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The association between hospital obstetrical volume
and maternal postpartum complications
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Stephen K. Hunter, MD, PhD; Alison G. Cahill, MD, MSCI; Peter Cram, MD, MBA

OBJECTIVE: The purpose of this study was to examine the relationship
between delivery volume and maternal complications.

STUDY DESIGN: We used administrative data to identify women who
had been admitted for childbirth in 2006. Hospitals were stratified into
deciles that were based on delivery volume. We compared composite
complication rates across deciles.

RESULTS: We evaluated 1,683,754 childbirths in 1045 hospitals. Decile 1
and 2 hospitals had significantly higher rates of composite complications than
decile 10 (11.8% and 10.1% vs 8.5%, respectively; P << .0001). Decile 9 and

10 hospitals had modestly higher composite complications as compared with
decile 6 (8.8% and 8.5% vs 7.6%, respectively; P << .0001). Sixty percent of
decile 1 and 2 hospitals were located within 25 miles of the nearest greater vol-
ume hospital.

CONCLUSION: Women who deliver at very low-volume hospitals have higher
complication rates, as do women who deliver at exceedingly high-volume hospi-
tals. Most women who deliver in extremely low-volume hospitals have a higher
volume hospital located within 25 miles.
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ore than 4 million women give
birth annually in the United
States,! which makes childbirth the sin-
gle most common reason for hospitaliza-
tion among young women. Childbirth in
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the United States generally is safe with a
major complication rate (eg, hemor-
rhage or infection) of <10%.>* At the
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same time, there is growing appreciation
that the variation in hospital outcomes
that have been observed in many medical
and surgical diagnoses may also exist for
childbirth.

More than 2 decades of research has
documented a relationship between
higher hospital volume and improved
clinical outcomes for medical and sur-
gical diagnoses,”'* but data in the area
of maternal childbirth outcomes are
sorely lacking. The paucity of empiric
studies of the volume-outcome rela-
tionship for maternal complications is
striking, given the clinical volume and
economic impact of childbirth in the
United States. In addition, methodo-
logic limitations of the few published
studies that have related to a volume-
outcome relationship for the maternal
outcomes of childbirth make interpre-
tation of the conflicting findings
difficult.">"”

Our objective was to examine rigor-
ously the relationship between hospital
volume and maternal childbirth out-
comes. Specifically, we set out to exam-
ine the association between hospital
childbirth volume and important mater-
nal complications (eg, hemorrhage, in-
fection, death) and whether the volume-
outcome relationship might differ for
vaginal and cesarean deliveries.
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FIGURE 1
Patients included in this study
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MATERIALS AND METHODS

We used a 100% sample of State Inpatient
Data (SID) for year 2006 from 11 states
(Arizona, California, Florida, Iowa, Mas-
sachusetts, Maryland, North Carolina,
New York, New Jersey, Washington, and
Wisconsin) to identify all patients who
were hospitalized with childbirth (Interna-
tional Classification of Diseases, 9th Clinical
Modification [ICD-9-CM] code 650 or
640x to 676.9x [n = 1,683,754]). Maternal
childbirth admissions were stratified into
cesarean deliveries (ICD-9 procedure
code 74) or normal spontaneous vaginal
deliveries (ICD-9 diagnosis codes 640.x
to 676.9x and the absence of a code for
cesarean delivery).

We excluded patients who delivered
after transfer from another acute care
hospital because transfer patients are
more complex than patients who are ad-
mitted through other routes and because
administrative data do not adequately
capture this excess complexity that leads
to potentially biased results.”® All other
cases of childbirth (spontaneous vaginal
deliveries, cesarean deliveries, forceps,
and vacuum) were included in the anal-
ysis of “all deliveries” (Figure 1). Our
analysis of spontaneous vaginal deliver-

ies excluded instrument deliveries with
forceps or vacuums because the use of
such devices suggests a more compli-
cated delivery and may introduce un-
wanted heterogeneity. Application of
these criteria left us with a cohort of what
we would describe as routine childbirth
admissions without obvious evidence of
complicating factors.

The SID databases that were used in
this study were developed by the Agency
for Healthcare Research and Quality as
part of the health care utilization project
in partnership with individual states
(http://hcupnet.ahrq.gov/). We deliber-
ately acquired SID data from the 11
states that were included in this study be-
cause they represented all regions of the
United States, because they included a
disproportionate percentage of the US
population, and because they covered a
mix of urban and rural regions. SID data
include many elements that are included
on the Uniform Billing claim form (UB-
92) hospital discharge abstract and have
been used extensively in previous health
services research, including previous ob-
stetrics studies.”’ >’ Key data elements in-
clude patient demographics, admitting
hospital, primary and secondary diagnoses

and procedures (as captured by ICD-
9-CM codes), the diagnosis related group,
admission source (eg, emergency depart-
ment, transfer from another hospital), ad-
mission and discharge dates, patient’s pri-
mary insurance (categorized as Medicare,
private insurance, Medicaid, self-pay,
other), type of insurance (fee-for-service
or health maintenance organization), and
disposition at the time of hospital dis-
charge (eg, transfer to another acute care
hospital, deceased).

We calculated 3 separate measures of
childbirth volume for each hospital by
summing the total number of deliveries
that were performed during 2006: (1) to-
tal childbirth volume, (2) spontaneous
vaginal delivery volume, and (3) cesar-
ean delivery volume. Hospitals were
then stratified into deciles of volume for
each of the 3 delivery categories; thus, a
hospital could be in the highest (tenth)
decile of volume for total childbirth but
the eighth decile for vaginal deliveries.

We identified 6 key adverse outcomes
of childbirth that have been evaluated in
previous studies using administrative data
that included hemorrhage, severe perineal
lacerations (3rd- or 4th-degree lacera-
tions), operative complications, infection,
thrombotic complications, and death.>>*
Outcomes of interest for vaginal deliver-
ies included all of the outcomes de-
scribed, with the exception of operative
complications that are not relevant to
vaginal delivery. Outcomes of interest
for cesarean deliveries included all out-
comes, except for severe perineal lacera-
tions that are not relevant to cesarean de-
liveries. From an analytic standpoint,
our primary outcome was a composite
measure that represented the occurrence
of =1 adverse outcomes in a given pa-
tient. We identified comorbid illnesses
using the method developed by Elix-
hauser et al*” and supplemented this by
high-risk obstetrical conditions that
have been identified previously.*®

Statistical analysis

We used bivariate methods that included
the t-test and Cochran-Mantel-Haenszel
statistics to compare the demographic
characteristics (eg, age, race) of patients
across hospital volume deciles. We used
similar methods to compare insurance
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coverage and the incidence of comorbid
illnesses across deciles of hospital vol-
ume. All analyses were conducted sepa-
rately for spontaneous vaginal deliveries,
cesarean section deliveries, and all deliv-
eries in aggregate. We used similar meth-
ods to compare the unadjusted incidence
of in-hospital maternal complications
across hospital volume deciles.

Finally, we used a series of logistic re-
gression models to evaluate the associa-
tion between rates of childbirth compli-
cations and hospital obstetrics volume
after adjustment for differences in pa-
tient demographics and comorbidity.
We used the patient as the unit of analy-
sis; volume was measured at the hospital
level. The standard errors, 95% confi-
dence intervals, and associated signifi-
cance levels for adjusted odds ratios
based on logistic regression accounted
for clustering with the use of hospital
random-effect models. For purposes of
these analyses, the outcome (dependent
variable) was an indicator variable that
represented the occurrence of the com-
posite outcome. The dependent vari-
ables of interest were a series of indicator
variables that represented the decile of
hospital volume, with hospitals in the
highest volume decile serving as the ref-
erence category. The models included 19
covariates that included patient age,
race, payor, and a number of important
comorbid illness. Separate analyses were
performed for (1) all childbirths in aggre-
gate, (2) spontaneous vaginal deliveries
only, and (3) cesarean deliveries only. We
applied 3 separate models to each patient
cohort: (1) unadjusted, (2) adjustment for
patient demographics alone, and (3) ad-
justment for patient demographics plus
comorbidities.

Because we hypothesized that more
complex cases would be referred selec-
tively to higher volume hospitals, we
conducted a number of sensitivity anal-
yses. Specifically, we stratified both vag-
inal deliveries and cesarean deliveries
into high-risk and low-risk cohorts.
High-risk patients were defined as those
with any of the following conditions that
typically are considered a cause for con-
cern among obstetricians: advanced age,
asthma, cerebral hemorrhage, hyperten-
sive disorders, diabetes mellitus, obesity,

chorioamnionitis, congenital heart dis-
ease, liver anomalies, renal anomalies,
thyroid disease, mental disorder, multi-
ple gestation, preterm gestation, pulmo-
nary embolism, and uterine rupture. The
low-risk cohort included patients with-
out any of these conditions. We also rep-
licated our analyses to examine alterna-
tive methods for categorizing hospital
volume (eg, quintiles, quartiles) and de-
fining high- and low-volume hospitals.

All statistical analyses were performed
with SAS software (version 9.2; SAS In-
stitute Inc., Cary, NC). The study was ap-
proved by the Institutional Review
Board of the University of Iowa.

RESULTS

We identified a total of 1,683,754 child-
births. After excluding transfer cases
(n = 4945), our final cohort of sponta-
neous vaginal deliveries, forceps deliver-
ies, vacuum extractions, and cesarean
deliveries included 1,678,809 admissions
to 1045 hospitals. After the exclusion of
forceps and vacuum-assisted deliveries
(n = 94,188), there were a total of
1,047,848 spontaneous vaginal deliveries
in 1011 hospitals (34 hospitals delivered
only by cesarean section) and 536,773 ce-
sarean deliveries in 1030 hospitals (15 hos-
pitals delivered only by vaginal route). For
hospitals that performed both vaginal and
cesarean deliveries, the cesarean delivery
rate ranged from 13.0-96.7% across 1030
hospitals (mean, 31.3%; median, 30.3%).
The mean hospital childbirth volume
was 1606.5 (interquartile range, 442.0—
2299.0); the mean vaginal delivery vol-
ume was 1036.4 (interquartile range,
308.0-1472.0), and the mean cesarean
delivery volume was 521.1 (interquartile
range, 135-754).

The characteristics of patients with
spontaneous vaginal delivery that were
stratified by hospital volume deciles are
displayed in Table 1. Women who deliv-
ered in lower volume hospitals tended to
younger, were more likely to be white,
and were more likely to be categorized as
self-pay when compared with women
who delivered at higher volume hospi-
tals. Women who underwent vaginal de-
livery in lower volume hospitals tended to
have fewer comorbid conditions such as
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advanced maternal age, hypertension, and
diabetes mellitus (Table 1). Conversely,
women who had vaginal deliveries in high-
volume hospitals were more likely to be
older and Hispanic or black and to have
more comorbid illness. Results were simi-
lar for cesarean deliveries (Table 2), with
low-volume hospitals treating a higher
proportion of uninsured younger white
women, although high-volume hospitals
treated more women with advanced age
and comorbid illness.

In analyses of unadjusted outcomes
(Table 3; Figure 2), we found higher rates
of the composite adverse outcome and
most of the individual adverse outcomes
in the lowest volume hospitals (deciles 1
and 2), when compared with all other
hospitals within all deliveries, vaginal de-
liveries, or cesarean deliveries. For exam-
ple, with at all deliveries in aggregate, the
incidence of the composite outcome in
decile 1 was 11.8% and in decile 2 was
10.1%; the incidence ranged from 7.6-
8.8% for the other 8 deciles in aggregate
(P < .0001). Looking at spontaneous
vaginal deliveries and cesarean deliveries
in isolation, we saw similar results with
higher unadjusted rates of both the com-
posite and most individual adverse out-
comesin decile 1 and 2 hospitals. We also
observed a modest increase in unad-
justed complication rates in the highest
volume hospitals (deciles 8-10) when
compared with intermediate volume
hospitals (deciles 5-7). This effect was
particularly apparent in cesarean deliv-
eries (Table 3). To ensure the robustness
of our findings, we repeated our analyses
examining the relationship between vol-
ume and outcome while stratifying hos-
pitals on the basis of total delivery vol-
ume rather than vaginal or cesarean
delivery volume; thus, in these analyses,
we explored the relationship between
vaginal delivery outcomes and volume
after stratifying hospitals by their total
delivery volume and did analogous anal-
yses for cesarean deliveries. We found
that the volume-outcome relationship
was similar, irrespective of the measure
of volume that was used. We also calcu-
lated the proportion of cesarean deliver-
ies according to hospital decile to cesar-
ean delivery volume (Table 3) and found
no difference in the proportion of deliv-
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TABLE 1
Patient characteristics by annual spontaneous vaginal deliveries
Vaginal deliveries Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
General characteristics
Hospitals, n 105 104 104 105 104 105 105 104 105 104
Range of delivery volume, n 1-99 100-307 308-551 552-788 789-1133 1134-1567 1568-2048 2049-2675 2676-3724 3725-12,845
Specific characteristics
Patients, n 1930 13,299 28,507 48,108 63,105 88,305 117,133 150,944 210,723 328,794
Delivery volume, n? 443 £ 33.2 165.6 = 39.4 309.8 + 48.6 464.3 = 43.0 643.0 £ 54.2 868.6 + 81.8 1139.8 = 78.9 1489.0 = 130.7 2010.8 = 186.1 3231.4 £ 9199
High-risk volume, n? 91 *+6.6 33.7 =161 67.1 £ 29.5 107.7 = 40.2 155.0 = 57.7 2176 £ 771 306.4 = 120.7 400.2 = 1441 541.0 = 194.2 941.0 = 402.0
Low-risk volume, n? 387 =276 131.9 = 33.7 2427 + 433 356.6 + 49.3 488.0 + 68.6 651.1 + 88.6 833.4 = 135.2 1088.8 + 153.8 1469.8 + 227.3 2290.3 + 683.7
Age, y? 26.0 =56 259 £57 26.0 59 26.4 = 6.0 26.8 £ 6.1 272 £ 6.1 274 £ 6.2 27.2 = 6.1 27.3 £ 6.1 279 £6.2
Race, n (%)
White 1445 (74.9) 8807 (66.2) 15,707 (55.1) 25,333 (56.2) 28,628 (45.4) 41,419 (46.9) 44,652 (38.1) 60,716 (40.2) 77,926 (37.0) 119,403 (36.3)
Hispanic 63 (3.3) 728 (5.5) 3473 (12.2) 5627 (12.5) 14,030 (22.2) 19,767 (22.4) 33,203 (28.4) 41,500 (27.5) 64,437 (30.6) 96,110 (29.2)
Black 59 (3.1) 372 (2.9) 1237 (4.3) 2165 (4.8) 5085 (8.1) 10,031 (11.4) 14,143 (12.1) 21,137 (14.0) 18,876 (9.0) 36,585 (11.1)
Other 363 (18.8) 3392 (25.5) 8090 (28.4) 11,983 (26.6) 15,362 (24.3) 17,088 (19.4) 25,135 (21.5) 27,591 (18.3) 49,484 (23.5) 76,696 (23.3)
Payor, n (%)
Medicaid 858 (44.5) 6694 (50.3) 14,324 (50.3) 21,108 (46.7) 28,514 (45.2) 36,643 (41.5) 54,524 (46.6) 66,010 (43.7) 93,202 (44.2) 142,979 (43.5)
Private 862 (44.7) 5,734 (43.1) 11,682 (41.0) 21,482 (47.6) 28,885 (45.8) 45,110 (51.1) 54,512 (46.5) 73,341 (48.6) 105,493 (50.1) 170,092 (51.7)
Medicare 8(0.4) 36 (0.3) 200 (0.7) 174 (0.4) 255 (0.4) 340 (0.4) 338 (0.3) 549 (0.4) 770 (0.4) 643 (0.2)
Self-pay 164 (8.5) 531 (4.0) 1077 (3.8) 1377 (3.1) 3682 (5.9) 3740 (4.2) 5575 (4.8) 7995 (5.3) 6772 (3.2) 9650 (2.9)
Comorbidities, n
Advanced maternal age, n (%) 166 (8.6) 1177 (8.9) 2710 (9.5) 4905 (10.9) 7781 (12.3) 11,935 (13.5) 16,502 (14.1) 20,323 (13.5) 28,322 (13.4) 52,611 (16.0)
Hypertension disorder, n (%) 33(1.7) 277 (1.3) 661 (2.3) 885 (2.0) 1363 (2.2) 1867 (2.1) 2712 (2.3) 3455 (2.3) 4797 (2.3) 9210 (2.8)
Diabetes mellitus, n (%) 22(1.1) 222 (1.7) 500 (1.8) 891 (2.0) 1436 (2.3) 2016 (2.3) 3114 2.7) 4043 (2.7) 5814 (2.8) 10,126 (3.1)
Obesity, n (%) 10 (0.5) 94 (0.7) 194 (0.7) 358 (0.8) 476 (0.8) 788 (0.9) 1287 (1.1) 1565 (1.0) 3068 (1.5) 2758 (0.8)
Multiple gestation, n (%) 2(0.1) 11(0.1) 21 (0.01) 59 (0.1) 72(0.1) 161 (0.2) 222 (0.2) 306 (0.2) 494 (0.2) 1032 (0.3)
Preterm gestation, n (%) 18(0.9) 185 (1.4) 452 (1.6) 727 (1.6) 1209 (1.9) 1801 (2.0) 2674 (2.3) 3879 (2.6) 5783 (2.7) 10,699 (3.3)

@ Data are given as mean =+ SD.

Kyser. Obstetrical volume and postpartum complications. Am J Obstet Gynecol 2012.

810'n[V'MMMm

HOWVHSTY SoMIaIsqo



2102 AINr ABojogauly & soR8)SqQ JO [eUINOr UBILBWY  GI'Zh

TABLE 2
Patient characteristics by annual cesarean deliveries
Cesarean deliveries Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
General characteristics
Hospitals, n 105 104 104 105 104 105 105 104 105 104
Range of delivery volume, n 1-99 100-307 308-551 552-788 789-1133 1134-1567 1568-2048 2049-2675 2676-3724 3725-12,845
Specific characteristics
Patients, n 922 6006 14,175 20,779 30,229 45,435 60,659 79,007 102,481 177,080
Volume, n? 132+ 118 641 £17.3 1355+ 21.8 208.1 +=19.9 2911 = 339 4221 £ 453 575.2 + 45.6 749.5 £ 51.0 999.8 + 98.5 1752.6 = 561.4
High-risk volume, n? 5143 23.1 £12.0 52.9 = 16.0 83.5 240 119.0 = 334 187.3 = 53.0 253.6 £ 67.5 355.1 + 88.4 466.8 = 109.0 891.2 + 332.6
Low-risk volume, n? 104 = 8.8 41.0 =123 82.6 = 19.4 124.6 = 24.0 1721 = 31.6 234.7 + 56.5 3216 £ 614 394.4 + 85.9 533.0 = 119.2 861.5 + 308.8
Age, y? 26.7 £ 5.7 272 £ 6.0 274 £ 6.2 279 £6.2 285+ 6.3 29.0 £ 6.3 293 £ 6.4 291 £6.3 29.3 £6.3 299 £6.3
Race, n (%)
White 653 (70.8) 3842 (64.0%) 7552 (53.3) 11,888 (57.2) 13,687 (45.3) 21,857 (48.1) 24,980 (41.2) 32,986 (41.8) 40,745 (39.8) 67,392 (38.1)
Hispanic 59 (6.4) 418 (7.0) 1938 (13.7) 2635 (12.7) 6940 (23.0) 10,554 (23.2) 16,155 (26.6) 21,102 (26.7) 29,559 (28.8) 49,018 (27.7)
Black 43 (4.7) 227 (3.8) 775 (5.5) 1093 (5.3) 2748 (9.1) 5606 (12.3) 8000 (13.2) 11,851 (15.0) 9687 (9.5) 22,147 (12.5)
Other 167 (18.1) 1519 (25.3) 3910 (27.6) 5163 (24.9) 6854 (22.7) 7418 (16.3) 11,524 (19.0) 13,068 (16.5) 22,490 (22.0) 38,523 (21.8)
Payor, n (%)
Medicaid 366 (39.7) 2893 (48.2) 6850 (48.3) 9119 (43.9) 12,589 (41.7) 16,771 (36.9) 25,559 (42.1) 31,104 (39.4) 40,108 (39.1) 65,216 (36.8)
Private 449 (48.7) 2733 (45.5) 6237 (44.0) 10,535 (50.7) 15,225 (50.4) 25,838 (56.9) 31,530 (52.0) 42,733 (54.1) 56,965 (55.6) 104,763 (59.2)
Medicare 7(0.8) 37(0.6) 138 (0.1) 112 (0.5) 204 (0.7) 208 (0.5) 269 (0.4) 378 (0.5) 455 (0.4) 552 (0.3)
Self-pay 82 (8.9) 225 (3.8) 444 (3.1) 524 (2.5) 1443 (4.8) 1559 (3.4) 2135 (3.5) 3198 (4.1) 2855 (2.8) 3831 (2.2)
Comorbidities, n (%)
Advanced maternal age 93 (10.1) 798 (13.3) 2124 (15.0) 3546 (17.1) 5832 (19.3) 9862 (21.7) 13,878 (22.9) 17,408 (22.0) 23,115 (22.6) 45,659 (25.8)
Hypertension disorder 49 (5.3) 380 (6.3) 995 (7.0) 1386 (6.7) 2123 (7.0) 3019 (6.6) 4288 (7.1) 5922 (7.5) 7731 (7.5) 15,330 (8.7)
Diabetes mellitus 55 (6.0) 327 (5.4) 886 (6.3) 1424 (6.9) 2240 (7.4) 3165 (7.0) 4564 (7.5) 6204 (7.9) 8633 (8.4) 15,335 (8.7)
Obesity 17 (1.8) 165 (2.8) 331 (2.3 548 (2.6) 739 (2.4) 1137 (2.5) 1581 (2.6) 2275 (2.9) 3655 (3.6) 4810 (2.7)
Multiple gestations 5(0.5) 34 (0.6) 112 (0.8) 179 (0.9) 273 (0.9) 515 (1.1) 774 (1.3) 1158 (1.5) 1915 (1.9) 3720 (2.1)
Preterm gestation 24 (2.6) 224 (3.7) 537 (3.8) 928 (4.5) 1622 (5.4) 2570 (5.7) 3851 (6.4) 5528 (7.0) 8389 (8.2) 16,279 (9.2)

@ Data are given as mean =+ SD.

Kyser. Obstetrical volume and postpartum complications. Am J Obstet Gynecol 2012.
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TABLE 3
Total population: unadjusted percent complications by hospital decile and route of delivery
Variable Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10 Pvalue
All deliveries
N 3011 20,678 45,446 69,869 99,654 141,844 188,227 243,475 331,801 534,804
Hemorrhage, n (%) 241 (8.0) 1383 (6.7) 2527 (5.6) 3644 (5.2) 4849 (4.9) 6378 (4.5) 8878 (4.7) 12,342 (5.1) 17,539 (5.%) 26,210 (4.9) < .0001
Infection, n (%) 26 (0.9) 102 (0.5) 212 (0.5) 252 (0.4) 455 (0.5) 693 (0.5) 1178 (0.6) 2061 (0.9) 2450 (0.7) 4709 (0.9) < .0001
Laceration, n (%) 84(2.8) 528 (2.6) 927 (2.0) 1508 (2.2) 2152 (2.2) 2859 (2.0) 3404 (1.8) 5005 (2.1) 7161 (2.2) 10,910 (2.0%) < 0001
Thrombotic, n (%) 26 (0.9) 252 (1.2) 542 (1.2) 874 (1.3) 1168 (1.2) 1674 (1.2) 2270 (1.2) 2,23(1.2) 4366 (1.3) 7116 (1.3) < .0001
Operative, n (%) 9(0.3) 58 (0.3) 121 (0.3) 227 (0.3) 339 (0.3) 426 (0.3) 576 (0.3) 921 (0.4) 1,350 (0.4) 2413 (0.5) < .0001
Mortality, n (%) 1(0.03) 2(0.01) 2(0.00) 5(0.01) 4(0.00) 13(0.01) 17 (0.01) 20 (0.01) 27 (0.01) 56 (0.01) .5449
Composite, n (%) 354 (11.8) 2082 (10.1) 3880 (8.5) 5884 (8.4) 8021 (8.1) 10,788 (7.6) 14,531 (7.7) 20,651 (8.5) 29,151 (8.9) 45,288 (8.5) < .0001
Vaginal deliveries
N 1898 13,301 28,511 45,112 63,108 88,309 117,137 150,948 210,727 328,797
Hemorrhage, n (%) 136 (7.2) 806 (6.1) 1,458 (5.1) 2,232 (5.0) 2,740 (4.3) 3,732 (4.2) 4,972 (4.2) 6,571 (4.4) 9,254 (4.4) 13,540 (4.1) < .0001
Infection, n (%) 13(0.7) 32(0.2) 89 (0.3) 121(0.3) 181(0.3) 286 (0.3) 472 (0.4) 697 (0.5) 950 (0.5) 1707 (0.5) < .0001
Laceration, n (%) 50 (2.6) 354 (2.7) 596 (2.1) 1025 (2.3) 1379 (2.2) 1922 (2.2) 2202 (1.9) 3378 (2.2) 4707 (2.2) 7016 (2.1) < 0001
Thrombotic, n (%) 6(0.3) 41(0.3) 93(0.3) 168 (0.4) 228 (0.4) 312 (0.4) 378 (0.3) 470 (0.3) 692 (0.3) 1063 (0.3) 5073
Mortality, n (%) 0 (0.00) 0(0.00) 0 (0.00) 0 (0.00) 0 (0.00) 4(0.00) 6 (0.01) 7(0.00) 3(0.00) 21 (0.01) .0868
Composite, n (%) 194 (10.2) 1,150 (8.7) 2,123 (7.5) 3,379 (7.5) 4,283 (6.8) 5,935 (6.7) 7,617 (6.5) 10,551 (7.0) 14,771 (7.0) 22,126 (6.7) < .0001
Cesarean deliveries
N 922 6006 14,175 20,779 30,229 45,435 60,659 79,007 102,481 177,080
Hemorrhage, n (%) 86 (9.3) 438 (7.3) 841 (5.9) 1103 (5.3) 1665 (5.5) 2115 (4.7) 3264 (5.4) 4958 (6.3) 7140 (7.0) 10,819 (6.1) < .0001
Infection, n (%) 12(1.3) 55 (0.9) 102 (0.7) 111 (0.5) 246 (0.8) 351 (0.8) 633 (1.0) 1231 (1.6) 1360 (1.3) 2779 (1.6) < .0001
Operative, n (%) 9(1.0) 58 (1.0) 121 (0.9) 227 (1.1) 339 (1.1) 426 (0.9) 576 (1.0) 921 (1.2) 1350 (1.3) 2413 (1.4%) < .0001
Thrombotic, n (%) 11(1.2) 70(1.2) 182 (1.3) 249 (1.2) 363 (1.2) 493 (1.1) 803 (1.3) 1152 (1.5) 1578 (1.5) 2881 (1.6) < .0001
Mortality, (n) 1(0.11) 2(0.03) 2(0.01) 3(0.01) 4(0.01) 9(0.02) 11 (0.02) 13(0.02) 22 (0.02) 34 (0.02) 7240
Composite, n (%) 103 (11.2) 535 (8.9) 1043 (7.4) 1412 (6.8) 2166 (7.2) 2809 (6.2) 4342 (7.2) 6810 (8.6) 9378 (9.2) 15,304 (8.6) < .0001
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FIGURE 2

Unadjusted composite morbidity and mortality rates
by hospital decile, stratified by route of delivery
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eries that were cesarean sections across
volume deciles.

In analyses that adjusted for patient
demographics and comorbidities (Table
4), we again found higher risk of adverse
outcomes in lowest volume hospitals
(decile 1 and 2). Specifically, odds of ex-
periencing the composite outcome were
between 43% and 60% higher for decile 1
hospitals (with decile 10 serving as the
reference category) even after adjustment
for patient demographics and comorbidity
(P < .05). Alternatively, the odds of ad-
verse outcomes appeared modestly lower
for intermediate volume hospitals (decile 5
and 6), with the effect particularly notable
for cesarean deliveries.

To ensure the robustness of our find-
ings, we conducted additional supple-
mental analyses. First, we repeated our
unadjusted and adjusted analyses exam-
ining outcomes across deciles of hospital
volume after stratifying patients into
high- and low-risk subgroups. Unad-
justed analyses produced similar results
to our main analyses, with higher com-
plication rates in the lowest volume hos-
pitals for both the high- and low-risk pa-
tient strata, irrespective of delivery route
(Appendix; Supplementary Tables 1-3).

Adjusted results in the high- and low-
risk subgroups were also similar to the
main analyses, with higher odds of expe-
riencing the composite outcomes in
the lowest volume hospitals (Appendix;
Supplementary Tables 4-6). Additional
results were significant for high-risk pa-
tients who had higher odds of adverse
outcomes compared with low-risk sub-
groups in the lowest volume hospitals
(P < .05). Interestingly, in our supple-
mentary analyses high-volume hospitals
again appeared to have marginally
higher rates of adverse outcomes in both
the high- and low-risk strata. We also
conducted additional analyses using al-
ternative methods for the stratification
of hospitals according to volume (eg,
quartiles, quintiles), and the results were
again similar.

COMMENT

In an analysis of >1.6 million maternal
hospitalizations for childbirth, we iden-
tified a number of important findings.
First, we found markedly higher rates of
maternal complications for deliveries in
low-volume hospitals. Second, we found
modestly higher rates of complications
for deliveries at exceedingly high-vol-
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ume hospital, which is a finding that, if
not related to unmeasured difference in
comorbidity, would give one pause.
Third, we found marked variation in ce-
sarean delivery rates across hospitals.

The finding of higher rates of adverse
outcomes at low-volume hospitals has
been well-documented in medical and
surgical literature®'* but has not been
well-studied in obstetrics. Previous stud-
ies that evaluated the volume-outcome
relationship in obstetrics have been lim-
ited to studies from single state popula-
tions, to data that are now >1 decade
old, and to conflicting results about the
volume-outcome relationship.'”"? In
addition, many previous obstetrics vol-
ume-outcome studies focused exclu-
sively on neonatal outcomes without in-
vestigating maternal complications.”” >’
Our study provides important new evi-
dence of higher maternal complication
rates at very low-volume hospitals.

The finding of higher obstetrics com-
plication rates in low-volume hospitals is
not necessarily unexpected. The mean
overall childbirth volume for decile 1
hospitals was 31.6 per year and for decile
2 hospitals 204.8 per year. Moreover, the
mean cesarean section volumes for de-
cile 1 and 2 hospitals were 13.2 and 64.1,
respectively. With such low volumes, it
seems logical that complication rates
would be high, especially given the im-
portance of both experience and team-
work in the health care setting. Several
hospitals in our study had only 1 or 2
admissions for childbirth during 2006,
which suggests that such deliveries rep-
resented emergent cases that were
treated at hospitals without an experi-
enced physician or obstetrics team.

Alternatively, it is interesting to think
about how the health care system might
be changed in a way that might reduce
the need for mothers to give birth at ex-
tremely low-volume hospitals. In sup-
plementary analyses, we explored the
role of distance in women giving birth at
decile 1 and 2 hospitals. Notably, we
found 60% of decile 1 and 2 hospitals
were located within 25 miles of a higher
obstetrics volume hospital (decile =4;
mean distance, 25.9 miles). Practically
speaking, our results would suggest that
a certain percentage of deliveries at very
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TABLE 4
Unadjusted and adjusted odds of composite adverse outcome by volume decile
Lowest volume
Decile 1 Decile 2 Decile 3 Decile 4 Decile 5
Adverse outcomes OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% Cl) Pvalue OR (95% CI)
All deliveries
Unadjusted 1.37 (1.07-1.75) 0112 1.17 (0.98-1.39) .0901 0.92 (0.78-1.10) 3712 0.96 (0.81-1.14) .6641  0.87 (0.73-1.03)
Adjusted for demographics® 1.38(1.08-1.76)  .0100  1.17(0.98-1.40)  .0861 0.92 (0.77-1.10) 3333 0.96(0.81-1.14) 6481 0.87 (0.73-1.02)
Adjusted for demographics and  1.43 (1.13-1.82) .0035 121 (1.02-1.44) .0328  0.95(0.80-1.12) .5304  0.99 (0.83-1.17) .8652  0.89 (0.75-1.05)
selected comorbidities®
Vaginal deliveries
Unadjusted 151 (1.16-1.96)  .0024  1.28(1.08-153)  .0055 1.05 (0.88-1.24) 6006 1.10(0.93-1.30)  .2825 0.94 (0.79-1.11)
Adjusted for demographics? 157 (1.13-1.92) < .0001  1.32(1.10-1.57) <.0001 1.05(0.89-1.24) 0002 1.11(0.94-1.32) <.0001 0.92(0.78-1.09)
Adjusted for demographics and  1.60 (1.38-1.86) < .0001  1.33(1.25-1.42) < .0001 1.12(1.07-1.17) <.0001 1.13(1.08-1.17) <.0001 1.02 (0.99-1.06)
selected comorbidities
Cesarean deliveries
Unadjusted 1.37(0.96-1.95  .0828  1.01(0.79-1.29)  .9507 0.79 (0.62-1.00) 0469 0.76 (0.60-0.95)  .0175 0.73 (0.58-0.91)
Adjusted for demographics® 1.38 (0.97-1.97) .0760 1.02 (0.80-1.31) .8841  0.79 (0.62-1.00) .0462  0.76 (0.61-0.96) .0224  0.73 (0.58-0.91)
Adjusted for demographics and  1.45 (1.01-2.04)  .0436  1.06 (0.83-1.36)  .6286 0.82 (0.65-1.03) 0871 0.79(0.63-0.99)  .0402 0.75 (0.60-0.94)
selected comorbidities®
L Kyser. Obstetrical volume and postpartum complications. Am J Obstet Gynecol 2012. (continued ) )

low-volume hospitals reasonably might
be transitioned to higher volume hospi-
tals with little inconvenience to patients
or their families. It is also important to
consider our findings in the context of
existing guidelines that are related to
childbirth. The American Congress of
Obstetrics and Gynecology readily rec-
ommends that women who are likely to
deliver preterm be transferred to tertiary
centers,”® yet there is no equivalent
guideline for establishing minimum
hospital delivery volume and tiered ma-
ternal referrals based on patient safety.
Second, it is interesting that we consis-
tently found modestly higher rates of
complications for deliveries at exceed-
ingly high-volume hospitals. There are
several potential explanations for our
findings. It is possible, and indeed highly
likely, that the higher rates of adverse
outcomes in the highest volume hospi-
tals represent the higher risk of the pop-
ulation that our highest volume hospi-
tals serve. Patients who are referred to
high-volume hospitals for childbirth
have a greater likelihood of having med-
ical conditions with an increased severity
of illness that is poorly represented in
claims data.”” The finding that the higher
rates of adverse outcomes persisted after

adjustment for patient demographics
and comorbidities may merely reflect
unmeasured differences in comorbidity
that are not captured well in administra-
tive data. Alternatively, it is possible that
extremely high-volume hospitals truly
do have higher complication rates for
childbirth. Specifically, if our highest
volume hospitals were too busy, staffed
by trainees without adequate supervi-
sion, and under extreme financial pres-
sure, higher complication rates might
well be expected. Further study is needed
to examine this issue in greater detail.
Third, we found marked variation in
mean hospital cesarean delivery rates
across hospitals (13.0-96.7%). These re-
sults are consistent with several previous
studies that found highly variable rates of
cesarean deliveries with significant re-
gional variation.””>” The reasons for
these differences remain unknown and
far exceeded the expected variation that
can be explained by differences in patient
risk factors alone. These findings suggest
that there is insufficient outcomes-based
evidence to guide effective clinical deci-
sion-making. Future research is needed
to further explain the unknown varia-
tion in rates of cesarean deliveries, espe-
cially given our finding of higher rates of

maternal complications after cesarean
delivery compared with vaginal delivery.

There are a number of limitations to
our study. First, our study relied on ad-
ministrative data and thus may have
been subject to bias if diagnoses or pro-
cedures were systematically miscoded
more often by 1 group of hospitals. We
have, however, no reason to believe that
this happened; previous studies have
shown that there is reliable coding of ob-
stetrics diagnoses and procedures.’® Sec-
ond, our analysis was limited to 11 states,
and results must be generalized to other
states with care. Third, the structure of
the SID data precluded us from tracking
maternal complications that may have
occurred after discharge; likewise, we
lacked the ability to link mothers to their
newborn infants and to track complica-
tions jointly in both. Fourth, similar to
all studies that use large administrative
databases, our investigation is restricted
to the variables that are considered nec-
essary for claims data. Consequently,
certain clinical information is not avail-
able for analysis.

In conclusion, our study suggests ele-
vated complication rates for women who
are hospitalized for childbirth at ex-
tremely low-volume hospitals and mod-
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TABLE 4
Unadjusted and adjusted odds of composite adverse outcome by volume decile (continued)
Lowest volume
Decile 6 Decile 7 Decile 8 Decile 9 v;?:;set
P value OR (95% ClI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value Decile 10
Reference
.1046 0.81 (0.68-0.96) .0142 0.86 (0.73-1.02) .0814 0.96 (0.81-1.14) .6643 0.97 (0.82-1.15) 7279
.0956 0.81 (0.69-0.96) .0155 0.86 (0.73-1.02) .0819 0.96 (0.81-1.14) .6622 0.97 (0.82-1.14) .6867
1640 0.83 (0.70-0.98) .0277 0.87 (0.74-1.03) 112 0.98 (0.83-1.15) 7674 0.97 (0.82-1.15) 7322
Reference
4364 0.90 (0.76-1.06) 1940 0.92 (0.78-1.08) .2907 1.00 (0.85-1.17) .9625 0.98 (0.83-1.16) .8179
9741 0.91 (0.77-1.08) .7261 0.92 (0.78-1.08) .0066 0.99 (0.84-1.17) .0014 0.99 (0.84-1.16) .0004
.2401 1.01 (0.98-1.04) .3933 0.97 (0.95-1.00) .0581 1.05 (1.02-1.07) .0002 1.04 (1.02-1.06) .0002
Reference
.0063 0.65 (0.52-0.82) .0002 0.77 (0.62-0.97) .0252 0.94 (0.75-1.18) .5991 0.94 (0.75-1.18) .5986
.0062 0.65 (0.52-0.82) .0002 0.77 (0.61-0.96) .0216 0.93 (0.75-1.17) .5482 0.94 (0.75-1.18) .6020
.0129 0.67 (0.53-0.84) .0004 0.78 (0.62-0.97) .0278 0.95 (0.76-1.18) .6250 0.95(0.76-1.18) .6313

Cl, confidence interval; OR, odds ratio.

.

2 Adjusted for race, age, and payor; ® Adjusted for race, age, payor, advanced age, herpes, asthma, cerebral hemorrhage, chorioamnionitis, diabetes mellitus, hypertensive disorders, congenital heart
disease, liver anomalies, renal anomalies, thyroid disease, mental disorder, multiple gestation, preterm gestation, obesity, pulmonary embolism, and uterine rupture.
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estly higher rates of complications for
deliveries at exceedingly high-volume
hospitals. Further study is needed to elu-
cidate whether the higher rates of com-
plications at higher volume hospitals
merely reflect unmeasured severity of ill-
ness or are a result of more intangible
factors. Because a significant proportion
of low-volume hospitals are located in
close proximity to higher volume facili-
ties, physicians and patients should con-
sider carefully the need for delivery at
low-volume hospitals when viable alter-
natives exist. [ |
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APPENDIX
,
SUPPLEMENTARY TABLE 1
Total population: unadjusted percent complications by hospital decile, route of delivery, and high- and low-risk subgroups
Outcome Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
(n/N) (n = 3011) (n = 20,678) (n = 45,446) (n = 69,869) (n = 99,654) (n = 141,844) (n = 188,227) (n = 243,475) (n = 331,801) (n = 534,804)
Hemorrhage
High risk 73/661 (11.0%) 422/5029 (8.4%) 846/12,092 (7.0%) 1269/19,374 (6.6%) 1738/28,951 (6.0%) 2378/44,004 (5.4%) 3713/61,138 (6.1%) 5307/81,934 (6.5%) 7903/111,279 (7.1%) 11,947/194,414 (6.2%)
Low risk 168/2350 (7.2%) 961/15,649 (6.1%) 1681/33,354 (5.0%) 2375/50,495 (4.7%) 3111/70,704 (4.4%) 4000/97,840 (4.1%) 5165/127,089 (4.1%) 7035/161,541 (4.4%) 9636/220,522 (4.4%) 14,263/340,390 (4.2%)
Infection
High risk 11/661 (1.7%) 36/5029 (0.7%) 70/12,092 (0.6%) 81/19,374 (0.4%) 180/28,951 (0.6%) 303/44,004 (0.7%) 558/61,138 (0.9%) 968/81,934 (1.2%) 1174/111,279 (1.1%) 2349/194,414 (1.2%)
Low risk 15/2350 (0.6%) 66/15,649 (0.4%) 142/33,354 (0.4%) 171/50,495 (0.3%) 275/70,703 (0.4%) 390/97,840 (0.4%) 620/12,7089 (0.5%) 1093/161,541 (0.7%) 1276/220,522 (0.6%) 2360/340,390 (0.7%)
Laceration
High risk 21/661 (3.2%) 129/5029 (2.6%) 192/12,092 (1.6%) 347/19,374 (1.8%) 536/28,951 (1.9%) 790/44,004 (1.8%) 1060/61,138 (1.7%) 1530/81,931 (1.9%) 2082/111,279 (1.9%) 3342/194,414 (1.7%)
Low risk 63/2350 (2.7%) 399/15,649 (2.6%) 735/33,354 (2.2%) 1161/50,495 (2.3%) 1616/70,703 (2.3%) 2069/97,840 (2.1%) 2344/127,089 (1.8%) 3475/161,541 (2.2%) 5079/220,522 (2.3%) 7568/340,390 (2.2%)
Thrombotic
High risk 5/661 (0.8%) 78/5029 (1.6%) 173/12,092 (1.4%) 306/19,374 (1.6%) 436/28,951 (1.5%) 613/44,004 (1.4%) 1022/61,138 (1.7%) 1275/81,934 (1.6%) 1802/111,279 (1.6%) 3252/194,414 (1.7%)
Low risk 21/2350 (0.9%) 174/15,649 (1.1%) 372/33,354 (1.1%) 568/50,495 (1.1%) 732/70,703 (1.0%) 1061/97,840 (1.1%) 1248/127,089 (1.0%) 1548/161,541 (1.0%) 2564/220,522 (1.2%) 3864/340,390 (1.1%)
Operative
High risk 2/611 (0.3%) 22/5029 (0.4%) 61/12,092 (0.5%) 115/19,374 (0.6%) 171/28,951 (0.6%) 251/44,004 (0.6%) 352/61,138 (0.6%) 570/81,934 (0.7%) 807/111,279 (0.7%) 1510/194,414 (0.8%)
Low risk 7/2350 (0.3%) 36/15,649 (0.2%) 60/33,354 (0.2%) 112/50,495 (0.2%) 168/70,703 (0.2%) 175/97,840 (0.2%) 224/127,089 (0.2%) 351/161,541 (0.2%) 543/220,522 (0.3%) 903/340,390 (0.3%)
Death
High risk 1/661 (0.15%) 2/5029 (0.04%) 1/12,092 (0.01%) 4/19,374 (0.02%) 2/28,951 (0.01%) 8/44,004 (0.02%) 13/61,138 (0.02%) 18/81,931 (0.02%) 15/111,279 (0.01%) 38/194,414 (0.02%)
Low risk 0/2350 0/15,649 1/33,354 (0%) 1/50,495 (0%) 2/70,703 (0%) 5/97,840 (0.01%) 4/127,089 (0.01%) 2/161,541 (0%) 12/220,522 (0.01%) 18/340,390 (0.01%)
Composite
High risk 105/661 (15.9%) 609/5029 (12.1%) 1182/12,092 (9.8%) 1892/19,374 (9.8%) 2690/28,951 (9.3%) 3799/44,004 (8.6%) 5802/61,138 (9.5%) 8381/81,934 (10.2%) 11,940/111,279 (10.7%) 19,251/194,414 (9.9%)
Low risk 249/2350 (10.6%) 1473/15,649 (9.4%) 2698/33,354 (8.1%) 3992/50,495 (7.9%) 5331/70,703 (7.5%) 6989/97,840 (7.1%) 8729/12,7089 (6.9%) 12,270/161,541 (7.6%) 17,211/220,522 (7.8%) 26,037/340,390 (7.7%)
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SUPPLEMENTARY TABLE 2
Spontaneous vaginal deliveries: unadjusted percent complications by hospital decile, route of delivery, and high- and low-risk subgroups
Outcome Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
(n/N) (n = 1898) (n = 13,301) (n = 28,511) (n = 45,112) (n = 63,108) (n = 88,309) (n = 117,137) (n = 150,948) (n = 210,727) (n = 328,797)
Hemorrhage
High risk ~ 34/337 (10.1%)  204/2636 (7.7%) 425/6186 (6.9%)  648/10,210 (6.4%) 838/14,965 (5.6%) 1174/22,346 (5.3%) 1721/30,708 (5.6%) 2292/40,945 (5.6%)  3353/56,768 (5.9%) 4989/95,598 (5.2%)
Low risk 102/1561 (6.5%) 602/10,665 (5.6%) 1033/22,325 (4.6%) 1584/34,902 (4.5%) 1902/48,143 (4.0%) 2558/65,963 (3.9%) 3251/86,429 (3.8%) 4279/110,003 (3.9%) 5901/153,959 (3.8%)  8551/233,199 (3.7%)
Infection
Highrisk ~ 4/337 (1.2%) 7/2636 (0.3%) 23/6186 (0.4%) 35/10,210 (0.3%)  58/14,965 (0.3%)  96/22,346 (0.4%)  176/30,708 (0.6%)  244/40,945 (0.6%) 329/56,768 (0.6%) 618/95,598 (0.7%)
Low risk 9/1561 (0.6%) 25/10,665 (0.2%) 66/22,325 (0.3%) 86/34,902 (0.3%)  123/48,143 (0.3%)  190/65,963 (0.3%) 296/86,429 (0.3%)  453/110,003 (0.4%) 621/153,959 (0.4%) 1089/233,199 (0.5%)
Laceration
High risk ~ 15/337 (4.5%) 90/2636 (3.4%) 128/6186 (2.1%)  238/10,210 (2.3%)  345/14,965 (2.3%)  560/22,346 (2.5%)  702/30,708 (2.3%) 1029/40,945 (2.5%)  1368/56,768 (2.4%) 2135/95,598 (2.2%)
Lowrisk  35/1561 (2.2%) 264/10,665 (2.5%)  468/22,325 (2.1%)  787/34,902 (2.3%) 1034/48,143 (2.2%) 1362/65,963 (2.1%) 1500/86,429 (1.7%) 2349/110,003 (2.1%) 3339/153,959 (2.2%)  4881/233,199 (2.1%)
Thrombotic
High risk ~ 1/337 (0.3%) 11/2636 (0.4%) 22/6186 (0.4%) 45/10,210 (0.4%)  67/14,965 (0.5%) 106/22,346 (0.5%)  149/30,708 (0.5%)  165/40,945 (0.4%) 231/56,768 (0.4%) 391/95,598 (0.4%)
Low risk 5/1561 (0.3%) 30/10,665 (0.3%) 71/22,325(0.3%)  123/34,902 (0.4%) 161/48,143 (0.3%) 206/65,963 (0.3%) 229/86,429 (0.3%)  305/110,003 (0.3%) 461/153,959 (0.3%) 672/233,199 (0.3%)
Death
High risk 0/337 0/2636 0/6186 0/10,210 0/14,965 2/22,346 (0%) 5/30,708 (0.02%) 6/40,945 (0.01%) 2/56,768 (0%) 9/95,598 (0.01%)
Low risk 0/1561 0/10,665 0/22,325 0/34,902 0/48,143 2/65,963 (0%) 1/86,429 (0%) 1/110,003 (0%) 1/153,959 (0%) 12/233,199 (0.01%)
Composite
Highrisk  51/337 (15.1%)  291/2636 (11.0%) 571/6186 (9.2%) 926/10,210 (9.1%) 1238/14,965 (8.3%) 1836/22,346 (8.2%) 2588/30,708 (8.4%) 3530/40,945 (8.6%) 4999/56,768 (8.8%) 7667/95,598 (8.0%)
Low risk  143/1561 (9.2%)  859/10,665 (8.1%)  1552/22,325 (7.0%) 2453/34,902 (7.0%) 3045/48,143 (6.3%) 4099/65,963 (6.2%) 5029/86,429 (5.8%) 7021/110,003 (6.4%) 9772/153,959 (6.4%)  14,459/233,199 (6.2%)
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SUPPLEMENTARY TABLE 3
Cesarean deliveries: unadjusted percent complications by hospital decile, route of delivery, and high- and low-risk subgroups
Outcomes Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
(n/N) (n = 922) (n = 6006) (n = 14,175) (n = 20,779) (n = 30,229) (n = 45,435) (n = 60,659) (n = 79,007) (n = 102,481) (n = 177,080)
Hemorrhage
Highrisk ~ 35/290 (12.1%)  187/2122 (8.8%) 359/5315 (6.8%) 529/8231 (6.4%) 768/12,383 (6.2%) 1035/19,471 (5.3%) 1765/27,408 (6.4%) 2691/36,989 (7.3%) 4130/49,324 (8.4%) 6187/89,463 (6.9%)
Lowrisk  51/632 (8.1%)  251/3884 (6.5%)  482/8860 (5.4%)  574/12,548 (4.6%)  897/17,846 (5.0%)  1080/25,964 (4.2%)  1499/33251 (4.5%)  2267/42,018 (5.4%)  3010/53,157 (5.7%)  4632/87,617 (5.3%)
Infection
High risk  6/290 (2.1%) 26/2122 (1.2%)  40/5315 (0.8%) 41/8231 (0.5%) 115/12,383 (1.0%) 187/19,471 (1.0%) 354/27,408 (1.3%) 674/36,989 (1.8%) 793/49,324 (1.6%)  1649/89,463 (1.8%)
Low risk 6/632 (1.0%) 29/3884 (0.8%) 62/8860 (0.7%) 70/12,548 (0.6%)  131/17,846 (0.7%) 164/25,964 (0.6%) 279/33,251 (0.8%) 557/42,018 (1.3%) 567/53,157 (1.1%) 1130/87,617 (1.3%)
Operative
High risk ~ 2/290 (0.7%) 22/2122 (1.0%) 61/5315 (1.2%)  115/8231 (1.4%) 17112,383 (1.4%)  251/19,471 (1.3%) 352/27,408 (1.3%) 570/36,989 (1.5%) 807/49,324 (1.6%)  1510/89,463 (1.7%)
Low risk 7/632 (1.1%) 36/3884 (0.9%) 60/8860 (0.7%) 112/12548 (0.9%) 168/17,846 (0.9%) 175/25,964 (0.7%) 224/33,251 (0.7%) 351/42,018 (0.8%) 543/53,157 (1.0%) 903/87,617 (1.0%)
Thrombotic
Highrisk  3/290 (1.0%) 31/2122 (1.5%) 92/5315 (1.7%) 121/8231 (1.5%) 192/12,383 (1.6%) 269/19,471 (1.4%) 493/27,408 (1.8%) 688/36,989 (1.9%) 953/49,324 (1.9%) 1,792/89,463 (2.0%)
Lowrisk  8/632(1.3%)  39/3884 (1.0%) 90/8860 (1.0%)  128/12,548 (1.0%)  171/17,846 (1.0%)  224/25,964 (0.9%) 310/33,251 (0.9%) 464/42,018 (1.1%) 625/53,157 (1.2%)  1,089/87,617 (1.2%)
Death
High risk 1/290 (0.34%) 2/2122 (0.09%) 1/5315 (0.02%) 3/8231 (0.04%) 2/12,383 (0.02%) 6/19,471 (0.03%) 8/27,408 (0.03%) 12/36,989 (0.03%) 11/49,324 (0.02%) 29/89,463 (0.03%)
Low risk 0/632 0/3884 1/8860 (0.01%) 0/12,548 2/17,846 (0.01%) 3/25,964 (0.01%) 3/33,251 (0.01%) 1/42,018 (0%) 11/53,157 (0.02%) 5/87,617 (0.01%)
Composite
Highrisk ~ 42/290 (14.5%) 232/2122 (10.9%) 452/5315 (8.5%) 673/8231 (8.2%) 1010/12,383 (8.2%) 1405/19,471 (7.2%) 2379/27,408 (8.7%) 3748/36,989 (10.1%)  5418/49,324 (11.0%)  8921/89,463 (10.0%)
Low risk  61/632 (9.7%) 303/3884 (7.8%) 591/8860 (6.8%) 739/12,548 (5.9%) 1156/17,846 (6.5%) 1404/25,964 (5.4%) 1963/33,251 (5.9%) 3062/42,018 (7.3%) 3960/53,157 (7.5%) 6383/87,617 (7.3%)
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SUPPLEMENTARY TABLE 4
Total population: unadjusted and adjusted odds of composite adverse
outcome by volume decile and high- and low-risk subgroups

Lowest volume

Total Decile 1 Decile 2 Decile 3 Decile 4 Decile 5
population OR (95% ClI) Pvalue OR (95% ClI) P value OR (95% ClI) Pvalue OR (95% CI) P value OR (95% CI)
All deliveries
High risk 1.76 (1.31-2.37) .0002 1.28 (1.07-1.54) .0077 0.93 (0.78-1.10) 3776 0.97 (0.82-1.14) .7106 0.88 (0.75-1.03)
Low risk 1.36 (1.05-1.76) .0201 1.21 (1.01-1.45) .0364 0.99 (0.83-1.18) .8736 (0.84-1.20) 9177 0.90 (0.76-1.07)
Adjusted for
demographics?
High risk 1.78 (1.32-2.39) 0001 1.28(1.07-1.53) 0076 0.91(0.78-1.08) 2877 0.96 (0.82-1.13) 6560 0.87 (0.75-1.02)
Low risk 1.34 (1.04-1.74) 0261 1.20 (1.00-1.44) 0509  0.97 (0.81-1.15) 7033 0.99 (0.84-1.18) 9479 0.89 (0.75-1.06)

Fully adjusted®

High risk 1.87 (1.39-2.51) < .0001 1.34 (1.12-1.60) .0014 0.96 (0.82-1.14) .6586 1.01 (0.86-1.18) .9345 0.91(0.78-1.07)

Low risk 1.49 (1.33-1.67) <.0001  1.23(1.17-1.29) <.0001  1.02(0.98-1.05) 3222 1.00 (0.97-1.03) 9459 0.97 (0.94-0.99)

Kyser. Obstetrical volume and postpartum complications. Am J Obstet Gynecol 2012. (continued )

SUPPLEMENTARY TABLE 5
Spontaneous vaginal deliveries: unadjusted and adjusted odds of composite adverse
outcome by volume decile and high- and low-risk subgroups®

Lowest volume

Spontaneous i i i . }
vaginal Decile 1 Decile 2 Decile 3 Decile 4 Decile 5
deliveries OR (95% ClI) P value OR (95% ClI) P value OR (95% ClI) P value OR (95% CI) P value OR (95% CI)
Unadjusted

High risk 2.08 (1.45-2.97) <.0001 1.48 (1.22-1.78) < .0001 1.134 (0.96-1.34) 1328 1.16 (1.00-1.36) .0540 1.02 (0.88-1.19)

Low risk 1.50 (1.12-1.99) .0057 1.30 (1.08-1.57) .0055 1.08 (0.90-1.29) 4125 1.12(0.94-1.33) 2123 0.95 (0.80-1.13)

Adjusted for
demographics?

High risk 2.13(1.49-3.04) < .0001 1.48 (1.23-1.78) < .0001 1.12(0.96-1.32) 1590 1.16 (1.00-1.34) .0637 1.02 (0.89-1.18)

Low risk 1.50 (1.22-1.99) .0060 1.30 (1.08-1.57) .0061 1.06 (0.89-1.27) 4951 1.11(0.93-1.32) .2511 0.94 (0.78-1.19)

Fully adjusted

High risk 2.21(1.55-3.16) < .0001 1.52 (1.27-1.83) < .0001 1.16 (0.99-1.36) .0642 1.19 (1.02-1.38) .0246 1.06 (0.91-1.22)

Low risk 1.50 (1.12-1.99) .0060 1.30 (1.08-1.57) .0061 1.06 (0.89-1.27) 4951 1.11(0.93-1.32) .2511 0.94 (0.78-1.12)

Kyser. Obstetrical volume and postpartum complications. Am J Obstet Gynecol 2012. (continued )
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SUPPLEMENTARY TABLE 4
Total population: unadjusted and adjusted odds of composite adverse
outcome by volume decile and high- and low-risk subgroups (continued)

Highest volume

Decile 6 Decile 7 Decile 8 Decile 9 v:,?::,set
P value OR (95% CI) P value OR (95% CI) P value OR (95% ClI) P value OR (95% CI) P value Decile 10
Reference
.1043 0.82 (0.70-0.96) .0119 0.89 (0.76-1.04) 1447 0.97 (0.83-1.14) 7157 0.97 (0.83-1.14) 7327
.2455 0.84 (0.70-0.99) .0398 0.87 (0.74-1.04) 1227 0.97 (0.82-1.16) .7561 0.98 (0.83-1.17) .8447
Reference
.0944 0.82 (0.71-0.96) .0140 0.89 (0.77-1.04) 1484 0.97 (0.83-1.13) 6757 0.97 (0.83-1.13) .6622
1957 0.83 (0.70-0.99) .0366 0.87 (0.74-1.04) 1188 0.97 (0.82-1.15) 7312 0.97 (0.82-1.16) 7595
Reference
.2476 0.85 (0.73-0.99) .0411 0.91 (0.79-1.06) .2450 0.99 (0.85-1.15) .9269 0.98 (0.84-1.14) 7797
.0068 0.91 (0.89-0.93) < .0001 0.92 (0.91-0.94) < .0001 1.01 (1.00-1.03) .0770 1.02 (1.03-1.06) < .0001

Cl, confidence interval; OR, odds ratio.

a Adjusted for race, age, and payor; ® Adjusted for race, age, payor, advanced age, herpes, asthma, cerebral hemorrhage, chorioamnionitis, diabetes mellitus, hypertensive disorders, congenital heart
disease, liver anomalies, renal anomalies, thyroid disease, mental disorder, multiple gestation, preterm gestation, obesity, pulmonary embolism, and uterine rupture.

Kyser. Obstetrical volume and postpartum complications. Am J Obstet Gynecol 2012.

SUPPLEMENTARY TABLE 5
Spontaneous vaginal deliveries: unadjusted and adjusted odds of composite adverse
outcome by volume decile and high- and low-risk subgroups® continued)

Lowest volume

Decile 6 Decile 7 Decile 8 Decile 9 ",.I:,?::,Zt
P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) Pvalue Decile 10
Reference
7758 0.99 (0.86-1.15) .9329 1.01 (0.87-1.16) .9267 1.03 (0.90-1.18) .6929 1.02 (0.89-1.17) .7554
.5352 0.89 (0.75-1.06) 1825 0.91 (0.77-1.08) 2721 1.00 (0.84-1.18) .9510 0.98 (0.83-1.17) .8553
Reference
7645 1.00 (0.87-1.15) 9717 1.05 (1.00-1.10) 8877 1.01 (0.88-1.16) 7775 1.02 (0.89-1.17) 8599
4807 0.89 (0.75-1.06) 1776 0.91 (0.76-1.08) .2574 0.99 (0.83-1.17) .9034 0.97 (0.82-1.15) .7467
Reference
4683 1.03 (0.90-1.18) .6708 1.03 (0.90-1.18) .6830 1.04 (0.91-1.19) .5438 1.03 (0.90-1.17) 7202
4807 0.89 (0.75-1.06) 1776 0.91 (0.76-1.08) .2574 0.99 (0.83-1.17) .9034 0.97 (0.82-1.15) .7467

Cl, confidence interval; OR, odds ratio.

2 Adjusted for race, age, and payor; ® Adjusted for race, age, payor, advanced age, herpes, asthma, cerebral hemorrhage, chorioamnionitis, diabetes mellitus, hypertensive disorders, congenital heart
disease, liver anomalies, renal anomalies, thyroid disease, mental disorder, multiple gestation, preterm gestation, obesity, pulmonary embolism, uterine rupture.
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SUPPLEMENTARY TABLE 6
Cesarean deliveries: unadjusted and adjusted odds of composite adverse
outcome by volume decile and high- and low-risk subgroups

Lowest volume

Cesarean Decile 1 Decile 2 Decile 3 Decile 4 Decile 5
deliveries OR (95% CI) P value OR (95% ClI) P value OR (95% CI) P value OR (95% ClI) Pvalue OR (95% CI)
Unadjusted

High risk 1.70 (1.10-2.61) .0163 1.22 (0.95-1.58) 1193 0.84 (0.67-1.05) 1250 0.81(0.65-1.01) .0554 0.77 (0.60-0.92)

Low risk 1.40 (0.93-2.11) .1068 1.02 (0.78-1.34) 8727 0.86 (0.67-1.11) .2504 0.79 (0.61-1.01) .0575 0.77 (0.60-0.98)
Adjusted for
demographics?

High risk 1.70 (1.10-2.61) .0137 1.22 (0.95-1.57) 1632 0.83 (0.66-1.04) .0897 0.81 (0.65-1.00) .0428 0.75 (0.60-0.92)

Low risk 1.37 (0.90-2.06) .1388 1.03 (0.78-1.36) .8280 0.84 (0.65-1.09) 1928 0.79 (0.61-1.02) .0648 0.77 (0.60-0.98)

Fully adjusted®

High risk 1.76 (1.15-2.70) .0099 1.27 (0.99-1.63) .0608 0.87 (0.69-1.08) .2086 0.84 (0.68-1.04) 1132 0.78 (0.63-0.96)
Low risk 1.39(0.92-2.10) 1175 1.02 (0.77-1.34) .8958 0.85 (0.66-1.10) .2052 0.78 (0.61-1.01) 0574 0.76 (0.59-0.97)
Kyser. Obstetrical volume and postpartum complications. Am J Obstet Gynecol 2012. (continued )
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SUPPLEMENTARY TABLE 6
Cesarean deliveries: unadjusted and adjusted odds of composite adverse
outcome by volume decile and high- and low-risk subgroups (continued)

Lowest volume

Decile 6 Decile 7 Decile 8 Decile 9 v:,?::,set
P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% ClI) Pvalue Decile 10
Reference
.0073 0.68 (0.55-0.84) .0003 0.81 (0.66-0.99) .0423 0.94 (0.77-1.15) .5336 0.98 (0.80-1.20) .8180
.0343 0.67 (0.53-0.86) .0013 0.80 (0.63-1.01) .0614 0.98 (0.77-1.25) .8799 0.93 (0.74-1.18) 5712
Reference
.0043 0.69 (0.56-0.84) .0004 0.81 (0.66-0.99) .0313 0.93 (0.76-1.14) .5057 0.97 (0.80-1.19 .6807
.0353 0.66 (0.52-0.85) .0010 0.77 (0.61-0.98) .0363 0.97 (0.76-1.23) .7928 0.94 (0.74-1.19) .6051
Reference
.0184 0.70 (0.57-0.86) .0007 0.82 (0.67-1.00) .0510 0.95 (0.78-1.15) 5782 0.98 (0.81-1.19) .8473
.0273 0.67 (0.52-0.85) .0011 0.79 (0.62-1.00) .0505 0.97 (0.76-1.23) 7795 0.93 (0.73-1.18) .5495

Cl, confidence interval; OR, odds ratio.

a Adjusted for race, age, and payor; ® Adjusted for race, age, payor, advanced age, herpes, asthma, cerebral hemorrhage, chorioamnionitis, diabetes mellitus, hypertensive disorders, congenital heart
disease, liver anomalies, renal anomalies, thyroid disease, mental disorder, multiple gestation, preterm gestation, obesity, pulmonary embolism, and uterine rupture.
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