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Abstract

BACKGROUND: As the geriatric population grows, the need for hospitals performing high
quality emergency general surgery (EGS) on older patients will increase. Identifying clusters of
high-performing geriatric emergency general surgery hospitals would substantiate the need for in-
depth analyses of hospital-specific structures and practices that benefit older EGS patients. The
objectives of this study were therefore to identify clusters of hospitals based on mortality
performance for geriatric patients undergoing common EGS operations and to determine if
hospital performance was similar for all operation types.

METHODS: Hospitals in the California State Inpatient Database were included if they performed
a range of eight common EGS operations in patients 65 years or older, with a minimum
requirement of three of each operation performed over 2 years. Multivariable beta regression
models were created to define hospital-level risk-adjusted mortality. Centroid cluster analysis was
used to identify groups of hospitals based on mortality and to determine if mortality-performance
differed by operation.

RESULTS: One hundred seven hospitals were included, performing a total of 24,279 operations
in older patients. Hospitals separated into three distinct clusters: high, average, and low
performers. The high-performing hospitals had survival rates 1 to 2 standard deviations better than
the low-performers (p < 0.001). For each cluster, high performance in any one EGS operation
consistently translated into high performance across all EGS operations.

CONCLUSION: Hospitals conducting EGS operations in the geriatric patient population cluster
into three distinct groups based on their survival performance. High-performing hospitals
significantly outperform the average and low performers across every operation. The high-
performers achieve reliable, high-quality results regardless of operation type. Further qualitative
research is needed to investigate the perioperative drivers of hospital performance in the geriatric
EGS population.

LEVEL OF EVIDENCE: Study Type Prognostic, level Ill.

Keywords

Emergency general surgery; geriatric; hospital performance; cluster analysis

As the geriatric population grows, the need for hospitals performing high-quality emergency
general surgery (EGS) on older patients is increasing.12 A growing body of literature has
been devoted to the study of the geriatric EGS population at the patient level, primarily
aimed at aiding risk stratification and the prediction of individual outcomes.3-6 Although
hospital structure and processes have been assessed in nonsurgical diseases among geriatric
patients,”® much less attention has been focused on the study of institutional characteristics
that influence the perioperative care of older EGS patients.®

Previous research examining hospital performance demonstrates that institutions can vary
significantly across a variety of metrics, leading to a dichotomy of high performance and
low-performance hospitals.10-12 The studied factors that contribute to a hospital's
performance—such as mortality outcome— are complex and multifactorial, and include
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institutional culture, proficiency, and the interconnectedness of organizational structure and
silos. 1314

In centers that care for high acuity and time-dependent conditions, such as those treating the
geriatric EGS population, institutional culture and high-functioning habits are crucial to
patient outcomes.1® Identifying high-performance practices and institutions (“high
performance” in this context meaning low mortality) may help address the challenge of
caring for high acuity conditions in an aging population. The objectives of this study were
therefore to identify clusters of hospitals based on mortality performance for geriatric
patients undergoing common EGS operations, and to determine if hospital performance was
similar for all operation types.

Patients who underwent one of eight common EGS operations over a 2-year period (2010—
2011) were identified from within the California State Inpatient Database (SID). The SID
contains patient level factors including demographics, comorbidities, payor status,
procedures, length of stay and in-hospital mortality. It is published by the Agency for
Healthcare Research and Quality as a part of the Healthcare Cost and Utilization project.
The SID was utilized to determine at which hospitals patients underwent analyzed
operations, a list of which was then utilized to pair the database to information contained in
the American Healthcare Association (AHA) Annual Survey of Hospitals database. The
AHA contains hospital level variables including bed size, technology status, and trauma
center or academic teaching affiliations. The setting for this study, California, was chosen
based on the heterogeneity of its population, geography, and healthcare settings in an
attempt to generate conclusions that were as generalizable as possible.

Patient Selection

J

Adults 65 years or older, who underwent any of eight commonly performed EGS operations
and were captured in the SID, were included in this analysis. Operations were identified
based on their International Classification of Disease, 9th edition procedure and diagnosis
codes (listed in Supplemental Digital Content, Appendix A, http://links.lww.com/TA/B341).
The operations analyzed included both open and laparoscopic appendectomy,
cholecystectomy, colectomy, inguinal hernia repair, ventral hernia repair, lysis of adhesions,
enterectomy, and repair of a perforated viscus.

Patients who were transferred between analyzed institutions were excluded due to the
difficulty of ascribing responsibility for patient outcomes between transferring versus
receiving institutions. Likewise, patients who underwent more than one of the index
operations were only analyzed based on the outcome of their first operation. Hospitals
included for analysis performed at least three of each procedure over the 2-year study
period. The rationale for these inclusion criteria was to ensure that the analysis was
performed among institutions that performed a variety of these operations relatively
commonly and to exclude institutions for whom these operations are exceedingly rare. We
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further excluded hospitals classified as specialty rehabilitation hospitals, pediatric hospitals,
and Veteran's Administration hospitals.

Analyzed Variables

Variables utilized in this analysis can be divided into two categories: patient-level and
hospital-level variables. Patient-level variables included age, sex, race, ethnicity, payor
status, operation performed, VVan Walraven comorbidity score, and in-hospital mortality. The
Van Walraven Comorbidity Score was utilized due to its previous validation as a superior
modification of the Elixhauser score for use in administrative data sets.16-18 Hospital-level
variables available in the AHA data set that were utilized for analysis included total hospital
operative volume for each of the analyzed operations, trauma center status (defined as either
state or American College of Surgeons Level I or |1 status), affiliation with a medical school,
and high-technology capability (defined as having performed general cardiac surgery,
cardiac transplantation, or liver transplantation).

STATISTICAL METHODS

Analysis was performed in three distinct steps.

Part I: Risk-Adjustment of Mortality Rates

Part | consisted of the construction of operation specific risk-adjusted models for the
proportion of patients who died at each analyzed hospital. As each operation was modeled
separately, each hospital had eight separate risk-adjusted death rates corresponding to each
analyzed operation. Beta-logistic generalized linear regression models were constructed at
the hospital level for each of the analyzed operations to model risk-adjusted mortality. As the
hospital was the unit of analysis, the risk-adjustment consisted of mortality proportions
(ratio of numbers of deaths versus total numbers of operations performed) for each hospital.
Beta regression is commonly used to model a continuous dependent variable with a limited
range from 0 to 1, often representing probabilities or proportions.1® The Beta distribution
was utilized as it accounts for the continuous dependent proportion random variable. The
logit link function allows for model coefficients to be interpreted on the natural-log odds
scale, which can then be exponentiated to produce odds ratios. The combination of the Beta
probability distribution coupled to the logit link allows for capture of the expected sigmoidal
relationship between mortality proportions and the linear function of the predictors, ensuring
risks adjustments will properly be within the (0,1) range. Modeling adjusted for mortality
over the 2-year period accounting for both patient case-mix as well as hospital-level
variables.

Part Il: Cluster Analysis

Part Il consisted of inputting these eight mortality rates into a cluster analysis to compare
performance by operation type across hospitals. K-means cluster analysis was performed
among the eight adjusted hospital mortality proportions to identify subgroups of hospitals
with similar mortality performance across operation type. The criteria for similar mortality
performance were defined as statistically distinct clusters that also allowed for meaningful
and useful clinical interpretation. Each of the eight outcomes was standardized to have a
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mean equal to zero and a variance of one. Standardizing the means at zero simplifies
interpretation: positive/negative values are dichotomized to above/below average. Setting all
variances equal to one attached equal weights across operation types in the cluster solutions'
algorithm, preventing those procedures with the highest variability of mortality from having
undue influence on the cluster solution. An R-squared statistic was calculated to assess the
relative fit of each cluster model and test performance of increasing or decreasing the
number of clusters modeled. Within-cluster variation refers to the variability of mortality for
each operation across hospitals within that cluster. The wider the operation-specific
mortality rate ranges across all hospitals in a cluster, the greater the within-cluster variation.
Larger within-cluster variation is an indication of greater heterogeneity in standardized
hospital mortality rates in that cluster compared with other clusters.

Part Ill: Covariates of Cluster Membership

Part 111 used generalized multinomial logistic regression analyses to determine factors that
led to differences in hospital cluster performance. We considered two types of covariates:
those that were institutional characteristics of the hospitals (trauma center status, high-
technology status, medical school affiliation, and number of beds >100) and those that were
characteristics of the patient case-mix of the hospitals (mean age at admission, mean
comorbidity severity score, % sex, % race, % payor status). Multinomial logistic regression
models were analyzed to determine what institutional hospital-level factors were
significantly associated with cluster assignment. Cluster membership was treated as a simple
categorical variable without attention paid to performance. Factors included for analysis
included trauma center status, high-technology capability, and teaching center status.

All data were analyzed using SAS 9.4 (SAS Institute, Cary, NC). A pvalue less than 0.05
was considered statistically significant. This study was approved by the Yale University
Human Research Protection Program Institutional Review Board for biomedical research,
known as the Human Investigation Committee.

RESULTS

The analysis encompassed 107 hospitals performing a total of 24,279 operations over the 2-
year study period. The most common operations analyzed were cholecystectomy followed
by colectomy. The total breakdown of operations performed is as follows: appendectomy,
2,837 (12%); cholecystectomy, 9,957 (41%); colectomy, 4,051 (17%); inguinal hernia repair,
1,188 (5%); lysis of adhesions, 2,343 (10%); repair of perforated viscus, 681 (3%), small
bowel resection, 2,416 (10%); ventral hernia repair, 806 (3%).

Cluster modeling returned three distinct clusters based on their mortality performance:
31.7% of hospitals were in the highest-performing cluster (n = 34), 29.9% were in the
middle-performing cluster (n = 32), and 38.3% were in the lowest performing cluster (n =
41).

The centroids of the clusters of hospitals that emerged indicated that performance level for
one operation type was consistent with performance level across all other operation types
(see Fig. 1). Specifically, a hospital's high-performance level in one EGS operation type was
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consistently observed with high performance on all other EGS operation types. Likewise, the
centroids of the low-performing cluster remained low for all eight types of operations,
regardless of the complexity of the procedure performed. There was not one operation type
where a centroid of the low-performing cluster of hospitals (meaning poorly performing)
was better than a corresponding centroid of the average cluster or high-performing cluster of
hospitals.

The high-performing hospitals (see Fig. 1) demonstrated their greatest deviation be/ow mean
mortality (indicating better performance than the mean) among ventral hernia repair
(-0.990) and least deviation from average when performing colectomy (-0.551).
Conversely, the low-performing cohort demonstrated its greatest deviation above mean
mortality (meaning worse than the mean) when performing small bowel resection (0.958)
and least deviation when performing repair of perforated viscus (0.483). High-performing
hospitals exceeded low-performing hospitals by over one standard deviation across all
operations with the greatest observed difference among adhesiolysis (1.764), and ventral
hernia repair (1.681). The smallest observed difference between the high and low performers
occurred among repair of perforated viscus (1.113).

The within-cluster variance was smallest at high-performing hospitals (3.74) compared with
average-performing hospitals (3.94) and low-performing hospitals (5.67). This means that
high-performing hospitals tended to have lower variability in mortality outcome compared to
the average- and low-performing institutions. Further cluster-specific standardized mortality
by procedure types are displayed in Table 1. The three-cluster solution is easily interpretable
and meaningful and explains 43.4% of the total variance.

Hospital-level characteristics differed only by total number of procedures performed by
cluster as demonstrated in Table 2. High-performing hospitals performed more procedures
compared with both average- and poor-performing hospitals. Average-performing centers
performed more procedures than poor-performing institutions (p < 0.001). There were no
significant differences between clusters with regards to trauma center status, high-
technology status, medical school affiliation, or bed size.

Individual patient characteristics also differed when stratified across performance categories
(Table 3). Patients cared for at high-performing hospitals were older than those cared for at
average- or low-performing hospitals (p < 0.001). Hospitals in the lowest cluster cared for
the lowest percentage of white patients (49.6%) and highest percentage of black (8.0%) and
other-race patients (42.4%) (p < 0.001). The lowest-performing cluster of hospitals also
cared for the highest percentage of patients with Medicaid (6.3%) and “other’ insurance
status (1.3%) (p < 0.001). The clusters did not significantly differ by sex or median Wan
Walraven Comorbidity Score.

After adjusting for covariates, multinomial logistic regression did not find that trauma center
status, high-technology status or teaching hospital affiliation were associated with cluster
assignment. These results are displayed in Table 4.
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DISCUSSION

Among hospitals performing a wide range of common EGS operations in the geriatric
population, mortality performance separates into three distinct clusters: high performers,
average performers, and low (poor) performers. Hospital performance is operation
independent and highly consistent, meaning that hospitals which attain excellent
performance for a single operation maintain that same low-mortality success across all EGS
operations; likewise, poor performers maintain their poor performance across all analyzed
procedures.

Given their increased rates of comorbidities and decreased physiologic reserve, the care of
older patients suffering from high-acuity, time-dependent EGS conditions can be
challenging, resulting in suboptimal outcomes.2%:21 This study's result-that a large, high-
performing cluster of hospitals consistently outperforms other lesser clusters-suggests that
even with this challenging patient-population, certain institutions are highly reliable. One
potential conclusion is that these hospitals have systems of care in place that explain their
superior results and their ability to protect patients despite unexpected events.?2 Based on
what we know about high reliability organizations, these high-performing centers are likely
to have protocols in place that contribute to improved results, as well as institutional
processes that promote a culture of improvement, feedback, and communication.23:24

Despite the observation that those hospitals in the top performing cluster are highly reliable
with low variability in their outcomes, our study failed to identify specific hospital-level
factors that contributed to cluster assignment. Although quality improvement and hospital
practices such as those previously cited can be inferred to exist in the top-performing cluster,
it is unknown what systems of care most contribute to a hospital's success in the
perioperative management of the geriatric EGS patient population.

That there exists such a difference in hospital performance without a clear answer as to what
drives the observed difference is a call for more study into the subject. This research effort
may need to use several methodologies to distinguish what habits top performing hospitals
benefit from, and what the consequences are for deficiency at the low-performing hospitals.
Importantly, this effort will have to distinguish what hospital traits are unique to improving
the care of the geriatric EGS patient and cannot simply focus on already identified strategies
that improve outcomes in the elective population.

Research into what drives improved performance may be aided by the size of the clusters
observed in this study. Rather than finding that both high and lower performers make up a
small percentage of the healthcare landscape as observed in other studies (<10%),2° the
proportions seen in our study were 32% and 38%, respectively. Because so many examined
hospitals were represented in the best and worst performing clusters, it should be easier to
identify similar traits across institutions that influence patient care.

Potential factors related to improved performance in this study include those related to EGS
patients in general and those factors related to the care of geriatric patients in particular.
Examples of potential institutional characteristics that may improve outcomes among EGS
patients include: thorough and timely diagnosis facilitated by a well-equipped emergency
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department, hospitals with an acute care surgery practice paradigm, institutions with a chief
quality officer, standardized algorithms and processes of care for perioperative geriatric
patient management, and access to expert services such as fully staffed intensive care units,
specialist anesthesia, and accredited nursing.

Geriatric specific processes of cares may be as or more important. One major example is
specialist geriatric consultation services, which have a proven benefit in both surgical
patients26-28 as well as those facing complex management decisions.2%30 The effect of such
services may be observed in two ways: (1) improved preoperative optimization and
postoperative care of the geriatric EGS patient resulting in improved outcomes and (2)
improved preoperative risk stratification and clarification of management goals, which can
lower potential postoperative mortality by foregoing aggressive treatments.

This study has several limitations. As a retrospective study, it is subject to all potential biases
of a study of its type. Although every effort was made to account for and model patient and
hospital-level variation, our analysis is limited to the administrative data sets available to us.
Particularly lacking in these databases are the ability to generate validated frailty risk scores
to account for the impact frailty has on geriatric surgery patient outcomes. Likewise, it is
unknown what institutional factors (such as geriatric consult-liaison services) studied
hospitals have used within their institutions and thus these were not accounted for.
Additionally, some hospitals and hospital systems may benefit from robust and well-
managed prehospital systems of care while others may not—it is unknown to what extent
this potential unmeasured variable has influenced our results. Finally, our study was limited
to centers in a set geographic region that performed at least three of eight common EGS
operations over a 2-year period and thus may not be valid when applied to other settings.

In conclusion, hospitals separate into three distinct clusters based on their in-hospital
mortality performance for performing EGS operations in the geriatric population. These
clusters maintain their performance rank reliably across operations. The hospital-level
factors that drive these differences could not be elucidated in this study. Further study is
needed to determine which hospital-level factors drive hospital performance and to
investigate what systemwide processes will most improve geriatric patient care.
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Refer to Web version on PubMed Central for supplementary material.
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Standard Deviation from Mean Mortality by Operation Type

=f=Low Performing Hospitals (n=41)
Average Performing Hospitals (n=32)
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Chole: Cholecystectomy

Colect: Colectomy

IHR: Inguinal Hernia Repair

LOA: Lysis of Adhesions

RPV: Repair of Perforated Viscus

SBR: Small Bowel Resection

VHR: Ventral Hernia Repair
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Figure 1.
Standard deviation from mean mortality of the low-, average-, and high-performing clusters

stratified by operation type.
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TABLE 4.

Multinomial Logistic Regression Modeling Cluster Assignment

Variables Cluster Type Odds Ratio 95% ClI pvalue
Trauma center status 0.36
Low vs. average 0.429 0.131 1.405 0.16
Average vs. high 1.279 0.420 3.890 0.67
Low vs. high 0.548 0.174 1.726 0.31
High technology 0.23
Low vs. average 0.308 0.076  1.247 0.10
High vs. average 0.539 0.113 2.561 0.44
Low vs. high 0.572 0.170 1.932 0.37
Teaching hospital 0.37
Low vs. average 0.846 0.309 2.316 0.75
High vs. average 0.463 0.154 1.388 0.17
Low vs. high 1.829 0.607 5.508 0.28
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