa 641.0x, 641.1x 24 (0.8%) 79% 88% 100% 100%
Premature separation of | 641.2x 27 (0.6%) 89% 63% 89% 82%
placenta (abruptio)*
Antepartum 641.1x, 641.3x, 641.8x, 24 (0.7%) 54% 46% 72% 70%
hemorrhage* 641.9x
Failed induction 659.0x, 659.1x 26 (1.6%) 42% 60% 28% 68%

" Used for risk-adjustment in the Joint Commission for the Accreditation of Healthcare Organizations’ JCAHO) Pregnancy and
Related Complications Core Measures. The sensitivity and PPV of the JCAHO-defined risk factor are identical to the values shown.




Table 3. Validity of ICD-9-CM pregnancy-related comorbid conditions on California hospital discharge abstracts
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No. (%) Positive Predictive Value
women with Sensitivity (%) (%)

Condition ICD-9-CM codes condition | Unweighted Weighted Unweighted | Weighted
Infection of amniotic 658.4x, 659.3x 75 (2.3%) 75% 79% 86% 87%
cavity(chorioamnionitis)
Anemia (antepartum) 280.x-284.x, 285.0, 285.8", 89 (4.4%) 30% 12% 28% 14%

648.21, 648.23
Asthma 493 .xx 22 (2.3%) 45% 42% 77% 91%
Diabetes mellitus 250.xx, 357.2, 362.0, 648.0x | 14 (0.2%) 71% 75% 50% 23%
Diabetes mellitus or 250.xx, 357.2, 362.0, 112 (6.0%) 78% 64% 94% 96%
abnormal glucose ' 648.0x, 648.8x, 790.2
tolerance (gestational)*
Thyroid disorders 240.x-246.x, 648.1x 24 (2.8%) 33% 10% 89% 100%
Alcohol abuse and 290.xx-291.xx, 294 xx- 176 (7.4%) 13% 15% 92% 97%
mental disorders 303.xx, 305.0x, 306.xx-319,

357.5,425.5, 535.3x, 571.0-

571.3,648.41, 648.43,

980.0, 980.9, V11.3
Drug abuse 292.0, 292.82, 304.xx, 51 (2.8%) 41% 38% 91% 98%

305.2x-305.9x, 648.31,

648.33
Tobacco use disorder’ 305.1 149 (5.3%) 3% 15% 71% 96%
Genitourinary infections | 646.61, 646.63 30 (1.2%) 40% 39% 43% 45%
of pregnancy
Obesity 278.0° 65 (1.4%) 12% 11% 62% 49%
Excessive weight gain 646.1x 43 (1.8%) 5% 3% 29% 19%
Obesity or excessive 278.0%, 646.1x 105 (3.2%) 14% 13% 83% 71%
weight gain’
Preeclampsia, severe 642.5x, 642.7x 31 (0.8%) 84% 76% 84% 94%
Preeclampsia, any’ 642.3x, 642.4x, 642.5x, 71 (2.0%) 80% 88% 77% 91%

642.7x
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Early onset of delivery 644.2x 165 (8.0%) 75% 77% 95% 96%
(premature labor)
Precipitate labor’ 661.3x 39 (5.9%) 38% 31% 449 45%
Intrauterine death 656.4x, V27.1, V27.3- 14 (0.9%) 86% 74% 100% 100%
V27.4,V27.6-V27.7
Congenital uterine 654.0x, 752.2,752.3 13 (1.2%) 54% 91% 100% 100%
abnormality
218.x, 654.1x 65 (1.5%) 40% 37% 100% 100%
Uterine fibroids
Fetal growth, excessive | 656.6x 73 (3.0%) 45% 41% 72% 88%
(large—for—dates)*
Fetal growth, poor 656.5x 28 (1.6%) 68% 27% 95% 93%
(small-for-dates)
Hypertension 401.xx-405.xx, 429.3, 80 (2.5%) 58% 58% 74% 86%
642.0x-642.2x, 642.7x,
642.9x
Premature rupture of 658.1x 85 (3.1%) 54% 45% 64% 57%
membranes
Prolonged rupture 658.2x, 658.3x 46 (3.2%) 46% 65% 47% 66%
(delayed delivery)
Oligohydramnios 658.0x 53 (1.9%) 62% 55% 89% 96%
Polyhydramnios” 657.0x 14 (1.3%) 50% 14% 100% 100%
Postdates pregnancy 645.0x° 88 (4.2%) 48% 50% 74% 71%
Cardiovascular disease 393-398.xx, 648.5x, 648.61, 37 (1.8%) 27% 12% 83% 99%
648.63, 745.xx-747 xx
Elderly gravida 659.5x, 659.6x 104 (9.2%) 15% 3% 55% 32%

" Used for risk-adjustment in the Joint Commission for the Accreditation of Healthcare Organizations’ (JCAHO) Pregnancy and

Related Complications Core Measures. The sensitivity and PPV of the JCAHO-defined risk factor are identical to the values shown.
" An almost identical risk factor is used for risk-adjustment in the JCAHO Pregnancy and Related Complications Core Measure Set.
The sensitivity and positive predictive value of the JCAHO-defined risk factor are within 1% of the values shown.

¥ This ICD-9-CM code was correct at the time of delivery, but has been subsequently revised.




Table 4. Variability in the sensitivity of reporting potential indications for cesarean delivery and pregnancy-related comorbid
conditions on California hospital discharge abstracts, across hospitals with more readmissions than expected, fewer readmissions than

expected, and neither (only pairwise comparisons that differ at p<0.05 are shown; shaded cells indicate hospital stratum/strata with

highest sensitivity)

No. women Weighted Sensitivity (%)
with Hospitals with Hospitals with
Condition condition fewer (p<0.10) Other more (p<0.10)
Overall readmissions Hospitals readmissions
(N=1,611) (N=726) (N=300) (N=585)
Malpresentation, any 192 90% 88% 96%' 73%'
Multiple gestation 44 92% 100%° 100%' 41%"
Occiput posterior 48 60% 62%" 58% 95%"
Placenta previa 24 88% 70% 100%" 71%"
Premature separation of placenta 27 63% 88%" 0% 39%°
(abruption)
Infection of amniotic cavity 75 79% 52%" 99%" 74%
(chorioamnionitis)
Diabetes mellitus 14 75% 66% 47%° 100%”
Thyroid disorders 24 10% 4%" 0%’ 75%"
Genitourinary infections of pregnancy 30 39% 21%" 999" 33%
Early onset of delivery 165 77% 75% 91%° 58%°
(premature labor)
Intrauterine death 14 74% 100%" 0% 68%°
Congenital uterine abnormality 13 91% 67%’" 100%°" 3%’
Uterine fibroids 65 37% 57%" 2% 54%'
Fetal growth, poor (small-for-dates) 28 27% 73%” 13%° 41%
Premature rupture of membranes 85 45% 71%' 28%' 44%
Oligohydramnios 53 55% 74%’ 49% 46%’
Polyhydramnios 14 14% 100%™ 0%" 99%°
Cardiovascular disease 37 12% 42%' 0%' 12%
Elderly gravida 104 3% 17%' 0%'" 6%
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' The two percentages in the same row that are marked with this superscript number are significantly different by pairwise comparison, p<0.05.

% The two percentages in the same row that are marked with this superscript number are significantly different by pairwise comparison, p<0.005.
? The two percentages in the same row that are marked with this superscript number are significantly different by pairwise comparison, p<0.05.

* The two percentages in the same row that are marked with this superscript number are significantly different by pairwise comparison, p<0.0005.

> Any pair of percentages in the same row that are marked with this superscript number are significantly different by pairwise comparison, p<0.0005.

% The two percentages in the same row that are marked with this superscript number are significantly different by pairwise comparison, p<0.001.
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Table 5. Validity of ICD-9-CM conditions used by the Joint Commission on Accreditation of Healthcare Organizations in risk-

adjustment for the Pregnancy and Related Complications Core Measure Set

Women with

Positive Predictive Value

condition Sensitivity (%) (%)
Condition ICD-9-CM codes No. Y0 Unweighted | Weighted | Unweighted | Weighted
Diabetes in Pregnancy 648.01, 648.81 112 6.0% 78% 64% 95% 96%
Smoker 305.1 149 5.3% 3% 15% 71% 96%
Obesity 278.0, 278.01, 646.11 103 3.0% 15% 14% 83% 71%
Fetal Distress 656.31 230 9.7% 66% 68% 80% 69%
652.01, 652.11, 652.21,
Abnormal Presentation 652.31, 652.41, 652.51,
(PR1) 652.61, 652.71, 652.81 234 8.8% 76% 82% 87% 90%
651.01, 651.11, 651.21,
651.31, 651.41, 651.51,
651.61, 651.81, 651.91,
659.41,V27.2, V27.3, V27 .4,
Multiple Gestations (PR1) | V27.5, V27.6, V27.7,V27.9 51 2.8% 82% 77% 93% 95%
646.51, 646.61, 647.81,
Maternal Infections 647.91, 658.41,659.31 113 3.7% 62% 64% 71% 75%
Cord Prolapse 663.01 9 0.1% 67% 59% 75% 91%
660.01, 660.11, 660.21,
660.31, 660.41, 660.51,
660.61, 660.71, 660.81,
Obstructed Labor 660.91 320 13.6% 53% 54% 73% 80%
Other Hypertensions in 642.01, 642.11, 642.21,
Pregnancy 642.31, 642.91 71 2.1% 51% 60% 67% 84%
Polyhydraminios 657.01 14 1.3% 50% 14% 100% 100%
654.01, 654.11, 654.31,
Abnormality of Organs and | 654.41, 654.51, 654.61,
Soft Tissues of the Pelvis 654.71, 654.81, 654.91 177 5.4% 38% 42% 94% 95%
Large Fetus (Oversize) 656.61 73 3.0% 45% 41% 72% 88%
642.41, 642.51, 642.61,
Eclampsia, Pre-eclampsia | 642.71 71 2.0% 79% 88% 76% 90%
Fetal-Maternal
Hemorrhage 656.01 0 0.0% 0% 0% 0% 0%
Isoimmunization 656.11, 656.21 3 0.2% 67% 93% 4% 4%
Placenta Previa w/o
Hemorrhage 641.01 4 0.2% 50% 84% 50% 53%
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Abruptio Placenta 641.21 27 0.6% 89% 63% 89% 82%
641.11, 641.31, 641.81,
Antepartum Hemorrhage 641.91 24 0.7% 54% 46% 72% 70%
653.01, 653.11, 653.21,
653.31, 653.41, 653.51,
653.61, 653.71, 653.81,
Disproportion 653.91 205 6.6% 76% 64% 91% 92%
659.01, 659.11, 661.01,
661.41, 661.11, 661.21,
Failure to Progress 662.01, 662.11, 662.21 292 8.5% 65% 64% 83% 87%
Oligohydramnios 658.01 53 1.9% 62% 55% 89% 96%
Prolonged Labor 662.01, 662.11, 662.21 24 0.4% 46% 36% 52% 25%
Induction 73.1,73.4 207 11.7% 42% 36% 65% 82%
652.01, 652.11, 652.21,
Abnormal Presentation 652.31, 652.41, 652.51,
(PR3) 652.61, 652.71, 652.81 234 8.8% 76% 82% 87% 90%
651.01, 651.11, 651.21,
651.31, 651.41, 651.51,
651.61, 651.81, 651.91,
659.41, V27.2, V27.3,
V27.4,V27.5,V27.6, V27.7,
Multiple Gestations (PR3) | V27.9 51 2.8% 82% 77% 93% 95%
653.01, 653.11, 653.21,
653.31, 653.41, 653.51,
653.61, 653.71, 653.81,
Disproportion 653.91 205 6.6% 76% 64% 91% 92%
Large Fetus (Oversize)
(PR3) 656.61 73 3.0% 45% 41% 72% 88%
Precipitate Labor 661.31 39 5.9% 38% 31% 44% 45%
Episiotomy 73.6 315 33.8% 64% 63% 93% 93%
Operative Vaginal Delivery
not including breech, 72.4,72.51,72.52, 72.53,
vacuum or Forceps 72.54,72.6,72.8,72.9 9 2.3% 67% 87% 67% 97%
Breech Delivery 72.5 5 1.4% 60% 81% 75% 96%
Shoulder Dystocia 660.41 16 1.6% 81% 99% 93% 98%
Vacuum Extraction 72.7,72.71,72.79 109 8.0% 83% 94% 95% 91%
72.0,72.1,72.2,72.3,72.21,
Forceps Delivery 72.29,72.31, 72.39 38 3.5% 87% 89% 89% 94%
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Section 3: Coding of Perineal Lacerations and Other
Complications of Obstetric Care in California Patient
Discharge Data
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SUMMARY

Objective: To assess the validity of obstetric complications, including the Joint Commission on
Accreditation of Healthcare Organizations (JCAHO) core measure on perineal lacerations, in the
California Patient Discharge Data Set.

Methods: We randomly sampled 1,611 deliveries from 52 of the 267 hospitals that performed
more than 678 eligible deliveries in California in 1992-1993. We compared hospital-reported
complications against our recoding of the same records.

Results: Third and fourth degree perineal lacerations were reported accurately, with estimated
sensitivities exceeding 90% and positive predictive values (PPV) exceeding 65% (weighted) or
85% (unweighted). Based on in-depth review of discrepant cases, we estimate the actual PPV at
over 90%. Most coding discrepancies were between no injury and first degree, or between first
and second degree. Most postpartum complications, including urinary tract and wound
infections, endometritis, anesthesia complications, and postpartum hemorrhage were reported
with less than 70% sensitivity, but at least 80% PPV. Composite measures from HealthGrades
and Solucient, which include these complication codes, also suffer from high false negative rates.

Conclusions: Third and fourth degree perineal lacerations are accurately reported on hospital
discharge abstracts, confirming the validity of related quality indicators sponsored by the Agency
for Healthcare Research and Quality and JCAHO. Administrative data seem less useful for
monitoring other in-hospital postpartum complications.

The key results from this section have also been published in:
Romano PS, Yasmeen S, Schembri ME, Keyzer JM, Gilbert WM. Coding of perineal

lacerations and other complications of obstetric care in hospital discharge data. Obstetrics and
Gynecology 2005;106(4):717-725.
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INTRODUCTION

The growing interest in health care quality has stimulated efforts to measure hospital outcomes
using secondary data sources such as birth certificates, hospital discharge abstracts, and
insurance claims. For example, the Joint Commission on Accreditation of Health Care
Organizations (JCAHO) has identified three Core Measures of pregnancy-related hospital care:
vaginal birth after cesarean, inpatient neonatal mortality, and third or fourth degree laceration.'
All of these measures are designed for use with hospital administrative data. More recently, the
Agency for Healthcare Research and Quality (AHRQ), through its Quality Indicators project,2
has promoted the use of ICD-9-CM coded data to ascertain obstetric trauma.> Laceration rates
have also been used to monitor and improve quality at the local level.” HealthGrades, a
proprietary health care rating company, publishes hospital-specific rates of “major complica-
tions” after cesarean and vaginal singleton deliveries, and after “patient choice” cesarean
deliveries.® Other vendors, such as Solucient’ and HealthShare,8 offer similar products. The
validity of all of these approaches depends upon the accuracy of the available data.

Multiple previous studies have evaluated the accuracy of complication codes in Medicare claims
data,g’lo’”’12 the Veterans Health Administration’s Patient Treatment File,w’m’15 16 California’s
Patient Discharge Data Set,'” and similar data sets from individual hospitals'®"® or other
countries.’>*"** In general, these studies have demonstrated substantial disagreement between
ICD-9-CM coded complications and medical records, with great variation in coding across
hospitals,” leading to concerns that administrative data should not be used to compare provider
complication rates.”* However, these studies have focused almost entirely on medical-surgical
patients, and have not evaluated the coding of obstetric records.

The current study was conducted to validate the ICD-9-CM coding of obstetric complications in
the nation’s largest statewide patient discharge data program. We examined the sensitivity and
positive predictive value (PPV) of maternal hospital discharge abstracts, using the complete
inpatient medical record as the gold standard. We hypothesized that clearly defined, clinically
meaningful complications that require physician intervention, such as perineal lacerations and
cesarean-related injuries, would be accurately coded in hospital discharge data, whereas more
ambiguous complications such as postpartum hemorrhage and endometritis would be poorly
coded.

METHODS

The general methods for this study are described in Section 2. In this section, we describe only
those aspects of the methods that were specifically related to evaluating the coding of perineal
lacerations and other obstetric complications.

We searched the MEDLINE database from 1985 through 2000 to identify clinical trials and case
series reporting maternal outcomes of delivery. Additional papers were identified by a clinical
advisory panel (which included four obstetricians and/or perinatologists, two family physicians,
one obstetric nurse specialist, and one health information professional) and by reviewing
reference lists in obstetrics texts and meta-analyses. We excluded papers without abstracts or in
languages other than English, studies from developing countries, and studies limited to patients
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with unusual procedures or risk factors. We then reviewed abstracts to locate studies with at
least 250 patients that reported on postpartum maternal complications and/or readmissions.
After discussing these findings with our advisory panel, we developed a comprehensive list of
maternal complications, which we mapped to ICD-9-CM using appropriate references> with the
assistance of two coding professionals. We also tested ICD-9-CM definitions of maternal
complications from J CAHO,1 AHRQ,4 HealthGrades,6 and Solucient.’

After selecting a stratified random sample of vaginal and cesarean deliveries from acute care
hospitals in California, as described in Section 2, we asked each participating hospital to
photocopy each sampled record. Each record was reviewed by one of four experienced
Accredited Record Technicians or Certified Coding Specialists, who recoded the ICD-9-CM
diagnosis and procedure codes, as well as maternal demographic and prenatal data, blinded to the
original discharge abstract. A regional coding authority tested these individuals before they were
hired, trained and supervised them, and verified at least 10% of each abstractor’s records to
ensure at least 95% accuracy. Discrepancies were resolved through collective review of
appropriate coding references. Because JCAHO and AHRQ have endorsed perineal laceration
rates as a quality indicator, differences between hospital-reported and reabstracted data on this
outcome were carefully evaluated by two authors (JMK, PSR).

In this Section, we evaluate whether specific complications can be accurately ascertained from
the ICD-9-CM codes on hospital discharge abstracts. Accuracy was measured in terms of
sensitivity and PPV, using our recoding of hospital charts as the gold standard. We defined
sensitivity as the proportion of patients with a complication identified through recoding for
whom the same complication was reported on the hospital’s original discharge abstract. We
defined PPV as the proportion of patients with a complication reported on the hospital’s original
discharge abstract for whom the same complication was independently found through recoding.
We do not report specificity, or the percentage of patients without a complication (according to
recoding) who were correctly reported as not having it, because this parameter was never below
97%, and nearly always exceeded 99%. We estimated confidence intervals using the SVYTAB
procedure in STATA 7.0, which takes into account both oversampling of cesarean deliveries and
clustering of observations within hospitals. These confidence intervals are reported elsewhere.”

The study protocol was approved by the appropriate committees at the University of California,
Davis and the California Health and Human Services Agency.

RESULTS

Tables 1 and 3 show the validated frequency, sensitivity, and PPV of ICD-9-CM coded
complications of obstetric care on California hospital discharge abstracts. To maximize
sensitivity, we defined many of these complications broadly using both diagnosis and procedure
codes. Unweighted sensitivities and PPVs permit computation of the number of false positive
and false negative cases. Weighted values permit extrapolation to the entire population of
women who were delivered at acute non-federal hospitals with active obstetric services in
California during the study period. However, weighted estimates are less stable because women
who were readmitted had a higher sampling probability than women who were not. Therefore,
the weighted estimate should be interpreted cautiously when it differs greatly from the corres-

34



ponding unweighted estimate. Unless otherwise stated, weighted estimates are cited below.

Table 1 shows that both third and fourth degree perineal lacerations were reported accurately,
with sensitivities exceeding 90% and PPVs exceeding 65% (or 85% unweighted). A thorough
review of 9 of the 12 discrepant cases by the lead nurse abstractor and first author confirmed 4 of
the 5 false negatives, but 3 of the 4 apparent false positives were determined to be true positives.
Unfortunately, records for 3 of the discrepant cases could not be retrieved when this review was
undertaken. Reallocation of the 3 cases mislabeled as false positives would increase the
unweighted PPVs of third, fourth, and either third or fourth degree lacerations to 93%, 100%,
and 95%, respectively. Repair of a third or fourth degree laceration was also accurately reported,
but adding this code to the definition of third or fourth degree laceration only affected the
allocation of 3 cases. Other intrapartum surgical complications were less frequent than perineal
lacerations, so the corresponding estimates in Table 1 are less reliable. Only two of the four
cases of urinary tract injury during cesarean delivery were properly reported. Pelvic hematomas
and nonspecific accidental injuries were poorly reported, with sensitivities of 17% and 41%, and
PPVs of 68% and 99.7%, respectively.

Table 2 shows the highest reported degree of perineal laceration compared with the highest
degree found on reabstraction. The shaded cells, representing agreement between the two data
sources, include 91% of vaginal deliveries. In each cell is the number or percentage of women
who were confirmed as having the same degree of perineal laceration as reported on their
discharge abstract. Reallocation of cases mislabeled as false positives (described above) would
increase the unweighted percentage of correctly reported third and fourth degree lacerations from
85% and 94% to 93% and 100%, respectively. Of the 72 disagreements in the table, 36 related
to whether the patient suffered no injury or a first degree laceration, and 11 related to whether the
patient suffered a first or second degree laceration.

Table 3 describes hospitals’ reporting of postpartum complications. Although most of these
complications were reported with at least 80% PPV, all suffered from substantial underreporting,
with sensitivities of 70% or less. At the extreme, none of four thromboembolic complications
was reported on the hospital discharge abstract.

Table 4 summarizes the estimated performance of several complex algorithms for identifying
obstetric complications, including AHRQ’s Patient Safety Indicators (PSIs),? experimental
indicators, and legacy indicators from the Healthcare Cost and Utilization Project (still used by
HealthShare);® HealthGrades’ measures of major complications after vaginal and cesarean
delivery,6 and Solucient’s measures of vaginal and cesarean complications.” To avoid discarding
informative data, we applied these algorithms without vendor-recommended denominator
exclusions (e.g., HealthGrades focuses on single live-born deliveries). With the exception of
AHRQ’s PSIs, these algorithms suffer from similar underreporting as the complications we
defined in Table 3.

DISCUSSION

The current study represents a comprehensive analysis of the validity of obstetric complication
codes on 1,611 discharge abstracts from 52 California hospitals. We found very high levels of
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agreement (i.e., sensitivities and PPVs of at least 85%) for third and fourth degree perineal
lacerations. Agreement was very high regardless whether we used both diagnosis and procedure
codes, or diagnosis codes alone, to ascertain these lacerations. The quality of coding for other
intrapartum injuries varied, but these findings are harder to interpret because of small numbers.
Most postpartum complications, and both public-sector and commercial algorithms based on
complication codes, were subject to substantial underreporting, but relatively little overreporting.

These findings are not surprising, because hospitals are only required to report “conditions that
affect patient care in terms of requiring: clinical evaluation; or therapeutic treatment; or
diagnostic procedures; or extended length of hospital stay; or increased nursing care and/or
monitoring.”27 These criteria encompass any complication that requires surgical correction, such
as a third or fourth degree perineal laceration or an iatrogenic injury to the cervix or urinary tract.
However, these criteria exclude most pelvic hematomas, many superficial wound infections, and
many cases of atelectasis and similar complications.

Health information professionals are further instructed “never (to) code a diagnosis as a
complication unless it is stated as such and documented in the medical record by the attending
physician.”*® They are warned not to "reach into the medical record to code other conditions for
the sake of coding...(if in doubt) contact the physician.”29 The emphasis in these guidelines is for
coders to rely upon physician documentation, which may be difficult to interpret, incomplete, or
even misleading. In the absence of specific clinical criteria for such codes as “complications of
the administration of anesthetic or other sedation in labor and delivery” (668.xx), coders at
different hospitals may apply these codes very differently. Even for some straightforward codes,
such as accidental puncture or laceration (998.2), ascertainment may vary because coders are
instructed that "when a tear is documented in the operative report...the surgeon should be queried
as to whether (it) was an incidental occurrence inherent in the surgical procedure or whether the
tear should be considered...a complicaltion."30 Anecdotal evidence from coders indicates that
such queries rarely occur, are often unanswered, and may voke medicolegal concerns.

Our results are generally consistent with prior research on the Complications Screening Program
(CSP), a complex algorithm for using administrative data to screen for potential complications,
which demonstrated that 31% of surgical patients with an ICD-9-CM coded complication did not
have supporting clinical evidence, and 19% did not even have a supporting physician note.'”
However, this study did not include obstetric patients. To our knowledge, none of the
organizations promoting algorithms for ascertaining obstetric complications based on ICD-9-CM
codes has published validation findings, although JCAHO has been involved in such efforts.

One study focusing on uterine rupture during trial of labor found that the ICD-9-CM codes
traditionally used to identify this complication (665.0x-665.1x)*'”* had a sensitivity of 64% or
less, and a PPV of 51%.%

The most important limitation of this research is that our recoded data do not provide an ideal
gold standard. However, we selected coders with experience in obstetrics, trained them
thoroughly using specific written guidelines, monitored them carefully, and gave them unlimited
time to code each record. When cases with discrepant data were thoroughly reviewed by the lead
nurse abstractor and the first author, nearly every false negative was confirmed but some false
positives were classified as recoding errors. Second, because this study was designed to validate
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a published report on risk-adjusted outcomes, our medical records came from 1992 and 1993.
ICD-9-CM coding of obstetric complications may have improved in the past decade. The mean
number of diagnoses reported on California hospital discharge abstracts increased from 4.50 in
1997 to 5.46 in 2003,** although comparable statistics are not available for obstetric abstracts.
Finally, our exclusion of very low-volume hospitals from the sampling frame may limit the
generalizability of our findings. Fortunately, these hospitals accounted for fewer than 10% of
deliveries performed in California hospitals during the study period.

Despite these limitations, our findings have important implications for current methods of
evaluating the quality of obstetric care. The hospital discharge database serves as an excellent
source of data on third and fourth degree perineal lacerations, confirming the criterion validity of
JCAHO’s Core Measure and AHRQ’s Patient Safety Indicator on this topic. This new evidence
complements evidence from prior studies that third and fourth degree perineal lacerations have
significant long-term effects on anal sphincter function,”” and are strongly and consistently
associated with the use of episiotomy.3 63738 Taken together, these studies suggest that it is quite
appropriate for hospitals, accrediting organizations, purchasers of hospital care, and public
agencies to use administrative data to monitor the perineal laceration rate. If this rate is
significantly higher than expected, providers should reevaluate their use of episiotomy and other
components of intrapartum management.

Administrative data seem less useful for monitoring other types of early postpartum
complications, such as wound infections, endometritis, and anesthesia-related complications.
Our results raise serious questions, for example, about the validity of the complications measures
promoted by HealthGrades and Solucient in their online hospital report cards. Similar problems
are likely to affect other composite measures of postpartum complications”’40 and the “labor and
delivery” measures proposed by the California Maternal Quality of Care Working Group,*!
which are mostly based on the same ICD-9-CM codes. Given that the mean hospital stay for a
vaginal delivery is only 2.1 days,*” it seems almost fruitless to search discharge abstracts from
delivery hospitalizations for these complications, which typically do not become apparent for
several days. Readmission records or outpatient claims may be more promising sources of data
on potentially preventable postpartum complications.43
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Table 1. Validity of ICD-9-CM intrapartum complications on California hospital discharge abstracts

No. (%) Positive Predictive Value
women with Sensitivity (%) (%)
Procedure ICD-9-CM codes condition | Unweighted | Weighted | Unweighted | Weighted
Cesarean delivery 74.0-74.2, 74.4, 74.99 790 (22.3%) 100% 100% 100% 100%
Perineal laceration 664.2x (3" degree) 44 (3.8%) 89% 90% 85% 65%
(vaginal deliveries only) | 664.3x (4™ degree) 18 (1.4%) 83% 97% 94% 100%
664.2x, 664.3x 62 (5.3%) 90% 93% 90% 73%
(3" or 4™ degree)
664.2x, 664.3x, 75.62 64 (5.3%) 92% 94% 92% 60%
(3™ or 4™ degree or repair)
Repair of obstetric 75.62 54 (4.8%) 83% 51% 85% 41%
laceration of rectum and
sphincter ani (vaginal
deliveries only)
Injury, laceration, or 56.82, 56.89, 57.81, 57.93, 4 (0.1%) 50% 95% 100% 100%
repair of urinary tract 75.61, 665.5x
(cesarean only)
Injury, laceration, or 65.71 (cesarean only), 66.71 26 (0.8%) 39% 41% 91% 99.7%
repair of uterus, cervix, | (cesarean only), 67.61, 69.41,
high vaginal wall 70.71, 75.5x, 75.93-75.94,
665.1x-665.4x
Pelvic hematoma and 665.7x-665.9x, 998.2, E870.0, 17 (0.3%) 18% 17% 38% 68%
other intrapartum E870.8, 54.1x (excluding
injuries nonobstetric indications)’

* This definition is functionally equivalent to that of JCAHO Core Measure PR-3, “third or fourth degree laceration,” and to that of the AHRQ Experimental

Indicator entitled “third or fourth degree obstetric lacerations.”
" Nonobstetric indications include appendicitis (540.x-542), diverticulitis (562.11-562.13), abscess of intestine (569.5), and acute cholecystitis (575.0, 575.4).
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Table 2. Confirmation of highest degree of perineal laceration on California hospital discharge abstracts

Degree of Degree of laceration identified by reabstraction
laceration reported Missing or
by hospital None 1 2 3 4 incomplete
None Number 485%* 8 5 4 1 1

% 96.2%* 1.6% 1.0% 0.8% 0.2% 0.2%
1 Number 28 121%* 6 0 0 4

% 18% 76%* 4% 0% 0% 3%
) Number 6 5 84* 1 0 0

% 6% 5% 88%* 1% 0% 0%
3 Number 5 0 0 39* 2 0

% 11% 0% 0% 85%* 4% 0%
4 Number 1 0 0 0 15% 0

% 6% 0% 0% 0% 94%* 0%
Total 525 134 95 44 18 5

* In each shaded cell is the number or percentage of women who were confirmed as having the same degree of perineal laceration as
reported on their hospital discharge abstract.
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Table 3. Validity of ICD-9-CM postpartum complications on California hospital discharge abstracts

No. (%) Positive Predictive
women with Sensitivity (%) Value (%)

Condition ICD-9-CM codes condition | Unweighted | Weighted | Unweighted | Weighted
Urinary tract 646.62, 646.64, 996.64 13 (0.2%) 38% 20% 63% 41%
infection
Wound infection, 54.0 (cesarean only),* 54.3 (cesarean 40 (2.0%) 50% 68% 87% 98%
disruption, or only),* 54.61 (cesarean only),
dehiscence 86.04,* 86.22,* 86.28,* 040.0

(cesarean only), 674.1x (cesarean

only), 674.2x (vaginal only), 674.3x"
Endometritis 615.0, 615.9, 670.0x 125 (5.5%) 39% 46% 86% 98%
Any of the above infectious complications 172 (7.6 %) 42 % 51% 87 % 98 %
Spinal anesthesia 03.95, 324.1, 349.0 16 (1.1%) 50% 24% 89% 97%
complications
Pulmonary 507.0, 514, 518.0, 518.4-518.5, 21 (0.8%) 38% 1% 62% 13%
complications 518.81, 51 8.82,3t 668.0x, 799.0-799.1,

997.3
Other anesthetic 668.1x-668.9x, 995.4, E938.x, 21 (1.2%) 19% 18% 67% 83%
complications E945.2
Any of the above anesthesia-related complications 48 (2.3%) 42 % 19% 80% 82%
Retained products, 69.02, 69.52, 75.4,” 75.7,” 666.0x, 49 (1.5%) 67% 62% 80% 84%
delayed postpartum | 666.2x, 667.xx
hemorrhage
Thromboembolic | 415.1, 451.1x,” 451.2," 451.8x,} 4(0.2%) 0% 0%
complications 453.8,§ 671.4x, 673.1x-673.8x, 997.2,

999.2

" These procedure codes only qualify if the procedure date was after the date of delivery. All other procedure codes qualify if the procedure date was on or after
the date of delivery. Manual removal of retained placenta (75.4) on the date of delivery qualifies only for vaginal deliveries.
¥ Additional codes were tested but did not affect ascertainment of this type of complication: 998.3x, 998.5x%, 86.01, 86.59.

* These codes were correct at the time that these deliveries were performed. The correct definition of this condition would now include additional codes.
¥ These diagnosis codes only qualify if not accompanied by a diagnosis of antepartum deep phlebothrombosis (671.3x).
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Table 4. Validity of currently available and proposed composite measures of [CD-9-CM obstetric complications on California hospital

discharge abstracts

No. (%) Positive Predictive Value

Composite Measure women with Sensitivity (%) (%)

ICD-9-CM codes condition | Unweighted | Weighted | Unweighted | Weighted
AHRQ PSI: 664.3x, 665.3x-665.5x%, 75.5%, 14 (1.7%)" 79% 68% 85% 100%
Obstetric trauma — 75.61,75.62
vaginal with instrument
AHRQ PSI: 664.3x, 665.3x-665.5x%, 75.5%, 76 (9.3%)" 50% 37% 86% 95%
Obstetric trauma — 75.61,75.62
vaginal w/out instrument
AHRQ PSI: 664.3x, 665.3x-665.5x, 75.5%, 18 (2.3%)* 11% 5.4% 67% 94%
Obstetric trauma — 75.61,75.62
cesarean section
AHRQ Experimental: 668.xx, 669.1x, 669.3x, 669.4x 35 (2.2%) 34% 20% 67% 83%
Other obstetric
complications
AHRQ Experimental: 674.1x, 674.3x 37 (4.7%)" 46% 27% 85% 91%
Obstetric wound
complications, cesarean
AHRQ Experimental: 674.2x, 674.3x, 664.5, 665.7 10 (1.2%)" 90% 98% 100% 100%
Obstetric wound
complications, vaginal
AHRQ Experimental: 646.62, 646.64 9 (0.6%) 22% 9.4% 100% 100%
Postpartum UTI
Solucient: Proprietary 163 (20%)§ 58% 49% 88% 95%
Vaginal deliveries with
complications

* The denominator for this percentage includes only women with forceps or vacuum-assisted deliveries (72.0-72.4, 72.51, 72.53, 72.6-72.9 in reabstracted data).
" The denominator for this percentage includes only women with neither forceps nor vacuum-assisted deliveries (according to reabstracted data).

* The denominator for this percentage includes only women with cesarean deliveries (according to reabstracted data).
¥ The denominator for this percentage includes only women with vaginal deliveries (according to reabstracted data).
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Solucient: Proprietary 145 (18%)i 54% 53% 90% 90%
C-section deliveries with
complications
Solucient: Proprietary 20 (2.4%) 35% 7.7% 70% 97%
VBAC with
complications
AHRQ HCUP legacy: 285.1, 664.3x, 666.0x-666.2x, 196 (12%) 57% 54% 67% 83%
Obstetrical 668.x0, 668.x1, 668.x2, 668.x4,
complications’" 669.10-669.12, 669.14, 669.3x,

669.4x, 670.0x, 673.00-673.02,

673.04, 674.00-674.02, 674.04,

674.1x, 674.2x, 675.10-675.12,

675.14
Health Grades: 287.4,512.x,518.4,518.81,584.5, | 183 (22%)* 67% 58% 91% 91%
Major complications, 584.8,584.9, 664.21, 664.31,
vaginal delivery 665.31, 665.41, 665.51, 666.x2,

666.x4, 666.10, 666.20, 666.30,

668.82, 670.02, 674.32, 785.51,

785.59, 996.31, 996.60, 996.62,

997.0x, 997.1, 997.3-997.5,

997.91, 998.0, 998.11, 998.2-

998.81, 998.83, 998.89, 998.9,

999.1-999.9
Health Grades: 285.1,287.4,512.x, 518.4, 518.81, | 163 (21%)* 55% 47% 64% 79%

Major complications,
C-section delivery

584.5, 584.8, 584.9, 648.22,
666.0x, 666.x2, 666.x4, 667.02,
668.82, 669.42, 670.02, 674.12,
674.32,785.50, 785.51, 785.59,
996.31, 996.60, 996.62, 997.0x,
997.1, 997.3-997.5, 997.91, 998.0,
998.11, 998.2-998.81, 998.83,
998.89, 998.9, 999.1-999.9

™ The denominator for this percentage includes only women with vaginal deliveries after a prior cesarean (654.2x in reabstracted data).
" This indicator is currently used by HealthShare, Inc.
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Section 4: A Systematic Review of the Accuracy of Key Data
Elements in Birth Certificate Databases
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SUMMARY

Objective: Our objective was to summarize published literature on the validity of key data
elements on birth certificates in the United States and other developed nations.

Methods: Following recommendations developed by the Cochrane Collaboration, we searched
MEDLINE and EMBASE for studies evaluating the sensitivity or positive predictive value of
birth certificate data, based on an external “gold standard.”

Results: We found 484 unique citations and selected 100 papers for review, plus two that were
identified through extended search methods. The findings of these studies are presented in
tabular format. Studies of parental race/ethnicity and age (or date of birth) have reported
excellent validity of birth certificate data. The accuracy of these data on parental education and
occupation is lower, but at least 69%. Gravidity and parity, especially nulliparity, are accurately
reported. Agreement between birth certificates and other data is moderate for timing of the last
menstrual period and length of gestation. Almost all pregnancy-related conditions are poorly
reported; prior cesarean is the only consistent exception. Birth certificates tend to exaggerate
both the duration of prenatal care and the number of visits. Most complications of labor and
delivery are reported with moderate sensitivity (20-75%). Method of delivery is accurately
reported, but vaginal birth after cesarean (VBAC) is consistently underreported, with sensitivities
of 39-70%. Reporting of forceps or vacuum usage has 60-83% sensitivity. Agreement between
birth certificates and other data is high (>93%) for birthweight, Apgar score, birth order, and
infant gender. However, abnormal conditions of the newborn and congenital anomalies are
consistently underreported, with sensitivities below 50% for most.

Discussion: The validity of obstetric risk factors and outcomes in birth certificate databases is

variable, with excellent accuracy for selected data elements. Researchers and policymakers
should be cognizant of potential limitations and sources of bias in using these data.
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INTRODUCTION

Birth certificates are widely used for epidemiologic research and surveillance throughout North
America and Europe, because they are the only source of uniformly collected data on birth
outcomes and associated demographic and medical risk factors.! For example, birth certificate
data are used to track the prevalence of risk factors and health outcomes in pregnant women and
newboms,2’3’4t0 monitor the use of medical interventions, 56:7 {0 evaluate the accessibility and
quality of perinatal health care,®*'*'""! to ascertain selected congenital anomalies," and to
sample cases for other epidemiologic studies."

Multiple previous studies have evaluated and summarized the accuracy of specific data elements
on birth certificates in the United States and various other countries. The results of these studies
are highly relevant to anyone who uses birth certificate data.'” Inadequate appreciation for the
limitations of these data may lead to erroneous conclusions about the etiology of adverse
perinatal outcomes, trends in public health, and differences in quality of care. However, we are
not aware of any comprehensive published summary of this disparate literature.

The current research was undertaken to collect and synthesize the key results of previous studies
evaluating the accuracy of demographic and clinical information on birth certificates, focusing
principally on the United States but also including comparable systems in other countries. We
believed that this information would be useful in selecting and designing risk factors for
OSHPD’s report on risk-adjusted outcomes of delivery in California.

METHODS

Following recommendations developed by the Cochrane Collaboration,'® we performed
computer searches of both the MEDLINE and EMBASE bibliographic databases'’ using the
OVID interface without date or language restrictions. Our last search, using the most
comprehensive set of search terms, was performed on 9 December 2004 with the assistance of a
professional medical librarian. These terms included “birth certificate(s)” (title, abstract, other
term, subheading) in combination with any of the following: comparative study, reliability,
reliable, accuracy, accurate, validity, validation, valid, ascertain (truncated), underreport
(truncated), disparit (truncated), complete (truncated), measurement error, assessment,
sensitivity, or specificity. These search terms were validated by reviewing articles that were
known to the authors, reference lists in those articles, and subsequent citations of those articles.

We reviewed abstracts to identify all studies that evaluated the sensitivity and/or positive
predictive value (PPV) of demographic and clinical data elements on birth certificates, based on
an external “gold standard.” Studies in which birth certificates provided a “gold standard” for
validating other data sources (e.g., maternal recall), or in which certain data elements on birth
certificates were used to validate other data elements on the same records, were set aside. Due to
resource limitations, papers without published abstracts (e.g., letters and editorials) were not
reviewed, unless the title suggested that it was relevant to our aims. Papers written in languages
other than English, French, Spanish, or German; papers focusing on the completeness of birth
registration or the prevalence of missing data; and papers focusing on the accuracy of linkage
with other data sets, were also set aside. We read but did not abstract papers based on birth
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certificates from before 1980, believing that such data would have less relevance to researchers
and policy-makers than more recent data. We also read, but did not abstract, papers that simply
compared risk factor prevalence across data sets.

We defined sensitivity as the proportion of patients with a condition, according to the “gold
standard” database, for whom that condition was reported on the birth certificate. We defined
PPV as the proportion of patients with a condition reported on the birth certificate for whom that
condition was confirmed using a “gold standard” database. We estimated these values from the
published data when they were not actually reported by the authors. In a few cases, we were
only able to report percentage agreement with or without the kappa statistic, which represents a
measure of agreement adjusted for chance. Values of less than 0.4, 0.4 to 0.6, 0.6 to 0.8, and 0.8
to 1.0 may be interpreted as poor-to-fair, moderate, substantial, and almost perfect agreement,
respectively,18 although this interpretation should be guided by knowledge of prevalence.19 For
quasi-continuously distributed variables such as birthweight and length of gestation, we report
the Pearson correlation coefficient (r) instead. Results were stratified by data element to
facilitate comparisons across multiple studies. Because of the heterogeneity in methods, the
overlap among different samples, and the relatively small number of studies evaluating each data
element, we did not attempt a formal meta-analysis.

RESULTS

Our final search yielded 451 citations from MEDLINE and 208 citations from EMBASE, with a
total of 484 unique citations. After reviewing titles and abstracts, we selected 100 papers for
complete review. An additional three papers and one abstract were identified through extended
search methods,20 as described above. We reviewed data obtained outside the United States, but
these data are omitted from the tables because of substantial international differences in birth
certificate formatting and data collection procedures. Only sensitivities and PPV based on at
least 14 cases with the characteristic of interest are shown.

Table 1 shows our findings for parental demographic and social characteristics. Six studies of
maternal race/ethnicity and two studies of paternal race/ethnicity reported excellent validity of
birth certificate data, except for Native American ethnicity (54 % sensitivity in California). Three
studies of maternal age or date of birth, and one study of paternal age, also reported at least 94%
agreement. Three studies of maternal marital status reported conflicting results, with greater
than 95% concordance among Tennessee birth certificates from 1989, and at least 89% PPV in
the 1988 National Maternal and Infant Health Survey, but only 68% PPV of “married” status
among Medicaid-enrolled women in New Jersey in 1989-92. The PPV of birth certificate data
on maternal and paternal education was moderate (range 69-95%), and generally better for
parents with a college education than for parents with less formal education. In two validation
studies on parental occupation, there was 71-72% agreement with mothers’ self-report at the
level of 3-digit occupational codes from the US Census Bureau, and 76-77% agreement at the
level of broader categories (e.g., managerial/ professional, technical, service, etc.). Agreement
for paternal occupation was better than that for maternal occupation in one study, largely due to
less confusion about whether the father was employed. The major type of error in reporting both
the principal source of payment for prenatal care and the expected principal source of payment
for delivery care was underreporting of “uninsured” status (34%-44% sensitivity).
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Table 2 shows our findings for the outcomes of prior pregnancies. Previous studies have found
excellent agreement between birth certificates and other data sources, exceeding 93% in all but
case, for both gravidity and parity. Nulliparity has always been identified with at least 96%
accuracy, but there has been more error involving ascertainment of grand multiparity. Validity
was moderately high for any prior termination of pregnancy (83% sensitivity, 63% PPV), prior
infant death (88% sensitivity, 96% PPV), or prior fetal death (64-84% PPV), in one or two
studies of each factor. Agreement on the exact number of prior fetal deaths was somewhat
poorer.

Table 3 shows our findings for pregnancy-related risk factors and complications. Agreement
between birth certificates and other data sources was moderate for both the date last normal
menses began and the obstetric estimate of gestation (60%-100% at +£1 week and 78-94% at +2
weeks). Systematic differences in these durations between data sources were only observed
among low birthweight infants in California and Georgia, for whom birth certificates tended to
overestimate gestational age. Agreement was at least 89% for plurality, but lower for maternal
weight gain. Almost all conditions on the checklist of pregnancy-related risk factors and
complications were poorly reported, with sensitivities as low as 0%. Underreporting was least
serious for diabetes (42%-83% sensitivity in five studies), pregnancy-induced hypertension
(20%-72% sensitivity in five studies), polyhydramnios or oligohydramnios (17-78% sensitivity
in five studies), and previous cesarean delivery (81-94% sensitivity in two studies).

Table 4 shows our findings for maternal behaviors and prenatal care. Four studies showed poor
agreement (28%-36% in various settings), whereas one study showed moderate agreement
(79%), between birth certificates and other data sources on the exact month in which prenatal
care began. However, agreement was substantially better (e.g., 51%-92%) when a one-month
difference between data sources was classified as agreement or when months were aggregated
into trimesters. Similarly, exact agreement on the number of prenatal visits was only 14-38% in
four of the five reported studies, but agreement at +2 visits was moderate (42%-72%). In five of
the six relevant studies, birth certificates appeared to overstate usage of prenatal care. Six
studies demonstrated moderate underreporting of tobacco use during pregnancy (53%-89%
sensitivity in various settings), whereas four studies demonstrated severe underreporting of
alcohol use during pregnancy (18%-34% sensitivity, with one outlier reporting 86%).

Table 5 shows our findings for complications of labor and delivery. Most of these conditions are
reported with moderate sensitivity, between 20% and 75% in nearly all studies. The best
reported conditions include cephalopelvic disproportion (42-77% sensitivity in four studies),
placental abruption (29-67% sensitivity in five studies), and breech or other malpresentation (53-
71% sensitivity in three studies). For no other condition did the sensitivity of reporting ever
exceed 55%. False positive reports on birth certificates were almost invariably less frequent than
false negative reports.

Table 6 shows our findings for obstetric procedures and management of delivery. The method of
delivery was generally reported accurately on birth certificates, with at least 79% sensitivity and

88% PPV for both primary and repeat cesarean deliveries. However, vaginal birth after cesarean
(VBAC) was consistently underreported, with sensitivities of 39-70% in five of the six published
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studies. Overreporting of VBAC was far less frequent, with PPVs exceeding 82% in all but one
of these studies. Four studies have evaluated birth certificate reporting of forceps or vacuum
usage, showing 60-83% sensitivity. Other obstetric procedures are even more poorly reported on
birth certificates, with sensitivities of 43-72% for induction of labor.

Table 7 shows our findings for conditions of the newborn and congenital anomalies. Agreement
between birth certificates and other data sources was uniformly high (=93%) for birthweight,
Apgar score at 5 minutes, birth order (among multiple gestations), and infant gender. However,
abnormal conditions of the newborn and congenital anomalies have been consistently
underreported on birth certificates, with sensitivities below 50% for all but the most catastrophic
(e.g., anencephaly) and obvious (e.g., cleft lip) anomalies. Overreporting is less problematic,
with reported PPVs for these conditions that generally exceed 50%, and often exceed 75%.

Studies based entirely on data from before 1980 are not summarized in these tables, but their
results are generally consistent. Most of these earlier studies documented substantial
underreporting of congenital anomalies,*'******%>2% 3 problem that was thoroughly reviewed in
the late 1980’s.”” We found and reviewed eight studies from outside the United States. Barry
reported that “Notification of Birth Forms” from six Irish hospitals in 1986 were at least 82%
accurate for maternal date of birth and marital status, paternal occupation, parity, prior fetal
deaths, prior terminations, birthweight, method of delivery, and method of feeding.28 The
accuracy of gestational age and prenatal care data was poorer but comparable to that reported in
the United States. A French study reported minimal overreporting but substantial underreporting
of cesarean delivery (61-72% sensitivity), instrumented vaginal delivery (39-58% sensitivity),
and prematurity (61% sensitivity) on “health certificates at birth” from three maternity wards.”’
Both the sensitivity (65%) and PPV (78%) of reported prematurity were suboptimal in a
validation study from Barcelona.”® The Danish Medical Birth Register was shown to have a
sensitivity of 53%, 66%, 71%, and 54% for placenta previa, abruption, polyhydramnios, and
hypertensive disorder, respectively, with kappa values between 0.54 and 0.66.”' Concordance on
gestational age in Denmark was 87% within one week and 96% within two weeks. The Finnish
Medical Birth Registry was found to have excellent validity (>90% agreement) for place and
time of birth, method of delivery, maternal marital status and occupation, smoking, date of last
menstruation (£2 days), plurality, parity, gravidity, prior fetal death, infant gender, birthweight,
and length (+1 cm), Apgar score (1 minute), and timing of first prenatal visit. Just as in the US,
accuracy was lower for length of gestation (86% agreement), number of prenatal visits (62%),
previous cesarean (68%), and tocolysis (44%).3*** A Taiwanese team reported “fault data rates”
below 10% for nearly every data element on birth certificates from ten hospitals, but sensitivities
and PPVs cannot be estimated from their publication.” In a more detailed analysis from one
Taiwanese hospital, concordance was reported as 99%, 94%, 88%, and 95% for infant gender,
birth order, gestational age, and birthweight, respectively.35 Sensitivity of reporting was 97% for
low birthweight and 93% for preterm delivery.

DISCUSSION
In this systematic review of the accuracy of information reported on birth certificates, we found

that accuracy varies widely across data elements, but is generally consistent across American
states. Specifically, maternal demographic and social factors such as date of birth, education,
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gravidity, parity, and sources of payment are accurately reported. Method of delivery, Apgar
score at 5 minutes, plurality, and infant gender are also accurately reported. Agreement between
birth certificates and other data sources is generally weaker for gestational age, maternal
behaviors, and use of prenatal care, but is substantially enhanced by relaxing the definition of
agreement (e.g., trimester versus month of first prenatal care visit, £2 prenatal visits, +2 weeks of
gestation). Most specific complications of pregnancy, labor and delivery, and nearly all
abnormal conditions of the newborn and congenital anomalies, are seriously underreported on
birth certificates. However, most of these conditions are reported with high PPVs, indicating
that overreporting is a minor issue.

This review is subject to several limitations. First, we may have failed to identify all relevant
references. However, we followed recommendations from the Cochrane Collaborative to
maximize the sensitivity of our search, accessing multiple databases and reviewing the reference
lists and subsequent citations of relevant papers. The most significant source of missing data
may be the “gray” or unpublished literature, which we were unable to search systematically.
Although we reviewed the web pages of the National Center for Health Statistics, we were
unable to review the web pages of every state health department and national health ministry.
Given the general consistency of published data, it seems unlikely that including more
unpublished data would significantly alter our conclusions.

Other limitations of our review reflect the limitations of the empirical research upon which it is
based. Several of these studies were secondary analyses conducted with available data that were
collected for another research proj ect;*® hence, their results may have limited generalizability to
statewide or national birth registries. Other studies had samples that were too small or limited to
a single hospital. Small samples are especially problematic in evaluating the accuracy with
which rare outcomes, such as congenital anomalies, are reported. Some studies were based on
data from before 1989, when the US Standard Certificate of Live Birth was extensively revised.
However, more recent studies have generally yielded similar results (Tables 1-7). Finally, in
some cases, the comparison data used as the “gold standard” were never independently validated,
raising questions about whether that “gold standard” is really more accurate than the birth
certificate. For example, some PPVs in Tables 3, 5, 6, and 7 may be biased downward by
underascertainment in the ostensible “gold standard” dataset.

Our findings have several implications for OSHPD’s maternal outcomes studies. First, birth
certificates alone cannot be relied upon to generate valid data on the prevalence or distribution of
pregnancy-related risk factors, complications of labor and delivery, minor obstetric procedures,
conditions of the newborn, or congenital anomalies. Almost all of these conditions are
substantially underreported on birth certificates. If such underreporting or misclassification is
nondifferential with respect to other factors of interest, then risk estimates based on birth
certificates may be biased toward the null. However, if underreporting varies across settings of
care, which also vary in the prevalence of other factors of interest, then the direction of bias is
unpredictable. At least one author found that adverse outcomes of prior pregnancies (e.g.,
preterm birth, low birthweight) were more likely to be reported if the index pregnancy had a
similar outcome.' Given such evidence of bias, epidemiologists should be especially cautious in
their use of these variables.
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By contrast, birth certificates can be relied upon for information on parental demographic
characteristics, parity and gravidity, plurality, cesarean delivery, birthweight, and Apgar scores.
Birth certificate data on the last menstrual period, the estimated length of gestation, and the
initiation of prenatal care are acceptable for most purposes, but only if these variables are
categorized or otherwise analyzed to minimize the impact of small reporting errors. Similarly,
analyses of parental education should be based on specific, socially meaningful cutoffs (e.g., 12
years) to minimize bias. Given the potential utility of these variables for epidemiologic research
and surveillance, states that do not collect all of them should be encouraged to do so. For
example, California’s birth certificate does not include Apgar scores, ostensibly due to concerns
about patient privacy (R. Williams, personal communication, 8/28/02).

Third, there is an urgent need to improve how birth certificate data are collected and recorded.
Surveys in two states have demonstrated substantial variability in how hospitals accomplish
these tasks.”””* Data collectors should rely upon a preferred primary source for each element.
For example, hospital prenatal records systematically undercount the number of prenatal visits, if
they are sent before the patient’s last visit, whereas maternal self-report may exaggerate the
percentage of women who receive early prenatal care.”” The accuracy of information about the
last menstrual period, prepregnancy weight, and congenital malformations may also vary across
data sources.”” For data that are best collected by asking mothers, specific question formats
should be evaluated and implemented.” Brief, standardized definitions of unclear concepts may
be helpful.40 In both cross-sectional and longitudinal studies, hospitals achieve better reporting
of congenital malformations when they use worksheets that are reviewed and cross-checked with
medical records, instead of relying on physicians to list malformations directly on the birth
record.”” Registered nurses may have an important role, as one qualitative study at five hospitals
found serious deficiencies in the training and knowledge of non-clinical staff members who were
responsible for data collection.”” A controlled trial from Finland showed that using check-box
forms instead of open-ended forms increased the proportion of obstetric procedures that were
correctly reported.*’ Similarly, reporting of preeclampsia, placental abruption, breech
presentation, and forceps in Washington dramatically improved after check-box forms were
implemented, but reporting remained poor for congenital malformations, for which open-ended
reporting was retained.*? Anecdotally, computerized databases may facilitate timely entry and
validation of birth certificate data.*~

Finally, these findings provide strong justification for using linked databases that include both
maternal discharge abstracts and newborn birth certificates. By searching for conditions of
interest in both data sources, users may overcome the problem of underreporting on birth
certificates. For example, using the linked database instead of birth certificates alone to ascertain
perinatal risk factors in California in 2000-2002, the estimated prevalence of placental abruption,
chronic hypertension, eclampsia, anemia, and maternal cardiac disease increased by more than
200%, and the estimated prevalence of diabetes, preterm labor, premature rupture of membranes,
preeclampsia, prolonged labor, maternal seizures and renal disease increased by 100-199%.
Smaller increases in prevalence were noted for breech presentation (52%), induction of labor
(70%), placenta previa (71%), and prolonged rupture of membranes (56%). Assuming that these
increases are largely due to fewer false negatives, the sensitivity of the linked database may far
exceed that of birth certificate data for several conditions in Tables 3, 5, and 6.
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Table 1. Validity of parental demographic and social characteristics on birth certificates in the United States, 1980-2004

Data Element | Response option or finding Sensitivity” PPV Agreement Setting and sample size (entire
study)

Mothers’ African-American 95% 97% California, 16 of 19 randomly

race/ethnicity Asian/Pacific Islander 95% 96% selected hospitals, 1994-95

White/Caucasian 94% 97% (N=7,428)"

Hispanic 99% 96%

Native American 54% 96%

Exact value >99% Tennessee, stratified random sample
of live births, 1989 (N=1,016 high-
risk cases; N=700 low-risk controls)2

African-American 96% 96% New Jersey, HealthStart program for

Hispanic 91% 94% high-risk Medicaid-eligible women,
1989-92 (N=46,437)°

Exact value 95%, x = 0.87 | NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"

African-American 98% National Maternal and Infant Health

White 98% Survey, stratified random sample of

Hispanic 98% live births, 1988 (N=9,953)°

African-American 96% National Natality Survey, stratified

White 96% random sample of live births, 1980
(N=9,941)°

Mother’s Native born (whites) 99.8% National Maternal and Infant Health
nativity Foreign born (whites) 95.8% Survey, stratified random sample of
live births, 1988 (N=9,953)
Mother’s Married vs. unmarried >95% Tennessee, stratified random sample
marital status of live births, 1989 (N=1,016 high-
risk cases; N=700 low-risk controls)2
Married 89% 68% New Jersey, HealthStart program for

high-risk Medicaid-eligible women,
1989-92 (N=46,437)°
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Married (whites) 97% National Maternal and Infant Health
Married (African-Americans) 92% Survey, stratified random sample of
Unmarried (whites) 89% live births, 1988 (N=9,95 3)5
Unmarried (African-Americans) 95%
Mother’s date Exact value >95% Tennessee, stratified random sample
of birth/age of live births, 1989 (N=1,016 high-
risk cases; N=700 low-risk controls)2
Age at delivery, years (whites) 98% National Maternal and Infant Health
Age at delivery, years (African- 97% Survey, stratified random sample of
Americans) live births, 1988 (N:9,953)5
Age at delivery, years (whites) 99% National Natality Survey, stratified
Age at delivery, years (African- 98% random sample of live births, 1980
Americans) (N=9,941)°
Mother’s Completed years (exact value) r=0.86 California, 16 of 19 randomly
education selected hospitals, 1994-95
(N=10,055)’
Category (whites) 86% National Maternal and Infant Health
Category (African-Americans) 80% Survey, stratified random sample of
<11 years (whites) 84% live births, 1988 (N=9,953)°
<11 years (African-Americans) 80%
12 years (whites) 86%
12 years (African-Americans) 78%
13-15 years (whites) 83%
13-15 years (African-Americans) 80%
>16 years (whites) 93%
>16 years (African-Americans) 86%
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Completed years (whites) 88% National Natality Survey, stratified
Completed years (African-Americans) 84% random sample of live births, 1980
0-8 years (whites) 75% (N=9,941)°
8-11 years (whites) 87%
8-11 years (African-Americans) 77%
12 years (whites) 91%
12 years (African-Americans) 84%
13-15 years (whites) 79%
13-15 years (African-Americans) 85%
>16 years (whites) 94%
>16 years (African-Americans) 93%
Mother’s Exact value (3-digit census code) 72% New York, cases with anencephaly,
occupation General agreement (categories) 76% spina bifida, cleft lip/palate, and
randomly sampled matched controls,
1983-86 (N=1,760) ®
Exact value (3-digit census code) 71% California (Santa Clara), cases with
Employed (vs. unemployed) 77% 91% 76% congenital heart disease (N=155) and
General agreement (among employed) 77% randomly sampled controls (N=176),
1981-83°
Mother’s Exact value 78% New York, cases with anencephaly,
industry General agreement 78% spina bifida, cleft lip/palate, and
randomly sampled matched controls,
1983-86 (N=1,760)"
Father’s African-American 98% National Maternal and Infant Health
race/ethnicity White 98% Survey, stratified random sample of
Hispanic 96% live births, 1988 (N=9,953)
African-American 95% National Natality Survey, stratified
White 94% random sample of live births, 1980
(N=9,941)°
Father’s date of | Age at delivery, years (whites) 99% National Natality Survey, stratified
birth/age Age at delivery (African-Americans) 94% random sample of live births, 1980

(N=9,941)°
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Father’s Category (whites) 84% National Maternal and Infant Health
education Category (African-Americans) 75% Survey, stratified random sample of
<11 years (whites) 83% live births, 1988 (N=9,953)°
<11 years (African-Americans) 72%
12 years (whites) 84%
12 years (African-Americans) 78%
13-15 years (whites) 75%
13-15 years (African-Americans) 69%
>16 years (whites) 93%
>16 years (African-Americans) 80%
Category (whites) 86% National Natality Survey, stratified
Category (African-Americans) 78% random sample of live births, 1980
0-8 years (whites) 75% (N=9,941)°
8-11 years (whites) 84%
8-11 years (African-Americans) 78%
12 years (whites) 87%
12 years (African-Americans) 79%
13-15 years (whites) 77%
13-15 years (African-Americans) 72%
>16 years (whites) 95%
>16 years (African-Americans) 83%
Father’s Exact value (3-digit census code) 80% California (Santa Clara), cases with
occupation Employed (vs. unemployed) 96% 99% 89% congenital heart disease (N=155) and
General agreement (among employed) 73% randomly sampled controls (N=176),
1981-83°
Principal source | Private 97% k=0.90 California, 16 of 19 randomly
of payment for | Capitated private 84% selected hospitals, 1994-95
prenatal care MediCal 96% (N:7,428)1
Other 75%
Uninsured 34%
Expected Private 98% k=0.92 California, 16 of 19 randomly
principal source | Capitated private 85% selected hospitals, 1994-95
of payment for | MediCal 96% (N=7,428)"
delivery Other 83%
Uninsured 44%

? All statistics shown are based on a denominator of at least 14 cases.
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Table 2. Validity of historical data describing previous pregnancy outcomes on birth certificates in the United States, 1980-2004

Data Element | Response option or finding Sensitivity” PPV Agreement Setting and sample size (entire
study)
Parity Exact value 98%, x =0.96 Washington, stratified random

Nulliparity 99.7% 99%, k = 0.98 sample of low-risk deliveries with
early prenatal care, 1989-90
(N=1,937)"

Exact value (whites) 89% National Maternal and Infant Health

Exact value (African-Americans) 82% Survey, stratified random sample of

Nulliparity (whites) 98% live births, 1988 (N=9,953)°

Nulliparity (African-Americans) 96%

2" live birth (whites) 84%

2" live birth (African-Americans) 77%

3" live birth (whites) 81%

3" Jive birth (African-Americans) 73%

4™ or higher live birth (whites) 77%

4™ or higher live birth (AA) 70%

Exact value (whites) 98% National Natality Survey, stratified

Exact value (African-Americans) 94% random sample of live births, 1980

Nulliparity (whites) 99% (N=9,941)°

Nulliparity (African-Americans) 96%

2" live birth (whites) 98%

2" live birth (African-Americans) 97%

3" live birth (whites) 96%

3" live birth (African-Americans) 87%

4™ or higher live birth (whites) 91-92%

Nulliparity 99% 97% 99%, « =0.97 NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"

Children now living, exact value >95% Tennessee, stratified random sample

Children now deceased, exact value >95% of live births, 1989 (N=1,016 high-

risk cases; N=700 low-risk
controls)2
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Children now deceased, one or more 88% 96% Georgia, all singleton births with
one prior linked birth certificate,
1989-95 (N=130,806)"
Gravidity Exact value 93%, x =0.83 Washington, stratified random
Primigravid 99.4% 93%, x = 0.88 sample of low-risk deliveries with
early prenatal care, 1989-90
(N=1,937)"
Prior pregnancy (any) 95% 99% 96%, x = 0.90 NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"
Primigravid (whites) 92% National Natality Survey, stratified
Primigravid (African-Americans) 86% random sample of live births, 1980
(N=9,941)°
Prior fetal Exact value (whites) 81% National Maternal and Infant Health
deaths (induced | Exact value (African-Americans) 78% Survey, stratified random sample of
or spontaneous) | One or more (whites) 65% live births, 1988 (N=9,953)°
One or more (African-Americans) 64%
One (whites) 70%
One (African-Americans) 51%
Two (whites) 58%
Two (African-Americans) 35%
Three or more (whites) 52%
Three or more (African-Americans) 35%
Exact value (whites) 89% National Natality Survey, stratified
One or more (whites) 84% random sample of live births, 1980
One or more (African-Americans) 73% (N=9,941)°
One (whites) 75%
One (African-Americans) 59%
Two or more (whites) 85%
Prior Any 83% 63% Single teaching hospital, random
termination of Exact value r=0.74 sample of live births, 1995 (N:99)13
pregnancy <20 weeks, exact value r=0.73

* All statistics shown are based on a denominator of at least 14 cases.
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Table 3. Validity of pregnancy-related risk factors and complications reported on birth certificates in the United States, 1980-2004

Data Element | Response option or finding Sensitivity” PPV Agreement Setting and sample size (entire
study)

Plurality Single, twin, triplet, etc. (exact value) >99% Tennessee, stratified random sample
of live births, 1989 (N=1,016 high-
risk cases; N=700 low-risk controls)2

Singleton (whites) 99.8% National Maternal and Infant Health
Singleton (African-Americans) 99.5% Survey, stratified random sample of
Twin or higher (whites) 96.4% live births, 1988 (N=9,95 3)5

Twin or higher (African-Americans) 89.0%

Date last Exact month (high-risk) 82% Tennessee, stratified random sample

normal menses | Exact month (low-risk) 88% of live births, 1989 (N=1,016 high-

began risk cases; N=700 low-risk controls)2

+1 week (cerebral palsy cases <1500 g) 68% California, singleton children

+1 week (controls <1500 g) 60% surviving to age 3 with CP (N=172)

+1 week (CP cases 1500-2499 g) 60% and random sample of controls

+1 week (controls 1500-2499 g) 100% (N=472) from 4 counties, 1983-85"*

+1 week (CP cases >2499 g) 77%

+1 week (controls >2499g) 78%

+1 week 91% Washington, stratified random sample
of low-risk deliveries with early
prenatal care, 1989-90 (N=1,937)"!

Exact week 26% Georgia, cases with birthweight

+1 week 64% <1500 g and controls with birthweight

+2 weeks 78% >2500 g, 1986-88 (N=1,311)"

Exact date 87% New York, random sample of birth

+1 week 93% certificates from 4 counties, 1999
(N=400)"°

Clinical Exact value (high-risk) 40% Tennessee, stratified random sample

estimate of Exact value (low-risk) 44% of live births, 1989 (N=1,016 high-

length of +1 week (high-risk) 65% risk cases; N=700 low-risk controls)*

gestation +1 week (low-risk) 79%

+2 weeks (high-risk) 79%
+2 weeks (low-risk) 94%
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Exact value r=0.68 New Jersey, HealthStart program for
(mean difference | high-risk Medicaid-eligible women,
<0.1 weeks) 1989-92 (N=46,437)’
Preterm vs. term vs. postterm 95%,x =0.73 NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"
Exact value (whites) r=0.80 National Natality Survey, stratified
Exact value (African-Americans) r=0.84 random sample of live births with
Preterm (<37 weeks) (whites) 90% oversampling of LBW, 1980
Preterm (African-Americans) 89% (N=9,941)'"°
Full-term (37 or more weeks) (whites) 73%
Full-term (African-Americans) 79%
Weight gain Exact value 83% North Carolina, stratified random
during sample of 42 hospitals, 1989
pregnancy (N=395)"®
Exact value r=0.57 New Jersey, HealthStart program for
(mean difference | high-risk Medicaid-eligible women,
2.21bs.)" 1989-92 (N=46,437)°
Pregnancy- Previous macrosomia 7% 78% Georgia, all singleton births with one
related Previous low birthweight 10% 71% prior linked birth certificate, 1989-95
conditions (N=130,806)'
Overall agreement across all checklist 59% North Carolina, stratified random
items sample of 42 hospitals, 1989
(N=395)"®
Poly/oligohydramnios 30% 96%, x =0.43 Washington, stratified random sample
Chronic hypertension 7% 98%, k =0.12 of low-risk deliveries with early
Pregnancy-induced hypertension 59% 95%, x = 0.58 prenatal care, 1989-90 (N:1,937)11
Diabetes 52% 98%, k = 0.66
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Anemia 12% 44% New Jersey, HealthStart program for
Cardiac disease 10% 41% high-risk Medicaid-eligible women,
Acute/chronic lung disease 8% 45% 1989-92 (N=46,437)3

Diabetes mellitus 42% 69%

Poly/oligohydramnios 17% 15%

Chronic hypertension 19% 35%

Pregnancy-induced hypertension 20% 38%

Incompetent cervix 20% 57%

Previous macrosomia 6% 23%

Previous preterm or SGA infant 11% 39%

Renal disease 3% 11%

Uterine bleeding 0.4% 13%

Eclampsia 5% 20%

Hemoglobinopathy 1% 6%

Genital herpes 11% 56%

Rh sensitization 3% 29%

Anemia 11% 33% 95.3%, x =0.14 | NE Ohio, random sample of
Cardiac disease 11% 26% 98.7%,x =0.15 | deliveries at 20 hospitals, 1993-95
Acute/chronic lung disease 18% 51% 96.8%, «k =0.25 (N=33,616)4

Gestational diabetes 46% 72% 97.1%, « = 0.55

Poly/oligohydramnios 21% 68% 98.0%, k =0.32

Chronic hypertension 32% 37% 99.0%, x = 0.34

Pregnancy-induced hypertension 34% 57% 96.3%, «x =0.40

Incompetent cervix 39% 77% 99.6%, « =0.52

Previous macrosomia 12% 64% 93.9%, k=0.19

Previous SGA infant 20% 70% 95.0%, k =0.29

Renal disease 15% 9% 99.5%, « =0.11

Uterine bleeding 9% 11% 97.7%, « = 0.09

Eclampsia 10% 26% 99.4%,x=0.14

Genital herpes 33% 57% 98.9%, k =0.42

Previous cesarean 81% 95% 96.5%, « = 0.85

Previous cesarean 94% “few FP” New Jersey, sequential linked birth
Previous macrosomia 12% certificates, 1996-2001 (N=75,516)""
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Anemia 67% 36% New York, random sample of birth
Cardiac disease 13% 7% certificates from 4 counties, 1999
Acute/chronic lung disease 33%/0% 83%/0% (N=400)'°

Gestational/chronic diabetes 83%/50% 83%/50%

Poly/oligohydramnios 78% 93%

Chronic hypertension 0% 0%

Pregnancy-induced hypertension 72% 72%

Incompetent cervix 50% 100%

Previous macrosomia 6% 50%

Previous preterm infant 3% 8%

Previous low birthweight 27% 21%

Renal disease 55% 75%

Uterine bleeding 33% 75%

Genital herpes 67% 92%

Other sexually transmitted disease 43% 60%

Rh sensitization 100% 17%

Preeclampsia 62% 100%

Thyroid condition 80% 100%

Anemia 15-22% 24-43% Tennessee, stratified random sample
Cardiac disease 8-13% 40-100% of live births, 1989 (N=1,016 high-
Acute/chronic lung disease 10-12% 60-100% risk cases; N=700 low-risk controls)2
Diabetes mellitus 65-74% 85%

Polyhydramnios 34% 75%

Oligohydramnios 30% 73%

Chronic hypertension 41% 83%

Pregnancy-induced hypertension 43-49% 78-91%

Incompetent cervix 52% 85%

Previous macrosomia 16-35% 50-64%

Previous preterm infant 32-34% 62-75%

Previous SGA infant 18% 31%

Renal disease 21% 50%

Uterine bleeding 12-20% 45-62%

* All statistics shown are based on a denominator of at least 14 cases.
® Mean maternal weight gain was understated on birth certificates.



Table 4. Validity of maternal behaviors and prenatal care utilization reported on birth certificates in the United States, 1980-2004

Data Element | Response option or finding Sensitivity® | PPV Agreement Setting and sample size (entire
study)

Month of Exact value 79% North Carolina, stratified random

pregnancy Trimester 92% sample of 42 hospitals, 1989

prenatal (N=395)18

care began Exact value (high-risk) 34%" Tennessee, stratified random

Exact value (low-risk) 29%" sample of live births, 1989

Trimester (high-risk) 64% (N=1,016 high-risk cases; N=700

Trimester (low-risk) 67% low-risk controls)2

Exact value 31%° NE Georgia, all women treated by

Trimester 51% CNMs in public clinic, 1980-88

Care begun in 1% trimester 95% 45% (N=2,032)%

Care begun in 3" trimester 23% 82%

Exact value 35%" National Natality Survey of birth

+1 month 75% certificates and physicians, 1980%'

No prenatal care 59%

Exact value (whites) 36%, r = 0.60"° National Natality Survey, follow-

Exact value (African-Americans) 28%,r=0.55" back of randomly sampled birth

+1 month (whites) 77% certificates, 1980 (N:9,941)17

+1 month (African-Americans) 64%

Care begun in 1% trimester 82% 56% New Jersey, HealthStart program
for high-risk Medicaid-eligible
women, 1989-92 (N=46,437)°

Trimester 80%, k =0.51 NE Ohio, random sample of

Any prenatal care 99.6% 99.6% 99%, k = 0.67 deliveries at 20 hospitals, 1993-95
(N=33,616)"

Number of Exact value 82% ¢ North Carolina, stratified random
prenatal visits sample of 42 hospitals, 1989
(N=395)"*
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Exact value (high-risk)

32%°

Tennessee, stratified random

Exact value (low-risk) 20% © sample of live births, 1989

+1 (high-risk) 55% (N=1,016 high-risk cases; N=700

+1 (low-risk) 41% low-risk controls)*®

+2 (high-risk) 68%

+2 (low-risk) 54%

Exact value 14% © NE Georgia, all women treated by

+1 36% CNMs in public clinic, 1980-88

+2 53% (N=2,032)*°

Exact value (whites) r=045° National Natality Survey, follow-

Exact value (African-Americans) r=047°¢ back of randomly sampled birth

+2 (whites) 44% certificates, 1980 (N=9,941)""
+2 (African-Americans) 42%
Exact value r=0.59 (mean New Jersey, HealthStart program
difference 0.2 for high-risk Medicaid-eligible
visits) © women, 1989-92 (N:46,437)3
Exact value 22%,x =0.12 Washington, stratified random
+1 53% sample of low-risk deliveries with
+2 72% early prenatal care, 1989-90
(N=1,937)"

>5 (vs. 1-5vs. 0) 93%, « =0.53 NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"

Exact value 38% New York, random sample of

+1 59% birth certificates from 4 counties,

+) 70% 1999 (N=400)"°

Tobacco use Agreement among women for whom 84% North Carolina, stratified random

either birth certificate or medical
record suggested smoking tobacco

sample of 42 hospitals, 1989
(N=395)"*

Yes

74-78%

95-96%

Tennessee, stratified random
sample of live births, 1989
(N=1,016 high-risk cases; N=700
low-risk controls)2

69



GA 71% Assumed 100% AL, AK, GA, ME, SC, WV,

AL 75% Assumed 100% stratified random sample of white

AK 75% Assumed 100% women after delivery, 1993-95

ME 77% Assumed 100% (N=19,483)**¢

SC 80% Assumed 100%

\\AY 82% Assumed 100%

Yes 53% 71% New Jersey, HealthStart program
for high-risk Medicaid-eligible
women, 1989-92 (N=46,437)°

Yes 64% 80% Single teaching hospital, random

Cigarettes per day, exact value r=0.76 (mean sample of live births, 1995

difference 1.2)" | (N=99)"

Yes 72% 94% 92%, « =0.77 NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"

Yes 89% 89% New York, random sample of
birth certificates from 4 counties,
1999 (N=400)"°

Alcohol use Agreement among women for whom 56% North Carolina, stratified random

either birth certificate or medical sample of 42 hospitals, 1989

record suggested drinking alcohol (N=395)"8

Yes 31-34% 75-83% Tennessee, stratified random
sample of live births, 1989
(N=1,016 high-risk cases; N=700
low-risk controls)2

Yes 18% 42% New Jersey, HealthStart program
for high-risk Medicaid-eligible
women, 1989-92 (N=46,437)°

Yes 23% T77% 94%, x =0.34 NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"

Yes 86% 75% New York, random sample of

birth certificates from 4 counties,
1999 (N=400)"°
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* All statistics shown are based on a denominator of at least 14 cases.

® The birth certificate tended to report earlier initiation of prenatal care than was documented in medical records.

“In most cases of disagreement, the number of visits recorded on the birth certificate was higher (or else the mean number of visits was higher on birth certificates).

¢ Failure to obtain prenatal care until the third trimester or obtaining no prenatal care at all was the index with the least percentage of difference (9.7% for the cases and 9.8% for the
controls) between the results obtained from birth certificates and those obtained from medical records.

¢ Estimates from this study are derived through a two-sample capture-recapture method, which is based on the arguable assumption that neither data set has any false positive errors.
" Birth certificates indicated lower mean consumption than medical records.
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Table 5. Validity of labor and delivery complications reported on birth certificates in the United States, 1980-2004

Complication or finding Sensitivity” PPV Agreement Setting and sample size (entire study)
Cephalopelvic disproportion 52% 69% Washington, 23 volunteer hospitals, 1989
Fetal distress 17% not reported (N=7,536)"

Mother febrile (high-risk) 21% 83% Tennessee, stratified random sample of live
Mother febrile (low-risk) 9% 42% births, 1989 (N=1,016 high-risk cases;
Meconium, moderate-heavy 44-46% 80-84% N=700 low-risk controls)2

Premature rupture (high-risk) 52% 13%

Premature rupture (low-risk) 20% 57%

Prolonged rupture 26-39% 87-100%

Placental abruption 47% 92%

Placenta previa 55% 88%

Other excessive bleeding 5-7% 33-50%

Precipitous labor (<3 hrs) 31-36% 29-71%

Prolonged labor (>20 hrs) 23% 56%

Dysfunctional labor 17% 55%

Breech presentation 66-71% 91-100%

Other malpresentation 26% 44%

Cephalopelvic disproportion 72% 82%

Prolapsed cord 52% 85%

Fetal distress 38-39% 68-76%

Overall agreement across all checklist items 63% North Carolina, stratified random sample of

42 hospitals, 1989 (N=395)'°
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Mother febrile 10% 21% New Jersey, HealthStart program for high-
Meconium, moderate-heavy 32% 33% risk Medicaid-eligible women, 1989-92
Premature rupture 20% 35% (N:46,437)3

Placental abruption 29% 50%

Placenta previa 40% 63%

Other excessive bleeding 6% 18%

Precipitous labor (<3 hrs) 24% 26%

Prolonged labor (>20 hrs) 5% 10%

Dystunctional labor 17% 30%

Breech/other malpresentation 53% 63%

Cephalopelvic disproportion 42% 43%

Prolapsed cord 21% 19%

Fetal distress 33% 46%

Seizure during labor 23% 32%

Anesthetic complications 0% 0%

Meconium, moderate-heavy 6% 33% New York, random sample of birth
Premature rupture 29% 64% certificates from 4 counties, 1999
Placental abruption 67% 100% (N=400)"°

Precipitous labor (<3 hrs) 33% 75%

Prolonged labor (>20 hrs) 9% 67%

Dysfunctional labor 22% 7%

Meconium, moderate-heavy 39% 76% 90.0%, k =0.47 | NE Ohio, random sample of deliveries at 20
Premature rupture 38% 25% 96.5%, x =0.29 | hospitals, 1993-95 (N:33,616)4
Placental abruption 52% 67% 99.4%, x = 0.58

Placenta previa 40% 75% 99.5%, x = 0.52

Breech/other malpresentation 65% 86% 98.0%, x = 0.73

Prolapsed cord 24% 39% 99.7%, x = 0.30

Placental abruption 46% 99.5%, x = 0.58 | Washington, stratified random sample of
Placenta previa 49% 99.7%, x = 0.59 | low-risk deliveries with early prenatal care,
Cephalopelvic disproportion 77% 98%. k = 0.80 1989-90 (N=1,937)"!

Fetal distress 22% 84%, x = 0.29

* All statistics shown are based on a denominator of at least 14 cases.
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Table 6. Validity of obstetric procedures and management of delivery, as reported on birth certificates in the United States, 1980-2004

Data Element | Response option or finding Sensitivity® | PPV Agreement Setting and sample size (entire
study)

Maternal Yes (high-risk) 57% 97% Tennessee, stratified random sample

transport prior of live births, 1989 (N=1,016 high-risk

to delivery cases; N=700 low-risk controls)2

Yes 18% 63% New Jersey, HealthStart program for
high-risk Medicaid-eligible women,
1989-92 (N=46,437)°

Yes 42% 56% 99.7%, k = 0.48 | NE Ohio, random sample of deliveries
at 20 hospitals, 1993-95 (N=33,616)"

Infant transport | Yes (high-risk) 73% 97% Tennessee, stratified random sample
after delivery of live births, 1989 (N=1,016 high-risk
cases; N=700 low-risk controls)2

Yes 23% 80% New Jersey, HealthStart program for
high-risk Medicaid-eligible women,
1989-92 (N=46,437)°

Yes 48% 87% 99%, k =0.61 NE Ohio, random sample of deliveries
at 20 hospitals, 1993-95 (N=33,616)"

Obstetric Induction of labor 56% 88% Washington, 23 volunteer hospitals,
procedures 1989 (N=7,536)>

Overall agreement across all checklist 69% North Carolina, stratified random

items sample of 42 hospitals, 1989
(N=395)"*

Induction of labor 43-61% 63-75% Tennessee, stratified random sample

Stimulation of labor 20-26% 63-75% of live births, 1989 (N=1,016 high-risk

Tocolysis 32-37% 59-89% cases; N=700 low-risk controls)™

Tocolysis 4% 26% New Jersey, HealthStart program for
high-risk Medicaid-eligible women,
1989-92 (N=46,437)"

Induction or stimulation of labor 72% 86%, x = 0.68 Washington, stratified random sample
of low-risk deliveries with early
prenatal care, 1989-90 (N=1,937)""

Birth attendant | Certified nurse midwife (vs. other) 89% Michigan, birth logs of 3 nurse mid-

wives at one hospital, 1999 (N:97)24
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Method of
delivery

Cesarean 84% 99.8% Washington, 23 volunteer hospitals,

Primary cesarean 80% 99.2% 1989 (N=7,536)>

Repeat cesarean 83% 91.1%

Vaginal birth after cesarean 70% 91.0%

Forceps/vacuum 70% 95.3%

Cesarean 95% 99.5% Georgia, 3% random sample of
singletons from metro Atlanta + 24
other counties, 1986-88 (N=2,423)>

Primary cesarean 79% 91%¢ Georgia, sequential linked birth

Repeat cesarean 97% 92% ¢ certificates, 1989-92 (N=106,049)"

Vaginal birth after cesarean 42% 88% ¢

Vaginal spontaneous vs. forceps vs. 92%" North Carolina, stratified random

vacuum Vvs. cesarean sample of 42 hospitals, 1989
(N=395)"*

Primary cesarean 91-93% 96% Tennessee, stratified random sample

Repeat cesarean 79-97% 93-97% of live births, 1989 (N=1,016 high-risk

Vaginal birth after cesarean 39-53% 82-100% cases; N=700 low-risk controls)2

Forceps 75-83% 93-94%

Vacuum 71% 83%

Primary cesarean 81% 88% New Jersey, HealthStart program for

Repeat cesarean 80% 88% high-risk Medicaid-eligible women,

Vaginal birth after cesarean 47% 55% 1989-92 (N=46,437)3

Forceps 60% 41%

Vacuum 60% 50%

Cesarean 96% 99% 99%, x = 0.96 NE Ohio, random sample of deliveries

Vaginal birth after cesarean 61% 89% 97%, x =0.71 at 20 hospitals, 1993-95 (N=33,616)4

Primary cesarean 98% 100% New York, random sample of birth

Repeat cesarean 100% 100% certificates from 4 counties, 1999

Vaginal birth after cesarean 100% 100% (N=400)"°

* All statistics shown are based on a denominator of at least 14 cases.

® Data on the accuracy of reporting for other obstetric procedures (e.g., amniocentesis, internal electronic fetal monitoring, external electronic fetal monitoring, ultrasound, chorionic
villus sampling) are also available here, but are not shown because the US Standard Certificate of Live Birth omits these data elements.

“This quantity is estimated from the data reported in the manuscript.

4 Most discrepancies in this study were due to failure to record use of forceps on the birth certificate.
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Table 7. Validity of neonatal characteristics and outcomes reported on birth certificates in the United States, 1980-2004

Data Element | Response option or finding Sensitivity® | PPV Agreement Setting and sample size (entire
study)
Birthweight Exact value 100% North Carolina, stratified random
sample of 42 hospitals, 1989
(N=395)"®
Exact value (high-risk) 94% Tennessee, stratified random sample
Exact value (low-risk) >99% of live births, 1989 (N=1,016 high-
risk cases; N=700 low-risk controls)2
Exact value r=0.98 (mean Single teaching hospital, random
difference 8 g) | sample of live births, 1995 (N=99)"
Exact value r=0.94 (mean New Jersey, HealthStart program for
Low birthweight (<2500 g) 91% 89% difference 1 g) high-risk Medicaid-eligible women,
Very low birthweight (<1500 g) 85% 86% 1989-92 (N=46,437)°
Exact value 93% Georgia, cases with birthweight
+100 g 98% <1500 g and controls with birthweight
Very low birthweight (<1500 g) 90%" >2500 g, 1986-88 (N=1,311)"
Low birthweight (<2500 g) 100% 100% New York, random sample of birth
Very low birthweight (<1500 g) 100% 100% certificates from 4 counties, 1999
(N=400)"°
Exact value (whites) r=0.99 National Natality Survey, stratified
Exact value (African-Americans) r=0.98 random sample of live births with
500 g categories (whites) 99.4% oversampling of LBW, 1980
500 g categories (African-Americans) 98.5% (N=9,941)'7
Very low birthweight (whites) 97%
Very LBW (African-Americans) 94%
Low birthweight 1500-2500 g (whites) 98%
Low birthweight (African-Americans) 97%
Normal >2500 g (whites) 99.7%
Normal >2500 g (African-Americans) 99.7%
Apgar score Exact value 100% North Carolina, stratified random

(5 minutes)

sample of 42 hospitals, 1989
(N=395)"®
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Exact value (high-risk) 94% Tennessee, stratified random sample

Exact value (low-risk) 97% of live births, 1989 (N=1,016 high-
risk cases; N=700 low-risk controls)2

Exact value r=0.96 (mean Single teaching hospital, random

difference 0) sample of live births, 1995 (N=99)13

Exact value 95% National Natality Survey, stratified

Grouped value (0-3, 4-6, 7-10) 99% random sample of live births with

0-3 (whites) 94.4% oversampling of LBW, 1980

4-6 (whites) 91.6% (N=9,941)'7

7-10 (whites) 99.6%

Exact value 97.5%,x =091 | NE Ohio, random sample of

<7 100% 99.7% 99.6%, x =0.84 | deliveries at 20 hospitals, 1993-95

<9 99.6% 98.6% 98.3%, k= 0.89 | (N=33,616)"

Birth order First, second, third, etc. (if not single >99% Tennessee, stratified random sample
birth) of live births, 1989 (N=1,016 high-

risk cases; N=700 low-risk controls)2

Gender of child | Male vs. female >98% Tennessee, stratified random sample
of live births, 1989 (N=1,016 high-

risk cases; N=700 low-risk controls)2

Male (vs. female) 99.5% 99.5% 99.5%, x =0.99 | NE Ohio, random sample of
deliveries at 20 hospitals, 1993-95
(N=33,616)"

Conditions of Anemia 9% 50% Tennessee, stratified random sample
the newborn Birth injury 1-2% 83-100% of live births, 1989 (N=1,016 high-

Hyaline membrane 33% 90% risk cases; N=700 low-risk controls)2

Assisted vent <30 mins 10-15% 12-30%

Assisted vent >30 mins 37% 95%

Seizures 5% 38%

Seizures 36-37% 65-76% Kentucky, all neonates with seizures
reported by 5 Fayette County
hospitals, 1985-89 (N=58)*°

Hyaline membrane 34% 97% Missouri, all VLBW infants born to
St.Louis residents, 1989,91,92
(N=976)*'

Congenital Overall (anomalies detected by 1 year) 10% Georgia, all liveborn infants in metro
anomalies Atlanta, 1995 (N=40,266)"
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Overall (anomalies detected by 2 years) | 20% 61% Virginia, all liveborn infants at 16-22
pilot hospitals, 1986 (N=10,034)*

Overall 88% New York, cases reported as having
malformations on birth certificates,
1983-86 (N=11,418)"

Fetal alcohol syndrome 9% 12% Alaska, all potential cases captured by
FAS surveillance program using 16
data sources, 1989-90 (N=630)""'

Fetal alcohol syndrome 11% 18% Colorado, all potential cases captured
by FAS surveillance program using
multiple sources, 1992-94 (N=228)"?

Congenital heart defects 9% Wisconsin, all CHD cases living in
Milwaukee and treated at one
teaching hospital, 1997-99 (N=373)"

Down syndrome (overall) 34% 92% Ohio, all infants reported as having

Down syndrome (whites) 37% 93% Down syndrome on birth certificates

Down syndrome (African-Americans) 17% not reported (N =824) or by cytogenetic
laboratories, 1970-81 (N=1,010)*

Hydrocephalus 28% 50% Tennessee, stratified random sample

Heart malformation 5% 64% of live births, 1989 (N=1,016 high-

Malformed genitalia 27% 50% risk cases with birthweight <1500 g or

Renal agenesis 0% 0% neonatal death)

Cleft lip and/or palate 53% 75%

Polydactyly/syndactyly 10% 100%

Clubfoot 15% 43%

Spina bifida 40% 100% Georgia, all liveborn infants in metro

Rectal atresia or stenosis 10% 75% Atlanta, 1989-90 (N=76,862)"

Esophageal atresia 12% 67%

Omphalocele/gastroschisis 47% 100%

Cleft lip and/or palate 38% 98%

Clubfoot 22% 82%

Diaphragmatic hernia 33% 64%

Down syndrome 19% 37%

Overall (anomalies detected by 1 year) 14%

Overall (anomalies detectable at birth) 28% 77%

78



Cleft lip and/or palate 66% Colorado, all infants with clefts
reported to Registry for Children with
Special Needs, 1989 (N=99)*°

Anencephaly 64% 69% California, all liveborn infants in SF

Spina bifida 25% 75% Bay area, 1983 (N=66,481)"

Microcephalus 2% 20%

Hydrocephalus 13% 56%

Transposition of great vessels 10% 44%

Tetralogy of Fallot 7% 100%

Ventricular septal defect 1% 40%

Atrial septal defect 0% 0%

Endocardial cushion defect 4% 50%

Valve stenosis and insufficiency 4% 100%

Hypoplastic left heart 11% 100%

Coarctation of aorta 3% 100%

Choanal atresia 0%

Lung agenesis, hypoplasia, dysplasia 7% 29%

Colorectal atresia or stenosis 6% 67%

Tracheoesophageal atresia 30% 100%

Hypospadias/epispadias 6% 92%

Cystic kidney disease 10% 67%

Omphalocele/gastroschisis 0%

Cleft lip and/or palate 10-47% 71-87%

Clubfoot 9% 79%

Missing extremity 15% 88%

Diaphragmatic hernia 6% 100%

Down syndrome 26% 94%
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Craniofacial® 6% Dallas, all deliveries at one public
Anencephaly 0% hospital, 1977-80 (N>28,000; N=423
Limbs® 5% with congenital anomalies)™®

Spine and trunk skeleton’ 3%

Pulmonaryd 7%

Cardiovascular’ 7%

Gastrointestinal® 4%

Skin, hair, muscle’ 3%

Urogenital® 6%

Chromosomal® 8%

? All statistics shown are based on a denominator of at least 14 cases.
®This quantity is estimated from the data reported in the manuscript.

“Sensitivities ranged from 0% to 19% across nine hospitals, with a significant association between hospital size and identification of congenital heart disease (r=0.67).

¢ Sensitivities are also reported for subtypes of anomalies, although typically not for specific anomalies.
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Section 5: Are Postpartum Readmissions a Valid Measure of
Obstetric Quality of Care?
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SUMMARY

Objective: To assess the validity of risk-adjusted postpartum maternal readmission rates based
on California’s Patient Discharge Data Set as a measure of obstetric quality of care.

Research Design: Retrospective cohort.

Subjects: We randomly sampled 1,611 deliveries from 52 of the 267 nonfederal hospitals that
performed more than 678 eligible deliveries in California in 1992-1993, oversampling hospitals
with significantly more or fewer readmissions than expected.

Measures: Using data abstracted from medical records by experienced obstetric nurses, we
compared in-hospital postpartum complication rates, processes of care, and severity of illness at
readmission across hospitals with low, intermediate, and high risk-adjusted readmission rates.

Results: Most post-cesarean complications were more prevalent at high-readmission than at
low-readmission hospitals (laceration, 9.4% versus 0.7%; wound infection, 5.9% versus 0.0%;
endometritis, 13.3% versus 2.5%; mean hematocrit drop 4.8% versus 3.9%). There were no
significant differences in labor management, but women at high-readmission hospitals were less
likely to have operative vaginal delivery (1.5% versus 16%) or scheduled repeat cesarean (17%
versus 58%), and more likely to have vaginal birth after cesarean (60% versus 28%), than
women at low-readmission hospitals. Mean postpartum length-of-stay was shorter at low-
readmission hospitals than elsewhere (vaginal, 28 versus 31-32 hours; cesarean, 70 versus 75-82
hours). The percentage of women in the highest acuity level at readmission was similar at low
(62%), intermediate (64 %), and high-readmission (52%) hospitals.

Conclusions: Although we could not establish whether low-readmission hospitals provide better

care than high-readmission hospitals, low risk-adjusted postpartum readmission rates are
associated with a more aggressive management style and fewer post-cesarean complications.
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INTRODUCTION

Readmissions are a widely used measure of quality of care for medical and surgical conditions,
in part because they can be ascertained using linked data from hospital discharge or claims
databases. A conceptual model linking readmissions to antecedent quality of care and premature
discharge has been proposed.® Patients hospitalized for chronic conditions such as heart failure
and obstructive lung disease have an especially high risk of readmission;" several randomized
controlled trials have identified inpatient interventions that reduce this risk.>®”® In observational
settings, some but not all studies have shown that readmitted patients experienced poorer
processes of care during their prior hospitalization than patients who were not readmitted, after
adjusting for differences in severity of illness.”"*

This study was conducted to validate the use of risk-adjusted postpartum maternal readmission
rates as an indicator of the quality of inpatient obstetric care in California. Because content
validity had already been addressed through the deliberations of an expert clinical advisory
panel, we focused on testing criterion and construct validity. These validation analyses required
independent recoding of medical records by coding professionals, supplemented by detailed
review of medical and nursing management by experienced obstetric nurses.

Criterion validity describes the extent to which a measure being evaluated agrees with a “gold
standard” or better measure of the same phenomenon. Accordingly, we hypothesized that if risk-
adjusted postpartum readmission rates are a valid quality indicator, then these rates should be
relatively robust to differences in risk-adjustment methodology. Hospitals with high rates when
risk-adjustment is performed using administrative data should also have high rates when risk-
adjustment is performed using more detailed clinical data.

We then performed two sets of analyses to address construct validity. Our first construct was
that readmissions often result from in-hospital complications that are not recognized or not
appropriately treated at discharge. If this construct is correct, then hospitals with high risk-
adjusted rates of postpartum readmission should also have high rates of important in-hospital
postpartum complications. Our second construct was that poor clinical outcomes, such as
complications requiring readmissions, often result from poor processes of care. If this construct
is correct, then hospitals with high risk-adjusted rates of postpartum readmission should manage
labor, delivery, and the puerperium in ways that predispose to complications.

Finally, we evaluated the possibility of confounding due to variation in the clinical indications or
thresholds for postpartum readmission across hospitals. In the absence of confounding, patients
who are readmitted after delivery at hospitals with high risk-adjusted readmission rates should be
just as sick as patients who are readmitted after delivery elsewhere. Differences in severity of
illness at readmission would suggest that hospitals with high readmission rates may be less
selective in whom they readmit, or may see more vulnerable patients who would have difficulty
managing their complications in the outpatient setting.

METHODS

The general methods for this study are described in Section 2. In this section, we describe only
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those aspects of the methods that were specifically related to evaluating the validity of
postpartum maternal readmission rates as an indicator of hospital quality.

In defining readmissions, we excluded “direct” transfers to other acute care facilities. Transfers
were labeled as “direct” if the discharge disposition was “acute hospital” with an discharge-to-
readmit interval of 0-1 days, or if the disposition was “other facility” or “routine” with a
discharge-to-readmit interval of 0 days. We also excluded readmissions with principal diagnoses
unlikely to be related to inpatient obstetric care: malignancy, mental disorders (290.xx-319,
648.3x-648.4x, V71.0x), cardiomyopathy (425.x), cardiac dysrhythmias and failure (427.xx-
428.x), cerebrovascular disease (430-437.x, 674.0x), appendicitis (540.x-543.x), enteritis and
colitis (001.x-009.x, 555.x-558.x), cholelithiasis and cholecystitis (574.xx-575.xx), diseases of
pancreas (577.x), calculus of kidney and ureter (592.x), disorders of breast (610.x-611.xx,
675.xx-676.xx), injuries (800.xx-959.xx), sterilization (V25.2), and rehabilitation (V57.xx). This
list was not intended to be exhaustive; other obviously unrelated diagnoses would have been
excluded if they had been represented. We captured all eligible readmissions, regardless of
location, using the patient’s encrypted social security number (confirmed by at least partial
match on date of birth) to link across hospitalizations.

After selecting a stratified random sample of vaginal and cesarean deliveries from acute care
hospitals in California, as described in Section 2, we asked each participating hospital to
photocopy each sampled record and associated prenatal records, if available. Each record was
reviewed by one of four experienced Accredited Record Technicians or Certified Coding
Specialists, who abstracted demographic and prenatal data, blinded to both the original discharge
abstract and the hospital’s readmission rate. A regional coding authority tested these individuals
before they were hired, trained and supervised them, and verified at least 10% of each
abstractor’s records to ensure at least 95% accuracy. Discrepancies were resolved through
collective review of appropriate references. One of two experienced obstetric nurses (also
blinded to hospital-reported data) then abstracted more complex clinical data.'' To enhance data
accuracy, we examined the univariate distribution of each variable and corrected illogical values
by re-reviewing medical records.

We evaluated the criterion validity of risk-adjusted postpartum readmission rates based on
OSHPD’s Patient Discharge Data Set by estimating risk-adjustment models using the recoded
ICD-9-CM diagnoses and reabstracted clinical data described above. Separate models were
estimated for vaginal and cesarean deliveries, to permit direct comparison of criterion validity
between women with different modes of delivery. Because our validation sample was much
smaller than the original sample used to select risk factors, we retained the risk factors identified
through the modeling procedure described in Section 2. We then re-estimated these models on
our validation sample to obtain sample-specific coefficient estimates. To avoid convergence
problems and reversals of the direction of association, up to three risk factors were removed from
each model. Two dummy variables were added to each model to estimate the adjusted odds ratio
for postpartum readmission at hospitals that were flagged as having significantly more or fewer
readmissions than expected (relative to non-outlier hospitals). For each risk factor, we
substituted the version based on recoded ICD-9-CM diagnoses or reabstracted demographic data
for the version based on hospital-reported data. The only exceptions to this substitution were
insurance status, which was not reabstracted, and the number of antepartum hospitalizations,
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which could only be determined from the Patient Discharge Data Set.

We then added or substituted several clinical risk factors that could not be captured fully using
ICD-9-CM codes alone: previous cesarean, multiple gestation, premature delivery (<28, 28-32,
or 32-37 weeks of gestation), preeclampsia or eclampsia (clinically defined), thick meconium at
delivery, crash cesarean (cesarean deliveries only), insulin-requiring diabetes mellitus,
antepartum fever, maternal obesity (body mass index >95™ percentile [42.1]) or overweight
(body mass index between the 85™ and 95" percentiles [33.7-42.1]) at admission, grand
multiparity (e.g., at least 4 prior vaginal deliveries), fetal macrosomia (birth weight >4000
grams), psychiatric disease, third trimester hemorrhage (vaginal deliveries only), and antepartum
anemia (hematocrit <33%, vaginal deliveries only). Two dummy variables were added to each
model to estimate the adjusted odds ratio for postpartum readmission at hospitals that were
flagged as having significantly more or fewer readmissions than expected (relative to non-outlier
hospitals). In a confirmatory analysis, we omitted these two variables and used the resulting
models to re-estimate each patient’s risk of readmission based on recoded and clinical data.
These probabilities were summed at the hospital level to estimate the expected number of
readmissions for each hospital. The indirectly standardized readmission ratio for each hospital
sampling stratum was estimated as the ratio of observed to expected readmissions. The patient-
level c statistic, and the hospital-level weighted Pearson correlation coefficient between observed
and expected readmission rates, were estimated as measures of overall model performance.

We evaluated the construct validity of risk-adjusted postpartum readmission rates as a measure
of inpatient quality of care, based on Donabedian’s construct of structure, process, and
outcomes.'” We hypothesized that postpartum outcome measures would be associated with each
other, and with process measures of quality at the hospital level. Accordingly, we compared the
prevalence of inpatient postpartum complications and relevant processes of care across hospitals
with fewer readmissions than expected (p<0.01), more readmissions than expected (p<0.01), and
neither. In a sensitivity analysis, we used p<0.10 as an alternative threshold for classifying
hospitals. These comparisons across hospital sampling strata were performed using the svytab
procedure in STATA Release 6, which provides robust variance estimates taking into account the
oversampling of cesarean deliveries and the clustering of observations within hospitals.

Risk-adjusted readmission rates may be confounded by unmeasured variation in either severity
of illness or physicians’ admitting practices across hospitals. Accordingly, we also defined
definite and acceptable criteria for postpartum readmission among women with the four most
common indications: hemorrhage and retained products, endometritis, wound infection, and
urinary tract infection. These criteria were based on key clinical findings that we abstracted from
clinic and emergency room notes at presentation, including symptoms (e.g., fever, abdominal/
pelvic pain, vaginal discharge, urinary symptoms, wound discharge or separation, vomiting),
prior outpatient therapies (e.g., antibiotics, wound care), physical findings (e.g., temperature,
heart rate, blood pressure, abdominal/pelvic examination, wound examination), and laboratory
values (e.g., hematocrit, leukocyte count, pelvic ultrasound). We then compared the percentage
of readmitted women with definite (or any acceptable) criteria for readmission across hospitals
with fewer readmissions than expected (p<0.01), more readmissions than expected (p<0.01), and
neither. In a sensitivity analysis, we used p<0.10 as an alternative threshold for classifying
hospitals. These comparisons across hospital sampling strata were again performed using the
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svytab procedure in STATA Release 6.

Because of the complex sample structure, all analyses were weighted (unless otherwise noted).
The weight was defined as the inverse of the sampling probability, which was calculated by
multiplying the probability of sampling a specific hospital by the probability of sampling an
individual within that hospital. The weights were adjusted to reflect both nonsubmitted records
and records that were later classified as ineligible.

RESULTS

We received 1,614 of the 1,662 delivery records (97.1%) requested from the 52 participating
hospitals, and 469 of the 493 requested readmission records (95.1%). Three of the former and
four of the latter records did not qualify for the study; hence 1,611 delivery (471 primary
cesarean, 319 repeat cesarean, 821 vaginal) and 465 readmission records were abstracted.

Table 1 compares the overall performance of risk-adjustment models based solely on hospital
discharge data and similar models based on recoded and reabstracted data with additional clinical
detail. Specific parameter estimates from these models are shown in Appendix Tables 1 through
4. Overall model discrimination, as measured by the c statistic (e.g., the area under a receiver
operating characteristic curve), improved moderately when recoded and clinical data were
substituted for hospital-reported data. Similarly, the proportion of variation in hospital
readmission rates explained by the risk-adjustment model increased, but remained under 4%.
The rank correlation between hospital-level predicted readmission rates from these models was
moderate (r=0.38). The adjusted odds ratios for readmission after vaginal delivery were very
similar between these models, both for hospitals with significantly fewer complications than
expected (OR=0.42, 95% CI 0.35-0.51 based on hospital-reported data versus OR=0.43, 95% CI
0.35-0.52 based on recoded and clinical data) and for hospitals with significantly more
complications than expected (OR=1.21, 95% CI 1.09-1.33 based on hospital-reported data versus
OR=1.33, 95% CI 1.19-1.47 based on recoded and clinical data). Similarly, the ratios of
observed to expected readmissions at outlier hospitals were essentially unchanged by better risk-
adjustment using clinical data. The overall difference in the risk-adjusted readmission rate
between low and high outlier hospitals decreased slightly, from 0.586% to 0.563%, with better
risk-adjustment using clinical data.

Table 2 shows the prevalence of various in-hospital, postpartum complications at hospitals with
fewer readmissions than expected, more readmissions than expected, and neither fewer nor more
readmissions than expected (hereafter referred to as low, intermediate, and high-readmission
hospitals). Only complications documented in at least 12 women are shown. Weighted
prevalence estimates can be extrapolated to the entire population of women who were delivered
at acute care, non-federal hospitals with active obstetric services in California.

For most in-hospital post-cesarean complications, there was a statistically or marginally
significant (p<0.10) trend toward higher prevalence at either high or intermediate-readmission
hospitals, relative to low-readmission hospitals. For example, cesarean-related lacerations were
documented in 9.4% of eligible patients at high-readmission hospitals versus 0.7% at low-
readmission hospitals. Cesarean wound infections were documented in 5.9% of eligible patients
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at high-readmission hospitals versus 0.0% at low-readmission hospitals. Endometritis was
documented in 13.3% of cesarean patients at high-readmission hospitals versus 2.5% at low-
readmission hospitals. A similar difference was noted for post-cesarean fever (33.5% versus
20.4%), an objective finding that is less susceptible to documentation bias than endometritis.
Although the prevalence of postpartum hemorrhage did not differ significantly across hospital
strata, the estimated blood loss during and the measured hematocrit drop after cesarean delivery
were greater at high-readmission than at low-readmission hospitals (832 versus 648 ml, and
4.8% versus 3.9%, respectively). Prevalence differences across hospital strata were less
consistent for complications after vaginal delivery.

Table 3 shows no significant differences in labor management across hospitals stratified
according to their readmissions experience. However, there were striking differences in delivery
management, in that women at high-readmission hospitals were less likely to have operative
vaginal deliveries than women at other hospitals (1.5% versus 16.1% at low-readmission and
13.8% at intermediate-readmission hospitals). Among these women, forceps were used in most
cases at high-readmission hospitals (74%), whereas vacuum assistance was used in most cases at
other hospitals (69%-70%). Mediolateral episiotomies were almost never performed at high-
readmission hospitals, but were performed occasionally (2.9%-5.3%) at other hospitals. At low-
readmission hospitals, 16% of eligible patients were not counseled about a trial of labor, and
47% reportedly refused despite counseling, resulting in an unusually high rate of scheduled
repeat cesarean deliveries (58% versus 17% at low-readmission and 35% at intermediate-
readmission hospitals) and a low rate of vaginal birth after cesarean (28% versus 60% at low-
readmission and 51% at intermediate-readmission hospitals).

With respect to postpartum care, low-readmission hospitals were more likely than other hospitals
to have a documented nurse inspection of the cesarean wound at discharge, but less likely to
have a documented physician inspection (94% and 59% at low-readmission hospitals,
respectively, versus 85% and 76% at high-readmission and 85% and 71% at intermediate-
readmission hospitals). Mean postpartum length of stay was also shorter at low-readmission than
at intermediate-readmission hospitals for both vaginal and cesarean deliveries, consistent with
the finding in Table 2 that in-hospital postpartum complication rates were less frequent at low-
readmission hospitals than at other hospitals.

Finally, Table 4 shows the percentage of readmissions that met definite or any criteria for
readmission, based on nurses’ abstraction of key clinical findings that physicians consider in
determining whether to readmit a postpartum patient. Overall, the percentage of women in the
highest acuity level at readmission was similar at low-readmission (62%), intermediate-
readmission (64%), and high-readmission (52%) hospitals. Only for postpartum endometritis
was there evidence that women readmitted at high-readmission hospitals were less severely ill
than women readmitted at low or intermediate-readmission hospitals (i.e., 42% met definite
criteria for readmission, versus 56% and 62%, respectively). This difference disappeared when
looser criteria for readmission were applied or when postpartum endometritis was aggregated
with other complications that often necessitate readmission. Sensitivity analyses using p<0.10 as
an alternative threshold for classifying hospital readmission rates generated results similar to
those presented in Tables 2-4, except that the difference between low and high-readmission
hospitals in the overall percentage of women with any criteria for readmission (83% versus 73%,
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respectively) achieved statistical significance (Table 5).
DISCUSSION

The current study represents the first comprehensive effort to evaluate the validity of risk-
adjusted postpartum maternal readmission rates as an indicator of the quality of inpatient
obstetric care. In another component of the same study,13 we showed that inter-hospital variation
in coding does not significantly bias risk-adjustment of readmission rates, because high-
readmission hospitals are not systematically less likely to report risk factors than low-
readmission hospitals. In this Section, we performed four sets of analyses to address the validity
of risk-adjusted postpartum maternal readmission rates as an indicator of the quality of inpatient
obstetric care. First, we established that it is possible to construct better risk-adjustment models
for postpartum readmissions using additional clinical data elements that can only be obtained
through medical records review by trained professionals. However, these improved models do
not explain the superior performance of hospitals with significantly fewer than expected
readmissions, nor the inferior performance of hospitals with significantly more than expected
readmissions. By several metrics, the performance gap between outlier hospitals on either end of
the distribution remains roughly constant despite better risk-adjustment, suggesting that
measures of risk-adjusted readmissions based only on OSHPD data have criterion validity.

Second, we confirmed that women who were delivered at high-readmission hospitals were also
more likely to experience several types of in-hospital postpartum complications than women who
were delivered at low-readmission hospitals. These complications included cesarean-related
laceration, wound infection, endometritis, and postpartum fever. In addition, women who
underwent cesarean delivery at high-readmission hospitals lost more blood, and experienced a
greater fall in hematocrit, than women who underwent cesarean delivery at low-readmission
hospitals. These findings support the validity of risk-adjusted postpartum maternal readmission
rates as a quality indicator, at least for cesarean delivery.

Our third set of analyses demonstrated substantial differences in processes of care across low,
intermediate, and high-readmission hospitals. However, these differences are difficult to
interpret because they do not follow a consistent pattern. With input from a clinical advisory
panel, we identified several physician and nurse behaviors that may increase the risk of
postpartum infection, including artificially rupturing membranes, failing to intervene after 12
hours of rupture, performing multiple vaginal examinations after rupture, internal fetal
monitoring, failing to give timely antibiotics to febrile women or to women undergoing cesarean
delivery, inserting Foley catheters before vaginal delivery, and failing to remove them promptly.
None of these behaviors was more prevalent at high-readmission than at low-readmission
hospitals. However, physicians at high-readmission hospitals used vacuum assistance less often
than physicians at low-readmission hospitals; they were also more likely to offer a trial of labor
to eligible women after a prior cesarean, less likely to document refusal of that offer, and more
likely to have successful vaginal births after cesarean. Postpartum hospital stays were longer, on
average, at intermediate-readmission (and nonsigificantly at high-readmission) than at low-
readmission hospitals, consistent with the observed difference in in-hospital complication rates.
We conclude that low risk-adjusted postpartum readmission rates are associated at the hospital
level with a more interventional style of delivery management, although we cannot determine
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whether this relationship is causal.

Finally, we confirmed that variation in readmission practices is unlikely to explain the observed
difference in risk-adjusted postpartum maternal readmission rates between low and high-
readmission hospitals. Only for postpartum endometritis did we find evidence that high-
readmission hospitals admit less severely ill women than low-readmission hospitals. Although
the percentage of readmitted women who met definite clinical criteria for readmission varied
from 52% to 64% across hospital strata, this variation could not account for the three-fold
difference in risk-adjusted readmission rates across strata.

Although we are not aware of any previous studies of the validity of risk-adjusted postpartum
readmission rates as an indicator of inpatient quality of care, our approach is consistent with how
other researchers have analyzed this outcome. For example, several authors and meta-analysts
have used postpartum maternal readmissions within 6 weeks as an outcome in evaluating the
effects of shorter hospital stays after delivery14’15’16’17 and related changes in the organization and
financing of perinatal care.'®'® Pregnancy-related complications and prenatal emergency room
visits and admissions were significant predictors of postpartum readmissions in an analysis of
Medicaid claims from three California counties, but the authors found no effect of Medicaid
managed care.”’ The strongest risk factors for maternal readmission in Canada were in-hospital
postpartum complications such as puerperal infection and postpartum hemorrhage, plus selected
antepartum complications such as polyhydramnios, hypertension, and diabetes.”! Antepartum
transfusions may flag women who are at especially high risk.*

In interpreting our findings, several limitations should be considered. First, our review of
medical records may have failed to capture some in-hospital complications or some clinical
findings that justified readmission. However, we selected nurses with experience in obstetrics,
trained them thoroughly using specific written guidelines, monitored them carefully, and gave
them as much time as needed to abstract each record. Nonetheless, our abstractors were only
able to abstract information that was documented in the medical record; physician and nursing
documentation was manifestly inadequate in some cases. Second, because this study was
designed to validate a published report on risk-adjusted outcomes, our medical records came
from 1992 and 1993. Readmission practices may have changed during the past decade, such that
readmission rates may now be a better or poorer indicator of quality of care. Similarly, ICD-9-
CM coding practices may have improved so much that coding errors and omitted clinical risk
factors may have even less impact on model performance and hospital classification. Our
exclusion of very low-volume hospitals from the sampling frame may limit the generalizability
of our findings. Fortunately, these hospitals accounted for fewer than 10% of deliveries
performed in California hospitals during the study period. Finally, despite the fact that our
sample was designed to provide 80% power to find meaningful differences in key processes and
outcomes of care between low, intermediate, and high-readmission hospitals, postpartum
readmissions remain a rare outcome that may be subject to excessive random variation.”

Despite these limitations, our findings have important implications for assessing obstetric quality
of care. It appears that high-readmission hospitals see more postpartum complications
(especially post-cesarean complications), both before and after discharge, than low-readmission
hospitals. However, the reasons for these differences remain unclear. We cannot say whether
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low-readmission hospitals actually provide better care than high-readmission hospitals, although
it is certainly plausible that they do. Given that low readmission rates appear to be a marker for a
more aggressive style of delivery management, we suspect that there are major differences in
bedside care that could not be ascertained by abstracting explicit process measures from medical
records. Future studies should consider other process measures, and apply both implicit and
explicit review to capture more subjective dimensions of quality.
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Table 1. Measures of risk-adjustment performance and accuracy, using either hospital-reported
data or professionally recoded and reabstracted data, from 52 California hospitals previously
identified as having more postpartum readmissions than expected, fewer readmissions than

expected, or neither

Measure

Hospital-reported ICD-9-
CM codes and
demographic data

Recoded ICD-9-CM
codes plus reabstracted
clinical data

Adjusted odds of readmission after
vaginal delivery
Hospitals with fewer (p<0.01)
readmissions than expected
Neither
Hospitals with more readmissions
than expected

0.42 (0.35-0.51)
1.0 (reference)

1.21 (1.09-1.33)

0.43 (0.35-0.52)
1.0 (reference)

1.33 (1.19-1.47)

Adjusted odds of readmission after
cesarean delivery
Hospitals with fewer (p<0.01)
readmissions than expected
Neither
Hospitals with more readmissions
than expected

0.40 (0.30-0.52)
1.0 (reference)

1.94 (1.67-2.26)

0.56 (0.43-0.73)
1.0 (reference)

1.91 (1.63-2.24)

Ratio of observed to expected number
of readmissions
Hospitals with fewer (p<0.01)

readmissions than expected 0.452 0.507
Neither 1.008 0.996
Hospitals with more readmissions

than expected 1.344 1.365

Overall difference in risk-adjusted
readmission rate between low and high-
outlier hospitals 0.586% 0.563%
Weighted hospital-level Pearson
correlation between observed and
expected readmissions
Number of readmissions 0.956 0.957
Readmission rate 0.105 0.197
C statistic
Vaginal deliveries 0.587 0.619
Cesarean deliveries 0.631 0.651
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Table 2. In-hospital postpartum complication rates, based on nurses’ review of medical records, at California hospitals with more
postpartum readmissions than expected, fewer readmissions than expected, and neither

Weighted Prevalence (%)

Type of Hospitals with Hospitals with
delivery No. women with fewer (p<0.01) Other Hospitals | more (p<0.01)
Postpartum complication V: vaginal complication” readmissions (N=828) readmissions
C: cesarean (N=413) (N=370)
Perineal laceration (any degree) v 301 24.4%" 38.6%" 30.2%
High vaginal/cervical laceration \Y 84 4.5%" 11.2%% 4.0%"
Other laceration C 32 0.7% 1.8%" 9.4% "
Hemorrhage All 75 3.5% 2.3% 1.4%
Vaginal delivery \" 47 4.5% 2.0% 1.4%
Cesarean delivery C 28 0.6%"" 3.4%'"" 1.3%
With Transfusion All 17 0.6% 0.2% 0.2%
Dilatation & curettage All 14 0.6% 0.4% 1.1%
Urinary tract infection All 16 0.6% 0.3% 0.3%
Wound infection All 41 1.3% 1.0% 1.7%
Cesarean delivery C 39 0.0%"* 2.8%' 5.9%"
Discharged with wound
abnormality per RN note
Marginal or definite C 40 0.2%" '+ 1.1%"" 1.7%"
Definite C 22 0.0%" 0.4%'" 0.5%

* Only complications that occurred in at least 12 women are shown.
" The percentages designated by this symbol are significantly different by pairwise comparison, p<0.01.
* The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.

¥ The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.
" The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.005.
" The two percentages in the same row that are marked with this symbol are marginally different by pairwise comparison, p<0.10.

* The two percentages in the same row that are marked with this symbol are marginally different by pairwise comparison, p<0.10.
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Discharged with wound
abnormality per MD note

Marginal or definite C 49 0.8% 1.2% 2.3%
Definite C 24 0.2% 0.5% 1.4%
Endometritis All 59 1.1% 2.0% 3.4%
Cesarean delivery C 49 2.5%"" 5.6% 13.3%""
Fever (Tma>38.4 °C) All 315 8.9% 9.4% 12.0%
Vaginal delivery \" 67 5.1% 5.8% 7.4%
Cesarean delivery C 248 20.4%'" 22.2% 33.5%'"
High fever (Tpa>38.9 °C) All 28 0.8% 1.4% 1.5%
Cesarean delivery C 22 1.3% 1.5% 2.7%
Any specified complication All 777 32.9%" 48.0%> 42.2%
Vaginal delivery \Y% 437 35.3%% 52.7%% 41.6%
Cesarean delivery C 340 25.6% 31.2% 44 8%"
Estimated blood loss (ml) C 784" 648" 736+ 8327+
Hematocrit drop (%) All 1116 3.4 3.5 3.8
Vaginal delivery \Y% 449" 3.2 3.1 3.5
Cesarean delivery C 667 3.9" 4.4 48"

?%The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.001.
Number of cases with nonmissing data.

95




Table 3. In-hospital processes of care, based on nurses’ review of medical records, at California hospitals with more postpartum

readmissions than expected, fewer readmissions than expected, and neither

No. women Weighted Prevalence (%)
eligible for Hospitals with Hospitals with
specified fewer (p<0.01) Other Hospitals more (p<0.01)
Process of care Eligible population process of readmissions (N=828) readmissions
care (N=413) (N=370)
Labor management
All excluding elective
Spontaneous rupture of C/S and ruptured
membranes membranes at admit 815 26.0 26.2 24.1
Vaginal deliveries 815 49.0 46.7 45.3
Duration rupture of All excluding elective 1210 779 39 98
membranes (hrs) cesareans
Prolonged rupture of All excluding elective 1279 1.1% 3.9 1.6
membranes (>12 hrs) cesareans
Pelvic exams after rupture of | All excluding elective 1316 51 16 49
membranes cesareans
Internal monitoring All excluding elective 1316 35.6 347 43.8
cesareans
Induction of labor All excluding elective 1316 13.5 9.9 13.2
cesareans
Epidural analgesia Vaginal deliveries 821 39.1 27.8 37.1
Spinal anesthesia Cesarean deliveries 790 48.8" 38.5 220"
Delivery management
Operative vaginal delivery All excluding elective 1316 16.1° 13.8* 1.5
Forceps alone cesareans without trial 141 18" 30° 747
Vacuum alone of labor 141 70 69" 237"

* The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.0001.
" The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.

* The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.0005.
¥ The two percentages in the same row that are marked with this symbol are marginally different by pairwise comparison, p<0.10.
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Episiotomy Vaginal deliveries 821 64.6 53.0 50.3
Mediolateral With episiotomy 424 5.3 2.9% 0
Incision other than low Cesarean deliveries 790 0.7" 5.8 1.3"
transverse
Eligible for trial of labor Prior cesarean,
Scheduled repeat C/S eligible for trial of 319 576" 34.8° 16.5"
Vaginal birth labor 319 2777 50.8" 60.4"
Reason scheduled repeat C/S Prior cesarean,
Failure to counsel eligible for trial of 313 15.7° 11.9" 0.1™
Refused trial of labor labor 258 46.8" 24.8° 164"
Operative time (minutes) Cesarean deliveries 779 37.3 43.3 43.5
Foley catheter before delivery | Vaginal deliveries 821 31.0" 13.77 294
Antibiotics before or within | gy oo fore delivery 102 58.4 92.5 85.6
60 minutes after delivery
Antibiotics before or within | o eon Geliveries 790 84.8 81.7 82.0
60 minutes after delivery
Postpartum management
Foley catheter time (minutes) | Vaginal deliveries 200 101 81 204
(hours) Cesarean deliveries 615 23.0 22.6 20.6
Time from delivery to Cesarean deliveries 760 23.6 23.6 229
ambulation (hrs)
Nurse inspected wound at Cesarean deliveries 788 937" 85.3' 85.17
discharge
Physician inspected wound at | .00 deliveries 789 58.8 70.8* 757"
discharge
Postpartum hospital stay (hrs) | Vaginal deliveries 802 28.2° 31.9° 31.3
Cesarean deliveries 765 69.8'" 74.7" 81.8

" The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.
" The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.005.
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Table 4. Severity of illness at postpartum readmission among patients readmitted to California hospitals with more postpartum
readmissions than expected (p<0.01), fewer readmissions than expected (p<0.01), and neither

Percentage of women who meet specified criteria
No. readmissions for Hospitals with Hospitals with
specified principal fewer (p<0.01) | Other Hospitals | more (p<0.01)

Principal diagnosis at readmission diagnosis readmissions readmissions
Definite criteria for readmission (high acuity)
Postpartum hemorrhage and retained products 76 67% 62% 62%
Postpartum endometritis 191 56% 62%" 42% "
Po.st‘partum wound infection (cesarean or 75 56% 40% 449%
episiotomy)
Postpartum urinary tract infection 63 30%" 60%" 51%
Any of the above 337 62% 64% 52%
Any criteria for readmission (high or intermediate acuity)
Postpartum hemorrhage and retained products 76 96% 95% 100%
Postpartum endometritis 191 65% 78% 65%
Poist.partum wound infection (cesarean or 75 66% 43% 449
episiotomy)
Postpartum urinary tract infection 63 36% 66% 51%
Any of the above 337 75% 80% 71%

“ The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.
" The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.
* The two percentages in the same row that are marked with this symbol are marginally different by pairwise comparison, p<0.10.
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Table 5. Severity of illness at postpartum readmission among patients readmitted to California hospitals with more postpartum

readmissions than expected (p<0.10), fewer readmissions than expected (p<0.10), and neither

Percentage of women who meet specified criteria
No. readmissions for Hospitals with Hospitals with
specified principal fewer (p<0.10) more (p<0.10)

Principal diagnosis at readmission diagnosis readmissions Other Hospitals readmissions
Definite criteria for readmission (high acuity)
Postpartum hemorrhage and retained products 76 50% 68% 57%
Postpartum endometritis 191 50% 76%" 37%
Po.st‘partum wound infection (cesarean or 75 559 31% 51%
episiotomy)
Postpartum urinary tract infection 63 48% 63% 49%
Any of the above 337 60% 69% 51%
Any criteria for readmission (high or intermediate acuity)
Postpartum hemorrhage and retained products 76 99% 93% 100%
Postpartum endometritis 191 68% 86% ' 63%"
Polst.partum wound infection (cesarean or 75 62% 1% %"
episiotomy)
Postpartum urinary tract infection 63 69% 69% 49%
Any of the above 337 83% 81% 3%

" The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.
" The two percentages in the same row that are marked with this symbol are significantly different by pairwise comparison, p<0.05.



Appendix Table 1: Population-weighted logistic regression model for postpartum maternal readmission,
based on ICD-9-CM coded diagnoses originally reported to OSHPD
Vaginal delivery cases

Parameter Lower CI for Upper CI for
Variable Estimate p value Odds Ratio Odds Ratio  Odds Ratio
Intercept -8.9466  <.0001
Race: Black 0.5910 <.0001 1.806
Race: Hispanic 0.5048 <.0001 1.657 1.521 1.805
Race: Other 0.1119  0.0637 1.118 0.994 1.259
Insurance: HMO/Private -0.0105 0.8022 0.990 0912 1.074
Insurance: None -0.4743 0.0005 0.622 0.476 0.814
Drug abuse 09544 <.0001 2.597 2.093 3.223
Age: Years 0.2799  <.0001 1.323 1.254 1.396
Age: Years squared -0.00566  <.0001 0.994 0.993 0.995
Number of antepartum
hospitalizations (0-7) 0.6748 <.0001 1.964 1.828 2.110
Chorioamnionitis 0.8614 <.0001 2.366 1.852 3.024
Anemia, specified causes 1.7706  <.0001 5.874 5.193 6.644
Obesity -0.2490 0.6218 0.780 0.290 2.096
Preeclampsia, mild 1.3866  <.0001 4.001 3.217 4.977
Preeclampsia, severe -2.2320 0.0003 0.107 0.032 0.360
Diabetes 0.8815 <.0001 2.415 2.101 2.775
Premature labor -0.4059 <.0001 0.666 0.554 0.802
Previous cesarean 1.5191 <.0001 4.568 4.072 5.124
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Appendix Table 2: Population-weighted logistic regression model for postpartum maternal readmission,
based on ICD-9-CM coded diagnoses originally reported to OSHPD
Cesarean delivery cases

Parameter Lower CI for Upper CI for
Variable Estimate p value Odds Ratio  Odds Ratio  Odds Ratio
Intercept -4.8020  <.0001
Race: Black 0.8793  <.0001 2.409 2.039 2.846
Race: Hispanic -0.4126  <.0001 0.662 0.577 0.760
Race: Other 0.8735 <.0001 2.395 2.075 2.766
Insurance: HMO/Private -0.4865  <.0001 0.615 0.547 0.691
Insurance: None -1.7558  <.0001 0.173 0.104 0.287
Drug abuse 0.9759  <.0001 2.654 1.759 4.003
Age: Years 0.0421  0.2434 1.043 0.972 1.119
Age: Years squared -0.00087  0.1580 0.999 0.998 1.000
Number of antepartum
hospitalizations (0-7) 0.0792  0.1614 1.082 0.969 1.209
Anemia, specified causes 0.3133 0.0029 1.368 1.113 1.682
Obesity 1.7503  <.0001 5.756 4.427 7.484
Preeclampsia, mild -0.0335  0.8178 0.967 0.727 1.286
Preeclampsia, severe 1.5992  <.0001 4.949 3.946 6.206
Diabetes, abnormal glucose
tolerance 0.7841  <.0001 2.190 1.831 2.620
Diabetes, other 0.3951 <.0001 1.485 1.058 2.082
Intrauterine death 0.7679  0.0363 2.155 1.050 4.423
Premature labor -0.0321  0.7327 0.968 0.806 1.164
Previous cesarean -0.6684  <.0001 0.513 0.456 0.576
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Appendix Table 3: Population-weighted logistic regression model for postpartum maternal readmission,
based on ICD-9-CM coded diagnoses independently recoded by study staff, plus additional clinical

variables abstracted from medical records
Vaginal delivery cases

Parameter Lower CI for Upper CI for
Variable Estimate p value Odds Ratio Odds Ratio = Odds Ratio
Intercept -6.8512  <.0001
Race: Black (recoded) 0.4956  <.0001 1.641 1.436 1.876
Race: Hispanic (recoded) 0.1977 <.0001 1.219 1.112 1.336
Race: Other (recoded) 0.2199  0.0006 1.246 1.098 1.413
Insurance: HMO/Private 0.1910 <.0001 1.210 1.114 1.315
Insurance: None -0.4958  0.0008 0.609 0.456 0.814
Drug abuse (recoded) 1.0379  <.0001 2.823 2.319 3.437
Age: Years (recoded) 0.1036  <.0001 1.109 1.053 1.169
Age: Years squared (recoded) -0.00271  <.0001 0.997 0.996 0.998
Number of antepartum 0.5330 <.0001 1.704 1.563 1.858
hospitalizations (0-7)
Chorioamnionitis (recoded) 0.8622  <.0001 2.368 1.880 2.983
Anemia, specified causes (recoded) 1.1480 <.0001 3.152 2.758 3.602
Obesity (recoded) 0.4516  0.0005 1.571 1.220 2.023
Previous cesarean (abstracted) 0.7638  <.0001 2.147 1.933 2.384
Multiple gestation (abstracted) 0.7033  <.0001 2.020 1.439 2.836
Prior vaginal deliveries (>3, 0.7485 <.0001 2.114 1.775 2.518
abstracted)
Obesity (BMI>42.1, abstracted) 1.2536  <.0001 3.503 2.803 4.377
Macrosomia (birthweight >4000 g, 1.0728  <.0001 2.924 2.638 3.240
abstracted)
Diabetes requiring insulin 1.1836  <.0001 3.266 2.749 3.881
(abstracted)
Antepartum fever (T>38.4, 1.1352 <.0001 3.112 2.480 3.905
abstracted)
Psychiatric disease (abstracted) -0.9291  <.0001 0.395 0.295 0.528
Premature, gestational age <28 -1.3711  <.0001 0.254 0.174 0.370
weeks (abstracted)
Premature, gestational age 28-32 1.7312 <.0001 5.647 3912 8.152
weeks (abstracted)
Premature, gestational age 32-37 -0.2890  0.0009 0.749 0.632 0.888
weeks (abstracted)
Preeclampsia or eclampsia 1.4252  <.0001 4.159 3.527 4.903
(abstracted)
Thick meconium (abstracted) 1.0201  <.0001 2.773 2.220 3.465
Overweight (42.1>=BMI>33.7, 0.4142  <.0001 1.513 1.359 1.684
abstracted)
Hemorrhage, 3" trimester 1.3412 <.0001 3.824 2.974 4915
(abstracted)
Anemia at admission (HCT<33%, 0.6966 <.0001 2.007 1.815 2.220
abstracted)
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Appendix Table 4: Population-weighted logistic regression model for postpartum maternal readmission,
based on ICD-9-CM coded diagnoses independently recoded by study staff, plus additional clinical

variables abstracted from medical records
Cesarean delivery cases

Parameter Lower CI for Upper CI for
Variable Estimate p value Odds Ratio Odds Ratio = Odds Ratio
Intercept -3.3186  <.0001
Race: Black (recoded) 0.8384 <.0001 2.313 1.931 2.769
Race: Hispanic (recoded) -0.5176  <.0001 0.596 0.512 0.694
Race: Other (recoded) 1.2449  <.0001 3.472 2.989 4.035
Insurance: HMO/Private -0.2332  0.0007 0.792 0.692 0.907
Insurance: None -1.5530 <.0001 0.212 0.127 0.353
Drug abuse (recoded) 1.8278  <.0001 6.220 4.824 8.021
Age: Years (recoded) -0.1101  0.0035 0.896 0.832 0.965
Age: Years squared (recoded) 0.00179  0.0052 1.002 1.001 1.003
Anemia, specified causes (recoded) 0.5680 <.0001 1.765 1.506 2.068
Obesity (recoded) 0.3662  0.0061 1.442 1.110 1.874
Stillbirth (recoded) 0.4105  0.2830 1.508 0.713 3.189
Previous cesarean (abstracted) -0.7914  <.0001 0.453 0.398 0.516
Multiple gestation (abstracted) 1.5093  <.0001 4.524 3414 5.995
Prior vaginal deliveries (>3, 0.3042  0.0679 1.355 0.978 1.879
abstracted)
Obesity (BMI>42.1, abstracted) 0.5539  <.0001 1.740 1.390 2.178
Macrosomia (birthweight >4000 g, 0.2241  0.0016 1.251 1.089 1.438
abstracted)
Diabetes requiring insulin 24882  <.0001 12.040 9.046 16.025
(abstracted)
Antepartum fever (T>38.4, 0.1179  0.4961 1.125 0.801 1.580
abstracted)
Psychiatric disease (abstracted) 0.9659 <.0001 2.627 2.031 3.398
Premature, gestational age <28 1.8320 <.0001 6.246 4.870 8.012
weeks (abstracted)
Premature, gestational age 28-32 -1.2848  <.0001 0.277 0.175 0.439
weeks (abstracted)
Premature, gestational age 32-37 -1.3982  <.0001 0.247 0.186 0.328
weeks (abstracted)
Preeclampsia or eclampsia 1.2786  <.0001 3.591 3.083 4.184
(abstracted)
Thick meconium (abstracted) 0.7552 <.0001 2.128 1.714 2.642
Crash cesarean delivery 0.4432  <.0001 1.558 1.368 1.773
(abstracted)
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