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ABSTRACT Objective: To examine hospital resources associated with patient outcomes for aortic valve
replacement (AVR), including inpatient adverse events andmortality.StudyDesign:Weused theNationwide
Inpatient Sample to identify AVR procedures from 1998 to 2010 and the American Hospital Association
Annual Survey to augment hospital characteristics. Primary outcomes included mortality and the
development of adverse events, identified using standardized patient safety indicators (PSI). Patient and
hospital characteristics associated with PSI development were evaluated using univariate and multivariate
analyses. Results:An estimated 410,157 AVRs at 5009 hospitals were performed in the US between 1998 and
2010. The number of procedures grew annually by 4.72% (p=0.0003) in high volume hospitals, 4.48% in
medium volume hospitals (p< 0.0001), and 2.03% in low volume hospitals (p = 0.154). Mortality was highest
in low volume hospitals, 4.70%, decreased from 4.14% to 3.73% in medium and high volume hospitals,
respectively (p = 0.0002). Rates of PSIs did not vary significantly across volume terciles (p = 0.254).
Multivariate logistic regression analysis showed low volume hospitals had increased risk of mortality as
comparedwith high volume hospitals (odds ratio [OR]: 1.42; 95% confidence interval [CI]: 1.01 to 2.00), while
hospital volume was not associated with adverse events. PSI development was associated with small
hospitals as compared with large (OR: 1.63, 95% CI: 1.16 to 2.28) and inversely associated with higher nurse-
to-patient ratio (OR: 0.94, 95% CI: 0.90 to 0.99). Conclusions: The volume-outcomes relationship was
associated with mortality outcomes but not postoperative complications. We identified structural
differences in hospital size, nurses-to-patient ratio, and nursing skill level indicative of high quality
outcomes. doi: 10.1111/jocs.12284 (J Card Surg 2014;29:141–148)

Aortic valve replacement (AVR) is the most common
valve procedure in the United States.1 Owing to
advances in imaging and technology there are a
growing number of people, particularly among the
elderly, who are referred for this procedure.1 As the
population greys, age-related aortic valve pathology
would raise demand for AVR procedures. Therefore, it
is increasingly important to understand mechanisms
that drive costs, patient safety, and quality outcomes
for this surgery.

Formany years, the literature suggested that hospital
volume was associated with improved mortality out-
comes for cardiovascular procedures. Compared to low
volume hospitals, high volume hospitals showed
improved risk-adjusted in-patient mortality.2–4
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However, in surgeries where mortality was low, the
measurable association between volume and improved
outcomes for specific cardiovascular procedures was
unclear.5 More recent studies have shown that while
hospital volume is strongly associated with improved
mortality outcomes for some high-risk procedures,
such as esophagectomies and pancreatectomies, this
association is much weaker for AVR and carotid
endarterectomies.5,6

If hospital volume alone does not adequately reflect
quality of care for patients undergoing AVR, perhaps
other hospital resources more directly influence patient
outcomes. Recent studies found that good nursing staff
practices are associatedwith lowermortality and fewer
failure-to-rescue events independent of hospital proce-
dure volume.7,8 In procedures such as AVR, where
mortality is low and hospital volume does not fully
explain gaps in patient outcomes, specific hospital
characteristics may provide a means to improve patient
care and identify targets for quality improvement.

However, finding clear ways of measuring the quality
of patient care at the national level has proven difficult.
Patient safety indicators (PSIs), a standardized set of
measures of health care quality, provide standardized
definitions of adverse events for hospital administrators,
policy makers, and researchers to understand quality
differences across the nation, between hospitals, and
within specialties.9 As these measures focus on quality
that extends beyond in-patient mortality, they have
proven helpful for comparing quality in procedureswhere
inpatient mortality is uncommon and decreasing.10,11

Given the unclear relationship between hospital
volume and AVR patient outcomes, we sought to
examine the specific factors that may be associated
with the development of postsurgical mortality and
in-hospital complications. This study was designed to
compare patient outcomes for AVR and explore the
extent to which hospital characteristics explain varia-
tions in quality outcomes. These data will not only
inform the community of the frequency of events, but
also identify avenues for quality improvement.

MATERIALS AND METHODS

Data source

We used discharge data from the Nationwide
Inpatient Sample (NIS), Healthcare Cost and Utilization
Project (HCUP), Agency for Healthcare Research and
Quality for this study.12 The NIS represents a 20%
stratified sample of United States hospitals, and
provides all discharge data from these hospitals. The
NIS includes up to 25 diagnosis codes, 15 procedure
codes, and both patient and hospital demographics.
These data are weighted to provide a nationally
representative sample of all-payer inpatient hospital-
izations in the United States.

Patient safety indicators (PSI)

PSIs were developed to screen large administrative
databases for preventable adverse events after oper-

ations, medical procedures, and childbirth.13,14 These
indicators are based on ICD-9-CM codes and Medicare
severity diagnosis related groups (DRGs). Each PSI has
specific inclusion and exclusion criteria.9,15 Several of
these indicators have been endorsed by both the
Centers forMedicare andMedicaid Services (CMS) and
the National Quality Forum (NQF) for hospital compar-
isons, such as pressure ulcer rate (PSI#3), postopera-
tive pulmonary embolism or deep vein thrombosis
(PSI#12), and central venous catheter related blood
stream infections (PSI#7).16,17 The PSI software,
version 4.3 was used to identify preventable adverse
events in our dataset and provide risk adjustments
using theAHRQdistributed software; eachPSI includes
a unique set of risk-adjustors.18 The PSI software was
developed to ensure that each PSI denominator
includes only patients at risk for each individual event
and, therefore, PSI rates give the number of cases
divided by the number of patients at risk. The number of
patients at risk for each PSI varies according to its
specific inclusion and exclusion criteria.19

Study sample

We identified all patient discharge records with open
AVR procedures from1998 to 2010 using the ICD-9-CM
procedure codes (35.21, 35.22, 35.11). Patients who
underwent coronary artery bypass graft (36.10, 36.11,
36.12, 36.13, 36.14, 36.15, 36.16) or mitral valve
replacement (35.23, 35.24, 35.12) were excluded
from the analyses. Patients under the age of 18 were
also excluded.

Each patient discharge record contains a unique
hospital identifier that was linked to the American
Hospital Association (AHA) Annual Hospital Survey.20

Hospitals that could not be linked with AHA data were
excluded from the hospital-centric analysis.

Hospital volume

Categories of hospital volume were based on the
number of annual AVR procedures performed at each
hospital during the 13-year study period. The distinction
of HVH, MVH, and LVH is based on the number of
procedures per year. Therefore, it is possible that in one
year a hospital may be designated as HVH and another
year as MVH. For example, in 1998 hospitals were
designated as a HVH if they performed>25 procedures,
LVH if<12 AVR procedures, andMVH if theywere in the
middle. In 2010, hospitalsweredesignated asHVH if they
performed >33 AVR procedures and LVH if <13. For
trend analysis, hospital volume was divided into terciles
based on the median total number of AVR procedures
performed each year with the median of each tercile
identified by year, amethod previously used to report the
quality-volume relationship.21 There are approximately
33% of all hospitals in each volume tercile.

Hospital characteristics

We used the 2008 American Hospital Association
data to describe hospital characteristics associatedwith
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adverse events and created variables for nurse-to-
patient ratios, nursing skill mix, and hospital filled
capacity.22–24

Nurse-to-patient ratios

As described elsewhere, we used a well-defined
equation, based on evaluating productive nursing
hours, to calculate nurse-to-patient ratios.25 The num-
ber of nurse hours per patient daywas derived using the
following equation as previously defined with full-time
equivalents for nursing (FTEN) being full-time equiv-
alents for registered nurses (RN), licensed practical
nurses (LPNs), and licensed vocational nurses (LVN):
[FTEN]� 1768/adjusted patient days.23,26 This variable
was treated as a continuous variable in our analyses.

Nursing skill mix

Nursing skill mix represents the percentage of full-
time registered RNs to the total nursing staff,
composed of RNs, LPNs, and LVNs.27,28 For our
calculation, we used AHA variables FTEN (full-time
equivalents, nursing) and FTELPN (full-time equivalents
for LPNs and LVNs): 100� FTEN/[FTENþ FTELPN].20

Hospital technology

Based on several studies by Silber and colleagues,
we designated high technology hospitals as those that
contain a burn unit or perform organ transplanta-
tion.22,25,26,29–31 Some of these studies included
open-heart surgery as a factor in determining technolo-
gy status; however, since open AVRs are only
performed in hospitals that conduct open-heart oper-
ations, we did not include this criterion in our definition
of high technology hospitals. This variable was treated
as a dichotomous variable in our analyses.

Hospital filled capacity

Two continuous variables were used to calculate a
hospital’s operating percent capacity, the daily average
percentage of occupied hospital beds and the total
number of hospital beds: [average daily census]/[total
hospital beds].26 Values are reported as a percentage
and range from the lowest capacity, 32%, to those that
are over crowded,>100%. Hospital capacity was used
as continuous variable.

Outcomes of interest

Risk-adjusted in-hospital mortality and preventable
adverse events were our outcomes of interest. The
preventable adverse events outcome was a dichoto-
mous aggregate variable representing the identification
of any adverse event, identified using the PSI software,
during their inpatient hospitalization for AVR surgery.
We includedPSI #3 (pressure ulcer), PSI #7 (central line-
related blood stream infection), PSI#8 (postoperative
hip fracture rate), PSI #9 (hemorrhage or hematoma),
PSI #10 (postoperative physiologic and metabolic

derangement), PSI #11 (postoperative respiratory
failure rate), PSI#12 (postoperative pulmonary embo-
lism or deep vein thrombosis), PSI #13 (postoperative
sepsis), and PSI #14 (postoperative wound dehiscence)
in the dichotomous variable.

Statistical analysis

The association between hospital volume and patient
characteristics was determined using chi-square test
for categorical variables and Student’s t-test for
continuous variables. The Kruskal–Wallis analysis was
used for non-normally distributed variables. Trends
were tested using a joinpoint regression analysis.32

Risk adjusted mortality took into account patient age,
gender, race, and Elixhauser comorbidity index.33

Logistic regression models were used to explore the
association between hospital characteristics and our
outcomes of interest, inpatient mortality, and in-
hospital adverse events. Variables included hospital
procedure volume terciles, teaching status, hospital
bedsize, annual number of discharges, filled capacity,
and nurse-to-patient ratio.

Analyses accounted for the survey-design nature of
the NIS data and were performed using STATA
software IC 10.0 (StataCorp. LP, College Station, TX,
USA) and SAS 9.3 (SAS Institute, Inc., Cary, NC, USA).
Longitudinal change was calculated using a full forward
joinpoint regression algorithm based on the likelihood
ratio test statistic.32 Statistical significance and p-values
were determined by the Monte Carlo method. Trends
are reported as annual percent change (APC) calculated
by fitting a least squares regression line to the natural
logarithm of the rates, using the calendar year as the
regressor variable.

RESULTS

Patient characteristics and hospital volume

We identified 82,430 patients who underwent AVR
surgery from 1998 to 2010, which corresponds to an
estimated 410,157 patients nationally (Table 1). These
procedures were carried out in 1028 hospitals, which
correspond to an estimated 5009 hospitals. Patient
demographics were stratified by high, mid, and low
hospital volume based on the number of AVR
procedures performed per year. Although HVH repre-
sent only 33% of all hospitals performing AVRs, 72.2%
of AVR procedures occurred at HVH as compared with
20.7%atMVH and 7.1%at LVH. Patient age overall had
a mean of 64.88 years and did not differ significantly
across volume terciles (p¼0.0732); however, a greater
proportion of patients 80þ years went to HVHs
(p< 0.0001). HVHs had higher proportions of males,
whites, and patients with private payers (p¼ 0.002,
p< 0.0001, p< 0.0001, respectively). The mean num-
ber of comorbidities identified by the Elixhauser
comorbidity index did not differ significantly by hospital
volume, p¼0.3833 (Table 1).

The risk-adjusted mortality during hospitalization was
lowest in HVH, at 3.73%, and increased to 4.14% in
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MVH, and 4.68% in LVH (p¼ 0.015). Patient average
length of stay (LOS) in days was highest in LVH,
10.37 days and lowest in MVH, 10.16 days (mean,
p¼ 0.0141). Total charges were lowest in HVH and
highest in MVH (p< 0.0001). Unadjusted mortality risk
was highest in low volume hospitals, 4.70%, decreased
to 4.14% in medium volume hospitals, and was lowest
in high volume hospitals, 3.73% (p¼ 0.0002). The
unadjusted rate of PSI development was not significant
between volume terciles (p¼ 0.254).

Hospital characteristics and hospital volume

Hospital characteristics stratified by volume are
shown in Table 2. There were significant differences
in hospital size, with large hospitals accounting for
82.31% of HVH, 69.29% of MVH, and 55.22% of LVH
(p<0.0001). Most hospitals were located in urban as
opposed to rural settings, though HVH had the highest
percentage of urban hospitals, 97.88%and LVHhad the
lowest, 90.31% (p¼0.0008). Hospitals designated as
teaching hospitals composed 78.16% of HVH, 48.28%
of MVH, and 37.88% of LVH (p<0.0001). AHA-derived
variables including hospital technology, nurse-to-
patient ratio, nursing skill mix, and hospital filled
capacity showed significant differences by volume.
HVHs showed the highest skilled nursing percentage of
96.23%, compared to 94.99% forMVH and 94.06% for
LVH (p< 0.0001). Hospital filled capacity was highest in
HVH with 76.25%, followed by 69.02% in MVH and

64.42% in LVH (mean, p¼ 0.0001). The proportion of
high technology hospitals differed between volume
terciles with 63.81% of HVH, 27.08% of MVH, and
19.06% of LVHmeeting the criteria for this designation
(p< 0.0001). Nurse-to-patient ratio was highest inMVH
at 7.08, followed by 7.02 in HVH, and 6.62 in LVH
(p¼ 0.0001).

Trends in aortic valve replacement by hospital
volume

The overall trend in the total number of AVRs in HVH,
MVH, and LVH from 1998 to 2010 is depicted in
Figure 1. Over this time period, the number of AVRs in
HVH increased 4.72% annually (p¼0.0003) and 4.48%
annually forMVHs (p< 0.0001). LVH procedures did not
significantly increase over our study period, with an
annual change of 2.05% (p¼0.154).

Multivariate logistic regression of hospital and
patient characteristics

We created a patient-based logistic regressionmodel
to identify risk factors associated with in-hospital
mortality and development of a preventable adverse
event, shown in Table 3.

In themortalitymodel, high andmid volume hospitals
were associated with a 30% protective effect as
compared with low volume hospitals (reference),
p¼ 0.045 and p¼ 0.043, respectively. Patients with

TABLE 1
Univariate Analysis of Patient Characteristics Stratified by Hospital Volume for Aortic Valve

Replacement Procedures, 1998 to 2010

Patient Characteristic All HVH MVH LVH p-Value

N (%) 410,157 295,992 (72.2) 84,960 (20.7) 29,205 (7.1) 0.0001
Age, years (mean, SD) 64.88 (�14.96) 64.63 65.1 64.3 0.073
Age (%) <0.0001
18 to <40 6.8 6.94 6.12 7.34
40 to <65 35.74 35.71 35.68 36.13
65 to <80 41.54 41 43.3 41.8
80þ 15.93 16.35 14.9 14.73

Race� (%) <0.0001
White 83.08 84.23 80.65 78.18
Black 5.67 5.29 6.53 7.08
Hispanic 6.46 5.64 8.21 9.93
Other 0.48 4.85 4.61 4.81

Female (%) 39.18 38.23 41.04 43.22 0.002
Payor (%) <0.0001
Medicare 54.67 54.44 55.53 54.59
Medicaid 4.71 4.49 4.97 6.19
Private 35.87 36.94 33.29 32.46
Other 4.75 4.14 6.21 6.77

Elixhauser comorbidity, mean (median) 2.16 (2) 2.16 (2) 2.17 (2) 2.15 (2) 0.383
Patient outcomes and resource utilization
LOS, mean (median, days) 10.29 (7) 10.32 (7) 10.16 (7) 10.37 (8) 0.014
Total charges, mean (median, USD in thousands) 119.60 (87.68) 116.65 (85.57) 127.85 (93.19) 124.44 (93.90) <0.0001
Mortality, %�� 3.89 3.73 4.14 4.70 0.0002
PSI development, %�� 6.45 6.53 6.31 6.05 0.254

HVH, high volume hospital; MVH, middle volume hospital; LVH, low volume hospital; LOS, length of stay; PSI, patient safety
indicator.
�23.3% patients had missing race.
��Not risk-adjusted.
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TABLE 2
Univariate Analysis of Hospital Characteristics for Patient Discharges Stratified

by Hospital Volume, 1998 to 2010

Hospital Characteristic All HVH MVH LVH p-Value

Annual AVR, mean (median) 28.56 (18) 61.60 (48) 18.70 (18) 6.05 (6) <0.0001�
Hospital size, % <0.0001
Small 5.37 3.86 8.11 12.74
Medium 16.94 13.83 22.60 32.04
Large 77.69 82.31 69.29 55.22

Urban location, % 96.97 97.88 96.08 90.31 0.0008
Hospital region, % <0.0001
Northeast 24.46 30.15 10.57 7.20
Midwest 23.93 21.92 28.44 37.04
South 31.05 29.03 35.58 38.37
West 20.56 19.48 25.40 17.38

Teaching hospital, % 69.11 78.16 48.28 37.88 <0.0001
Nurse: patient, mean (median) 7.00 (6.93) 7.02 (6.93) 7.08 (6.64) 6.62 (5.85) 0.0001�
Skilled nursing mix, mean (median)�� 95.88 (97.42) 96.23 (97.81) 94.99 (95.92) 94.06 (94.70) 0.0001�
Hospital technology, % 54.68 63.81 27.08 19.06 <0.0001
Capacity filled, mean (median), % 74.33 (75.49) 76.25 (76.67) 69.02 (68.54) 64.42 (64.37) 0.0001�

HVH, high volume hospital; MVH, middle volume hospital; LVH, low volume hospital.
�p-Value determined using Kruskal–Wallis equality-of-populations rank test.
��26.9% missing data for nursing mix variable calculation.
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Figure 1. Total number of AVRs and annual percent change (APC) in high, middle, and low volume hospitals, 1998 to 2010.

TABLE 3
Patient and Hospital Risk-Factors Associated With Inpatient Mortality and Preventable Complications

Mortality Died Preventable Complications�

Odds Ratio 95% CI p-Value Odds Ratio 95% CI p-Value

Nurse:patient ratio 0.94 0.89 1.00 0.071 0.94 0.90 0.99 0.019
Hospital volume
Large Ref
Medium 0.99 0.77 1.26 0.912 1.06 0.87 1.28 0.581
Small 1.42 1.01 2.00 0.045 1.14 0.86 1.52 0.360
Elixhauser comorbidity 1.10 1.04 1.17 0.002 1.02 0.97 1.08 0.364
Teaching status 0.77 0.59 1.01 0.056 0.88 0.71 1.08 0.227
Capacity 2.31 1.01 5.32 0.049 0.78 0.40 1.52 0.466

Hospital size
Large Ref
Medium 1.12 0.81 1.53 0.497 1.14 0.89 1.46 0.300
Small 1.32 0.84 2.07 0.234 1.63 1.16 2.28 0.004
Total discharges 1.00 0.99 1.00 0.069 1.00 1.00 1.00 0.004

�Preventable complications represent an aggregate dichotomous outcome variable that includes the development of pressure ulcer
(PSI #3), central venous catheter-related infections (PSI #7), postoperative hip fracture (PSI #8), perioperative hemorrhage or
hematoma (PSI #9), postoperative physiologic and metabolic derangement (PSI #10), postoperative respiratory failure (PSI #11),
perioperative pulmonary embolism or deep vein thrombosis (PSI #12), postoperative sepsis (PSI #13), postoperative wound
dehiscence (PSI #14).
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private payer insurance had a 54% reduced risk of
mortality as compared with patients on Medicare
(reference), p< 0.0001. Patient comorbidities were
associated with a 10% increased risk of mortality,
p¼ 0.0002. More crowded hospitals, as measured by
hospital filled capacity, were associated with a 231%
increase in risk of mortality, p¼ 0.049. Nurse-to-patient
ratio and hospital teaching status trended toward being
protective, but were not significantly associated
with mortality outcomes (p¼ 0.071 and p¼0.056,
respectively).

Risk of preventable complications from AVR surgery
was associated with higher nurse-to-patient ratios and
larger hospital size. Nurse-to-patient ratio showed a 6%
decreased risk of complications (p¼0.019). Large
hospitals had a 39% decreased risk of complications
as compared with small hospitals (reference), while
medium sized hospitals had a 30% decreased risk
(p¼0.004 and p¼ 0.023, respectively). Total hospital
discharges were not associated with any change in risk
of a complication, p¼0.004. Hospital volume based on
AVR procedures, patient comorbidity, teaching status,
and hospital filled capacity were not significantly
associated with the development of preventable
complications.

DISCUSSION

Evidence is limited regarding the relationship
between hospital volume and preventable postopera-
tive adverse events after AVRs. Our national study is
among the few that look at the association between
hospital volume and in-hospital adverse events in these
patients. Our data suggest that while volume was
inversely associated with mortality, risk of complica-
tions was more a reflection of hospital resources than a
sheer volume affect. These findings suggest that better
patient outcomes can be achieved by hospitals
independent of volume if they have the necessary
structural components at the system level.

Our data show that the number of patients being
treated in high volume centers has increased. High
volume hospitals are accounting for larger proportions
of AVR patients, over 70%, and this number continues
to increase significantly over time (Fig. 1). As high
volume centers continue to provide care for more
patients, understanding the specific effects of hospital
resources, more than volume alone, will provide
opportunities to target resources that decrease the
risk of preventable complications and therefore
improve patient safety.

Similar to other studies associating hospital factors
with adverse events for other conditions, we found
differences in the hospital characteristics of high
volume hospitals as compared with medium and low
volume hospitals.30,34 Not unexpectedly, HVHs had
more hospital resources, such as higher nurse-to-
patient ratios and higher proportions of highly skilled
nurses as compared to lower volume hospitals.
However, these hospitals were also filled at a larger
percent capacity, a characteristic our data showed to be
associated with increased risk of mortality. Further

studies are needed to quantify these results and further
investigate their negative association with patient
outcomes.

Reports vary widely as to how hospital volume
predicts patientmortality in cardiovascular procedures.5

Looking more closely in 2011, Finks and colleagues
found a small protective benefit of hospital volume on
AVR mortality as compared with other procedures.6

Our data show significant improvements in mortality
outcomes across hospital volume in the multivariate
analysis. In particular, we found that low volume
hospitals have increased risk of mortality as compared
with high volume centers. This benefit, however,
dissipates when looking at the development of
preventable complications.

Differences in the rates of adverse events across
hospital volume terciles suggest volume alone is not a
significant predictor of quality of care. Looking only at
volume and unadjusted rates in the univariate analysis,
there was no significant difference between volume
terciles and the development of a PSI outcome. This
effect, or lack thereof, persists after controlling for
important measures of hospital resources and factors,
such as a high nurse-to-patient ratio and hospital size,
correlate with improved outcomes. In particular, our
data suggest that a higher nurse-to-patient ratio and
hospital size are associated with lower rates of adverse
events.

In looking at other high-risk surgeries, Ghaferi and
colleagues found that hospital volume had a strong
relationship to mortality outcomes but that this
relationship did not hold true when looking at postoper-
ative complications. Rather, they found that mortality
was related less to the development of complications
and more to a hospital’s ability to rescue patients from
complications.35 Perhaps the protective benefit of
hospital resource, particularly increased nursing staff
as we found, may help to illustrate how hospitals can
target resources to make patients safer independent of
their volume status.

The protective benefit of nursing staff has also been
shown to decrease 30-day readmissions after coronary
artery bypass graft and mortality associated with
postoperative complications in abdominal aortic aneu-
rysm repair.8,36 Both studies controlled for hospital
volume and found that the reduced mortality risk
associated with higher nursing-to-patient ratios was
independent of it. Our findings support this, suggesting
that nursing staff is an augmentable characteristic that
reflects the quality and availability of hospital resources.

Preventable complications are not specific to only
AVR. Perhaps large teaching hospitals with more and
higher skilled nurses that care formany diverse patients
are equipped to recognize and prevent standard
complications across medical and surgical disciplines.
The interactions between hospital resources and
quality of care delivered, as measured by potential
adverse events, suggest that procedure volume is likely
a proxymeasure for differences in important resources.
These findings illustrate specific hospital resources
that, when targeted for improvement, may improve
patient outcomes in hospital of any size.
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CONCLUSION

Patients who undergo AVRs in hospitals with high
levels of resources have improved patient outcomes,
independent of hospital volume. Consistent with prior
studies, we found the volume-outcomes relationship to
be associated with mortality outcomes but not with
the development of postoperative complications.
Rather, hospital characteristics were associated with
decreased risk of complications in the case of nurse-to-
patient ratio, and increased risk in the case of hospital
size. Our findings help to bridge the volume-outcomes
gap, identifying structural differences between high
volume and low volume hospitals indicative of high
quality outcomes. Understanding disparities in access
to these high-resource centers will identify means of
improving this outcomes gap.

LIMITATIONS

While this study provides important data regarding
the specific factors that might play a role in disparate
cardiovascular surgical outcomes, there are limitations.
First, this is an observational study based on adminis-
trative data. The database utilized in this study is
observational and does not contain risk-adjusted
mortality rates such as the STS database. Therefore,
the results from this study are dependent on the quality
and completeness of procedure and diagnosis coding.
The variable for race, for example, was missing in
23.3% of patient data. This limits our ability to
extrapolate findings to the diverse general population.
Second, PSIs have varying positive predictive value to
identify potential adverse events due to lack of present
on admission coding. Comorbidities can be mistaken
for complications. However, only systematic biases
across hospitals are likely to influence reported results.
We used the 2008 AHA Survey data to augment
hospital characteristics. Our assumption is that hospital
characteristicswould not change appreciably within our
study period. This assumption will limit our ability to
capture yearly changes in hospital resources as they are
related to AVR procedure volume.
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