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1.1 Measure Structure
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1.3 Electronic Clinical Quality Measure (eCQM)
No

1.6 Measure Description

The measure estimates the hospital-level, risk-standardized mortality rate (RSMR) for Medicare
patients (Fee-for-Service [FFS] and Medicare Advantage[MA]) discharged from the hospital with a
principal discharge diagnosis of acute ischemic stroke. The outcome is all-cause 30-day mortality,
defined as death from any cause within 30 days of the index admission date, including in-hospital
death, for stroke patients. The measure includes the National Institutes of Health (NIH) Stroke
Scale as an assessment of stroke severity upon admission in the risk-adjustment model.

1.7 Composite Measure



No

1.7 Measure Type
Outcome

1.8 Level of Analysis
Facility

1.9 Care Setting
Hospital: Critical Access, Hospital: Inpatient

1.10 Measure Rationale

The goal of a stroke mortality measure* is to improve patient outcomes for patients hospitalized
with acute ischemic stroke by providing patients, physicians, hospitals, and policymakers with
hospital-level, risk-standardized mortality rates. Measurement of patient outcomes allows for a
broad view of quality of care that encompasses more than what can be captured by individual
process-of-care measures. 

Stroke occurs in nearly a million people in the United States annually (CDC, 2020), is a common
cause of death, and is a leading cause of disability (American Stroke Association, 2024). As the
fifth-leading cause of death, stroke affects approximately 795,000 people in the United States
annually (Tsao et al., 2023). Additionally, stroke accounted for 17.5% of all cardiovascular disease
deaths in the U.S. in 2022 (National Center for Health Statistics, 2024).  

Stroke mortality is an appropriate measure of the quality of care; stroke mortality rates vary
across hospitals and can be influenced by the quality of care during the initial hospitalization;
mortality following stroke is an important adverse outcome that can be measured reliably and
objectively. Specifically, post-stroke mortality rates have been shown to be influenced by critical
and modifiable aspects of care such as response to complications, timeliness of delivery of care,
organization of care, and appropriate imaging (Bekelis et al., 2016; Bustamante et al., 2016; Xian
et al., 2019; Jahan et al., 2019, Kuriakose & Xiao, 2020, Lip et al., 2020; Feigin & Owolabi, 2023). 

*Note: There are two existing CMS stroke mortality measures that are referenced in this CBE
submission: an existing measure that is publicly reported (and includes only Medicare Fee-For-
Service [FFS] patients) and this (new) measure under review, which is a re-specification of the
existing publicly reported measure. We define them below and provide nomenclature to
differentiate them. 

“FFS-only stroke mortality measure” is used to describe the measure that is currently publicly
reported on Care Compare. This three-year measure includes only Medicare FFS admissions. This
measure includes the NIH stroke scale (NIHSS) in the risk adjustment model. In the attachment,
we provide the methodology report for the FFS-only measure, which is also available online on
QualityNet: 

https://qualitynet.cms.gov/files/663be566cc07c26dc8485e00?filename=2024… 

“Stroke Mortality measure” is used to indicate the new measure submitted in this CBE

https://qualitynet.cms.gov/files/663be566cc07c26dc8485e00?filename=2024_CSM_AUS_Report_v1.0.pdf


endorsement application, which is a re-specified version of the FFS-only measure. The Stroke
Mortality measure is now a two-year measure, includes both Medicare Advantage (MA) and
Medicare FFS admissions, includes the NIHSS in the risk adjustment model, and has an updated
risk model (newly selected risk variables). 
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older patients with atrial fibrillation and ischemic stroke: Findings from the Patient-Centered
Research into Outcomes Stroke Patients Prefer and Effectiveness Research (PROSPER) Study.
JAMA. 2019;322(3):252-263. 

1.13 Data Dictionary
Not attached. I attest that all information will be provided where codes and/or value sets are
needed (1.14a - 1.15c).

1.13a Attach Data Dictionary
2024_Stroke_Mortality_DataDictionary.xlsx

1.14 Numerator
The outcome for this measure is 30-day, all-cause mortality. We define mortality as death from any
cause within 30 days of the start of the index admission.

1.14a Numerator Details

The outcome for this measure is 30-day, all-cause mortality. We define mortality as death from any
cause within 30 days of the start of the admission for patients discharged from the hospital with a
principal discharge diagnosis of ischemic stroke. 

1.15 Denominator
The cohort includes admissions for patients that meet all of the following inclusion criteria: 1.
Discharged from the hospital with a principal discharge diagnosis of ischemic stroke; 2. Enrolled
in Medicare (Fee-for-Service [FFS] or Medicare Advantage [MA]) for the 12 months prior to the
date of admission and during the index admission; 3. Aged 65 or older; 4. Not transferred from
another acute care facility.

1.15a Denominator Details

The cohort includes admissions for patients who meet all the following inclusion criteria: 

Discharged from the hospital with a principal discharge diagnosis of ischemic stroke;
Enrolled in Medicare Fee-for-Service (FFS) and/or Medicare Advantage (MA) for the 12
months prior to the date of admission and enrolled in FFS or MA during the index
admission;
Aged 65 and older;
Not transferred from another acute care facility. 

Codes that define the denominator are in the Data Dictionary in Section 1.13. 

1.15b Denominator Exclusions

This measure excludes index admissions for patients who meet any of the following exclusion
criteria: 

https://www.p4qm.org/sites/default/files/2024-10/2024_Stroke_Mortality_DataDictionary.xlsx


Inconsistent or unknown vital status or other unreliable demographic data (e.g., age and
gender);
Enrolled in the Medicare hospice program at any time in the 12 months prior to the index
admission, including the first day of the index admission;
Discharged against medical advice;
With a secondary diagnosis code of COVID-19 coded as present on admission on the index
admission claim. 

For patients with more than one eligible stroke admission in the reporting period, only one index
admission is randomly selected for inclusion in the cohort. Additional admissions within that time
period are excluded. 

1.15c Denominator Exclusions Details

The exclusion criteria for the Stroke Mortality measure are as follows: 

Inconsistent or unknown vital status or other unreliable demographic data;
Rationale: We do not include stays for patients where the age is greater than 115,
where the gender is neither male nor female, where the admission date is after the
date of death in the Medicare Enrollment Database, or where the date of death occurs
before the date of discharge, but the patient was discharged alive.

Enrolled in the Medicare hospice program at any time in the 12 months prior to the
index admission, including the first day of the index admission;

Rationale: These patients are likely to continue to seek comfort measures only; thus,
mortality is not necessarily an adverse outcome or signal of poor-quality care for these
patients. Patients who transition to hospice during their hospital stay (after the first
day of the index admission) are not excluded. Such transitions may be the result of
quality failures that have led to poor clinical outcomes. Thus, excluding these patients
could mask quality problems.

Discharged against medical advice.
Rationale: Providers did not have the opportunity to deliver full care and prepare the
patient for discharge. 

In addition, CMS has temporarily adjusted this (and other measures) in response to the COVID-10
public health emergency (Hospital Inpatient Value, Incentives, and Quality Reporting Outreach
and Education Support Contractor, 2022). Temporarily, admissions with a principal diagnosis
code of COVID-19 or with a secondary diagnosis code of COVID-19 coded as POA on the index
admission claim are excluded from the measure. The 2022-2023 results presented in this
submission have applied this exclusion. 
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1.15d Age Group
Older Adults (65 years and older)

1.16 Type of Score
Rate/proportion

1.17 Measure Score Interpretation
Better performance = Lower score

1.18 Calculation of Measure Score

The Stroke Mortality measure estimates hospital-level, 30-day, all-cause risk-standardized
mortality rates (RSMRs) following hospitalization for stroke using a hierarchical logistic
regression model. In brief, the approach simultaneously models data at the patient and hospital
levels to account for variance in patient outcomes within and between hospitals (Normand and
Shahian, 2007). At the patient level, it models the log odds of mortality within 30 days of index
admission using age, selected clinical covariates, and a hospital-specific intercept. At the hospital
level, it models the hospital-specific intercepts as arising from a normal distribution. The hospital
intercept represents the underlying risk of mortality at the hospital after accounting for patient
risk. The hospital-specific intercepts are given a distribution to account for the clustering (non-
independence) of patients within the same hospital. If there were no differences among hospitals,
then after adjusting for patient risk, the hospital intercepts should be identical across all
hospitals. 

The RSMR is calculated as the ratio of the number of “predicted” to the number of “expected”
deaths at a given hospital, multiplied by the national observed mortality rate. For each hospital,
the numerator of the ratio is the number of deaths within 30 days predicted based on the
hospital’s performance with its observed case mix, and the denominator is the number of deaths
expected based on the nation’s performance with that hospital’s case mix. This approach is
analogous to a ratio of “observed” to “expected” used in other types of statistical analyses. It
conceptually allows for a comparison of a particular hospital’s performance given its case mix to
an average hospital’s performance with the same case mix. Thus, a lower ratio indicates lower-
than-expected mortality rates or better quality, and a higher ratio indicates higher-than-expected
mortality rates or worse quality. 

The “predicted” number of deaths (the numerator) is calculated by using the coefficients
estimated by regressing the risk factors and the hospital-specific intercept on the risk of mortality.
The estimated hospital-specific intercept is added to the sum of the estimated regression
coefficients multiplied by the patient characteristics. The results are transformed and summed
over all patients attributed to a hospital to get a predicted value. The “expected” number of
deaths (the denominator) is obtained in the same manner, but a common intercept using all
hospitals in our sample is added in place of the hospital-specific intercept. The results are
transformed and summed over all patients in the hospital to get an expected value. To assess
hospital performance for each reporting period, we re-estimate the model coefficients using the
years of data in that period. 

This calculation transforms the ratio of predicted over expected into a rate that is compared to the



national observed mortality rate. The hierarchical logistic regression models are described fully in
the original methodology report posted on QualityNet
(https://qualitynet.org/inpatient/measures/mortality/methodology). 
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1.18a Attach measure score calculation diagram
Measure Calculation_StrokeMortality.pdf

1.19 Measure Stratification Details

The measure is not stratified.

1.20 Types of Data Sources
Administrative Data, Claims Data

1.25 Data Source Details

Medicare fee-for-service (FFS) claims and Medicare Advantage (MA) encounters, in addition to
Medicare administrative data, are used to derive all components of the measure. 

1.26 Minimum Sample Size

The measure does not have a minimum sample size. 

2.1 Attach Logic Model
All_Figures_and_Tables Stroke Mortality.pdf

2.2 Evidence of Measure Importance

Stroke continues to be a leading cause of mortality and morbidity in the United States (Tsao et al.,
2022), with an estimated 795,000 people experiencing a stroke each year (Tsao et al., 2023).
Among patients 65 and older, both stroke burden and subsequent mortality vary considerably by
race and geographic region (Howard et al., 2016; Thompson et al., 2017). Most of these strokes
are ischemic and increase in prevalence with advancing age (Benjamin et al., 2019; Benjamin et
al., 2020). Some projections estimated that more than 3 million adults, representing almost 4% of
the US adult population, will have had a stroke by 2030 (Ovbiagele et al., 2013). Recent data show
that the economic burden of stroke (healthcare services, medications, and lost productivity) was
nearly $56.2 billion between 2019 and 2020 (Strilciuc et al., 2021; Martin et al. 2024). As such,
stroke mortality is a priority condition for outcomes measure development. 

Many current hospital processes have been associated with lower stroke mortality rates within 30

https://qualitynet.org/inpatient/measures/mortality/methodology
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days of hospital admission. In particular, mortality rates for patients experiencing a stroke have
been shown to be influenced by critical aspects of care in the hospital, such as timeliness of care,
organization of care, coordinated transitions to the outpatient environment, antihypertensive and
anticoagulant therapies, and appropriate imaging (Fonarow et al., 2014; Bekelis et al., 2016;
Bustamante et al., 2016; Xian et al., 2019; Jahan et al., 2019, Kuriakose & Xiao, 2020, Lip et al.,
2022; Feigin & Owolabi, 2023). 

Importantly, there is variation in stroke mortality rates at the hospital level that can be impacted
by hospital-specific care delivery and organization. For example, hospitals participating in quality
improvement registries like Get With The Guidelines (GWTG) have lower in-hospital mortality
rates among stroke patients than hospitals not participating in similar programs (Fonarow et al.,
2014). Research has also shown that patients treated at hospitals participating in the GWTG
quality improvement registry for stroke were significantly more likely to receive multiple
evidence-based care interventions, such as tissue plasminogen activator (tPA) administration and
evaluation by a neurologist (Howard et al., 2018). Additionally, it has been shown that hospitals
that use an integrated care model and employ multidisciplinary stroke care teams, (including
neurologists, radiologists, nurses, and rehabilitation specialists) can deliver comprehensive and
coordinated care that improves patient outcomes and post-stroke recovery (Clarke and Forster,
2015, Lip et al., 2022). This demonstrates that modifiable and controllable actions at the hospital
level can influence care and subsequent outcomes for patients with stroke. Please see Section
6.2.1 for additional evidence for hospital-level interventions that impact stroke mortality rates. 
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2.3 Anticipated Impact

With the increased focus on quality improvement for patients hospitalized for stroke and
increasing scrutiny given to eliminating disparities, we expect that stroke mortality rates will
continue to decline, as seen in the literature (described in Section 2.2) and described below. 

Nationally, population-level rates of stroke mortality have declined over the past decades,
although more recently, this decline has stalled (Mercy et al., 2023) and was exacerbated by a
COVID-19-related increase in stroke mortality (Qureshi et al., 2021; Yang et al., 2023). At the
hospital level, however, since the Fee-for-Service (FFS)-stroke mortality measure was
implemented in 2014, there has been improvement across most of the distribution in 30-day risk-
standardized outcomes; the range of performance has narrowed, and the mean (average) has
improved. We compared performance between prior to measure implementation (dates of data,
7/2010-6/2013) and the most recent performance period prior to COVID and prior to the addition
of the NIHSS in 2022 (7/1/2017-12/1/2019), and the current re-specification. These results show
improvement across the distribution of the measure, with lower mean (FFS-only) RSMRs (13.5 vs.
15.4), and lower RSMRs across the rest of the distribution (25th percentile, 12.9 vs. 14.6; 50th
percentile, 13.4 vs. 15.3; 75th percentile, 14.1 vs. 16.1). 
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2.4 Performance Gap

Table 1, Table 2, and Figure 2 (see "All Figures and Tables Stroke Mortality" attachment) show
that there is wide variation in measure scores (risk-standardized mortality rates or RSMRs) among
hospitals for the Stroke Mortality measure. As shown in Table 1, RSMRs range from 6.4%-40.1%.
The median hospital RSMR was 12.4%; the 10th percentile was 10.4%, and the 90th percentile
was 15.7%. This variation in RSMRs suggests that there are differences in the quality of care
received across hospitals for stroke that support measurement to reduce this variation. 

We further characterize variation in performance using the median odds ratio. The median odds
ratio, in this context, calculates the odds of the outcome (mortality) if the same patient were
treated at a higher-risk hospital compared with a lower-risk hospital. For this measure, the
median odds ratio was 2.54, indicating that a patient’s risk of mortality is 2.5 times greater (or
155% greater) in a higher-risk hospital than in a lower-risk hospital. 

Table 1. Performance Scores by Decile
Performance Gap

Overall Minimum Decile_1 Decile_2 Decile_3 Decile_4 Decile_5 Decile_6 Decile_7 Decile_8 Decile_9 Decile_10 Maximum
Mean
Performance
Score

12.92 6.43 9.66 10.88 11.52 11.95 12.26 12.56 13.18 13.92 14.90 18.37 40.28

N of Entities 4,028 1 402 403 403 403 403 403 403 403 403 402 1
N of Persons
/ Encounters
/ Episodes

573,699 107 116,218 96,188 70,250 46,694 28,125 51,057 54,761 43,443 34,753 32,210 29

2.5 Health Care Quality Landscape

The Stroke Mortality measure (and the Fee-for-Service (FFS)-only version that is currently in use)
fills an important gap in quality measurement. As described below, there are other stroke outcome
(non-mortality) and process measures in use, but none of them capture the outcome of mortality
and none of them are publicly reported. 

There has been increased focus on the timeliness of care provided to stroke patients, and
hospitals can opt for one of four different levels of stroke center certification (each with its own

https://doi.org/10.1016/j.jns.2023.120724
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set of process and outcome measures) as assessed by The Joint Commission (TJC) (The Joint
Commission, 2024). All but two measures in TJC’s certification program are process measures;
there are two outcome measures based on the Modified Rankin Score (mRS) at 90 days, however,
those outcome measures can, by definition, only apply to patients who survived the stroke. There
are also process measures associated with quality improvement efforts around stroke (e.g., Get
With the Guidelines). Importantly, none of these processes or outcome measures are reported to
the public at the facility level. We note that it is possible for a hospital to perform well on mRS
measures but have poor performance on the Stroke Mortality measure. 

Other than the Stroke Mortality measure currently under review in this submission (and the prior
FFS-only version, which is currently publicly reported), there are no other stroke mortality
measures that are publicly reported. This Stroke Mortality measure will be publicly reported to
patients and other stakeholders on Care Compare (and currently, the prior version of this
measure, with only FFS patients, is publicly reported). 

This illustrates the measurement gap that is filled by this publicly reported, risk-standardized
mortality measure for patients with ischemic stroke as it complements the other stroke-related
measures in the quality landscape and can be used by those organizations to track progress on
quality improvement efforts. It also serves as a public reporting and transparency/accountability
measure for public use. 
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2.6 Meaningfulness to Target Population

By understanding hospital-level, risk-standardized mortality rates following hospitalization for
acute ischemic stroke, providers can identify areas for improvement in stroke care, therefore
improving patient outcomes and mortality rates following a stroke. In addition, the public
reporting of hospital-level performance provides transparency/accountability to other
stakeholders, including patients. 

U.S. taxpayers who fund the care of Medicare-aged stroke patients deserve the transparency that
publicly developed and reported measures provide. Because stroke is an emergent condition,
patients and their families will not have the opportunity to evaluate and choose a hospital based
on quality. However, it has been demonstrated that public reporting of hospital-based quality
measures can result in performance improvement (Bozic et al., 2020; Cacace et al., 2019), which
will benefit patients. The combination of public reporting (of a measure developed with taxpayer
dollars that also funds the actual care of patients captured by the measure at these hospitals) and
information for quality improvement (provided by CMS to hospitals) creates the accountability
needed for improvements in care. In addition, this Stroke Mortality measure can be used to assess
the nation’s overall progress in improving care for stroke patients. Indeed, since the original Fee-
for-Service (FFS)-only stroke mortality measure has been implemented, stroke mortality rates
have declined. 

https://www.jointcommission.org/what-we-offer/certification/certifications-by-setting/hospital-certifications/stroke-certification/


Overall, the stroke mortality measure is an important indicator of the quality of care provided by
hospitals. High mortality rates may point to gaps in clinical practices, patient care protocols, and
the overall delivery of healthcare services. By monitoring these rates, hospitals can identify areas
needing improvement and implement specific interventions that improve outcomes for stroke
patients. This measure offers insights into a hospital's performance and informs patients,
healthcare providers, and policymakers about the standard of care that currently exists and is
ongoing. We note that the Stroke Mortality measure described in this CBE submission includes
adjustment for patient preferences using the Do Not Resuscitate (DNR) variable (see Table 9 in
the attachment). 
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3.1 Contributions Towards Closing Care Gaps

Please see the "All Tables and Figures Stroke Mortality" attachment for all tables and
figures that are referred to within this submission, unless otherwise specified.

 

Table 11 (in the attachment) shows the variation in the prevalence of social risk factors across
hospitals with at least 25 admissions, using one year of data (CY2022). For the Stroke Mortality
cohort, the median percentage of dually eligible (DE) patients was 12.6% (25th percentile-75th

percentile: 8.7% - 19.1%), and the median percentage of high Area Deprivation Index (ADI)
patients was 8.4% (25th percentile-75th percentile: 1.7% - 22.9%). 

Unadjusted Stroke Mortality rates were higher for patients with social risk factors (see Table 12 in
the attachment). Mean observed mortality rates were 12.6% for patients without DE, compared
with 14.1% for patients with DE; similarly, unadjusted stroke mortality rates were 12.8% for
patients with low ADI compared with 13.2% for patients with high ADI. 

To determine the impact of each variable in a multivariable model, we calculated odds ratios for
each variable (see Table 13 in the attachment). The results show that in a multivariable model, the
odds ratios for the DE variable are below 1.0 (protective), whereas the odds ratio for the high ADI
is above 1 (higher risk). 

We then examined model calibration for each social risk factor to determine if the risk model
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without the social risk factor performs well for patients with each social risk factor. The results
show that the model is adequately calibrated for patients with and without each social risk factor
(see Figures 5A and 5B, and Figures 6A and 6B in the attachment). 

To understand the impact of each variable on the Stroke Mortality measure score, we calculated
measure scores with and without each social risk factor and then calculated the differences in
measure scores and the correlation between measure scores (see Table 14 in attachment). Results
show that measure scores calculated with and without social risk factors are highly correlated
(correlation coefficient 0.999 and 0.985 for DE and high ADI, respectively), and differences
between measure scores are very small. 

Patients with social risk factors (DE, high ADI) have higher unadjusted rates of stroke mortality
compared with patients without either social risk factor. After adding the clinical risk variables to
the model, the high ADI variable is still significantly associated with a higher risk of the outcome,
but the DE variable is protective.  However, measure scores calculated with and without either
social risk factors are highly correlated, and differences are small, demonstrating that the DE and
high ADI variables have little impact on measure scores. In addition, the risk model is well
calibrated for patients with either social risk factor. Furthermore, this measure is used in a pay-
for-reporting program and not a pay-for-performance program. Therefore, at this time, CMS has
chosen not to adjust the Stroke Mortality measure so as not to mask disparities in outcomes for
patients with social risk factors.  

4.1 Feasibility Assessment

The Stroke Mortality measure is a claims-based measure that uses data routinely generated
during healthcare delivery. This measure does not require additional data collection by facilities,
which eliminates the reporting burden for hospitals. Since data are collected through standard
claims submissions and processed by CMS, this measure does not introduce implementation
challenges. 

Feedback from measured entities has not indicated any significant concerns regarding
implementation burden or confidentiality. As this measure relies on claims data securely
submitted by healthcare facilities to CMS, there are no risks to patient confidentiality. CMS
manages the data used for both the payment process and measure calculations. 

To ensure the completeness and accuracy of the data, CMS allows a minimum of three months
between the end of the performance period and when data is accessed. This period ensures that
all claims are finalized, enables accurate calculation of the measure score, and minimizes the
potential bias from incomplete or missing data. 

As with any mortality measure, there are some concerns regarding the potential for unintended
consequences. For example, a stroke mortality measure could hypothetically incentivize hospitals
to aggressively treat patients who are less likely to have good prospects for a meaningful
recovery. Several factors are working against this incentive, however, including (1) measures in
The Joint Commission’s Stroke Certification requirements (The Joint Commission, 2024) that focus
on longer-term (90-day) functional outcomes and (2) adequate risk adjustment of this stroke
mortality measure which includes adjustment for both stroke severity, and for the Do Not



resuscitate (DNR) ICD-10 code (see Table 9 in the attachment). 
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4.3 Feasibility Informed Final Measure

Because this is a claims-based measure, there is no burden on measured entities (hospitals);
measure scores are automatically calculated by CMS based on claims data submitted by hospitals
for payment.

4.4 Proprietary Information
Not a proprietary measure and no proprietary components

5.1.1 Data Used for Testing

For most of the testing in this submission, we used two years of Medicare (Fee-for-Service (FFS)
and Medicare Advantage (MA)) data (January 1, 2022-December 30, 2023). Differences in data
used for testing are outlined in Table 3 ("All Figures and Tables Stroke Mortality" attachment) in
Section 4.1.4. 

5.1.2 Differences in Data

Please see Section 4.1.4 for details. 

5.1.3 Characteristics of Measured Entities

Characteristics of measured entities differ depending on the dataset. Please see Section 4.1.4 for
details. 

5.1.4 Characteristics of Units of the Eligible Population

The datasets, dates, number of measured hospitals, and number of admissions used in each type
of testing are in Table 3 ("All Figures and Tables Stroke Mortality" attachment).

For most measure testing, we used Medicare data from January 1, 2022-December 30, 2023.
These datasets also include data on each patient for the 12 months prior to the index admission
and contain inpatient and facility outpatient and Medicare Enrollment Database (EDB) data. 

https://stroke.org/stroketransportplans
https://www.jointcommission.org/measurement/measures/stroke/


5.2.1 Level(s) of Reliability Testing Conducted
Accountable entity level (i.e., measure score) (e.g., signal-to-noise analysis)

5.2.2 Method(s) of Reliability Testing

Measure Score Reliability 

We tested facility-level measure score reliability using the signal-to-noise method, using the
formula presented by Adams and colleagues (Adams et al., 2010; Yu et al., 2013). Specifically, for
each facility we calculate the reliability as follows: 

Reliability=(σ_(facility-to-facility)^2)/(σ_(facility-to-facility)^2+ (σ_(facility error variance)^2)/n)  

Where facility-to-facility variance is estimated from the hierarchical logistic regression model, n is
equal to each facility’s observed case size, and the facility error variance is estimated using the
variance of the logistic distribution (pi^2/3). 

Signal-to-noise reliability scores can range from 0 to 1. A reliability of zero implies that all the
variability in a measure is attributable to measurement error. A reliability of one implies that all
the variability is attributable to real differences in performance. 

We calculated the measure score reliability for all facilities, and for facilities with a volume cutoff
of 25 procedures, which is the public reporting threshold of the currently, publicly reported
measure.  
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5.2.3 Reliability Testing Results

Please see the "All Tables and Figures Stroke Mortality" attachment for all tables and
figures that are referred to within this submission, unless otherwise specified.

 

We calculated signal-to-noise reliability for all hospitals in the testing sample (n=4,028) and
hospitals with at least 25 cases (n=2,473), the volume threshold for public reporting of measure
scores on Care Compare (Table 4 in the attachment). We used two years of data for these analyses
(CY2022/2023). 

For hospitals with at least 25 cases, the median reliability score was 0.911, ranging from 0.623 to
0.994. The 25th and 75th percentiles were 0.818 and 0.952, respectively. The minimum signal-to-
noise reliability meets Partnership for Quality Measurement’s (PQM) minimum threshold of 0.6. 



Table 5 (in the attachment) provides the Battelle-required table of measure scores within deciles
of reliability. 

5.2.4 Interpretation of Reliability Results

The minimum signal-to-noise reliability score for the Stroke Mortality measure for hospitals with
at least 25 cases (the public reporting threshold) was 0.623, using two years of data
(CY2022/2023). The minimum reliability for this measure exceeds PQM’s threshold of a minimum
of 0.6 at the entity level. 

Table 2. Accountable Entity Level Reliability Testing Results by Denominator,
Target Population Size

Accountable Entity-Level Reliability Testing Results
&nbsp; Overall Minimum Decile_1 Decile_2 Decile_3 Decile_4 Decile_5 Decile_6 Decile_7 Decile_8 Decile_9 Decile_10 Maximum

Reliability 0.875 0.623 0.668 0.749 0.816 0.865 0.898 0.919 0.937 0.953 0.966 0.979 0.994
Mean
Performance
Score

1.27 1.33 1.38 1.32 1.35 1.32 1.28 1.24 1.24 1.21 1.19 1.16 0.99

N of Entities 2,473 19 256 235 247 254 243 245 253 246 247 247 1
N of Persons
/ Encounters
/ Episodes

561,932 475 7,883 10,735 16,746 24,879 32,579 42,720 57,039 75,340 107,929 186,082 2,325

5.3.1 Level(s) of Validity Testing Conducted
Person or encounter level (i.e., data element) (e.g., sensitivity and specificity), Accountable entity
level (i.e., measure score) (e.g., criterion validity)

5.3.3 Method(s) of Validity Testing

For this submission, we present data element validity testing for the NIH stroke scale variable,
and three types of measure validity testing (face validity and two empiric analyses). 

Data Element Validity using GWTG-Stroke Registry 

CMS has been publicly reporting a risk-adjusted stroke mortality measure since 2014. In response
to stakeholder feedback (including feedback from a CBE Committee) in 2022, CMS implemented a
version of this measure that included the NIH Stroke Scale (NIHSS) in the risk adjustment model.
Because this was a new data element at that time, we conducted data element validity testing by
comparing CMS Medicare claims with Get With the Guidelines (GWTG) Stroke Registry Data. We
note that the NIHSS is also a required element for The Joint Commission Stroke Center
Certification process. 

To assess the data element validity of the NIH Stroke Scale scores coded in the claims data, we
linked the Medicare claims (2016-2019 Fee-for-Service (FFS) Dataset) with the GWTG-Stroke
Registry data derived from patients’ medical records and compared the scores. The GWTG-Stroke
Registry draws data from medical records and has been shown to be reliable through studies
comparing registry data to chart abstraction (Xian et al., 2012). Because only patients aged 65
years and older were included, and some data were excluded based on linkage and other factors,
a total of 29,937 stroke hospitalizations were used in the analysis. 
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Of the linked stroke hospitalizations for which claims data had a non-missing NIH Stroke Scale,
we compared the scores recorded in the claims data to the scores in the GWTG-Stroke Registry
data. We also examined the distribution of the stroke severity scales within the claims data and
the registry data. 

Face Validity Using Technical Expert Panel 

We systematically assessed the face validity of the measure score as an indicator of quality by
soliciting Technical Expert Panel (TEP) members agreement with the following statement: “The
risk-standardized mortality rate obtained from the measures as specified can be used to
distinguish between better and worse quality hospitals.” 

The TEP is comprised of clinicians, health services researchers, statisticians, patients, patient
advocates/caregivers, health insurance representatives, and hospital administrators (see Table 6
in the attachment for additional details on panel members). 

We provided TEP members with a link to a survey from an email. Response options were on a six-
point Likert Scale: 

1=Strongly disagree
2=Moderately disagree
3=Somewhat disagree
4=Somewhat agree
5=Moderately agree
6=Strongly agree 

Empiric Validity  

To demonstrate empirical validity for the Stroke Mortality measure, we assessed the measure
score’s correlation (1) with volume and (2) with two components of the Overall Hospital Quality
Star Ratings. 

Volume 

For certain procedures and conditions, there is an established volume-outcome relationship
(Levaillant et al., 2021; Scharfe et al., 2023). For stroke, some, but not all, studies have found a
volume-outcome relationship (Saposnik et al., 2007; Svendsen et al., 2012, Lee et al., 2020).
Because we have a large national database, we decided to examine if higher volume was
associated with better outcomes for the Stroke Mortality measure. For this analysis, we calculated
Stroke Mortality Stroke Risk-Standardized Mortality Rates (RSMRs) within deciles of admission
volume using two years of data (CY2022/2023). We hypothesized that higher hospital volume
would be moderately/weakly associated with better (lower) measure scores (negative correlation). 

Volume may be considered a quality construct in that it is a proxy for underlying quality-related
factors. For example, as a hospital sees more patients with a particular condition (in particular,
those for whom there are clear guidelines and processes associated with better outcomes, as in
the case of stroke), staff gain greater experience and repeated performance of evidence-based
processes allows hospitals to develop and implement standardized delivery of care, which can



reduce errors and delays in care and improve outcomes. Higher volume hospitals may also invest
in more specialized support systems and training (Jha, 2015) and may be more likely to have
multidisciplinary teams, which have been shown in the literature to result in lower stroke
mortality rates. Higher-volume hospitals may also have more resources to invest in quality
improvement and specialty accreditation (Shen et al., 2019). These concepts are discussed in
Section 2.2 and Section 6.2.1 and are shown in the logic model (Figure 1 in the attachment).  

Overall Hospital Star Rating 

CMS’s Overall Hospital Quality Star Ratings assesses hospitals’ overall performance based on a
weighted average of group scores from five measure groups (Patient Experience, Timely &
Effective Care, Readmission, Safety of Care, and Mortality). The Mortality Group is comprised of
the mortality measures that are publicly reported on Care Compare, including the FFS-only Stroke
Mortality measure. Group scores, including the Mortality Group Score, are derived from a simple
average of standardized measures scores within the Group. For the validity testing in this
submission, we used the January 2024 Star Rating results, and Stroke Mortality RSMRs using one
year of data (CY2022). The full methodology for the Overall Hospital Star Rating can be found on
QualityNet: https://qualitynet.cms.gov/files/603966dda413b400224ddf50?filename=Star… 

For the validity testing for this submission, we first compared Stroke Mortality measure scores
with the Overall Standardized Summary Score (which includes all Groups, including the Mortality
Group score), with and without the entire Mortality Group score. We separately assessed the
association between Stroke Mortality measure scores and the Mortality Measure Group Score
(which includes only mortality measures). Because the Mortality Group score contains the existing
FFS-only stroke mortality measure, we analyzed the Mortality Group score with and without the
FFS-only stroke measure. We calculated Pearson’s correlation coefficients for these analyses. 

We hypothesized that there would be a weak-to-moderate, negative, significant correlation
between the Stroke Mortality measure (as specified in this submission) for both comparator
measures (Overall Standardized Summary Score and the Mortality Group Score) because better
performance (lower measure scores on the Stroke Mortality measure) should be associated with
higher Standardized Summary Scores and Mortality Group Scores (which are standardized in a
higher-is-better direction). We further hypothesized that after removing the Mortality or FFS-only
stroke mortality measure from both comparator measures, respectively, the correlation
coefficients would be lower but still significant. 
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5.3.4 Validity Testing Results

Please see the "All Tables and Figures Stroke Mortality" attachment for all tables and
figures that are referred to within this submission, unless otherwise specified.

 

Data Element Validity 

The NIH Stroke Scale (NIHSS) is used to assess the severity of stroke and can be documented
using ICD-10-CM codes. The NIHSS scores range from 0 to 42, with higher scores indicating more
severe stroke symptoms.  

When comparing the NIH Stoke Scale scores within the GWTG-Stroke Registry and administrative
claims data (2016-2019 Medicare Fee-for-Service (FFS) Dataset), 93% of the scores from the two
data sources are within 5 points of each other, and 84% are within 2 points. The distributions of
NIH Stroke Scale scores from the administrative and GWTG-Stroke Registry data are similar
(Figure 3 in the attachment), with a Pearson Correlation Coefficient of 0.993 and a weighted
kappa of 0.842. 

Measure Validity 

Face Validity 
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12 of 13 TEP members responded to the face validity survey 11 of 12 members (92%) agreed
(strongly, moderately, or somewhat) with the face validity statement. Details for each response
category are shown below. 

Strongly agree (4) (33%)
Moderately agree (6) (50%)
Somewhat agree (1) (8%)
Somewhat disagree (0) (0%), 
Moderately disagree (1) (8%)
Strongly disagree (0) (0%) 

Empiric Validity 

To demonstrate empiric validity, we assessed the Stroke Mortality measure score association with
(1) volume and (2) with the Summary Score and Mortality Group Score components of the Overall
Hospital Star Ratings (with and without the FFS-only stroke morality measure) as described in
Section 4.3.3. 

Volume 

Table 7 (in the attachment) shows Stroke Mortality risk-standardized mortality rates (RSMRs)
within deciles of hospital admission volume (cohort volume). Starting with the fourth decile,
RSMRs decrease with each increasing decile of volume. The overall Pearson’s correlation between
RSMR and hospital volume is -0.25 (p<.0001). 

Overall Hospital Star Rating 

As shown in Table 8, the Pearson correlation coefficient between Stroke Mortality measure scores
and Star Rating Standardized Summary Scores (excluding the FFS-stroke mortality measure) was
–0.21 (p<0.001). After removing the entire Mortality Measure Group, the correlation was -0.11
(p<0.001). There were 1,997 hospitals (limited to those with at least 25 admissions) in these
analyses, which used CY2022 data with claims from January 1, 2022 to December 31, 2022.  

The Pearson correlation coefficient for the association between Stroke Mortality measure scores
and Mortality Group Scores was –0.27 (p<0.001) (see Table 8 in the attachment). After removing
the FFS-stroke mortality measure from the Mortality Group score, the correlation coefficient was
-0.24 (p<0.001). There were 1,966 hospitals in these analyses, (limited to those with at least 25
admissions) in these analyses, which used CY2022 data with claims from January 1, 2022 to
December 31, 2022.  

5.3.5 Interpretation of Validity Results

Overall, our data element validity, empiric measure validity, and face validity analysis results
support the validity of the Stroke Mortality measure. Each is described in more detail below.
Measure validity is further supported by evidence of improvement, described in section 6.2.4. in
the setting of quality improvement efforts. 

Data Element Validity using Get With The Guidelines (GWTG)-Stroke Registry 



There was substantial concordance between the NIH Stroke Scale scores within the GWTG-Stroke
Registry and administrative claims data, as demonstrated by the proximity of scores, as well as
the Pearson correlation coefficient of 0.993 and weighted kappa of 0.842. When compared to the
GWTG-Stroke Registry NIH Stroke Scale scores, which have been validated through comparison
to chart abstraction, the NIH Stroke Scale scores coded on administrative claims can be
considered valid and reliable data elements for the adjustment of stroke severity of patients upon
admission within the measure. 

Empiric Measure Validity Testing 

Our empiric validity testing examined two quality constructs: volume, and quality measures in the
same causal pathway. Our results show a trend in the expected direction for the comparison
between hospital volume and Stroke Mortality risk-standardized mortality rates (RSMRs), with
higher volume significantly associated with better RSMR scores. Our results also show that there
is a significant relationship in the expected direction between the Star Rating Summary Score and
the Stroke Mortality score, even after you remove the entire Mortality Group Score from the
comparison, suggesting (as has been shown for other mortality outcomes (Peter et al., 2024) that
there is an association between mortality for one condition, and other components of Overall
Hospital Star Rating (such as the Safety, Timely & Effective Care, Readmission, and/or Patient
Experience components). Likewise, the results showing an association between the Mortality
Group Score (without the Fee-for-Service (FFS)-only stroke measure) and Stroke mortality
measure are consistent with the literature showing that mortality rates for different conditions are
correlated at the hospital level (Horwitz et al., 2012). 

Face Validity 

The validity of the measure is supported by strong face validity results, as measured by systematic
feedback from the TEP. As described above, 11 of 12 (91.7%) TEP members strongly, moderately,
or somewhat agreed that the measure as specified can be used to distinguish between better and
worse quality hospitals. 
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score as an indicator of quality or resource use

5.4.1 Methods Used to Address Risk Factors
Statistical risk adjustment model with risk factors

5.4.2 Conceptual Model Rationale

The goal of risk adjustment is to adjust for case-mix differences between hospitals. Risk
adjustment supports fair and accurate comparison of outcomes across measured entities by
including an adjustment for patient-level factors such as age, comorbid diseases, and indicators of
patient frailty, which are clinically relevant and have relationships with the outcome. 

In pursuing an approach that best leverages the data and analytical advancements since initial
measure development, we developed and evaluated a framework to use individual ICD-10 codes
for risk adjustment. The main advantage of leveraging ICD-10 codes in place of the prior method
(that used an ICD-10 grouper, CMS’s Condition Categories, or CCs) is the ability to address the
clinical heterogeneity found in the broadly defined CCs. Our previous research indicates that the
model performance of the mortality measures is significantly improved by using individual codes
instead of CCs (Krumholz et al., 2019). 

Selection of Clinical Risk Variables 

For candidate risk variables, we included all secondary ICD-10 codes documented as present-on-
admission (POA) during the index admission (except for the palliative care code of Z51.5, which,
effective October 1, 2021, was considered POA-exempt), and both principal and secondary ICD-10
codes in the 12 months prior to admission from any inpatient, outpatient, and professional
provider claims. We also considered age, frailty, sex, an indicator for whether the admission was
Medicare Advantage (MA) vs. Fee-for-Service (FFS), and other non-individual-ICD variables in the
existing publicly reported CMS mortality measures. The variable selection of individual ICD codes
mainly relied on data-driven methodologies involving three key steps: 1) pre-processing, 2)
evaluating association with outcome, and 3) consideration of associations between other non-
individual-code variables, including frailty, with the outcome. 

In pre-processing, we screened and included index and history (pre-index) codes if their
prevalence exceeded 0.5% and 2.5%, respectively. Further, co-occurring index and pre-index
codes with Pearson correlation coefficients greater than 0.8 were combined into one risk variable.
Finally, pairs of identical index and pre-index ICD-10 codes with similar odds ratios that acted in
the same direction (where the difference in association with the outcome, measured by odds ratio
(OR), was less than 0.2) were merged. We additionally excluded ICD-10 codes that begin with
R297 since they are components of the National Institutes of Health Stroke Scale (NIHSS)
variable included in the risk adjustment model for the measure as a numeric variable in a later
stage. We note that specific Z codes for social risk factors were removed from the candidate list to
allow for the selection of clinical risk variables; we later tested the impact of adding social risk
factors to the model (See Section 5, Equity). 

In the second step, we included the remaining candidate variables including age in a multivariable
logistic regression model that underwent variable selection through 1,000 iterations of
bootstrapping. We selected variables that were statistically significantly associated with outcomes



(p<0.05) in at least 80% of the bootstrapped samples. Additional variables were added if there
was a resulting increase in c-statistic of at least 0.0005 for each additional variable or an increase
of at least 0.005 for including additional variables within the next 5% of bootstrapped samples
(e.g. moving from 80% to 75%). Lastly, we included other non-individual-ICD variables from the
current CMS mortality measures if their regression coefficients were statistically significant when
added to the models. 

Lastly, based on evidence from the literature, expert input, guidance from the consensus-based
entity for measure endorsement, the Assistant Secretary for Planning and Evaluation (ASPE,
2020), input from other stakeholders, as well as prior testing results, we included a claims-based
indicator of frailty that was developed for CMS’s Multiple Chronic Conditions measure (Yale New
Haven Health Services Corporation/Center for Outcomes Research & Evaluation
(YNHHSC/CORE), 2019) in the final model for all measures. We did not include sex as a variable
since sex can be considered a socio-demographic variable. 

After variable selection, we also added into the model the history of coronavirus disease 2019
(COVID-19) variable to be consistent with current CMS policy. In addition, we added into the
model the NIHSS score variable derived from ICD-10 codes R29701–R29742 corresponding to
NIHSS score 1–42. For patients with no R297 codes, we imputed the NIHSS score as 0. 

For the combined MA and FFS cohort, the risk adjustment model was updated to include an MA
indicator (versus FFS) as a main effect. This was to adjust for the generally higher prevalence of
comorbidities in the MA cohort, especially among the pre-index variables that were derived from
services in the outpatient setting (e.g., physician visits).  

Adjustment for Stroke Severity with the NIH Stroke Scale (NIHSS) 

Stakeholders have previously stressed the importance of including stroke severity in mortality
measures for risk adjustment, as several studies have demonstrated that initial stroke severity is
the strongest predictor of mortality in acute ischemic stroke patients (Bhaskar et al., 2017;
Soriano-Tárraga et al., 2018; Lichtman et al., 2019; Iluţ et al., 2023). In response to this feedback,
we have included the National Institutes of Health Stroke Scale (NIHSS) as an assessment of
stroke severity in the risk-adjustment model, thereby accounting for stroke severity at the time of
admission to assess the condition of the patient before care has been administered. The 2019
Update to the American Heart Association (AHA)/American Stroke Association (ASA) Guidelines
for the Early Management of Acute Ischemic Stroke emphasizes the role of the NIHSS in
evaluating initial stroke severity and its association with patient outcomes, particularly mortality
(Powers et al., 2019). The guidelines note that the NIHSS is important not only for assessing the
patient's condition but also for guiding the application of intravenous and intra-arterial therapies.
Furthermore, these guidelines reinforce that higher NIHSS scores are strongly associated with
worse functional outcomes and greater mortality risk, which supports the inclusion of this scale in
risk adjustment models for stroke care evaluation. 

Moreover, the inclusion of the NIH Stroke Scale has been shown to improve model discrimination
for the publicly reported stroke mortality measure (Schwart et al., 2017). Additionally, Farooque
et al. (2020) found that accounting for stroke severity using the NIHSS significantly improved the
predictive accuracy of mortality models in stroke care and could more accurately identify high-
performing institutions, which leads to better-targeted quality improvement initiatives. The



NIHSS could also act as an independent predictor of early mortality after stroke (Bhaskar et al.,
2017; Soriano-Tárraga et al., 2018; Ramachandran et al., 2022; Iluţ et al., 2023). This predictive
capability allows healthcare providers to stratify patients based on their initial stroke severity and
enable more personalized and efficient interventions. 

Social Risk Factors 

To inform our conceptual framework regarding the impact of social risk factors on stroke
outcomes, we reviewed the existing literature. Our search was centered on articles that included
key terms related to stroke mortality, disparities in socioeconomic and sociodemographic factors,
and access to healthcare. 

Our findings highlighted several demographic and socioeconomic variables that significantly
influence stroke outcomes. Age, for instance, was an example of a determinant of stroke
outcomes, with older adults experiencing higher mortality rates and poorer recovery outcomes
post-stroke. Smithard (2017) noted that individuals aged 80 and above are more prone to
increased frailty and multiple health conditions, which increases their risk of mortality and
complicated recovery. Kelly and Rothwell (2021) further supported this by showing that frail older
adults have a six-fold increase in mortality compared to those who are not frail, largely due to the
compounded effects of frailty and pre-existing health conditions such as cardiovascular disease
and diabetes. 

Socioeconomic status (SES) is another factor influencing stroke outcomes. A systematic review
and meta-analysis by Wang et al. (2020) revealed that individuals with the lowest SES had a 39%
higher risk of stroke-related mortality compared to those with the highest SES. The study
highlighted that lower SES populations often have reduced access to high-quality acute care and
rehabilitation services which results in delayed treatment and poorer recovery after a stroke. 

Disparities in stroke outcomes and care by race are also well documented and have been
identified at the geographic and hospital level. A recent analysis by the CDC confirmed the well-
known race disparity: at the county level, median stroke mortality rates were higher for Black vs.
white Medicare beneficiaries over age 65 (1,214 vs 1,115 deaths per 100,000, respectively, or an
absolute disparity of 61.5 deaths per 100,000 individuals (Evans et al., 2024).  While there are
racial disparities in the underlying risk factors for stroke, and in the incidence of stroke, there is
also evidence for disparities in treatment within the healthcare system. A 2022 systematic review
analyzed 30 studies that examined racial differences in hospital-based care and found disparities
in rates of evidence-based treatment of ischemic stroke, lower use of emergency services, longer
waiting times (emergency department, and time-to-treat), and lower referral rates to higher-level
facilities among Hispanic and Black patients compared with white patients (Ikeme et al., 2022). 

Social Risk Factor Conceptual Model 

Our social risk factor conceptual model described below builds on the literature cited above and
envisions several different pathways, including: 

Patients with social risk factors may have worse health at the time of hospital
admission. Patients who have lower income/education/literacy or unstable housing may
have a worse general health status and may present for their hospitalization or procedure



with a greater severity of underlying illness. These social risk factors, which are
characterized by patient-level or neighborhood/community-level (as proxy for patient-level)
variables, may contribute to worse health status at admission due to competing priorities
(restrictions based on job, lack of childcare, etc.), lack of access to care (geographic,
cultural, or financial), or lack of health insurance. Given that these risk factors all lead to
worse general health status, this causal pathway should be largely accounted for by current
clinical risk adjustment.
Patients with social risk factors may receive care at lower-quality hospitals. Patients
of lower income, lower education, or unstable housing may have inequitable access to high-
quality facilities, in part, because such facilities may be less likely to be found in geographic
areas with large populations of patients with social risk factors. Thus, patients with low
income may be more likely to be seen in lower-quality hospitals, which can contribute to an
increased risk of stroke mortality.
Patients with social risk factors may receive differential care within a hospital. The
third major pathway by which social risk factors may contribute to mortality risk is that
patients may not receive equivalent care within a facility. Alternatively, patients with social
risk factors such as lower education may require differentiated care – e.g., provision of
lower literacy information – that they do not receive.
Patients with social risk factors may experience worse health outcomes beyond the
control of the healthcare system. Some social risk factors, such as income or wealth, may
affect the likelihood of death without directly affecting health status at admission or the
quality of care received during the hospital stay. For instance, while a hospital may make
appropriate care decisions and provide tailored care and education, a lower-income patient
may have a worse outcome post-discharge due to competing economic priorities or a lack of
access to care outside of the hospital. 

These proposed pathways are complex to distinguish analytically. They also have different
implications on the decision to risk adjust or not. Based on the evidence we reviewed and the
conceptual model, and given the limited availability of valid and reliable variables for social risk
that can be tested in claims data, we selected the following variables for testing:  

Dual-Eligible (DE) Status 

Dual eligibility for Medicare and Medicaid is available at the patient level in the Medicare Master
Beneficiary Summary File. The eligibility threshold for Medicare beneficiaries aged 65 or older
considers both income and assets. For the dual-eligible (DE) indicator, there is a body of literature
demonstrating differential health care and health outcomes among beneficiaries (ASPE, 2020). 

Area Deprivation Index (ADI) 

While we previously used the AHRQ SES variable in these types of analyses, we now use the
validated ADI (Forefront Group, 2023). We made this change to align with other CMS work on
social risk factors that now use the ADI. We describe the ADI variable below. 

The ADI, initially developed by the Health Resources & Services Administration, is based on 17
measures across four domains: income, education, employment, and housing quality (Kind et al.,
2018; Singh, 2003). 



The 17 components are listed below: 

Population aged ≥ 25 y with < 9 y of education, %
Population aged ≥ 25 y with at least a high school diploma, %
Employed persons aged ≥ 16 y in white-collar occupations, %
Median family income, $
Income disparity
Median home value, $
Median gross rent, $
Median monthly mortgage, $
Owner-occupied housing units, % (homeownership rate)
Civilian labor force population aged ≥16 y unemployed, % (unemployment rate)
Families below poverty level, %
Population below 150% of the poverty threshold, %
Single-parent households with children aged < 18 y, %
Households without a motor vehicle, %
Households without a telephone, %
Occupied housing units without complete plumbing, % (log)
Households with more than one person per room, % (crowding) 

ADI scores were derived using the beneficiary’s 9-digit ZIP Code of residence, which is obtained
from the Master Beneficiary Summary File and is linked to 2017-2021 US Census/American
Community Service (ACS) data. In accordance with the ADI developers’ methodology, an ADI
score is calculated for the census block group corresponding to the beneficiary’s 9-digit ZIP Code
using 17 weighted Census indicators. Raw ADI scores were then transformed into a national
percentile ranking ranging from 1 to 100, with lower scores indicating lower levels of
disadvantage and higher scores indicating higher levels of disadvantage. Percentile thresholds
established by the ADI developers were then applied to the ADI percentile to dichotomize
neighborhoods into more disadvantaged (high ADI areas=ranking equal to or greater than 85) or
less disadvantaged areas (low ADI areas=ranking of less than 85). 
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5.4.3 Variable Distribution Across Measured Entities

The process that was used to identify risk variables is described in Section 4.4.2.  Frequencies of
risk variables in the final risk model are shown in Table 9 ("All Figures and Tables Stroke
Mortality" attachment) and Section 4.4.4. 

Please see Section 5 for testing related to social risk factors. 

5.4.4 Risk/Case-Mix Adjustment Modeling and/or Stratification Results

Table 9 ("All Figures and Tables Stroke Mortality" attachment) shows the odds ratios for the final
risk variables selected by the process described in Section 4.4.2. 
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5.4.5 Calibration and Discrimination

To assess model performance, we assessed model discrimination, calibration, and overfitting. To
assess discrimination, we computed two discrimination statistics, the c-statistic and predictive
ability (see Table 10 in the attachment). These analyses used the CY2022 dataset (derivation and
validation). For calibration, we provide calibration (risk-decile) plots (see Figures 4A and 4B in the
attachment) for CY2022 and CY2023 data. 

The c-statistic is the probability that predicting the outcome is better than chance, which is a
measure of how accurately a statistical model can distinguish between a patient with and without
an outcome. 

Predictive ability measures the ability to distinguish high-risk subjects from low-risk subjects;
therefore, for a model with good predictive ability, we would expect to see a wide range in
observed outcomes between the lowest and highest deciles of predicted outcomes. To calculate
the predictive ability, we calculated the range of mean observed stroke mortality between the
lowest and highest predicted deciles of stroke mortality probabilities. 

For model calibration, we assessed calibration plots, with mean predicted and mean observed
stroke mortality plotted against deciles of predicted stroke mortality. The closer the predicted
outcomes are to the observed outcomes, the better calibrated the model is. We provide results for
CY2022 (derivation sample) and CY2023 (validation sample). 

In addition, we provide an analysis of overfitting. Overfitting refers to the phenomenon in which
a model accurately describes the relationship between predictive variables and outcomes in the
development dataset but fails to provide valid predictions in new patients. Estimated calibration
values of γ0 close to 0 and estimated values of γ1 close to 1 provide evidence of good calibration
of the model. 

 

 

Model Performance Testing Results

Please see Table 10 and Figures 4A and 4B in the attachment "All Figures and Tables Stroke
Mortality " for the model testing results.  

 

The c-statistic was 0.911 in the derivation sample, and 0.915 in the validation sample (Table 10).
 Predictive ability ranged from 0.6%-75.2% in the derivation sample, and 0.5%-74.1% in the
validation sample.  Risk decile plots show that higher deciles of the predicted outcomes are
associated with higher observed outcomes in both CY2022 and CY2023 data (Figures 4A and 4B).
Overfitting results are shown in Table 9.

5.4.6 Interpretation of Risk/Case-mix Factor Findings



Discrimination 

The c-statistic of 0.991 in the development sample, and 0.915 in the validation sample indicate
excellent model discrimination. The model indicated a wide range between the lowest decile and
highest decile, indicating the ability to distinguish high-risk subjects from low-risk subjects. 

Calibration 

Higher deciles of the predicted outcomes are associated with higher observed outcomes, which
show a good calibration of the model. The model has good predictive ability as shown by the wide
range in observed outcomes between the lowest and highest deciles of predicted outcomes. 

Over-fitting (γ0, γ1) 

If γ0 is substantially far from zero and γ1 is substantially far from one, there is potential evidence
of over-fitting. Our testing results show calibration values of almost 0 at one end and almost one
on the other end indicating good calibration of the model. 

Overall Interpretation 

Interpreted together, our diagnostic results demonstrate the risk-adjustment model adequately
controls for differences in patient characteristics (case mix). 

5.4.7 Final Approach to Address Risk Factors
Statistical risk adjustment model with risk factors

6.1.1 Current Status
In use

6.1.2 Current or Planned Use(s)
Public Reporting, Payment Program, Quality Improvement with Benchmarking (external
benchmarking to multiple organizations), Other

6.1.2a Other Current or Planned Use
This version of the measure is planned for implementation in the Hospital Inpatient Quality
Reporting (HIQR), to replace the FFS-only measure.

6.1.3 Program Details
Name of the program and sponsor
Hospital Inpatient Quality Reporting (HIQR), Centers for Medicare and Medicaid Services (CMS)
URL of the program
https://qualitynet.cms.gov/inpatient/iqr
Purpose of the program
The purpose of the Hospital Inpatient Quality Reporting (HIQR) program is to encourage hospitals
to report quality data to improve healthcare outcomes and ensure they receive full Medicare
payment updates.

https://qualitynet.cms.gov/inpatient/iqr


Geographic area and percentage of accountable entities and patients included
Nation-wide (excepting Maryland); includes >4,000 hospitals, including hospitals paid through
IPPS and voluntarily, CAHs.

6.2.1 Actions of Measured Entities to Improve Performance

Several hospital-level factors can significantly influence stroke mortality outcomes. For instance,
lower case volume and the absence of specialized stroke care teams have been linked to increased
mortality rates among stroke patients. Witrick et al. (2020) underscored the importance of the
time of patient arrival and the hospital's involvement in a telestroke network in shaping stroke
outcomes. Telestroke networks are a type of telemedicine specifically designed to improve the
care of patients experiencing an acute ischemic stroke, particularly in regions where immediate
access to specialized stroke care is limited. The study findings revealed that patients arriving at
the hospital during nighttime hours had a 22% higher likelihood of in-hospital mortality compared
to those who arrived during the day. However, hospitals that were part of a telestroke network
experienced a significant decrease in mortality rates, with patients in these facilities having a 53%
lower likelihood of dying compared to those in non-telestroke hospitals. This impact was even
more noticeable in larger hospitals, which indicates that access to specialized stroke care and the
adoption of telestroke networks are important in improving stroke survival outcomes. 

Similarly, the involvement of less experienced providers or those outside of specialized stroke
centers has been correlated with high stroke mortality. In a study by Zhao et al. (2024), nurses in
neurology wards with less specialized stroke training showed lower proficiency in stroke
assessment and care. This lack of expertise was associated with higher stroke mortality rates,
especially in settings where comprehensive stroke care protocols were not strictly adhered to. The
study highlighted the importance of targeted education and training programs for nurses in non-
specialized or community settings to ensure that all stroke patients receive high-quality care,
regardless of where they are treated. The findings suggest that less experienced providers or
those working outside specialized stroke centers may contribute to poorer patient outcomes.   

Additionally, it has been shown that the use of integrated, multidisciplinary stroke care teams
(comprised of neurologists, rehabilitation specialists, and nurses with expertise in stroke care)
results in significant reductions in mortality and improvement in functional outcomes for stroke
patients. Rodgers and Price (2017) highlight the role of specialized stroke units, where a
multidisciplinary team works together to deliver comprehensive care; patients who receive care in
these specialized stroke units experience lower mortality rates and are less likely to need long-
term institutional care compared to those treated in general medical wards. Other studies also
support that the use of integrated, interdisciplinary care teams, including neurologists,
radiologists, nurses, and rehabilitation specialists, can contribute to improved patient outcomes
and improved post-stroke recovery (Clarke and Forster, 2015; Lip et al., 2022). These models
address shared risk factors for stroke and cardiovascular disease and incorporate telemedicine
and educational initiatives to engage and empower patients and caregivers. The European Society
of Cardiology Council on Stroke has developed a consensus position on optimizing stroke and
heart disease management that highlights the importance of coordinated and individualized care
pathways (Lip, 2022). For example, the post-stroke ABC pathway, which encompasses
antithrombotic therapy, functional and psychological status, and cardiovascular risk factors and
comorbidities, is one example of a holistic framework to improve patient outcomes and quality of



life (Lip, 2017). 

Finally, for measures implemented in CMS hospital reporting programs, hospitals can use, for
quality improvement, the hospital-specific reports (HSR) provided by CMS. This report provides
hospitals with their detailed measure results, discharge-level data, and state and national results
so that hospitals can target their quality improvement efforts. 
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6.2.2 Feedback on Measure Performance

This Stroke Mortality measure is not yet implemented; it is a re-specified version of the currently
reported Fee-for-Service (FFS)-only stroke measure that is implemented in the Inpatient Quality
Reporting Program (IQR). The Stroke Mortality measure was re-specified twice, once in 2016,
driven by stakeholder feedback that the measure should risk adjust for stroke severity upon
admission. In 2016, a workgroup consisting of neurologists, cardiologists, and experts in
biostatistics, measurement, and quality improvement was convened to provide clinical expertise
on the measure. The workgroup met regularly throughout development to address key issues
related to measure cohort, outcome, and usability. The measure also received feedback through
rulemaking public comment.

In 2023, the measure was again respecified, again driven by stakeholder feedback to expand the
cohort to include Medicare Advantage beneficiaries. We also convened a Technical Expert Panel
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to provide input into further improving the measure through the re-selection of clinical risk
variables, described in Section 4.4.2.

On an ongoing basis, the measured entities (hospitals that provide acute inpatient and outpatient
care) and other stakeholders or interested parties submit questions or comments about the
measure through a Q&A portal Experts on measure specifications, calculation, or implementation
prepare responses to those inquiries and reply directly to the sender. We consider issues raised
through the Q&A process about measure specifications or measure calculation in measure
reevaluation and in the re-specification of this measure. The majority of inquiries received from
hospitals through the Q&A process relate to clarifying questions about data sources and aspects
of the methodology, specific questions related to hospital performance outlined within Hospital-
Specific Reports, and requests for code set files and Statistical Analysis System (SAS) code.

In addition, we routinely scan literature repositories for scholarly articles describing research
related to this measure. We summarize new information obtained through these reviews every
three years as a part of comprehensive reevaluation as mandated by the Measure Management
System (MMS) Blueprint.

6.2.3 Consideration of Measure Feedback

Of note, we received stakeholder feedback that the currently reported stroke mortality measure
should adjust for stroke severity upon admission using the National Institute of Health Stroke
Scale (NIHSS). As noted above, we also subsequently expanded the measure’s cohort to include
Medicare Advantage beneficiaries in response to stakeholder feedback.

Each year, issues raised through the Q&A process or in the literature related to the currently
reported stroke mortality measure are considered by measure and clinical experts. Any issues that
warrant additional analytic work due to potential changes in the measure specifications are
addressed as part of the annual measure reevaluation. If small changes are indicated after
additional analytic work is complete, those changes are usually incorporated into the measure in
the next measurement period. If the changes are substantial, CMS may propose the changes
through rulemaking and adopt the changes only after CMS receives public comment on the
changes and finalizes those changes in the Inpatient Prospective Payment System (IPPS) or
another rule. A similar process will be maintained for this re-specified version of the measure.

6.2.4 Progress on Improvement

As noted in Section 2.3, there has been improvement across most of the distribution of risk-
standardized scores for this measure. We compared performance between prior to measure
implementation (dates of data, 7/2010-6/2013) and the most recent performance period prior to
COVID and prior to the addition of the NIHSS in 2022 (7/1/2017-12/1/2019), and the current re-
specification. These results show improvement across the distribution of the measure, with lower
mean (FFS-only) RSMRs (13.5 vs. 15.4), and lower RSMRs across the rest of the distribution (25th
percentile, 12.9 vs. 14.6; 50th percentile, 13.4 vs. 15.3; 75th percentile, 14.1 vs. 16.1).

6.2.5 Unexpected Findings



We did not identify any unintended consequences during measure development or model testing.
However, we are committed to monitoring this measure’s use and assessing potential unintended
consequences over time, such as the inappropriate shifting of care, increased patient morbidity
and mortality, and other potential unintended consequences for patients.
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