
NATIONAL QUALITY FORUM—Measure Testing (subcriteria 2a2, 2b1-2b6)

Measure Number (if previously endorsed): 0123	
Measure Title:  Risk-Adjusted Operative Mortality for AVR+CABG	
Date of Submission:  8/1/2018
Type of Measure:
	☒ Outcome (including PRO-PM)
	☐ Composite – STOP – use composite testing form

	☐ Intermediate Clinical Outcome
	☐ Cost/resource

	☐ Process (including Appropriate Use)
	☐ Efficiency

	☐ Structure
	



	Instructions
· Measures must be tested for all the data sources and levels of analyses that are specified. If there is more than one set of data specifications or more than one level of analysis, contact NQF staff about how to present all the testing information in one form.
· For all measures, sections 1, 2a2, 2b1, 2b2, and 2b4 must be completed.
· For outcome and resource use measures, section 2b3 also must be completed.
· If specified for multiple data sources/sets of specificaitons (e.g., claims and EHRs), section 2b5 also must be completed.
· Respond to all questions as instructed with answers immediately following the question. All information on testing to demonstrate meeting the subcriteria for reliability (2a2) and validity (2b1-2b6) must be in this form. An appendix for supplemental materials may be submitted, but there is no guarantee it will be reviewed.
· If you are unable to check a box, please highlight or shade the box for your response.
· Maximum of 25 pages (incuding questions/instructions; minimum font size 11 pt; do not change margins). Contact NQF staff if more pages are needed.
· Contact NQF staff regarding questions. Check for resources at Submitting Standards webpage.
· For information on the most updated guidance on how to address social risk factors variables and testing in this form refer to the release notes for version 7.1 of the Measure Testing Attachment.



	Note: The information provided in this form is intended to aid the Standing Committee and other stakeholders in understanding to what degree the testing results for this measure meet NQF’s evaluation criteria for testing.

2a2. Reliability testing 10 demonstrates the measure data elements are repeatable, producing the same results a high proportion of the time when assessed in the same population in the same time period and/or that the measure score is precise. For instrument-based measures (including PRO-PMs) and composite performance measures, reliability should be demonstrated for the computed performance score.

2b1. Validity testing 11 demonstrates that the measure data elements are correct and/or the measure score correctly reflects the quality of care provided, adequately identifying differences in quality.  For instrument-based measures (including PRO-PMs) and composite performance measures, validity should be demonstrated for the computed performance score.
[bookmark: _Toc256067249]
2b2. Exclusions are supported by the clinical evidence and are of sufficient frequency to warrant inclusion in the specifications of the measure; 12
AND 
If patient preference (e.g., informed decisionmaking) is a basis for exclusion, there must be evidence that the exclusion impacts performance on the measure; in such cases, the measure must be specified so that the information about patient preference and the effect on the measure is transparent (e.g., numerator category computed separately, denominator exclusion category computed separately). 13

[bookmark: _Toc256067250]2b3. For outcome measures and other measures when indicated (e.g., resource use): 
· an evidence-based risk-adjustment strategy (e.g., risk models, risk stratification) is specified; is based on patient factors (including clinical and social risk factors) that influence the measured outcome and are present at start of care; 14,15 and has demonstrated adequate discrimination and calibration
OR
· rationale/data support no risk adjustment/ stratification. 

2b4. Data analysis of computed measure scores demonstrates that methods for scoring and analysis of the specified measure allow for identification of statistically significant and practically/clinically meaningful 16 differences in performance;
OR
there is evidence of overall less-than-optimal performance. 

2b5. If multiple data sources/methods are specified, there is demonstration they produce comparable results.

2b6. Analyses identify the extent and distribution of missing data (or nonresponse) and demonstrate that performance results are not biased due to systematic missing data (or differences between responders and nonresponders) and how the specified handling of missing data minimizes bias.

Notes
[bookmark: Note8][bookmark: Note9][bookmark: Note10]10. Reliability testing applies to both the data elements and computed measure score. Examples of reliability testing for data elements include, but are not limited to: inter-rater/abstractor or intra-rater/abstractor studies; internal consistency for multi-item scales; test-retest for survey items. Reliability testing of the measure score addresses precision of measurement (e.g., signal-to-noise).
[bookmark: Note11]11. Validity testing applies to both the data elements and computed measure score. Validity testing of data elements typically analyzes agreement with another authoritative source of the same information. Examples of validity testing of the measure score include, but are not limited to: testing hypotheses that the measures scores indicate quality of care, e.g., measure scores are different for groups known to have differences in quality assessed by another valid quality measure or method; correlation of measure scores with another valid indicator of quality for the specific topic; or relationship to conceptually related measures (e.g., scores on process measures to scores on outcome measures).  Face validity of the measure score as a quality indicator may be adequate if accomplished through a systematic and transparent process, by identified experts, and explicitly addresses whether performance scores resulting from the measure as specified can be used to distinguish good from poor quality. The degree of consensus and any areas of disagreement must be provided/discussed.
[bookmark: Note12]12. Examples of evidence that an exclusion distorts measure results include, but are not limited to: frequency of occurrence, variability of exclusions across providers, and sensitivity analyses with and without the exclusion.  
[bookmark: Note13]13. Patient preference is not a clinical exception to eligibility and can be influenced by provider interventions.
[bookmark: Note14][bookmark: Note15]14. Risk factors that influence outcomes should not be specified as exclusions.
[bookmark: Note16]15. With large enough sample sizes, small differences that are statistically significant may or may not be practically or clinically meaningful. The substantive question may be, for example, whether a statistically significant difference of one percentage point in the percentage of patients who received  smoking cessation counseling (e.g., 74 percent v. 75 percent) is clinically meaningful; or whether a statistically significant difference of $25 in cost for an episode of care (e.g., $5,000 v. $5,025) is practically meaningful. Measures with overall less-than-optimal performance may not demonstrate much variability across providers.


1. DATA/SAMPLE USED FOR ALL TESTING OF THIS MEASURE
Often the same data are used for all aspects of measure testing. In an effort to eliminate duplication, the first five questions apply to all measure testing. If there are differences by aspect of testing,(e.g., reliability vs. validity) be sure to indicate the specific differences in question 1.7. 

1.1. What type of data was used for testing? (Check all the sources of data identified in the measure specifications and data used for testing the measure. Testing must be provided for all the sources of data specified and intended for measure implementation. If different data sources are used for the numerator and denominator, indicate N [numerator] or D [denominator] after the checkbox.)
	Measure Specified to Use Data From:
(must be consistent with data sources entered in S.17)
	Measure Tested with Data From:

	☐ abstracted from paper record
	☐ abstracted from paper record

	☐ claims
	☐ claims

	☒ registry
	☒ registry

	☐ abstracted from electronic health record
	☐ abstracted from electronic health record

	☐ eMeasure (HQMF) implemented in EHRs
	☐ eMeasure (HQMF) implemented in EHRs

	☐ other:  Click here to describe
	☐ other:  Click here to describe


     
1.2. If an existing dataset was used, identify the specific dataset (the dataset used for testing must be consistent with the measure specifications for target population and healthcare entities being measured; e.g., Medicare Part A claims, Medicaid claims, other commercial insurance, nursing home MDS, home health OASIS, clinical registry).   

STS Adult Cardiac Surgery Database Version 2.73

1.3. What are the dates of the data used in testing?  July 2011 – June 2014

1.4. What levels of analysis were tested? (testing must be provided for all the levels specified and intended for measure implementation, e.g., individual clinician, hospital, health plan)
	Measure Specified to Measure Performance of:
(must be consistent with levels entered in item S.20)
	Measure Tested at Level of:

	☐ individual clinician
	☐ individual clinician

	☒ group/practice
	☒ group/practice

	☒ hospital/facility/agency
	☒ hospital/facility/agency

	☐ health plan
	☐ health plan

	☐ other:  Click here to describe
	☐ other:  Click here to describe



1.5. How many and which measured entities were included in the testing and analysis (by level of analysis and data source)? (identify the number and descriptive characteristics of measured entities included in the analysis (e.g., size, location, type); if a sample was used, describe how entities were selected for inclusion in the sample) 

[bookmark: distribution-of-participant-sample-sizes]The calculation of the AVR + CABG operative mortality measure using the 36 months from July 2011 to June 2014 included 54,859 operations from 1083 STS participants. "AVR + CABG" was defined per the STS procedure table.  Frequency of included participants by geographic region was summarized below.

Distribution of participant sample sizes (denominator), and observed event rates (numerator/denominator)
	Stat
	N
	% operative mortality

	N
	1083.0
	1083.0

	Mean
	50.7
	5.0

	STD
	54.3
	6.2

	IQR
	49.0
	6.7

	0%
	1.0
	0.0

	10%
	6.0
	0.0

	20%
	13.0
	0.0

	30%
	20.0
	1.3

	40%
	27.8
	2.6

	50%
	35.0
	3.5

	60%
	44.0
	4.6

	70%
	57.4
	6.1

	80%
	76.0
	7.9

	90%
	111.0
	11.7

	100%
	691.0
	50.0



Distribution of participants by US geographic regions
	Region
	

	  Midwest
	311

	  Northeast
	138

	  South
	408

	  West
	226



1.6. How many and which patients were included in the testing and analysis (by level of analysis and data source)? (identify the number and descriptive characteristics of patients included in the analysis (e.g., age, sex, race, diagnosis); if a sample was used, describe how patients were selected for inclusion in the sample) 

All eligible patients were included except a few without key variables (age, gender), for which STS never imputes in its risk adjustment algorithms.  The characteristics are described in the table below.

	
	Effects
	Overall 
N=54859

	Age (years)
	Median (IQR)
	74.0 (67.0, 80.0)

	
	Missing
	0 (0.0%)

	Sex
	Male
	39,020 (71.1%)

	
	Female
	15,839 (28.9%)

	Race - Asian
	No
	54,048 (98.5%)

	
	Yes
	657 (1.2%)

	
	Missing
	154 (0.3%)

	Race - Black / African American
	No
	52,656 (96.0%)

	
	Yes
	2,052 (3.7%)

	
	Missing
	151 (0.3%)

	Race - White
	No
	4,286 (7.8%)

	
	Yes
	50,496 (92.0%)

	
	Missing
	77 (0.1%)

	Race - American Indian / Alaskan Native
	No
	54,447 (99.2%)

	
	Yes
	254 (0.5%)

	
	Missing
	158 (0.3%)

	Race - Other
	No
	53,394 (97.3%)

	
	Yes
	1,277 (2.3%)

	
	Missing
	188 (0.3%)

	Native Hawaiian / Pacific Islander
	No
	54,572 (99.5%)

	
	Yes
	108 (0.2%)

	
	Missing
	179 (0.3%)

	Hispanic or Latino Ethnicity
	No
	52,458 (95.6%)

	
	Yes
	2,208 (4.0%)

	
	Missing
	193 (0.4%)

	Body Surface Area (m)
	<1.5
	1,170 (2.1%)

	
	>=1.5 and <1.75
	8,365 (15.2%)

	
	>=1.75 and <2
	20,343 (37.1%)

	
	>=2
	24,936 (45.5%)

	
	Missing
	45 (0.1%)

	Diabetes
	No Diabetes
	32,534 (59.3%)

	
	Diabetes - Noninsulin
	15,265 (27.8%)

	
	Diabetes - Insulin
	6,869 (12.5%)

	
	Diabetes - Other
	72 (0.1%)

	
	Diabetes - Missing Treatment
	47 (0.1%)

	
	Missing
	72 (0.1%)

	Hypertension
	No
	6,062 (11.1%)

	
	Yes
	48,749 (88.9%)

	
	Missing
	48 (0.1%)

	Renal Function
	Creatinine <1 mg/dL
	22,664 (41.3%)

	
	Creatinine 1-1.5 mg/dL
	24,245 (44.2%)

	
	Creatinine 1.5-2 mg/dL
	4,738 (8.6%)

	
	Creatinine 2-2.5 mg/dL
	934 (1.7%)

	
	Creatinine >2.5 mg/dL
	663 (1.2%)

	
	Dialysis
	1,465 (2.7%)

	
	Missing
	150 (0.3%)

	Chronic Lung Disease (CLD)
	None
	40,244 (73.4%)

	
	Mild
	7,868 (14.3%)

	
	Moderate
	3,859 (7.0%)

	
	Severe
	2,747 (5.0%)

	
	Missing
	141 (0.3%)

	Peripheral Vascular Disease (PVD)
	No
	45,867 (83.6%)

	
	Yes
	8,889 (16.2%)

	
	Missing
	103 (0.2%)

	Cerebrovascular Disease (CVD)
	No
	44,293 (80.7%)

	
	Yes
	10,487 (19.1%)

	
	Missing
	79 (0.1%)

	Cerebrovascular Accident (CVA)
	No CVA
	50,107 (91.3%)

	
	Remote CVA (> 2 weeks)
	4,489 (8.2%)

	
	Recent CVA (< 2 weeks)
	141 (0.3%)

	
	CVA - Missing Timing
	25 (0.0%)

	
	Missing
	97 (0.2%)

	Endocarditis
	No Endocarditis
	53,932 (98.3%)

	
	Treated Endocarditis
	418 (0.8%)

	
	Active Endocarditis
	409 (0.7%)

	
	Endocarditis - Missing Type
	3 (0.0%)

	
	Missing
	97 (0.2%)

	Acuity Status
	Elective
	35,969 (65.6%)

	
	Urgent
	18,285 (33.3%)

	
	Emergent
	547 (1.0%)

	
	Emergent Salvage
	22 (0.0%)

	
	Missing
	36 (0.1%)

	Myocardial Infarction
	No Prior MI
	39,482 (72.0%)

	
	MI >21 days
	8,559 (15.6%)

	
	MI 8-21 days
	1,826 (3.3%)

	
	MI 1-7 days
	4,529 (8.3%)

	
	MI 6-24 hrs
	250 (0.5%)

	
	MI  <= 6 hrs
	93 (0.2%)

	
	MI - Missing Timing
	41 (0.1%)

	
	Missing
	79 (0.1%)

	Cardiogenic Shock
	No
	54,286 (99.0%)

	
	Yes
	490 (0.9%)

	
	Missing
	83 (0.2%)

	Preop IABP
	No
	53,741 (98.0%)

	
	Yes
	995 (1.8%)

	
	Missing
	123 (0.2%)

	Congestive Heart Failure
	No CHF
	33,286 (60.7%)

	
	CHF NYHA-I
	985 (1.8%)

	
	CHF NYHA-II
	6,441 (11.7%)

	
	CHF NYHA-III
	9,595 (17.5%)

	
	CHF NYHA-IV
	4,019 (7.3%)

	
	CHF Missing NYHA
	443 (0.8%)

	
	Missing
	90 (0.2%)

	Number of Diseased Coronary Vessels
	None
	1,160 (2.1%)

	
	One
	15,121 (27.6%)

	
	Two
	16,322 (29.8%)

	
	Three
	22,112 (40.3%)

	
	Missing
	144 (0.3%)

	Left Main Disease > 50%
	No
	44,742 (81.6%)

	
	Yes
	9,926 (18.1%)

	
	Missing
	191 (0.3%)

	Ejection Fraction (%)
	Median (IQR)
	58.0 (50.0, 63.0)

	
	Missing
	1,606 (2.9%)

	Dyslipidemia	
	No
	7,840 (14.3%)

	
	Yes
	46,964 (85.6%)

	
	Missing
	55 (0.1%)

	Aortic Stenosis
	No
	4,036 (7.4%)

	
	Yes
	50,562 (92.2%)

	
	Missing
	261 (0.5%)

	Mitral Stenosis
	No
	52,007 (94.8%)

	
	Yes
	1,569 (2.9%)

	
	Missing
	1,283 (2.3%)

	Tricuspid Stenosis
	No
	53,355 (97.3%)

	
	Yes
	122 (0.2%)

	
	Missing
	1,382 (2.5%)

	Pulmonic Stenosis
	No
	53,862 (98.2%)

	
	Yes
	102 (0.2%)

	
	Missing
	895 (1.6%)

	Aortic Insufficiency
	None
	16,055 (29.3%)

	
	Trivial
	8,616 (15.7%)

	
	Mild
	15,018 (27.4%)

	
	Moderate
	8,892 (16.2%)

	
	Severe
	5,189 (9.5%)

	
	Missing
	1,089 (2.0%)

	Mitral Insufficiency
	None
	22,881 (41.7%)

	
	Trivial
	8,177 (14.9%)

	
	Mild
	16,540 (30.2%)

	
	Moderate
	6,386 (11.6%)

	
	Severe
	531 (1.0%)

	
	Missing
	344 (0.6%)

	Tricuspid Insufficiency
	None
	27,704 (50.5%)

	
	Trivial
	10,174 (18.5%)

	
	Mild
	12,935 (23.6%)

	
	Moderate
	3,274 (6.0%)

	
	Severe
	318 (0.6%)

	
	Missing
	454 (0.8%)

	Pulmonic Insufficiency
	None
	44,198 (80.6%)

	
	Trivial
	6,666 (12.2%)

	
	Mild
	3,026 (5.5%)

	
	Moderate
	374 (0.7%)

	
	Severe
	11 (0.0%)

	
	Missing
	584 (1.1%)



1.7. If there are differences in the data or sample used for different aspects of testing (e.g., reliability, validity, exclusions, risk adjustment), identify how the data or sample are different for each aspect of testing reported below.

We used the same dataset of AVR + CABG operations from July 2011 to June 2014 for the entire report. The exceptions are
1. For comparisons across time periods, and for the empirical validity testing, we used the participants who participated in STS during both July 2008 - June 2011 and July 2011 - June 2014 time periods.
2. In the individual measure risk prediction model validation section, we cited and reused the sample from the paper published in 2009.

Shahian DM, O'Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, Normand SL, DeLong ER, Shewan CM, Dokholyan RS, Peterson ED, Edwards FH, Anderson RP. The Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 3--valve plus coronary artery bypass grafting surgery. Ann Thorac Surg 2009 Jul;88(1 Suppl):S43-62.


1.8 What were the social risk factors that were available and analyzed? For example, patient-reported data (e.g., income, education, language), proxy variables when social risk data are not collected from each patient (e.g. census tract), or patient community characteristics (e.g. percent vacant housing, crime rate) which do not have to be a proxy for patient-level data.

Whether outcomes measures, and the public reporting and reimbursement programs based on them, should consider socioeconomic (SES) or sociodemographic (SDS) factors (e.g., race, ethnicity, education, income, payer [e.g.,  Medicare-Medicaid dual eligible status]) is a topic of intense health policy debate [1]. Some argue that in the absence of adjustment for these variables, the outcomes of hospitals that care for a disproportionate percentage of low SES patients will be unfairly disadvantaged, perhaps leading to financial or reputational penalties. Opponents argue that inclusion of SES factors in risk models may “adjust away” disparities in quality of care, and they advocate the use of stratified analyses instead. They also note that readily available SES factors have often not demonstrated significant impact on outcomes. As part of an NQF pilot project, STS specifically studied dual eligible status in the STS readmission measure [2] and found minimal impact. Finally, even SES proponents agree that these factors make more sense intuitively for some outcomes (e.g., readmission) than others (hospital mortality, complications)—that is, they are context-specific.
In identifying a risk adjustment approach for this measure, and in keeping with the general approach taken for the new STS risk models for the Adult Cardiac Surgery Database [3], we chose to avoid the more philosophical and downstream health policy implications of SES adjustment and based our modeling decisions on empirical findings and consideration of the model's primary intended purpose--to adjust for case mix.  Conceptually, our goal was to adjust for all preoperative factors that are independently and significantly associated with outcomes and that vary across STS participants. For example, race will continue to be in our risk models as it has been previously, but not conceptually as a SES indicator.  Race has an empirical association with outcomes and has the potential to confound the interpretation of a hospital's outcomes, although we do not know the underlying mechanism (e.g., genetic factors, differential effectiveness of certain medications, rates of certain associated diseases such as diabetes and hypertension).

1. National Academies of Sciences E, and Medicine. Accounting for social risk factors in medicare payment. Washington, DC: The National Academies Press; 2017.
2. Shahian DM, He X, O'Brien SM et al. Development of a clinical registry-based 30-day readmission measure for coronary artery bypass grafting surgery. Circulation 2014;130(5):399-409.
3. Shahian DM, Jacobs JP, Badhwar V, et al.  The Society of Thoracic Surgeons 2018 Adult Cardiac Surgery Risk Models: Part 1 – Background, Design Considerations, and Model Development. Ann Thorac Surg. 2018 May;105(5):1411-1418.
________________________________
2a2. RELIABILITY TESTING 
Note: If accuracy/correctness (validity) of data elements was empirically tested, separate reliability testing of data elements is not required – in 2a2.1 check critical data elements; in 2a2.2 enter “see section 2b2 for validity testing of data elements”; and skip 2a2.3 and 2a2.4.

2a2.1. What level of reliability testing was conducted? (may be one or both levels)
☒ Critical data elements used in the measure (e.g., inter-abstractor reliability; data element reliability must address ALL critical data elements)
☐ Performance measure score (e.g., signal-to-noise analysis)

2a2.2. For each level checked above, describe the method of reliability testing and what it tests (describe the steps―do not just name a method; what type of error does it test; what statistical analysis was used)

See section 2b2 for validity testing of data elements

2a2.3. For each level of testing checked above, what were the statistical results from reliability testing?  (e.g., percent agreement and kappa for the critical data elements; distribution of reliability statistics from a signal-to-noise analysis)

2a2.4 What is your interpretation of the results in terms of demonstrating reliability? (i.e., what do the results mean and what are the norms for the test conducted?)

_________________________________
2b1. VALIDITY TESTING 
2b1.1. What level of validity testing was conducted? (may be one or both levels)
☒ Critical data elements (data element validity must address ALL critical data elements)
☒ Performance measure score
☒ Empirical validity testing
☒ Systematic assessment of face validity of performance measure score as an indicator of quality or resource use (i.e., is an accurate reflection of performance on quality or resource use and can distinguish good from poor performance)  NOTE:  Empirical validity testing is expected at time of maintenance review; if not possible, justification is required.

2b1.2. For each level of testing checked above, describe the method of validity testing and what it tests (describe the steps―do not just name a method; what was tested, e.g., accuracy of data elements compared to authoritative source, relationship to another measure as expected; what statistical analysis was used)

Critical data elements
Participating sites are randomly selected for participation in STS Adult Cardiac Surgery Database Audit, which is designed to evaluate the accuracy, consistency, and comprehensiveness of data collection and ultimately validate the integrity of the data contained in the database. Telligen, formerly Iowa Foundation for Medical Care, has conducted audits on behalf of STS since 2006. 

In 2014, 10% of STS Adult Cardiac Surgery Database participants (N=108, an increase from 86 in 2013) were audited. The audit process involves re-abstraction of data for 20 cases and comparison of 74 individual data elements with those submitted to the data warehouse. Agreement rates are calculated for each of the 74 variables, each variable category and overall. In 2014 the overall aggregate agreement rate was 95.73%, demonstrating that the data contained in the STS Adult Cardiac Surgery Database is both comprehensive and highly accurate.

[bookmark: performance-measure-score-1]Performance measure score
Empirical validity testing
We tested the predictive validity of the measure. Predictive validity means that the results of this measure are predictive of future performance. We assessed the extent to which performance on this STS measure remains stable over time. In other words, does the measure at one point in time accurately predict performance at some later time?

The tests on validity used the concept of performance outliers to be more formally introduced in 2b5: Participants were labeled as "high performance" if the 95% confidence interval of its estimated odds ratio of event lies entirely below 1 (in other words, the upper bound of the 95% CI < 1). Participants were labeled as "low performance" if the 95% confidence interval of its estimated odds ratio of event lies entirely above 1. The remaining participants were labeled mid performance.

For each of the performance groups from the earlier period, we calculated the group specific risk-adjusted measure rates in the later period. The risk-adjusted rates used here were defined with the observed-to-expected ratio method as:

Risk adjusted rate = (Group observed event rates / Group expected event rates)*(Population event rate)

Face validity
We calculated and compared the risk-adjusted rates in the three performance groups for the current measure denominator time window.  The measure has good face value if the three groups have different rates as expected.

Face validity also implies that the measure is regarded as useful and valid by its intended users, including providers, consumers, payers, and regulators. The measure was developed with a panel of surgeon experts and statisticians. We have had near-universal acceptance of this measure by all stakeholders, and the STS AVR+CABG composite measure will likely be used in the future by the highly respected consumer publication, Consumer Reports.

We also looked at attributional validity, which means that adequate risk adjustment has been employed so that differences in quality are not biased by differences in patient severity. Based on the extensive risk model development experience of the STS, spanning over two decades and based on hundreds of thousands of patients, we believe this criterion has been satisfied.


2b1.3. What were the statistical results from validity testing? (e.g., correlation; t-test)

Critical data elements
Database validity was evaluated by re-abstraction of 74 individual data elements (variables) from the medical records and comparison to submitted data. Agreement rates were calculated at the individual variable level, category level and overall.  In the abridged table of audit results below, the “CATEGORY” column identifies the category each variable is assigned in the data specifications; the “FIELD_NAME” column represents the variable name and contains all of the individual variables evaluated in the audit; the numerator column (NUM) represents the number of matches between the abstractors’ findings and `the responses submitted; the denominator column (DEN) is the total number of times the variable was abstracted, and the “Agreement Rate” column contains the percentage agreement rates. 

There were 127,087 total variables abstracted and there were 121,662 variables that matched, resulting in an overall agreement rate of 95.73%.

Critical data elements and agreement rates relevant to Risk-Adjusted Operative Mortality for AVR+CABG are shown in bold italics in the table below.

Aggregate Agreement Rates for Each Variable and Variable Category (abridged)
	CATEGORY 
	FIELD_NAME 
	NUM 
	DEN 
	Agreement Rate 

	DEMOGRAPHICS 
	OVERALL_ALL FIELDS 
	4314 
	4320 
	99.86% 

	DEMOGRAPHICS 
	Age (Age) 
	2160 
	2160 
	100.0% 

	DEMOGRAPHICS 
	Gender (Gender) 
	2154 
	2160 
	99.72% 

	HOSPITALIZATION 
	OVERALL_ALL FIELDS 
	6398 
	6479 
	98.75% 

	HOSPITALIZATION 
	Date of Admission (AdmitDt) 
	2119 
	2160 
	98.10% 

	HOSPITALIZATION 
	Date of Surgery (SurgDt) 
	2146 
	2160 
	99.35% 

	HOSPITALIZATION 
	Date of Discharge (DischDt) 
	2133 
	2159 
	98.80% 

	RISK FACTORS 
	OVERALL_ALL FIELDS 
	35341 
	37196 
	95.01% 

	RISK FACTORS 
	Weight (WeightKg) 
	2006 
	2160 
	92.87% 

	RISK FACTORS 
	Height (HeightCm) 
	2106 
	2160 
	97.50% 

	RISK FACTORS 
	INR (INR) 
	1870 
	2045 
	91.44% 

	RISK FACTORS 
	Total Bilirubin (TotBlrbn) 
	1677 
	1908 
	87.89% 

	RISK FACTORS 
	Last Creatinine Level Prior to Surgery (CreatLst) 
	1999 
	2156 
	92.72% 

	RISK FACTORS 
	Diabetes (Diabetes) 
	2114 
	2160 
	97.87% 

	RISK FACTORS 
	Diabetes Control (DiabCtrl) 
	780 
	853 
	91.44% 

	RISK FACTORS 
	Dyslipidemia (Dyslip) 
	2003 
	2160 
	92.73% 

	RISK FACTORS 
	Dialysis (Dialysis) 
	2154 
	2160 
	99.72% 

	RISK FACTORS 
	MELD Score (MELDScr) 
	1703 
	1780 
	95.67% 

	RISK FACTORS 
	Hypertension (Hypertn) 
	2048 
	2160 
	94.81% 

	RISK FACTORS 
	Infectious Endocarditis (InfEndo) 
	2153 
	2160 
	99.68% 

	RISK FACTORS 
	Infectious Endocarditis Type (InfEndTy) 
	57 
	63 
	90.48% 

	RISK FACTORS 
	Chronic Lung Disease (ChrLungD) 
	1890 
	2160 
	87.50% 

	RISK FACTORS 
	Liver Disease (LiverDis) 
	2091 
	2160 
	96.81% 

	RISK FACTORS 
	Immunocompromise (ImmSupp) 
	2131 
	2160 
	98.66% 

	RISK FACTORS 
	Peripheral Arterial Disease (PVD) 
	2050 
	2160 
	94.91% 

	RISK FACTORS 
	Cerebrovascular Disease (CVD) 
	2089 
	2160 
	96.71% 

	RISK FACTORS 
	Prior CVA (CVA) 
	302 
	311 
	97.11% 

	RISK FACTORS 
	Five Meter Walk Test Done (FiveMWalkTest) 
	2118 
	2160 
	98.06% 

	OPERATIVE 
	OVERALL_ALL FIELDS 
	4113 
	4320 
	95.21% 

	OPERATIVE 
	Status (Status) 
	2062 
	2160 
	95.46% 

	OPERATIVE 
	Appropriate Antibiotic Discontinuation (AbxDisc) 
	2051 
	2160 
	94.95% 

	CORONARY BYPASS 
	OVERALL_ALL FIELDS 
	1312 
	1322 
	99.24% 

	CORONARY BYPASS 
	IMA Used for Grafts (IMAArtUs) 
	1312 
	1322 
	99.24% 

	VALVE SURGERY 
	OVERALL_ALL FIELDS 
	1555 
	1564 
	99.42% 

	VALVE SURGERY 
	Aortic Valve Procedure Performed (VSAVPr) 
	701 
	701 
	100.0% 

	VALVE SURGERY 
	Aortic Annular Enlargement (AnlrEnl) 
	684 
	692 
	98.84% 

	VALVE SURGERY 
	Mitral Valve Procedure Performed (VSMVPr) 
	170 
	171 
	99.42% 

	MORTALITY 
	OVERALL_ALL FIELDS 
	6456 
	6596 
	97.88% 

	MORTALITY 
	Mortality (Mortalty) 
	2147 
	2159 
	99.44% 

	MORTALITY 
	Discharge Status (MtDCStat) 
	2159 
	2159 
	100.0% 

	MORTALITY 
	Status at 30 Day After Surgery (Mt30Stat) 
	2035 
	2160 
	94.21% 

	MORTALITY 
	Operative Death (MtOpD) 
	115 
	118 
	97.46% 

	
	OVERALL ALL CATEGORIES & FIELDS 
	121,662 
	127,087 
	95.73% 




Empirical Validity 
[bookmark: table.-change-in-performance-categories-]The analysis was restricted to a sample of 986 STS participants who participated and received the measure in both time periods of July 2008 - June 2011 and July 2011 - June 2014. We first divided the participants into three equal-size groups (tertiles) according to their earlier period performance as measured by estimated OR, and calculated the risk adjusted event rate in the later period for each of the groups. The results were 3.3%, 4.2%, 5.2% in three tertiles respectively, from lowest event rate to the highest event rate tertile.

Risk adjusted rates in later period by tertiles of estimated OR in the earlier period; lowest tertile = lowest OR from the earlier period. [image: ]

We then repeated the same calculation by performance outliers in the earlier period. The statistically worse-than-average group from the earlier period achieved a risk adjusted event rate of 5.2% in the later period, and the better-than-average group from the earlier period had a risk adjusted rate of 1.9% in the later period.
Risk adjusted rates in later period by performance groups in the earlier period; low performance = rates statistically significantly higher than average in the earlier period. [image: ]

Face Validity
STS participants deemed high performers by this measure have (on average) lower risk-adjusted rates of operative mortality. Thus, differences in performance were clinically meaningful as well as statistically significant. This is illustrated in the figure below using data from July 2011 to June 2014. Compared to participants who were deemed as having lower than average performance, those with better-than-average performance had lower risk adjusted operative mortality (1.2% vs. 10.7%).
[image: ]
Low performance = high rate; high performance = low rate


2b1.4. What is your interpretation of the results in terms of demonstrating validity? (i.e., what do the results mean and what are the norms for the test conducted?)

The test results show that the measure assesses performance as designed, and that the past measure can be used to predict future performance. Together with face value, they support the validity of the measure.

_________________________
2b2. EXCLUSIONS ANALYSIS
NA ☒ no exclusions — skip to section 2b4

2b2.1. Describe the method of testing exclusions and what it tests (describe the steps―do not just name a method; what was tested, e.g., whether exclusions affect overall performance scores; what statistical analysis was used)
N/A

2b2.2. What were the statistical results from testing exclusions? (include overall number and percentage of individuals excluded, frequency distribution of exclusions across measured entities, and impact on performance measure scores)
N/A

2b2.3. What is your interpretation of the results in terms of demonstrating that exclusions are needed to prevent unfair distortion of performance results? (i.e., the value outweighs the burden of increased data collection and analysis.  Note: If patient preference is an exclusion, the measure must be specified so that the effect on the performance score is transparent, e.g., scores with and without exclusion)
N/A
____________________________
[bookmark: section2b4]2b3. RISK ADJUSTMENT/STRATIFICATION FOR OUTCOME OR RESOURCE USE MEASURES
If not an intermediate or health outcome, or PRO-PM, or resource use measure, skip to section 2b5.

2b3.1. What method of controlling for differences in case mix is used?
☐ No risk adjustment or stratification
☒ Statistical risk model with 40 risk factors
☐ Stratification by Click here to enter number of categories risk categories
☐ Other, Click here to enter description

[bookmark: _GoBack]2b3.1.1 If using a statistical risk model, provide detailed risk model specifications, including the risk model method, risk factors, coefficients, equations, codes with descriptors, and definitions. 

This information is provided in 2b3.3a and 2b3.4a below, as well as:

Shahian DM, O'Brien SM, Filardo G, Ferraris VA, et al.  The Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 1--coronary artery bypass grafting surgery. Ann Thorac Surg. 2009 Jul;88(1 Suppl):S2-22.

2b3.2. If an outcome or resource use component measure is not risk adjusted or stratified, provide rationale and analyses to demonstrate that controlling for differences in patient characteristics (case mix) is not needed to achieve fair comparisons across measured entities. 

N/A

2b3.3a. Describe the conceptual/clinical and statistical methods and criteria used to select patient factors (clinical factors or social risk factors) used in the statistical risk model or for stratification by risk (e.g., potential factors identified in the literature and/or expert panel; regression analysis; statistical significance of p<0.10; correlation of x or higher; patient factors should be present at the start of care)  Also discuss any “ordering” of risk factor inclusion; for example, are social risk factors added after all clinical factors?
The details of risk adjustment model development were published in 2009. The list of candidate risk predictors were selected by a surgeon panel based on prior research and clinical expertise. Age, body surface area, and month of surgery were forced into each model. Other variables were selected in a stepwise fashion using a significance criterion of 0.05 for entry and removal. This criterion was less stringent than that employed in development of the CABG models, because the sample size in the former was so much larger than that which was used for the valve models.

Shahian DM, O'Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, Normand SL, DeLong ER, Shewan CM, Dokholyan RS, Peterson ED, Edwards FH, Anderson RP. The Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 3--valve plus coronary artery bypass grafting surgery. Ann Thorac Surg 2009 Jul;88(1 Suppl):S43-62.

The definitions of all the variables in the final 2008 valve surgery + CABG models are provided below.  (Note not all were included in the final model for this measure.)
	Candidate Variables
	Coding

	Continuous variables
	

	 Agea
	Linear spline truncated from below at 50 with knot at 75.

	 Ejection fraction
	Linear; values > 50 mapped to 50

	 Body surface areaa
	Quadratic polynomial modeled separately for males and females. Note: BSA < 1.4 and > 2.6 were mapped to those values, respectively.

	 Creatinine
	Linear (only for patients not on dialysis). Note: Creatinine < 0.5 and > 5.0 mapped to those values, respectively.

	 Time trenda
	Ordinal categorical variable with separate category for each 6-month harvest interval. Modeled as linear across the categories.

	Binary variables
	

	 Active infectious endocarditis
	Yes/no

	 Dialysis
	Yes/no

	 Preoperative atrial fibrillation
	Yes/no

	 Shock
	Yes/no

	 Femalea
	Yes/no

	 Hypertension
	Yes/no

	 Immunosuppressive treatment
	Yes/no

	 Preop IABP or inotropes
	Yes/no

	 Peripheral vascular disease
	Yes/no

	 Unstable angina (no MI < 7 days)
	Yes/no

	 Left main disease
	Yes/no

	 Aortic stenosis
	Yes/no

	 Mitral stenosis
	Yes/no

	 Aortic insufficiency
	Defined as at least moderate (yes/no)

	 Mitral insufficiency
	Defined as at least moderate (yes/no)

	 Tricuspid insufficiency
	Defined as at least moderate (yes/no)

	Categorical variables
	

	 Chronic lung disease
	Modeled as linear across categories (none, mild, moderate, severe)

	 CVD/CVA
	3 groups: no CVD, CVD no CVA, CVD + CVA

	 Diabetes mellitus
	3 groups: insulin diabetes, noninsulin diabetes, other or no diabetes

	 No. diseased coronary vessels
	3 groups: < 2-vessel disease; 2-vessel disease; 3-vessel disease. Modeled as linear across the categories

	 MI
	3 groups: < 24 hours, 1–21 days, > 21 days or no MI. Note: groups 1 and 2 were subsequently collapsed for some models.

	 Race
	3 groups: black, Hispanic, other including Caucasian

	 Status
	4 groups: elective, urgent, emergent no resuscitation, salvage or emergent with resuscitation

	 Previous cardiovascular operations
	3 groups: 0 previous, 1 previous, ≥ 2 previous

	 CHF and NYHA class
	3 groups: no CHF, CHF not NYHA IV, CHF and NYHA IV

	Interaction terms
	

	 Age by reoperationa
	

	 Age by emergent statusa
	


CHF = congestive heart failure; CLD = chronic lung disease; CVA = cerebrovascular accident (stroke); CVD = cardiovascular disease; EF = ejection fraction; IABP = intra-aortic balloon pump; MI = myocardial infarction; NYHA = New York Heart Association.
a These variables were forced into each model.


2b3.3b. How was the conceptual model of how social risk impacts this outcome developed?  Please check all that apply:
☒ Published literature
☐ Internal data analysis
☒ Other (please describe)

Expert group consensus

2b3.4a. What were the statistical results of the analyses used to select risk factors?

The final model for this measure consists of effects listed in the table below.
		Effect	
	Estimated OR (95% Confidence Interval)

	Preop Afib
	1.20 (1.12, 1.29)

	BSA 1.6 vs. 2.0 among females
	1.29 (1.19, 1.39)

	BSA 1.6 vs. 2.0 among males
	1.58 (1.41, 1.77)

	BSA 1.8 vs. 2.0 among females
	1.05 (1.00, 1.10)

	BSA 1.8 vs. 2.0 among males
	1.15 (1.10, 1.20)

	BSA 2.2 vs. 2.0 among females
	1.12 (1.02, 1.22)

	BSA 2.2 vs. 2.0 among males
	1.04 (1.00, 1.09)

	CVD with CVA
	1.22 (1.11, 1.33)

	Diabetes - Insulin
	1.31 (1.20, 1.42)

	Diabetes - Noninsulin
	1.12 (1.05, 1.19)

	Diseased vessels (2 vs. 1 or 3 vs. 2)
	1.15 (1.11, 1.19)

	Immunosuppressive treatment
	1.35 (1.17, 1.54)

	Left main disease
	1.12 (1.05, 1.20)

	Tricuspid Insufficiency - Moderate/Severe
	1.27 (1.15, 1.41)

	PVD
	1.29 (1.21, 1.37)

	Mitral stenosis
	1.10 (0.99, 1.24)

	MI 1-21 days
	1.19 (1.10, 1.28)

	MI < 21 days
	

	MI < 24 hrs
	1.65 (1.42, 1.91)

	Time Trend - Per 6 month harvest interval
	0.98 (0.96, 0.99)

	Status - Urgent
	1.25 (1.17, 1.34)

	Unstable Angina
	1.11 (1.03, 1.21)

	Age 60 vs. 50
	1.29 (1.20, 1.39)

	Age 70 vs. 50
	1.67 (1.45, 1.92)

	Age 80 vs. 50
	2.47 (2.08, 2.94)

	CHF - not NYHA IV
	1.24 (1.14, 1.34)

	CHF - NYHA IV
	1.48 (1.34, 1.64)

	Creatinine - per 1 unit
	1.57 (1.49, 1.65)

	Dialysis vs. No Dialysis & Creat = 1.0
	3.20 (2.84, 3.61)

	EF - per 10 unit decrease
	1.10 (1.06, 1.15)

	Preop IABP / Inotropes
	1.43 (1.30, 1.58)

	Shock
	1.68 (1.45, 1.94)

	Female vs. male (at BSA=1.8)
	1.36 (1.26, 1.47)

	Active Infectious Endocarditis
	2.04 (1.66, 2.50)

	CLD (mod vs mild or sev vs mod)
	1.19 (1.16, 1.23)

	Reop - 1 previous operation
	2.20 (1.81, 2.67)

	Reop - 2+ previous operations
	2.46 (1.87, 3.24)

	Status - Emergent (no resuscitation)
	2.14 (1.62, 2.81)

	Status - Emergent w/ resuscitation or salvage
	4.56 (3.31, 6.29)




2b3.4b. Describe the analyses and interpretation resulting in the decision to select social risk factors (e.g. prevalence of the factor across measured entities, empirical association with the outcome, contribution of unique variation in the outcome, assessment of between-unit effects and within-unit effects.)  Also describe the impact of adjusting for social risk (or not) on providers at high or low extremes of risk.

Please see our response in 1.8 above.

2b3.5. Describe the method of testing/analysis used to develop and validate the adequacy of the statistical model or stratification approach (describe the steps―do not just name a method; what statistical analysis was used)

In the previously referenced paper the models were assessed for predictability by means of C-statistic and goodness-of-fit through calibration plot. Data were split into development and validation samples, and upon completion of model development, C-statistics were estimated and calibration plots were created using the validation sample.

Provide the statistical results from testing the approach to controlling for differences in patient characteristics (case mix) below.
If stratified, skip to 2b3.9

2b3.6. Statistical Risk Model Discrimination Statistics (e.g., c-statistic, R-squared):  

The C-statistic of assessing the model in the validation sample is 0.736.

2b3.7. Statistical Risk Model Calibration Statistics (e.g., Hosmer-Lemeshow statistic):  

Calibration was assessed graphically by plotting observed versus expected event rates by decile of predicted risk (2b3.8). The Hosmer-Lemeshow test was not used because it is known to be highly sensitive to sample size and is likely to be significant in studies with a very large sample size. We also calculated the absolute differences between observed and expected event rates in deciles defined by predicted risk. The largest such difference in any deciles is 1.3%.

Observed and expected event rates by risk deciles
	id
	Decile 1
	Decile 2
	Decile 3
	Decile 4
	Decile 5
	Decile 6
	Decile 7
	Decile 8
	Decile 9
	Decile 10

	Observed event rate, %
	1.0
	1.6
	2.1
	2.7
	3.1
	4.4
	6.3
	7.6
	10.2
	17.3

	Expected event rate, %
	1.4
	2.0
	2.5
	3.1
	3.7
	4.4
	5.3
	6.7
	9.1
	18.6




2b3.8. Statistical Risk Model Calibration – Risk decile plots or calibration curves:

[image: ]
[bookmark: question2b49]
2b3.9. Results of Risk Stratification Analysis:  
N/A
2b3.10. What is your interpretation of the results in terms of demonstrating adequacy of controlling for differences in patient characteristics (case mix)? (i.e., what do the results mean and what are the norms for the test conducted)

The results demonstrated that the STS cardiac surgery risk models for operative mortality are well calibrated and have good discrimination power. They are suitable for controlling differences in case-mix between participants of the STS database.

2b3.11. Optional Additional Testing for Risk Adjustment (not required, but would provide additional support of adequacy of risk model, e.g., testing of risk model in another data set; sensitivity analysis for missing data; other methods that were assessed)

_______________________
[bookmark: section2b5]2b4. IDENTIFICATION OF STATISTICALLY SIGNIFICANT & MEANINGFUL DIFFERENCES IN PERFORMANCE
2b4.1. Describe the method for determining if statistically significant and clinically/practically meaningful differences in performance measure scores among the measured entities can be identified (describe the steps―do not just name a method; what statistical analysis was used? Do not just repeat the information provided related to performance gap in 1b) 

The summary statistic provided is the Participant's Estimated Odds Ratio (OR) based on a hierarchical logistic regression analysis. The hierarchical model includes at the patient/operation level all the final risk factors as in the published STS risk model, and at the participant level a normally distributed random intercept. The degree of uncertainty is indicated by the 95% confidence interval (CI) of its estimated odds ratio (OR). Point estimates and CI's of the OR for an individual STS participant are reported along with a comparison to the STS average (i.e. OR = 1). A performance category interpretation is also given to STS participants. An STS participant is designated as having higher/lower than average performance for the measure if the 95% CI of OR lies entirely below/above 1. The remaining participants are labeled as not distinguishable from the STS average performance. For the simplicity of this report, we call the three groups 'high performance', 'low performance' and 'mid performance', respectively.

 
2b4.2. What were the statistical results from testing the ability to identify statistically significant and/or clinically/practically meaningful differences in performance measure scores across measured entities? (e.g., number and percentage of entities with scores that were statistically significantly different from mean or some benchmark, different from expected; how was meaningful difference defined)

As shown in the table below, around 99% of participants have performance indistinguishable from the STS average, and the remaining participants have performed differently.

	Distribution
	July 2008 - June 2011
	July 2011 - June 2014

	# Participant
	1027
	1083

	# Operations
	54893
	54859

	Low performance
	8, 0.8%
	8, 0.7%

	Mid performance
	1015, 98.8%
	1071, 98.9%

	High performance
	4, 0.4%
	4, 0.4%




2b4.3. What is your interpretation of the results in terms of demonstrating the ability to identify statistically significant and/or clinically/practically meaningful differences in performance across measured entities? (i.e., what do the results mean in terms of statistical and meaningful differences?)

The construction of confidence intervals is widely used and statistically sound. The participants identified as having performed differently from the average likely have true performance characteristics that are different. The identified differences in performance are both statistically significant and clinically meaningful. The surgeon panel and users are satisfied with the amount of outliers the measure detects.

_______________________________________
2b5. COMPARABILITY OF PERFORMANCE SCORES WHEN MORE THAN ONE SET OF SPECIFICATIONS 
If only one set of specifications, this section can be skipped.

Note: This item is directed to measures that are risk-adjusted (with or without social risk factors) OR to measures with more than one set of specifications/instructions (e.g., one set of specifications for how to identify and compute the measure from medical record abstraction and a different set of specifications for claims or eMeasures). It does not apply to measures that use more than one source of data in one set of specifications/instructions (e.g., claims data to identify the denominator and medical record abstraction for the numerator). Comparability is not required when comparing performance scores with and without social risk factors in the risk adjustment model.  However, if comparability is not demonstrated for measures with more than one set of specifications/instructions, the different specifications (e.g., for medical records vs. claims) should be submitted as separate measures.

2b5.1. Describe the method of testing conducted to compare performance scores for the same entities across the different data sources/specifications (describe the steps―do not just name a method; what statistical analysis was used)
N/A

2b5.2. What were the statistical results from testing comparability of performance scores for the same entities when using different data sources/specifications? (e.g., correlation, rank order)
N/A

2b5.3. What is your interpretation of the results in terms of the differences in performance measure scores for the same entities across the different data sources/specifications? (i.e., what do the results mean and what are the norms for the test conducted)
N/A
_______________________________________
2b6. MISSING DATA ANALYSIS AND MINIMIZING BIAS 

2b6.1. Describe the method of testing conducted to identify the extent and distribution of missing data (or nonresponse) and demonstrate that performance results are not biased due to systematic missing data (or differences between responders and nonresponders) and how the specified handling of missing data minimizes bias (describe the steps―do not just name a method; what statistical analysis was used)
 
The frequency of missing data was <1% for most pre-procedural variables in the STS Adult Cardiac Surgery risk model [1]. We excluded from further consideration those few variables with missing data rates >5%, or variables reflecting a test or study that had not been performed in >5% of the relevant study population. Examples of excess missing data precluding their use in modeling included bilirubin (missing 20%) and INR (missing 8%), which prevented modeling of the MELD score; HbA1c (missing 21%), an important marker of diabetes; valve etiology (missing >10% in each valve population); and 5 meter walk test (missing or not performed in 95% of patients). Previous studies have shown that the latter, when abnormal (>6 seconds), increases risk 2-3 fold [2, 3] .

We used single and multiple imputation strategies for the initial exploratory and variable selection analyses, and for re-estimation of covariate regression coefficients in the final model.

Covariate data were missing in fewer than 5% of cases in each procedure population for all but one candidate covariate (aortic root abscess in AVR and AVR+CABG; missing = 13%). Overall, 15% of records had missing or unknown mortality data for at least one component of the operative mortality definition. Rates of missing or unknown data were 0.06% for discharge mortality status and 15.0% for 30-day mortality status. Missing data rates for endpoints excluding mortality were <0.25%. For initial exploratory and variable selection analyses, missing covariate and endpoint values were handled using a simple single imputation strategy. Values were imputed to the most common category of binary or categorical variables and to the median or subgroup-specific median of continuous variables. This single imputation strategy was previously validated for the 2008 STS risk models by demonstrating that coefficients and predicted risk estimates obtained using single imputation were similar to the gold standard of multiple imputation [4]. 

After finalizing the selection of model covariates, as described above, regression coefficients were subsequently re-estimated using a multiple imputation strategy for covariates with >5% missing data and for all endpoints. The principle motivation for using multiple imputation was to make efficient use of data from the discharge mortality status field when imputing operative mortality status among patients who were discharged alive. Multiple imputation was implemented using the method of chained equations as implemented in SAS software's PROC MI procedure with the full conditional specification option [5, 6]. To avoid bias due to perfect prediction [7], separate imputation models were estimated for discharge deaths and discharge survivors. To speed computation and resolve convergence errors, covariates with <5% missing data were imputed via single imputation before estimating the multiple imputation model.

Missing data related to variables necessary to estimate mortality merits special attention. Stringent new requirements for these data were introduced in 2016 and summarized below. Programs not meeting these requirements are not eligible to receive a star rating, and their data are not included in that harvest period’s benchmark population. 

Data thresholds to determine eligibility for a star rating
1. Cases performed January 1–December 31, 2015 must have a 90% completeness threshold for fields related to operative mortality status. 
2. For all cases performed on or after January 1, 2016, the operative mortality fields must have a 95% completeness rate. 
3. For all cases performed on or after January 1, 2017, the operative mortality fields must have a 98% completeness rate.


1. Shahian DM, Jacobs JP, Badhwar V, et al.  The Society of Thoracic Surgeons 2018 Adult Cardiac Surgery Risk Models: Part 1 – Background, Design Considerations, and Model Development. Ann Thorac Surg. 2018 May;105(5):1411-1418.
2. Afilalo J, Mottillo S, Eisenberg MJ et al. Addition of frailty and disability to cardiac surgery risk scores identifies elderly patients at high risk of mortality or major morbidity. Circ Cardiovasc Qual Outcomes 2012.
3. Afilalo J, Eisenberg MJ, Morin JF et al. Gait speed as an incremental predictor of mortality and major morbidity in elderly patients undergoing cardiac surgery. J Am Coll Cardiol 2010;56(20):1668-1676.
4. Shahian DM, O'Brien SM, Filardo G, Ferraris VA, et al.  The Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 1--coronary artery bypass grafting surgery. Ann Thorac Surg. 2009 Jul;88(1 Suppl):S2-22.
5. White IR, Royston P, Wood AM. Multiple imputation using chained equations: issues and guidance for practice. Statistics in Medicine. 2011 Feb 20;30(4):377-99.
6. SAS Institute Inc. 2014. SAS/STAT® 13.2 User’s Guide. Cary, NC: SAS Institute Inc.
7. White IR, Daniel R, Royston P. Avoiding bias due to perfect prediction in multiple imputation of incomplete categorical variables. Computational Statistics & Data Analysis. 2010 Oct 1;54(10):2267-75.


2b6.2. What is the overall frequency of missing data, the distribution of missing data across providers, and the results from testing related to missing data? (e.g., results of sensitivity analysis of the effect of various rules for missing data/nonresponse; if no empirical sensitivity analysis, identify the approaches for handling missing data that were considered and pros and cons of each)

Variables missing most commonly in the 2011-2014 measure time period were ejection fraction (2.8%), tricuspid insufficiency (0.8%), and mitral insufficiency (0.6%). All other variables had missing rates lower than 0.5%.

For additional results please see 2b6.1.

2b6.3. What is your interpretation of the results in terms of demonstrating that performance results are not biased due to systematic missing data (or differences between responders and nonresponders) and how the specified handling of missing data minimizes bias? (i.e., what do the results mean in terms of supporting the selected approach for missing data and what are the norms for the test conducted; if no empirical analysis, provide rationale for the selected approach for missing data)

The rates of missing data in the STS Adult Cardiac Database were very low and are getting lower.  We demonstrated that the adopted single imputation method achieved similar results to those from the generally preferred multiple imputation method, which is more complex to implement.  Therefore, we conclude that systematic missing data did not lead to bias in our measure.
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