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Abstract

Background—With increased policy emphasis on shifting risk from payers to providers through
mechanisms such as bundled payments and Accountable Care Organizations, hospitals are
increasingly in need of metrics to understand their costs relative to peers. However, it is unclear
whether Medicare payments for surgery can reliably compare hospital costs.

Methods—We used national Medicare data to assess patients undergoing colectomy,
pancreatectomy, and open incisional hernia repair from 2009-2010 (n= 339,882 patients). We first
calculated risk-adjusted hospital total episode payments for each procedure. We then used
hierarchical modeling techniques to estimate the reliability of total episode payments for each
procedure and explored the impact of hospital caseload on payment reliability. Finally, we
quantified the number of hospitals meeting published reliability benchmarks.

Results—Mean risk-adjusted total episode payments ranged from $13,262 (standard deviation
[SD] $14,523) for incisional hernia repair to $25,055 (SD $22,549) for pancreatectomy. The
reliability of hospital episode payments varied widely across procedures and depended on sample
size. For example, mean episode payment reliability for colectomy (mean caseload: 157) was 0.80
(SD 0.18), while for pancreatectomy (mean caseload: 13) mean reliability was 0.45 (SD 0.27).
Many hospitals met published reliability benchmarks for each procedure. For example, 90% of
hospitals met reliability benchmarks for colectomy, 40% for pancreatectomy, and 66% for
incisional hernia repair.

Conclusions—Episode payments for inpatient surgery are a reliable measure of hospital costs
for commonly performed procedures, but are less reliable for lower volume operations. These
findings suggest that hospital cost profiles based on Medicare claims data may be used to
benchmark efficiency especially for more common procedures.

INTRODUCTION

In an effort to control healthcare costs in the United States, there has been increasing
emphasis on making providers more accountable for quality and costs. In the current policy
environment, as providers accept risk and shift to hospital-based surgical practices, they are
increasingly in need of metrics to understand their costs relative to peers. These metrics
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could assist hospitals in two specific ways. First, they could help hospitals identify areas
where they have high costs to due to poor quality, as there is a well-established link between
poor quality (e.g. surgical complications) and costs.! Absent of quality problems, hospitals
could use these metrics to identify areas of inefficiency where they utilize more resources
than other hospitals to achieve similar outcomes.

Nonetheless, it is unclear whether Medicare payments for surgery can be used to compare
hospital costs in this regard. One key metric to assess performance may be the reliability of
estimates of payments around an episode of surgery. An episode includes all inpatient care,
as well as readmissions, related to the surgical procedure within a defined period of time
around the index operation. The concept of reliability is similar to statistical power in
clinical trials, reflecting how confidently one can discriminate between providers. It has
been recognized that many clinical outcomes have low reliability due to small sample sizes
and rare clinical event rates.2 3 While the reliability of outcome measures such as 30-day
mortality and complications for surgical procedures have been investigated, the reliability of
total episode payments, a measure that is associated with each episode of care, has not yet
been explored.3-6

A better understanding of surgical episode payment reliability would provide additional
information on how confidently this proposed quality metric could be used to compare
providers, establishing an additional metric for assessing episode efficiency. This has
important implications in helping Accountable Care Organizations (ACO) and hospitals
interested in bundled payments understand potential liabilities and opportunities for
improvement under these newer payment strategies. In this context, we used national
Medicare data to explore the reliability of risk-adjusted total episode payments for 3 major
surgical procedures. After profiling hospital surgical episode payments, we assessed the
impact of hospital case volume on payment reliability. We then compared hospital surgical
episode reliability levels to commonly accepted benchmarks used for other outcomes.

METHODS

Data source and study population

Outcomes

For the present study, we used 2009-2010 Medicare Provider Analysis and Review files,
which include claims for services provided to Medicare beneficiaries admitted to certified
inpatient hospitals. Using relevant /nternational Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM codes), we identified adults aged 65-99 undergoing
inpatient colectomy, pancreatectomy, and open incisional hernia repair procedures. We
selected these procedures because they are common in the Medicare population, display
marked variation in hospital caseloads, and have potential for significant expenses related to
perioperative care. To limit hospitals with extremely low caseloads, we excluded hospitals
with less than or equal to the bottom 1% of caseload for each procedure.

Our primary outcome was risk-adjusted 30-day total episode hospital payments. To define
total payments, we linked claims from Centers for Medicare and Medicaid Services (CMS)
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files relevant to the particular surgical episode to each patient’s records. Our evaluation
included payments for all services from the date of hospital admission for the index
procedure to 30 days from the date of discharge from the hospital. Using established
methods, we price-standardized all payments, adjusting for regional differences in payments
for Medicare services.’” To assess total episode payments, we estimated price-standardized
facility-related Medicare payments for each patient, encompassing diagnosis-related group
(DRG) payments, readmissions within 30 days of discharge, and outlier payments when
applicable.®

We first calculated hospital risk-adjusted total episode payments for each procedure, using
linear regression models with the log-transformed price-standardized 30-day payment as the
dependent variable. All risk-adjustment models included patient age, sex, race, urgency of
operation, median ZIP-code income and 29 patient comorbidities identified using methods
defined by Elixhauser et al. as covariates. 10 Hospital risk-adjusted total episode payments
were then estimated by exponentiation of the mean log-transformed hospital adjusted
payment.

Calculation of Reliability

Conceptually, reliability is analogous to power calculations in clinical trials used to avoid
type Il error (failing to detect a “true’ difference between groups). Mathematically, it is a
quantification of an outcome measure’s signal-to-noise ratio, where “signal” is variation due
to true differences for a specific measure, and “noise” is variation attributable to
measurement error. Since reliability is calculated using a signal-to-noise ratio, minimizing
noise will result in a higher proportion of signal (i.e. higher reliability), or “true” differences
in an outcome such as episode payments in this study. Reliability is measured on a scale of 0
to 1, with 1 indicating perfect reliability.11

To estimate hospital payment reliability, we used hierarchical linear regression models,
accounting for hospital-level random effects, with log-transformed standardized payments as
the dependent variable. Hierarchical regression is a statistical method that utilizes empirical
Bayes theorem to model variation at the hospital level. This method has been previously
used to estimate the reliability of other surgical outcomes.® We estimated “signal” using the
hospital-level random intercept variance (i.e. variation in payments at the hospital level) in
the hierarchical model after adjusting for case-mix. We estimated each hospital’s “noise” by
calculating the standard error of its predicted payments. We then calculated each hospital’s
reliability as [signal/(signal + noise)].

While outcome reliability is heavily influenced by sample size, in this case hospital
caseload, higher reliability does not necessarily correlate with quality.? 3 Rather, it conveys
how confidently a provider can compare its outcome measures to peers, and thus determine
their position relative to standards or quality benchmarks, depending on the outcome being
assessed. To explore the impact of hospital caseload on payment reliability, we grouped
hospitals into quartiles based on their caseload over the 2-year period. We then compared the
reliability of total episode payments across quartiles for each procedure. Finally, we
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quantified the proportion of hospitals meeting published reliability thresholds (0.7 and 0.5)
for each procedure separately.12 13

All statistical tests are two-sided with a p-value of <0.05 considered significant. All
statistical analyses were performed using STATA release 13 (StataCorp, College Station,
TX). This study was judged to be exempt from human subject review by the University of
Michigan Institutional Review Board.

Our study cohort included 339,882 patients in 3,434 hospitals who underwent
pancreatectomy, colectomy, or incisional hernia repair. Patient characteristics as well as risk-
adjusted total payments are shown in Table 1. Caseload varied widely across procedures
with a mean of 157 cases for colectomy, 13 for pancreatectomy, and 83 for incisional hernia
repair. The mean risk-adjusted total payment for colectomy was $20,229 (standard deviation
[SD], $18,337), $13,262 (SD $14,523) for incisional hernia repair, and $25,055 (SD
$22,549) for pancreatectomy.

Figure 1 shows procedure-specific total payment reliability as well as the overall range of
hospital reliability in relation to common reliability benchmarks. Both overall payment
reliability and the range of hospital reliability depended upon the procedure. For the most
common procedure (colectomy), the median reliability level for all hospitals was highest
(0.87, interquartile range [IQR] 0.58-0.96) and the range of hospital reliability was
narrowest (Figure 1). In contrast, the median reliability for the least common procedure
(pancreatectomy) was lowest (0.41, IQR 0.22-0.77) and range of hospital reliability levels
broadest.

Table 2 shows total payment reliability levels for each procedure, stratified by quartiles of
hospital caseloads. For each procedure, hospitals with higher caseloads had higher reliability
levels for total episode payments. For example, the mean reliability of episode payments for
colectomy ranged from 0.58 (SD 0.13) for hospitals in the lowest caseload quartile to 0.96
(SD 0.01) for hospitals in the highest caseload quartile. There were similar trends when
assessing payment reliability levels across different hospital caseloads for pancreatectomy
and incisional hernia repair, though the absolute payment reliability levels were lower than
those for colectomy (Table 2).

Figure 2 shows the proportion of hospitals meeting common reliability benchmarks (0.5 and
0.7) for each procedure.12: 13 Most hospitals (74.9%) met a reliability benchmark of 0.7 (i.e.
considered excellent) for colectomy. Fewer hospitals met the same benchmark for incisional
hernia repair (44.4%) or pancreatectomy (21.8%). The same trend was observed when using
a reliability benchmark of 0.5.

DISCUSSION

We found that episode payments for inpatient surgery are a reliable measure of relative costs
for many hospitals. As detailed in this study, reliability for many hospitals met commonly
accepted thresholds. Furthermore, hospital cost profiles may have higher reliability levels
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than other commonly reported clinical outcomes such as mortality or complications. These
findings suggest that using Medicare claims data to create hospital cost profiles would allow
providers to reliably compare their costs relative to other hospitals, identifying episodes of
similar surgical care that are inefficient relative to peers. This will be of particular value as
hospitals attempt to understand their liabilities and opportunities for improvement under new
policies that shift financial risk to providers (i.e. bundled payments and Accountable Care
Organizations).

Most prior work assessing the reliability of quality measures has focused on clinical
outcomes. These studies have demonstrated that clinical outcomes generally have low
reliability largely due to small caseloads (i.e. sample size) at most hospitals and low rates of
most adverse events.? 3 As a result, an emphasis has been placed on considering reliability
when selecting outcome measures.# 5 14-16 |n contrast to other clinical outcome measures,
we have demonstrated that episode payments are more reliable and many hospitals meet
commonly accepted reliability benchmarks, even for less common procedures such as
pancreatectomy. This is due to the fact that every hospital admission has an associated
episode payment, whereas adverse clinical outcomes, (i.e. morbidity or mortality) occur in
only a small subset of admissions. While many hospitals meet reliability levels, several will
not achieve these benchmarks due to low case volume. A novel method that uses advanced
modeling techniques to adjust for measurement error (i.e. reliability-adjustment) would be
one solution for addressing measurement problems for less common procedures. These are
similar to approaches used by Centers for Medicare and Medicaid Services and their
Hospital Compare public reporting of mortality and readmissions.

While the reliability of physician cost profiles has previously been evaluated across several
different medical diagnoses, this has remained unexplored in major surgical procedures.12
Adams and colleagues evaluated cost profile reliability for select surgical specialties (e.g.
vascular surgery), but did not investigate specific surgical procedures. Our study goes
beyond this prior work by providing an analysis aimed at identifying the reliability of
individual surgical procedures. Because most policies are constructed to evaluate specific
procedures (e.g. hip replacement, coronary artery bypass grafting), measures of episode
costs at the procedure-level are essential in the current policy environment for helping
hospitals identify areas of risk and opportunities for improvement. Furthermore, this metric
has the ability to justify comparisons at multiple levels, including individual providers.
However, this may be limited by case volume at the physician level, as many providers may
not have large enough caseloads to produce a reliable outcome measure.

This study has important limitations. First, our study was limited to Medicare patients,
which does not represent the entire population of patients undergoing these surgical
procedures. Nonetheless, many of the policies for which hospitals will be rated are designed
for Medicare patients. Thus, the reliability of these metrics is important in the context of
these policies. Second, we used administrative data, which has recognized limitations with
capturing patient comorbidities and risk factors. However, the aim of this study was
specifically to evaluate the reliability of these metrics. Since reliability is primarily a
function of provider case volume and variation across hospitals, the details of risk-
adjustment are much less important in the context of this specific analysis. We do recognize
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that when episode payments are used in the policy context, it will be important to optimize
risk-adjustment profiles to capture and adjust for different levels of severity of illness.

These cost metrics would be particularly useful given the current changes in the policy
landscape. The Patient Protection and Affordable Care Act (PPACA) includes several policy
changes that shift financial risk from payers to providers.1’- 18 For example, the Center for
Medicare and Medicaid Innovation has launched a pilot program for bundled payments
where hospitals accept a fixed price for all hospital services regardless of whether they
experience complications and require additional resources.1® Accountable Care
Organizations (ACO) advance this model in which the ACO accepts a degree of financial
responsibility for care, in exchange for potential financial incentives for achieving quality
standards and savings benchmarks through the Shared Savings Program.2%: 21 As a result,
there will be a demand for metrics that can assist hospitals in adapting to these key policy
changes.

This study has important implications given recent changes in healthcare policy. Both
Medicare and the private sector are redesigning payment systems to shift risk to providers as
evidence by Medicare’s Shared Savings Program, which creates Accountable Care
Organizations that are responsible for managing healthcare costs of beneficiaries, and the
Center for Medicare and Medicaid Innovation’s (CMMI) bundled payments program.22-24
Under both of these programs, risk for episodes of care with associated high costs will shift
from the payer to the provider. In this environment, hospitals could use cost metrics directly
in two ways: They can identify areas of high cost due to poor quality care, as well as,
highlight areas of inefficiency where they use more resources than other providers to achieve
the similar outcomes. Thus, the use of these metrics will facilitate quality improvement in
areas of greatest liability and recognition of what their most efficient processes are for
emulation. Because these policies aim to encourage the delivery of high quality and low cost
care, benefits of these programs will only be realized by those providers that meet quality
and savings benchmarks. Measures of episode costs that identify areas for improvement will
be paramount to assist those participating in these programs to capitalize on the potential
benefits of these policies.

The findings of our study demonstrate that Medicare payments around an episode of surgery
provide a reliable measure of relative financial performance, especially among common
procedures, such as colectomy. Episode payments are less reliable for lower volume
procedures, such as pancreatectomy. These metrics will be important for surgical leaders to
understand how their hospital performs relative to peers in the current policy environment,
where financial risk is shifting to providers through mechanisms such as ACOs and bundled
payments.
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Figure 1.
Reliability of total episode payments for all hospitals by procedure. (Black circles: median

procedure-specific episode payment reliability. Gray boxes: interquartile range. Error bars:
total range of payment reliability for all hospitals performing the specified procedure.)

Surgery. Author manuscript; available in PMC 2017 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Grenda et al.

Percent of Hospitals
=N W R 1 N
o O 0O O 0 0 &

o

90.5

74.9

20.7 20.5
Reliability Level

Figure 2.

Page 10

H Colectomy

¥lincisional Hernia
Repair
Pancreatectomy

Percentage of hospitals meeting published reliability benchmarks (=0.5 and =0.7) by

procedure.

Surgery. Author manuscript; available in PMC 2017 February 01.



Grenda et al. Page 11

Table 1

Baseline characteristics, outcomes, and total episode payments for Medicare patients undergoing inpatient
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surgery procedures in 2009-2010.

Procedure
Colectomy Hernia Repair Pancreatectomy
No. Patients 221,977 109,490 8,415
No. Hospitals 2,671 2,673 619
Caseload (mean, SD) 157.0 (115.6) 83.8 (67.2) 13.5(21.9)
Patient characteristics
Age (mean, SD) 76.5 (7.4) 74.8 (7.1) 74.0 (5.8)
Female sex (%) 58.7 60.4 49.9
White race (%) 87.0 87.8 87.2
>3 Comorbidities (%) 321 31.3 334
Emergent case (%) 331 30.6 7.2
Qutcome variables
Length of stay (med, IQR) 8.0 (5,14) 5.0(3,9) 11.0 (8, 18)
Overall complication rate (%) 317 21.6 30.2
Total Episode Payments
Risk-adjusted (mean, SD) $20,229($18,337)  $13,262($14,523)  $25,055($22,549)

(SD: standard deviation; IQR: interquartile range)
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Reliability of risk-adjusted total episode payments across hospital caseloads.

Table 2

Quartile of Hospital Caseload

Overall Lowest Middle Highest
Quartile Quartiles Quartile
(<25%) (25-75%) (>75%)
Colectomy
Caseload (mean, SD) 157.0 (115.6) 21.6(7.7) 60.0 (14.6) 168.3(81.1)
Reliability (mean, SD) 0.80 (0.18) 0.58 (0.13) 0.86 (0.04)  0.96 (0.01)
Incisional Hernia Repair
Caseload (mean, SD) 83.8 (67.2) 10.3(3.7) 28.0(7.0)  85.3(46.0)
Reliability (mean, SD) 0.61 (0.25) 0.32(0.12) 0.64(0.09) 0.88(0.05)
Pancreatectomy
Caseload (mean, SD) 13.5(21.9) 2.4 (0.49) 6.0 (1.7) 32.4(30.1)
Reliability (mean, SD) 0.45 (0.27) 0.22 (0.15) 0.37(0.12) 0.77(0.14)

(SD: standard deviation)
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