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Abstract

Rationale: Volume-outcome associations have been demonstrated
in conditions with high morbidity and mortality; however, the
existing literature regarding such associations in sepsis is not
definitive.

Objectives: To test the hypothesis that annual hospital
severe sepsis case volume is associated with mortality
during admissions with severe sepsis in teaching and
nonteaching hospitals.

Methods: This work was a retrospective cohort study of
administrative data from the South Carolina State Inpatient Database
using multivariate logistic regression and case mix adjustment.

Measurements and Main Results: In the calendar year 2010,
9,815 patients were admitted with severe sepsis or septic shock.
Hospitals were stratified into low- (0-75 cases/yr, n = 26),
intermediate- (76-300 cases/yr, n = 19), and high (>300 cases/yr,

n = 12) -volume tertiles. Patients admitted to hospitals with a low
annual case volume for sepsis had higher adjusted odds of dying
before discharge (odds ratio, 1.56; 95% confidence interval, 1.25—
1.94) compared with patients admitted to high-volume hospitals.
Hospitalization at intermediate-volume hospitals was not associated
with a difference in mortality (odds ratio, 0.99; 95% confidence
interval, 0.90-1.09) compared with high-volume hospitals. There was
no difference between the mortality rates of intermediate- and high-
volume hospitals at different severity of illness quartiles. Hospital
length of stay differed significantly by hospital case volume (low =
8.0, intermediate = 12.7, high = 14.9 [d]; P < 0.0001).

Conclusions: Hospitals with low annual sepsis case volume are
associated with higher mortality rates, whereas hospitals with
intermediate sepsis case volumes are associated with similar
mortality rates compared with hospitals with high case volumes.
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Current evidence suggests that outcomes
for high-acuity conditions are influenced
by the case volume of the treating hospital
(1-6), with high-volume (HV) centers
yielding improved outcomes. Trauma,
low-birth weight neonatology, and acute
myocardial infarction have all been shown
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to possess volume-outcome relationships
(1-6) and share clinical features, including:
significant morbidity and mortality; need
for rapid interventions; and resource
intensity. Severe sepsis is a leading cause
of death in the United States (7, 8),

which shares these same characteristics,

leading investigators to examine whether
it, too, exhibits a volume-outcome
relationship. Although one large study
in the United Kingdom showed no
relationship between sepsis case volume
and outcomes (9), several studies of U.S.
hospitals have demonstrated that higher
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sepsis case volumes are associated with
lower risk-adjusted mortality rates (10-12).
Recent data suggest that the mortality
rate from severe sepsis has declined in recent
years, despite a lack of new pharmacologic
therapeutics (13). The gradual adoption
of improved emergency department and
intensive care unit (ICU) structure and care
processes over time may partially explain
declining mortality (14-18); however,
rates of adoption vary considerably
among different hospital types (19, 20).
Thus, volume-outcome relationships may
be a surrogate indicator of variation in
the implementation of best practices, and
may diminish over time as nontertiary
hospitals more rapidly adopt validated
interventions. In the context of the current
debate over the regionalization of critical
care (21-23), a better understanding of
whether outcome gaps between larger
and smaller hospitals are closing is crucial.
South Carolina is a predominantly
rural state, with a population of about
4.7 million, and is located inside of the
recently identified “sepsis belt” (24). As
part of an initiative to address health
disparities in critical illness in South
Carolina, we sought to characterize the
sepsis case volume-outcome relationships
across all hospital types in our state to
determine: (I) if they continue to exist
across all hospital sizes; and (2) whether
regionalizing sepsis care in South Carolina
might be an important target for reducing
health disparities. We hypothesized that
care at higher-volume hospitals will be
associated with improved risk-adjusted
outcomes compared with care at lower-
volume hospitals. Furthermore, we
hypothesized that the relationship
between sepsis case volume and outcomes
will diminish with increasing volumes.

Methods

Study Design

We conducted a retrospective cohort
analysis of the association between sepsis
case volume and sepsis outcomes in the state
of South Carolina. The South Carolina
Office of Research Statistics maintains

a State Inpatient Database containing
patient and hospital demographics,
diagnosis codes, procedure codes, a modifier
code for ICU-level care, discharge status,
and charges for all nonfederal hospital
admissions annually. We obtained both
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patient-identified and hospital-identified
data for the analysis.

Subject Selection

Data were obtained for all admissions,
from the calendar year 2010, with the
International Classification of Disease,
Ninth Revision, Clinical Modification
(ICD-9-CM) codes of severe sepsis (995.92)
or septic shock (785.52). This approach
provides a high positive predictive value
(100%) for identifying patients with
severe sepsis (25). In addition, as the use
of 995.92 and 785.52 is increasing over
time, historical limitations with sensitivity
are improving (26). Admissions in which
a patient was transferred from one acute
care hospital to another were excluded
due to the difficulty in determining the
relative impact that each hospital had on
outcomes. Interhospital transfers were
identified by examining the discharge
and admission dates for any patient who
had more than one admission during

the year. If a discharge date fell within
the same calendar day of an admission
date for the same patient to a different
hospital, this was deemed to be a transfer
between hospitals, and the entire episode
was excluded from the analysis.

Hospital and Patient Variables

Annual hospital sepsis case volume was
defined as the exposure variable and was
categorized into three tertiles: low volume
(LV; <75 cases of sepsis/yr), intermediate
volume (IV; 75-300 cases of sepsis/yr),
and HV (>300 cases of sepsis/yr). These
tertile boundaries were selected to ensure
adequate statistical power for intertertile
comparison. A sample size estimate
suggested that at least 500 patients would
be required per group to detect a 7%
change in mortality with 85% power, and
a boundary of 75 sepsis cases per year
ensured that the LV group would achieve
this sample size. The upper boundary
(300) was set at the median number of
annual admissions for South Carolina
hospitals. Thus, annual sepsis case rates
in the IV group were below the median,
whereas sepsis case rates in the HV group
were above the median. The dependent
outcome variable was hospital mortality.
To control for potential confounders,
demographics, including age, race, sex,
and insurance status, as well as a sepsis
mortality prediction score (27), were used
as covariates. In the database, race was

categorized as being: non-Hispanic white
(white); non-Hispanic black (black);

or other. The “other” race category
represented less than 2% of patients and,
therefore, was combined with the black
cohort during analysis rather than being
treated as an independent race category.
Insurance status was categorized into
four groups: commercial; Medicare;
Medicaid; or other.

We used a sepsis mortality
prediction score adapted from a previously
published instrument (28) to adjust for
illness severity. Briefly, the score uses
the Elixhauser index (29) to estimate
comorbidities, whereas the severity of
the acute illness was measured through
a composite of: (I) need for ICU care;

(2) procedure coding for mechanical
ventilation within 24 hours of admission;
and (3) the presence of shock, as
determined by ICD-9-CM coding (785.50,
785.52). Our adaptation of this instrument
demonstrated good discriminatory ability
(c statistic = 0.776) and calibration
(Hosmer-Lemeshow, P=0.2019) when
predicting death in a validation cohort of
patients with sepsis (27).

Sensitivity Analysis

As hospital size may influence coding
practices, we performed a sensitivity analysis
using a previously validated, sensitive
approach for defining a severe sepsis
cohort from administrative data. Angus and
colleagues used a combination of ICD-9-
CM codes for infection and organ failures
and validated this definition against

a clinically defined cohort (30). Compared
with the “Explicit Diagnosis Code”
approach used to define the current
primary cohort, the Angus approach has
a higher negative predictive value and
sensitivity, but a lower positive predictive
value (25). Thus, a larger cohort of
patients with severe sepsis may be
anticipated with the Angus approach;
however, some patients in this cohort
may not meet the clinical definition of
severe sepsis. Sepsis case volume-outcome
relationships were determined in each
cohort. To evaluate whether the observed
volume-outcome relationships were
influenced by cases of nosocomial sepsis
which occurred during admission for
other conditions with volume-outcome
relationships (trauma, myocardial
infarction, etc.), we examined whether

the presence of sepsis on admission
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influenced the volume-outcome
relationship.

Statistical Analysis

Baseline demographics in each sepsis
case volume tertile were compared using
ANOVA for continuous variables and the
Chi-square test for categorical variables.
Multivariable logistic regression was used
to measure the association between case
volume and hospitalization outcomes
while adjusting for potential confounders,
such as age, race, sex, insurance status,
Charlson score (31), need for mechanical
ventilation, probability of mortality

(as determined by the sepsis mortality
prediction score), and hospital urban
versus rural status. Hospital-level clustering
was adjusted for using mixed-effects
modeling. Model construction began
with sociodemographics and proceeded
with the sequential addition of Charlson
score, need for mechanical ventilation,
the probability of mortality, and hospital
location. A variable denoting whether

or not severe sepsis was present on
admission was included in the model
during sensitivity analysis. The mortality
prediction score yielded a predicted
in-hospital mortality expressed as

a probability. For the purposes of the
logistic regression, the predicted mortality
was divided into risk deciles. Reported
odds ratios (ORs) represent the change in
odds with each increasing risk decile. To
better explore for associations between
severity of illness and volume-outcome
relationships, the mortality prediction
scores were also divided into quartiles
and outcomes were compared between
IV and HV hospitals for patients inside
of each quartile. Hospital classification
was compared between the primary
cohort and the sensitivity cohort by

K statistic.

All statistical analyses were performed
with SAS 9.3 (SAS Institute, Cary, NC). This
study was approved by the Institutional
Review Board at the Medical University of
South Carolina.

Results

Hospital and Patient Characteristics
In 2010, there were 11,737 admissions in the
state with severe sepsis (995.92) or septic
shock (785.52) (Figure 1). After transfer-
related exclusions, 9,815 admissions were
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Figure 1. Flowchart of admissions included in the final analyses.

included in the analyses. The baseline
characteristics of the 1,922 admissions that
were excluded for interhospital transfer
were not significantly different than the
characteristics of those included (data not
shown).

Baseline characteristics of hospitals
are provided in Table 1. We found a wide
distribution of sepsis case volume in each
tertile, with the mean volume being 19,
175, and 499 cases/yr in the LV, IV, and
HYV tertiles, respectively. HV hospitals
(50%) were more likely than IV or LV
hospitals to be designated as “teaching”
hospitals, as defined by the presence of
resident physicians.

Patient characteristics were also
significantly different between each volume
tertile (Table 2). There were statistically
significant differences in age, sex, and race
between tertiles such that patients with
sepsis at HV hospitals were more likely
to be younger, male, and of white race
compared with patients at LV hospitals.
HYV hospital patients were also less likely to
have Medicare coverage and more likely to
have commercial insurance than patients
cared for at LV centers. Patients cared for
at LV hospitals required mechanical
ventilation less frequently and had a lower
predicted mortality than patients at IV or
HYV hospitals, as determined by the sepsis
mortality prediction score. Despite this,
there was a trend toward higher unadjusted
mortality rates in LV hospitals compared
with IV and HV hospitals. Length of stay
was significantly longer at HV hospitals
compared with LV hospitals.

Case Volume Is Associated with
Sepsis Outcomes

After adjustment for relevant covariates,
patients with sepsis cared for at LV hospitals

had a greater odds of death compared
with patients cared for at HV hospitals (OR,
1.56; 95% confidence interval [CI], 1.25-
1.94; Table 3). Patients cared for at IV
hospitals had no difference in the odds of
death compared with those cared for at HV
hospitals (OR, 0.99; 95% CI, 0.90-1.09).
Age, predicted mortality (risk decile), need
for mechanical ventilation, and Charlson
score were all associated with mortality in
the multivariate model, whereas race, sex,
insurance status, and hospital location did
not have predictive capabilities.

Sensitivity Analysis

A separate severe sepsis cohort was derived
using the Angus approach. Using this
approach, 57,695 nontransferred cases of
severe sepsis were identified from the
same dataset, of which 55,779 cases were
cared for at HV hospitals (see Table E1 in
the online supplement). When the same
boundary conditions used in the primary
cohort were applied to this cohort, hospitals
were classified into the same tertiles with
high rates of agreement (LV, k=0.71;
HV, k=0.8). The majority of cases with
severe sepsis (68%) were predicted to have
a mortality risk in the lowest-risk decile

in contrast to the primary cohort, where
only 12% of cases were designated in the
lowest-risk decile. Although the mean age
and Charlson scores were both higher in
the Angus cohort for each volume tertile,
the overall mortality rate for this cohort
was 10.4%. Multivariable logistic regression
performed on the Angus cohort confirmed
the association between mortality and
relevant covariates, such as need for
mechanical ventilation, predicted mortality,
and age; however, no association between
case volume and outcome was identified
in this cohort (Table E2).
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Table 1. Baseline characteristics of hospitals stratified by sepsis case volume tertile

Characteristics Low Volume (1-74) Intermediate Volume (75-299) High Volume (=300) P Value
(n=26) (n=19) (n=12)

Mean annual sepsis cases (SD) 19 (18) 175 (58) 499 (134) P < 0.0001
Teaching hospitals, % 0 (0) 2(11) 6 (50) P < 0.0001
Rural location, % 19 (73) 8 (42) 1(8) P < 0.0001
Beds Size P < 0.0001

<100, % 20 (77) 0 (0) 0 (0)

100299, % 6 (23) 14 (74) 6 (50)

=300, % 0 (0) 5 (26) 6 (50)

Adjustment for the presence of severe
sepsis on admission did not significantly
alter the volume-mortality association.
The presence of sepsis on admission was
associated with reduced odds of mortality
when compared with nosocomial severe
sepsis (Table E3).

Severity of lliness Is Not Associated
with the Volume-Outcome
Relationship

To further investigate whether outcomes
at IV and HV hospitals are, indeed,
equivalent, adjusted mortality was
compared between each group across
different strata of predicted mortality. To
allow for sufficient sample sizes, the
predicted mortality was restratified into risk
quartiles. Multivariable logistic regression
demonstrated no discernible pattern
between predicted mortality and volume-
outcome relationships (Figure 2). Odds
of survival were slightly better in IV
hospitals for patients in the lowest-risk
quartile, but worse for patients in the

second risk quartile. There was no
association between case volume and
mortality in those patients with the highest
risk of death (quartiles 3 and 4).

Discussion

Using an administrative dataset from

a broad range of hospital sizes and types,
we have confirmed that patients admitted
with sepsis to hospitals with low annual
sepsis case volumes continue to have
increased odds of mortality. In the current
study, approximately 5.1% of the study
population was cared for exclusively by
hospitals with a low sepsis case volume.

If this percentage is extrapolated to national
sepsis incidence data (7), more than 33,000
people per year may receive care for
sepsis at LV hospitals, representing

a substantial target for improvement.
However, unlike previous work in this
area (10-12), our data suggest that,

above a certain volume threshold, there

Table 2. Patient characteristics stratified by hospital volume tertile

is no association between mortality and
increasing sepsis case volume.

There are several potential mechanisms
that underline the volume-outcome
relationship identified in this study and
others. First, greater case volumes lead to
more clinician experience, which, in turn,
may lead to improved outcomes. Second,
HYV hospitals are, in general, better
resourced and, by extension, have better
capability to systematically implement
best practices. By contrast, smaller,
rural hospitals often lack the necessary
resources to implement evidence-based
interventions, such as early identification
and resuscitation protocols or high-
intensity physician staffing (32, 33). Thus,
case volume may be a surrogate marker
for ICU structures and processes, which
may impact sepsis mortality risk. Finally,
patient characteristics may also contribute
to the observed volume-outcome pattern.
Patients at smaller, rural hospitals have
less access to primary care (34, 35),
and, therefore, may have more poorly

Characteristics Low Volume (1-74) Intermediate Volume (75-299)
(n=497) (n =3,326)

Mean age (SD) 71.6 (15.1) 68.7 (14.6)
Female, % 54 54
Race, %

White 58 64

Black 36 35

Other 6 1
Insurance, %

Medicare 70 71

Medicaid 11 8

Commercial 14 15

Other 5 6
Mean Charlson score (SD) 1.5(1.8) 1.8 (2.0
Mechanical ventilation, % 27 36
Mean mortality probability (SD) 26.7 (12.6) 28.8 (13.4)
In-hospital mortality, % 32 29
Mean length of stay (SD) 8.0 (7.3) 12.7 (14.1)

High Volume (300 +) P Value
(n=5,992)

65.7 (17.0) P < 0.0001
31 P =0.0053
P < 0.0001

64

34

2
P < 0.0001

65

12

16

7
1.6 (1.8) P=0.2976
38 P < 0.0001
28.9 (13.6) P=0.0153
29 P=0.1838
14.9 (17.9) P =0.0001
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Table 3. Adjusted odds of in-hospital mortality during admission with severe sepsis

Low-volume hospital
Intermediate volume hospital
High-volume hospital (referent)
Need for mechanical ventilation
Mortality risk (decile)

Charlson score

Age, yr

Rural hospital location (referent = urban)
Male sex

Black race

Medicaid

Commercial insurance

Odds Ratio (95% ClI)
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Definition of abbreviation: Cl = confidence interval.

controlled comorbidities (36). Although
adjustment for Charlson score did not
mitigate the mortality gap seen at LV
hospitals in this study, this score only
controls for the presence of a comorbidity,
and not for the adequacy of its treatment.
Volume-outcome relationships have
previously been identified in trauma and
high-risk neonatology (1-3, 6), leading
to regionalization strategies to improve
outcomes (3, 37-39). The current data
suggest, however, that improved outcomes
in sepsis are not confined to the highest-
volume hospitals alone, as care at IV
hospitals was associated with mortality
odds similar to care at HV hospitals. This
observation suggests that there may be
a volume threshold above which additional
case volume does not improve outcomes.

Such findings would be important to the
development of effective and safe
regionalization plans for sepsis care, as they
would: (I) increase the number of centers
qualified to care for severe sepsis, thus
decreasing the potential for capacity strain
at specialized centers; (2) minimize
prehospitalization transit times, thereby
potentially avoiding adverse outcomes
caused by delay to appropriate antibiotic
therapy or early resuscitation (18, 40, 41);
and (3) reduce patient and family burden
associated with transfer of care to

a geographically distant hospital. Due to the
logistical challenges of regionalizing sepsis
care, however, a more pragmatic approach
to improving care at LV hospitals may
involve the identification and dissemination
of the ICU structures and processes, which

Mortality Risk Quartile
n

0 1
Odds Ratio
Favors IV Hospitals

Favors HV Hospitals

Figure 2. Adjusted odds of in-hospital mortality at intermediate-volume hospitals versus high-volume
hospitals across different severity of iliness levels. Box size is proportional to sample size in each risk
quartile. Whiskers represent 95% confidence interval. HV = high-volume; IV = intermediate-volume.
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are responsible for improved outcomes at
larger hospitals. Although this is beyond
the capabilities of the current dataset, these
results suggest that IV hospitals should be
included in future attempts to identify
optimal practices.

Our findings differ from those of
previous studies, which have either failed
to show a volume-outcome relationship
in sepsis (9) or have shown that increasing
case volume is associated with improved
mortality even at very high-volume levels
(10-12). There are several possible reasons
for the observed differences. First, the
hospital types differ between studies.
Shahin and colleagues (9) compared U.K.
hospitals that participate in the Intensive
Care National Audit and Research
Centre Case Mix Program. The Case
Mix Program provides audit and feedback
on ICU outcomes, as well as education
and outreach, which may influence U.K.
hospitals’ care quality initiatives in
a manner that narrows the gap between
care delivered at high- and low-case
volume hospitals (42). Walkey and Wiener
examined the volume-outcome
relationship of severe sepsis care at
U.S. academic centers (11), which represent
less than 8% of all U.S. hospitals (43, 44),
and possess several characteristics that
may influence volume-outcome
relationships, including patient mix,
provider experience/availability,
and familiarity with/adherence to best
practices.

Students and physicians in training
play large roles in patient care at these
hospitals, and case volume may impact
these providers’ skill sets differently than
board-certified physicians who provide
care at community hospitals. In addition,
hospital size may also impact the quality
of physicians in training who work at an
academic medical center (45, 46). Second,
each study uses a different method for risk
adjustment. Volume-outcome relationships
can be confounded by selective referral
practices, mandating the use of risk
adjustment during analysis. The U.K.
hospitals were analyzed using a clinical
risk adjustment tool provided by Intensive
Care National Audit and Research
Centre, whereas Powell and colleagues (10)
controlled only for sociodemographics
and comorbidities. The current study and
others each used different risk adjustment
tools for administrative data (27, 47, 48).
As such, differences in unmeasured
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confounders between the different
approaches may also contribute to the
disparate findings.

Finally, and perhaps optimistically,
our observation, that care at IV hospitals
is associated with a similar risk of mortality
as care at HV hospitals, may be related
to a temporal improvement in severe sepsis
care at nontertiary centers. Implementation
of best practices may be notoriously
slow and is influenced by the characteristics
and environment of the adopting
organization (49, 50). Despite these
limitations, hospitals with fewer resources
are still likely to implement best practices
over time, particularly if performance
measures are publicly reported or tied to
financial incentives. As previous studies
that have examined volume-outcome
relationships in severe sepsis used older
data (9, 10, 12), our results may be reflective
of more recent trends in severe sepsis
care at nontertiary hospitals. However,
we are unable to conclude this with
certainty.

This study has limitations. Our
decision to define the study population
using the ICD-9-CM codes for severe
sepsis and septic shock was deliberate, as
this approach has been shown to have
superior specificity and tends to identify
a population with a greater severity of illness
than approaches using combinations of
codes for infection and organ dysfunction
(51-53). As we were most interested in
examining the relationship between case

volume and mortality in patients at a higher
risk of death, this choice of cohorts was
appropriate for our study. However, this
approach has limited sensitivity (25), and
some cases of sepsis may not have been
included in our analysis. A sensitivity
analysis using a previously published,
highly inclusive approach yielded a cohort
with a very low risk of mortality, suggesting
that this cohort was less representative of
true severe sepsis. This may explain why

a volume-outcome relationship was not
seen using this approach and, furthermore,
suggests that the explicit diagnosis

coding approach used for the primary
cohort was a more appropriate choice.
Another limitation of this study was the
inability to parse out which individual
characteristics of IV and HV hospitals were
most beneficial to survival in sepsis. For
instance, as high-intensity ICU staffing
models are more common in larger
hospitals (54), it is possible that staffing
intensity may contribute to the observed
volume-outcome relationship (55).
However, as none of the hospitals in the LV
tertile meet “fully acceptable” Leapfrog
standards for ICU physician staffing (56),
we were unable to determine the relative
importance of staffing intensity in this
cohort of hospitals. Although the results are
adjusted for hospital-level clustering, the
database was not sufficiently granular to
allow for adjustment for ICU-level
clustering. These data come from a single
U.S. state; therefore, generalizability may

also be considered a limitation. Finally,
the effect that interhospital transfer
between different-sized hospitals has on
outcomes in sepsis is not addressed by
this study, but is an important area for
future investigation.

Conclusions

Hospital case volume is associated with
mortality during admission with severe
sepsis in a broad mix of hospital types.
Care at hospitals with low annual sepsis
case volumes is associated with increased
mortality, whereas care at hospitals with
intermediate annual case volumes is

not associated with worse mortality
compared with hospitals with high annual
case volumes. Future efforts toward the
dissemination of best practices to LV
hospitals (19), ICU outreach programs
using telehealth technology (57), and/or
regionalization of sepsis care (21, 22, 58)
may all be important strategies to
eliminate existing disparities. Important
barriers exist, which could limit the
effectiveness of each strategy, and, at this
time, the optimal approach is not
known. Further investigation regarding
the merits and pitfalls of each is required
before any approach is adopted in

a widespread manner. H

Author disclosures are available with the text
of this article at www.atsjournals.org.
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