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Abstract

Background—In the setting of persistently high risk for maternal mortality and severe obstetric
morbidity, little is known about the relationship between hospital delivery volume and maternal
outcomes.

Objective—The objectives of this analysis were (i) to determine maternal risk for severe
morbidity during delivery hospitalizations by hospital delivery volume in the United States; and
(i) to characterize, by hospital volume, the risk for mortality in the setting of severe obstetrical
morbidity — a concept known as failure to rescue.

Study Design—This cohort study evaluated 50,433,539 delivery hospitalizations across the
United States from 1998 to 2010. The main outcome measures were (i) severe morbidity defined
as a composite of any one of fifteen diagnoses representative of acute organ injury and critical
illness, and (ii) failure to rescue, defined as death in the setting of severe morbidity.

Results—The prevalence of severe morbidity rose from 471.2 to 751.5 cases per 100,000
deliveries from 1998 to 2010, an increase of 59.5%. Failure to rescue was highest in 1998 (1.5%),
decreased to 0.6% in 2007, and rose to 0.9% in 2010. In models adjusted for comorbid risk and
hospital factors, both low and high annualized delivery volume were associated with increased risk
for failure to rescue and severe morbidity. However, the relative importance of hospital volume for
both outcomes compared to other factors was relatively small.

Conclusions—While low and high delivery volume are associated with increased risk for both
failure to rescue and severe maternal morbidity, other factors, in particular characteristics of
individual centers, may be more important in determining outcomes.
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Introduction

Methods

The burdens of maternal mortality and severe obstetrical morbidity and childbirth in the
developed world have been increasing.1-3 Dramatic advances in perinatal care over the last
three decades have not been paralleled by improvements in maternal care. National
organizations, including the American Congress of Obstetricians and Gynecologists
(ACOG), American Board of Obstetrics and Gynecology (ABOG), the Society for Maternal-
Fetal Medicine (SMFM), Amnesty International, and the National Institute of Child Health
and Human development (NICHD)* have all recently issued policy recommendations to
increase awareness of the causes of maternal mortality and to promote improved care of
pregnant women.

Referral and/or transfer of complicated patients to centers with expertise, facilities, and
staffing to care for mothers at high risk for mortality have been proposed as a means of
reducing maternal death and severe morbidity.# However, little is known regarding maternal
care at low-volume obstetrical centers in the United States; scant data is available on
comorbid risk factors, incidence of life threatening complications, and how often death
occurs in the setting of severe morbidity. Outcomes at low-volume hospitals may be
critically important given that as of 2008, 58% of hospitals providing obstetrical care
performed less than 1000 deliveries a year, and an additional 21% performed 1000 to 2000
deliveries a year.® In other medical specialties, higher procedural volume has been
associated with improved outcomes for high-risk interventions such as lung transplantation®
and complex cancer surgery;’ however, for some lower risk procedures, volume has been
associated with lesser® or no benefit.?

Given the critical importance of determining the relationship between hospital volume and
maternal outcomes, this analysis had two main objectives: (i) to determine maternal risk for
severe morbidity by hospital delivery volume in the United States; and (ii) to characterize,
by hospital volume, the risk for death in the setting of severe morbidity — a concept known
as failure rescue.

Data from the Nationwide Inpatient Sample (NIS) from the Agency for Healthcare Research
and Quality were used for this analysis. The NIS is the largest publicly available, all-payer
inpatient database in the United States. The NIS dataset contains a random sample of
approximately 20% of hospital discharges within the United States, and through 2011 all
hospitalizations for individual centers were included. The sampling frame for the NIS
includes nonfederal, general, and specialty-specific hospitals throughout the United States as
well as both academic and community facilities. The NIS included approximately 8 million
hospital stays from 45 states in 2010.19 Due to the de-identified nature of the data set,
institutional review board exemption was obtained from Columbia University, NY to
perform this analysis.

We analyzed women who were hospitalized for a delivery between 1998 and 2010. Patients
were identified using ICD-9 billing codes V27 and 650. Utilization of these codes obtains
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greater than 95% of delivery hospitalizations.1! For each hospital, we calculated the total
number of delivery hospitalizations and divided this by the number of years in which a
hospital had at least one delivery. To avoid including emergency deliveries occurring in
hospitals that do not otherwise provide obstetrical services, centers with annualized delivery
volume of less than 50 were excluded; prior analyses evaluating obstetric volume have used
this threshold.12 In addition to annualized delivery volume, hospital characteristics included
location (urban versus rural), teaching status (teaching versus nonteaching), hospital bed
size, hospital ownership (government, private non-profit, or private investor), and region
(Eastern, Midwest, South, or West). Patient transfers from other hospitals were excluded,
given that their outcome could have been dependent on care received from the transferring
center. Within the NIS, sampling weights can be used to provide national estimates. These
sampling weights were applied to determine rates of all risk factors and outcomes in the
aggregate population, which are reported per 100,000 deliveries; similarly sampling weights
were utilized in the unadjusted and adjusted analyses. As per the data use agreement for the
Nationwide Database from the Healthcare Cost and Utilization Project, individual cells with
<10 cases are not reported.

Comorbid risk factors were determined by a review of the literature.213-21 Medical,
obstetric, and demographic conditions shown to be predictive of severe maternal morbidity
were included in the analysis.16:20 Based on data from the United Kingdom comorbid risk
factors such as diabetes, hypertensive diseases of pregnancy, and substance abuse have also
been shown to be associated with increased risk for mortality.22:23 To summarize comorbid
risk, a validated index specifically designed for use in obstetric patient populations that
includes demographic and medical risk factors (such as congenital heart disease,
hypertension, and diabetes) predictive of maternal death and acute organ injury was included
in the adjusted models.16:20 Risk factors included in the index are assigned a weight; patients
with a score of 0 have the lowest risk of severe morbidity with increasing score associated
with increased risk. In the initial study used to calculate the comorbidity index risk for
severe morbidity was 0.68% with a score of 0 compared to 10.9% with a score >10. For
categorical analyses, patients were classified based on the following scores: 0, 1, 2, 3, 4, =5.
The following patient demographic characteristics were additionally evaluated: maternal
age, race (white, black, Hispanic), year of discharge, zip-code income, and payer status.

For outcomes, measures and diagnoses of severe morbidity were reviewed in the research
literature.14-16 This analysis utilized fifteen diagnoses of acute organ injury and critical
illness also analyzed in the validated obstetric comorbidity index: acute heart failure, acute
liver disease, acute myocardial infarction, acute renal failure, disseminated intravascular
coagulation, coma, delirium, puerperal cerebrovascular disorders, pulmonary edema,
pulmonary embolism, sepsis, shock, status asthmaticus, and status epilepticus.12:16
Incidence rates of severe morbidity and failure to rescue were calculated. Failure to rescue
was defined as death in the setting of one of the fifteen acute organ injury diagnoses
representative of severe maternal morbidity. The concept of failure to rescue has arisen from
the growing recognition that one of the most important determinants of outcomes may not be
the occurrence of a complication, but how a life-threatening condition is managed.24-27
Failure-to-rescue as an outcome to evaluate how patient outcomes may differ based on
institutional and provider factors. While evaluation failure-to-rescue with administrative data
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cannot determine causality, such analyses can demonstrate potentially clinically significant
associations.

Annualized hospital delivery volume was analyzed in two ways: (i) for the unadjusted
analyses volume was analyzed categorically, and (ii) for the adjusted analyses volume was
analyzed continuously. For the unadjusted analyses, delivery volume was classified into one
of four categories: 50 to 500 deliveries (very low volume), 501 to 1000 deliveries (low
volume), 1001 to 2000 deliveries (medium volume), and >2000 (high volume). Prior
analyses have used varying obstetric volume cutoffs;28:29 the volume categories used in this
analysis were chosen because they represent easily interpretable and clinically meaningful
distinctions in obstetric volume.

Adjusted risks for severe maternal morbidity and failure to rescue in relation to annualized
delivery volume were evaluated via a generalized linear mixed effects model with a Poisson
distribution and a log link function to account for hospital clustering. Restricted cubic
splines are nonparametric smoothing procedures that do not necessitate restriction on the
shape of distribution, and this methodology allows flexibility in presenting the non-linear
relationship between continuous predictors and outcome and was used to model annualized
hospital delivery volume.39:31 The appropriate numbers of knots for annualized delivery
volume in the models were determined by the likelihood-ratio test.30 A five-piece restricted
cubic spline with knot locations at annualized hospital volumes of 377 (51" percentile of the
patient population), 1252 (28! percentile), 2170 (50t percentile), 3437 (73™ percentile),
and 7163 (95! percentile) was applied to the regression model for severe morbidity; another
5-piece restricted cubic spine model was developed for failure to rescue with knot locations
at 432 (5t percentile of patients), 1478 (28™ percentile), 2378 (50 percentile), 3600 (73t
percentile), and 7433 (95t percentile). These models account for patient demographics and
hospital characteristics as well as comorbid risk. The results of the individual cubic spline
regressions for severe morbidity and failure to rescue are presented visually as smoothed
lines with risk ratios (with 95% confidence intervals) with annualized delivery volume of
1000 as the reference.

Within the adjusted models, Akaike information criteria (AIC) were used to evaluate the
relative importance of each covariate on severe maternal morbidity and failure to rescue by
removing one covariate at a time from the model.® A larger AIC indicates a greater
importance for the given variable omitted from the model. The likelihood ratio test (LRT)
compares the fit of a full model (including all variables) to a reduced model omitting a
specified variable thereby indicating the statistical significance of the omitted variable. All
analyses were performed with SAS 9.4 (SAS Institute, Cary, NC).

A total of 50,433,539 deliveries were included in the analysis of which there were 284,883
cases of severe maternal morbidity and 2,795 cases of failure to rescue. Failure to rescue
accounted for 78.7% of the 3,550 deaths in the cohort. 3,995,340 (7.9%) deliveries occurred
at very low volume centers, 6,678,632 (13.2%) at low volume centers, 12,719,964 (25.2%)
at moderate volume centers, and 27,039,603 (53.6%) at high volume centers. This cohort of
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patients represents a national estimate based on sampling weights from the NIS applied to an
original population of 10,325,140 deliveries from 2,832 hospitals. Very low and low volume
centers were more likely to be rural, nonteaching, located in the Midwest or South, and serve
lower-income patients (Table 1). Most risk factors for severe morbidity and/or mortality
were prevalent at a higher rate at moderate and high volume hospitals. Rates of potentially
high-risk conditions such as pulmonary hypertensions, congenital heart disease, and
systemic lupus were all highest at high volume hospitals. However, deliveries in the setting
of many risk factors, such as previous cesarean delivery, gestational hypertension, mild or
unspecified preeclampsia, and asthma, were not uncommon at very low and low volume
centers (Table 2).

Prevalence of severe morbidity rose significantly over the course of the study period from
471.2 cases per 100,000 deliveries in 1998 to 751.5 per 100,000 in 2010, an increase of
59.5% (Table 3). Delivery at high volume hospitals was associated with higher risk for
severe morbidity (618.6 per 100,000 deliveries), compared to moderate, low, and very low
volume centers (incidence rates of 542.1, 443.7, 476.4 cases per 100,000 deliveries
respectively). Risk was also higher for women older than 34 compared to younger women,
for black women compared to other racial and ethnic groups, and in the South compared to
other geographic regions. A high score on the obstetric comorbidity index was associated
with increased risk for severe morbidity; for example, a score of 0 was associated with an
incidence rate of 0.4% of severe morbidity whereas a score of =5 was associated with an
incidence of 5.7% risk of severe morbidity. The prevalence rate of individual severe
morbidity diagnoses stratified by hospital volume is presented in the Appendix.

Failure to rescue occurred in 1.0% of women with severe morbidity cases: 2795 deaths
amongst 284,883 cases of severe morbidity. The unadjusted risk for failure to rescue was
lowest in very low volume hospitals (0.6%) and highest in moderate volume hospitals
(1.2%). Other factors associated with increased risk for failure to rescue include maternal
age =35 (failure to rescue rate of 1.5%), black race (1.7%), and obstetric comorbidity index
score of =5 (1.6%). Failure to rescue was highest in 1998 at the start of the study period
(1.5%) and decreased to 0.6% in 2007 before rising to 0.9% in 2010.

The adjusted model for severe morbidity based on hospital volume is presented in Figure
1A. With annualized delivery volume of 1000 as the reference, risk for severe morbidity was
increased at delivery volume of 50 (risk ratio (RR) 1.40, 95% confidence interval (CI)
1.39-1.40). Risk then decreased to a nadir at an annualized volume of approximately 1250
(RR=0.98, 95%CI 0.98 — 0.99), and then rose again as volume increased with a peak RR at
annualized volume of 2500 (RR=1.34, 95%CI 1.31-1.36) before decreasing again. Other
factors associated with increased risk for severe morbidity included year of delivery, with
risk generally increasing as the study period progressed, and higher score based on the
obstetric comorbidity index (RR 1.56, 95% CI 1.56-1.56) (Table 4). Analysis of AIC
demonstrates that the most important factors in severe morbidity risk were (i) patient-level
comorbidity as measured by the comorbidity index, and (ii) hospital random effects as
captured by the mixed model. The role of annualized delivery volume within the model was
minor (Table 5).
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The adjusted model for failure to rescue based on hospital volume is presented in Figure 1B.
As with the severe morbidity model, results are presented as smoothed lines with risk ratios
and 95% confidence intervals. With annualized delivery volume of 1000 as the reference,
hospital volume of 50 was associated with a doubling of the risk for failure to rescue (RR
2.02 (95%CI 1.95-2.08). Risk decreased to a nadir at an annualized volume of
approximately 1500 (RR 0.90, 95%CI 0.84-0.96) and then rose, with risk significantly
increased at annualized volume of 2250 (RR=1.14, 95% CI 1.05-1.24). Other factors
associated with increased failure to rescue included black race (RR 1.77, 95% CI 1.56-2.00)
and Medicaid insurance (RR 1.34, 95% CI 1.21-1.47). Comorbidity index was associated
with a modestly increased likelihood of increased risk of failure to rescue (RR 1.07, 95% ClI
1.05-1.09). Review of the AIC demonstrates that variable hospital-level effects in the mixed
model were the most important factor in the failure to rescue model. The role of annualized
hospital volume was relatively small (Table 5).

Discussion

In this large, nationally representative sample of delivery hospitalizations, low delivery
volume was found to be associated with increased risk for both failure to rescue and severe
maternal morbidity. However, the relative importance of hospital volume in both models was
small. These findings suggest that other factors, in particular characteristics of individual
centers, may be most important in determining outcomes. While the NIS is limited in
assessing individual hospital factors, possible hospital characteristics associated with
reduced risk for failure to rescue at moderate versus low and very low volume centers may
include availability of consultants, the medical and nursing culture, staffing, and effective
use of safety protocols to reduce risk.

A possible explanation for our findings at low volume hospitals may have to do with the
specific leading causes of maternal mortality: hemorrhage, venous thromboembolism,
hypertensive diseases of pregnancy, and cardiac and non-cardiac medical conditions.232:33
While complicated medical and cardiac patients may benefit from sub-specialty care in a
tertiary medical center (and in fact patients with particularly high-risk medical conditions in
this cohort were much more likely to deliver at high-volume centers), strategies to reduce
risk from hemorrhage, hypertension, and venous thromboembolism are relatively
straightforward and implementable and require only modest utilization of resources.34-37 For
example, postpartum hemorrhage has been identified as a frequently preventable cause of
maternal death.3® Timely recognition, an organized response, availability of a massive
transfusion protocol, and appropriate treatment may reduce risk for death from this
complication.38 Institutional readiness based on implementing strategies that anticipate and
optimize management of postpartum hemorrhage may be more important in avoiding failure
to rescue from hemorrhage than volume of the complication experienced within a center.
Major national efforts to reduce maternal mortality such as the United Kingdom's
Confidential Enquiries into Maternal Death utilize both epidemiologic surveillance data as
well as comprehensive mortality case reviews in fashioning recommendations to improve
outcomes.33 This analysis supports this approach, in that determination of optimal hospital-
level practices may be critically important in improving care.
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An unexpected finding from our analysis was that risk for failure to rescue increased as
obstetrical volume increased for high volume hospitals. The causes of this finding are
unclear. Specifically, it is unclear why modest changes in volume for high volume hospitals
were associated with significantly increased risk compared to medium volume hospitals. It is
possible that unmeasured confounding may be a factor in that we are not fully able to
control for comorbid risk using administrative data; 3%40 accurate use of secondary
diagnoses may be tied to reimbursement and some risk factors such as obesity that are
demonstrated to be highly associated with maternal mortality in case reviews33 are poorly
coded. While tools to estimate comorbidity are routinely used to account for comorbid risk
in population-based studies,*! the degree to which secondary 1CD-9 codes are included may
be driven by reimbursement policies.*2 Another possibility is a greater degree of care
variation in larger centers; administrative, nursing, and provider resources may be allocated
differently across high volume centers with implications for clinical care. These findings
support the need for future research to determine whether adjusted risk for failure to rescue
is in fact higher at high volume centers and, if so, what hospital level practices are associated
with best outcomes for patients experiencing severe morbidity.

In determining adjusted risk based on hospital delivery volume, we avoided use of
categorical volume variables*3 and presented a regression model that did not assume a linear
relationship between hospital volume and severe morbidity or failure to rescue. Indeed, we
found that hospital volume demonstrated non-linear effects on the outcomes that modeling
volume as a categorical variable may have masked the true effects. Furthermore, our model
identified the highest risk for failure to rescue at the very lowest volume centers, suggesting
that optimizing management in this setting may be an important component in improving
maternal safety.

Several other findings from our study are of general public health significance. First, severe
morbidity continued to rise throughout the study period. Therefore, given the increase in
severe morbidity, the absolute number of deaths from failure to rescue did not decrease in
proportion to the decreased rate of failure to rescue. To reduce the absolute number of failure
to rescue deaths, a reduction in risk for severe morbidity in addition to improving
management of complications may be required. Second, our analysis adds insight into well-
documented health disparities in severe maternal morbidity and mortality.#* Not only were
severe morbidity rates higher among black women, but failure-to-rescue rates were higher as
well, suggesting that management of severe morbidity may play a role in mortality
disparities. Third, higher comorbid risk as classified by the obstetric comorbidity index
utilized in this analysis was associated with much higher risk for severe morbidity but only
modestly increased the risk of failure to rescue. As demonstrated in the results, patients with
a comorbidity score of =5 were more than 16 times as likely to develop severe morbidity
than those with a score of 0 whereas risk for failure to rescue was approximately 2.3 times
higher for the high comorbidity score group. In short, our findings suggest that risk for
mortality with patients with high co-morbidity may be more associated with development of
a complication rather than failure to rescue, relative to patients with less comorbid risk.

In interpreting this study, proper interpretation of the concept of failure to rescue in an
obstetrical context is important. Differences in failure to rescue risk noted across varying
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hospital volumes do not necessarily signify that care was inadequate; this analysis cannot
determine causally what was responsible for increased risk at high and low volume centers.
A variety of factors including staffing, clinical practices, available resources, administrative
factors, consultative services, and ancillary services may all be related to outcomes for
specific morbidities at hospitals with varying delivery volumes. Furthermore, in studies
evaluating failure to rescue in the setting of high-risk surgical procedures such as
pancreatectomy and esophosagectomy,*® a relatively small set of specific complications are
responsible for mortality in comparison to the diverse and heterogeneous diagnoses
representing organ failure in this study.

In considering the results of this study, there are important limitations to consider. First, is
the role of hospital transfers: While the NIS dataset allowed exclusion of patients transferred
in from other centers, we were not able to determine outcomes of outgoing transfers. This
methodological limitation may bias the study towards making outcomes at low volume
hospitals, which may be more likely to transfer out critically ill patients who then die, appear
better than they are. For very low volume hospitals the magnitude of increased risk for
failure to rescue may be underestimated. Second, while we used mean hospital volume over
the study period it is possible that year-to-year variation could have affected study outcomes.
While we could have restricted our analysis to hospitals with delivery volumes within
consistent ranges throughout the study period, or classified hospitals within volume
categories on a year-by-year basis, we elected to use mean volumes to ensure a large a study
population as possible (given the rarity of maternal death), evaluate volume continuously,
and have the study design be as clearly interpretable as possible. A third limitation in our
analysis is that the NIS offers a relatively limited set of variables characterizing individual
hospitals. While we evaluated obstetric volume and such factors as geographic region and
teaching status, it is possible that that other unmeasured structural, administrative, and
staffing factors could be strongly associated with risk for failure to rescue. A fourth
limitation is that administrative data is collected with the primary purpose of administration
and billing and is not collected for research purposes. While analysis of administrative data
can be a cost-effective and time-efficient means of evaluating research hypotheses,
prospective clinical data, while costlier and more time-intensive to collect, may yield data
for valid for research purposes. Of particular concern in our study is that variation in
reporting of outcomes including severe morbidity diagnoses may affect the calculation of
failure to rescue diagnoses. Specifically, there are no means of assessing ascertainment
trends. With this limitation noted, the interpretation of rising maternal morbidity diagnoses
in the NIS in the context of well defined increased comorbid risk has been interpreted by
leading organizations such as the Centers for Disease Control and Prevention within the
context pf other surveillance mechanisms as representing true increases in the maternal
burden of severe morbidity.241538 A fifth limitation of this analysis is that without
performing chart reviews, we are unable to include certain factors in the analysis. For
example, we elected not to include mode of delivery, given that the role of this variable in
the pathway of the outcomes that we were assessing may vary on a case-by-case basis.
Depending on the individual clinical scenario, the mode of delivery: (i) could be the result of
severe morbidity, (ii) could be causal or increase risk for severe morbidity, or (iii) could be
representative of severity of morbidity. Finally, for many patients with significant medical

Am J Obstet Gynecol. Author manuscript; available in PMC 2017 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Friedman et al.

comorbidities, the probability of an optimal maternal outcome may be affected by pre-
conceptional and prenatal care, factors that this analysis was also unable to evaluate.

In summary, analysis of this large, nationally representative sample of delivery

hospitalizations found that while low and high delivery volumes were associated with

Page 9

increased maternal risk, the relative importance of hospital volume was small, and center-
level effects were the most important factor associated with maternal outcomes. Risk for

failure to rescue may be driven more by hospital-level factors other than the volume of

deliveries performed on an annual basis.
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Appendix Table 1

National estimates for severe morbidity by annualized

delivery volume categories

50-500 501-1000 1001-2000 >2000 Al patients

Acute organ injury Per 100,000 deliveries

Acute heart failure ™ 35.1 341 44.7 516 46.3
Acute liver disease 79.8 78.8 92.3 91.8 89.3
Acute myocardial infarction * 0.9 1.0 2.0 2.0 18
Acute renal failure ™™ 12.7 17.0 30.9 385 3L7
Acute respiratory failure ™™ 239 344 4238 53.2 458
Disseminated intravascular coagulation ** 1530 174.9 211.8 250.9 2235
Coma™ 0.4 05 11 15 12
Delirium 5.0 4.7 6.6 5.4 5.6
Puerperal cerebrovascular disorders > 20.2 235 314 33.7 30.7
Pulmonary edema ** 14.9 174 28.1 52.3 387
Pulmonary embolism * 18.7 15.6 18.6 20.6 19.3
Sepsis * 124.5 63.4 68.4 74.4 75.1
Shock ** 183 17.8 20.1 245 22,0
Status asthmaticus ™™ 4.2 5.2 7.2 7.9 71
Status epilepticus 0.6 1.0 1.0 0.9 0.9

Discharge weight was used to produce national estimates at population level. Statistically significant comparisons are
denoted by

*
P <0.05 and

Ak
P <0.001. Discharge weight was used to produce national estimates at population level.
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Figure 1. Adjusted models for severe morbidity and failure to rescue, Legend

Legend: The regression models for severe morbidity and maternal death used 5-piece
restricted cubic splines with knot locations at 377, 1252, 2170, 3437, and 7163; while the 5-
piece restricted cubic spine model for failure to rescue used knot locations at 432, 1478,
2378, 3600, and 7433. The models were adjusted for demographic factors, hospital factors,
and comorbid maternal risk. Delivery volume of 1000 was used as reference (arrow). The
dotted lines demonstrate the 95% confidence interval at each volume.
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Table 3
Factors associated with severe morbidity and failure to rescue

Severe Morbidity Failure to Rescue

Total cases (n) 284883 2795

Cases  Per 100,000 deliveries Cases Per 100,000 cases severe morbidity

Annualized delivery volume™#
50-500 19033 476. 4 117 617.2
501-1000 29633 443.7 267 902.5
1001-2000 68952 542.1 812 1177.1
>2000 167265 618.6 1598 955.4

Age*#
<20 16918 459.0 124 730.2
20-24 59964 468.4 506 843.4
25-29 74110 520.0 614 828.9
30-34 74735 609.3 722 966.3
235 59156 796.3 828 1400.5

Year #
1998 16258 471.2 249 1534.2
1999 17400 484.8 252 1445.9
2000 17086 447.7 243 1421.6
2001 17469 466.3 185 1060.7
2002 19375 495.3 243 1254.9
2003 20968 545.1 218 1041.8
2004 22207 555.8 198 893.6
2005 22445 560.3 232 1032.1
2006 23015 567.1 155 671.4
2007 25555 591.1 161 628.6
2008 28071 696.3 189 675.0
2009 27167 687.6 225 829.4
2010 27868 751.5 243 873.4

Household income™#

Lowest quartile 62113 658.8 647 1041.4
Second quartile 67755 557.8 859 1267.7
Third quartile 67966 536.5 622 915.2
Highest quartile 80337 525.8 608 756.9
Unknown 6713 736.5 58 868.6
I nsurance status™#
Medicare 2994 1228.1 51 1705.9
Medicaid 117111 608.7 1405 1199.7
Private 145154 523.4 1096 755.1
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Severe Morbidity

Failure to Rescue

Total cases (n)

284883

2795

Cases  Per 100,000 deliveries Cases Per 100,000 cases severe morbidity
Self pay 10409 597.6 137 1318.8
Other 8501 625.1 101 1182.7
Unknown 714 629.2 --a 680.0
Race™#
White 108811 525.2 769 707.0
Black 42329 848.9 717 1694.6
Hispanic 41874 487.1 510 1217.9
Other/unknown 91869 569.5 798 868.2
Hospital bed size™
Small 26552 482.4 188 706.9
Medium 72886 542.9 764 1048.7
Large 184305 588.5 1832 994.0
Unknown 1141 614.0 -a 855.0
Hospital Location *
Rural 27450 451.2 194 706.2
Urban 256293 580.3 2591 1011.0
Unknown 1141 614.0 --a 855.0
Hospital Region #
Northeast 51134 598.8 438 856.3
Midwest 56423 516.2 435 771.2
South 117162 630.9 1245 1062.6
West 60164 485.4 677 1124.5
Hospital Teaching #
Non-teaching 126091 473.9 1097 870.0
Teaching 154252 675.8 1610 1043.7
Unknown 4541 453.9 87 1915.6
Hospital Owner *
Government 15900 478.0 182 1146.0
Private non-profit 51259 489.5 434 846.7
Private investor 24036 480.4 267 1109.5
Unknown/other 193689 612.3 1911 986.6
Comorbidity | ndex*#
0 114715 353.9 783 682.5
1 57800 527.2 446 771.9
2 40022 883.9 469 1170.8
3 19219 1426.6 270 1406.6
4 10519 2415.9 161 1532.0
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Severe Morbidity Failure to Rescue

Total cases (n) 284883 2795

Cases  Per 100,000 deliveries Cases Per 100,000 cases severe morbidity

>=5 42608 5692.1 665 1561.0

Severe morbidity cases were defined by =1 acute organ injury diagnosis. Failure to rescue was defined as death in the setting of any acute organ
injury diagnosis. Discharge weights were used to produce national estimates at the population level, and weighted frequencies were rounded to
integers.

a :

Cell size <10 are not presented as per data usage agreement.
*

P <0.05 for severe morbidity;

#P <0.05 for failure to rescue.
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Table 4

Page 22

Mixed effects spline regression models (risk ratio with 95% confidence interval) for severe

morbidity and failure to rescue

Severe Morbidity Model

Failure to Rescue model

Annualized delivery volume

Age
<20
20-24
25-29

Year
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Household income

Lowest quartile

Second quartile

Third quartile

Highest quartile

Unknown
Insurance status

Medicare

Medicaid

Private

Self pay

Other

Unknown
Race

White

Black

Hispanic

See figure 1-a

0.98 (0.96-0.99)
1.00 (Referent)
1.14 (1.13-1.16)
1.32 (1.30-1.33)
0.89 (0.88-0.90)

1.00 (Referent)
1.05 (1.02-1.07)
1.02 (0.99-1.05)
1.06 (1.04-1.09)
1.11 (1.08-1.14)
1.11 (1.08-1.14)
1.13 (1.10-1.16)
1.11 (1.08-1.14)
1.19 (1.16-1.22)
1.14 (1.12-1.17)
1.33 (1.29-1.36)
1.32 (1.29-1.36)
1.28 (1.25-1.32)

1.00 (Referent)
1.02 (1.01-1.03)
1.00 (0.99-1.01)
0.96 (0.95-0.97)
1.02 (0.99-1.05)

1.62 (1.56-1.68)
1.17 (1.16-1.18)
1.00 (Referent)
1.09 (1.07-1.12)
1.20 (1.17-1.22)
1.22 (1.13-1.32)

1.00 (Referent)
1.19 (1.18-1.21)
0.90 (0.88-0.91)

See figure 1-b

0.81 (0.67-0.99)

1.15 (1.02-1.29))
1.34 (1.19-1.52)
1.75 (1.55-1.98)

1.00 (Referent)
1.36 (1.06-1.73)
1.16 (0.89-1.50)
1.07 (0.82-1.40)
1.09 (0.85-1.40)
0.91 (0.71-1.18)
0.79 (0.61-1.01)
0.93 (0.72-1.20)
0.58 (0.44-0.76)
0.57 (0.43-0.74)
0.73 (0.56-0.94)
0.81 (0.63-1.05)
0.81 (0.63-1.05)

1.00 (Referent)
1.21 (1.08-1.36)
0.93 (0.81-1.06)
0.89 (0.77-1.04)
1.08 (0.79-1.47)

1.20 (0.83-1.72)
1.34 (1.21-1.47)
1.00 (Referent)
1.43 (1.17-1.73)
1.48 (1.19-1.85)
0.78 (0.31-1.96)

1.00 (Referent)
1.77 (1.56-2.00)
1.34 (1.17-1.54)
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Severe Morbidity Model

Failure to Rescue model

Other/unknown
Hospital bed size
Small (<400)
Medium (400-600)
Large (>600)
Hospital Location
Rural
Urban
Hospital Region
Northeast
Midwest
South
West
Hospital Teaching
Non-teaching
Teaching
Unknown
Hospital Owner
Government
Private non-profit
Private investor
Unknown/other

Comorbidity I ndex

1.15 (1.13-1.16)

1.00 (Referent)
1.03 (1.00-1.07)
1.14 (1.10-1.18)

1.00 (Referent)
1.08 (1.03-1.13)

1.00 (Referent)
0.88 (0.80-0.96)
1.23(1.12-1.35)
1.01 (0.91-1.11)

1.00 (Referent)
0.96 (0.92-0.99)
0.90 (0.86-0.95)

1.00 (Referent)
1.03 (0.98-1.08)
0.95 (0.89-1.01)
1.17 (1.11-1.24)
1.56 (1.56-1.56)

1.10 (0.96-1.27)

1.00 (Referent)
1.25 (0.89-1.76)
1.66 (1.15-2.39)

1.00 (Referent)
1.11 (0.65-1.90)

1.00 (Referent)
0.79 (0.37-1.72)
2.18 (1.03-4.58)
2.19 (1.01-4.77)

1.00 (Referent)
0.99 (0.67-1.46)
2.18 (1.40-3.39)

1.00 (Referent) 0.58 (0.34-0.98)

0.71 (0.39-1.31)
1.11 (0.60-2.04)
1.07 (1.05-1.09)

Page 23

For severe morbidity, annualized delivery volume was modeled based on a 5-piece restricted cubic spline transformation with knot locations at 377,

1252, 2170, 3437, and 7163. For failure to rescue annualized delivery volume was modeled based on a 5-piece restricted cubic spline

transformation with knot locations at 432, 1478, 2378, 3600, and 7433.
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