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Reviewer Comments:

Reviewer's Responses to Questions

Level of Evidence

Is the assessment of the Level of Evidence correct? (n.b. levels of evidence are not applicable to
some studies, such as in vitro work, animal models, cadaver studies, etc)

Reviewer #2: Yes
Reviewer #3: None

Reviewer #4: Yes

Abstract

Is the abstract concise, informative, accurate, and structured as requested by the Journal?

Reviewer #2: Yes
Reviewer #3: None

Reviewer #4: Yes

Introduction

Is there a clearly identified knowledge gap of interest to our readership with current references
documenting that gap in knowledge? Is the topic relevant to the Journal’s scope?

Reviewer #2: Yes
Reviewer #3: None

Reviewer #4: Yes
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Is there an explicitly stated hypothesis or objective?
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Methods

Is the design of the study explicitly stated? For interventional or in vitro studies, is a timeline
provided?

Reviewer #2: Yes

Reviewer #3: None

Reviewer #4: Yes

Are the criteria for inclusion and exclusion of study subjects explicitly stated? Does the
manuscript include a flow diagram that identifies both excluded patients and those who were
ultimately included in the analysis?
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If a hypothesis is being tested, was a power analysis performed? Most especially if the results
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Are the primary and secondary outcomes explicitly defined? Are potential confounders (if
appropriate) included in the analysis?

Reviewer #2: Yes

Reviewer #3: None

Reviewer #4: Yes

Is the statistical method appropriate for the study design?

Reviewer #2: Yes
Reviewer #3: None

Reviewer #4: Yes

Results

Are the results presented in a systematic and logical fashion relative to either the hypothesis or
the objective(s)?

Reviewer #2: Yes
Reviewer #3: None

Reviewer #4: Yes

Are tables and figures additive (not redundant) to the text and are they correctly labeled and

understandable?

Reviewer #2: Yes
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Reviewer #4: Yes

Discussion

Are the results interpreted rationally and compared to the extant recent literature? Does the
discussion delve into the potential relevance going forward and contribution of the data to our
understanding (not merely a rehash presentation of the results)?

Reviewer #2: Yes
Reviewer #3: None

Reviewer #4: Yes

Are the pertinent limitations of the work recognized and explicitly stated?

Reviewer #2: Yes
Reviewer #3: None

Reviewer #4: No: There are other limitations that are not highlighted. For example, there
measures of "quality” are measures of patient safety rather than quality. Additionally, the
composite measure of quality as presented assumes that all components carry equal weight. That
a readmission and a death (FTR) are of equal importance. From the patient/family perspective
and even from the provider perspective, this is not likely.

Response: We thank the reviewer for the above comment. Quality is a metaphysical concept that
is difficult to define and quantitate [1]. Stakeholders who have embraced the study of health care
quality and medical outcomes recognize the difficulty in establishing a standardized definition
and recommended using quality metrics that capture pertinent attributes of care, including
efficacy, effectiveness, efficiency, optimality, and acceptability [2]. Consistently reported quality
metrics throughout the surgical literature that are surrogates of such attributes include
readmission, reoperation, major complications, and FTR [1-14]. Because these metrics are not
patient reported and are not from the patient’s perspective we have expanded the limitations
section of the manuscript to highlight the shortcomings of the utilized measures. Due to the lack
of data regarding the optimal weights to be assigned to each quality metric we utilized an
exploratory formula that is based on the direct contribution of each quality metric to the sum
without weights. We have expanded the limitations section of the manuscript to highlight the
important point raised by the reviewer.
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Manuscript (Discussion)

Quality is a metaphysical concept that is difficult to define and quantitate. There are limitations
associated with utilizing surrogate quality metrics such as FTR, readmission, reoperation, and
complications. We lack ideal measures of quality that are patient reported and take into
consideration the patient's experience

Manuscript (Limitations)

The notion that quality is a composite measure with equal weights given to readmissions,
complications, and FTR also contributes to the limitations of the utilized definition of quality.
There is a lack of data regarding the optimal weights to be assigned to each quality metric we
utilized an exploratory formula that is based on the direct contribution of each quality metric to
the sum without weights

Additional Comments to Author(s):

Reviewer #2: **Comments to the Author(s) on how to improve the manuscript. Please explain
your concerns and provide thoughtful input on additional data that may improve the manuscript.
Help the author as you would a colleague.**

The authors have provided additional clarity around their methodology. However, this does not
alleviate the concerns raised by this reviewer.

| fear that the authors have put together a formula and run statistical analyses, but that
fundamentally the formula is overly simplistic and ultimately an unverified assumption that
cannot be verified by the dataset used. Separating "value" of the care delivered from patient
complexity is difficult with administrative data. The fact that their trend tracked with an aging
and increasingly sicker population suggests that the metric reflects population dynamics and not
the "value" of care delivered.

Response: We thank the reviewer for the above comment. Quality is a metaphysical concept that
is difficult to define and quantitate. Methods for measuring value remain elusive. In this study,
we describe how existing quality metrics and cost accounting data can be used to measure value
based on our conceptual understanding of what health care value is. We believe this approach is
practical and scalable and can establish the foundation for future work in this area. As described
by Lee et al. in their study on developing a measure of value in health care, the numerator
(Quality) would be a composite measure composed of multiple qualities metrics. This was the
rationale behind the formula utilized. This approach needs to be validated against a gold standard
measure of health care value. Unfortunately, there is no gold standard measure of health care
value. The limitations section of the manuscript discuss the imperfections of this approach. From
a system wide perspective, the value of care eventually depends on the outcomes observed (ie.
The incidence of FTR, readmission, re-operation, and major complications). The discussion
section of the manuscript elaborates on the fact that elderly patients are predisposed to worse
outcomes due to their age and comorbidities and high value care is difficult to achieve in this age
group especially in emergency settings when there is limited time for patient optimization



(unmodifiable risk factors). Population dynamics therefore play an important role in dictating the
value of care.

Reviewer #3: **Comments to the Author(s) on how to improve the manuscript. Please explain
your concerns and provide thoughtful input on additional data that may improve the manuscript.
Help the author as you would a colleague.**

Reviewer #4: The manuscript is much improved from the earlier version, but there are some
remaining areas that can be addressed:

1. The authors should state that these really are measures of patient safety and not quality. We
lack ideal measures of quality that take into consideration the patient's perspective and
experience, which are relevant.

Response: We thank the reviewer for the above comment. Quality is a metaphysical concept that
is difficult to define and quantitate [1]. Stakeholders who have embraced the study of health care
quality and medical outcomes recognize the difficulty in establishing a standardized definition
and recommended using quality metrics that capture pertinent attributes of care, including
efficacy, effectiveness, efficiency, optimality, and acceptability [2]. Consistently reported quality
metrics throughout the surgical literature that are surrogates of such attributes include
readmission, reoperation, major complications, and FTR [1-14]. Because these metrics are not
patient reported and are not from the patient’s perspective we have expanded the limitations
section of the manuscript to highlight the shortcomings of the utilized measures.
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Manuscript (Discussion)

Quality is a metaphysical concept that is difficult to define and quantitate. There are limitations
associated with utilizing surrogate quality metrics such as FTR, readmission, reoperation, and
complications. We lack ideal measures of quality that are patient reported and take into
consideration the patient's experience

2. The notion that quality is a composite measure with equal weights given to readmissions,
complications, FTR, etc is probably not correct. There isn't much better out there right now, but
as presented, a death (FTR) is of equal weight to a readmission. I think this limitation should be
highlighted.

Response: We thank the reviewer for the above comment. Due to the lack of data regarding the
optimal weights to be assigned to each quality metric we utilized an exploratory formula that is
based on the direct contribution of each quality metric to the sum without weights. We have
expanded the limitations section of the manuscript to highlight the important point raised by the
reviewer.



Manuscript (Limitations)

The notion that quality is a composite measure with equal weights given to readmissions,
complications, and FTR also contributes to the limitations of the utilized definition of quality.
There is a lack of data regarding the optimal weights to be assigned to each quality metric we
utilized an exploratory formula that is based on the direct contribution of each quality metric to
the sum without weights

3. Why adjust for hospital ownership, teaching status and size? If teaching hospitals (or private
hospitals) provide lower value care, don't we want to know this and improve? By adjusting away
the effects we lose this information. The authors used a prediction model approach rather than an
adjustment for confounders (which would be better given the goal was to evaluate changes over
time), but the point remains.

Response: We thank the reviewer for the above comment. Risk adjustment would be incomplete
if the entire spectrum of patient-related and center-related variables were not included in the
model. According to the existing body of literature, center-parameters are pertinent predictors of
outcomes and variations between center-parameters could confound the results and therefore
need to be included in the model. Upon including these variables in the model were able to tease
out the independent effect of these parameters on health care value. Table 4 of the manuscript
lists the center related parameters that were significant predictors of higher or lower health care
value. Admission to metropolitan teaching hospitals is associated with an increase in health care
value (= +0.034 [0.026-0.044]; p<0.01). Similarly, admissions to high (= +0.004 [0.003-
0.0057; p<0.01) and medium volume (= +0.001 [0.00017-0.0018]; p<0.01) were also associated
with an independent increase in health care value. However, admission to low volume centers
(B=-0.927 [-1.126-(-0.682)]; p<0.01) lowered healthcare value. While adjusting for these
parameters the model can still tell us what are the factors we need to focus on to improve as
mentioned by the reviewer.

4. The authors state "Examining the between hospital variation in health care value, we noticed a
wide variation across EGS centers with 2,018 centers performing below the median health care
value-- Figure 2." By design, about half the centers should fall below the median. I'm not certain
this is a high value statement.

Response: We thank the reviewer for the above comment. This sentence was removed.
Manuscript (Results)

Examining the between hospital variation in health care value, we noticed a wide variation
across EGS centers --Figure 2. If centers performing below the median health care value were to
improve their performance to the median overall adjusted health care value, we estimated a total
reduction in EGS cost of $28.9 billion.

5. Discussion - a little long. It can be condensed. As an example, the paragraph about rehab when
this isn't covered to any extent in the paper is probably excessive.
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Response: We thank the reviewer for the above comment. The entire discussion was condensed
and the paragraph about rehab was shortened.

Manuscript (Discussion)

Using a sample of EGS patients from multiple centers across the nation, our study indicates that
there is a gross increase in the rates of major complications, FTR, 6-months readmission, and 6-
months re-operation. This coincides with a marked rise in health care costs and an apparent
decrease in health care value. The study demonstrates the feasibility of EGS quality assessment
using commonly reported quality metrics, while addressing the economic implications of these
outcomes. From a value-based perspective, we can see that the health care system is in an apparent
suboptimal state when it comes to the outcomes obtained per dollar spent. Furthermore, not all
EGS centers are delivering an increase in value at the pace at which health care costs are rising.

The wide spectrum of patient- and hospital-level characteristics that influence the trend in
health care value over time allow us to identify barriers to high value care in EGS. These findings
can have wide implications on practice considering that many predictors of decreased health care
value in EGS are potentially modifiable. Solutions to identify and reduce low-value care remain
complex and require targeted interventions on multiple frontiers, such as reducing fragmentation
of care, promoting regionalization, patient optimization, and improving health care coverage.

Despite palpable support towards a value based health care system (4), practical methods
for measuring value remain elusive (18). In this study, we describe how existing quality metrics and
cost accounting data can be used to measure value based on our conceptual understanding of what
health care value is (30). We believe this approach is practical, valid, and scalable and can establish
the foundation for future work in this area. As described by Lee et al. in their study on developing a
measure of value in health care, the numerator (Quality) would be a composite measure composed
of multiple qualities metrics (18). Although most of these quality measures are easily captured with
the available data, the methods to combine them into a single index score remain elusive and
underdeveloped (18). Metrics are usually validated against a gold standard measure of health care
value. Unfortunately, there is no gold standard measure of health care value to use for this purpose.
There are challenges related to the lack of the infrastructure needed to collect standardized
outcome data. Furthermore, current surveillance for patient outcomes and costs of care is not
feasible, scalable, or sustainable. Although researchers should work toward the ideal value
measure, we need to measure value now with the currently available data and improve over time
(18). In addition, calculating the national median health care value provides a benchmark for
comparison and performance evaluation.

One of the factors contributing to a decrease in the health care value is the nationwide
change in the age distribution of the EGS population. Older adults bring about a unique set of
challenges to their surgical course attributed to their comorbidities, geriatric specific syndromes,
frailty, and reduced physiological reserves (31-33). This will translate to a longer period of
hospitalization, increased costs, and subsequently decreased health care value. Ingraham et al.
reviewed the American College of Surgeons National Surgical Quality Improvement Program (ACS-
NSQIP) exploring the variation in the quality of care after EGS procedures in older adults. They
concluded that elderly patients are inherently at a greater risk of adverse events. They also
reported substantial variability in the quality of care provided (34).
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Along with aging, the overall prevalence of comorbidities also increased throughout the
study period. Salim et al. conducted a retrospective cohort analysis of 66,665 EGS patients aiming to
quantify the excess burden of morbidity and mortality associated with EGS, and they reported that
much of this increased morbidity and mortality can be attributed to the patient’s baseline risk
profile at the time of surgery (3). Their findings are in agreement with our study as we also noted
an upward trend in the rates of complications, readmission, reoperation, and FTR, which paralleled
the increase in the comorbidities burden in the EGS population across the study period that, in turn,
contributed to an overall decrease in health care value. This might indicate that EGS patients
remain a challenge when it comes to obtaining optimal outcomes while maintaining cost
effectiveness. The acuity of the disease process imposes time constraints that prevent adequate
patient optimization prior to surgical intervention.

Other important predictors of low health care value include insurance status. Schwartz et al.
reviewed claims for a large number of Medicare beneficiaries examining low-value services that
provide minimal clinical benefit (35). They inferred that low-value care spending constituted a
substantial proportion of overall spending influencing around one in two Medicare beneficiaries.
Another important admission characteristic is admission on a weekend. Shah et al. compared
outcomes among EGS patients admitted on weekday versus those admitted on a weekend. They
reported that the adjusted mortality rate was significantly higher in subgroups of EGS patients
admitted on a weekend in comparison to those admitted on a weekday (36). This was further
verified by Salim et al. who reported that admission on a weekend was an independent predictor of
serious adverse events, FTR, and in-hospital mortality (37). Hospital resources may be scarce on
weekends and multidisciplinary care teams may be incomplete (38, 39). Our finding that weekend
admission was an independent predictor for low health care value may be explained by higher rates
of FTR, which is on par with what was described previously. Post-operative rehabilitation was
found to increase health care value despite the added services. Despite the lack of high-grade
evidence, the literature on rehabilitation concluded that this intervention might be beneficial at
reducing adverse events and might be cost effective (40).

Non-index readmission or fragmentation of care was found to have a major contribution to
low health care value. This is in agreement with the existing body of literature on the hazards of
care discontinuity. Havens et al. reported that one in five readmitted EGS patients will seek care ata
non-index hospital and that care discontinuity is an independent predictor of mortality (41). Our
findings expand the current understanding of the consequences of care discontinuity by
highlighting its economic disadvantage. Not surprisingly, index-hospital volume played an
important role in determining health care value. Multiple studies have demonstrated a reliable
volume-outcome relationship in EGS. Hospital volume is a surrogate measure of hospital experience
and, potentially, surgeon experience. Accumulating experience allows health care systems to
minimize errors in management. At the same time, high volume hospitals tend to have a wider
spectrum of clinical services offered which will facilitate the timely recognition and handling of
post-operative complications that will improve FTR rates (42). Considering the apparently
deleterious effects of care fragmentation and admission to low-volume centers, the regionalization
of EGS care has been proposed as a solution to these challenges (43). With multiple implications on
practice, the regionalization of EGS care has become a subject of debate with no consensus whether
the benefits will outweigh the unintended consequences of such an approach. The results of our
study support of regionalization by highlighting preventable morbidity, mortality, and cost
effectiveness (43). Despite these diverse factors, we noticed from the multivariable linear
regression that the downward trend in health care value persisted even after adjusting for the
annual EGS case mix. There are possible unmeasured confounding factors that we cannot account
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for using the database. Other possible reasons include the overuse of diagnostic tests,
patient overtreatment, wasted health care expenditure, and medical errors.

Our study is not without limitations. There are limitations attributed to the retrospective nature
of the analysis, the contribution of unmeasured confounding factors, and erroneous database entries.
The entire spectrum of factors contributing to the decline in health care value were not captured in
the utilized database. Using this study design, we can only establish associations rather than a causal
relationship. There are also limitations attributed to the lack of a gold standard measure of health
care value. Quality is a metaphysical concept that is difficult to define and quantitate. There are
limitations associated with utilizing surrogate quality metrics such as FTR, readmission, reoperation,
and complications. We lack ideal measures of quality that are patient reported and take into
consideration the patient's experience. The notion that quality is a composite measure with equal
weights given to readmissions, complications, and FTR also contributes to the limitations of the
utilized definition of quality. There is a lack of data regarding the optimal weights to be assigned to
each quality metric we utilized an exploratory formula that is based on the direct contribution of each
quality metric to the sum without weights. HCUP costs which are based on hospital charges may not
completely capture the entire spectrum of health care costs sustained and may not reflect true clinical
costs (physician fees, additional services, costs unrelated to patient care, administrative costs, payer
costs, and government costs). These variables remain the only information on cost available in the
NRD database. Hospital costs may have been underestimated in our analysis due to scope of the
utilized database. In addition, the utilized database can only track patients upon readmission within
the same state. Patients were missed if they were not readmitted or only followed up on an outpatient
basis, or readmitted to a different state. It is possible that we have underestimated the cost and
complications incurred by EGS patients. However, this study fills a gap in the literature on the
performance of our EGS infrastructure from a value-based model (which had not been previously
well described), ascertains the factors contributing to this trend in performance, identifies areas of
improvement, and adds to the existing body of literature describing the advantages of a value-based
model.

This study highlights several areas for future investigation. Compiling data that are more
granular could identify further factors contributing to a decrease in health care value. The entire
spectrum of hospital costs are difficult to comprehensively and accurately estimate, nationwide
databases can still provide important information on the overall burden. The study may also highlight
the need to improve our data infrastructure to better capture health care costs moving forward. This
study may also facilitate the shift from a fee-for-service model to a fee-for-value model. Finally, our
findings contribute to the growing literature aimed at improving the efficiency of the EGS health care
system. Examining the trend in health care value over time for non-operative EGS patients is also an
interesting area to explore given that a large proportion of EGS patients are non-operatively
managed.

In compliance with data protection regulations, you may request that we remove your personal
registration details at any time. (Remove my information/details). Please contact the publication
office if you have any questions.
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Abstract

Abstract

Introduction: There is a growing need to improve the quality of care while decreasing health care
costs in Emergency General Surgery (EGS). Health care value includes costs and quality and is a
targeted metric by improvement programs. The aim of our study was to evaluate the trend of health

care value in EGS over time and to identify barriers to high value surgical care.

Methods: The (2012-2015) National Readmission Database was queried for patients >18y who
underwent an EGS procedure (according to the AAST definition). Healthcare value (V=quality
metrics/cost) was calculated from the rates of freedom from readmission, major complications,
reoperation, and failure-to-rescue (FTR) indexed over inflation adjusted hospital costs. Outcomes
were the trends in the quality metrics: 6-months readmission, major complications, reoperation,
FTR, hospital costs, and healthcare value over the study period. Multivariable linear regression

was performed to determine the predictors of lower health care value.

Results: We identified 887,013 patients who underwent EGS. Mean age was 51+20y and 53%
were male. The rates of 6-month readmission, major complications, reoperation, and FTR
increased significantly over the study period. The median hospital costs also increased over the
study period (2012: $9600 to 2015: $13000; p<0.01). However, the healthcare value has decreased
over the study period (2012: 0.35, 2013: 0.30, 2014: 0.28, 2015: 0.25; p<0.01). Predictors of
decreased health care value in EGS are age>65 (=-0.568 [-0.689 - (-0.418)], >3 comorbidities
(B=-0.292 [-0.359 - (-0.21)], readmission to a different hospital (=-0.755 [-0.914 - (-0.558)]),
admission to low volume centers (p=-0.927 [-1.126 - (-0.682)]), lack of rehabilitation (=-0.004[-

0.005 — (-0.003)]), and admission on a weekend (f=-0.318 [-0.366 - (-0.254)]).



Conclusion: Health care value in EGS appears to be declining over time. Some of the factors
leading to decreased health care value in EGS are potentially modifiable. Health care value could

potentially be improved by reducing fragmentation of care, and promoting regionalization.
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Introduction

Emergency general surgery (EGS) patients represent a large fraction of annual surgical
admissions (1). It is estimated that more than 3 million patients are admitted to hospitals in the
United States (US) each year for an EGS requiring diagnosis (2). EGS patients represent a
unique subgroup. Having a higher disease acuity, they sustain a disproportionately higher burden
of complications, mortality, and readmission (3). While the nationwide demand for emergency
health care is increasing, availability and access are declining. This is also accompanied by a rise
in health care costs (4, 5), declining physician workforce (6), and an alarming surge in

emergency department closures (7). Collectively, these trends can create a public health crisis.

Enhancing the quality of EGS health care quality remains a national priority and a key
part of improving emergency care in general (8). More specifically, there is also a growing need
to improve the quality of care while simultaneously decreasing health care costs (9, 10). The
concept of health care value is roughly defined as the health outcomes achieved per dollar of
health care costs spent, which simultaneously encompasses the two dimensions of quality and
cost containment (11). There is expanding interest in developing a value-based health care

system to improve performance with economic sustainability (8).

At present, however, there is a lack of data evaluating the nationwide performance of
EGS centers from a value-based health care perspective. Although EGS patients are a
heterogeneous group, understanding the temporal trends in EGS quality metrics and costs would
be of paramount importance for quality assessment. Policymakers and primary expected payers
have embraced quality assessment using such metrics as an effective way to improve patient

outcomes through feedback and payment incentives that can promote institutional quality



improvement efforts. The aim of our study was to evaluate the trend of health care value in EGS

over time and to identify barriers to high value surgical care.
Methods
Data Sources

We performed a 4-year retrospective cohort analysis of the (2012-2015) Health care Cost
and Utilization Project (HCUP) Nationwide Readmission Database (NRD). The Agency for Health
care Research and Quality maintains the NRD. It records up to 15 million admissions per year and
provides longitudinal follow-up data on a nationally representative sample of patients with
subsequent readmission(s) throughout a one-year period following their index admission. Sample
weights can be applied to obtain national estimates. To track patients upon readmission to an index
or a different hospital, the database utilizes a unique identifier. These features make the NRD the
largest, most comprehensive, accurate source of US hospital readmission data. Institutional review

board approval was exempted because the NRD only contains deidentified data.
Study Population

We queried the database for all adult (>18years) patients admitted for an EGS procedure
as per the definition of the American Association for the Surgery of Trauma (AAST). The AAST
Committee on Severity Assessment and Patient Outcomes developed a comprehensive data-driven
definition of EGS and identified the International Classification of Diseases 9"Revision (ICD-9)
primary diagnostic codes that correspond to the scope of EGS (1). We included all patients who
were admitted from January 1 through June 30 for each year. Admissions in the first half of a year
ensure a minimum follow-up period of 6 months. Patients discharged from the ED are not included

in the database. Survey weights were used for national estimates as per HCUP recommendations.



Patient Stratification

We stratified patients into four groups based on the year of admission for the EGS

procedure: 2012, 2013, 2014, and 2015.
Data Points and Definitions:

For each patient, we abstracted the following data points from the database: demographics
(age, sex, primary payer, household income, location) and comorbidities (anemia, arthritis,
congestive heart failure, diabetes, hypertension, peripheral vascular disease, liver failure, chronic
kidney disease, obesity, etc). We also collected data regarding the respective EGS category (eg,
appendix, biliary-pancreatic, abdominal wall, upper GlI, lower GI, rectosigmoid, perianal, thoracic,
peritoneum, genitourinary, etc) and index admission characteristics (weekend admission, length
of stay, and discharge disposition). The characteristics of index hospitals performing EGS were
also abstracted, including ownership (public, not for profit, investor-owned), bed size, teaching
status, and annual EGS volume. Hospital volume was categorized into high (>150 cases per year),
medium (50-150 cases per year), and low volume (<50 cases per year) based on the 33" and the
67" percentile of the annual hospital volume variable. We also reported the urban-rural designation

of the EGS center (large metropolitan, small metropolitan, micropolitan, and non-urban).

Data on in-hospital outcomes, along with longitudinal data within 6 months of follow-up,
were abstracted regarding the incidence of major complications (defined as the occurrence of
pneumonia, myocardial infarction, heart failure, respiratory failure, pulmonary embolism, sepsis,
deep surgical site infection, deep vein thrombosis, acute renal failure, abdominal compartment

syndrome, cardiac arrest, or cerebrovascular accident). The rates of failure-to-rescue (FTR), 6-



months readmission, 6-months re-operation, number of readmission events, time to readmission,

and non-index readmission were also collected, and we examined health care costs.

Failure to Rescue

Failure to rescue (FTR) is typically defined as death following a major complication (12).
It is increasingly utilized as a hospital quality metric reflecting the performance of hospitals when
addressing postoperative complications (13). This makes it an important benchmark for patient
safety (14). Multiple studies reported that there is considerable variation in postoperative outcomes
irrespective of patient-related factors potentially due to the hospital’s quality of care (15). This
makes FTR a targeted metric by quality improvement programs (16). We defined FTR as the

occurrence of death and major complications (12-16).

Health Care Value

The operational definition underlying an assessment of the quality of health care requires
certain assumptions. Stakeholders who have embraced the study of health care quality and
medical outcomes recognize the difficulty in establishing a standardized definition and
recommended using quality indicators that capture pertinent attributes of care, including
efficacy, effectiveness, efficiency, optimality, and acceptability (9). Commonly reported quality
metrics throughout the surgical literature that represent such attributes include readmission,
reoperation, major complications, and FTR. However, high quality surgical care faces dynamic
challenges related to economic and market forces, limited reimbursement, regulatory measures,
and compliance with the Affordable Care Act and Medicare Access. This means that our quality
assessment methodology must incorporate health care costs eventually arriving at the concept of

health care value (9). The major goal of quality improvement initiatives must be directed



towards increasing health care value through decreasing health care costs and reducing
utilization. Porter et al. proposed using health care value defined as quality (Q) divided by costs
(C) or Value = Q/C (11). In practice, arbitrarily chosen quality indicators must represent Q (9,
17, 18). Quality was calculated as a composite measure utilizing multiple quality metrics
commonly utilized in the literature (18): Failure to rescue, readmission, reoperation, and major
complications. Because lower rates of all these metrics indicate better quality, quality was

calculated using the formula:

Q = (1 - PReadmission) + (1 - PMajor Complications) + (1 - PReoperation) + (1 - PFTR)
PRreadmission = Proportion of patients who were readmitted

Pwmajor complications = Proportion of patients who developed major complications on index admission

or upon readmission
Preoperation = Proportion of patients with reoperation on index admission or upon readmission
Prrr = Proportion of patients with failure to rescue on index admission or upon readmission

The NRD database provides the total hospital charges per admission for each patient (19-
21). It also provides a unique and internally validated annual cost-to-charge ratio for each
facility. As per HCUP standards and existing literature, hospital charges can be converted to
estimated hospital costs using a center specific cost-charge ratio (5, 19, 21-28). This ratio is
calculated based on accounting reports collected by CMS (21). Hospital costs were calculated
using each patient’s hospital total charge (aggregate of index admission and readmissions)
multiplied by the corresponding facility cost-to-charge ratio. Hospital costs were adjusted for
inflation to have the same dollar value as the year 2015. Using the annual Consumer Price Index,

the rate of inflation over the study period was determined to be 3.2% (29).



Hospital Costs = Hospital Charges X Hospital Cost to Charge Ratio

Inflation Adjusted Hospital Costs = Hospital Costs + (Hospital Costs X 0.032)

Therefore, health care value was calculated using the formula:

(1 - PReadmission) + (1 - PMajor Complications) + (1 - PReoperation) + (1 - PFTR)

Health Value =
eatthcare vatue Inflation Adjusted Hospital Costs

Outcome Measures:

Our primary outcome measure was the trend in health care value over the study period.
Our secondary outcome measures were the trends in the quality metrics over the study period: 6-

months readmission, major complications, reoperation, FTR, and health care costs.

Statistical Analysis:

We performed descriptive statistics to outline the baseline characteristics of the study
sample and EGS centers based on year of admission. Continuous normally distributed data were
summarized using a mean and a standard deviation. Continuous not-normally distributed data were
summarized using a median and an interquartile range. Categorical data were summarized using
counts and proportions. To compare the baseline characteristics of EGS patients and EGS centers
across the duration of the study, we used the Chi-Square test with Bonferroni adjustment for
multiple comparisons to compare proportions, the one-way analysis of variance (ANOVA) to
compare continuous normally distributed variables with Bonferroni adjustment for multiple
comparisons, and the Kruskal-Wallis test to compare continuous not-normally distributed data.
The variation in health care value across the study period can be attributed to a wide spectrum of
different patient characteristics, distribution of EGS conditions, and hospital-level characteristics.
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In order to ascertain the predictors of health care value while adjusting for measurable confounding
factors, we performed a hierarchical mixed-effects linear regression model with a random effect
for the EGS center. Adjustment was performed for demographics (age, gender, primary payer,
income, and location), comorbidities (CCI: Charlson Comorbidities Index), EGS category, index-
admission characteristics, hospital ownership, bed size, teaching status, annual EGS volume, and
urban-rural designation. This approach takes into account the hierarchical structure of the data
among patients from the same EGS center. Because we used multicenter data, the analytic
approach needs to account for the intra-cluster effect (patients within the same facility are more
correlated than patients from different facilities, thus violating independence assumption)
especially that centers differ in their management approach and quality of care. After this model
was fit, we calculated the EGS center-specific adjusted health care value from the model’s
predicted value per EGS center. Based on the distribution of the center-specific adjusted health
care value, we calculated the hypothetical estimated reduction in health care costs if centers
performing in the lower quartile were to improve their performance in terms of health care value
to the median center-specific health care value. We considered a P-value of less than 0.05 (P <
0.05) as statistically significant. All statistical analyses were performed using the Statistical

Package for the Social Sciences (SPSS, version 23; SPSS, Inc., Armonk, NY).

Results

A total of 887,013 patients undergoing an EGS procedure at 6,275 hospitals were
identified. Stratification of patients by year of admission showed that 236,555 were admitted in
2012, 228,449 in 2013, 198,600 in 2014, and 223,409 in 2015. Overall, the mean age was 51+20
years, and 53% were male. The most common EGS procedure performed involved the appendix

(21%), followed by the biliary-pancreatic region (19%) and the abdominal wall (11%). The



median length of stay was 3 [2-7] days. Following their inpatient stay, most patients were
discharged routinely (76%) --Table 1. In terms of the centers performing EGS, most patients

(67%) were admitted to hospitals with a high EGS volume --Table 2.

Concerning trends in EGS quality metrics over the study period, there is an overall
increase in the rates of major complications (2012: 22.4% vs. 2015: 27.2%; p<0.01), FTR (2012:
2.1% vs. 2015: 4%; p<0.01), 6-months readmission (2012: 21% vs. 2015: 23.7%; p<0.01), and
6-months reoperation (2012: 9.3% vs. 2015: 11%; p<0.01). There was also an overall increase in
the inflation adjusted hospital costs (2012: $9,600 [$7000-$15000] vs. 2015: $13,000 [$8000-
$17000]; p<0.01). The median health care value had a downward trend across the study period
(2012: 0.35[0.23-0.49] vs. 2015: 0.25[0.19-0.41]; p<0.01)--Figure 1. When examining other
quality metrics, there was no significant difference in the number of readmission events among
those who were readmitted (2012: 1[1-2] vs. 2015: 1[1-2]; p=0.87). However, the rate of non-
index hospital readmission rose significantly over the study period (2012: 22% vs. 2015: 23.8%);

p<0.01)--Table 3.

On regression analysis, after adjusting for patient and hospital-level baseline
characteristics, the downward trend in health care value was persistent on a multivariable level
(B=-0.004 [-0.015 — (-0.001)]; p=0.01). At the same time, a number of patient and hospital-level
characteristics were significant predictors of lower health care value. The independent predictors
of a lower health care value are age group >65 years (=-0.568 [-0.689 - (-0.418)]; p<0.01),
low-income quartile (f=-0.368 [-0.455 - (-0.262)]; p<0.01), >3 comorbidities (f=-0.292 [-0.359 -
(-0.21)]; p<0.01), weekend admission (B=-0.318 [-0.366 - (-0.254)]; p<0.01), non-index
readmission ($=-0.755 [-0.914 - (-0.558)]; p<0.01), and admission to low volume centers (3-

0.927 [-1.126 - (-0.682)]: p<0.01).--Table 4.



Examining the between hospital variation in health care value, we noticed a wide
variation across EGS centers --Figure 2. If centers performing below the median health care
value were to improve their performance to the median overall adjusted health care value, we

estimated a total reduction in EGS cost of $28.9 billion.

Discussion

Using a sample of EGS patients from multiple centers across the nation, our study
indicates that there is a gross increase in the rates of major complications, FTR, 6-months
readmission, and 6-months re-operation. This coincides with a marked rise in health care costs
and an apparent decrease in health care value. The study demonstrates the feasibility of EGS
quality assessment using commonly reported quality metrics, while addressing the economic
implications of these outcomes. From a value-based perspective, we can see that the health care
system is in an apparent suboptimal state when it comes to the outcomes obtained per dollar
spent. Furthermore, not all EGS centers are delivering an increase in value at the pace at which

health care costs are rising.

The wide spectrum of patient- and hospital-level characteristics that influence the trend in
health care value over time allow us to identify barriers to high value care in EGS. These
findings can have wide implications on practice considering that many predictors of decreased
health care value in EGS are potentially modifiable. Solutions to identify and reduce low-value
care remain complex and require targeted interventions on multiple frontiers, such as reducing
fragmentation of care, promoting regionalization, patient optimization, and improving health

care coverage.



Despite palpable support towards a value based health care system (4), practical methods
for measuring value remain elusive (18). In this study, we describe how existing quality metrics
and cost accounting data can be used to measure value based on our conceptual understanding of
what health care value is (30). We believe this approach is practical, valid, and scalable and can
establish the foundation for future work in this area. As described by Lee et al. in their study on
developing a measure of value in health care, the numerator (Quality) would be a composite
measure composed of multiple qualities metrics (18). Although most of these quality measures
are easily captured with the available data, the methods to combine them into a single index
score remain elusive and underdeveloped (18). Metrics are usually validated against a gold
standard measure of health care value. Unfortunately, there is no gold standard measure of health
care value to use for this purpose. There are challenges related to the lack of the infrastructure
needed to collect standardized outcome data. Furthermore, current surveillance for patient
outcomes and costs of care is not feasible, scalable, or sustainable. Although researchers should
work toward the ideal value measure, we need to measure value now with the currently available
data and improve over time (18). In addition, calculating the national median health care value

provides a benchmark for comparison and performance evaluation.

One of the factors contributing to a decrease in the health care value is the nationwide
change in the age distribution of the EGS population. Older adults bring about a unique set of
challenges to their surgical course attributed to their comorbidities, geriatric specific syndromes,
frailty, and reduced physiological reserves (31-33). This will translate to a longer period of
hospitalization, increased costs, and subsequently decreased health care value. Ingraham et al.
reviewed the American College of Surgeons National Surgical Quality Improvement Program

(ACS-NSQIP) exploring the variation in the quality of care after EGS procedures in older adults.
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They concluded that elderly patients are inherently at a greater risk of adverse events. They also

reported substantial variability in the quality of care provided (34).

Along with aging, the overall prevalence of comorbidities also increased throughout the
study period. Salim et al. conducted a retrospective cohort analysis of 66,665 EGS patients
aiming to quantify the excess burden of morbidity and mortality associated with EGS, and they
reported that much of this increased morbidity and mortality can be attributed to the patient’s
baseline risk profile at the time of surgery (3). Their findings are in agreement with our study as
we also noted an upward trend in the rates of complications, readmission, reoperation, and FTR,
which paralleled the increase in the comorbidities burden in the EGS population across the study
period that, in turn, contributed to an overall decrease in health care value. This might indicate
that EGS patients remain a challenge when it comes to obtaining optimal outcomes while
maintaining cost effectiveness. The acuity of the disease process imposes time constraints that

prevent adequate patient optimization prior to surgical intervention.

Other important predictors of low health care value include insurance status. Schwartz et
al. reviewed claims for a large number of Medicare beneficiaries examining low-value services
that provide minimal clinical benefit (35). They inferred that low-value care spending constituted
a substantial proportion of overall spending influencing around one in two Medicare
beneficiaries. Another important admission characteristic is admission on a weekend. Shah et al.
compared outcomes among EGS patients admitted on weekday versus those admitted on a
weekend. They reported that the adjusted mortality rate was significantly higher in subgroups of
EGS patients admitted on a weekend in comparison to those admitted on a weekday (36). This
was further verified by Salim et al. who reported that admission on a weekend was an

independent predictor of serious adverse events, FTR, and in-hospital mortality (37). Hospital

11



resources may be scarce on weekends and multidisciplinary care teams may be incomplete (38,
39). Our finding that weekend admission was an independent predictor for low health care value
may be explained by higher rates of FTR, which is on par with what was described previously.
Post-operative rehabilitation was found to increase health care value despite the added services.
Despite the lack of high-grade evidence, the literature on rehabilitation concluded that this

intervention might be beneficial at reducing adverse events and might be cost effective (40).

Non-index readmission or fragmentation of care was found to have a major contribution
to low health care value. This is in agreement with the existing body of literature on the hazards
of care discontinuity. Havens et al. reported that one in five readmitted EGS patients will seek
care at a non-index hospital and that care discontinuity is an independent predictor of mortality
(41). Our findings expand the current understanding of the consequences of care discontinuity by
highlighting its economic disadvantage. Not surprisingly, index-hospital volume played an
important role in determining health care value. Multiple studies have demonstrated a reliable
volume-outcome relationship in EGS. Hospital volume is a surrogate measure of hospital
experience and, potentially, surgeon experience. Accumulating experience allows health care
systems to minimize errors in management. At the same time, high volume hospitals tend to have
a wider spectrum of clinical services offered which will facilitate the timely recognition and
handling of post-operative complications that will improve FTR rates (42). Considering the
apparently deleterious effects of care fragmentation and admission to low-volume centers, the
regionalization of EGS care has been proposed as a solution to these challenges (43). With
multiple implications on practice, the regionalization of EGS care has become a subject of debate
with no consensus whether the benefits will outweigh the unintended consequences of such an

approach. The results of our study support of regionalization by highlighting preventable
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morbidity, mortality, and cost effectiveness (43). Despite these diverse factors, we noticed from
the multivariable linear regression that the downward trend in health care value persisted even
after adjusting for the annual EGS case mix. There are possible unmeasured confounding factors
that we cannot account for using the database. Other possible reasons include the overuse of

diagnostic tests, patient overtreatment, wasted health care expenditure, and medical errors.

Our study is not without limitations. There are limitations attributed to the retrospective nature
of the analysis, the contribution of unmeasured confounding factors, and erroneous database
entries. The entire spectrum of factors contributing to the decline in health care value were not
captured in the utilized database. Using this study design, we can only establish associations rather
than a causal relationship. There are also limitations attributed to the lack of a gold standard
measure of health care value. Quality is a metaphysical concept that is difficult to define and
quantitate. There are limitations associated with utilizing surrogate quality metrics such as FTR,
readmission, reoperation, and complications. We lack ideal measures of quality that are patient
reported and take into consideration the patient's experience. The notion that quality is a composite
measure with equal weights given to readmissions, complications, and FTR also contributes to the
limitations of the utilized definition of quality. There is a lack of data regarding the optimal weights
to be assigned to each quality metric we utilized an exploratory formula that is based on the direct
contribution of each quality metric to the sum without weights. HCUP costs which are based on
hospital charges may not completely capture the entire spectrum of health care costs sustained and
may not reflect true clinical costs (physician fees, additional services, costs unrelated to patient
care, administrative costs, payer costs, and government costs). These variables remain the only
information on cost available in the NRD database. Hospital costs may have been underestimated

in our analysis due to scope of the utilized database. In addition, the utilized database can only
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track patients upon readmission within the same state. Patients were missed if they were not
readmitted or only followed up on an outpatient basis, or readmitted to a different state. It is
possible that we have underestimated the cost and complications incurred by EGS patients.
However, this study fills a gap in the literature on the performance of our EGS infrastructure from
a value-based model (which had not been previously well described), ascertains the factors
contributing to this trend in performance, identifies areas of improvement, and adds to the existing

body of literature describing the advantages of a value-based model.

This study highlights several areas for future investigation. Compiling data that are more
granular could identify further factors contributing to a decrease in health care value. The entire
spectrum of hospital costs are difficult to comprehensively and accurately estimate, nationwide
databases can still provide important information on the overall burden. The study may also
highlight the need to improve our data infrastructure to better capture health care costs moving
forward. This study may also facilitate the shift from a fee-for-service model to a fee-for-value
model. Finally, our findings contribute to the growing literature aimed at improving the efficiency
of the EGS health care system. Examining the trend in health care value over time for non-
operative EGS patients is also an interesting area to explore given that a large proportion of EGS

patients are non-operatively managed.

Conclusion

Health care value in EGS appears to be declining over time. Some of the factors leading
to decreased health care value in EGS may be potentially modifiable. Transforming the quality
of surgical care requires the adoption of a disruptive model based on health care value.

Potentially, this may be implemented through targeted interventions on multiple frontiers. Health
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care value could potentially be improved by reducing fragmentation of care, and promoting

regionalization.
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Figure Legends

Figure 1: Trends in Health Care Value and Costs

Figure 2: EGS Centers Adjusted Health Care Value
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Introduction

Emergency general surgery (EGS) patients represent a large fraction of annual surgical
admissions (1). It is estimated that more than 3 million patients are admitted to hospitals in the
United States (US) each year for an EGS requiring diagnosis (2). EGS patients represent a
unique subgroup. Having a higher disease acuity, they sustain a disproportionately higher burden
of complications, mortality, and readmission (3). While the nationwide demand for emergency
health care is increasing, availability and access are declining. This is also accompanied by a rise
in health care costs (4, 5), declining physician workforce (6), and an alarming surge in

emergency department closures (7). Collectively, these trends can create a public health crisis.

Enhancing the quality of EGS health care quality remains a national priority and a key
part of improving emergency care in general (8). More specifically, there is also a growing need
to improve the quality of care while simultaneously decreasing health care costs (9, 10). The
concept of health care value is roughly defined as the health outcomes achieved per dollar of
health care costs spent, which simultaneously encompasses the two dimensions of quality and
cost containment (11). There is expanding interest in developing a value-based health care

system to improve performance with economic sustainability (8).

At present, however, there is a lack of data evaluating the nationwide performance of
EGS centers from a value-based health care perspective. Although EGS patients are a
heterogeneous group, understanding the temporal trends in EGS quality metrics and costs would
be of paramount importance for quality assessment. Policymakers and primary expected payers
have embraced quality assessment using such metrics as an effective way to improve patient

outcomes through feedback and payment incentives that can promote institutional quality
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improvement efforts. The aim of our study was to evaluate the trend of health care value in EGS

over time and to identify barriers to high value surgical care.
Methods
Data Sources

We performed a 4-year retrospective cohort analysis of the (2012-2015) Health care Cost
and Utilization Project (HCUP) Nationwide Readmission Database (NRD). The Agency for Health
care Research and Quality maintains the NRD. It records up to 15 million admissions per year and
provides longitudinal follow-up data on a nationally representative sample of patients with
subsequent readmission(s) throughout a one-year period following their index admission. Sample
weights can be applied to obtain national estimates. To track patients upon readmission to an index
or a different hospital, the database utilizes a unique identifier. These features make the NRD the
largest, most comprehensive, accurate source of US hospital readmission data. Institutional review

board approval was exempted because the NRD only contains deidentified data.
Study Population

We queried the database for all adult (>18years) patients admitted for an EGS procedure
as per the definition of the American Association for the Surgery of Trauma (AAST). The AAST
Committee on Severity Assessment and Patient Outcomes developed a comprehensive data-driven
definition of EGS and identified the International Classification of Diseases 9"Revision (ICD-9)
primary diagnostic codes that correspond to the scope of EGS (1). We included all patients who
were admitted from January 1 through June 30 for each year. Admissions in the first half of a year
ensure a minimum follow-up period of 6 months. Patients discharged from the ED are not included

in the database. Survey weights were used for national estimates as per HCUP recommendations.
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Patient Stratification

We stratified patients into four groups based on the year of admission for the EGS

procedure: 2012, 2013, 2014, and 2015.
Data Points and Definitions:

For each patient, we abstracted the following data points from the database: demographics
(age, sex, primary payer, household income, location) and comorbidities (anemia, arthritis,
congestive heart failure, diabetes, hypertension, peripheral vascular disease, liver failure, chronic
kidney disease, obesity, etc). We also collected data regarding the respective EGS category (eg,
appendix, biliary-pancreatic, abdominal wall, upper GlI, lower GI, rectosigmoid, perianal, thoracic,
peritoneum, genitourinary, etc) and index admission characteristics (weekend admission, length
of stay, and discharge disposition). The characteristics of index hospitals performing EGS were
also abstracted, including ownership (public, not for profit, investor-owned), bed size, teaching
status, and annual EGS volume. Hospital volume was categorized into high (>150 cases per year),
medium (50-150 cases per year), and low volume (<50 cases per year) based on the 33" and the
67" percentile of the annual hospital volume variable. We also reported the urban-rural designation

of the EGS center (large metropolitan, small metropolitan, micropolitan, and non-urban).

Data on in-hospital outcomes, along with longitudinal data within 6 months of follow-up,
were abstracted regarding the incidence of major complications (defined as the occurrence of
pneumonia, myocardial infarction, heart failure, respiratory failure, pulmonary embolism, sepsis,
deep surgical site infection, deep vein thrombosis, acute renal failure, abdominal compartment

syndrome, cardiac arrest, or cerebrovascular accident). The rates of failure-to-rescue (FTR), 6-
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months readmission, 6-months re-operation, number of readmission events, time to readmission,

and non-index readmission were also collected, and we examined health care costs.

Failure to Rescue

Failure to rescue (FTR) is typically defined as death following a major complication (12).
It is increasingly utilized as a hospital quality metric reflecting the performance of hospitals when
addressing postoperative complications (13). This makes it an important benchmark for patient
safety (14). Multiple studies reported that there is considerable variation in postoperative outcomes
irrespective of patient-related factors potentially due to the hospital’s quality of care (15). This
makes FTR a targeted metric by quality improvement programs (16). We defined FTR as the

occurrence of death and major complications (12-16).

Health Care Value

The operational definition underlying an assessment of the quality of health care requires
certain assumptions. Stakeholders who have embraced the study of health care quality and
medical outcomes recognize the difficulty in establishing a standardized definition and
recommended using quality indicators that capture pertinent attributes of care, including
efficacy, effectiveness, efficiency, optimality, and acceptability (9). Commonly reported quality
metrics throughout the surgical literature that represent such attributes include readmission,
reoperation, major complications, and FTR. However, high quality surgical care faces dynamic
challenges related to economic and market forces, limited reimbursement, regulatory measures,
and compliance with the Affordable Care Act and Medicare Access. This means that our quality
assessment methodology must incorporate health care costs eventually arriving at the concept of

health care value (9). The major goal of quality improvement initiatives must be directed



O©CO~NOOOTA~AWNPE

towards increasing health care value through decreasing health care costs and reducing
utilization. Porter et al. proposed using health care value defined as quality (Q) divided by costs
(C) or Value = Q/C (11). In practice, arbitrarily chosen quality indicators must represent Q (9,
17, 18). Quality was calculated as a composite measure utilizing multiple quality metrics
commonly utilized in the literature (18): Failure to rescue, readmission, reoperation, and major
complications. Because lower rates of all these metrics indicate better quality, quality was

calculated using the formula:

Q = (1 - PReadmission) + (1 - PMajor Complications) + (1 - PReoperation) + (1 - PFTR)
PRreadmission = Proportion of patients who were readmitted

Pwmajor complications = Proportion of patients who developed major complications on index admission

or upon readmission
Preoperation = Proportion of patients with reoperation on index admission or upon readmission
Prrr = Proportion of patients with failure to rescue on index admission or upon readmission

The NRD database provides the total hospital charges per admission for each patient (19-
21). It also provides a unique and internally validated annual cost-to-charge ratio for each
facility. As per HCUP standards and existing literature, hospital charges can be converted to
estimated hospital costs using a center specific cost-charge ratio (5, 19, 21-28). This ratio is
calculated based on accounting reports collected by CMS (21). Hospital costs were calculated
using each patient’s hospital total charge (aggregate of index admission and readmissions)
multiplied by the corresponding facility cost-to-charge ratio. Hospital costs were adjusted for
inflation to have the same dollar value as the year 2015. Using the annual Consumer Price Index,

the rate of inflation over the study period was determined to be 3.2% (29).
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Hospital Costs = Hospital Charges X Hospital Cost to Charge Ratio

Inflation Adjusted Hospital Costs = Hospital Costs + (Hospital Costs X 0.032)

Therefore, health care value was calculated using the formula:

(1 - PReadmission) + (1 - PMajor Complications) + (1 - PReoperation) + (1 - PFTR)
Inflation Adjusted Hospital Costs

Healthcare Value =

Outcome Measures:

Our primary outcome measure was the trend in health care value over the study period.
Our secondary outcome measures were the trends in the quality metrics over the study period: 6-

months readmission, major complications, reoperation, FTR, and health care costs.

Statistical Analysis:

We performed descriptive statistics to outline the baseline characteristics of the study
sample and EGS centers based on year of admission. Continuous normally distributed data were
summarized using a mean and a standard deviation. Continuous not-normally distributed data were
summarized using a median and an interquartile range. Categorical data were summarized using
counts and proportions. To compare the baseline characteristics of EGS patients and EGS centers
across the duration of the study, we used the Chi-Square test with Bonferroni adjustment for
multiple comparisons to compare proportions, the one-way analysis of variance (ANOVA) to
compare continuous normally distributed variables with Bonferroni adjustment for multiple
comparisons, and the Kruskal-Wallis test to compare continuous not-normally distributed data.
The variation in health care value across the study period can be attributed to a wide spectrum of
different patient characteristics, distribution of EGS conditions, and hospital-level characteristics.

6
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In order to ascertain the predictors of health care value while adjusting for measurable confounding
factors, we performed a hierarchical mixed-effects linear regression model with a random effect
for the EGS center. Adjustment was performed for demographics (age, gender, primary payer,
income, and location), comorbidities (CCI: Charlson Comorbidities Index), EGS category, index-
admission characteristics, hospital ownership, bed size, teaching status, annual EGS volume, and
urban-rural designation. This approach takes into account the hierarchical structure of the data
among patients from the same EGS center. Because we used multicenter data, the analytic
approach needs to account for the intra-cluster effect (patients within the same facility are more
correlated than patients from different facilities, thus violating independence assumption)
especially that centers differ in their management approach and quality of care. After this model
was fit, we calculated the EGS center-specific adjusted health care value from the model’s
predicted value per EGS center. Based on the distribution of the center-specific adjusted health
care value, we calculated the hypothetical estimated reduction in health care costs if centers
performing in the lower quartile were to improve their performance in terms of health care value
to the median center-specific health care value. We considered a P-value of less than 0.05 (P <
0.05) as statistically significant. All statistical analyses were performed using the Statistical

Package for the Social Sciences (SPSS, version 23; SPSS, Inc., Armonk, NY).

Results

A total of 887,013 patients undergoing an EGS procedure at 6,275 hospitals were
identified. Stratification of patients by year of admission showed that 236,555 were admitted in
2012, 228,449 in 2013, 198,600 in 2014, and 223,409 in 2015. Overall, the mean age was 51+20
years, and 53% were male. The most common EGS procedure performed involved the appendix

(21%), followed by the biliary-pancreatic region (19%) and the abdominal wall (11%). The
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median length of stay was 3 [2-7] days. Following their inpatient stay, most patients were
discharged routinely (76%) --Table 1. In terms of the centers performing EGS, most patients

(67%) were admitted to hospitals with a high EGS volume --Table 2.

Concerning trends in EGS quality metrics over the study period, there is an overall
increase in the rates of major complications (2012: 22.4% vs. 2015: 27.2%; p<0.01), FTR (2012:
2.1% vs. 2015: 4%; p<0.01), 6-months readmission (2012: 21% vs. 2015: 23.7%; p<0.01), and
6-months reoperation (2012: 9.3% vs. 2015: 11%; p<0.01). There was also an overall increase in
the inflation adjusted hospital costs (2012: $9,600 [$7000-$15000] vs. 2015: $13,000 [$8000-
$17000]; p<0.01). The median health care value had a downward trend across the study period
(2012: 0.35[0.23-0.49] vs. 2015: 0.25[0.19-0.41]; p<0.01)--Figure 1. When examining other
quality metrics, there was no significant difference in the number of readmission events among
those who were readmitted (2012: 1[1-2] vs. 2015: 1[1-2]; p=0.87). However, the rate of non-
index hospital readmission rose significantly over the study period (2012: 22% vs. 2015: 23.8%);

p<0.01)--Table 3.

On regression analysis, after adjusting for patient and hospital-level baseline
characteristics, the downward trend in health care value was persistent on a multivariable level
(B=-0.004 [-0.015 — (-0.001)]; p=0.01). At the same time, a number of patient and hospital-level
characteristics were significant predictors of lower health care value. The independent predictors
of a lower health care value are age group >65 years (=-0.568 [-0.689 - (-0.418)]; p<0.01),
low-income quartile (f=-0.368 [-0.455 - (-0.262)]; p<0.01), >3 comorbidities (f=-0.292 [-0.359 -
(-0.21)]; p<0.01), weekend admission (B=-0.318 [-0.366 - (-0.254)]; p<0.01), non-index
readmission ($=-0.755 [-0.914 - (-0.558)]; p<0.01), and admission to low volume centers (3-

0.927 [-1.126 - (-0.682)]: p<0.01).--Table 4.



O©CO~NOOOTA~AWNPE

Examining the between hospital variation in health care value, we noticed a wide
variation across EGS centers --Figure 2. If centers performing below the median health care
value were to improve their performance to the median overall adjusted health care value, we

estimated a total reduction in EGS cost of $28.9 billion.

Discussion

Using a sample of EGS patients from multiple centers across the nation, our study
indicates that there is a gross increase in the rates of major complications, FTR, 6-months
readmission, and 6-months re-operation. This coincides with a marked rise in health care costs
and an apparent decrease in health care value. The study demonstrates the feasibility of EGS
quality assessment using commonly reported quality metrics, while addressing the economic
implications of these outcomes. From a value-based perspective, we can see that the health care
system is in an apparent suboptimal state when it comes to the outcomes obtained per dollar
spent. Furthermore, not all EGS centers are delivering an increase in value at the pace at which

health care costs are rising.

The wide spectrum of patient- and hospital-level characteristics that influence the trend in
health care value over time allow us to identify barriers to high value care in EGS. These
findings can have wide implications on practice considering that many predictors of decreased
health care value in EGS are potentially modifiable. Solutions to identify and reduce low-value
care remain complex and require targeted interventions on multiple frontiers, such as reducing
fragmentation of care, promoting regionalization, patient optimization, and improving health

care coverage.



O©CO~NOOOTA~AWNPE

Despite palpable support towards a value based health care system (4), practical methods
for measuring value remain elusive (18). In this study, we describe how existing quality metrics
and cost accounting data can be used to measure value based on our conceptual understanding of
what health care value is (30). We believe this approach is practical, valid, and scalable and can
establish the foundation for future work in this area. As described by Lee et al. in their study on
developing a measure of value in health care, the numerator (Quality) would be a composite
measure composed of multiple qualities metrics (18). Although most of these quality measures
are easily captured with the available data, the methods to combine them into a single index
score remain elusive and underdeveloped (18). Metrics are usually validated against a gold
standard measure of health care value. Unfortunately, there is no gold standard measure of health
care value to use for this purpose. There are challenges related to the lack of the infrastructure
needed to collect standardized outcome data. Furthermore, current surveillance for patient
outcomes and costs of care is not feasible, scalable, or sustainable. Although researchers should
work toward the ideal value measure, we need to measure value now with the currently available
data and improve over time (18). In addition, calculating the national median health care value

provides a benchmark for comparison and performance evaluation.

One of the factors contributing to a decrease in the health care value is the nationwide
change in the age distribution of the EGS population. Older adults bring about a unique set of
challenges to their surgical course attributed to their comorbidities, geriatric specific syndromes,
frailty, and reduced physiological reserves (31-33). This will translate to a longer period of
hospitalization, increased costs, and subsequently decreased health care value. Ingraham et al.
reviewed the American College of Surgeons National Surgical Quality Improvement Program

(ACS-NSQIP) exploring the variation in the quality of care after EGS procedures in older adults.

10
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They concluded that elderly patients are inherently at a greater risk of adverse events. They also

reported substantial variability in the quality of care provided (34).

Along with aging, the overall prevalence of comorbidities also increased throughout the
study period. Salim et al. conducted a retrospective cohort analysis of 66,665 EGS patients
aiming to quantify the excess burden of morbidity and mortality associated with EGS, and they
reported that much of this increased morbidity and mortality can be attributed to the patient’s
baseline risk profile at the time of surgery (3). Their findings are in agreement with our study as
we also noted an upward trend in the rates of complications, readmission, reoperation, and FTR,
which paralleled the increase in the comorbidities burden in the EGS population across the study
period that, in turn, contributed to an overall decrease in health care value. This might indicate
that EGS patients remain a challenge when it comes to obtaining optimal outcomes while
maintaining cost effectiveness. The acuity of the disease process imposes time constraints that

prevent adequate patient optimization prior to surgical intervention.

Other important predictors of low health care value include insurance status. Schwartz et
al. reviewed claims for a large number of Medicare beneficiaries examining low-value services
that provide minimal clinical benefit (35). They inferred that low-value care spending constituted
a substantial proportion of overall spending influencing around one in two Medicare
beneficiaries. Another important admission characteristic is admission on a weekend. Shah et al.
compared outcomes among EGS patients admitted on weekday versus those admitted on a
weekend. They reported that the adjusted mortality rate was significantly higher in subgroups of
EGS patients admitted on a weekend in comparison to those admitted on a weekday (36). This
was further verified by Salim et al. who reported that admission on a weekend was an

independent predictor of serious adverse events, FTR, and in-hospital mortality (37). Hospital

11
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resources may be scarce on weekends and multidisciplinary care teams may be incomplete (38,
39). Our finding that weekend admission was an independent predictor for low health care value
may be explained by higher rates of FTR, which is on par with what was described previously.
Post-operative rehabilitation was found to increase health care value despite the added services.
Despite the lack of high-grade evidence, the literature on rehabilitation concluded that this

intervention might be beneficial at reducing adverse events and might be cost effective (40).

Non-index readmission or fragmentation of care was found to have a major contribution
to low health care value. This is in agreement with the existing body of literature on the hazards
of care discontinuity. Havens et al. reported that one in five readmitted EGS patients will seek
care at a non-index hospital and that care discontinuity is an independent predictor of mortality
(41). Our findings expand the current understanding of the consequences of care discontinuity by
highlighting its economic disadvantage. Not surprisingly, index-hospital volume played an
important role in determining health care value. Multiple studies have demonstrated a reliable
volume-outcome relationship in EGS. Hospital volume is a surrogate measure of hospital
experience and, potentially, surgeon experience. Accumulating experience allows health care
systems to minimize errors in management. At the same time, high volume hospitals tend to have
a wider spectrum of clinical services offered which will facilitate the timely recognition and
handling of post-operative complications that will improve FTR rates (42). Considering the
apparently deleterious effects of care fragmentation and admission to low-volume centers, the
regionalization of EGS care has been proposed as a solution to these challenges (43). With
multiple implications on practice, the regionalization of EGS care has become a subject of debate
with no consensus whether the benefits will outweigh the unintended consequences of such an

approach. The results of our study support of regionalization by highlighting preventable

12
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morbidity, mortality, and cost effectiveness (43). Despite these diverse factors, we noticed from
the multivariable linear regression that the downward trend in health care value persisted even
after adjusting for the annual EGS case mix. There are possible unmeasured confounding factors
that we cannot account for using the database. Other possible reasons include the overuse of

diagnostic tests, patient overtreatment, wasted health care expenditure, and medical errors.

Our study is not without limitations. There are limitations attributed to the retrospective nature
of the analysis, the contribution of unmeasured confounding factors, and erroneous database
entries. The entire spectrum of factors contributing to the decline in health care value were not
captured in the utilized database. Using this study design, we can only establish associations rather
than a causal relationship. There are also limitations attributed to the lack of a gold standard
measure of health care value. Quality is a metaphysical concept that is difficult to define and
quantitate. There are limitations associated with utilizing surrogate quality metrics such as FTR,
readmission, reoperation, and complications. We lack ideal measures of quality that are patient
reported and take into consideration the patient's experience. The notion that quality is a composite
measure with equal weights given to readmissions, complications, and FTR also contributes to the
limitations of the utilized definition of quality. There is a lack of data regarding the optimal weights
to be assigned to each quality metric we utilized an exploratory formula that is based on the direct
contribution of each quality metric to the sum without weights. HCUP costs which are based on
hospital charges may not completely capture the entire spectrum of health care costs sustained and
may not reflect true clinical costs (physician fees, additional services, costs unrelated to patient
care, administrative costs, payer costs, and government costs). These variables remain the only
information on cost available in the NRD database. Hospital costs may have been underestimated

in our analysis due to scope of the utilized database. In addition, the utilized database can only

13
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track patients upon readmission within the same state. Patients were missed if they were not
readmitted or only followed up on an outpatient basis, or readmitted to a different state. It is
possible that we have underestimated the cost and complications incurred by EGS patients.
However, this study fills a gap in the literature on the performance of our EGS infrastructure from
a value-based model (which had not been previously well described), ascertains the factors
contributing to this trend in performance, identifies areas of improvement, and adds to the existing

body of literature describing the advantages of a value-based model.

This study highlights several areas for future investigation. Compiling data that are more
granular could identify further factors contributing to a decrease in health care value. The entire
spectrum of hospital costs are difficult to comprehensively and accurately estimate, nationwide
databases can still provide important information on the overall burden. The study may also
highlight the need to improve our data infrastructure to better capture health care costs moving
forward. This study may also facilitate the shift from a fee-for-service model to a fee-for-value
model. Finally, our findings contribute to the growing literature aimed at improving the efficiency
of the EGS health care system. Examining the trend in health care value over time for non-
operative EGS patients is also an interesting area to explore given that a large proportion of EGS

patients are non-operatively managed.

Conclusion

Health care value in EGS appears to be declining over time. Some of the factors leading
to decreased health care value in EGS may be potentially modifiable. Transforming the quality
of surgical care requires the adoption of a disruptive model based on health care value.

Potentially, this may be implemented through targeted interventions on multiple frontiers. Health

14
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care value could potentially be improved by reducing fragmentation of care, and promoting

regionalization.
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Figure Legends

Figure 1: Trends in Health Care Value and Costs

Figure 2: EGS Centers Adjusted Health Care Value
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Tables

Table 1: Baseline Characteristics of the Study Sample

Variable 2012 2013 2014 2015 P-Value
(N=236,555) (N=228,449)  (N=198,600) (N=223,409)

Demographics

Male, n (%) 125611 (53.1) 119707 (52.4) 101882 (51.3) 118183(52.9) <0.01

Age, years, n (%)

18-44 92730 (39.2) 84298 (36.9) 70503 (35.5) 84449 (37.8) <0.01
45-64 78773 (33.3) 77673 (34) 68517 (34.5) 76853 (34.4) <0.01
>65 65053 (27.5) 66250 (29) 59580 (30) 64342 (28.8) <0.01

Primary Payer, n (%)

Medicare 73332 (31) 74931 (32.8) 68120 (34.3) 72608 (32.5) <0.01
Medicaid 34064 (14.4) 32440 (14.2) 33961 (17.1) 33511 (15) <0.01
Private insurance 90837 (38.4) 84755 (37.1) 71893 (36.2) 82438 (36.9) <0.01
Self-pay 23892 (10.1) 22388 (9.8) 15491 (7.8) 22341 (10) <0.01
Other 14430 (6.1) 13935 (6.1) 9136 (4.6) 11394 (5.1) <0.01

Household Income, n (%)
$1-$37,999 70730 (29.9) 63280 (27.7) 55012 (27.7) 62778 (28.1) <0.01
$38,000-$47,999 56773 (24) 60996 (26.7) 53622 (27) 59203 (26.5) <0.01
$48,000-$63,999 55590 (23.5) 53914 (23.6) 45678 (23) 54288 (24.3) <0.01
>$64,000 49440 (20.9) 46604 (20.4) 41309 (20.8) 45799 (20.5) <0.01

Patient Location, n (%)

Central Counties 62687 (26.5) 62367 (27.3) 54416 (27.4) 59427 (26.6) <0.01
Fringe Counties 65053 (27.5) 58026 (25.4) 53026 (26.7) 59203 (26.5) <0.01
Other 108815 (46) 108056 (47.3) 91157 (45.9) 105672 (47.3) <0.01

Comorbidities, n (%)

CCI>0 173868 (73.5) 172707 (75.6) 153518 (77.3) 168450 (75.4) <0.01
Alcohol Abuse 5204 (2.2) 5711 (2.5) 5759 (2.9) 7819 (3.5) <0.01
Drug Abuse 5914 (2.5) 6625 (2.9) 6752 (3.4) 7819 (3.5) <0.01
Anemia 24365 (10.3) 24901 (10.9) 23236 (11.7) 23681 (10.6) <0.01
Arthritis 4258 (1.8) 4341 (1.9) 3972 (2) 5809 (2.6) <0.01
CHF 9462 (4) 10052 (4.4) 9533 (4.8) 8936 (4) <0.01
COPD 30279 (12.8) 30384 (13.3) 27605 (13.9) 28820 (12.9) <0.01
DM 30752 (13) 30612 (13.4) 27208 (13.7) 29267 (13.1) <0.01
HTN 90837 (38.4) 91608 (40.1) 82419 (41.5) 89364 (40) <0.01
Hypothyroidism 17742 (7.5) 18047 (7.9) 16484 (8.3) 19660 (8.8) <0.01
Liver Failure 6150 (2.6) 6625 (2.9) 6554 (3.3) 8266 (3.7) <0.01
CKD 13011 (5.5) 14621 (6.4) 13902 (7) 13405 (6) <0.01
Neurological 9462 (4) 9823 (4.3) 8937 (4.5) 8713 (3.9) <0.01
Obesity 30279 (12.8) 32897 (14.4) 30982 (15.6) 31054 (13.9) <0.01
PVD 11828 (5) 12793 (5.6) 12909 (6.5) 12734 (5.7) <0.01
Malignancy 2839 (1.2) 2970 (1.3) 2979 (1.5) 4692 (2.1) <0.01



EGS Category
Appendix
Biliary-Pancreatic
Abdominal wall
Upper Gl
Lower Gl
Rectosigmoid
Perianal
Thoracic
Peritoneum
Genitourinary
Musculoskeletal
Integument
Other

Weekend Admission, n (%)

Length of Stay, d, median
[1QR]
Rehabilitation, n (%)

Discharge Disposition, n (%)
Routine
Skilled Nursing Facility
Home Health Care
Against Medical Advice

56773 (24)
45182 (19.1)
28387 (12)
5204 (2.2)
14193 (6)
4258 (1.8)
2839 (1.2)
5441 (2.3)
18924 (8)
5441 (2.3)
17978 (7.6)
17269 (7.3)
14666 (6.2)
54644 (23.1)

3 [2-6]
8043 (3.4)

183803 (77.7)
21527 (9.1)
26494 (11.2)

946 (0.4)

48431 (21.2)
43862 (19.2)
25358 (11.1)
5026 (2.2)
16677 (7.3)
4112 (1.8)
2741 (1.2)
5254 (2.3)
20789 (9.1)
5254 (2.3)
18047 (7.9)
16905 (7.4)
15991 (7)
53229 (23.3)

412-7]
6397 (2.8)

174307 (76.3) 148156 (74.6)
21052 (10.6)
24825 (12.5)

22388 (9.8)
26957 (11.8)
914 (0.4)

37933 (19.1)

37734 (19)

21647 (10.9)

4369 (2.2)
15491 (7.8)
3575 (1.8)
2185 (1.1)
4766 (2.4)
18470 (9.3)
4568 (2.3)
17477 (8.8)
15491 (7.8)
14895 (7.5)

47465 (23.9)

412-7]
3376 (1.7)

993 (0.5)

47139 (21.1)
42671 (19.1)
25245 (11.3)
4245 (1.9)
14745 (6.6)
2904 (1.3)
2011 (0.9)
4692 (2.1)
19437 (8.7)
4915 (2.2)
19660 (8.8)
17873 (8)
17426 (7.8)
52054 (23.3)

4 [2-6]
5809 (2.6)

169121 (75.7)

21000 (9.4)
27703 (12.4)
2904 (1.3)

<0.01
<0.01
<0.01
<0.01
<0.01
0.78
0.21
<0.01
<0.01
0.78
<0.01
<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

CCl=Charlson Comorbidity Index; CHF=Congestive Heart Failure; COPD=Chronic Obstructive
Pulmonary Disease; DM=Diabetes Mellitus; HTN=Hypertension; CKD=Chronic Kidney Disease;

PVD=Peripheral Vascular Disease; Gl=Gastrointestinal; IQR=Interquartile Range; d=Days.



Table 2: Characteristics of Index Hospitals by EGS Admission Year

Variable 2012 2013 2014 2015 PValue
(N=236,555)  (N=228,449)  (N=198,600) (N=223,409)
Ownership, n (%)
Public 31462 (13.3) 27642 (12.1) 24229 (12.2) 29713 (13.3) <0.01
Not-for-profit 164879 (69.7) 162427 (71.1) 143389 (72.2) 157727 (70.6)  <0.01
Investor-owned 40214 (17) 38379 (16.8) 30982 (15.6) 36192 (16.2)  <0.01
Bed Size, n (%0)
Small 25311 (10.7) 23987 (10.5) 28797 (145) 27703 (12.4)  <0.01
Medium 52988 (22.4) 52315 (22.9) 56005 (28.2) 56746 (25.4) <0.01
Large 158255 (66.9) 151919 (66.5) 113798 (57.3) 141865 (63.5)  <0.01
Teaching Status, n (%)
Metropolitan non- <0.01
teaching 97461 (41.2) 91380 (40) 56998 (28.7) 81097 (36.3)
Metropolitan teaching 114729 (48.5) 113996 (49.9) 125118 (63) 119971 (53.7)  <0.01
Non-metropolitan 24365 (10.3) 22845 (10) 16484 (8.3) 23011 (10.3) <0.01
EGS Volume, n (%)
Low 4495 (1.9) 4797 (2.1) 5759 (2.9) 7372 (3.3) <0.01
Medium 59375 (25.1) 68306 (29.9) 72290 (36.4) 70150 (31.4) <0.01
High 172922 (73.1) 155117 (67.9) 120352 (60.6) 151248 (67.7)  <0.01
Urban-Rural Designation,
n (%)
Large Metropolitan Areas 137707 (56.1) 125875 (55.1) 111017 (55.9) 124439 (55.7)  <0.01
Small Metropolitan Areas 79482 (33.6) 79729 (34.9) 71099 (35.8) 76853 (34.4)  <0.01
Micropolitan Areas 19634 (8.3) 18733 (8.2) 12512 (6.3) 18766 (8.4) <0.01
Non-Urban 4731 (2) 4112 (1.8) 3972 (2) 3575 (1.6) <0.01

EGS=Emergency General Surgery;



Table 3: Trends in EGS Quality Metrics

Variable 2012 2013 2014 2015 o Value
(N=236,555)  (N=228,449) (N=198,600)  (N=223,409)

Primary Outcomes

Major Complications, n (%) 52988 (22.4) 55742 (24.4) 53225 (26.8) 60767 (27.2) <0.01

Failure-to-Rescue, n (%) 4968 (2.1) 5940 (2.6) 5958 (3) 8936 (4) <0.01

6-Mon Readmission, n (%) 49677 (21) 51858 (22.7) 46671 (235) 52948 (23.7)  <0.01

6-Mon Re-operation, n (%) 22000 (9.3) 22160 (9.7) 20654 (10.4) 24575 (11)  <0.01

Hospital Charges, $1000, i i i i

medtian [1OR] 35 [22-58] 38 [24-63] 39 [25-67] 45[26-71]  <0.01

EOQEO charge ratio, median , 5q 15 93.038] 029 [0.23-0.37] 0.28[0.22-0.36] 0.29 [0.21-0.36]  0.12

Hospital Costs, $1000,

medhian [1OR] 9.3 [7-15] 10.8 [7-15] 11.3[7-16] 13 [8-17] <0.01

Inflation Adjusted Costs,

$1000, median [1OR] 9.6 [7-15] 11.1[7-15] 11.7 [7-17] 13 [8-17] <0.01

E'gaét]hcare Value, median 2515 53.049]  0.30[0.22-0.48] 0.28[0.22-0.48] 0.25[0.19-0.41] <0.01

Other Quality Metrics

Number of readmissions,

median [1OR] 1[1-2] 1[1-2] 1[1-2] 1[1-2] 0.87

Time to readmission, d,

median [1OR] 18 [11-36] 18 [11-36] 19 [11-37] 18[11-35]  <0.01

Non-index readmission®, n e85 (90) 11104 (21.5) 10327 (22.1) 53171 (23.8)  <0.01

(%)

Mon=Month; IQR=Interquartile range; d=days; *: calculated as a proportion of the number of patients

who were readmitted.



Table 4: Mixed Effects Linear Regression Analysis With a Random Hospital Effect

Covariates B Coefficient 95% CI P-Value
Year -0.004 -0.015 — (-0.001) 0.01
Male -0.934 -1.149 - (-0.672) 0.65
Age Group
0-17 0.003 0.002 - 0.004 <0.01
18-44 0.002 0.002 - 0.002 <0.01
45-64 0.003 0.002 - 0.004 <0.01
>65 -0.568 -0.689 - (-0.418) <0.01
Primary Payer
Medicare -0.571 -0.696 - (-0.418) <0.01
Medicaid -0.457 -0.563 - (-0.328) <0.01
Private insurance -0.188 -0.231 - (-0.135) <0.01
Self-pay -0.847 -0.98 - (-0.671) <0.01
Household Income
< $47,999 -0.368 -0.455 - (-0.262) <0.01
>3 Comorbidities -0.292 -0.359 - (-0.21) <0.01
Weekend Admission -0.318 -0.366 - (-0.254) <0.01
Rehabilitation 0.004 0.003 - 0.005 <0.01
Non-index Readmission -0.755 -0.914 - (-0.558) <0.01
Mgg;‘i’fa?"ta“ teaching 0.034 0.026 - 0.044 <0.01
Index Hospital Volume
Low -0.927 -1.126 - (-0.682) <0.01
Medium 0.001 0.001 - 0.001 <0.01
High 0.004 0.003 - 0.005 <0.01

Cl=Confidence Interval



Figures 1

Trends in Health care Value & Inflation Adjusted Costs Over Time
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