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Executive Summary

Measure Background

Elective total hip arthroplasty and total knee arthroplasty (THA and TKA, respectively) are important,
effective procedures performed on a broad population. They offer significant improvement in quality of
life by reducing pain and improving function and mobility for the majority of patients undergoing these
procedures. They are costly and frequently performed surgeries, most commonly performed for
degenerative joint disease and osteoarthritis, conditions affecting millions of Americans. As such, they
are priority areas for patient-reported outcome performance measure (PRO-PM) development.

The Centers for Medicare & Medicaid Services (CMS) contracted with Yale New Haven Health Services
Corporation — Center for Outcomes Research and Evaluation (CORE) to develop an eligible clinician-
level and/or eligible clinician group-level PRO-PM that reflects the quality of care for patients

undergoing elective primary THA and TKA. CORE is developing the measure for use under the Quality
Payment Program (QPP) for eligible clinicians in the Merit-based Incentive Payment System (MIPS). This
measure is a re-specification of the existing, hospital-level THA/TKA PRO-PM? (National Quality Forum-
endorsed measure #3559) and has been designed to align with the measure specifications of that
measure. This report presents the approach to development, specifications, and testing results of the
clinician-level and/or clinician group-level THA/TKA PRO-PM (hereafter MIPS THA/TKA PRO-PM).
Measure development has benefited from close stakeholder engagement, including a nationally
convened TEP, a Clinical Working Group, and a Patient Working Group.

Current clinician-level quality improvement measures for patients undergoing elective THA and TKA

procedures are focused primarily on complications and evidence-based processes of care. Measurement
of patients’ self-assessment of their health, such as pain and function, allows for a direct way to capture
patients’ experience of care and their results. Patient-reported outcomes (PROs) assessing health status

as a result of care are a critical type of outcome needed for healthcare quality assessment.

Measure Development

In this report, we present the development of the MIPS THA/TKA PRO-PM and measure specifications.
We used a multi-faceted approach to develop measure specifications, including consultations with
experts experienced in the collection and use of THA/TKA PRO data, prospective data collection and
analyses to inform measure development and feasibility, and stakeholder engagement in the form of a
national TEP, a Clinical Working Group, an orthopedic expert, and a Patient Working Group.

Due to the absence of large scale, and uniformly collected available PRO data from patients undergoing
elective primary THA/TKA and in alighment with the hospital-level THA/TKA PRO-PM, we use data
incentivized and voluntarily collected within the Center for Medicare and Medicaid Innovation’s
(CMMI’s) Comprehensive Care for Joint Replacement (CJR) model to support measure development and
testing. Details on the CJR Model can be found at https://innovation.cms.gov/innovation-models/cjr.
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Measure specifications have been finalized, the risk model has been developed, and testing has been
completed. Assessments of social risk factors for inclusion in the risk model and analyses for addressing
potential bias due to non-response were conducted. A more detailed description and rationale for
measure decisions are provided in the body of the report.

Measure Specifications

Data Sources: The MIPS THA/TKA PRO-PM primarily uses PRO data collected from patients undergoing
eligible THA/TKA procedures, risk variable data collected from these patients and their providers, and
administrative claims data for Medicare fee-for-service (FFS) beneficiaries. PRO and additional risk

variable data are collected preoperatively, and PRO data are collected again postoperatively on patients
undergoing an elective primary THA/TKA. Claims data are used to identify eligible elective primary
THA/TKA procedures for the measure cohort and candidate risk variables, including patient

demographics and clinical comorbidities up to 12 months prior to the procedure. Medicare Part A
inpatient data and Medicare Part B inpatient claim and claim line data from the Integrated Data
Repository (IDR) are used to match patients to clinicians and clinician groups who billed for the
procedure. Three additional data sources provide data for the measure: the Medicare Enroliment
Database (EDB) identifies Medicare FFS enrollment and race, the Master Beneficiary Summary File
(MBSF) allows for determination of dual eligibility status, and the American Community Survey data
allow for derivation of the Agency for Healthcare Research and Quality (AHRQ) socioeconomic status
(SES) index score. Data from these sources are linked for patients undergoing elective primary THA and
TKA procedures for the measurement period.

Measure Cohort: The measure cohort includes Medicare FFS patients 65 years of age or older
undergoing elective primary THA/TKA procedures. Patients with fractures and revisions are excluded
from the measure cohort. The measure cohort is intentionally aligned with CMS’s existing hospital-level
THA/TKA PRO-PM and 90-day complication measure cohorts and CMS’s Clinician and Clinician Group
Risk-standardized Complication Rate Following Elective Primary Total Hip Arthroplasty and/or Total Knee
Arthroplasty measure cohort (hereafter referred to as the MIPS THA/TKA Complication measure).

Clinician Attribution: We used the approach developed for the MIPS THA/TKA Complication measure to
match patients to eligible clinicians and/or clinician groups. We made one enhancement to limit the
eligible clinician specialty types to further align with providers primarily responsible for the THA/TKA
procedure and surgical outcomes.

Measure Outcome: The numerator is the risk-standardized proportion of patients undergoing an
elective primary THA or TKA who meet or exceed a patient-defined substantial clinical benefit (SCB)
threshold of improvement from preoperative to postoperative assessments on joint-specific patient-
reported outcome measures (PROMs).

The measure outcome will assess patient improvement in PROs following elective primary THA/TKA.
Patient improvement will be measured using the joint-specific instruments chosen for CJR PRO data



collection and vetted through the hospital-level THA/TKA PRO-PM stakeholder engagement during
development:

e The Hip dysfunction and Osteoarthritis Outcome Score for Joint Replacement (HOOS, JR)? for
THA patients and

e The Knee injury and Osteoarthritis Outcome Score for Joint Replacement (KOOS, JR)? for TKA
patients.

We recommend PRO data be collected 90 to zero days prior to the procedure and 300 to 425 days
following the procedure.

e The postoperative data collection period finalized in the CIR model was 270 to 365 days after
the procedure, which was used in the development and testing of this measure. Extensive input
was provided by clinical experts following measure development, however, strongly
recommending a refinement to the postoperative data collection period to better align with
clinical workflow and typical one-year follow-up scheduling and to allow for better
postoperative PRO data capture. Based on this input, we propose a postoperative PRO data
collection period of 300 to 425 days after the procedure. We anticipate, based upon extensive
stakeholder input, this will result in limited impact to the measure’s scientific acceptability while
significantly increasing clinical acceptance and response rates.

The measure outcome defines patient improvement as a binary outcome (yes/no) of meeting or
exceeding an SCB between preoperative and postoperative assessments on the joint-specific PROMs as
follows:

e For THA patients: meeting or exceeding the SCB threshold of 22 points on the HOOS, JR.
e For TKA patients: meeting or exceeding the SCB threshold of 20 points on the KOQOS, JR.

Risk Adjustment: We aligned the risk-adjustment variables with those used with the hospital-level
THA/TKA PRO-PM. Details on the consensus-based approach to developing the risk model can be found
in Section 2.6 of the Hospital-level THA/TKA PRO-PM Measure Methodology Report Version 1.0.

Measure Calculation: Clinician-and clinician group-level specific risk-standardized improvement rates
(RSIRs) are calculated, producing a performance measure per clinician or clinician group which accounts
for patient case mix and represents a measure of quality of care following primary elective THA and TKA.

Addressing Potential Response Bias: We aligned the approach to missing PRO data and potential bias in
the measure with the hospital-level THA/TKA PRO-PM approach. In summary, the hospital-level
THA/TKA PRO-PM development team conducted a thorough literature search and identified several
approaches for statistically addressing potential nonresponse bias (e.g., covariates adjustment in
regression, submission score adjustment in regression, and stabilized inverse propensity score weighted
regression). Following consultation with a statistical expert, the team decided to address potential

10



response bias using stabilized inverse probability weighting, as it would not modify the clinical risk
model and would not assume the form of a relationship between submission score and outcome.

Testing: CORE conducted testing of the MIPS THA/TKA PRO-PM with PRO and risk variable data collected
from CIR participant hospitals, matched to CMS administrative claims data, and matched to eligible
clinicians and clinician groups. CORE calculated clinician- and clinician group-level RSIRs and found RSIRs
ranged from 18.36% to 88.56% (median: 65.75%) for clinicians and 20.86% — 85.90% (median: 66.69%)
for clinician groups. CORE conducted signal-to-noise measure score reliability testing and found signal-
to-noise ratio sufficiently high (0.87 for clinicians and 0.92 for clinician-groups with greater than 25
procedures with complete PRO data). CORE acknowledges the complexity of these data and has
assessed face validity from our TEP and Patient Working Group to capture stakeholder input to ensure
the measure’s scientific rigor over time.

1. Measure Introduction

1.1 Measure Overview

CMS has contracted with CORE to adapt claims-based hospital measures to assess the quality of care
provided to Medicare beneficiaries undergoing elective primary THA/TKA by clinicians eligible to
participate in the QPP MIPS. As part of this contract, CORE adapted CMS's existing hospital-level
measure, the hospital-level THA/TKA PRO-PM, to assess individual or groups of MIPS participating
clinicians. The re-specified measure will assess each clinician’s improvement rate relative to that of
other MIPS participating clinicians with similar patients.

1.2 Key Terminology

There exist many acronyms related to patient-reported outcomes. Throughout this report, we use the
terminology advanced by the National Quality Forum (NQF): a “PRO” refers to the concept of a patient-
reported outcome, a “PROM” refers to a survey instrument that captures patient-reported outcomes,
and a “PRO-PM” is a performance measure that uses PRO data to define the measure outcome.*

Throughout this report, we use existing terminology specific to MIPS:

o Eligible clinicians (ECs): physicians, physician assistants, nurse practitioners, clinical nurse
specialists, and certified registered nurse anesthetists who bill under Medicare Part B (81 FR
77036).° ECs are identified by a unique combination of Taxpayer Identification Number (TIN) and
National Provider Identifier (NPI) numbers.

e Clinician Groups (EC Group): ECs may participate as a single clinician, as a group (TIN with two
or more clinicians), or as a virtual group (two or more TINs of solo practitioners and small groups
of fewer than ten clinicians).

11



1.3 THA/TKA as a Measure of Quality
1.3.1 Importance

Elective THA/TKAs are most commonly performed for degenerative joint disease or osteoarthritis, which
is the most common joint disorder in the US,® affecting more than 32.5 million, or 1 in every 7, US
adults.” This condition is one of the leading causes of disability among non-institutionalized adults,® and
roughly 80% of patients with osteoarthritis have some limitation in mobility.°> Osteoarthritis also
significantly burdens the health care system—in 2017, osteoarthritis was the second most expensive
condition treated across all payers in US hospitals,® and in 2018, there were approximately 1,128,000
hospitalizations for osteoarthritis.’* *2 Over 1 million THAs and TKAs are performed yearly in the US, of
which 60% are paid for by Medicare.®® THAs and TKAs offer significant improvement in quality of life by
decreasing pain and improving function in a majority of patients, without conferring a high risk of
complications and/or death.’*!’ As the goal of the procedures is to improve quality of life, THA and TKA
are ideal candidates for assessing PROs.®

Due to their frequency and cost, THA and TKA are priority areas for outcome measure development. The
number of THA and TKA procedures performed is expected to be over 2 million annually by 2030 and is
expected to cost an estimated $50 billion in Medicare expenditures annually.®?

Administrative claims-based elective primary THA/TKA risk-standardized complication and readmission
measures at the hospital-level have been publicly reported since 2013, assessing outcomes important to
patients and clinicians.'® Neither of these measures, however, capture the reasons for which patients
undergo elective THA and TKA: Will | have less pain and more mobility after the procedure? In short, will
my quality of life be improved after undergoing the procedure? Therefore, a quality measure based
upon PRO data provides both patients and providers with a unique and critical perspective on care.

THA/TKA procedures offer a particularly rich testbed for developing quality measures based upon
patient-reported experiences and piloting performance measures based upon PROMs. Assessments of
relative performance of improvement in PROs for clinician and/or clinician groups will provide targets to
clinicians for efforts to improve quality of care.

1.3.2 Performance and Preventability

THA/TKA procedures are commonly performed in older patients who have marked pain and functional
limitation preoperatively. These patients often experience significant improvements postoperatively.
However, not all patients experience benefit from THA/TKA procedures, and many note their
preoperative expectations for functional improvement were not met.?%2* This variation in outcomes has

2527 and continues to be investigated in hospitals across the

19, 30

been well documented in US clinical practice
US and in the UK.% % Readmission and complication rates following THA/TKA vary across hospitals,
and outcomes also vary significantly across hospitals worldwide—data collected in the United Kingdom
(UK) indicate greater than 15% differences among hospitals in the proportion of patients who improved

after the procedure.? %

12



There is also evidence of variation in performance at the clinician level, with risk-standardized
complication rates (RSCRs) following THA/TKA across providers showing a median RSCR of 2.73% and an
interquartile range of 2.39% - 3.16% for eligible clinicians, and a median RSCR of 2.75% and IQR of 2.48%
- 3.09% for eligible clinician-groups.3* Additionally, surgical approach (anterior vs posterior or lateral) has
a significant impact on patients’ outcomes such as risk of major surgical complications.3?

1.3.3 Measurement Gap

This PRO-PM fills an important gap in the assessment of quality of care given to THA/TKA recipients.
Other clinician-level PRO-PMs addressing total joint replacement exist, including several by Focus on
Therapeutic Outcomes, Inc. (FOTO) and one developed by the Minnesota Community Measurement
(MNCM) group in use in the state of Minnesota (NQF #2653). The FOTO measures, however, use
proprietary software and focus on individual joints—not specifically on THA/TKA patients. NQF #2653
was developed for TKA recipients only, limiting the scope of the measure, and assesses an average
change score for all eligible patients within an orthopedic practice. Specifically, we have heard
stakeholder and patient concerns about averaging change in PROM scores across patients, which can
make a measured entity (such as a clinician or clinician group) with all patients experiencing an average
improvement appear the same as an entity where half of the patients do very well while the other half
do very poorly. NQF #2653 also uses PROM surveys that the hospital-level THA/TKA PRO-PM
development TEP previously considered but decided against using because they were either proprietary
or did not offer the TEP’s preferred information. In addition, CMS has developed procedure-specific
process measures to incentivize the collection of PRO data (Functional Status Outcomes for Patients
Receiving Primary Total Hip Replacements and Functional Status Outcomes for Patients Receiving
Primary Total Knee Replacements; this PRO-PM will measure outcomes).

Complex and critical aspects of care — such as surgical approach and technique, perioperative planning,
shared decision making with the patient, communication among providers, prevention of and response
to complications, patient safety, and coordinated transitions to the outpatient environment — all
contribute to patient outcomes but are difficult to measure by individual process-of-care measures.
Patient outcomes are influenced by many factors, among them patient status on presentation, and
therefore this measure is adjusted to account for patient-level characteristics. Evidence supports
attributing patient-reported outcomes to the surgeons performing the procedure, including data
supporting that low surgeon case volume is associated with longer operating times, lengthier
hospitalizations, higher infection rates, and worse PROs.!® 3335 Additionally, in the UK, the aspect of
experience most strongly associated with positive assessments of efficacy by the patient for elective
surgical procedures like THAs/TKAs was the trust and level of communication between the patient and
the surgeon, emphasizing the importance of clinician communication in shaping improvements in
postoperative quality of life.®

1.3.4 Feasibility and Usability

Multiple initiatives expanding the use of PRO-PMs for THA/TKA procedures afford an opportunity to
initiate public reporting within the US. There are several efforts led by orthopedic surgeons and their
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professional societies to create regional and national patient registries. In addition, the Office of the
National Coordinator for Health Information Technology (ONC) and CMS have included a process
electronic clinical quality measure (eCQM) indicating collection of a THA/TKA PROM in the Promoting
Interoperability (P1) programs and have developed eCQMs to promote THA/TKA PROM data collection
for MIPS.?” These initiatives are driven by an interest in improving clinical care and the need to evaluate
long-term device safety, further prompted by recent publicized orthopedic device failures.3®

In addition to the fact that the field of orthopedics is advanced in its development and use of validated
PROMs for research, elective procedure such as THAs/TKAs provide a clear time zero (a reference time)
for measurement: the date of the procedure. This allows for the use of a standardized measurement
timeframe across clinicians and clinician groups.

In addition, Patient Working Group members noted strong support for the measure concept and
recognized the importance of using PRO-PMs as tools for patients to help choose clinicians as well as an
opportunity for clinicians to reflect on and improve their quality of care. Patients were supportive of
both clinician-specific measure results as well as clinician group-specific measure results, noting the
importance of understanding the quality of care for a clinician as well as an entire group.

1.4 Measure Use

CORE is re-specifying the existing hospital-level THA/TKA PRO-PM for assessing individual or groups of
MIPS participating clinicians. CMS’s Meaningful Measures Framework supports alignment of quality
measures across programs to minimize provider burden.?® The re-specified measure will assess each
clinician’s improvement rate relative to that of other MIPS participating clinicians with similar patients.

1.5 Approach to Measure Development

CMS contracted with CORE to lead the re-specification of the hospital-level THA/TKA PRO-PM for use in
MIPS under the guidance of CMS. The CORE Project Team consists of a multidisciplinary group of
individuals with expertise in measure development, health services research, clinical medicine, statistics,
and measurement methodology.

We developed this measure in consultation with national guidelines for publicly reported outcome
measures, including the CMS Measure Management System Guidance,*® those published by NQF,*" 42
and as articulated in the American Heart Association scientific statement, “Standards for Statistical
Models Used for Public Reporting of Health Outcomes.”*® Following these standards has ensured a
transparent and comprehensive process with expert input throughout development (see
Acknowledgements).

Below we review our approach to measure development.

1.5.1 Information Gathering

This measure leveraged the findings from the hospital-level THA/TKA PRO-PM’s thorough literature
reviews and environmental scan.* In preparation for measure development, the CORE hospital-level
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THA/TKA PRO-PM measure development team conducted a literature review examining THA/TKA and
PROM use to identify and define the technical decisions to be made in building this measure. The team
also performed a systematic literature review of multivariable risk models predicting THA/TKA PROs to
inform risk model development. They interviewed experts involved in implementing PROMs for quality
assessment, including international experts experienced in national public reporting and US experts
launching PROMs as part of THA/TKA registries.

1.5.2 Expert and Stakeholder Input

CORE consulted with a TEP, clinical orthopedic expert Dr. Kevin Bozic, a Clinical Working Group, and a
Patient Working Group for input on the re-specified measure specifications (see Appendix A). The
Patient Working Group supported the re-specification of the hospital-level THA/TKA PRO-PM and
suggested additional topics they felt should be considered in the measure. The TEP and Clinical Working
Group shared critical feedback regarding the procedures captured in the cohort, PROM data collection
timeframe, and the risk model.

2. Methods

2.1 Overview

This MIPS THA/TKA PRO-PM aligns with the existing hospital-level THA/TKA PRO-PM specifications,
including PROMs, PROM assessment timeframes, cohort, outcome, and risk adjustment, and with the
MIPS THA/TKA Complication measure’s clinician attribution algorithm, with one refinement. We
consulted with our orthopedic clinical expert, TEP, Clinical Working Group, and Patient Working Group
throughout the measure re-specification process.

2.2 Data Sources

The MIPS THA/TKA PRO-PM primarily uses PRO and risk variable data collected and submitted by
clinicians or clinician groups, matched per procedure to CMS administrative claims data. PRO and
additional risk variable data are collected preoperatively, and PRO data are collected again
postoperatively on patients undergoing an elective primary THA/TKA. (For purposes of measure
development and testing, we utilized PRO and risk variable data collected by hospitals participating in
the voluntary PRO data collection effort in CJR.) CMS administrative claims data are used to identify
eligible elective primary THA/TKA procedures for the measure cohort and a majority of risk variables,
including patient demographics and clinical comorbidities identified up to 12 months prior to the
procedure. Medicare Part A inpatient data and Medicare Part B inpatient claim and claim line data from
the IDR are used to match patients to clinicians and clinician groups who billed for the procedure. Three
additional data sources provide data for the measure as follows: the Medicare EDB identifies Medicare
FFS enrollment and race, the MBSF allows for determination of dual eligibility status, and the American
Community Survey data allow for derivation of the AHRQ SES index score. Data from these sources are
linked for patients undergoing elective primary THA and TKA procedures for the measurement period.
Patients with complete preoperative and postoperative PRO and risk variable data were included in the
dataset used for development and testing of this measure.
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2.2.1 Limitations

In the absence of routinely collected prospective PRO data at the national level, we utilized existing PRO
and risk variable data voluntarily collected by hospitals participating in the CJR model. Although the CIR
data reflect a voluntary data sample incentivized at the hospital-level, they contain the appropriate
cohort, risk variable, and linking data needed for our measure testing. We recommend ongoing
reevaluation of the measure specifications in broader datasets over time.

2.2.2 Missing Data and Non-Response

For measure development and testing, only elective primary THA/TKA procedures with complete PRO
data were included. Complete PRO and risk variable data were defined as the submission of
preoperative PROM and risk variable data with no missing or out-of-range values for required data
elements that could be matched to postoperative PROM data with no missing or out-of-range values for
an elective primary THA/TKA procedure identified in claims data for the measurement period.

Due to the voluntary nature of PROs, PRO data were not collected from all patients undergoing primary
elective THA/TKA procedures during the measurement period. We understand that accounting for
potential non-response bias is important for this measure, as poorly or incompletely collected data may
be asymmetrically distributed across lower socioeconomic or disadvantaged populations, which may
directly affect measure scores. We examined the impact and addressed potential bias resulting from
patients not included in the measure due to missing PRO data (patients with incomplete PRO data) and
non-response (patients for which no PRO data were submitted) by using stabilized inverse probability
weighting, which aligns with the approach utilized by the hospital-level THA/TKA PRO-PM (see Section
2.7.1 Response Bias).

Response rates for PRO data for this measure will be calculated as the percentage of elective primary
THA or TKA procedures for which complete and matched preoperative and postoperative PRO data have
been submitted, divided by the total number of eligible THA or TKA procedures performed by each
clinician or clinician group.

2.2.3 Generalizability

The CJR data used for testing were incentivized at the hospital level, with response rates impacted both
by the voluntary nature of PROs and by the incremental submission thresholds for CJIR PRO data over
time. Given the nature of the data collection, we recommend ongoing reevaluation of the measure
specifications in broader datasets over time.

2.3 Measure Cohort

The cohort (target population) includes Medicare FFS patients 65 years of age and older undergoing
elective primary THA or TKA procedures, not including patients with hip and/or pelvic fractures and/or
revision THAs/TKAs as detailed below. The cohort definition aligns with the existing hospital-level
THA/TKA PRO-PM.
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2.3.1 Inclusion Criteria

e Enrolled in Medicare FFS Part A and Part B for the 12 months prior to the date of the index
admission and enrolled in Part A during the index admission.

e Aged 65 or older.

e Discharged alive from a non-federal short-term acute care hospital.

e Undergoing only elective primary THA/TKA procedures (not including patients with fractures of
the pelvis or lower limbs, concurrent partial hip or knee arthroplasty procedure, concurrent
revision, resurfacing, or implanted device/prosthesis removal procedure, mechanical
complication coded in the principal discharge diagnosis field on the index claim, malignant
neoplasm of the pelvis, sacrum, coccyx, lower limbs, or bone/bone marrow or a disseminated
malignant neoplasm coded in the principal discharge diagnosis field on the index claim, or a
transfer from another acute care facility for the THA/TKA).

2.3.2 Exclusion Criteria

e Patients with staged procedures, defined as more than one elective primary THA or TKA
performed on the same patient during distinct hospitalizations during the measurement period,
are excluded. All THA/TKA procedures for patients with staged procedures during the
measurement period are removed.

e Patients who die within 300 days of the procedure are excluded. Patients who die within 300
days are unable to complete PROM data in alignment within the postoperative PROM collection
timeframe. (In testing this PRO-PM with CJR data, patients who died within 270 days were
excluded from the cohort to align with the postoperative window for CIR voluntary data
collection.)

e Patients who leave against medical advice.

In addition, patients with more than two THA or TKA procedure codes on their index hospitalization
claim are removed from the cohort. The occurrence of more than two THA or TKA procedure codes is
likely a coding error.

2.4 Measure Outcome

Patient improvement will be measured using the joint-specific instruments selected for the hospital-
level THA/TKA PRO-PM: the HOOQS, JR for THA patients and the KOOS, JR for TKA patients. The
preoperative data collection timeframe will be 90 to zero days before the procedure and the
postoperative data collection timeframe will be 300 to 425 days following the procedure. (The measure
was developed and tested with postoperative data collected 270 to 365 days after the procedure, as per
PRO data collection in the CIR model. Extensive input from clinical experts following measure
development, however, strongly recommended a refinement to the postoperative data collection
period to better align with clinical workflow and typical one-year follow-up scheduling, and to allow for
better postoperative PRO data capture. Based on this input, we propose measure specifications with a
postoperative PRO data collection period of 300 to 425 days after the procedure. We anticipate, based
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upon extensive stakeholder input, this will result in limited impact to the measure’s scientific
acceptability while significantly increasing clinical acceptance and response rates.)

The patient-level improvement outcome is defined as a binary outcome (yes/no) of meeting or
exceeding substantial improvement, SCB. The SCB threshold is a fixed threshold identified by the
developers of the HOOS, JR and KOQOS, JR, who used an anchor-based patient-reported satisfaction
guestion to identify the amount of change in PROM scores found among patients reporting “great
improvement” following a THA or TKA.** The clinician and clinician-group outcome is a risk-adjusted
proportion of elective primary THA/TKA patients who meet SCB improvement. The risk adjustment
model accounts for case mix differences and aligns with the hospital-level THA/TKA PRO-PM’s risk
model. The measure will estimate a clinician- and clinician group-level RSIR PROs following elective
primary THA and/or TKA for Medicare FFS patients 65 years of age and older. The clinician- and clinician
group-level RSIRs will account for within and between clinician/clinician group case mix and represent
measures of quality of care following elective primary THA and TKA.

2.5 Attribution

The MIPS THA/TKA PRO-PM uses the clinician attribution methodology developed by the MIPS THA/TKA
Complication measure team, with one refinement. For this measure, we narrowed the list of clinician
specialties primarily responsible for the orthopedic surgery to five specialties. The measure attributes
the outcome for each patient in the cohort to a single clinician. Each patient is attributed to the clinician
who bills for the Part B Physician/Supplier claim for the THA or TKA procedure (hereafter referred to as
the Billing Surgeon) during the index admission. Conceptually, this is the clinician with the primary
responsibility for the procedure and procedure-related care. In practice, however, patients may have
multiple claims from different clinicians. In order to resolve any ambiguities, the Billing Surgeon is
assigned through an algorithm (Appendix C Figure C1) as described below.

The algorithm uses billing claims to identify clinician(s) who bill for a THA (Current Procedural
Terminology [CPT®] code 27130) or TKA (CPT®° code 27447 or CPT® code 27446 if CPT® code 27447 not
billed) (steps 1-3 below). These CPT® codes allow identification of responsible surgeons in alignment
with the THA and/or TKA procedures included in the measure cohort.

1. If only one clinician bills for a THA (CPT® code 27130) or TKA (CPT® code 27446 or 27447) for a
patient, the algorithm identifies and assigns this individual as the Billing Surgeon.
2. If two or more clinicians bill for THA/TKA procedures (CPT® 27130, 27447, or 27446), the
algorithm seeks to identify a ‘key’ physician among them.
a. The algorithm identifies and excludes assignment to clinicians who were assistants-at-
surgery (assistant surgeon with CPT® modifier 80 or 82, minimum assistant surgeon with
CPT® modifier 81). In this step, the algorithm assigns the Billing Surgeon as the clinician
who billed for a THA or TKA procedure and is not an assistant-at-surgery.
b. If two or more clinicians remain after the exclusion of assistants-at-surgery, then the
algorithm identifies whether there is a single clinician who was an orthopedic surgeon
(Medicare Specialty Code 20) and assigns this as the Billing Surgeon.
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3. If the algorithm cannot identify a Billing Surgeon, it identifies whether an Operator is listed on
the institutional claim. The algorithm then defaults assignment to the Operator listed on the
institutional claim. To identify the unique TIN/NPI combination for the Operator, the Operator’s
NPl is matched to the TIN with the most Part B allowed charges during the index admission or
during the measurement year if the eligible clinician did not bill during the index admission.

Finally, if a Billing Surgeon or Operator cannot be identified with the steps above, the patient is not
assigned to a Billing Surgeon and is excluded from the measure.

During the development of the MIPS THA/TKA Complication measure, clinical experts and the MIPS TEP
supported attribution to the Billing Surgeon using this algorithm.

During measure testing of the MIPS THA/TKA PRO-PM, we identified that the original attribution
methodology assigned a few patients to clinicians not primarily responsible for the THA/TKA procedures,
such as Physician Assistants or clinicians with specialty descriptions outside of orthopedics (such as
obstetrics/gynecology). Although this did not happen often (N = 12, 0.94% of measure cohort), the
patient assignment was incongruous with the intention of the attribution methodology. We, therefore,
propose the measure attribution only consider the following clinician specialties: orthopedic surgery,
sports medicine, hand surgery, osteopathic manipulative medicine, and general surgery. Specifically, we
recommend first limiting the Part B claim lines to those with the above clinician specialties and applying
the original attribution algorithm afterwards. This refinement will help increase the face validity of the
attribution methodology. Our team’s orthopedic expert and TEP agreed with the refinement to the
attribution methodology.

2.6 Risk Adjustment

Risk adjustment is designed to account for patient-level factors that are clinically relevant, have strong
relationships with the outcome, and are outside of the control of the reporting entity without obscuring
important quality differences. Risk factors can increase (or decrease) the likelihood that a patient
experiences a certain outcome. Risk adjustment puts measured entities on a level playing field when
comparing performance across providers.

The MIPS THA/TKA PRO-PM utilizes the risk model finalized for the hospital-level THA/TKA PRO-PM. The
hospital-level THA/TKA PRO-PM development team used a consensus-based approach to identify and
vet clinically relevant risk variables important in predicting the improvement outcome, including a
systematic literature review and environmental scan, a survey of orthopedists, consultation with an
expert clinical consultant, extensive input from the TEP, and detailed public comments. This team tested
the risk model during measure development and gained stakeholder support from clinical experts and
patients on the approach and testing results. We will use this risk model because patient-level risk
prediction should not be impacted by attribution and to align with the hospital-level THA/TKA PRO-PM
specifications.
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Of note, the final risk variables in the risk model come from two sources:

1.

Risk variables identified by THA/TKA professional societies and public comment, finalized in the
CJR final rule, and submitted by CJR participant hospitals, and

Clinical comorbidities identified in Medicare claims data for the 12 months prior to THA/TKA
procedures. The Condition Category (CC) groupings below reflect groupings of The International

Classification of Disease ICD-10-CM diagnosis codes into clinically relevant categories, from the
Hierarchical Condition Category (HCC) system.*®%” CMS uses modified groupings, but not the
hierarchical logic of the system, to create risk variables.

The final risk variables are as follows:

Age, in years

Male sex

Body Mass Index (BMI), in kg per m?

Health literacy (assessed by response to Single Item Literacy Screener questionnaire, “Comfort
Filling Out Medical Forms by Yourself”)

Back pain at preoperative assessment (Quantified Spinal Pain: Patient-reported Back Pain,
Oswestry Disability Index question)*

Pain in non-operative lower extremity joint (Total painful joint count: Patient-reported in Non-
operative Lower Extremity Joint)*

Narcotic use for 290 days

Baseline Patient-reported Outcomes Measurement Information System (PROMIS) Global Mental
Health subscale score

Severe infection; other infectious diseases (CC 1, 3-7)

Liver disease (CC 27-31)

Diabetes mellitus (DM) or DM complications (CC 17-19, 122-123)

Rheumatoid arthritis and inflammatory connective tissue disease (CC 40)

Depression (CC 61)

Other psychiatric disorders (CC 63)

Coronary atherosclerosis or angina (CC 88-89)

Vascular or circulatory disease (CC 106-109)

Renal failure (CC 135-140)

Detailed information about the development of this risk model approach and testing can be found in
Sections 2.6 and 3.3 of the Hospital-level THA/TKA PRO-PM Measure Methodology Report Version 1.0.

2.6.1 Social Risk Factors

During development of the hospital-level THA/TKA PRO-PM, the measure development team focused on
developing a parsimonious model that included clinically relevant variables strongly associated with
achieving SCB following an index procedure. The team used a two-stage approach, first identifying the
comorbidity or clinical status risk factors that were most important in predicting the outcome then
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considering the potential addition of social risk factors. The hospital-level THA/TKA PRO-PM
development team’s patient and technical experts strongly supported including health literacy, which
reflects social risk, in the risk model for a PRO-based measure, due to the nature of PRO data requiring
patients to complete survey instruments as part of measurement. For this reason, the team included it
in the candidate risk variable list during the initial stage of risk variable selection and in the final risk
model.

Additional social risk factors were examined following initial risk model development. Similar to the
hospital-level THA/TKA PRO-PM, we tested associations of dual eligibility and the AHRQ SES index lowest
quartile (low SES) with SCB improvement following elective primary THA/TKA to explore the impact of
social risk on the measure outcome. Likewise, we included race in the social risk factor analyses based
upon literature specifically documenting racial and ethnic disparities in THA/TKA offer and acceptance
rates as well as outcomes.*%>?

We examined the associations of dual eligibility, AHRQ SES index lowest quartile (low SES), and race with
the measure outcome using the Development Dataset with bivariate and multivariate analyses. Bivariate
and multivariate analyses showed no statistically significant associations between non-white race and
SCB improvement, AHRQ SES index lowest quartile and SCB improvement, or dual eligibility and SCB
improvement (see Section 3.3.1 Table 11). In addition, accounting for these risk factors in the model had

little effect on clinician- and clinician group-level RSIRs. When RSIRs calculated with no social risk factors
in the risk model were compared to RSIRs calculated with each of the three risk factors included
individually and together in the risk model, correlation coefficients indicated near-perfect correlation in
our data (see Section 3.3.1 Table 12).

Additional analyses of clinician and clinician group proportion of dual eligible, AHRQ SES index lowest
quartile, and non-white race patients by RSIRs (see Section 3.3.1 Figures 4 through 9) indicate that

clinicians and clinician groups with the lowest proportion of dual eligible patients and those clinicians
and clinician groups with the highest proportion of dual eligible patients have similar RSIR distributions.
These data do not provide evidence of significant differences in RSIRs due to the proportion of clinicians’
or clinician groups’ patients with dual eligibility, AHRQ SES index lowest quartile, or non-white race.

Given these results, we have not included dual eligibility, AHRQ SES index, or non-white race in the risk

model(s) at this time. However, given the associations between social risk factors and response in our

52-54

data and supported by published literature, we have included these social risk variables in the

statistical approach to addressing non-response bias (see Section 2.7.1 below). In addition, due to

existing disparities in access to and outcomes for THA/TKA, the TEP, the Patient Working Group, and
other stakeholders strongly urged CMS to consider accounting for social risk in measure implementation
(such as through stratification) to avoid unintended consequences. We will continue to assess the
impact of social risk on this measure moving forward.
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2.7 Statistical Approach to Model Development and Testing

The number of patients with complete PRO data for an elective primary THA or TKA procedure
(excluding patients with staged elective primary THA/TKA procedures during the measurement period)
was 19,429. These data were randomly divided 60%/40% into a Development Dataset (N=11,653) and a
Validation Dataset (N=7,776). The Development Dataset was used for risk model development, and the
Validation Dataset was used for risk model validation.

In the building of risk models for claims-based measures, CORE has previously used the strength of
association between the risk variable and the measure outcome to empirically guide risk variable
selection. When expert input deems it appropriate, we force in additional risk variables, such as those
that indicate frailty, that might have an important influence on the measure outcome and yet might not
be selected for the model based purely on statistical considerations. In this way, CORE’s risk models
have always reflected both empirical data and clinical input. This approach has produced robust risk
models that have been repeatedly and successfully validated against medical record data.

For the hospital-level THA/TKA PRO-PM, the team applied the same principles but recognized that PRO-
PM development, particularly when based upon a voluntary data sample, may require a greater reliance
on clinical input to select risk variables than traditional claims-based outcome measures. For the risk
model, the hospital-level THA/TKA PRO-PM development team identified candidate risk variable
selection based on empirical findings through a thorough literature review, exploration of data-driven
risk factors, and iterative TEP and expert input including a survey of the TEP that asked individuals to
rank the importance and feasibility of clinical variables for use in a PRO-PM risk model. Input from
clinical consultants was used to finalize a list of clinically relevant and important risk variables for risk
adjustment of a THA/TKA PRO-PM.

Using the risk model developed by the hospital-level THA/TKA PRO-PM development team, we assessed
model performance examining the model performance (C-statistics), model calibration (lack of fit),
model discrimination in terms of predictivity (range of observed outcomes among deciles of predicted
outcomes), and distribution of model residuals. We calculated the model estimates as well as the
coefficients and 95% Confidence Intervals (Cls) for risk-adjustment variables in the Development and

Validation Datasets.

For risk model development, we first fit a logistic regression model with the selected covariates (risk
variables). We then estimated the clinician- and clinician group-specific RSIR using a hierarchical logistic

regression model to account for the natural clustering of observations within clinicians or clinician

groups (see Section 2.8 Calculation of Measure Score).

2.7.1 Response Bias

Due to the voluntary nature and the burden of novel data collection for PRO data, we understand that
accounting for potential non-response bias is important for this measure. Also, the fact that poorly or
incompletely collected data may be asymmetrically distributed across lower socioeconomic or
disadvantaged populations may directly affect measure scores. The hospital-level THA/TKA PRO-PM
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development team conducted a thorough literature search and identified several approaches for

missingness (covariates adjustment in regression, submission score adjustment in regression, and

stabilized inverse propensity score weighted regression). Following consultation with a statistical expert,

they decided to address potential response bias using stabilized inverse probability weighting, as it

would not modify the risk model, and would not assume the form of a relationship between submission

score and outcome (as suggested by Garrido®® and by Thoemmes and Ong®®). We have applied the same

approach to development of the current measure.

For this approach, we performed the following steps:

1)

2)

3)

4)

5)

6)

7)

All eligible THA/TKA procedures performed within the 238 CJR participating hospitals (the
source of the PRO data for development and testing) submitting complete PRO data during the
measurement period among 1,254 clinicians and 526 clinician groups submitting complete PRO
and risk variable data for at least one of these procedures were identified via CMS claims data
(N =77,661 procedures).

These eligible THA/TKA procedures were categorized into one of three PRO response groups:

a) Procedures for which complete PRO and risk variable preoperative data and complete PRO
postoperative data were submitted (“complete PRO submission,” N = 19,429).

b) Procedures for which incomplete PRO and risk variable data were submitted (including
submissions with missing data elements and submissions of only preoperative PRO data or
only postoperative PRO data (“incomplete PRO submission,” N = 17,220).

c) Procedures for which no PRO data were submitted (“no response,” N = 41,012).

We compared patient characteristics and clinical comorbidities across the three PRO response

groups and determined statistical differences in the case mix.

The hospital-level THA/TKA PRO-PM development team conducted a literature review and

identified the following variables associated with unit non-response to PROM survey data that

were also available in our data: age, sex, race, low SES, and postoperative complication
following hip or knee procedures.>>>*57 These variables were included in the multinomial
logistic regression.

Additional variables associated with PRO submission in our data were identified through

multinomial logistic stepwise regression.

Propensity scores were calculated using a multinomial logistic regression where the outcome

was 1) complete PRO submission, 2) incomplete PRO submission, and 3) no response.

Stabilized Inverse Probability Weights (IPW) were calculated for each of the three groups. For

the complete responders, the stabilized weights were calculated using the following formula:
P(Z=1)

P(Z=1|x)

estimates with smaller variance and less extreme values compared to using the standard non-

where (Z = 1) represents the complete responders. Stabilized weights produce

stabilized weights calculated in the following way: Section 3.8 Table 18 provides the

P(Z=1]x)"
distribution of the stabilized weights with mean 1.00 and standard deviation of 0.25.
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8) The stabilized IPW were incorporated into the hierarchical risk-adjustment model for SCB
improvement following elective primary THA/TKA and used in the calculation of the risk-
adjusted and bias-adjusted RSIRs.

Incorporating the stabilized weights in the calculation of the RSIRs helps to reduce non-response bias by
giving higher weight to patients who were less likely to respond and deflating the weight of patients
who were more likely to respond based on patient characteristics. Weighting the responders based on
their likelihood of response, given their patient characteristics, helps reduce non-response bias in our
RSIR measure.

2.8 Calculation of Measure Score

The MIPS THA/TKA PRO-PM is a clinician- and clinician group-level measure that will be calculated and
presented as an RSIR, producing a performance measure per clinician or clinician group that accounts
for patient case mix and applies stabilized IPW to address potential non-response bias. The RSIR
represents a measure of quality of care following primary elective THA and TKA.

We estimated the clinician- and clinician group-specific RSIR using a hierarchical logistic regression
model to account for the natural clustering of observations within clinicians or clinician groups. The
model employs a logit link function to link the risk factors to the outcome with a clinician- or clinician

group-specific random effect.

For the hierarchical logistic regression model: Let ¥;; denote the outcome (equal to one if the patient
meets the SCB threshold, zero otherwise) for patient i attributed to a clinician or clinician group j; Z;;
denotes a set of risk factors for patient i attributed to a clinician or clinician group j; and n; is the
number of index admissions attributed to the clinician or clinician group j. We assume the outcome is
related linearly to the covariates via a logit function:

logit(Prob(Yij = 1)) =a; + BZ;;

where @; = i + wj; w;~N(0,7?)

Where a;jrepresents the clinician- or clinician group-specific intercept, u is the adjusted average
intercept over all clinicians or clinician groups in the sample, w; is the clinician- or clinician group-specific
intercept deviation from pu, and 2 is the between-clinician or clinician group variance component. This
approach models the log odds of patient improvement on the PROM as a function of patient
demographics and clinically relevant comorbidities with an intercept for the clinician- and clinician
group-specific random effect. Random effects account for the assumption that underlying differences in
quality of care across clinicians and clinician groups lead to systematic differences in patient outcomes.

To account for potential response bias, we calculated stabilized IPW from a propensity score analysis
using multinomial logistic regression to model three PRO data response groups: complete PRO
submission, incomplete PRO submission, and no response (see Section 2.7.1 for a detailed description of
the analytic approach to addressing potential response bias). Next, we fit the hierarchical logistic
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regression model to the corresponding parameters along with the stabilized IPW to adjust for response
bias when we ran the model.

From the hierarchical model, we calculated the clinician- and clinician group-specific RSIRs as the ratio of
a clinician’s or clinician group’s “predicted” number of improvements to their “expected” number of
improvements multiplied by the overall observed improvement rate. The expected number of

improvements for each clinician or clinician group (denominator) was estimated as the sum of the
estimated probability of improvement among the clinician’s or clinician group’s patients accounting for
the observed patient characteristics. The predicted number of improvements for each clinician or

clinician group (numerator) was estimated as the sum of the estimated probability of improvement of
the clinician’s or clinician group’s patients accounting for patient characteristics and the clinician- or
clinician group-specific intercept.

2.9 Measure Testing

The dataset for measure development and testing included data from CJR participant hospitals that
submitted complete preoperative and postoperative PRO and risk variable data for at least one elective
primary THA/TKA procedure performed from July 1, 2016 through June 30, 2018. Complete PRO and risk
variable data were defined as the submission of preoperative PROM and risk variable data with no
missing or out-of-range values for required data elements that could be matched to postoperative
PROM data with no missing or out-of-range values for an elective primary THA/TKA procedure identified
in claims data for the measurement period. The number of patients with complete PRO data for an
elective primary THA or TKA procedure (excluding patients with staged elective primary THA/TKA
procedures during the measurement period, which is defined as two or more procedures performed
during separate inpatient admissions) was 19,429. These data were randomly divided 60%/40% into a
Development Dataset (N=11,653) and a Validation Dataset (N=7,776). A Combined Dataset including
only those clinicians or clinician groups with at least 25 THA and TKA patients with complete PRO data
submission was used for reliability and validity testing.

2.9.1 Model Performance Testing

We assessed the risk model in the Development Dataset by examining the model performance (C-
statistics), model calibration (lack of fit), model discrimination in terms of predictive ability (range of

observed outcomes among deciles of predicted outcomes), and distribution of model residuals. We
calculated the model estimates as well as the coefficients and 95% Cls for risk-adjustment variables for
the entire Development Dataset.

To assess model performance, we computed discrimination and calibration statistics for assessing model
performance>® for the risk model, including:

1. Area under the receiver operating characteristic (ROC) curve (the C-statistic [also called ROC] is
the probability that predicting the outcome is better than chance, which is a measure of how
accurately a statistical model is able to distinguish between a patient with and without an
outcome).
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2. Predictive ability (discrimination in predictive ability measures the ability to distinguish high-risk
subjects from low-risk subjects; good discrimination is indicated by a wide range between the
lowest decile and highest decile).

3. Over-fitting indices (over-fitting refers to the phenomenon in which a model accurately
describes the relationship between predictive variables and outcome in the Development
Dataset but fails to provide valid predictions in new patients).

2.9.2 Measure Results Testing

Meaningful differences in performance measure scores are assessed by calculating the distribution of
clinician- and clinician group-level RSIRs. Variation in RSIRs indicates a clinically meaningful quality gap in
the delivery of care to patients undergoing primary elective THA/TKA, as some clinicians and clinician
groups may achieve substantially higher rates than the average performer, while other clinicians and
clinician groups perform much worse than an average performer.

In addition, statistically significant differences were assessed using a median odds ratio (MOR).>® The
MOR represents the median increase in odds of the patient outcome (an SCB improvement in PROM
score from preoperative to postoperative assessment) if a procedure on a single patient was performed
by a higher-performing clinician or clinician group compared to a lower-performing clinician or clinician
group. It is calculated by taking all possible combinations of clinicians and clinician groups (N=1254
clinicians and N=526 clinician groups in the total dataset), always comparing the higher-performing
clinicians or clinician groups to the lower performing clinicians or clinician groups. The MOR is
interpreted as a traditional odds ratio (OR) would be.

2.9.3 Reliability Testing
2.9.3a Data Element Reliability Testing

Data element reliability of the PROM data used in the calculation of this measure was assessed by
reliability testing conducted during the development and validation of the joint-specific PROMs on
which this MIPS THA/TKA PRO-PM is based.

HOOS, JR Reliability

Internal consistency: The developers of the HOOS, JR? assessed internal consistency reliability of using
the Person Separation Index (PSI). The PSI was used in two data samples, the Hospital for Special Surgery
(HSS) cohort and the Function and Outcomes Research for Comparative Effectiveness in Total Joint
Replacement (FORCE-TJR), a nationally representative joint replacement registry. A higher value on the
PSl indicates greater ability to differentiate patients with varying levels of ability, which provides
evidence of good internal consistency. For testing internal consistency for the HOQS, JR, a PSl value
greater than 0.7 was considered acceptable.? The developers also conducted principal component
analysis on the standardized residuals to assess HOOS, JR items.

Test-Retest Reliability: Test-retest reliability was not tested by developers of the HOOS, JR as it had
already been tested in the HOOS in several validation studies.®%% Intra-class correlation coefficients
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(ICCs) between dimensions (Pain, Symptoms, Activities of Daily Living, Sport and Recreation Function,
and Quality of Life) were used to determine test-retest reproducibility.

KOOS, JR Reliability

Internal Consistency: The developers of the KOOS, JR? assessed internal consistency reliability of using
the PSI. The PSI was used in two data samples, the HSS cohort and the FORCE-TJR, a nationally
representative joint replacement registry. A higher value on the PSl indicates a greater ability to
differentiate patients with varying levels of ability, which provides evidence of good internal
consistency. For testing internal consistency for the KOOS, JR, a PSI value greater than 0.7 was
considered acceptable.? The developers also conducted principal component analysis on the
standardized residuals to assess KOOS, JR items.

Test-Retest Reliability: Test-retest reliability was not tested by developers of the KOOS, JR as it had
already been tested in the KOOS.5 To examine test-retest reliability, the KOOS was administered to
patients twice prior to the procedure within a nine-day period. ICCs between dimensions (Pain,
Symptoms, Activities of Daily Living, Sport and Recreation Function, and Quality of Life) were used to
determine test-retest reproducibility.

Data element reliability of the codes identified through Medicare claims data used to define the cohort
and for risk adjustment is expected as a result of the routine auditing of these billing data by CMS. CMS
has in place several hospital auditing programs used to assess overall claims code accuracy, ensure
appropriate billing, and for overpayment recoupment. CMS routinely conducts data analysis to identify
potential problem areas and detect fraud and audits important data fields used in our measures,
including diagnosis and procedure codes, and other elements that are consequential to payment.

Likewise, the risk variables collected with PRO data that will be included in the risk model were defined
during the hospital-level THA/TKA PRO-PM development, which spanned over several years through
multiple, iterative steps that incorporated stakeholder input on feasibility, clinical capture, accuracy,
reproducibility, and clinical face validity. These steps included: surveying orthopedic practices regarding
the feasibility, uniformity, and reliability of risk variables identified by clinical experts and published
literature; attending a consensus summit by orthopedic specialty societies to narrow and prioritize
clinical risk variables for prospective collection as part of the CIR model (these recommendations were
adopted in toto by CMS); seeking additional clinical and empirical evaluation of CJR data; and receiving
TEP approval.

2.9.3b Measure Score Reliability Testing

We performed reliability testing at both the clinician and the clinician group level. We calculated the
average signal-to-noise ratio based on the weighted average of measured clinicians or clinician groups
with at least 25 procedures with complete PRO data. We also examined measure score reliability across
a range of minimum case volume thresholds to support CMS’s implementation planning.
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2.9.4 Validity Testing
2.9.4a Data Element Validity Testing

Data element validity is ascertained through validity testing conducted during the development and
testing of the joint-specific PROMs on which this MIPS THA/TKA PRO-PM is based. All validity testing for
the HOOS, JR and KOOS, JR instruments was conducted by the PROM developers.? 3

HOOS, JR Validity

Responsiveness: Responsiveness of the HOOS, JR to changes following a THA was evaluated using
standardized response means, and then examined against other previously validated PROMs (HOOS
domains, Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC] domains) in the
HSS cohort and the FORCE-TJR registry at two years after a THA procedure.? A standardized response
mean greater than 0.8 was considered large.%

External Validity: External construct validity was evaluated using Spearman’s correlations between the
HOOS, JR, the HOOS, and the WOMAC. A Spearman’s correlation coefficient of 0.8 or greater was
considered very high external validity.%® External correlations were assessed using a scatterplot overlying
a contour plot based on bivariate kernel density estimation between the HOOS, JR and HOOS domains.?

Floor and Ceiling Effects: Floor and ceiling effects (percent at worst possible score preoperatively and
best possible score postoperatively) were evaluated against the HOOS and the WOMAC instruments.2

KOQS, JR Validity

Responsiveness: Responsiveness of the KOOS, JR to changes following TKA was evaluated using
standardized response means, and then examined against other validated PROMs (KOOS domains,
WOMAC domains) in the validation cohort.? A standardized response mean greater than 0.8 was
considered large.®®

External Validity: External construct validity was evaluated using Spearman’s correlations between the
KOOS, JR, the KOOS, and the WOMAC. A Spearman’s correlation coefficient of 0.8 or greater was
considered very high external validity.®® External correlations were assessed using a scatterplot overlying
a contour plot based on bivariate kernel density estimation between the KOOS, JR and KOOS domains.3

Floor and Ceiling Effects: Floor and ceiling effects (percent at worst possible score preoperatively and
best possible score postoperatively) were evaluated against the KOOS and the WOMAC instruments.3

2.9.5 Face Validity Testing

We have re-specified this measure in consultation with national guidelines for publicly reported
outcome measures, with outside experts, and with the public. We assessed face validity by asking TEP
and Patient Working Group members to rate the measure according to the following two statements
using a six-point scale (1 = Strongly Agree, 2 = Moderately Agree, 3 = Somewhat Agree, 4 = Somewhat
Disagree, 5 = Moderately Disagree, 6 = Strongly Disagree):
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e Statement #1: The clinician- and clinician group-level THA/TKA PRO-PM as specified will provide

a valid assessment of improvement in functional status and pain following elective, primary

THA/TKA.

e Statement #2: The clinician- and clinician group-level THA/TKA PRO-PM as specified can be used

to distinguish between better and worse quality care among clinicians and clinician groups.

3. Results

3.1 Measure Cohort

Characteristics of the 11,653 patients in the Development Dataset and the 7,776 patients in the
Validation Dataset are presented in Table 1. The cohort flowchart can be found in Figure 1.

Table 1. Patient Characteristics in Development and Validation Datasets

Characteristics

Development Dataset, N (%)

Validation Dataset, N (%)

Total N 11,653 7,776
Age, Mean (SD) 73.73 (5.72) 73.70 (5.74)
Male 4,405 (37.80%) 2,889 (37.15%)
BMI, Mean (SD) 30.21 (5.93) 30.35(6.01)

Index admissions with an elective THA
procedure

4,193 (35.98%)

2,778 (35.73%)

Index admissions with an elective TKA
procedure

7,460 (64.02%)

4,998 (64.27%)

Number of procedures (two vs. one)

67 (0.57%)

49 (0.63%)

Mental Health Score, Mean (SD)

50.03 (8.11)

49.96 (8.09)

Health Literacy Not at all

2,015 (17.29%)

1,267 (16.29%)

A little bit

881 (7.56%)

621 (7.99%)

Somewhat

1,291 (11.08%)

833 (10.71%)

Quite a bit

2,079 (17.84%)

1,410 (18.13%)

Extremely

5,387 (46.23%)

3,645 (46.88%)

Other Joint Pain None

4,057 (34.82%)

2,637 (33.91%)

Mild

2,897 (24.86%)

1,871 (24.06%)

Moderate

2,890 (24.80%)

2,007 (25.81%)

Severe

1,470 (12.61%)

1,046 (13.45%)

Extreme

339 (2.91%)

215 (2.76%)

Back Pain None

4,459 (38.26%)

2,869 (36.90%)
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Characteristics

Development Dataset, N (%)

Validation Dataset, N (%)

Very Mild

2,905 (24.93%)

1,979 (25.45%)

Moderate

2,964 (25.44%)

2,024 (26.03%)

Fairly Severe

948 (8.14%)

653 (8.40%)

Very or Worst
Severe

377 (3.24%)

251 (3.23%)

Use of Chronic (290 days) Narcotics

2,032 (17.44%)

1,358 (17.46%)

Severe infection; other infectious diseases
(cc1, 3-7)

2,023 (17.36%)

1,386 (17.82%)

Liver disease (CC 27-31)

491 (4.21%)

322 (4.14%)

Diabetes mellitus (DM) or DM
complications (CC 17-19, 122-123)

3,013 (25.86%)

2,005 (25.78%)

Rheumatoid Arthritis and Inflammatory
Connective Tissue Disease (CC 40)

1,249 (10.72%)

834 (10.73%)

Depression (CC 61)

1,832 (15.72%)

1,180 (15.17%)

Other Psychiatric Disorders (CC 63)

1,839 (15.78%)

1,260 (16.20%)

Coronary atherosclerosis or angina (CC
88-89)

2,878 (24.70%)

1,872 (24.07%)

Vascular or circulatory disease (CC 106—
109)

2,256 (19.36%)

1,471 (18.92%)

Renal failure (CC 135-140)

1,637 (14.05%)

1,116 (14.35%)

Dual Eligibility

315 (2.70%)

224 (2.88%)

Low SES: AHRQ SES Index lowest quartile*

1,146 (9.83%)

687 (8.83%)

Race White

10,760 (92.34%)

7,186 (92.41%)

Black

408 (3.50%)

273 (3.51%)

Other

113 (0.97%)

0.98%

Asian

81 (0.70%)

Hispanic

64 (0.55%)

0.48%

North American
Native

37 (0.32%)

76 ( )
56 (0.72%)
37 ( )
23 ( )

0.30%

Unknown

190 (1.63%)

125 (1.61%)

*Note: Missing AHRQ SES Index information in Development Dataset=27 (0.23%) and Validation

Dataset=14 (0.18%)
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Figure 1. Cohort Flowchart

Initial Index Cohort (hospitalizations that
meet all inclusion criteria) from the CIR July
1, 2016- June 30, 2018 Dataset: N =47,157
admissions

Exclusion criteria are index
hospitalizations that meet any of
the following exclusion criteria:

Additional exclusion criteria
not mutually exclusive):

Y

Final Index Cohort:
N = 19,429 admissions (41.2%
of Initial Index Cohort)

Staged procedures (5.73%)

Passed away within 270 days
of procedure (0.64%)

Left Against Medical Advice
(0.01%)

Missing PRO score (37.00%)
Missing risk factors (9.79%)

Not attributed to a clinician
(2.28%)
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3.2 Attribution

Characteristics of clinicians and clinician groups in the Development Dataset and Validation Dataset as
well as the full sample are presented in Table 2 and Table 3, respectively. The distribution of procedure
volumes for clinicians and clinician groups with 225 complete PRO data are presented in Table 4.

Table 2. Characteristics of Clinicians in Development and Validation Datasets and Full Sample

Characteristics Clinicians in Clinicians in Validation Clinicians in Full
Development Dataset Dataset Sample
Total Clinicians, N 1,144 1,021 1,254

Mean % of Patients on
Medicaid (SD)

4.45% (15.79%)

4.56% (15.69%)

4.86% (15.13%)

Mean % of patients with
low AHRQ SES Index Score

10.75% (20.35%)

9.76% (20.91%)

10.35% (18.79%)

Table 3. Characteristics of Clinician Groups in Development and Validation Datasets and Full Sample

Characteristics

Clinician Groups in

Clinician Groups in

Clinician Groups in Full

Medicaid (SD)

Development Dataset Validation Dataset Sample
Total Clinician Groups, N 484 448 526
Mean % of Patients on 5.75% (17.61%) 5.82% (16.05%) 6.48% (17.21%)

Mean % of patients with
low AHRQ SES Index Score

10.68% (18.63%)

10.03% (19.70%)

10.45% (17.58%)

Table 4. Distribution of Volumes for Clinicians and Clinician Groups with 225 Procedures with Complete
PRO Data (July 1, 2016 — June 30, 2018)

Characteristic

Eligible clinicians

Eligible clinician groups

per entity

Number of entities 232 170
Median (interquartile range) number of 43 (30-72) 71 (38-135)
admissions per entity

Range (min. — max.) number of admissions 25-188 25-476
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3.3 Risk Model Development and Testing

The risk model results using the final combined dataset can be found in Table 5, including the frequency

of risk variables and ORs. As previously noted, the SCB outcome allows patients with poor baseline PRO

scores to improve, so some risk variables that might be traditionally considered as predictors of worse

outcomes are positively associated with achieving an SCB.

Table 5. Final Risk Model Variables and Adjusted Odds Ratios (Logistic Regression Model): Development

Dataset (Patient N = 11,653)

Risk Factors Frequency Odds Ratio (95% Cl)
Age - 1.00 (1.00-1.01)
Male 4,405 (37.80%) 0.82 (0.75-0.89)
BMI - 1.01 (1.00-1.02)
Index admissions with an elective THA procedure 4,193 (35.98%) 1.38 (1.24-1.47)
Number of procedures (two vs. one) 67 (0.57%) 1.50 (0.84-2.70)
Mental Health Score Mean - 0.99 (0.98-0.99)
Health Literacy Not at all 2,015 (17.29%) Reference
A little bit 881 (7.56%) 1.27 (1.08-1.50)
Somewhat 1,291 (11.08%) 1.59 (1.37-1.85)
Quite a bit 2,079 (17.84%) 1.77 (1.55-2.02)
Extremely 5,387 (46.23%) 1.98 (1.78-2.21)
Other Joint Pain None 4,057 (34.82%) Reference
Mild 2,897 (24.86%) 0.92 (0.83-1.02)
Moderate 2,890 (24.80%) 0.99 (0.89-1.10)
Severe 1,470 (12.61%) 1.42 (1.24-1.63)
Extreme 339 (2.91%) 1.90(1.43-2.52)
Back Pain None 4,459 (38.26%) Reference
Very Mild 2,905 (24.93%) 0.91 (0.82-1.01)
Moderate 2,964 (25.44%) 0.86 (0.78-0.96)
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Risk Factors

Frequency

Odds Ratio (95% Cl)

Fairly Severe

948 (8.14%)

0.95(0.81-1.11)

Very or Worst Severe

377 (3.24%)

1.46 (1.12-1.90)

Use of Chronic (= 90 days) Narcotics

2,032 (17.44%)

0.96 (0.87-1.07)

Severe infection; other infectious diseases (CC 1,
3-7)

2,023 (17.36%)

0.88 (0.79-0.98)

Liver disease (CC 27-31)

491 (4.21%)

0.81 (0.67-0.98)

Diabetes mellitus (DM) or DM complications (CC
17-19, 122-123)

3,013 (25.86%)

1.00 (0.91-1.10)

Rheumatoid Arthritis and Inflammatory
Connective Tissue Disease (CC 40)

1,249 (10.72%)

0.92 (0.81-1.05)

Depression (CC 61)

1,832 (15.72%)

0.85 (0.76-0.96)

Other Psychiatric Disorders (CC 63)

1,839 (15.78%)

0.97 (0.86-1.09)

Coronary atherosclerosis or angina (CC 88—89)

2,878 (24.70%)

0.87(0.79-0.96)

Vascular or circulatory disease (CC 106—109)

2,256 (19.36%)

0.97 (0.87-1.07)

Renal failure (CC 135-140)

1,637 (14.05%)

1.01 (0.90-1.13)

Table 6. Final Risk Model Variables and Adjusted Odds Ratios (Logistic Regression Model): Validation

Dataset (Patient N = 7,776)

Risk Factors Frequency Odds Ratio (95% Cl)
Age - 1.00 (0.99-1.01)
Male 2,889 (37.15%) 0.82 (0.74-0.91)
BMI - 1.00 (0.99-1.01)

Index admissions with an elective THA procedure

2,778 (35.73%)

1.39 (1.25-1.54)

Number of procedures (two vs. one)

49 (0.63%)

3.44 (1.44-8.20)

Mental Health Score Mean

0.99 (0.98-0.99)

Health Literacy Not at all

1,267 (16.29%)

Reference

A little bit

621 (7.99%)

1.22 (0.99-1.49)
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Risk Factors

Frequency

Odds Ratio (95% Cl)

Somewhat

833 (10.71%)

1.70(1.41-2.06)

Quite a bit

1,410 (18.13%)

1.70(1.44-2.00)

Extremely

3,645 (46.88%)

1.95(1.70-2.23)

Other Joint Pain None

2,637 (33.91%)

Reference

Mild

1,871 (24.06%)

0.81(0.71-0.92)

Moderate

2,007 (25.81%)

0.93 (0.82-1.06)

Severe

1,046 (13.45%)

1.37(1.16-1.63)

Extreme

215 (2.76%)

2.16 (1.49-3.13)

Back Pain None

2,869 (36.90%)

Reference

Very Mild

1,979 (25.45%)

1.00 (0.89-1.14)

Moderate

2,024 (26.03%)

1.03 (0.90-1.17)

Fairly Severe

653 (8.40%)

0.95 (0.79-1.16)

Very or Worst Severe

251 (3.23%)

1.52 (1.10-2.09)

Use of Chronic (= 90 days) Narcotics

1,358 (17.46%)

0.90 (0.79-1.03)

Severe infection; other infectious diseases (CC 1,
3-7)

1,386 (17.82%)

0.94 (0.83-1.07)

Liver disease (CC 27-31)

322 (4.14%)

0.90 (0.83-1.34)

Diabetes mellitus (DM) or DM complications (CC
17-19, 122-123)

2,005 (25.78%)

0.91(0.70-1.14)

Rheumatoid Arthritis and Inflammatory
Connective Tissue Disease (CC 40)

834 (10.73%)

0.95 (0.81-1.11)

Depression (CC 61)

1,180 (15.17%)

1.04 (0.90-1.21)

Other Psychiatric Disorders (CC 63)

1,260 (16.20%)

0.88 (0.76-1.02)

Coronary atherosclerosis or angina (CC 88—89)

1,872 (24.07%)

0.95 (0.85-1.07)

Vascular or circulatory disease (CC 106—109)

1,471 (18.92%)

0.82 (0.72-0.93)
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Risk Factors Frequency Odds Ratio (95% Cl)

Renal failure (CC 135-140) 1,116 (14.35%) 1.10(0.95-1.27)

Table 7. Final Risk Model Variables and Adjusted Odds Ratios (Logistic Regression Model): Combined
Dataset (Patient N = 19,429)

Risk Factors Frequency Odds Ratio (95% Cl)
Age - 1.00 (1.00-1.01)
Male 7,294 (37.54%) 0.82 (0.76-0.87)
BMI - 1.01(1.00-1.01)
Index admissions with an elective THA procedure 6,971 (35.88%) 1.36 (1.28-1.46)
Number of procedures (two vs. one) 116 (0.60%) 2.07 (1.28-3.34)
Mental Health Score Mean - 0.99 (0.98-0.99)
Health Literacy Not at all 3,282 (16.89%) Reference
A little bit 1502 (7.73%) 1.25 (1.10-1.42)
Somewhat 2,124 (10.93%) 1.63(1.45-1.84)
Quite a bit 3,489 (17.96%) 1.74 (1.57-1.93)
Extremely 9,032 (46.49%) 1.97 (1.81-2.14)
Other Joint Pain None 6,694 (34.45%) Reference
Mild 4,768 (24.54%) 0.88 (0.81-0.95)
Moderate 4,897 (25.20%) 0.97 (0.89-1.05)
Severe 2,516 (12.95%) 1.41(1.26-1.57)
Extreme 554 (2.85%) 2.00 (1.60-2.50)
Back Pain None 7,328 (37.72%) Reference
Very Mild 4,884 (25.14%) 0.95 (0.88-1.03)
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Risk Factors

Frequency

Odds Ratio (95% Cl)

Moderate

4,988 (25.67%)

0.93 (0.85-1.00)

Fairly Severe

1,601 (8.24%)

0.95 (0.84-1.07)

Very or Worst Severe

628 (3.23%)

1.48(1.21-1.81)

Use of Chronic (= 90 days) Narcotics

3,390 (17.45%)

0.94 (0.86-1.02)

Severe infection; other infectious diseases (CC 1,
3-7)

3,409 (17.55%)

0.90 (0.83-0.98)

Liver disease (CC 27-31)

813 (4.18%)

0.85(0.73-0.98)

Diabetes mellitus (DM) or DM complications (CC
17-19, 122-123)

5,018 (25.83%)

0.98 (0.91-1.06)

Rheumatoid Arthritis and Inflammatory
Connective Tissue Disease (CC 40)

2,083 (10.72%)

0.93 (0.84-1.03)

Depression (CC 61)

3,012 (15.50%)

0.92 (0.84-1.01)

Other Psychiatric Disorders (CC 63)

3,099 (15.95%)

0.93 (0.85-1.02)

Coronary atherosclerosis or angina (CC 88—89)

4,750 (24.45%)

0.90 (0.84-0.97)

Vascular or circulatory disease (CC 106—109)

3,727 (19.18%)

0.91 (0.84-0.98)

Renal failure (CC 135-140)

2,753 (14.17%)

1.04 (0.95-1.14)

Model performance statistics for the risk model for meeting or exceeding the SCB improvement

threshold are provided in Table 8. In the Development Dataset, the C-statistic for the risk model is 0.61
and the predictive ability from the lowest to highest decile is 48.67% - 80.03%. In the Validation Dataset,
the C-statistic for the risk model is 0.61 and the predictive ability from the lowest to highest decile is
52.44%- 81.14%. The calibration indices (y0, y1) used to assess the risk model for meeting or exceeding
SCB improvement for the Validation Dataset are (0.02, 0.97). Table 9 shows there is not a significant lack
of fit.

Results demonstrate the risk-adjustment model moderately controls for differences in patient
characteristics. The C-statistics indicate adequate model discrimination across the models. With both
the Development and Validation Datasets, the model indicated a moderate range between the lowest
decile and highest decile, indicating the ability to distinguish high-risk subjects from low-risk subjects.

The calibration values which are consistently close to zero at one end and close to one at the other end
indicate good calibration of the model. If the y0 in the model performance using Validation data is
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substantially far from zero and the y1 is substantially far from one, there is potential evidence of over-

fitting. The calibration values of close to zero at one end and close to one on the other end indicate

good calibration of the model between the Development and Validation Datasets.

In the risk decile plots (Figure 2 and Figure 3), higher deciles of the predicted outcomes are associated

with higher observed outcomes, which show a good calibration of the model. The plot indicates good

discrimination of the model and good predictive ability.

Overall, these diagnostic results demonstrate the risk-adjustment model adequately controls for

differences in patient characteristics (case mix).

Table 8. Model Performance of Risk-Adjusted Model of SCB Improvement Following THA/TKA

Model Performance Statistic Development Validation
Dataset Dataset

C-statistic 0.61 0.61

Calibration (y0, y1) (0,1) (0.02,0.97)

decile %)

Discrimination — Predictive ability (lowest decile %, highest

(48.67%, 80.03%)

(52.44%, 81.14%)

Table 9. Risk-Adjustment Model Performance Residuals Lack of Fit

Residuals Lack of Fit (Pearson Residual %) Development Dataset | Validation Dataset
<-2 104 (0.89%) 58 (0.75%)
[-2,0) 3739 (32.09%) 2483 (31.93%)
[0,2) 7810 (67.02%) 5235 (67.32%)
[2+) 0 (0.00%) 0 (0.00%)
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Figure 2. Calibration Deciles for the Development Dataset
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Figure 3. Calibration Deciles for the Validation Dataset
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In additional analyses, we compared the C-statistic in the clinician- and clinician group-level measure to
the C-statistic in the hospital-level THA/TKA PRO-PM. These analyses revealed that the risk model for
the clinician and clinician group measure resulted in a C-statistic that was lower than that of the risk
model for the hospital-level measure and led to examination of risk model performance per each of the
two years of procedure data for the clinician and clinician group measure. Per the results in Table 10,
the C-statistic using the same data as that used to calculate the hospital measure (only the first full year
of PRO data) was 0.68, the same as the risk model C-statistic for the hospital measure. However, the risk
model for the clinician and clinician group measure using only the second full year of data revealed a
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lower C-statistic (.059), revealing a difference in risk model prediction between risk models using the
first and second years’ THA/TKA procedures with PRO data. Since the risk model is performed at the
patient-level, we do not anticipate the clinician attribution would impact the results. Investigation of the
patient characteristics between those undergoing a THA/TKA in the first year (July 1, 2016 — June 30,
2017) and those undergoing a THA/TKA in the second year (July 1, 2017 — June 30, 2018) did reveal a
strong association between improvement and health literacy in the first year of data that does not
persist in the second year of data. We recommend continued assessment of the risk model in a larger
dataset in the future.

Table 10. Risk Model Performance by Procedure Year: C-Statistics Comparison

Model Performance Statistic C-statistics | Number of | Mean Proportion of
Patients Patients with SCB

Clinician- and clinician group-level measure (July 0.61 19,429 67.14%

1, 2016 — June 30, 2018, two full years of PRO

data)

Clinician- and clinician group-level measure (July 0.68 9,905 64.37%

1, 2016 — June 30, 2017, 1st full year of PRO data)

Clinician- and clinician group-level measure (July 0.59 9,524 70.02%
1, 2017 — June 30, 2018, 2" full year of PRO data)

3.3.1 Social Risk Factor Assessment

Bivariate and multivariate analyses conducted in the Development Dataset showed no statistically
significant association between dual eligibility, AHRQ SES index lowest quartile, or non-white race with
SCB improvement at the bivariate level (Table 11) or when entered into the risk model (Table 12). Tables
13 and 14 provide the mean and range of clinician- and clinician group-specific RSIRs with no social risk
factors included in the risk model, with dual eligibility, AHRQ SES index lowest quartile, and non-white
race patients individually included in the risk model, and with all three social risk factors included in the
model together. Correlation coefficients between RSIRs calculated without social risk factors compared
to RSIRs calculated with each of the social risk factors entered individually as well as all three social risk
factors included in the model together indicates near-perfect correlation in our data.
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Table 11. Bivariate Associations of Social Risk Factors and Race with SCB Improvement: Development

Dataset (Patient N = 11,653)

Variable Frequency Frequency Frequency P-value
(%) of Social (%) of Social (%) of Social
Risk Factor Risk Factor Risk Factor
among Patients | among Patients | among Patients
in the Achieving SCB Not Achieving
Development Improvement SCB
Dataset Improvement
Total 11,653 7,810 3,843 -
Dual eligibility 315 (2.70%) 220 (2.82%) 95 (2.47%) 0.28
AHRQ SES Index: 1,146 (9.83%) 779 (9.97%) 367 (9.55%) 0.48
Lowest Quartile
Race: Non-white 893 (7.66%) 604 (7.73%) 289 (7.52%) 0.68

Table 12. Adjusted ORs for Social Risk Factors and Race Individually Evaluated in the Risk Model for SCB
Improvement: Development Dataset (Patients N = 11,653)

Variable Frequency Estimate OR C-Statistic for
(%) (Standard (95% Cl) Model
Error) Including Social
Risk Factor

Dual eligibility 315 (2.70%) 0.08 (0.13) | 1.09 (0.85-1.40) 0.61

AHRQ SES Index: 1,146 (9.83%) | 0.04 (0.07) | 1.04 (0.91-1.19) 0.61

Lowest Quartile

Race: Non-white 893 (7.66%) -0.02 (0.08) | 0.98 (0.84-1.14) 0.61

Dual eligibility, AHRQ SES Index: - - - 0.61

Lowest Quartile, and Race: Non-

white included

* C-statistic for the risk model for SCB improvement in the Development Dataset without any of the

three social risk factors = 0.61
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Table 13. Mean and Distribution of RSIRs Calculated without and with Social Risk Factors and Race in
the Risk Model (Development Dataset: Clinicians with 225 THA/TKA Procedures with PRO Data)

Summary No Additional Dual AHRQ SES Race: Non- | All Three Social
Statistics Social Risk Eligibility Index: White Risk Factors
Factors Lowest Included
Included Quartile
N (Clinicians) 232 232 232 232 232
Mean (SD) 64.09% 64.10% 64.09% 64.06% 64.08%
(13.18) (13.18) (13.18) (13.17) (13.17)
Percentile - - - - -
100% Max 88.41% 88.42% 88.34% 88.20% 88.21%
99% 85.80% 85.83% 85.82% 85.71% 85.78%
95% 82.37% 82.40% 82.29% 81.96% 81.97%
90% 79.53% 79.52% 79.49% 79.67% 79.59%
75% (Q3) 73.44% 73.47% 73.51% 73.27% 73.48%
50% (Median) 66.10% 66.10% 65.99% 66.06% 65.99%
25% (Q1) 55.95% 55.94% 55.97% 55.97% 55.97%
10% 47.77% 47.78% 47.78% 47.59% 47.63%
5% 40.98% 40.99% 40.99% 40.81% 40.95%
1% 22.33% 22.34% 22.31% 22.30% 22.31%
0% Min 18.45% 18.45% 18.44% 18.37% 18.38%
Pearson Correlation Coefficient >0.99 >0.99 >0.99 >0.99
(With “No Social Risk Factors”)
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Table 14. Mean and Distribution of RSIRs Calculated without and with Social Risk Factors and Race in
the Risk Model (Development Dataset: Clinician Groups with 225 THA/TKA Procedures with PRO Data)

Summary No Risk Dual AHRQ SES Race: Non- | All Three Social
Statistics Factors Eligibility Index: White Risk Factors
Included Lowest Included
Quartile

N (Clinician 170 170 170 170 170

Groups)

Mean (SD) 64.59% 64.59% 64.56% 64.49% 64.50%

(12.77) (12.77) (12.78) (12.75) (12.75)

Percentile - - - - -
100% Max 86.08% 86.09% 86.19% 86.25% 86.35%
99% 85.34% 85.35% 85.25% 85.04% 85.06%
95% 81.30% 81.29% 81.31% 81.36% 81.29%
90% 79.74% 79.74% 79.65% 79.38% 79.36%
75% (Q3) 73.24% 73.25% 73.28% 73.07% 73.14%
50% (Median) 66.57% 66.56% 66.47% 66.27% 66.21%
25% (Q1) 57.43% 57.42% 57.45% 57.90% 57.87%
10% 46.67% 46.68% 46.61% 46.73% 46.65%
5% 39.06% 39.06% 39.13% 38.97% 39.08%
1% 21.59% 21.60% 21.60% 21.51% 21.58%
0% Min 21.42% 21.42% 21.56% 21.37% 21.50%

Pearson Correlation Coefficient >0.99 >0.99 >0.99 >0.99

(With “No Social Risk Factors”)

Analysis of proportion of dual eligible, AHRQ SES index lowest quartile, and non-white race patients by
clinician and clinician group RSIRs is provided in Figures 4 through 9. The results indicate that clinicians

and clinician groups with the lowest proportion of dual eligible, AHRQ SES index lowest quartile, and
non-white race patients and those clinicians and clinician groups with the highest proportion of these
patients have similar RSIR distributions. These data do not provide evidence of significant differences in
RSIRs across clinician or clinician groups with different proportions of patients with dual eligibility, AHRQ
SES index lowest quartile, and non-white race.
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Figure 4. MIPS THA/TKA PRO-PM RSIRs by Proportion of Dual Eligible Patients (Clinicians)
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Figure 5. MIPS THA/TKA PRO-PM RSIRs by Proportion of Dual Eligible Patients (Clinician Groups)
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Figure 6. MIPS THA/TKA PRO-PM RSIRs by Proportion of AHRQ SES Index Lowest Quartile Patients
(Clinicians)

Correlation=0.032 (p-value=0.263 )
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Figure 7. MIPS THA/TKA PRO-PM RSIRs by Proportion of AHRQ SES Index Lowest Quartile Patients
(Clinician Groups)
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Figure 8. MIPS THA/TKA PRO-PM RSIRs by Proportion of Non-white Race Patients (Clinicians)
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Figure 9. MIPS THA/TKA PRO-PM RSIRs by Proportion of Non-white Race Patients (Clinician Groups)
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Based on the results of the social risk factor testing, we did not include additional social risk factors
beyond health literacy in the risk model. In our dataset, dual eligibility, AHRQ SES index lowest quartile,
and non-white race were not statistically significantly associated with the outcome, and inclusion of
these variables in the risk model did not appear to impact RSIRs. The lack of association and effect of
these factors may be due to lower case selection in these groups for these elective primary procedures.

3.4 Measure Results

Table 15 provides the mean and distribution of clinician and clinician group RSIRs, respectively. Clinician
RSIRs ranged from 18.36% to 88.56% (median: 65.75%). Clinician group RSIRs ranged from 20.86% —
85.90% (median: 66.69%). The variation in RSIRs suggests meaningful differences exist in performance
measure scores across clinicians and clinician groups. The interquartile range represents a difference of
17.45 percentage points for clinician RSIRs and 15.16 percentage points for clinician groups, and the
difference between the 10th and 90th percentiles (47.73% and 79.10% for clinicians and 48.52% and
79.66% for clinician groups, respectively) is 31.37 percentage points for clinicians and 31.14 percentage
points for clinician groups. This variation indicates an important quality gap among clinicians and
clinician groups.

Table 15. Mean and Distribution of RSIRs for Risk Model of SCB Improvement Following Elective Primary
THA/TKA (Clinicians and Clinician Groups with 225 THA/TKA Procedures with PRO Data)

Summary Statistics Clinician-level RSIRs (Combined Clinician Group-level RSIRs
Dataset) (Combined Dataset)

N 232 (Clinicians) 170
Mean (SD) 64.21% (13.12) 64.74% (12.64)
Percentile - -

100% Max 88.56% 85.90%

99% 84.74% 85.42%

95% 81.81% 81.43%

90% 79.10% 79.66%

75% (Q3) 73.51% 73.49%

50% (Median) 65.75% 66.69%

25% (Q1) 56.06% 58.33%

10% 47.73% 48.52%

5% 41.40% 39.76%

1% 22.31% 21.39%

0% Min 18.36% 20.86%
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3.5 Reliability Results
3.5.1 Data Element Reliability Results

Data element reliability results are reported for reliability testing conducted during the development
and testing of the joint-specific PROMs on which this MIPS THA/TKA PRO-PM is based.

HOOS, JR Reliability

Internal Consistency: The developers of the HOOS, JR? assessed internal consistency reliability of using
the PSI. Internal consistency of the HOOS, JR on the PSI were 0.86 in the HSS cohort and 0.87 in the
FORCE-TJR cohort. Results of a principal component analysis conducted on the standardized residuals
indicated the six HOOS, JR items existed in a single dimension.?

Test-retest Reliability: Test-retest reliability was not tested by developers of the HOOS, JR as it had
already been tested in the HOOS in several validation studies.®®3 ICCs were used to determine test-
retest reproducibility and ranged from 0.75 to 0.97 in the validation studies. Specifically, the Pain and
Activity of Daily Living domains, from which HOQOS, JR pain and functioning questions are drawn, had
ICCs of 0.83 — 0.89 (Pain sub-scale) and 0.86 — 0.94 (Activity of Daily Living sub-scale).

KOOS, JR Reliability

Internal Consistency: The developers of the KOOS, JR? assessed internal consistency reliability of using
the PSI. Internal consistency of the KOOS, JR on the PSI were 0.84 in the HSS cohort and 0.85 in the
FORCE-TJR cohort. Results of a principal component analysis conducted on the standardized residuals
indicated that the seven KOOS, IR items existed in a single dimension.?

Test-retest Reliability: Test-retest reliability was not tested by developers of the KOOS, JR as it had
already been tested in the KOOS.5* ICCs were used to determine test-retest reproducibility and ranged
from 0.75 to 0.93. Specifically, the Pain, Activity of Daily Living, and Symptom domains, from which
KOOS, IR pain, functioning and stiffness questions are drawn, had ICCs of 0.85 (Pain sub-scale), 0.75
(Activity of Daily Living sub-scale), and 0.93 (Symptoms).

The reliability results from the literature demonstrate the HOOS, JR and the KOOS, JR PROM instruments
are sufficiently reliable and exceed accepted norms for reliability testing. The results assessing internal
consistency indicated PSl values of 0.86 — 0.87 for the HOOS, JR? and 0.84 — 0.85 for the KOOS, JR.2
These values are well above 0.7 affirm the instruments’ ability to differentiate patients with varying
levels of pain and functioning, which provides evidence of good internal consistency. Test-retest
reliability results for the HOOS domains from which HOQS, JR questions were drawn (Pain and Activity of
Daily Living domains) revealed high ICCs. Likewise, test-retest reliability for the KOOS domains from
which the KOOS, JR questions were drawn (ICCs of 0.75 — 0.93) provided evidence good reliability.

3.5.2 Measure Score Reliability Results

Table 16 shows the signal-to-noise reliability for clinicians and clinician groups with at least 5, 10, and 25
THA/TKA procedures with complete PRO data. At the thresholds of at least 5 and 10 procedures with
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complete PRO data, the median reliability scores were all at or above 0.7 indicating acceptable

reliability. At the threshold of at least 25 procedures with complete PRO data, the median reliability

scores were 0.87 (range 0.79- 0.97) for clinicians and 0.92 (range: 0.79 — 0.99) for clinician groups,

indicating excellent reliability.

Table 16. Signal-to-Noise-Reliability, Clinicians and Clinician Groups

Procedures with
Complete PRO Data

Attribution and N Median | Mean Min Max Interquartile Range
Volume (SD)

Q1 Q3 Range
Clinicians with 716 0.70 0.69 0.44 0.97 0.55 0.82 0.26
Volume =5 THA/TKA (0.16)
Procedures with
Complete PRO Data
Clinicians with 469 0.79 0.78 0.61 0.97 0.87 0.79 0.17
Volume >10 THA/TKA (0.10)
Procedures with
Complete PRO Data
Clinicians with 286 0.85 0.85 0.76 0.97 0.80 0.90 0.10
Volume >20 THA/TKA (0.06)
Procedures with
Complete PRO Data
Clinicians with 232 0.87 0.87 0.79 0.97 0.82 0.92 0.09
Volume >25 THA/TKA (0.05)
Procedures with
Complete PRO Data
Clinician Groups with 348 0.79 0.75 0.43 0.99 0.60 0.91 0.31
Volume 25 THA/TKA (0.17)
Procedures with
Complete PRO Data
Clinician Groups with 268 0.85 0.83 0.60 0.99 0.74 0.93 0.19
Volume 210 THA/TKA (0.11)
Procedures with
Complete PRO Data
Clinician Groups with 193 0.90 0.89 0.75 0.99 0.83 0.95 0.12
Volume >20 THA/TKA (0.07)
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Attribution and N Median | Mean Min Max Interquartile Range

Volume (SD)

Q1 Q3 Range
Clinician Groups with 170 0.92 0.90 0.79 0.99 0.85 0.95 0.10
Volume 225 THA/TKA (0.06)

Procedures with
Complete PRO Data

The signal-to-noise reliability of 0.87 and 0.92 for clinicians and clinician groups, respectively indicates
excellent reliability. Our interpretation of these results is based on standards established by Landis and
Koch®”:

e <0 = Less than chance agreement

e 0-0.2=Slight agreement

e 0.21-0.39 = Fair agreement

e 0.4-0.59 = Moderate agreement

e (0.6-—0.79 = Substantial agreement

e 0.8-0.99 = Almost Perfect agreement

e 1 =Perfect agreement

3.6 Validity Results
3.6.1 Data Element Validity Results

Data element validity results are reported for validity testing conducted during the development and
testing of the joint-specific PROMs on which this MIPS THA/TKA PRO-PM is based.

HOOS, JR Validity

Responsiveness: Standardized response means for the HOQS, JR relative to other PROMs measuring
postoperative hip improvement were 2.38 (95% Cl, 2.27-2.49) in the HSS data and 2.03 (95% Cl, 1.84—
2.22) in the FORCE-TJR registry data.?

External validity: Correlations between the HOOS, JR and HOOS Pain domain were 0.87 (95% Cl, 0.86—
0.89) in the HSS data and 0.87 (95% Cl, 0.84—0.90) in the FORCE-TJR registry data. Correlations between
the HOOS, JR and HOOS Activity of Daily Living domain were 0.94 (95% Cl, 0.93-0.95) in the HSS data
and 0.94 (95% Cl, 0.93-0.96) in the FORCE-TJR registry data. Likewise, correlations between the HOOS,
JR and the WOMAC Pain domain was 0.84 (95% Cl, 0.81-0.86) in the HSS data and 0.85 (95% Cl, 0.81—
0.88) in the FORCE-TIR registry data. Between HOOS, JR and WOMAC Functioning domain, correlations
were 0.94 (95% Cl, 0.93-0.95) in the HSS data and 0.94 (95% Cl, 0.93—-0.96) in the FORCE-TJR registry
data. Between the HOQS, JR and WOMAC Stiffness domain, correlations were 0.64 (95% Cl, 0.58-0.71)
in the HSS data and 0.65 (95% Cl, 0.61-0.68) in the FORCE-TIR registry data.?

Floor and ceiling effects: The HOOS, JR showed floor (0.6%—1.9%) and ceiling (37%—46%) effects and
were comparable to or better than HOOS domains and the WOMAC.?
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KOQS, JR Validity

Responsiveness: Standardized response means for the KOOS, JR relative to other PROMs measuring
postoperative knee improvement were 1.79 (95% Cl, 1.70-1.88) in the HSS data and 1.70 (95% Cl, 1.54—
1.86) in the FORCE registry data.?

External validity: Correlations between the KOOS, JR and KOOS Pain domain were 0.89 (95% Cl, 0.88—
0.91) in the HSS data and 0.91 (95% Cl, 0.90-0.93) in the FORCE-TJR registry data. Correlations between
the KOOS, JR and KOOS Activity for Daily Living domain were 0.87 (95% Cl, 0.85-0.88) in the HSS data
and 0.84 (95% Cl, 0.81-0.87) in the FORCE-TIJR registry data. Correlations with the KOOS Symptoms
domain were 0.59 (95% Cl, 0.55-0.64) in the HSS data and 0.69 (95% Cl, 0.64—0.74) in the FORCE-TJR
registry data. Similarly, correlations between the KOOS, JR and WOMAC Pain were 0.80 (95% Cl, 0.77—
0.82) in the HSS data and 0.82 (95% Cl, 0.79-0.86) in the FORCE-TJR registry data. Between KOOS, JR and
WOMAC Function, correlations were 0.87 (95% Cl, 0.85-0.88) in the HSS data and 0.84 (95% Cl, 0.81—
0.87) in the FORCE-TIJR registry data. Between KOOS, JR and WOMAC Stiffness, correlations were 0.72
(95% Cl, 0.69-0.75) in the HSS data and 0.76 (95% Cl, 0.72—0.80) in the FORCE-TJR registry data.3

Floor and ceiling effects: Floor effects for the KOOS, JR (percent at worst possible score preoperatively)
were 0.4 — 1.2% and the ceiling effects (percent at best possible score postoperatively) were 18.8 —
21.8%.2

The validity results from the literature demonstrate the HOOS, JR and the KOOS, JR PROM instruments
are valid and meaningful measures for assessing PROs following THA/TKA procedures. The HOOS, JR and
the KOQS, JR showed very high responsiveness, well beyond the 0.8 standardized response mean value
considered “very large.”®® Spearman correlation values between the HOOS, JR and the HOOS domains
from which the HOQS, JR questions were drawn (Pain and Activity of Daily Living domains) were high;
likewise, Spearman correlation values between the KOOS, JR and the KOOS Pain and Activity of Daily
Living domains were high and were moderate between the KOOS, JR and the KOOS Symptom domain.
Floor effects were small; ceiling effects for the HOOS, JR were 37% — 46% but were comparable to or
better than HOOS domains and the WOMAC.>3

3.6.3 Face Validity Results

Among TEP members who provided responses, 100% of members agreed with the first statement (“The
clinician- and clinician group-level THA/TKA PRO-PM as specified will provide a valid assessment of
improvement in functional status and pain following elective, primary THA/TKA”) and 88.2% agreed with
the second statement (“The clinician- and clinician group-level THA/TKA PRO-PM as specified can be
used to distinguish between better and worse quality care among clinicians and clinician groups”).
Among Patient Working Group members who provided responses, 100% of members agreed with both
statements.

For the first statement, among the 17 TEP members who provided responses, 7 responded “Strongly
Agree”, 6 responded “Moderately Agree”, and 4 responded “Somewhat Agree”. Among the 4 Patient
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Working Group members who provided responses, 2 responded “Strongly Agree” and 2 responded

“Moderately Agree” to the first statement.

For the second statement, among the 17 TEP members who provided responses, 3 responded “Strongly
Agree”, 6 responded “Moderately Agree”, 6 responded “Somewhat Agree”, and 2 responded
“Somewhat Disagree”. Among the 4 Patient Working Group members who provided responses, 2
responded “Moderately Agree” and 2 responded “Somewhat Agree” to the second statement.

In summary, the vast majority of the TEP and patients endorsed the face validity of this measure as
demonstrated by the widespread agreement in responses to the two face validity statements. In
addition, Patient Working Group members supported the measure concept and agreed that the
measure results would provide meaningful information to them or other patients.

3.7 Missing Data

Accounting for missing data is considered in the response bias adjustment described in Section 2.7.1.

3.8 Response Rates and Response Bias Adjustment

PRO submission rates for all clinicians and clinician groups and for clinicians and clinician groups with 25
or more THA/TKA procedures with PRO data are presented in Table 17.

Table 17. PRO Submission Rates

Summary PRO Submission PRO Submission PRO Submission PRO Submission
Statistics Rates (All Rates (Clinicians Rates (All Rates (Clinician
Clinicians) with 225 Clinician Groups) Groups with 225
THA/TKA THA/TKA
Procedures with Procedures with
PRO Data) PRO Data)
N 1254 232 526 170
Mean (SD) 32.23% (24.55) 42.09% (16.98) 31.85% (24.20) 36.65% (18.38)
Percentile - - - -
100% Max 100.00% 89.47% 100.00% 84.48%
99% 100.00% 85.44% 100.00% 84.44%
95% 77.78% 70.73% 77.78% 68.18%
90% 66.67% 62.26% 65.38% 60.25%
75% Q3 50.00% 54.30% 48.91% 50.54%
50% Median 27.07% 41.82% 27.40% 36.31%
25% Q1 11.43% 27.84% 11.11% 21.33%
10% 4.31% 19.61% 4.31% 13.70%
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Summary PRO Submission PRO Submission PRO Submission PRO Submission
Statistics Rates (All Rates (Clinicians Rates (All Rates (Clinician
Clinicians) with 225 Clinician Groups) | Groups with 225
THA/TKA THA/TKA
Procedures with Procedures with
PRO Data) PRO Data)
5% 2.50% 16.83% 2.64% 8.77%
1% 0.96% 12.25% 0.96% 4.35%
0% Min 0.31% 10.98% 0.31% 2.89%

Propensity scores calculated using a multinomial logistic regression where the outcome was 1) complete
PRO submission, 2) incomplete PRO submission, and 3) no response were used to calculate stabilized
IPW for each of these three groups. Table 18 provides the distribution of these stabilized weights
applied to procedures with complete PRO data submission in the risk adjustment model.

Table 18. Distribution of Stabilized Weights Applied to Procedures with Complete PRO Submission in
the Risk Adjustment Model (Responders)

Summary Statistics Stabilized Weights
Mean (SD) 0.9996 (0.2539)
Percentile -
100% Max 4.95759
99% 1.65032
95% 1.2759
90% 1.14406
75% (Q3) 1.03151
50% (Median) 0.95572
25% (Q1) 0.89917
10% 0.85254
5% 0.82368
1% 0.76378
0% Min 0.56802

We assessed the non-response bias by the Pearson correlation between the residuals of the hierarchical
outcome model with only clinical risk factors and the probability of response. For clinicians, this
correlation is -0.00784 (p-value 0.27). For clinician groups, this correlation is it is -0.00709 (p-value 0.32).
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This indicates that there is not an association between the residuals of the improvement outcome and
the probability of response based on our models.

The comparison of clinician-level and clinician group-level RSIRs for a risk-adjusted model of SCB
improvement with stabilized IPW and without stabilized IPW (Table 19 and Table 20) suggests that the
results are not sensitive to our weighting adjustment. Due to the high proportion of non-responders,
however, we considered it important to account for the differences in characteristics of responders and

non-responders found in the literature and empirically in our data. We expect non-response bias will be
a factor for the MIPS THA/TKA PRO-PM due to associations with non-response including SES and health
status. We, therefore, retained response bias adjustment for the measure results.

Table 19. Mean and Distribution of Clinician RSIRs for Risk-Adjusted Model of SCB Improvement with
and without Stabilized Inverse Probability Weighting for Potential Non-Response Bias (Combined
Dataset, Clinicians with 225 THA/TKA Procedures with PRO Data)

Summary Statistics RSIRs (No Weighting) RSIRs (Weighted for Non-
Response)
N (Clinician) 232 232
Mean (SD) 64.21% (13.12) 64.09% (13.18)
Percentile - -
100% Max 88.56% 88.41%
99% 84.74% 85.80%
95% 81.81% 82.37%
90% 79.10% 79.53%
75% (Q3) 73.51% 73.44%
50% (Median) 65.75% 66.10%
25% (Q1) 56.06% 55.95%
10% 47.73% 47.77%
5% 41.40% 40.98%
1% 22.31% 22.33%
0% Min 18.36% 18.45%

54



Table 20. Mean and Distribution of Clinician Group RSIRs for Risk-Adjusted Model of SCB Improvement
with and without Stabilized Inverse Probability Weighting for Potential Non-Response Bias (Combined
Dataset, Clinician Groups with 225 THA/TKA Procedures with PRO Data)

Summary Statistics

RSIRs (No Weighting)

RSIRs (Weighted for Non-
Response)

N (Clinician Groups)

170

170

Mean (SD) 64.74% (12.64) 64.59 (12.77)

Percentile - -
100% Max 85.90% 86.08%
99% 85.42% 85.34%
95% 81.43% 81.30%
90% 79.66% 79.74%
75% (Q3) 73.49% 73.24%
50% (Median) 66.69% 66.57%
25% (Q1) 58.33% 57.43%
10% 48.52% 46.67%
5% 39.76% 39.06%
1% 21.39% 21.59%
0% Min 20.86% 21.42%
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4. Report Conclusions

In summary, we report the specifications and testing results for a clinician- and clinician group-level
PRO-PM for patients undergoing elective primary THA/TKA. The measure has been fully tested and is
ready for submission to NQF for measure endorsement. The measure specifications are aligned with the
hospital-level THA/TKA PRO-PM and call for the use of procedure-specific PROMs (HOOS, JR or KOOS, JR)
and 19 risk variables including patient-reported health literacy, back pain, lower extremity joint pain,
and mental health (using the PROMIS-Global or VR-12). The measure cohort includes patients
undergoing elective primary THA/TKA (not including patients with hip and/or pelvic fractures and/or
revision THAs/TKAs). The measure outcome assesses achievement of SCB improvement between
preoperative and postoperative assessment of PROM scores (for THA patients: meeting or exceeding the
SCB threshold of 22 points on the HOQS, IR and for TKA patients: meeting or exceeding the SCB
threshold of 20 points on the KOOS, JR.). The preoperative data collection timeframe will be 90 to zero
days before the procedure and the postoperative data collection timeframe will be 300 to 425 days
following the procedure. The measure addresses potential response bias using stabilized inverse
probability weighting.

Finally, stakeholders over time shared feedback regarding measurement of THA and TKA procedures
performed in Outpatient (OP) and Ambulatory Surgical Center (ASC) settings given an increasing number
of procedures are being performed in these settings due to recent CMS regulations.®® We also heard
support for measurement of THA/TKA procedures across settings during discussion of the hospital-level
THA/TKA PRO-PM at the Rural Measures Application Partnership Meeting in January 2021. Expanding
the cohort to procedures performed in the OP and ASC settings may increase the number of eligible
patients and providers included in the measure results and decrease a possible unintended consequence
of diverting procedures to certain settings to avoid measurement. CMS plans to consider this measure
for MIPS which is agnostic to settings; therefore, implementing a measure which includes procedures
across settings is feasible. Our testing dataset did not include procedures in the OP and ASC settings.
CMS will evaluate the impact of expanding the applicable settings during implementation planning.
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B. Glossary

Attribution: Assignment of the outcome of a patient episode of care to one or more healthcare provider
entities for the purpose of assessing performance quality.

Bootstrapping: The bootstrap is a computer-based method for estimating the standard error of an
estimate when the estimate is based on a sample with an unknown probability distribution. Bootstrap
methods depend on the bootstrap sample, which is a random sample of size n drawn with replacement
from the population of n objects. The bootstrap algorithm works by drawing many independent
bootstrap samples, evaluating the corresponding bootstrap replications, and estimating the standard
error of the statistic by the empirical standard deviation of the replications.

C-statistic: An indicator of the model’s discriminant ability or ability to correctly classify those who have
and have not met the SCB improvement following a THA/TKA procedure. Potential values range from
0.5, meaning no better than chance, to 1.0, an indication of perfect prediction. Perfect prediction
implies patients’ outcomes can be predicted completely by their risk factors, and physicians and
hospitals play no role in their patients’ outcomes.

Case mix: The particular characteristics of patients with index admissions at a given hospital.

Clinician-specific or clinician group-specific effect: A measure of the clinician or clinician group quality
of care that is calculated through hierarchical logistic regression, taking into consideration how many
patients were eligible for the cohort, these patients’ risk factors, and how many met the SCB
improvement outcome. The clinician- or clinician group-specific effect is the calculated random effect
intercept for each clinician or clinician group. The clinician- or clinician group-specific intercept will be
negative for a better-than-average clinician or clinician group, positive for a worse-than-average clinician
or clinician group, and close to zero for an average clinician or clinician group. The clinician- or clinician
group-specific intercept is used in the numerator to calculate “predicted” SCB improvement.

Cohort: The defined population included in the measure after inclusion and exclusion criteria have been
applied.

Comorbidities: Medical conditions the patient had in addition to his/her primary reason for admission
to the hospital.

Condition Categories (CCs): Groupings of ICD-10-CM diagnosis codes in clinically relevant categories,
from the HCCs system.* 4’ CMS uses the grouping, but not the hierarchical logic of the system, to create
risk factor variables.

Confidence interval (Cl): A Cl is a range of values that describes the uncertainty surrounding an
estimate. It is indicated by its endpoints; for example, a 95% Cl for the odds ratio (OR) associated with
protein-calorie malnutrition noted as “1.09 — 1.15” would indicate that there is 95% confidence that the
OR lies between 1.09 and 1.15.
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Eligible clinician (EC): MIPs evaluates eligibility based on assessment of clinician type, enroliment as a
Medicare provider before the performance period, not a qualifying alternative payment model
participant (QP) and exceeding the low-volume threshold. An individual MIPS EC is identified through
their unique National Provider Identifier (NPI) and Taxpayer Identification Number (TIN) combination
and is listed on patient claims. Most NPIs are associated with only one TIN.

Eligible clinician group (EC group): MIPS evaluates eligibility based on assessment of clinician type,
enrollment as a Medicare provider before the performance period, not a QP, and being associated with
a practice that exceeds the low volume thresholds. An EC group is the aggregate of clinicians within a
TIN.

Expected number of procedures with SCB improvement: The number of procedures with an SCB
improvement expected based on average clinician’s or clinician group’s performance with a given
clinician’s or clinician group’s case mix.

Hierarchical model: A widely accepted statistical method that enables evaluation of relative clinician or
clinician group performance by accounting for patient risk factors and the number of patients clinicians
or clinician groups treat. This statistical model accounts for the hierarchical structure of the data
(patients clustered within clinicians or clinician groups are assumed to be correlated) and
accommodates modeling of the association between outcomes and patient characteristics. Based on the
hierarchical model, we can evaluate (1) how much variation in clinician and clinician group improvement
rates overall is accounted for by patients’ individual risk factors (such as age and other medical
conditions), and (2) how much variation is accounted for by clinician or clinician group contribution to
the improvement outcome.

Medicare fee-for-service (FFS): Original Medicare plan in which providers receive a fee or payment for
each individual service provided directly from Medicare. Only beneficiaries in Medicare FFS, not in
managed care (Medicare Advantage), are included in the measure.

National observed improvement rate: All included hospitalizations with the outcome divided by all
included hospitalizations.

Odds ratio (OR): The ORs express the relative odds of the outcome for each of the predictor variables.
For example, the OR for Protein-calorie malnutrition (CC 21) represents the odds of the outcome for
patients with that risk variable present relative to those without the risk variable present. The model
coefficient for each risk variable is the log (odds) for that variable.

Outcome: The result of a broad set of healthcare activities that affect patients’ well-being. For the MIPS
THA/TKA PRO-PM, the outcome is SCB improvement defined as meeting or exceeding the SCB threshold
of 22 points on the HOOQS, IR for hip patients and meeting or exceeding the SCB threshold of 20 points
on the KOOS, IR for knee patients.

Patient-Reported Outcome (PRO): The concept of a patient-reported outcome.
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Patient-Reported Outcome Measure (PROM): The survey instrument that captures patient-reported
outcome data. In this measure, the HOOS, JR and KOOS, JR are used for THA and TKA procedures,
respectively.

Patient-Reported Outcome-Based Performance Measure (PRO-PM): A performance measure that uses

patient-reported outcome data to define the measure outcome (such as this measure).

Predicted number of procedures with SCB improvement: The number of procedures with an
improvement outcome predicted based on the clinician’s or clinician group’s performance with its
observed case mix.

Predictive ability: An indicator of the model’s discriminant ability or ability to distinguish high-risk
subjects from low-risk subjects. A wide range between the lowest decile and highest decile suggests
better discrimination.

Risk-adjustment variables: Patient demographics and comorbidities used to standardize rates for
differences in case mix across clinicians or clinician groups.
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C. Attribution

The MIPS THA/TKA PRO-PM uses the attribution approach developed by the MIPS THA/TKA
Complication measure. This approach attributes the outcome for each patient in the cohort to a single
clinician or clinician group. Figure C1 shows the approach to attribution to the Billing Surgeon at the
MIPS EC level. An EC is identified through his/her unique NPI and TIN combination. The MIPS EC group
assigned is identified as the TIN on the Part B carrier claim line item for the procedure identified by the
attribution in Figure C1 (of note, this figure was developed by the MIPS THA/TKA Complication measure
development team).

During measure testing of the MIPS THA/TKA PRO-PM, we identified that the first step of the attribution
methodology was assigning a few patients to clinicians not primarily responsible for the THA/TKA
procedures, such as Physician Assistants or clinicians with specialty descriptions outside of orthopedics
(such as obstetrics/gynecology). Although this did not happen often (N=12, 0.94% of measure cohort),
the patient assignment was incongruous with the intention of the attribution methodology. We,
therefore, propose the measure attribution only consider the following clinician specialties: orthopedic
surgery, sports medicine, hand surgery, osteopathic manipulative medicine, and general surgery.
Specifically, we recommend first limiting the Part B claim lines to those with the above clinician
specialties and applying the original attribution algorithm afterwards. This refinement will help increase
the face validity of the attribution methodology. Our team’s orthopedic expert and TEP agreed with the
refinement to the attribution methodology.
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Figure C1. Approach to Identifying Billing Surgeon in Medicare Claims Data at MIPS EC level; EC group
is the TIN of the Attributed EC
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D. Cohort Criteria

Codes used to define elective, primary THA/TKA procedures can be found in the 2020 THA/TKA

Complication measure supplemental file available on QualityNet

(https://qualitynet.cms.gov/inpatient/measures/complication/resourcestttab3).3°
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E. Statistical Approach (Hierarchical Generalized Linear Model [HGLM] Equations)

The MIPS THA/TKA PRO-PM uses an HGLM to estimate RSIRs for ECs and EC groups (providers). This
modeling approach accounts for the within-provider correlation of the observed outcome and
accommodates the assumption that underlying differences in quality across ECs or EC groups lead to
systematic differences in outcomes.

In the MIPS THA/TKA PRO-PM, an HGLM model is estimated. Then for each EC or EC group, a
standardized risk ratio (SRR) is calculated. The RSIR is calculated by multiplying the SRR for each EC or EC
group by the national observed improvement rate.
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F. PROM Surveys and Other Data Elements Collected from Patients

F.1 Preoperative Assessments (to Be Collected between 90 and Zero Days Prior to THA/TKA

Procedure)

e Procedure Type

e PROMIS-Global (all items) or VR-12 (all
items)

e For THA Patients, HOQOS, JR

e For TKA patients, KOOS, JR

e Medicare Provider Number

e Medicare Health Insurance Claim (HIC)
Number/ Medicare Beneficiary Identifier
(MBI)

e Date of Birth

e Date of Collection

Mode of Collection

Person Completing the Survey

Single-ltem Health Literacy Screening (SILS2)
Questionnaire

BMI or Weight (kg)/Height (cm)

Chronic (=90 day) Narcotic Use

Total Painful Joint Count (Patient-Reported
in Non-Operative Lower Extremity Joint)
Quantified Spinal Pain (Patient-Reported
Back Pain, Oswestry Index Question)

F.2 Postoperative Assessments (Testing Data Collected between 270 and 365 Days Following THA/TKA
Procedure in CJR; We Propose Data Be Collected between 300 and 425 Days Following THA/TKA

Procedure for Future Measure Use)

e Procedure Type
e For TKA Patients, KOOS, JR
e For THA Patients, HOQS, JR

e Medicare Provider Number
e HIC Number/ MBI

e Date of Birth

Date of Collection

Mode of Collection

Person Completing the Survey

Date of Admission to Anchor Hospitalization
Date of Eligible Procedure

71



Table F1. Data Elements Used in Measure Testing

2 = Electronic (web-
based, patient portal,
Electronic Health
Record (EHR), etc.)

Type of Element Data Element Format Range Collection Source
Procedure Related Procedure Type 1 = Left Hip 1-4 Pre- and Provider Reported
Replacement postoperative
2 = Right Hip
Replacement
3 = Left Knee
Replacement
4 = Right Knee
Replacement
Date of Eligible Date (MM/DD/YYYY) N/A Postoperative Medical record/EHR
Procedure
PROMs VR-12 (all items) See Table F2 See Table F2 Preoperative Patient reported
PROMIS-Global (all See Table F3 See Table F3 Preoperative Patient reported
items)
HOOS, JR (six items) See Table F4 See Table F4 Pre- and Patient reported
postoperative
KOOS, JR (seven See Table F5 See Table F5 Pre- and Patient reported
items) postoperative
PROM related Date of Collection Date (MM/DD/YYYY) N/A Pre- and Provider reported
postoperative
Mode of Collection 0 = Paper 0,1,2 Pre- and Provider reported
1 =Telephone postoperative
(interactive voice
response)
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Type of Element Data Element Format Range Collection Source
Person Completing 0 = Self 0,1 Pre- and Patient or provider
the Survey 1 =Surrogate postoperative reported

Elements related to | Date of Birth Date (MM/DD/YYYY) N/A Pre- and Provider reported

Matching postoperative
Date of Admission to | Date (MM/DD/YYYY) N/A Postoperative Medical record/EHR
Anchor
Hospitalization
Medicare Provider Six-digit Medicare N/A Pre- and Provider reported
Number provider number, postoperative

also known as CCN
Medicare Health Ten or 11-digit N/A Pre- and Provider reported
Insurance Claim (HIC) | account number postoperative
Number/MBI (e.g., 123456789A)

Risk Variables SILS2 questionnaire 0 = Not at all 0-4 Preoperative Patient reported
("How comfortable 1 = Alittle bit
are you filling out 2 = Somewhat
medical forms by 3 = Quite a bit
yourself?") 4 = Extremely
BMI? Weight (kg)/Height 10-70 Preoperative Medical record/EHR

(cm)
Height® Centimeters (cm) Positive number with Preoperative Medical record/EHR
1 decimal digit
Weight? Kilograms (kg) Positive number with Preoperative Medical record/EHR
1 decimal digit
Use of Chronic (290 | 0=No 0,1 Preoperative Medical record/EHR
days) Narcotics 1=Yes (provider reported)
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Oswestry Index
Question (“My BACK
PAIN at the moment
isll

3 = Fairly severe
4 =\Very severe
5 = Worst imaginable

Type of Element Data Element Format Range Collection Source
Total Painful Joint 0 = None 04 Preoperative Patient reported
Count: Patient- 1 =Mild
Reported Pain in 2 = Moderate
Non-Operative Lower | 3 = Severe
Extremity Joint 4 = Extreme
("What amount of
pain have you
experienced in the
last week in your
other knee/hip?")

Quantified Spinal 0 = None 0-5 Preoperative Patient reported
Pain: Patient- 1 =Very mild
Reported Back Pain, 2 = Moderate

3 collection of Height and Weight together will substitute the requirement to collect BMI.
b collection of BMI will substitute the requirement to collect Height and Weight.

74




Table F2. Data Elements from the VR-12 Health Survey

5 = Extremely

Item Format Range Collection
General health 1 = Excellent 1-5 Preoperative
2 =Very good
3 =Good
4 = Fair
5 =Poor
Does your health limit you in moderate | 1 =Yes, limited a lot 1-3 Preoperative
activities such as moving a table, 2 =Yes, limited a little
pushing a vacuum cleaner, bowling, or 3 = No, not limited at all
playing golf?
Does your health limit you in climbing 1 =Yes, limited a lot 1-3 Preoperative
several flights of stairs? 2 =Yes, limited a little
3 = No, not limited at all
During the past four weeks, have you 1 = No, none of the time 1-5 Preoperative
accomplished less in work or other daily | 2 = Yes, a little of the time
activities than you would like because 3 =Yes, some of the time
of your physical health? 4 =Yes, most of the time
5 =Yes, all of the time
During the past four weeks, were you 1 = No, none of the time 1-5 Preoperative
limited in the kind of work or other 2 =Yes, a little of the time
daily activities because of your physical | 3 = Yes, some of the time
health? 4 =Yes, most of the time
5 =Yes, all of the time
During the past four weeks, have you 1 = No, none of the time 1-5 Preoperative
accomplished less in work or other daily | 2 = Yes, a little of the time
activities than you would like as a result | 3 = Yes, some of the time
of any emotional problems (such as 4 =Yes, most of the time
feeling depressed or anxious)? 5 =Yes, all of the time
During the past four weeks, did you not | 1 = No, none of the time 1-5 Preoperative
do work or other activities as carefully 2 =Yes, a little of the time
as usual as a result of any emotional 3 =Yes, some of the time
problems (such as feeling depressed or | 4 = Yes, most of the time
anxious)? 5 =Yes, all of the time
During the past four weeks, how much 1= Not at all 1-5 Preoperative
did pain interfere with your normal 2 = Alittle bit
work (including both work outside the 3 = Moderately
home and housework)? 4 = Quite a bit
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Item Format Range Collection
How much of the time during the past 1 = All of the time 1-6 Preoperative
four weeks have you felt calm and 2 = Most of the time
peaceful? 3 = A good bit of the time

4 = Some of the time

5 = A little of the time

6 = None of the time
How much of the time during the past 1 = All of the time 1-6 Preoperative
four weeks have you had a lot of 2 = Most of the time
energy? 3 = Agood bit of the time

4 = Some of the time

5 = A little of the time

6 = None of the time
How much of the time during the past 1 = All of the time 1-6 Preoperative
four weeks have you felt downhearted | 2 = Most of the time
and blue? 3 = A good bit of the time

4 = Some of the time

5 = A little of the time

6 = None of the time
During the past four weeks, how much 1 = All of the time 1-5 Preoperative
of the time has your physical health or 2 = Most of the time
emotional problems interfered with 3 =Some of the time
your social activities (like visiting with 4 = Alittle of the time
friends, relatives, etc.)? 5 = None of the time
General physical health now compared | 1 = Much better 1-5 Preoperative
to one year ago 2 =Slightly better

3 = About the same

4 = Slightly worse

5 = Much worse
Emotional problems (such as feeling 1 = Much better 1-5 Preoperative
anxious, depressed, or irritable) now 2 =Slightly better
compared to one year ago 3 = About the same

4 = Slightly worse

5 = Much worse

Table F3. Data Elements from PROMIS-Global (Format Reflects PROMIS-Global Version 1.2)

Item Format Range Collection
General health 1 =Poor 1-5 Preoperative
2 = Fair
3 =Good
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Item

Format

Range

Collection

4 =Very good
5 = Excellent

General quality of life

1="Poor

2 = Fair

3 =Good

4 =Very good
5 = Excellent

Preoperative

General physical health

1= Poor

2 = Fair

3 =Good

4 =Very good
5 = Excellent

1-5

Preoperative

General mental health

1="Poor

2 = Fair

3 =Good

4 = Very good
5 = Excellent

1-5

Preoperative

General satisfaction with social
activities and relationships

1="Poor

2 = Fair

3 =Good

4 = Very good
5 = Excellent

Preoperative

General ability to carry out
social activities and roles

1=Poor

2 = Fair

3 =Good

4 =Very good
5 = Excellent

1-5

Preoperative

Ability to carry out every day
physical activities

1 =Not at all

2 = Alittle

3 = Moderately
4 = Mostly

5 = Completely

1-5

Preoperative

Emotional problems in past
seven days

1 = Always

2 = Often

3 = Sometimes
4 = Rarely

5 = Never

1-5

Preoperative

Average fatigue in past seven
days

1 =Very severe

2 = Severe

3 = Moderate
4 = Mild
5=None

Preoperative
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Item Format Range Collection
Average pain in past seven days | Ten-point scale (no pain to 0-10 Preoperative
worst imaginable pain)
Table F4. Data Elements from HOOS, JR Survey

Data Element Format Range Collection
Pain: Amount of hip pain last week 0 = None 04 Pre- and
going up or down stairs 1 = Mild postoperative

2 = Moderate

3 =Severe

4 = Extreme
Pain: Amount of hip pain last week 0 = None 04 Pre- and
walking on an uneven surface 1 = Mild postoperative

2 = Moderate

3 =Severe

4 = Extreme
Function (Daily Living): Degree of 0 =None 04 Pre- and
difficulty last week due to your hip 1 = Mild postoperative
when rising from sitting 2 = Moderate

3 =Severe

4 = Extreme
Function (Daily Living): Degree of 0 = None 04 Pre- and
difficulty last week due to your hip 1 = Mild postoperative
when bending to the floor/picking up 2 = Moderate
an object 3 =Severe

4 = Extreme
Function (Daily Living): Degree of 0 = None 04 Pre- and
difficulty last week due to your hip 1 = Mild postoperative
when lying in bed (turning over, 2 = Moderate
maintaining hip position) 3 =Severe

4 = Extreme
Function (Daily Living): Degree of 0 = None 0-4 Pre- and
difficulty last week due to your hip 1 = Mild postoperative
when sitting 2 = Moderate

3 =Severe

4 = Extreme
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Table F5. Data Elements from the KOOS, JR Survey

Data Element Format Range Collection
Stiffness: Severity of knee joint 0 =None 0-4 Pre- and
stiffness after first wakening in the 1 =Mild postoperative
morning during the last week 2 = Moderate

3 =Severe

4 = Extreme
Pain: Amount of knee pain last week 0 =None 04 Pre- and
when twisting/pivoting on knee 1 =Mild postoperative

2 = Moderate

3 =Severe

4 = Extreme
Pain: Amount of knee pain last week 0 =None 04 Pre- and
when straightening knee fully 1 =Mild postoperative

2 = Moderate

3 =Severe

4 = Extreme
Pain: Amount of knee pain last week 0 = None 04 Pre- and
when going up or down stairs 1 =Mild postoperative

2 = Moderate

3 =Severe

4 = Extreme
Pain: Amount of knee pain last week 0 = None 0-4 Pre- and
when standing upright 1 = Mild postoperative

2 = Moderate

3 =Severe

4 = Extreme
Function (Daily Living): Degree of 0 =None 04 Pre- and
difficulty rising from sitting in last 1 = Mild postoperative
week due to knee 2 = Moderate

3 =Severe

4 = Extreme
Function (Daily Living): Degree of 0 = None 0-4 Pre- and
difficulty bending to floor/picking up 1 =Mild postoperative
an object in last week due to knee 2 = Moderate

3 =Severe

4 = Extreme
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