
 
Appendix 

STS Mitral Valve Repair/Replacement (MVRR) + Coronary Artery Bypass Graft (CABG) Composite Score 
 
S.4. – S.11. Measure Specifications 
Due to the complex methodology used to construct the composite measure, it is impractical to separately 
discuss the numerator and denominator. The following discussion describes how each domain score is 
calculated and how these are combined into an overall composite score. 
 
The STS Mitral Valve Repair/Replacement (MVRR) Composite Score comprises two domains consisting of six 
measures: 
 

Domain 1 – Absence of Operative Mortality 
Proportion of patients (risk‐adjusted) who do not experience operative mortality. Operative mortality is 
defined as death before hospital discharge or within 30 days of the operation.  
 
Domain 2 – Absence of Major Morbidity 
Proportion of patients (risk‐adjusted) who do not experience any major morbidity. Major morbidity is 
defined as the occurrence of any one or more of the following major complications:  

1. Prolonged ventilation, 
2. Deep sternal wound infection, 
3. Permanent stroke, 
4. Renal failure, and  
5. Reoperations for bleeding, coronary graft occlusion, prosthetic or native valve dysfunction, and 

other cardiac reasons, but not for other non‐cardiac reasons. 
 

Participants receive a score for each of the two domains, plus an overall composite score. The overall 
composite score was created by “rolling up” the domain scores into a single number. In addition to receiving a 
numeric score, participants are assigned to rating categories designated by the following: 

1 star – lower‐than‐expected performance 
2 stars – as‐expected performance 
3 stars – higher‐than‐expected performance 

  
Patient Population: The analysis population consists of patients aged 18 years or older who MVRR + CABG with 
or without concomitant Atrial Septal Defect (ASD) and Patient Foramen Ovale (PFO) closures, tricuspid valve 
repair (TVr), or surgical ablation for atrial fibrillation (AF). 
 
Time Window: 3 years 
 
Data Completeness Requirement: Participants are excluded from the analysis if they have fewer than 25 MVRR 
+ CABG procedures in the patient population. 
 
Estimation of Composite Scores and Star Ratings: 
To be consistent with the conventions of previous composite measures, risk‐adjusted event rates were first 
converted into risk‐adjusted absence‐of‐event rates. To calculate the composite, participant‐specific absence 
of mortality rates and absence of morbidity rates were weighted inversely by their respective standard 
deviations across participants. This procedure was equivalent to first rescaling the absence of mortality rates 
and absence of morbidity rates by their respective standard deviations across participants, and then assigning 
equal weighting to the rescaled rates. Finally, in order to draw statistical inferences about participant 
performance, a Bayesian credible interval surrounding each participant’s composite score was calculated. 
Unlike frequentist confidence intervals, Bayesian credible intervals have an intuitively direct interpretation as 
an interval containing the true value of the composite score with a specified probability (e.g., 95%). To 
determine star ratings for each participant, the credible interval of its composite score was compared with the 



STS average. Participants whose intervals were entirely above the STS average were classified as 3‐star (higher 
than expected performance), and participants whose intervals were entirely below the STS average were 
classified as1‐star (lower than expected performance). Credible intervals based on different probability levels 
(90%, 95%, 98%) were explored, and the resulting percentages of 1, 2, and 3‐star programs were calculated. 
 
S.14. Identify the statistical risk model method and variables (Name the statistical method ‐ e.g., logistic 
regression and list all the risk factor variables. Note ‐ risk model development and testing should be addressed 
with measure testing under Scientific Acceptability)  
AND 
S.15. Detailed risk model specifications  
To adjust for case mix, logistic regression models for operative mortality and major complications were 
estimated using covariates from published STS 2008 risk models [1,2], augmented by inclusion of treated 
endocarditis; severe tricuspid insufficiency; and indicators for TVr. Discretionary procedures such as 
concomitant TVr are usually not included in risk models. However, we did so in this instance for two specific 
reasons. First, it may serve as an additional marker, beyond severity of tricuspid regurgitation, of more 
advanced tricuspid disease and possible right ventricular dysfunction. Second, TVr may confer long‐term 
benefits that outweigh potential increases in some short‐term outcomes, and we did not want to discourage 
its performance by not adjusting for any potential impact on early risk.   
 
Each model’s fit to the data was assessed by comparing observed versus expected mortality rates overall and 
within subgroups based on quintiles of predicted risk. After confirming satisfactory calibration, the models 
were used to calculate each participant’s expected operative mortality and major complication rates. The 
expected rates then were entered as risk scores in a Bayesian hierarchical model that simultaneously 
estimated risk‐adjusted operative morality and major morbidity rates for each participant. 
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Definitions of Variables Appearing in 2008 STS Valve + CABG Models 



 
 
 



2008 STS Valve + CABG Models Regression Coefficients

 
 
   



 
Estimated odds ratios from the modified STS 2008 models are summarized in the table below.     
  Morbidity  Mortality 

Effect  OR (95% CI)  P‐value  OR (95% CI)  P‐value 

Effects that do not interact with MV repair/replacements 

Preoperative atrial fibrillation  1.09 (1.02, 1.17)  0.0125  1.04 (0.92, 1.18)  0.4926 

Race (v. others)         

   Black  1.21 (1.08, 1.35)  0.0007  NA  . 

   Hispanic  1.16 (1.00, 1.35)  0.0529  NA  . 

CVD (v. no)         

   CVD with CVA  1.21 (1.10, 1.33)  0.0001  1.01 (0.86, 1.19)  0.9223 

   CVD without CVA  1.09 (0.98, 1.21)  0.1264  NA  . 

Number Diseased Vessels (3 v. 2, 2 v. 1/0)  1.16 (1.11, 1.21)  <.0001  1.16 (1.08, 1.26)  <.0001 

Pre‐op IABP or inotrope  2.21 (1.98, 2.47)  <.0001  1.43 (1.22, 1.69)  <.0001 

Hypertension  1.11 (1.02, 1.20)  0.0189  NA  . 

Immunosuppressive treatment  1.17 (1.02, 1.34)  0.0264  1.29 (1.02, 1.63)  0.0303 

Peripheral vascular disease  1.08 (1.00, 1.17)  0.0536  1.28 (1.11, 1.48)  0.0007 

MI (v. no recent MI)         

   1‐21 days  1.32 (1.23, 1.42)  <.0001  1.30 (1.13, 1.50)  0.0002 

   <=24 hrs  1.48 (1.16, 1.89)  0.0015  1.76 (1.28, 2.40)  0.0004 

Number of previous operations (v. 0)         

   1 previous operation  1.45 (1.15, 1.83)  0.0017  2.79 (1.88, 4.14)  <.0001 

   2 or more previous operations  1.50 (1.00, 2.24)  0.0485  2.68 (1.41, 5.06)  0.0025 

Diabetes (v. no)         

   Non‐insulin diabetes   1.22 (1.12, 1.32)  <.0001  1.35 (1.17, 1.57)  <.0001 

   Insulin diabetes   1.08 (1.01, 1.16)  0.0233  1.10 (0.97, 1.24)  0.1565 

Chronic lung disease (severe v moderate, or moderate 
v none‐mild)  

1.10 (1.07, 1.14)  <.0001  1.16 (1.10, 1.22)  <.0001 

Dialysis v. no dialysis & creatinine = 1.0   2.17 (1.88, 2.50)  <.0001  2.66 (2.19, 3.23)  <.0001 

Creatinine per 1 unit increase  1.62 (1.51, 1.73)  <.0001  1.46 (1.33, 1.61)  <.0001 

Female (at BSA=1.8) v. male (at BSA=2.0)   1.20 (1.11, 1.29)  <.0001  1.39 (1.21, 1.59)  <.0001 

Status (v. elective)         

   Urgent  1.26 (1.18, 1.36)  <.0001  1.09 (0.96, 1.24)  0.1821 

   Emergent ‐ no resuscitation   2.53 (1.75, 3.65)  <.0001  1.74 (1.12, 2.73)  0.0148 

   Emergent+resuscitation/Emergent Salvage   1.90 (1.07, 3.38)  0.0292  5.13 (2.83, 9.31)  <.0001 

Active infections endocarditis  1.48 (1.20, 1.83)  0.0003  1.63 (1.18, 2.24)  0.0027 

Treated infections endocarditis  0.91 (0.72, 1.16)  0.4538  0.57 (0.33, 0.97)  0.0393 

Body surface area, m2         

   1.6 v. 2.0 in male  1.16 (1.01, 1.34)  0.0354  1.32 (1.02, 1.72)  0.0354 

   1.8 v. 2.0 in male  1.02 (0.97, 1.08)  0.4400  1.07 (0.97, 1.17)  0.1703 

   2.2 v. 2.0 in male  1.09 (1.05, 1.14)  <.0001  1.08 (1.01, 1.16)  0.0234 

   1.6 v. 1.8 in female  1.12 (1.06, 1.18)  0.0002  1.24 (1.12, 1.36)  <.0001 

   2.0 v. 1.8 in female  1.06 (1.00, 1.12)  0.0360  1.03 (0.94, 1.12)  0.5595 

   2.2 v. 1.8 in female  1.33 (1.15, 1.54)  0.0002  1.34 (1.06, 1.68)  0.0133 

Time trend (half year increase)  0.98 (0.96, 1.00)  0.0541  1.03 (1.00, 1.06)  0.0440 

Left main disease  NA  .  1.09 (0.96, 1.24)  0.1778 

Unstable angina (no MI < 8days)  NA  .  1.01 (0.87, 1.17)  0.9382 

Mitral stenosis  NA  .  1.21 (1.01, 1.46)  0.0399 

Mitral insufficiency (>= moderate)  0.95 (0.86, 1.05)  0.3396  NA  . 

Moderate tricuspid insufficiency (v. no‐mild)  1.10 (1.02, 1.20)  0.0189  1.10 (0.96, 1.26)  0.1618 

Severe tricuspid insufficiency (v. no‐mild)  1.12 (0.98, 1.29)  0.1051  1.12 (0.89, 1.41)  0.3448 

Mitral valve repair (v. replacement)  0.69 (0.59, 0.81)  <.0001  0.81 (0.59, 1.10)  0.1784 

Tricuspid valve repair (v. none)  1.33 (1.19, 1.49)  <.0001  1.04 (0.85, 1.27)  0.7010 

 

Effects that interacts with procedure groups and were modeled separately for MV replacement and MV repairs 

In MV replacements + CABG 

Age         

   60 v. 50 (no reoperations, non‐emergent)  1.16 (1.09, 1.23)  <.0001  1.70 (1.51, 1.91)  <.0001 

   70 v. 50 (no reoperations, non‐emergent)  1.35 (1.20, 1.52)  <.0001  2.88 (2.28, 3.64)  <.0001 

   80 v. 50 (no reoperations, non‐emergent)  1.57 (1.34, 1.84)  <.0001  4.84 (3.62, 6.49)  <.0001 



Congestive heart failure (v. no)

   CHF not NYHA IV  1.15 (1.04, 1.28)  0.0063  1.14 (0.94, 1.37)  0.1794 

   CHF NYHA IV  1.36 (1.18, 1.55)  <.0001  1.49 (1.21, 1.83)  0.0002 

Ejection fraction per 10‐unit decrease  1.12 (1.09, 1.16)  <.0001  1.04 (0.96, 1.14)  0.3436 

Shock  2.07 (1.59, 2.69)  <.0001  1.89 (1.49, 2.39)  <.0001 

In MV repairs + CABG 

Age

   60 v. 50 (no reoperations, non‐emergent)  1.16 (1.10, 1.21)  <.0001  1.45 (1.31, 1.61)  <.0001 

   70 v. 50 (no reoperations, non‐emergent)  1.34 (1.21, 1.47)  <.0001  2.11 (1.72, 2.60)  <.0001 

   80 v. 50 (no reoperations, non‐emergent)  1.55 (1.36, 1.76)  <.0001  3.04 (2.35, 3.92)  <.0001 

Congestive heart failure (v. no)

   CHF not NYHA IV   1.15 (1.05, 1.27)  0.0027  1.27 (1.06, 1.51)  0.0087 

   CHF NYHA IV   1.32 (1.18, 1.49)  <.0001  1.40 (1.14, 1.73)  0.0016 

Shock  1.97 (1.56, 2.47)  <.0001  1.89 (1.49, 2.39)  <.0001 

Ejection fraction per 10‐unit decrease  1.12 (1.09, 1.16)  <.0001  1.13 (1.06, 1.21)  0.0002 

CHF = congestive heart failure; CVA = cerebrovascular accident (stroke); CVD = cardiovascular disease; EF = ejection 
fraction; IABP = intra‐aortic balloon pump; MI = myocardial infarction; NA = variable not used in model and estimate not 
available; NYHA = New York Heart Association.
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1b.2. Provide performance scores on the measure as specified (current and over time) at the specified 
level of analysis. (This is required for endorsement maintenance. Include mean, std dev, min, max, 
interquartile range, scores by decile. Describe the data source including number of measured entities; 
number of patients; dates of data; if a sample, characteristics of the entities include). This information 
also will be used to address the subcriterion on improvement (4b.1) under Usability and Use. 

The measure was calculated using STS Adult Cardiac Surgery Database data for patients undergoing 
mitral  valve repair/replacement (MVRR) +CABG in two consecutive overlapping 3‐year time periods, 
January 2016 – December 2018 and January 2017 – December 2019. For each time period, we provide 
the number of measured entities (# participants), the number of eligible patient records (# operations), 
and the distribution of composite score estimates by percentiles and geographic region. Participants 
with at least 10 eligible records in a 3‐year time period were included in the hierarchical model for 
estimating composite scores in that time period.  While participants with 10 eligible cases are included 
in the hierarchical model procedure, composite scores will typically only be reported by STS for 
participants with at least 25 cases during a 3‐year time period. Thus, we present results for the set of 
participants with at least 10 eligible cases and the subset with at least 25 eligible cases.   
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January 2016-December 2018 January 2017-December 2019 

Distribution 

Participants with 
>=10 Eligible 
Cases 

Participants with 
>=25 Eligible 
Cases 

Participants 
with >=10 
Eligible Cases 

Participants with 
>=25 Eligible 
Cases 

# Participant 625 289 605 272 
# Operations 21383 16175 20403 15087 
Mean 0.863 0.866 0.860 0.864 
STD 0.02575 0.02745 0.02428 0.02595 
IQR 0.0317 0.0352 0.0319 0.0328 
0% 0.741 0.741 0.768 0.768 
10% 0.830 0.831 0.829 0.831 
20% 0.843 0.845 0.841 0.844 
30% 0.852 0.854 0.849 0.854 
40% 0.859 0.863 0.857 0.861 
50% 0.865 0.869 0.862 0.866 
60% 0.871 0.875 0.867 0.871 
70% 0.877 0.882 0.872 0.878 
80% 0.884 0.889 0.879 0.885 
90% 0.892 0.897 0.887 0.894 
100% 0.936 0.936 0.921 0.921 
CANADA 4 2 2 1 
MIDWEST 167 66 156 59 
NORTHEAST 100 62 99 60 
SOUTH 220 115 216 108 
WEST 134 44 132 44 

1b.4. Provide disparities data from the measure as specified (current and over time) by population 
group, e.g., by race/ethnicity, gender, age, insurance status, socioeconomic status, and/or disability. 
(This is required for endorsement maintenance. Describe the data source including number of measured 
entities; number of patients; dates of data; if a sample, characteristics of the entities include.) This 
information also will be used to address the subcriterion on improvement (4b.1) under Usability and 
Use.  

In order to shed light on disparities, we used logistic regression to study the associations of race, 
ethnicity and  insurance status with operative mortality and major morbidity while adjusting for 
covariates included in this  measure's risk adjustment model (see other sections for details of covariate 
adjustment – we used the most recent 2017 valve+CABG models for mortality and major morbidity). 
Odds ratios with 95% confidence intervals (CI's) and p‐values are summarized in the table below.   
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Mortality Major Morbidity 
Adjusted OR 
(95% CI) p-value

Adjusted OR (95% 
CI) p-value

Insurance status among patients age>=65 
Medicare without Medicaid/Commercial-HMO (ref) (ref) 
Medicare + Medicaid dual eligible 0.94(0.71, 1.24) 0.6578 0.81(0.68, 0.98) 0.0287 

Medicare + Commercial-HMO without Medicaid 0.97(0.84, 1.13) 0.7131 0.98(0.90, 1.07) 0.6597 

Commercial-HMO without Medicare 0.84(0.64, 1.09) 0.1880 1.04(0.88, 1.22) 0.6680 

Insurance status among patients age<65 
Commercial-HMO without Medicare/Medicaid (ref) (ref) 
Medicare or Medicaid 1.17(0.96, 1.42) 0.1265 1.09(0.98, 1.22) 0.1148 

None/Self Paid 0.97(0.65, 1.45) 0.8796 1.02(0.83, 1.25) 0.8393 

Other 1.23(0.77, 1.97) 0.3833 1.00(0.76, 1.31) 0.9743 

Black Race 0.91(0.75, 1.11) 0.3471 1.28(1.15, 1.43) <.0001 

Hispanic ethnicity 1.13(0.92, 1.39) 0.2510 1.10(0.97, 1.24) 0.1558 
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Background. The Society of Thoracic Surgeons (STS)
Quality Measurement Task Force has developed a com-
posite performance measure for mitral repair/replace-
ment (MVRR) with concomitant coronary artery bypass
grafting (CABG).

Methods. Data were acquired from the STS Adult
Cardiac Surgery Database for 26,463 patients undergoing
MVRR D CABG operations between July 1, 2011, and
June 30, 2014. Established STS risk models were applied,
along with modifications enabling the inclusion of pa-
tients with concomitant closures of atrial septal defects
and patent foramen ovale, surgical ablation for atrial
fibrillation, and tricuspid valve repair (TVR). Participants
with fewer than 10 eligible cases over 3 years were
excluded. The MVRR D CABG composite consisted of
two domains: risk-adjusted mortality and the any-or-
none occurrence of major morbidity (prolonged ventila-
tion, deep sternal infection, permanent stroke, renal
failure, and reoperation). Composite performance scores
were calculated with the use of hierarchic regression
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models, and high-performing and low-performing out-
liers were determined with the use of 95% Bayesian
credible intervals.
Results. There were 24,740 patients at 703 participant

sites after exclusions. Two percent (14/703) of programs
were classified as 1-star (lower than expected perfor-
mance), 95% (666/703) were classified as 2-star (as-ex-
pected performance), and 3% (23/703) were classified as
3-star (higher than expected performance). The average
unadjusted operative mortality was 6.2% (1,532/24,740),
and a monotonic decline in both mortality and morbidity
was observed as star rating scores increased.
Conclusions. An STS composite performance measure

was developed for MVRR D CABG operations. This
measure may be useful for outcome assessment, quality
improvement, patient counseling, clinical research, and
public reporting.

(Ann Thorac Surg 2017;103:1475–81)
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The Supplemental Tables can be viewed in the online
Toperative risk models and composite performance
measures for isolated coronary artery bypass grafting
(CABG), isolated aortic valve replacement (AVR), and
AVR þ CABG [1–7]. The CABG composite measure
consists of four domains: (1) risk-adjusted mortality, (2)
risk-adjusted any-or-none major morbidity (renal failure,
permanent stroke, reoperation, deep sternal infection,
prolonged ventilation), (3) use of at least one internal
mammary artery bypass graft, and (4) use of all periop-
erative medications endorsed by the National Quality
Forum. The two AVR composite measures consist of only
the first two of those domains because widely accepted
process measures are not available. These STS composite
version of this article [http://dx.doi.org/10.1016/j.
athoracsur.2016.09.035] on http://www.annalsthoracic
surgery.org.
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measures have been useful for quality assessment, prac-
tice improvement, patient counseling, research, and
public reporting.

A composite performance measure for isolated mitral
valve repair or replacement (MVRR) recently was devel-
oped in a companion study [8]. A clinically related pro-
cedure, MVRR þ CABG, constitutes an increasing
proportion of cardiac surgical practice, and mortality risk
is higher than for isolated MVRR [9–13]. An STS com-
posite performance measure for MVRR þ CABG has
been developed to enable benchmark comparisons
among STS participants and to facilitate outcome
assessment and quality improvement.
Material and Methods

Patient Population
The study population consisted of 26,463 adult patients
undergoing MVRR þ CABG in North America between
July 1, 2011, and June 30, 2014. Data were collected by use
of the STS Adult Cardiac Surgery Database (ACSD)
version 2.73, and all patients receiving MVRR þ CABG
were initially included. Patients who had arrhythmia
devices (eg, internal cardiac defibrillators), trans-
myocardial revascularization, concomitant vascular or
pulmonary procedures, prior mitral clip, and missing age,
sex, or both were subsequently excluded, as were STS
participants outside the United States or those with fewer
than 10 eligible cases over 3 years. The study population
included patients with any acuity status (including
emergency and salvage), those with closure of atrial
septal defects or patent foramen ovale, operations for
endocarditis (active or treated), reoperations, surgical
ablation procedures (both intracardiac and extracardiac)
for atrial fibrillation (AF), and concomitant tricuspid valve
repair (TVR). These inclusion and exclusion criteria differ
slightly from the STS 2008 risk models [1–3] and were
selected to better reflect evolving science and practice
trends. For example, discretionary procedures such as
concomitant TVR are usually not included in risk models.
However, we did so in this instance for two reasons. First,
TVR may serve as an additional marker beyond severity
of tricuspid regurgitation for more advanced tricuspid
disease and right ventricular dysfunction. Second, TVR
may confer long-term benefits that outweigh some
potential short-term risks, and we did not want to
discourage TVR by failing to adjust for any potential
impact on early risk. The final study population
comprised 24,740 operations among 703 STS participating
centers.

Estimation of Risk-Adjusted Outcome Measures
The composite measure is a weighted combination of a
participant’s risk-adjusted operative mortality (OM) and
risk-adjusted major morbidity rates. Operative mortality
was defined as death before hospital discharge or within
30 days of operation. Major morbidity (an any-or-none
outcome) included postoperative prolonged ventilation,
deep sternal infection, permanent stroke, renal failure,
and reoperations. To adjust for case mix, logistic regres-
sion models for operative mortality and major adverse
events were estimated by the use of covariates from
published STS 2008 risk models [2, 3]. The etiologies of
mitral valve disease were not included in the final model
because of unacceptably high missing data rates (24.7%).
Each model’s fit to the data was assessed by a com-

parison of observed versus expected outcomes within
subgroups and across deciles of predicted risk. The sub-
groups were based on presence of a tricuspid procedure
and amount of tricuspid insufficiency (none to mild,
moderate, severe). After confirmation of satisfactory
calibration, the models were used to calculate each par-
ticipant’s expected rates of OM and major adverse events.
The expected rates then were entered as risk scores in a
Bayesian hierarchical model that simultaneously esti-
mated rates of OM and major morbidity for each
participant.

Estimation of the Composite Measure Score and
Star Ratings
Consistent with previous composite measures, risk-
adjusted event rates first were converted into risk-
adjusted absence-of-event rates. To calculate the
composite score, participant-specific absence of mortality
rates and absence of morbidity rates were weighted
inversely by their respective standard deviations across
participants. This procedure was equivalent to first
rescaling the absence of mortality rates and absence of
morbidity rates by their respective standard deviations
across participants, and then assigning equal weighting to
the rescaled rates. Finally, to draw statistical inferences
about participant performance, a Bayesian credible
interval surrounding each participant’s composite score
was calculated. Unlike frequentist confidence intervals, a
Bayesian credible interval has an intuitively direct inter-
pretation as an interval containing the true value of the
composite score with a specified probability (eg, 95%).
To determine star ratings for each participant, the

credible interval of its composite score was compared
with the STS average. Participants whose intervals were
entirely above the STS average were classified as 3-star
(higher than expected performance), and participants
whose intervals were entirely below the STS average
were classified as 1-star (lower than expected perfor-
mance). Credible intervals based on different probability
levels (90%, 95%, 98%) were explored, and the resulting
percentages of 1-star, 2-star, and 3-star programs were
calculated.
The reliability of the composite score was estimated as

the squared correlation between the calculated composite
score and the true score as described previously [7].
Briefly, reliability may be interpreted as the proportion of
variation in a measure that is attributable to true differ-
ences between the measured units (ie, signal) as opposed
to random statistical fluctuations (ie, noise). As in previ-
ous STS composite measure development, our goal was
to achieve as high a reliability as possible (at least 0.50),
which generally required establishing a minimum num-
ber of procedures performed over a 3-year period for



Table 1. Number of Participants, Operations, and Events

Variable N

Time duration of data set 3 years
Participants, n 703
Operations, n 24,740
Mortality, n (%) 1,532 (6.2)
Any major morbidity, n (%) 7,620 (30.8)
Prolonged ventilation 6,428 (26.0)
Deep sternal infection 102 (0.4)
Permanent stroke 684 (2.8)
Renal failure 1,601 (6.5)
Reoperationsa 1,350 (5.5)

a Reoperation (1) for bleeding, (2) for intervention of coronary graft
occlusion because of acute closure, thrombosis, technical, or embolic
origin, (3) for prosthetic or native valve dysfunction, and (4) for other
cardiac reasons.
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eligibility. This goal had to be balanced by the competing
goal of providing a score to as many centers as possible.

Sensitivity Analysis: Mitral Disease Etiology
Etiology was not included as a covariate in the risk model,
mainly because 24.7% of patients had etiology listed as
“other” or “missing” (Supplemental Table A). The model
development team hypothesized that other consistently
collected risk variables in the model were the underlying
factors leading to the apparent association of etiology
with outcomes, as shown previously [10, 14, 15], and that
the absence of a specific etiologic variable would not
affect model performance. To further explore whether
mitral disease etiology was an independent risk predictor
(thus compromising a model that did not include it), we
examined the degree to which outcome comparisons
between STS participants and the national benchmark
might be confounded by unadjusted differences in the
mix of mitral disease etiologies. A sensitivity analysis was
conducted with the records of patients with nonmissing
etiologies (75.3%). An “augmented” operative mortality
model was estimated by adding recorded mitral
disease etiology as a categoric variable. We calculated
participant-specific expected mortality rates and risk-
adjusted OM rates by use of the final STS model and
the augmented model and compared the MVRR þ CABG
results from these two models among participants having
at least 30 eligible cases with nonmissing mitral disease
etiologies.

Sensitivity Analysis: Expanded Inclusion Criteria
To evaluate the effect of the expanded patient inclusion
criteria for this measure compared with prior STS mitral
models, a sensitivity analysis was performed by excluding
the “active endocarditis” patients from the model and by
documenting the absolute differences in composite
scores. Pearson and Spearman rank correlations then
were estimated between the two sets of scores.

The Duke University Institutional Review Board gran-
ted a waiver of informed consent for use of these registry
data for quality assurance.
Results

The baseline characteristics for the 24,740 patients are
shown in Supplemental Table A. The median age was 69
years. The etiology of mitral disease was classified as
degenerative in 51.8% (12,807/24,740), ischemic in 13.3%
(3,300/24,740), rheumatic in 4.6% (1,129/24,740), endo-
carditis in 2.6% (643/24,740), and “other” or missing in
24.7% patients. Mitral repair was performed in 16,300
(65.9%) of patients, and 8,440 had valve replacement
(34.1%), which was more common in the rheumatic and
endocarditis categories. Concomitant TVR was performed
in 2,712 (11.0%), and the incidence was 1.6% higher in the
mitral replacement than in the mitral repair subgroups.
The overall unadjusted OM was 6.2% (1,532/24,740), and
one or more major morbidities occurred in 30.8% (7,620/
24,740), with prolonged ventilation being the most com-
mon (26%) (Table 1). When prolonged ventilation was
observed, the associated unadjusted OM increased from
2.4% to 17.1% (Supplemental Table B). The occurrence of
any major morbidity was associated with an increased
unadjusted OM to 15.7% of patients, compared with 2.0%
without major adverse events. Thus, pulmonary compli-
cations proved to be the major driver of morbidity-
associated mortality.
The distributions of adjusted mortality and morbidity

and estimated composite scores across the 703 STS
participant centers are presented in Figures 1 and 2. The
weights of mortality and morbidity domains in the com-
posite score calculation were 0.78 and 0.22, respectively.
The numbers and percentages of 1-star, 2-star, and 3-star
programs for various Bayesian credible intervals are
displayed in Table 2, and a 95% credible interval was
selected. By use of this criterion, 14 of 703 centers (2%)
were assigned a 1-star rating (lower than expected per-
formance), 23 of 703 (3%) were 3-star (better than
expected performance), and the remaining 666 (95%)
were 2-star (as-expected performance).
The aggregate adjusted OM and morbidity rates by star

rating category are shown in Table 3. In comparison with
centers in the “as expected” 2-star category, adjusted OM
approximately doubled andhalved for the 1-star and 3-star
categories, respectively. The morbidity rate differences
across star rating categories were directionally similar but
slightly less in magnitude. These findings provided inter-
nal validation that the performance scoremeasuredwhat it
purported: the overall quality of MVRR þ CABG.
The overall composite measure reliability was greater

than 0.50 in the 341 centers performing 25 cases or more
over 3 years. Thus, about half of the total number of
programs would be eligible to receive a star rating
(Supplemental Table C). Higher reliability could be ach-
ieved by further substantial reductions in the number of
eligible programs, but that was thought to be
counterproductive.
As shown in Figure 3, the adjusted OM rates calculated

with and without adjustment for etiology of mitral disease
were nearly identical, with a Pearson correlation coeffi-
cient of 0.9985. The ratio of risk-adjusted OM rates



Fig 1. Distributions of risk-adjusted mortality and morbidity rates
(N ¼ 703 participants). (IQR ¼ interquartile range.)

Table 2. Star Rating Distributions for Various Bayesian
Credible Intervals

CrI

Rating

1 star, n (%) 2 star, n (%) 3 star, n (%)

Overall composite score (N ¼ 703)
90% CrI 23 (3.3) 647 (92.0) 33 (4.7)
95% CrI 14 (2.0) 666 (94.7) 23 (3.3)
98% CrI 9 (1.3) 682 (97.0) 12 (1.7)

Mortality domain (N ¼ 703)
90% CrI 1 (0.1) 700 (99.6) 2 (0.3)
95% CrI 0 (0.0) 702 (99.9) 1 (0.1)
98% CrI 0 (0.0) 702 (99.9) 1 (0.1)

Morbidity domain (N ¼ 703)
90% CrI 24 (3.4) 648 (92.2) 31 (4.4)
95% CrI 14 (2.0) 672 (95.6) 17 (2.4)
98% CrI 7 (1.0) 687 (97.7) 9 (1.3)

CrI ¼ Bayesian credible intervals.
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calculated with versus without adjustment for etiology of
mitral disease ranged from 0.934 to 1.140 (interquartile
range [IQR] 0.988 to 1.008) in the MVRR þ CABG popu-
lation. On the absolute scale, the difference in risk-
Fig 2. Distribution of estimated composite scores (N ¼ 703 partici-
pants). (IQR ¼ interquartile range.)
adjusted OM estimates based on the final versus
augmented model was always less than 0.1 of the width of
the 95% confidence interval.
In the sensitivity analysis for inclusion of active endo-

carditis cases, the average absolute difference between
the original composite score and the composite score
without 416 active endocarditis patients was 0.0015 (IQR
0.0008 to 0.0018). On the relative scale, the median relative
change from the original to the new score was 0.05% (IQR
0.03% to 1.13% (relative change was defined as new
score � original score / original score). The Pearson cor-
relation between the two sets of scores was 0.995, and the
Spearman rank correlation was 0.993.
Comment

The STS performance measures have been developed
from the STS ACSD, a clinical registry with nearly 95%
national penetration among adult cardiac surgery centers.
Through annual external audits of 10% of participant
Table 3. Mortality and Morbidity for Each Composite Star
Rating and Bayesian Credible Intervals

CrI

Rating

1-star 2-star 3-star 1-star 2-star 3-star

Mortality (%) Morbidity (%)

Observed
90% CrI 11.6 6.3 3.5 52.6 31.1 21.0
95% CrI 11.6 6.3 3.3 53.9 31.1 21.6
98% CrI 11.6 6.3 2.9 55.3 30.8 22.0

Risk-adjusted
90% CrI 11.2 6.1 3.3 51.0 31.0 20.3
95% CrI 11.2 6.1 3.0 52.3 31.0 20.9
98% CrI 11.1 6.1 2.6 53.3 30.7 21.3

CrI ¼ Bayesian credible interval.



Fig 3. Correlation of risk-adjusted operative mortality rates estimated
with and without inclusion of mitral etiology as a variable.
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programs, the STS ACSD also has been shown to contain
highly accurate data (96% to 97% congruence with med-
ical record abstractions). On the basis of these findings
and with the use of appropriate statistical modeling, an
extensive portfolio of risk models and performance
measures for the outcomes of five specific operations
have been developed: isolated CABG, isolated AVR,
AVR þ CABG, isolated MVRR, and now MVRR þ CABG.
Importantly, the conceptual and technical details of these
models and measures are fully transparent and have been
published in their entirety in the peer-reviewed literature
[1–8].

Compared with single-outcome metrics, such as mor-
tality, composite performance measures have proved to
be even more valuable tools for contemporary outcome
assessment and quality improvement [4–7]. The advan-
tages of composite measures include higher effective
sample sizes / event rates compared with single out-
comes, and more comprehensive evaluation of perfor-
mance than could be achieved with the use of mortality
alone. Finally, the inclusion of higher-risk categories,
such as active endocarditis, made the current analysis
more comprehensive but did not appreciably influence
results.

The findings of this study provide interesting clinical
insights into what has been one of the historically higher-
mortality procedures in cardiac surgery [9]. Outcomes
have improved in recent years as a result of innovations
in surgical technique and patient care. For example, the
data in the current study revealed contemporary unad-
justed OM of 4.9% for mitral repair plus CABG and 8.7%
for mitral replacement plus CABG (6.2% overall)
(Supplemental Table 1). Although comparative analysis is
difficult, it is likely that the transition of two thirds of
MVRR þ CABG patients from replacement to lower-risk
mitral repair is a major factor responsible for the overall
outcome improvement [9–13]. Better processes of care
also have contributed, including augmented myocardial
protection, improved cardiopulmonary bypass, and
numerous innovations in intraoperative and post-
operative management. In the present study, the degree
to which pulmonary adverse events contributed to
increased mortality and morbidity in the MVRR þ CABG
population was impressive. From previous STS ACSD
work, pulmonary complications seem to vary widely
between centers [16] and are increasing over time [17].
Thus, better processes of care in this one area
could improve the overall results significantly [18, 19],
and they represent an opportunity for near-term quality
improvement.
The current 65.9%mitral repair rate for MVRR þ CABG

patients is increased over that observed a decade ago [20],
but the denominator of this rate also includes patients
undergoing reoperation who may not be candidates for
repair. If reoperations after previous mitral replacement
were removed, then the primary mitral repair rate
approximated 75% of candidates and represents a sub-
stantive increase. A similar repair rate of greater than 70%
was observed for isolated MVRR in a companion study
derived from the same 2.73 data set [8]. With better
early and late results uniformly observed after mitral
repair [9–13], conversion to predominant valve recon-
struction should be encouraged.
Several other findings also merit discussion. Half of the

MVRR þ CABG patients had degenerative causes of
disease. Ninety-five percent of repair patients had
annuloplasty, 16% had leaflet resection, 8% had artificial
chordal replacement, and only 1.3% had leaflet
augmentation patches. The increasing application of
adjunctive repair techniques may further expand the
proportion of cases resulting in effective and durable
repair [21]. Interestingly, the baseline characteristics and
procedural incidences in the MVRR þ CABG population
differed little from isolated mitral surgical procedures
[8]. However, mortalities and morbidities were higher
with the addition of ischemic heart disease to the
pathophysiology.
The results of concomitant TVR appear to be

improving. In previous reports, performance of a
tricuspid procedure independently increased short-term
risk [22–25], although late outcomes probably were bet-
ter. In a separate analysis of the current data set [26],
short-term mortality for mitral procedures with concom-
itant TVR was not statistically significantly higher,
regardless of the degree of tricuspid regurgitation [26].
This finding is possibly due to advancing surgical tech-
niques and to better operative and postoperative man-
agement. Improving results also may reflect increasing
experience with TVR, now approaching 95% of all
tricuspid cases [25]. Conversion to more effective
tricuspid annuloplasty, such as geometric rings, may have
contributed [27, 28]. Surgical ablation for AF has not been
associated with higher early mortality [29], as also was the
case in the current series. In fact, effective surgical abla-
tion in patients with preoperative AF currently may be
protective [30]. This finding would support more liberal
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application of concomitant ablation procedures, although
long-term data are still required.

Finally, the nearly perfect correlation between adjusted
OM rates with the “augmented” model (including the
recorded variable in etiology of disease) and adjusted OM
rates without etiology suggested that no significant
information was added by including etiology, consistent
with previous studies [10, 14, 15]. Thus, the apparent
influence of etiology of ischemic disease on OM seem
mediated by the effects of other included risk factors,
rather than assignment of etiology per se. Similarly, the
inclusion of high-risk categories, such as endocarditis, in
the model did not diminish predictive accuracy and could
even improve discrimination by increasing events.

Limitations
The combination of high center penetrance [31], a 10%
annual center audit rate, large sample sizes, and linkages
to other databases [32] have made the STS ACSD a
valuable resource for the study of cardiothoracic pro-
cedures. However, it must be acknowledged that because
participation in the STS ACSD remains voluntary, the
results could be skewed toward better-performing cen-
ters. This seems unlikely, given the high national partic-
ipation in the STS ACSD (90% to 95%).

Data from 703 sites were used to develop the MVRR þ
CABG measure. However, to achieve a reliability of 0.50,
it was necessary to require a minimum volume of 25 cases
over 3 years for centers to be eligible to receive composite
scores, and this threshold was met by only 341 programs.
The proportion of participant centers eligible to receive a
MVRR þ CABG composite score was smaller than for
previous STS composite measures because of the gener-
ally lower case volumes per center for this procedure. For
example, the total number of MVRR þ CABG procedures
available for model development was 24,740, compared
with CABG (774,881), AVR (67,138), AVR þ CABG
(53,827), and isolated MVRR (61,201). By requiring a
minimum volume threshold, we assure that those pro-
grams receiving an STS MVRR þ CABG score can have
confidence in its reliability.

Conclusion
In summary, an STS composite performance measure
incorporating adjusted OM and morbidity has been
developed for MVRR þ CABG operations. Based on
3-year STS data samples and 95% Bayesian credible
intervals, 2% of STS ACSD participants had worse than
expected performance, 95% had “as expected” perfor-
mance, and 3% had better than expected performance.
STS composite measures may be useful for outcome
assessment, quality improvement, public reporting, and
future clinical investigation.
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Background. Since 1999, The Society of Thoracic Surgeons
STS) has published two risk models that can be used to
djust the results of valve surgery combined with coronary
rtery bypass graft surgery (CABG). The most recent was
eveloped from data for patients who had surgery between
994 and 1997 using operative mortality as the only endpoint.
urthermore, this model did not specifically consider mitral
alve repair plus CABG, an increasingly common procedure.
onsistent with STS policy of periodically updating and

mproving its risk models, new models for valve surgery
ombined with CABG have been developed. These models
pecifically address both perioperative morbidity and mitral
alve repair, and they are based on contemporary data.
Methods. The final study population consisted of 101,661

rocedures, including aortic valve replacement (AVR) plus
ABG, mitral valve replacement (MVR) plus CABG, or mitral
alve repair (MVRepair) plus CABG between January 1, 2002,
nd December 31, 2006. Model outcomes included operative
ortality, stroke, deep sternal wound infection, reoperation,

rolonged ventilation, renal failure, composite major morbid-
ty or mortality, prolonged postoperative length of stay, and
hort postoperative length of stay. Candidate variables were
creened for frequency of missing data, and imputation tech-
iques were used where appropriate. Stepwise variable selec-

ion was employed, supplemented by advice from an expert
anel of cardiac surgeons and biostatisticians. Several vari-

bles were forced into models to insure face validity (eg, atrial

s
t
p
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brillation for the permanent stroke model, sex for all mod-
ls). Based on preliminary analyses of the data, a single model
as employed for valve plus CABG, with indicator variables

or the specific type of procedure. Interaction terms were
ncluded to allow for differential impact of predictor variables
epending on procedure type. After validating the model in

he 40% validation sample, the development and validation
amples were then combined, and the final model coefficients
ere estimated using the overall 100% combined sample. The
nal logistic regression model was estimated using general-

zed estimating equations to account for clustering of patients
ithin institutions.
Results. The c-index for mortality prediction for the overall

alve plus CABG population was 0.75. Morbidity model
-indices for specific complications (permanent stroke, renal
ailure, prolonged ventilation > 24 hours, deep sternal wound
nfection, reoperation for any reason, major morbidity or

ortality composite, and prolonged postoperative length of
tay) for the overall group of valve plus CABG procedures
anged from 0.622 to 0.724, and calibration was excellent.

Conclusions. New STS risk models have been developed
or heart valve surgery combined with CABG. These are the
rst valve plus CABG models that also include risk prediction
or individual major morbidities, composite major morbidity
r mortality, and short and prolonged length of stay.

(Ann Thorac Surg 2009;88:S43–62)
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isk models for cardiac surgery were first developed
almost 2 decades ago, and most of these early models

ocused on isolated coronary artery bypass graft surgery
CABG) [1–4]. The results of this frequently performed
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urgical procedure have often been used as the sole marker
o assess the quality of care delivered by cardiac surgical
rograms. Risk-adjusted results for CABG have been used
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or hospital and regional quality improvement initiatives,
ublic reporting, pay for performance reimbursement pro-
rams, decision support, patient counseling, and clinical
esearch. Earlier models focused primarily on mortality
rediction, but subsequent models have been developed

or both risk-adjusted morbidity and length of stay [5].
The other commonly performed category of cardiac

urgery consists of operations on the heart valves, either
lone or in combination with CABG. Relative to isolated
ABG procedures, which are declining in frequency, the
roportion of valve cases is steadily increasing. To better
ssess the overall performance of cardiac surgery pro-
rams, to discern the factors that are most significantly
elated to patient outcomes, and to aid in physician and
atient decision-making, risk models have now also been
eveloped for heart valve surgery [6–18].
Unlike risk models for isolated CABG, a relatively stan-

ardized procedure, valve surgery encompasses a much
ore diverse group of operations. There are four cardiac

alves, and they may malfunction in a number of quite
ifferent ways (eg, stenosis, regurgitation, infection, and so

orth). The valves may be repaired or replaced with a wide
ange of techniques and prosthetics. In some cases, proce-
ures may be performed on multiple valves, or the valve
rocedure may be combined with CABG.
Given the heterogeneity of heart valve surgery, it is not

urprising that a variety of risk-modeling techniques has
een applied. At one extreme, the European System for
ardiac Operative Risk Evaluation (EuroSCORE) algo-

ithm, developed by a European consortium, groups all
ardiac operations together in a single risk model with
ndicator variables included to account for valve procedures
14, 18]. Although this approach is simple and easy to apply,
ecent studies by van Gameren and associates [19] have
uggested that a dedicated valve risk model may have
etter discrimination and calibration than the EuroSCORE
lgorithm when applied to valve surgery patients. Com-
ined models for aortic and mitral valve procedures with or
ithout CABG have been developed by Jin and colleagues

12] and by Ambler and associates [13]. The 2001 valve
odels developed by The Society of Thoracic Surgeons

STS) [6] consisted of one model for all isolated valve
rocedures and one model for valve procedures combined
ith CABG, and a 2007 risk model derived from the New
ork Cardiac Surgery Reporting System used a similar

Abbreviations and Acronyms

AVR � aortic valve replacement
CABG � coronary artery bypass graft surgery
MI � myocardial infarction
MVR � mitral valve replacement
MVRepair � mitral valve repair
NCD � National Adult Cardiac Surgery

Database
QMTF � Quality Measurement Task Force
STS � The Society of Thoracic Surgeons
tratification [8]. a
Unified valve models reflect the fact that many risk
actors are common to both aortic and mitral valve surgery.
hey offer simplicity, and they also permit larger sample
izes for development and validation [12]. However, there
re significant differences between aortic and mitral valvu-
ar disease in both pathophysiology and outcomes, and
oth also differ substantially from isolated CABG [11].
ome investigators advocate separate aortic and mitral
alve models to have more homogeneous patient popula-
ions. Examples include models developed by STS, the New
ork Cardiac Surgery Reporting System, and the Northern
ew England Cardiovascular Disease Study Group [7, 9,

0]. Some of these models have been developed solely for
solated valve replacement, some have included CABG as a
eparate predictor variable in the isolated valve model, and
ome models have focused specifically on valve plus CABG.
ll these decisions involve a tradeoff—the more homoge-
eous the study group, the fewer patients are available for
odel development and validation [12].
Because of the large number of valve surgery patients

vailable for analysis in the STS National Adult Cardiac
urgery Database (NCD), our approach has favored
eparate models for valve plus CABG versus isolated
alve surgery. The STS Quality Measurement Task Force
QMTF) presumes that when adequate numbers of pa-
ients are available for study, relatively homogeneous
perative categories result in more accurate risk predic-
ion. Furthermore, recent studies by van Gameren and
olleagues [19] suggest that the valve plus CABG group
ay be the most difficult to model accurately, thus
eriting its own algorithm.
Several new features were added to the 2008 valve plus

ABG models described in this report. First, recognizing
hat mitral valve repair is often different in both etiology
nd outcomes than replacement, the QMTF has included
nteractions between surgery type and several key predictor
ariables. Fitting a single model with several such interac-
ions is useful. It allows for pooling information across
elated groups of valve procedures without making an a
riori assumption that the effect of key risk factors is
onstant across these groups. Finally, new models have
een developed for specific major complications of each
alve plus CABG procedure, as well as for composite
orbidity, mortality, and for both short and prolonged

ostoperative length of stay.
The authors of this report are members of the STS
MTF who were involved in this risk model develop-
ent project.

tudy Population and Endpoints

ur general approaches to variable selection and risk
odel development have been described in the compan-

on articles on isolated CABG (Part 1) and isolated valve
urgery (Part 2). Details specific to the valve plus CABG
odels are included in this report.

tudy Population
he study population for this analysis consisted of single

ortic or mitral valve surgical procedures combined with
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ABG performed on adult patients between January 1,
002, and December 31, 2006. Only the following proce-
ures were included: (1) isolated aortic valve replace-
ent (AVR) plus CABG; (2) isolated mitral valve replace-
ent (MVR) plus CABG; and (3) isolated mitral valve

epair (MVRepair) plus CABG.
Because of the relatively small number of pulmonic, tricus-

id, multiple valve procedures, and aortic repairs, these cases
ere not included in the current models. Patients undergoing

solated valve surgery without CABG were excluded from the
urrent analysis, but these cases are the focus of a separate
odel described in Part 2 of this three-part series. Patients
ith missing sex data (n � 17) were excluded because these
atients are not allowed in the analysis dataset used for
reating STS database participant feedback reports. Patients
n dialysis preoperatively (n � 2,443) were excluded when
eveloping the risk model for prediction of postoperative
enal failure. The final study population comprised 101,661
atient operations (66,074 AVR plus CABG; 13,663 MVR plus
ABG; and 21,924 MVRepair plus CABG) from 814 STS NCD
articipating groups.
Characteristics of the study population are summa-

ized in Table 1.

raining and Validation Samples
he study population was randomly divided into a 60%

raining (development) sample and a 40% test (valida-
ion) sample. The development sample was used to
dentify predictor variables and estimate model coeffi-
ients. Data from the validation sample were used to
ssess model fit, discrimination, and calibration. After
hoosing variables and assessing model fit, the develop-
ent and validation samples were subsequently com-

ined, and the final model coefficients were estimated
sing the combined (development plus validation) data.

ndpoints
n developing the valve plus CABG risk models, we used
he same nine endpoints that were analyzed in the STS
solated CABG (Part 1) and the STS isolated valve (Part 2)

odels. Morbidities in all three models are recorded only
n-hospital, in contrast to the operative mortality endpoint
efined below (although beginning with version 2.61, ster-
al infection will be recorded at 30 days): (1) operative
ortality: death during the same hospitalization as surgery,

egardless of timing or within 30 days of surgery regardless
f venue; (2) permanent stroke (CVA): a central neurologic
eficit persisting longer than 72 hours; (3) renal failure: a
ew requirement for dialysis or an increase of the serum
reatinine to more than 2.0 mg/dL and double the most
ecent preoperative creatinine level; (4) prolonged ventila-
ion (� 24 hours); (5) deep sternal wound infection; (6)
eoperation for any reason; (7) major morbidity or mortality,
composite defined as the occurrence of any of the above

ndpoints; (8) prolonged postoperative length of stay
PLOS): length of stay (LOS) more than 14 days (alive or
ead); and (4) short postoperative length of stay (SLOS):
OS less than 6 days and patient alive at discharge.
Endpoint frequencies in the study population are pre-
ented in Table 2. t
eparate Versus Combined Models

iven the variety of approaches used in previous models by
TS and other developers, we investigated the option of
eveloping separate models for the AVR plus CABG and
VR plus CABG populations, and we also studied how

est to subdivide the mitral plus CABG population into
epair versus replacement. Although we had a large study
opulation available, many of the individual outcomes
ere relatively rare. We were concerned that the number of

vents would be too small to permit reliable estimation of
he model coefficients in separate models for each valve.
hus, in theory, the development of separate custom mod-
ls for each valve type could be inferior to a single com-
ined model because the custom models would have a
maller sample size and hence larger variance.

As described in detail in Part 2 of this series (isolated
alve surgery), we performed preliminary empirical analy-
es to compare two alternative strategies (separate versus
ombined AVR plus CABG and MVR/Repair plus CABG)
or developing these risk models. We first developed sep-
rate models for the three subpopulations (AVR plus
ABG, MVR plus CABG, and MVRepair plus CABG), then
odeled all three subpopulations together in a single
odel. In the latter approach, we included several interac-

ion terms to allow the effect of certain risk factors to differ
cross the specific valve subpopulations. These strategies
ere used to develop risk models for operative mortality

nd permanent stroke, using a 60% development sample
nd a separate 40% validation sample. The performance of
he combined model was then assessed separately within
ach subpopulation and compared to the model that was
eveloped specifically for that subpopulation. In the case of
ortality, the combined model had better discrimination

larger c-index) than the corresponding custom model in
ach of the three subpopulations (AVR plus CABG, MVR
lus CABG, MVRepair plus CABG). For stroke, the com-
ined model had better discrimination in two of the three
opulations (all except AVR plus CABG). Finally, when
xplained variation was quantified by the generalized R2

ndex of Nagelkerke [20], the combined model had greater
xplained variation than the custom model in each subpopu-
ation for each endpoint. These results provide empirical
upport for the use of a single model with several interactions,
hich allows pooling of information across valve groups
ithout assuming that the effect of risk factors is constant.

election of Candidate Predictor Variables

he candidate variables for the STS valve plus CABG
odels were identical to those in the STS isolated valve
odels, described in Part 2 of this series. They differed from

he isolated CABG model variables in the following specific
reas: (1) Percutaneous coronary intervention (PCI) occur-
ing 6 hours or less before surgery was present in only 315
atients (0.3%) in the valve plus CABG study population,
nd was not included as a candidate variable. (2) Infectious
ndocarditis was not included in the isolated CABG model
ut was considered for the valve plus CABG model. Al-
hough this risk factor was rarely present (0.8% active
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able 1. Distribution of Risk Factors in Overall Study Population 2002 to 2006

ariable

Overall Valve �
CABG

(n � 101,661)
AVR � CABG

(n � 66,074)
MVR � CABG

(n � 13,663)

MVRepair �
CABG

(n � 21,924)

N % N % N % N %

emographics
Age, years

� 55 6,693 6.6 2,983 4.51 1,309 9.58 2,401 10.95
55–64 17,188 16.9 9,132 13.82 2,790 20.42 5,266 24.02
65–74 33,628 33.1 21,313 32.26 4,667 34.16 7,648 34.88
� 75 44,152 43.4 32,646 49.41 4,897 35.84 6,609 30.15

Sex
Male 65,588 64.5 44,619 67.53 7,348 53.78 13,621 62.13
Female 36,073 35.5 21,455 32.47 6,315 46.22 8,303 37.87

Race
Caucasian 90,572 89.1 60,121 90.99 11,765 86.11 18,686 85.23
Black 4,534 4.5 2,094 3.17 914 6.69 1,526 6.96
Hispanic 2,487 2.4 1,487 2.25 354 2.59 646 2.95
Asian 1,083 1.1 542 0.82 191 1.40 350 1.60
Other 2,295 2.3 1,402 2.12 331 2.42 562 2.56
Missing 690 0.7 428 0.65 108 0.79 154 0.70

isk factors
Body surface area, m2

� 1.50 3,340 3.3 1,985 3.00 638 4.67 717 3.27
1.50–1.74 20,779 20.4 12,580 19.04 3,500 25.62 4,699 21.43
1.75–1.99 40,017 39.4 25,814 39.07 5,440 39.82 8,763 39.97
� 2.00 36,956 36.4 25,361 38.38 3,996 29.25 7,599 34.66
Missing 569 0.6 334 0.51 89 0.65 146 0.67

Body mass index, kg/m2

� 25 29,353 28.9 17,712 26.81 4,787 35.04 6,854 31.26
25–29 39,345 38.7 25,692 38.88 4,951 36.24 8,702 39.69
30–34 21,063 20.7 14,447 21.86 2,507 18.35 4,109 18.74
� 35 11,165 11.0 7,785 11.78 1,299 9.51 2,081 9.49
Missing 735 0.7 438 0.66 119 0.87 178 0.81

Diabetes mellitus
No diabetes 68,112 67.0 44,489 67.33 9,517 69.66 14,106 64.34
Diabetes, noninsulin 23,383 23.0 15,705 23.77 2,642 19.34 5,036 22.97
Diabetes, insulin 9,848 9.7 5,677 8.59 1,463 10.71 2,708 12.35
Diabetes, missing treatment 167 0.2 105 0.16 20 0.15 42 0.19
Missing 151 0.1 98 0.15 21 0.15 32 0.15

Hypertension
No 22,709 22.3 13,944 21.10 3,482 25.48 5,283 24.10
Yes 78,823 77.5 52,050 78.78 10,163 74.38 16,610 75.76
Missing 129 0.1 80 0.12 18 0.13 31 0.14

Hypercholesterolemia
No 33,759 33.2 21,248 32.16 5,324 38.97 7,187 32.78
Yes 67,613 66.5 44,649 67.57 8,280 60.60 14,684 66.98
Missing 289 0.3 177 0.27 59 0.43 53 0.24

Past or present smoker
No 43,687 43.0 29,123 44.08 5,835 42.71 8,729 39.81
Yes 57,813 56.9 36,849 55.77 7,797 57.07 13,167 60.06
Missing 161 0.2 102 0.15 31 0.23 28 0.13

Chronic lung disease
None 76,803 75.5 50,632 76.63 9,756 71.40 16,415 74.87
Mild 12,157 12.0 7,658 11.59 1,853 13.56 2,646 12.07
Moderate 7,797 7.7 4,720 7.14 1,269 9.29 1,808 8.25
Severe 4,005 3.9 2,463 3.73 658 4.82 884 4.03

Missing 899 0.9 601 0.91 127 0.93 171 0.78
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able 1. Continued

ariable

Overall Valve �
CABG

(n � 101,661)
AVR � CABG

(n � 66,074)
MVR � CABG

(n � 13,663)

MVRepair �
CABG

(n � 21,924)

N % N % N % N %

Peripheral vascular disease
No 84,183 82.8 54,658 82.72 11,373 83.24 18,152 82.80
Yes 17,294 17.0 11,296 17.10 2,267 16.59 3,731 17.02
Missing 184 0.2 120 0.18 23 0.17 41 0.19

Cerebrovascular disease
No 83,284 81.9 53,509 80.98 11,304 82.73 18,471 84.25
Yes 18,202 17.9 12,449 18.84 2,335 17.09 3,418 15.59
Missing 175 0.2 116 0.18 24 0.18 35 0.16

CVA
No CVA 92,527 91.0 60,141 91.02 12,283 89.90 20,103 91.69
Remote CVA (� 2 weeks) 8,461 8.3 5,545 8.39 1,240 9.08 1,676 7.64
Recent CVA (� 2 weeks) 348 0.3 184 0.28 88 0.64 76 0.35
CVA, missing timing 114 0.1 62 0.09 23 0.17 29 0.13
Missing 211 0.2 142 0.21 29 0.21 40 0.18

Endocarditis
No endocarditis 99,517 97.9 65,023 98.41 12,914 94.52 21,580 98.43
Treated endocarditis 1,091 1.1 525 0.79 356 2.61 210 0.96
Active endocarditis 827 0.8 387 0.59 356 2.61 84 0.38
Endocarditis, missing type 24 0.0 11 0.02 8 0.06 5 0.02
Missing 202 0.2 128 0.19 29 0.21 45 0.21

Renal failure
No 92,592 91.1 60,880 92.14 12,037 88.10 19,675 89.74
Yes 8,888 8.7 5,072 7.68 1,605 11.75 2,211 10.08
Missing 181 0.2 122 0.18 21 0.15 38 0.17

Renal function
Creatinine � 1.0 mg/dL 30,178 29.7 20,297 30.72 3,672 26.88 6,209 28.32
Creatinine 1.00–1.49 mg/dL 52,008 51.2 34,054 51.54 6,758 49.46 11,196 51.07
Creatinine 1.50–1.99 mg/dL 11,469 11.3 7,151 10.82 1,732 12.68 2,586 11.80
Creatinine 2.00–2.49 mg/dL 2,711 2.7 1,554 2.35 498 3.64 659 3.01
Creatinine � 2.5 mg/dL 1,602 1.6 844 1.28 319 2.33 439 2.00
Dialysis 2,443 2.4 1,364 2.06 482 3.53 597 2.72
Missing 1,250 1.2 810 1.23 202 1.48 238 1.09

Immunosuppressive treatment
No 98,421 96.8 63,984 96.84 13,211 96.69 21,226 96.82
Yes 2,975 2.9 1,904 2.88 427 3.13 644 2.94
Missing 265 0.3 186 0.28 25 0.18 54 0.25

revious CV interventions
Previous CABG surgery

No 91,657 90.2 59,583 90.18 12,057 88.25 20,017 91.30
Yes 9,615 9.5 6,257 9.47 1,540 11.27 1,818 8.29
Missing 389 0.4 234 0.35 66 0.48 89 0.41

Previous valve surgery
No 98,737 97.1 64,265 97.26 12,794 93.64 21,678 98.88
Yes 2,540 2.5 1,567 2.37 813 5.95 160 0.73
Missing 384 0.4 242 0.37 56 0.41 86 0.39

Previous other cardiac surgery
No 98,538 96.9 64,166 97.11 13,181 96.47 21,191 96.66
Yes 2,683 2.6 1,634 2.47 407 2.98 642 2.93
Missing 440 0.4 274 0.41 75 0.55 91 0.42

Number of previous CV surgeries
No previous CV surgery 89,419 88.0 58,161 88.02 11,530 84.39 19,728 89.98
1 prior CV surgery 10,453 10.3 6,796 10.29 1,799 13.17 1,858 8.47
� 2 prior CV surgeries 1,200 1.2 766 1.16 231 1.69 203 0.93

Missing 589 0.6 351 0.53 103 0.75 135 0.62
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able 1. Continued

ariable

Overall Valve �
CABG

(n � 101,661)
AVR � CABG

(n � 66,074)
MVR � CABG

(n � 13,663)

MVRepair �
CABG

(n � 21,924)

N % N % N % N %

Prior PCI
No PCI 84,553 83.2 55,581 84.12 11,152 81.62 17,820 81.28
PCI � 6 hours 315 0.3 151 0.23 89 0.65 75 0.34
PCI � 6 hours 16,158 15.9 9,946 15.05 2,321 16.99 3,891 17.75
PCI, missing timing 234 0.2 145 0.22 45 0.33 44 0.20
Missing 401 0.4 251 0.38 56 0.41 94 0.43

reoperative cardiac status
Acuity status

Elective 62,298 61.3 43,682 66.11 7,277 53.26 11,339 51.72
Urgent 36,454 35.9 21,414 32.41 5,315 38.90 9,725 44.36
Emergent 2,479 2.4 763 1.15 945 6.92 771 3.52
Emergent salvage 258 0.3 97 0.15 104 0.76 57 0.26
Missing 172 0.2 118 0.18 22 0.16 32 0.15

MI
No prior MI 68,332 67.2 49,673 75.18 8,056 58.96 10,603 48.36
MI � 21 days 16,934 16.7 9,308 14.09 2,621 19.18 5,005 22.83
MI 8–21 days 3,751 3.7 1,725 2.61 624 4.57 1,402 6.39
MI 1–7 days 10,458 10.3 4,514 6.83 1,741 12.74 4,203 19.17
MI � 6 and � 24 hours 1,113 1.1 367 0.56 341 2.50 405 1.85
MI � 6 hours 531 0.5 178 0.27 192 1.41 161 0.73
MI, missing timing 355 0.3 184 0.28 59 0.43 112 0.51
Missing 187 0.2 125 0.19 29 0.21 33 0.15

Angina
No 42,542 41.8 28,032 42.43 6,248 45.73 8,262 37.68
Yes 58,967 58.0 37,945 57.43 7,394 54.12 13,628 62.16
Missing 152 0.1 97 0.15 21 0.15 34 0.16

Cardiogenic shock
No 98,743 97.1 65,219 98.71 12,590 92.15 20,934 95.48
Yes 2,719 2.7 720 1.09 1,055 7.72 944 4.31
Missing 199 0.2 135 0.20 18 0.13 46 0.21

Resuscitation
No 100,474 98.8 65,522 99.16 13,359 97.78 21,593 98.49
Yes 971 1.0 405 0.61 281 2.06 285 1.30
Missing 216 0.2 147 0.22 23 0.17 46 0.21

Arrhythmia
No arrhythmia 83,856 82.5 56,040 84.81 9,992 73.13 17,824 81.30
AFib/flutter 13,386 13.2 7,533 11.40 2,940 21.52 2,913 13.29
Heart block 1,975 1.9 1,311 1.98 289 2.12 375 1.71
Sustained VT/VF 1,513 1.5 614 0.93 299 2.19 600 2.74
Arrhythmia, other 483 0.5 305 0.46 63 0.46 115 0.52
Arrhythmia, missing type 242 0.2 135 0.20 59 0.43 48 0.22
Missing 206 0.2 136 0.21 21 0.15 49 0.22

Preoperative IABP
No 96,136 94.6 64,597 97.76 11,957 87.51 19,582 89.32
Yes 5,205 5.1 1,275 1.93 1,655 12.11 2,275 10.38
Missing 320 0.3 202 0.31 51 0.37 67 0.31

NYHA class
I 9,839 9.7 6,934 10.49 1,103 8.07 1,802 8.22
II 24,830 24.4 17,808 26.95 2,524 18.47 4,498 20.52
III 42,593 41.9 28,079 42.50 5,458 39.95 9,056 41.31
IV 20,571 20.2 10,808 16.36 3,882 28.41 5,881 26.82

Missing 3,828 3.8 2,445 3.70 696 5.09 687 3.13
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able 1. Continued

ariable

Overall Valve �
CABG

(n � 101,661)
AVR � CABG

(n � 66,074)
MVR � CABG

(n � 13,663)

MVRepair �
CABG

(n � 21,924)

N % N % N % N %

Congestive heart failure
No 58,086 57.1 41,984 63.54 5,797 42.43 10,305 47.00
Yes 43,377 42.7 23,953 36.25 7,845 57.42 11,579 52.81
Missing 198 0.2 137 0.21 21 0.15 40 0.18

Number of diseased coronary vessels
None 2,362 2.3 1,786 2.70 281 2.06 295 1.35
One 22,718 22.3 16,934 25.63 3,040 22.25 2,744 12.52
Two 27,144 26.7 19,014 28.78 3,655 26.75 4,475 20.41
Three 49,060 48.3 28,107 42.54 6,623 48.47 14,330 65.36
Missing 377 0.4 233 0.35 64 0.47 80 0.36

Left main disease � 50%
No 84,025 82.7 55,292 83.68 11,503 84.19 17,230 78.59
Yes 17,175 16.9 10,512 15.91 2,072 15.17 4,591 20.94
Missing 461 0.5 270 0.41 88 0.64 103 0.47

Ejection fraction, %
� 25 5,805 5.7 2,199 3.33 640 4.68 2,966 13.53
25–34 10,988 10.8 4,877 7.38 1,566 11.46 4,545 20.73
35–44 14,928 14.7 8,064 12.20 2,487 18.20 4,377 19.96
45–54 20,398 20.1 13,424 20.32 3,048 22.31 3,926 17.91
� 55 43,556 42.8 32,973 49.90 5,209 38.12 5,374 24.51
Missing 5,986 5.9 4,537 6.87 713 5.22 736 3.36

Aortic stenosis
No 42,831 42.1 8,527 12.91 12,974 94.96 21,330 97.29
Yes 58,317 57.4 57,319 86.75 535 3.92 463 2.11
Missing 513 0.5 228 0.35 154 1.13 131 0.60

Mitral stenosis
No 95,696 94.1 63,862 96.65 11,166 81.72 20,668 94.27
Yes 4,993 4.9 1,542 2.33 2,366 17.32 1,085 4.95
Missing 972 1.0 670 1.01 131 0.96 171 0.78

Tricuspid stenosis
No 100,093 98.5 65,060 98.47 13,402 98.09 21,631 98.66
Yes 275 0.3 154 0.23 57 0.42 64 0.29
Missing 1,293 1.3 860 1.30 204 1.49 229 1.04

Pulmonic stenosis
No 99,484 97.9 64,693 97.91 13,348 97.69 21,443 97.81
Yes 122 0.1 85 0.13 14 0.10 23 0.10
Missing 2,055 2.0 1,296 1.96 301 2.20 458 2.09

Aortic insufficiency
None 57,561 56.6 28,972 43.85 10,821 79.20 17,768 81.04
Trivial 9,243 9.1 6,573 9.95 1,023 7.49 1,647 7.51
Mild 13,828 13.6 11,082 16.77 1,156 8.46 1,590 7.25
Moderate 10,195 10.0 9,581 14.50 232 1.70 382 1.74
Severe 8,686 8.5 8,580 12.99 49 0.36 57 0.26
Missing 2,148 2.1 1,286 1.95 382 2.80 480 2.19

Mitral insufficiency
None 41,756 41.1 38,790 58.71 1,297 9.49 1,669 7.61
Trivial 7,467 7.3 7,139 10.80 147 1.08 181 0.83
Mild 15,407 15.2 13,485 20.41 584 4.27 1,338 6.10
Moderate 14,987 14.7 4,842 7.33 2,790 20.42 7,355 33.55
Severe 20,516 20.2 527 0.80 8,743 63.99 11,246 51.30

Missing 1,528 1.5 1,291 1.95 102 0.75 135 0.62
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ndocarditis) in the overall valve plus CABG population, it
as included for consistency with the isolated valve model.
ctive endocarditis was present in 2.6% of patients under-
oing mitral replacement plus CABG. (3) Mitral stenosis
as rarely present among isolated CABG patients (0.35%).
owever, it was not uncommon (4.9%) among patients
ndergoing valve plus CABG surgery and was included as
candidate variable. It was present in 17.3% of mitral

eplacements and 5.0% of mitral repairs.

able 1. Continued

ariable

Overall Valve �
CABG

(n � 101,661)

N %

Tricuspid insufficiency
None 74,774 73.6
Trivial 7,972 7.8
Mild 11,505 11.3
Moderate 4,119 4.1
Severe 636 0.6
Missing 2,655 2.6

Pulmonic insufficiency
None 91,715 90.2
Trivial 3,411 3.4
Mild 2,065 2.0
Moderate 326 0.3
Severe 49 0.0
Missing 4,095 4.0

Fib � atrial fibrillation; AVR � aortic valve replacement; CA
erebrovascular accident (stroke); IABP � intra-aortic balloon pum

VRepair � mitral valve repair; NYHA � New York Heart Assoc
brillation; VT � ventricular tachycardia.

able 2. Frequency of Endpoints in Overall Study Population

Mort CVA RF Vent

verall (AVR � CABG, MVR � CABG, MVRepair � CABG)
N 101,661 101,661 99,218 101,661
Events 6,919 2,935 9,097 21,561
% 6.8 2.9 9.0 21.2
VR � CABG
N 66,074 66,074 64,710 66,074
Events 3,718 1,751 5,032 11,608
% 5.6 2.7 7.6 17.6
VR � CABG
N 13,663 13,663 13,181 13,663
Events 1,590 499 1,829 4,469
% 11.6 3.7 13.6 32.7
VRepair � CABG
N 21,924 21,924 21,327 21,924
Events 1,611 685 2,236 5,484
% 7.4 3.1 10.3 25.0

VR � aortic valve replacement; CABG � coronary artery bypa
erebrovascular accident (stroke); DSWI � deep sternal wound infecti
mitral valve repair; PLOS � prolonged length of stay; Reop � reoper
rolonged ventilation.
An indicator for valve procedure (AVR, MVR, MVRe-
air) was included in the combined valve plus CABG
odel, as previously noted.

issing Data
issing data are uncommon in the STS NCD, with a

requency of less than 1% missing for most variables. Model
ariables with more than 1% missing were ejection fraction

AVR � CABG
(n � 66,074)

MVR � CABG
(n � 13,663)

MVRepair �
CABG

(n � 21,924)

N % N % N %

49,614 75.09 9,758 71.42 15,402 70.25
5,454 8.25 839 6.14 1,679 7.66
7,060 10.68 1,631 11.94 2,814 12.84
1,919 2.90 874 6.40 1,326 6.05

237 0.36 186 1.36 213 0.97
1,790 2.71 375 2.74 490 2.23

59,891 90.64 12,275 89.84 19,549 89.17
2,122 3.21 442 3.24 847 3.86
1,215 1.84 306 2.24 544 2.48

165 0.25 70 0.51 91 0.42
25 0.04 11 0.08 13 0.06

2,656 4.02 559 4.09 880 4.01

coronary artery bypass graft; CV � cardiovascular; CVA �
MI � myocardial infarction; MVR � mitral valve replacement;

; PCI � percutaneous coronary intervention; VF � ventricular

to 2006

DSWI Reop Comp PLOS SLOS

101,661 101,661 101,661 101,661 101,661
684 12,117 30,580 15,594 22,534
0.7 11.9 30.1 15.3 22.2

66,074 66,074 66,074 66,074 66,074
394 7,090 17,343 8,412 16,961
0.6 10.7 26.3 12.7 25.7

13,663 13,663 13,663 13,663 13,663
114 2,274 5,897 3,277 1,512
0.8 16.6 43.2 24.0 11.1

21,924 21,924 21,924 21,924 21,924
176 2,753 7,340 3,905 4,061
0.8 12.6 33.5 17.8 18.5

aft surgery; Comp � composite adverse event (any); CVA �
Mort � mortality; MVR � mitral valve replacement; MVRepair
BG �
p;
2002

ss gr
on;
ation; RF � renal failure; SLOS � short length of stay; Vent �
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5.9%), New York Heart Association functional class (3.8%),
ricuspid insufficiency (2.6%), aortic insufficiency (2.1%),

itral insufficiency (1.5%), and creatinine/dialysis (1.2%).
To make full use of the available data, binary risk factors

able 3. List of Candidate Variables and Their Coding for ST

andidate Variables

ontinuous variables
Agea L
Ejection fraction L
Body surface areaa Q

Creatinine L

Time trenda O

inary variables
Active infectious endocarditis Y
Dialysis Y
Preoperative atrial fibrillation Y
Shock Y
Femalea Y
Hypertension Y
Immunosuppressive treatment Y
Preop IABP or inotropes Y
Peripheral vascular disease Y
Unstable angina (no MI � 7 days) Y
Left main disease Y
Aortic stenosis Y
Mitral stenosis Y
Aortic insufficiency D
Mitral insufficiency D
Tricuspid insufficiency D

ategorical variables
Surgery type 3
Chronic lung disease M
CVD/CVA 3
Diabetes mellitus 3
No. diseased coronary vessels 3

MI 3

Race 3
Status 4

Previous cardiovascular operations 3
CHF and NYHA class 3

nteraction terms
Age by reoperationa

Age by emergent statusa

Surgery type by each of the following: A

These variables were forced into each model.

VR � aortic valve replacement; CHF � congestive heart failure;
VD � cardiovascular disease; EF � ejection fraction; IABP � intra

eplacement; MVRepair � mitral valve repair; NYHA � New Yor
ere modeled as yes versus no or missing. Thus, missing c
alues were analyzed as if the endpoint did not occur.
issing data on categorical variables were imputed to the

owest risk value, which, in most instances, was the mode.
issing data on continuous variables were imputed to the

lve Plus CABG Models

Coding

spline truncated from below at 50 with knot at 75.
; values � 50 mapped to 50
atic polynomial modeled separately for males and females.
: BSA � 1.4 and � 2.6 were mapped to those values, respectively.
(only for patients not on dialysis). Note: Creatinine � 0.5 and

0 mapped to those values, respectively.
l categorical variable with separate category for each 6-month
est interval. Modeled as linear across the categories.

d as at least moderate (yes/no)
d as at least moderate (yes/no)
d as at least moderate (yes/no)

ps: AVR � CABG, MVR � CABG, MVRepair � CABG
ed as linear across categories (none, mild, moderate, severe)
ps: no CVD, CVD no CVA, CVD � CVA
ps: insulin diabetes, noninsulin diabetes, other or no diabetes
ps: � 2-vessel disease; 2-vessel disease; 3-vessel disease.
eled as linear across the categories
ps: � 24 hours, 1–21 days, � 21 days or no MI. Note: groups 1
2 were subsequently collapsed for some models.
ps: black, Hispanic, other including Caucasian
ps: elective, urgent, emergent no resuscitation, salvage or
rgent with resuscitation
ps: 0 previous, 1 previous, � 2 previous
ps: no CHF, CHF not NYHA IV, CHF and NYHA IV

iabetes, dialysis, creatinine, reoperation, endocarditis,
rgent status, CLD, CHF, EF, sex, shock, IABP/inotropes, mitral
fficiency, aortic insufficiency, mitral stenosis, aortic stenosis.

� chronic lung disease; CVA � cerebrovascular accident (stroke);
ic balloon pump; MI � myocardial infarction; MVR � mitral valve
rt Association.
S Va

inear
inear
uadr
Note

inear
� 5.
rdina
harv

es/no
es/no
es/no
es/no
es/no
es/no
es/no
es/no
es/no
es/no
es/no
es/no
es/no
efine
efine
efine

grou
odel
grou
grou
grou
Mod
grou
and
grou
grou
eme
grou
grou

ge, d
eme
insu

CLD
onditional median. For ejection fraction, we conditioned
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n congestive heart failure and sex. For body surface area,
e conditioned on sex. For serum creatinine, we condi-

ioned on renal failure.
Although multiple imputation is generally preferred on

tatistical grounds [21], we chose single imputation for this
nalysis based largely on practical considerations, including
omputational intensity. Furthermore, the fraction of miss-
ng data was small, and single and multiple imputation
ould give similar results. Finally, multiple imputation is
rimarily used for calculating appropriate standard error
stimates, but an adjustment to the standard errors would
ot impact our study results or the published risk algo-
ithms. In a separate sensitivity analysis, we compared
redicted risk estimates from our final models to risk
stimates that were derived from analogous models using
ultiple instead of single imputation. For each endpoint,

he relative difference in predicted risk was less than 6%
eg, an absolute difference of 5.0% versus 5.3%) for all
atients in the development and validation samples, and it
as less than 2% (eg, an absolute difference of 5.0% versus

.1%) for 99% of patients. A summary of these analyses
ncluding regression coefficients and covariance matrices is
vailable at www.sts.org/riskmodels.

inal Variable Selection Procedure

ariables were initially selected using an automated step-
ise model selection algorithm. The stepwise procedure
egan with a model that included all of the candidate
ariables except for interaction terms. Age, body surface
rea, and month of surgery were forced into each model. As
n the isolated CABG and isolated valve models described
n Parts 1 and 2 of this series, month of surgery was used
nly to adjust for time trends in the frequency of adverse
utcomes over the 5-year study period. We adjusted for this
o reduce potential confounding by time trends when
stimating regression coefficients for the variables that are
f primary interest (ie, patient preoperative risk factors—
ee example in Part 1). Surgery date was categorized into
-month intervals and modeled as a linear trend across the
rdinal categories. Surgery date is not included in the final
isk prediction algorithm, and a patient’s predicted risk
oes not depend on it. The published intercept parameter
as been adjusted to incorporate the time trend, and this
djusted intercept reflects the baseline risk for a reference
eriod of July to December 2006.
Other variables were selected in a stepwise fashion using
significance criterion of 0.05 for entry and removal. Ordi-
al categorical variables were initially coded such that
emoving an indicator variable caused a category to be
ombined with the lowest risk category (the reference
roup). In the case of myocardial infarction (MI), there were
wo outcomes (permanent stroke, prolonged length of stay)
n which “MI 1 to 21 days” was retained but “MI less than
4 hours” was removed. For these two cases, the two MI
ategories were replaced by the single category “MI 21 days
r less.” The stepwise procedure was performed separately
or each endpoint. Multiple interaction terms consisting of
redictor variable and surgery type were also evaluated,

nd two additional interaction terms (age by reoperation c
nd age by emergent status) were forced into the models
see Tables 3 and 5).

The results of this initial selection process were then
eviewed by surgeon members of the QMTF for face
alidity and consistency with previous STS or other valve
odels: (1) preoperative atrial fibrillation was forced into

he model for permanent stroke; (2) an indicator variable for
ialysis was forced into any model that included creatinine

this did not apply to the renal failure model, as patients
ith preoperative dialysis were excluded); (3) sex was

orced into all models; and (4) each variable that interacted
ith surgery group was also included as a main effect.
After validating the model in the 40% validation sample, the

evelopment and validation samples were then rejoined, and
he final model coefficients were estimated using the overall
00% combined sample. The final logistic regression model
as estimated using generalized estimating equations with

mpirical (sandwich) standard error estimates to account for
lustering of patients within institutions [22]. An indepen-
ence working correlation matrix was used to apply the
eneralized estimating equations. With this approach, the
stimated regression coefficients were identical to those
btained using ordinary logistic regression, but the stan-
ard errors were adjusted to account for the clustered data
tructure.

esults

isk Factors, Outcomes, and Predictor Variables
able 1 presents the distribution of risk factors and end-
oints in the overall 2002 to 2006 study population. Because

here are three valve plus CABG categories, space limita-
ions prevent display of the bivariate relationships for each
redictor variable, endpoint, and valve plus CABG group.
hese are available upon request from STS.
Table 2 summarizes the overall frequency of adverse

utcomes as well as the outcomes for the three major
alve groups. Table 3 lists the candidate predictor vari-
bles and their coding schemes.

ssessment of Model Fit and Discrimination
he Hosmer-Lemeshow test was not employed to assess
verall calibration. Large sample sizes make a significant p
alue almost inevitable, as all risk models are only approx-
mations of reality [23]. Rather, we assessed calibration
raphically by plotting observed versus predicted event
ates within deciles of predicted risk in the development
nd validation samples (Fig 1). These plots were con-
tructed for the overall sample and for subgroups based on
urgery type (AVR plus CABG, MVR plus CABG, MVRe-
air plus CABG); age (� 60, 60 to 79, � 80 years); sex (male,

emale); diabetes mellitus (yes/no); status (elective, non-
lective); and ejection fraction (� 40, � 40). Because of space
onstraints, only the overall sample results in the validation
ample are presented. Additional results are available at
ww.sts.org/riskmodels.
In general, the models were well calibrated in the vali-

ation sample. The average absolute difference between
bserved versus predicted event rates across the decile

ategories ranged from 0.1% for deep sternal wound infec-

http://www.sts.org/riskmodels
http://www.sts.org/riskmodels
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ion to 0.96% for prolonged length of stay. There was a very
light tendency for the models to overpredict risk in the
ighest decile. Although perfect prediction would be ideal,
slight overprediction implies that the model will give

dequate credit to surgeons who take on patients with
everal model risk factors.

Discrimination was assessed by determining the c-

able 4. Discrimination of Models (C-Index) in Development

Mort CVA RF

verall
Development sample 0.754 0.656 0.729
Validation sample 0.750 0.622 0.724
VR � CABG
Development sample 0.737 0.648 0.720
Validation sample 0.736 0.609 0.718
VR � CABG
Development sample 0.764 0.665 0.712
Validation sample 0.739 0.611 0.701
VRepair � CABG
Development sample 0.746 0.650 0.727
Validation sample 0.755 0.652 0.715

VR � aortic valve replacement; CABG � coronary artery bypass g
epair; PLOS � prolonged length of stay; Reop � reoperation; RF
entilation.
tatistic, also known as the area under the receiver operat-
ng characteristic (ROC) curve. Table 4 presents the dis-
rimination of the various models. In the validation sample,
he c-index of the overall valve plus CABG operative

ortality model was 0.750, and the c-indices of the morbid-
ty models ranged from 0.617 for reoperation to 0.724 for
enal failure and short length of stay.

Fig 1. Plots of observed (O) versus
expected (E) in validation sample

Validation Samples

t DSWI Reop Comp PLOS SLOS

0 0.670 0.623 0.704 0.719 0.726
0 0.646 0.617 0.698 0.710 0.724

6 0.639 0.607 0.678 0.705 0.700
7 0.657 0.604 0.673 0.699 0.698

6 0.713 0.608 0.725 0.694 0.726
3 0.580 0.599 0.714 0.680 0.733

5 0.692 0.624 0.707 0.712 0.738
6 0.644 0.623 0.705 0.702 0.733

Comp � composite adverse event (any); CVA � cerebrovascular
and

Ven

0.73
0.72

0.70
0.69

0.74
0.73

0.72
0.71

raft;
ccident (stroke); DSWI � deep sternal wound infection; Mort � mortality; MVR � mitral valve replacement; MVRepair � mitral valve
� renal failure; SLOS � short length of stay; Vent � prolonged



Table 5. Estimated Odds Ratios for CABG Mortality, Morbidity, and Length of Stay Models

A. Odds ratios for variables that do not interact with surgery group

Variable Mort CVA RF Vent DSWI Reop Comp PLOS SLOS

Preoperative AFib 1.20 (1.12, 1.29) 1.05 (0.94, 1.17) 1.18 (1.11, 1.26) 1.13 (1.07, 1.19) NA 1.16 (1.10, 1.22) 1.15 (1.10, 1.20) 1.22 (1.15, 1.28) 0.71 (0.67, 0.75)
BSA 1.6 versus 2.0

among females
1.29 (1.19, 1.39) 1.34 (1.18, 1.52) 0.87 (0.81, 0.94) 1.08 (1.02, 1.14) 0.51 (0.39, 0.67) 1.13 (1.07, 1.23) 1.12 (1.07, 1.18) 0.97 (0.92, 1.03) 1.03 (0.96, 1.10)

BSA 1.6 versus 2.0
among males

1.58 (1.41, 1.77) 1.38 (1.17, 1.64) 1.18 (1.07, 1.31) 1.31 (1.21, 1.41) 0.71 (0.49, 1.03) 1.18 (1.12, 1.34) 1.32 (1.24, 1.41) 1.40 (1.29, 1.52) 0.81 (0.75, 0.88)

BSA 1.8 versus 2.0
among females

1.05 (1.00, 1.10) 1.16 (1.06, 1.26) 0.89 (0.85, 0.93) 0.99 (0.95, 1.02) 0.69 (0.61, 0.77) 1.03 (0.98, 1.06) 1.01 (0.98, 1.04) 0.94 (0.90, 0.97) 1.08 (1.04, 1.12)

BSA 1.8 versus 2.0
among males

1.15 (1.10, 1.20) 1.13 (1.07, 1.20) 1.01 (0.97, 1.05) 1.06 (1.03, 1.09) 0.83 (0.72, 0.95) 1.06 (1.04, 1.11) 1.07 (1.05, 1.10) 1.09 (1.06, 1.12) 0.96 (0.94, 0.99)

BSA 2.2 versus 2.0
among females

1.12 (1.02, 1.22) 0.87 (0.74, 1.02) 1.25 (1.15, 1.35) 1.13 (1.06, 1.20) 1.57 (1.32, 1.89) 1.04 (1.00, 1.17) 1.10 (1.04, 1.17) 1.19 (1.11, 1.27) 0.82 (0.76, 0.89)

BSA 2.2 versus 2.0
among males

1.04 (1.00, 1.09) 0.95 (0.90, 1.01) 1.15 (1.11, 1.18) 1.09 (1.06, 1.11) 1.25 (1.14, 1.37) 1.00 (0.95, 1.01) 1.07 (1.04, 1.09) 1.09 (1.06, 1.12) 0.91 (0.89, 0.93)

CVD with CVA 1.22 (1.11, 1.33) 1.72 (1.52, 1.95) 1.12 (1.04, 1.22) 1.27 (1.19, 1.34) 1.22 (0.95, 1.56) 1.12 (1.04, 1.20) 1.26 (1.20, 1.33) 1.26 (1.18, 1.35) 0.75 (0.70, 0.81)
CVD without CVA NA 1.28 (1.13, 1.45) 1.14 (1.06, 1.23) 1.10 (1.04, 1.16) NA NA 1.11 (1.05, 1.17) 1.11 (1.05, 1.18) 0.85 (0.78, 0.92)
Diabetes, insulin 1.31 (1.20, 1.42) 1.16 (1.03, 1.30) 1.62 (1.52, 1.74) 1.32 (1.25, 1.40) 1.98 (1.59, 2.46) NA 1.34 (1.28, 1.41) 1.49 (1.40, 1.58) 0.67 (0.62, 0.72)
Diabetes, noninsulin 1.12 (1.05, 1.19) 1.16 (1.06, 1.26) 1.28 (1.21, 1.35) 1.11 (1.07, 1.15) 1.30 (1.10, 1.54) NA 1.12 (1.08, 1.16) 1.17 (1.12, 1.22) 0.84 (0.81, 0.88)
No. diseased coronary

vessels (2 versus 1
or 3 versus 2)

1.15 (1.11, 1.19) 1.20 (1.14, 1.26) 1.17 (1.14, 1.21) 1.19 (1.16, 1.22) 1.28 (1.15, 1.42) 1.09 (1.06, 1.11) 1.16 (1.14, 1.18) 1.13 (1.10, 1.16) 0.82 (0.81, 0.84)

Hypertension NA 1.19 (1.08, 1.31) 1.25 (1.18, 1.33) 1.10 (1.05, 1.15) 1.33 (1.09, 1.63) NA 1.12 (1.08, 1.16) 1.08 (1.03, 1.13) 0.92 (0.88, 0.96)
Immunosuppressive

treatment
1.35 (1.17, 1.54) NA 1.30 (1.15, 1.47) 1.28 (1.17, 1.40) NA 1.27 (1.14, 1.42) 1.26 (1.16, 1.37) 1.22 (1.11, 1.34) 0.75 (0.67, 0.84)

Left main disease 1.12 (1.05, 1.20) NA NA 1.06 (1.02, 1.11) NA NA NA NA NA
Mitral insufficiency,

moderate/severe
NA NA NA NA NA NA 1.07 (1.01, 1.12) NA NA

Tricuspid insufficiency,
moderate/severe

1.27 (1.15, 1.41) NA 1.25 (1.13, 1.38) 1.15 (1.06, 1.24) NA NA 1.14 (1.07, 1.22) NA 0.79 (0.69, 0.92)

Peripheral vascular
disease

1.29 (1.21, 1.37) 1.15 (1.04, 1.27) 1.16 (1.10, 1.23) 1.18 (1.12, 1.24) NA 1.15 (1.09, 1.22) 1.20 (1.15, 1.25) 1.16 (1.11, 1.22) NA

Mitral stenosis 1.10 (0.99, 1.24) NA NA NA NA NA NA 1.09 (1.00, 1.18) NA
MI 1–21 days 1.19 (1.10, 1.28) NA 1.18 (1.10, 1.26) 1.28 (1.21, 1.35) NA NA 1.22 (1.16, 1.28) NA NA
MI � 21 daysa NA 1.22 (1.11, 1.34) NA NA NA NA NA 1.16 (1.10, 1.22) NA
MI � 24 hrs 1.65 (1.42, 1.91) NA 1.30 (1.10, 1.54) 1.41 (1.23, 1.62) NA 1.15 (1.00, 1.32) 1.49 (1.30, 1.70) NA NA
Time trend per 6-

month harvest
interval

0.98 (0.96, 0.99) 0.98 (0.97, 1.00) 1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 0.96 (0.93, 0.99) 0.99 (0.98, 1.00) 1.00 (0.99, 1.01) 1.01 (1.00, 1.02) 1.00 (0.99, 1.01)

Race black NA NA 1.15 (1.03, 1.30) 1.31 (1.19, 1.44) NA 1.19 (1.06, 1.33) 1.21 (1.11, 1.32) 1.31 (1.19, 1.44) 0.65 (0.58, 0.72)
Race Hispanic NA NA 1.20 (1.03, 1.40) 1.17 (1.03, 1.32) NA 1.08 (0.94, 1.24) 1.15 (1.03, 1.28) 1.13 (0.98, 1.30) 0.85 (0.71, 1.02)
Status, urgent versus

elective
1.25 (1.17, 1.34) NA 1.18 (1.10, 1.26) 1.26 (1.19, 1.33) NA 1.14 (1.07, 1.21) 1.19 (1.14, 1.25) 1.28 (1.22, 1.35) 0.77 (0.72, 0.81)

Unstable angina 1.11 (1.03, 1.21) 0.89 (0.80, 1.00) 1.12 (1.05, 1.20) 1.06 (0.99, 1.13) NA NA NA NA NA
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Table 5. Continued

B. Odds ratios for AVR plus CABG

Variable Mort CVA RF Vent DSWI Reop Comp PLOS SLOS

Age 60 versus 50 (no
reop, elective)

1.29 (1.20, 1.39) 1.28 (1.19, 1.38) 1.39 (1.32, 1.45) 1.23 (1.20, 1.27) 1.06 (0.92, 1.21) 1.19 (1.15, 1.23) 1.20 (1.16, 1.24) 1.37 (1.32, 1.42) 0.74 (0.72, 0.77)

Age 70 versus 50 (no
reop, elective)

1.67 (1.45, 1.92) 1.64 (1.42, 1.91) 1.92 (1.75, 2.11) 1.52 (1.43, 1.62) 1.11 (0.85, 1.46) 1.41 (1.31, 1.51) 1.44 (1.36, 1.54) 1.86 (1.73, 2.01) 0.55 (0.52, 0.59)

Age 80 versus 50 (no
reop, elective)

2.47 (2.08, 2.94) 2.03 (1.71, 2.42) 2.76 (2.47, 3.08) 1.96 (1.82, 2.11) 1.12 (0.82, 1.53) 1.67 (1.54, 1.82) 1.86 (1.73, 2.01) 2.67 (2.46, 2.91) 0.33 (0.30, 0.36)

CHF, not NYHA IV 1.24 (1.14, 1.34) 0.98 (0.88, 1.09) 1.19 (1.11, 1.28) 1.22 (1.16, 1.29) NA NA 1.14 (1.08, 1.19) 1.30 (1.23, 1.38) 0.84 (0.79, 0.89)
CHF, NYHA IV 1.48 (1.34, 1.64) 1.15 (1.00, 1.32) 1.35 (1.24, 1.48) 1.47 (1.36, 1.59) NA 1.16 (1.08, 1.24) 1.36 (1.27, 1.45) 1.49 (1.39, 1.60) 0.73 (0.66, 0.82)
Creatinine per 1 unit 1.57 (1.49, 1.65) 1.27 (1.18, 1.36) 2.26 (2.13, 2.40) 1.46 (1.41, 1.52) NA 1.28 (1.23, 1.34) 1.67 (1.60, 1.74) 1.51 (1.45, 1.58) 0.62 (0.58, 0.67)
Dialysis vs no dialysis

and creatinine � 1.0
3.20 (2.84, 3.61) 1.42 (1.17, 1.73) NA 2.27 (2.06, 2.51) NA 1.65 (1.41, 1.92) 2.09 (1.91, 2.30) 2.42 (2.19, 2.67) 0.30 (0.25, 0.37)

EF per 10-unit
decrease

1.10 (1.06, 1.15) NA 1.06 (1.03, 1.08) 1.12 (1.10, 1.14) NA 1.08 (1.05, 1.10) 1.11 (1.09, 1.13) 1.10 (1.08, 1.13) 0.87 (0.84, 0.89)

Preoperative IABP/
inotropes

1.43 (1.30, 1.58) NA 1.27 (1.15, 1.39) 2.18 (2.01, 2.36) NA 1.16 (1.06, 1.27) 1.76 (1.63, 1.90) 1.41 (1.25, 1.58) 0.56 (0.48, 0.65)

Shock 1.68 (1.45, 1.94) 1.19 (0.94, 1.50) 1.17 (0.92, 1.50) 1.93 (1.72, 2.16) NA 1.24 (1.09, 1.41) 1.79 (1.50, 2.15) 1.45 (1.29, 1.63) NA
Female versus male (at

BSA � 1.8)
1.36 (1.26, 1.47) 1.19 (1.07, 1.32) 1.18 (1.10, 1.26) 1.52 (1.44, 1.61) 1.11 (0.88, 1.40) 0.92 (0.87, 0.97) 1.20 (1.15, 1.26) 1.31 (1.24, 1.38) 0.61 (0.57, 0.64)

Active infectious
endocarditis

2.04 (1.66, 2.50) 1.83 (1.37, 2.46) 1.52 (1.21, 1.91) 1.96 (1.69, 2.27) NA 1.56 (1.28, 1.91) 2.11 (1.83, 2.44) 1.81 (1.41, 2.32) 0.28 (0.20, 0.38)

CLD (moderate vs
mild or severe vs
moderate)

1.19 (1.16, 1.23) NA 1.12 (1.09, 1.15) 1.26 (1.22, 1.30) 1.32 (1.22, 1.42) 1.10 (1.07, 1.13) 1.18 (1.15, 1.21) 1.26 (1.22, 1.30) 0.83 (0.80, 0.85)

Reop, 1 previous
operationb

2.20 (1.81, 2.67) NA 1.29 (1.08, 1.55) 1.83 (1.58, 2.11) NA 1.39 (1.16, 1.67) 1.50 (1.32, 1.69) 1.55 (1.33, 1.81) 0.67 (0.58, 0.77)

Reop, � 2 previous
operationsb

2.46 (1.87, 3.24) NA 1.47 (1.15, 1.89) 2.19 (1.80, 2.65) NA 1.48 (1.15, 1.92) 1.77 (1.51, 2.06) 1.65 (1.34, 2.03) 0.53 (0.43, 0.65)

Status emergent, no
resuscitationb

2.14 (1.62, 2.81) 2.21 (1.45, 3.37) 1.77 (1.31, 2.37) 2.71 (2.14, 3.44) NA 1.41 (1.16, 1.70) 2.17 (1.74, 2.72) 2.72 (2.19, 3.38) 0.33 (0.22, 0.50)

Status emergent, with
resuscitation or
salvageb

4.56 (3.31, 6.29) 2.60 (1.53, 4.43) 1.86 (1.30, 2.65) 2.12 (1.54, 2.92) NA NA 3.34 (2.43, 4.61) 1.76 (1.31, 2.37) 0.18 (0.09, 0.34)
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Table 5. Continued

C. Odds ratios for MVR plus CABG

Variable Mort CVA RF Vent DSWI Reop Comp PLOS SLOS

Age 60 versus 50 (no
reop, elective)

1.51 (1.39, 1.64) 1.28 (1.19, 1.38) 1.39 (1.32, 1.45) 1.23 (1.20, 1.27) 1.06 (0.92, 1.21) 1.19 (1.15, 1.23) 1.27 (1.21, 1.32) 1.37 (1.32, 1.42) 0.68 (0.64, 0.72)

Age 70 versus 50 (no
reop, elective)

2.28 (1.94, 2.68) 1.64 (1.42, 1.91) 1.92 (1.75, 2.11) 1.52 (1.43, 1.62) 1.11 (0.85, 1.46) 1.41 (1.31, 1.51) 1.60 (1.47, 1.75) 1.86 (1.73, 2.01) 0.46 (0.41, 0.52)

Age 80 versus 50 (no
reop, elective)

3.95 (3.17, 4.93) 2.03 (1.71, 2.42) 2.76 (2.47, 3.08) 1.96 (1.82, 2.11) 1.12 (0.82, 1.53) 1.67 (1.54, 1.82) 2.18 (1.92, 2.48) 2.67 (2.46, 2.91) 0.25 (0.21, 0.30)

CHF, not NYHA IV 0.91 (0.80, 1.03) 0.80 (0.64, 0.99) 0.92 (0.82, 1.03) 1.02 (0.93, 1.11) NA NA 0.94 (0.87, 1.02) 1.03 (0.94, 1.12) 0.84 (0.79, 0.89)
CHF, NYHA IV 1.09 (0.95, 1.24) 0.93 (0.75, 1.17) 1.04 (0.92, 1.19) 1.22 (1.10, 1.35) NA 1.16 (1.08, 1.24) 1.13 (1.03, 1.23) 1.17 (1.06, 1.30) 0.73 (0.66, 0.82)
Creatinine per 1 unit 1.57 (1.49, 1.65) 1.27 (1.18, 1.36) 1.82 (1.66, 2.01) 1.46 (1.41, 1.52) NA 1.28 (1.23, 1.34) 1.67 (1.60, 1.74) 1.51 (1.45, 1.58) 0.66 (0.57, 0.78)
Dialysis vs no dialysis

and creatinine � 1.0
3.20 (2.84, 3.61) 1.42 (1.17, 1.73) NA 2.27 (2.06, 2.51) NA 1.21 (0.95, 1.55) 2.09 (1.91, 2.30) 2.42 (2.19, 2.67) 0.30 (0.18, 0.48)

EF per 10-unit
decrease

1.23 (1.16, 1.30) NA 1.06 (1.03, 1.08) 1.12 (1.10, 1.14) NA 1.08 (1.05, 1.10) 1.11 (1.09, 1.13) 1.10 (1.08, 1.13) 0.89 (0.82, 0.95)

Preoperative IABP/
inotropes

1.43 (1.30, 1.58) NA 1.27 (1.15, 1.39) 2.18 (2.01, 2.36) NA 1.16 (1.06, 1.27) 1.76 (1.63, 1.90) 1.29 (1.14, 1.46) 0.51 (0.39, 0.65)

Shock 1.68 (1.45, 1.94) 1.19 (0.94, 1.50) 1.21 (0.97, 1.50) 1.93 (1.72, 2.16) NA 1.24 (1.09, 1.41) 2.76 (2.22, 3.42) 1.45 (1.29, 1.63) NA
Female versus male (at

BSA � 1.8)
1.36 (1.26, 1.47) 1.19 (1.07, 1.32) 1.18 (1.10, 1.26) 1.17 (1.08, 1.28) 1.11 (0.88, 1.40) 0.92 (0.87, 0.97) 1.20 (1.15, 1.26) 1.31 (1.24, 1.38) 0.66 (0.59, 0.74)

Active infectious
endocarditis

2.04 (1.66, 2.50) 1.83 (1.37, 2.46) 1.52 (1.21, 1.91) 1.96 (1.69, 2.27) NA 1.56 (1.28, 1.91) 2.11 (1.83, 2.44) 2.08 (1.62, 2.67) 0.28 (0.20, 0.38)

CLD (moderate vs
mild or severe vs
moderate)

1.19 (1.16, 1.23) NA 1.12 (1.09, 1.15) 1.18 (1.12, 1.24) 1.32 (1.22, 1.42) 1.10 (1.07, 1.13) 1.18 (1.15, 1.21) 1.20 (1.14, 1.26) 0.83 (0.80, 0.85)

Reop, 1 previous
operationb

2.20 (1.81, 2.67) NA 1.29 (1.08, 1.55) 1.38 (1.19, 1.61) NA 1.15 (0.95, 1.38) 1.50 (1.32, 1.69) 1.30 (1.10, 1.53) 0.81 (0.66, 0.99)

Reop, � 2 previous
operationsb

2.46 (1.87, 3.24) NA 1.47 (1.15, 1.89) 1.66 (1.35, 2.03) NA 1.22 (0.95, 1.56) 1.77 (1.51, 2.06) 1.38 (1.12, 1.71) 0.64 (0.50, 0.82)

Status emergent, no
resuscitationb

2.14 (1.62, 2.81) 2.21 (1.45, 3.37) 1.77 (1.31, 2.37) 2.71 (2.14, 3.44) NA 1.41 (1.16, 1.70) 2.17 (1.74, 2.72) 2.72 (2.19, 3.38) 0.26 (0.16, 0.43)

Status emergent, with
resuscitation or
salvageb

4.56 (3.31, 6.29) 2.60 (1.53, 4.43) 1.86 (1.30, 2.65) 2.12 (1.54, 2.92) NA NA 3.34 (2.43, 4.61) 1.76 (1.31, 2.37) 0.14 (0.07, 0.27)
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Table 5. Continued

D. Odds ratios for MVRepair plus CABG

Variable Mort CVA RF Vent DSWI Reop Comp PLOS SLOS

Age 60 versus 50 (no
reop, elective)

1.46 (1.36, 1.57) 1.28 (1.19, 1.38) 1.39 (1.32, 1.45) 1.23 (1.20, 1.27) 1.06 (0.92, 1.21) 1.19 (1.15, 1.23) 1.28 (1.23, 1.33) 1.37 (1.32, 1.42) 0.66 (0.63, 0.69)

Age 70 versus 50 (no
reop, elective)

2.14 (1.86, 2.46) 1.64 (1.42, 1.91) 1.92 (1.75, 2.11) 1.52 (1.43, 1.62) 1.11 (0.85, 1.46) 1.41 (1.31, 1.51) 1.63 (1.51, 1.76) 1.86 (1.73, 2.01) 0.44 (0.40, 0.48)

Age 80 versus 50 (no
reop, elective)

3.60 (2.97, 4.33) 2.03 (1.71, 2.42) 2.76 (2.47, 3.08) 1.96 (1.82, 2.11) 1.12 (0.82, 1.53) 1.67 (1.54, 1.82) 2.23 (2.00, 2.49) 2.67 (2.46, 2.91) 0.23 (0.20, 0.27)

CHF, not NYHA IV 0.96 (0.85, 1.09) 1.05 (0.90, 1.23) 0.99 (0.88, 1.10) 1.10 (1.02, 1.19) NA NA 1.06 (0.99, 1.14) 1.17 (1.08, 1.26) 0.84 (0.79, 0.89)
CHF, NYHA IV 1.16 (1.02, 1.32) 1.23 (1.04, 1.46) 1.12 (0.99, 1.27) 1.32 (1.21, 1.44) NA 1.16 (1.08, 1.24) 1.27 (1.17, 1.37) 1.33 (1.22, 1.45) 0.73 (0.66, 0.82)
Creatinine per 1 unit 1.57 (1.49, 1.65) 1.27 (1.18, 1.36) 1.87 (1.72, 2.04) 1.46 (1.41, 1.52) NA 1.28 (1.23, 1.34) 1.67 (1.60, 1.74) 1.51 (1.45, 1.58) 0.59 (0.53, 0.67)
Dialysis vs no dialysis

and creatinine � 1.0
3.20 (2.84, 3.61) 1.42 (1.17, 1.73) NA 2.27 (2.06, 2.51) NA 1.88 (1.52, 2.31) 2.09 (1.91, 2.30) 2.42 (2.19, 2.67) 0.35 (0.24, 0.49)

EF per 10-unit
decrease

1.09 (1.04, 1.15) NA 1.06 (1.03, 1.08) 1.12 (1.10, 1.14) NA 1.08 (1.05, 1.10) 1.11 (1.09, 1.13) 1.10 (1.08, 1.13) 0.84 (0.81, 0.87)

Preoperative IABP/
inotropes

1.43 (1.30, 1.58) NA 1.27 (1.15, 1.39) 2.18 (2.01, 2.36) NA 1.16 (1.06, 1.27) 1.76 (1.63, 1.90) 1.56 (1.40, 1.73) 0.52 (0.44, 0.62)

Shock 1.68 (1.45, 1.94) 1.19 (0.94, 1.50) 1.69 (1.41, 2.01) 1.93 (1.72, 2.16) NA 1.24 (1.09, 1.41) 2.17 (1.81, 2.60) 1.45 (1.29, 1.63) NA
Female vs male (at

BSA � 1.8)
1.36 (1.26, 1.47) 1.19 (1.07, 1.32) 1.18 (1.10, 1.26) 1.25 (1.15, 1.36) 1.11 (0.88, 1.40) 0.92 (0.87, 0.97) 1.20 (1.15, 1.26) 1.31 (1.24, 1.38) 0.60 (0.55, 0.66)

Active infectious
Endocarditis

2.04 (1.66, 2.50) 1.83 (1.37, 2.46) 1.52 (1.21, 1.91) 1.96 (1.69, 2.27) NA 1.56 (1.28, 1.91) 2.11 (1.83, 2.44) 2.98 (1.86, 4.77) 0.28 (0.20, 0.38)

CLD (moderate vs
mild or severe vs
moderate)

1.19 (1.16, 1.23) NA 1.12 (1.09, 1.15) 1.21 (1.16, 1.27) 1.32 (1.22, 1.42) 1.10 (1.07, 1.13) 1.18 (1.15, 1.21) 1.16 (1.10, 1.21) 0.83 (0.80, 0.85)

Reop, 1 previous
operationb

2.20 (1.81, 2.67) NA 1.29 (1.08, 1.55) 1.55 (1.32, 1.82) NA 1.49 (1.23, 1.82) 1.50 (1.32, 1.69) 1.32 (1.10, 1.58) 0.80 (0.68, 0.95)

Reop, � 2 previous
operationsb

2.46 (1.87, 3.24) NA 1.47 (1.15, 1.89) 1.86 (1.53, 2.26) NA 1.59 (1.20, 2.11) 1.77 (1.51, 2.06) 1.41 (1.11, 1.79) 0.63 (0.51, 0.79)

Status emergent, no
resuscitationb

2.14 (1.62, 2.81) 2.21 (1.45, 3.37) 1.77 (1.31, 2.37) 2.71 (2.14, 3.44) NA 1.41 (1.16, 1.70) 2.17 (1.74, 2.72) 2.72 (2.19, 3.38) 0.43 (0.29, 0.66)

Status emergent, with
resuscitation or
salvageb

4.56 (3.31, 6.29) 2.60 (1.53, 4.43) 1.86 (1.30, 2.65) 2.12 (1.54, 2.92) NA NA 3.34 (2.43, 4.61) 1.76 (1.31, 2.37) 0.23 (0.12, 0.44)

a For CVA and PLOS, MI coded � 21 days; for all other endpoints, MI coded � 24 hrs or 1 to 21 days. b Variable interacts with age. Reported odds ratio represents effect of risk factor for patients aged
50 years old.

BSA � body surface area; CHF � congestive heart failure; CLD � chronic lung disease; Comp � composite adverse event (any); CVA � cerebrovascular accident (stroke); CVD �
cerebrovascular disease; DSWI � deep sternal wound infection; EF � ejection fraction; IABP � intra-aortic balloon pump; Mort � mortality; NA � not applicable; NYHA � New York
Heart Association; PLOS � prolonged length of stay; PVD � peripheral vascular disease; Reop � reoperation; RF � renal failure; SLOS � short length of stay; Vent � prolonged
ventilation. S57
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dds Ratios
able 5 presents the odds ratios and 95% confidence inter-
als (CI) derived from these models. “Not applicable”
ndicates that those predictors were not included in a
articular risk model.
Odds ratios that do not interact with surgery type are

ummarized in Part A of Table 5. Several variables
nteract with surgery type, and the odds ratios for these
ariables differ for some of the endpoints depending on
he specific type of surgery, as summarized in Tables 5B,
, and D (AVR plus CABG, MVR plus CABG, MVRepair
lus CABG). For example, in the model for prolonged

ength of stay, the odds ratio for active endocarditis is 1.81
95% CI: 1.41 to 2.32) for AVR plus CABG; 2.08 (95% CI:
.62 to 2.67) for MVR plus CABG; and 2.98 (95% CI: 1.86
o 4.77) for MVRepair plus CABG.

inal Model Intercept and Coefficients
he algorithms for calculating predicted risk values,

ncluding the intercepts and regression coefficients, are
resented in the Appendix.

imitations

he limitations of the STS valve plus CABG models are
imilar to those discussed in Part 1 of this series.

onclusion

new STS model has been developed for valve surgery
ombined with CABG. This model includes specific indi-
ator variables for each major type of valve plus CABG
rocedure (AVR plus CABG, MVR plus CABG, MVRe-
air plus CABG). Models have been developed for oper-
tive mortality, individual morbidity endpoints, a com-
osite morbidity or mortality endpoint, and short and
rolonged postoperative length of stay. Overall model
erformance is excellent.
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ppendix

egression Coefficients and Variable Definitions for
TS 2008 Valve Plus CABG Models

or each endpoint, the formula for calculating a patient’s pre-
icted risk of the endpoint has the form:

Predicted Risk �
e(�0��1x1��2x2�· · ·��nxn)

1 � e(�0��1x1��2x2�· · ·��nxn)

here x1, x2, . . . , xn denote patient preoperative risk factors (eg,
uantitative variables such as age, and comorbidities coded as
�present, 0�absent); and �0, �1, . . . , �n denote regression
oefficients (numerical constants). Regression coefficients for
ach endpoint are presented in Appendix Table 1. The variables
1, x2, . . . , xn are the same for each endpoint and are defined in
ppendix Table 2. The regression coefficient for the time trend is
ot presented. Instead, the intercept has been adjusted to

ncorporate the time trend. This adjusted intercept reflects the

aseline risk for a reference period of July–December 2006.



Appendix Table 1. Regression Coefficients

Variable Mort CVA RF Vent DSWI Reop Comp PLOS SLOS

Intercept �5.24391 �5.14546 �5.32535 �3.63438 �6.50043 �3.16980 �2.99714 �4.15892 1.18582
Preoperative AFib 0.18430 0.04634 0.16567 0.12059 0.00000 0.14910 0.13766 0.19656 �0.34095
Age function 1 0.02560 0.02487 0.03268 0.02106 0.00545 0.01715 0.01838 0.03115 �0.02970
Age function 3 0.02758 �0.00709 0.00671 0.00791 �0.00985 �0.00021 0.01425 0.00985 �0.04542
Age by reop function �0.00861 0.00458 0.00077 �0.00673 0.00314 �0.00399 �0.00202 �0.00678 0.00656
Age by status function �0.00507 �0.01979 �0.00178 �0.00750 0.01627 �0.00029 0.00229 �0.02247 0.00692
Age by MVR function 0.01564 0.00000 0.00000 0.00000 0.00000 0.00000 0.00527 0.00000 �0.00866
Age by MVRepair function 0.01240 0.00000 0.00000 0.00000 0.00000 0.00000 0.00599 0.00000 �0.01159
BSA function 1 �1.14176 �0.81169 �0.41848 �0.66843 0.86401 �0.51266 �0.70411 �0.84204 0.51295
BSA function 2 2.25471 0.94689 1.84088 1.80467 0.42453 0.70024 1.70623 2.10402 �1.66758
CHF but not NYHA IV 0.21206 �0.01726 0.17460 0.20063 0.00000 0.00000 0.12880 0.26291 �0.17652
CHF and NYHA IV 0.39457 0.14109 0.30146 0.38383 0.00000 0.14499 0.30567 0.39791 �0.31077
CHF by MVR function �0.31077 �0.20917 �0.25767 �0.18455 0.00000 0.00000 �0.18635 �0.23729 0.00000
CHF by MVRepair function �0.24791 0.06897 �0.18667 �0.10484 0.00000 0.00000 �0.06920 �0.10954 0.00000
CLD function 0.17713 0.00000 0.11379 0.23345 0.27571 0.09280 0.16523 0.22999 �0.19234
CLD by MVR function 0.00000 0.00000 0.00000 �0.06780 0.00000 0.00000 0.00000 �0.04591 0.00000
CLD by MVRepair function 0.00000 0.00000 0.00000 �0.04014 0.00000 0.00000 0.00000 �0.08501 0.00000
Creatinine function 1 0.44794 0.23545 0.81612 0.38147 0.00000 0.24620 0.51256 0.41472 �0.47658
Creatinine by MVR function 0.00000 0.00000 �0.21574 0.00000 0.00000 0.00000 0.00000 0.00000 0.06652
Creatinine by MVRepair function 0.00000 0.00000 �0.18787 0.00000 0.00000 0.00000 0.00000 0.00000 �0.04407
CVD without prior CVA 0.00000 0.24847 0.13299 0.09769 0.00000 0.00000 0.10255 0.10601 �0.16643
CVD and prior CVA 0.19754 0.54344 0.11571 0.23581 0.19686 0.10974 0.23332 0.23319 �0.28560
Diabetes, noninsulin 0.11060 0.14576 0.24490 0.10365 0.26281 0.00000 0.11462 0.15846 �0.17020
Diabetes, insulin 0.26870 0.14582 0.48504 0.27893 0.68330 0.00000 0.29508 0.39583 �0.40448
Dialysis 1.61151 0.58833 0.00000 1.20290 0.61527 0.74332 1.25181 1.29747 �1.67728
Dialysis by MVR function 0.00000 0.00000 0.00000 0.00000 0.00000 �0.30339 0.00000 0.00000 0.04745
Dialysis by MVRepair function 0.00000 0.00000 0.00000 0.00000 0.00000 0.13058 0.00000 0.00000 0.09778
Ejection fraction function 0.00989 0.00000 0.00534 0.01113 0.00000 0.00703 0.01061 0.00995 �0.01440
EF by MVR function 0.01056 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00228
EF by MVRepair function �0.00117 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 �0.00309
Endocarditis, active 0.71327 0.60657 0.41797 0.67172 0.00000 0.44757 0.74858 0.59333 �1.27854
Endocarditis by MVR function 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.13795 0.00000
Endocarditis by MVRepair function 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.49934 0.00000
Female 0.30852 0.17170 0.16668 0.41874 0.10654 �0.08221 0.18594 0.26947 �0.50044
Female by MVR function 0.00000 0.00000 0.00000 �0.25972 0.00000 0.00000 0.00000 0.00000 0.08895
Female by MVRepair function 0.00000 0.00000 0.00000 �0.19373 0.00000 0.00000 0.00000 0.00000 �0.00229
Female by BSA function 1 0.51233 0.07575 0.76032 0.48032 0.80594 0.16701 0.41581 0.91055 �0.59086
Female by BSA function 2 �0.27980 �0.88628 �0.57622 �0.49740 0.58767 0.52524 �0.40427 �0.78096 0.15748
Hypertension 0.00000 0.17080 0.22638 0.09581 0.28851 0.00000 0.11445 0.07602 �0.08668
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Appendix Table 1. Continued

Variable Mort CVA RF Vent DSWI Reop Comp PLOS SLOS

IABP or inotropes 0.36025 0.00000 0.23674 0.77918 0.00000 0.15075 0.56477 0.34008 �0.58536
IABP by MVR function 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 �0.08732 �0.09462
IABP by MVRepair function 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.10281 �0.06743
Immunosuppressive treatment 0.29654 0.00000 0.26400 0.24814 0.00000 0.24041 0.23332 0.19750 �0.28819
Insufficiency, mitral 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.06414 0.00000 0.00000
Insufficiency, tricuspid 0.24006 0.00000 0.22040 0.13606 0.00000 0.00000 0.13318 0.00000 �0.23141
Left main disease 0.11450 0.00000 0.00000 0.06181 0.00000 0.00000 0.00000 0.00000 0.00000
MI 1–21 days 0.17038 0.00000 0.16476 0.24560 0.00000 0.00000 0.19751 0.00000 0.00000
MI � 21 days 0.00000 0.19671 0.00000 0.00000 0.00000 0.00000 0.00000 0.14599 0.00000
MI � 24 hours 0.49918 0.00000 0.26240 0.34321 0.00000 0.13716 0.39731 0.00000 0.00000
MVR 0.14888 0.32659 0.90926 0.76504 0.28437 0.41642 0.41322 0.73530 �0.82339
MVRepair �0.07374 0.06933 0.51275 0.28204 0.19499 0.07390 �0.03949 0.30384 �0.03552
No. diseased coronary vessel function 0.13746 0.18243 0.15791 0.17277 0.24582 0.08187 0.14767 0.12474 �0.19250
Peripheral vascular disease 0.25173 0.13776 0.14995 0.16591 0.00000 0.14312 0.18062 0.14863 0.00000
Race black 0.00000 0.00000 0.14301 0.26900 0.00000 0.17364 0.19182 0.26856 �0.43385
Race Hispanic 0.00000 0.00000 0.18384 0.15363 0.00000 0.08065 0.13561 0.12286 �0.15901
Reop, 1 previous operation 0.78624 0.00000 0.25782 0.60179 0.00000 0.33209 0.40293 0.43757 �0.39723
Reop, � 2 previous operations 0.90015 0.00000 0.38499 0.78263 0.00000 0.39502 0.56875 0.50334 �0.63237
Reop by MVR function 0.00000 0.00000 0.00000 �0.27846 0.00000 �0.19608 0.00000 �0.17836 0.18262
Reop by MVRepair function 0.00000 0.00000 0.00000 �0.16306 0.00000 0.06985 0.00000 �0.16007 0.17613
Shock 0.51917 0.17321 0.15810 0.65653 0.00000 0.21271 0.58409 0.36987 0.00000
Shock by MVR function 0.00000 0.00000 0.02883 0.00000 0.00000 0.00000 0.43045 0.00000 0.00000
Shock by MVRepair function 0.00000 0.00000 0.36429 0.00000 0.00000 0.00000 0.19084 0.00000 0.00000
Status urgent 0.22591 0.00000 0.16451 0.22905 0.00000 0.12800 0.17511 0.24758 �0.26626
Status emergent 0.75852 0.79460 0.56854 0.99818 0.00000 0.34063 0.77631 1.00162 �1.09633
Status salvage 1.51811 0.95665 0.61798 0.75178 0.00000 0.00000 1.20732 0.56482 �1.72252
Status by MVR function 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 �0.25083
Status by MVRepair function 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.25943
Stenosis, mitral 0.09879 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.08469 0.00000
Unstable angina 0.10722 �0.11292 0.11597 0.05762 0.00000 0.00000 0.00000 0.00000 0.00000

Afib � atrial fibrillation; BSA � body surface area; CHF � congestive heart failure; CLD � chronic lung disease; Comp � composite adverse event (any); CVA � cerebrovascular accident
(stroke); CVD � cerebrovascular disease; DSWI � deep sternal wound infection; EF � ejection fraction; IABP � intra-aortic balloon pump; MI � myocardial infarction; Mort �
mortality; MVR � mitral valve replacement; MVRepair � mitral valve repair; NYHA � New York Heart Association; PLOS � prolonged length of stay; PVD � peripheral vascular
disease; Reop � reoperation; RF � renal failure; SLOS � short length of stay; Vent � prolonged ventilation.
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ppendix Table 2. Definition of Variables Appearing in STS 2008 Valve Plus CABG Models

ariable Definition

ntercept � 1 for all patients
reoperative AFib � 1 if patient has history of preoperative atrial fibrillation, � 0 otherwise
ge function 1 � max (age – 50, 0)
ge function 3 � max (age – 75, 0)
ge by reop function � Age function 1 if surgery is a reoperation, � 0 otherwise
ge by status function � Age function 1 if status is emergent or salvage, � 0 otherwise
ge by MVR function � Age function 1 if operation is MVR, � 0 otherwise
ge by MVRepair function � Age function 1 if operation is MVRepair, � 0 otherwise
SA function 1 � max (1.4, min [2.6, BSA]) – 1.8
SA function 2 � (BSA function 1)2

HF but not NYHA IV �1 if patient has CHF and is not NYHA class IV, � 0 otherwise
HF and NYHA IV �1 if patient has CHF and is NYHA class IV, � 0 otherwise
HF by MVR function � 1 if patient has CHF and operation is MVR, � 0 otherwise
HF by MVRepair function � 1 if patient has CHF and operation is MVRepair, � 0 otherwise
LD function � 0 if no CLD, � 1 if mild CLD, � 2 if moderate CLD, � 3 if severe CLD
LD by MVR function � CLD function if operation is MVR, � 0 otherwise
LD by MVRepair function � CLD function if operation is MVRepair, � 0 otherwise
reatinine function 1 � max (0.5, min [creatinine, 5.0]) if patient is not on dialysis, � 0 otherwise
reatinine by MVR function � Creatinine function 1 if valve operation is MVR, � 0 otherwise
reatinine by MVRepair function � Creatinine function 1 if valve operation is MVRepair, � 0 otherwise
VD without prior CVA � 1 if patient has history of CVD and no prior CVA, � 0 otherwise
VD and prior CVA � 1 if patient has history of CVD and a prior CVA, � 0 otherwise
iabetes, noninsulin � 1 if patient has diabetes not treated with insulin, � 0 otherwise
iabetes, insulin � 1 if patient has diabetes treated with insulin, � 0 otherwise
ialysis � 1 if patient requires dialysis preoperatively, � 0 otherwise
ialysis by MVR function � 1 if patient has history of dialysis and operation is MVR, � 0 otherwise
ialysis by MVRepair function � 1 if patient has history of dialysis and operation is MVRepair, � 0 otherwise
jection fraction function � max (50 – ejection fraction, 0)
F by MVR function � Ejection fraction function if valve operation is MVR, � 0 otherwise
F by MVRepair function � Ejection fraction function if valve operation is MVRepair, � 0 otherwise
ndocarditis, active � 1 if patient has active endocarditis, � 0 otherwise
ndocarditis by MVR function � 1 if patient has active endocarditis and valve operation is MVR, � 0 otherwise
ndocarditis by MVRepair function � 1 if patient has active endocarditis and valve operation is MVRepair, � 0 otherwise
emale � 1 if patient is female, � 0 otherwise
emale by MVR function � 1 if female and operation is MVR, � 0 otherwise
emale by MVRepair function � 1 if female and operation is MVRepair, � 0 otherwise
emale by BSA function 1 � BSA function 1 if female, � 0 otherwise
emale by BSA function 2 � BSA function 2 if female, � 0 otherwise
ypertension � 1 if patient has hypertension, � 0 otherwise

ABP or inotropes � 1 if patient requires IABP or inotropes preoperatively, � 0 otherwise
ABP by MVR function � 1 if patient requires preop IABP or inotropes and operation is MVR, � 0 otherwise
ABP by MVRepair function � 1 if patient requires preop IABP or inotropes and operation is MVRepair, � 0 otherwise
mmunosuppressive treatment � 1 if patient has received immunosuppressive therapy within 30 days, � 0 otherwise
nsufficiency, mitral � 1 if patient has at least moderate mitral insufficiency, � 0 otherwise
nsufficiency, tricuspid � 1 if patient has at least moderate tricuspid insufficiency, � 0 otherwise
eft main disease � 1 if patient has left main disease, � 0 otherwise
I 1–21 days � 1 if history of MI 1 to 21 days prior to surgery, � 0 otherwise
I � 21 daysa � 1 if patient has history of MI within 21 days prior to surgery, � 0 otherwise (for CVA

and PLOS; coded as � 24 hours and 1–21 days for others)
I � 24 hours � 1 if history of MI � 24 hours prior to surgery, � 0 otherwise
VR � 1 if valve operation is mitral valve replacement, � 0 otherwise
VRepair � 1 if valve operation is mitral valve repair, � 0 otherwise
o. diseased coronary vessel � 2 if triple-vessel disease, � 1 if double-vessel disease, � 0 otherwise

function
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ppendix Table 2. Continued

ariable

eripheral vascular disease � 1 if patient has perip
ace black � 1 if patient is black, �

ace Hispanic � 1 if patient is nonbla
eop, 1 previous operation � 1 if patient has had e
eop, � 2 previous operations � 1 if patient has had 2
eop by MVR function � 1 if surgery is a reop
eop by MVRepair function � 1 if surgery is a reop
hock � 1 if patient was in sh
hock by MVR function � 1 if shock and operat
hock by MVRepair function � 1 if shock and operat
tatus urgent � 1 if status is urgent, �

tatus emergent � 1 if status is emergen
tatus salvage � 1 if status is salvage
tatus by MVR function � 1 if status is emergen
tatus by MVRepair function � 1 if status is emergen
tenosis, mitral � 1 if patient has mitra
nstable angina � 1 if patient has unsta

MI coded � 21 days for CVA and PLOS endpoints; for all other endpo

ote: See www.sts.org for exact definitions of terms used above.

SA � body surface area; CABG � coronary artery bypass graft su
omp � composite adverse event (any); CVA � cerebrovascular acc
ound infection; EF � ejection fraction; IABP � intra-aortic ballo
itral valve replacement; MVRepair � mitral valve repair; NYHA
peripheral vascular disease; Reop � reoperation; RF � renal

urgeons; Vent � prolonged ventilation.
Definition

heral vascular disease, � 0 otherwise
0 otherwise

ck Hispanic, � 0 otherwise
xactly 1 previous CV surgery, � 0 otherwise
or more previous CV surgeries, � 0 otherwise

eration and operation is MVR, � 0 otherwise
eration and operation is MVRepair, � 0 otherwise
ock at time of procedure, � 0 otherwise
ion is MVR, � 0 otherwise
ion is MVRepair, � 0 otherwise

0 otherwise
t (but not rescuscitation), � 0 otherwise

(or emergent plus resuscitation), � 0 otherwise
t or salvage and operation is MVR, � 0 otherwise
t or salvage and operation is MVRepair, � 0 otherwise
l stenosis, � 0 otherwise
ble angina and no MI within 7 days of surgery, � 0 otherwise

ints, coded as � 24 hours and 1 to 21 days.

rgery; CHF � congestive heart failure; CLD � chronic lung disease;
ident (stroke); CVD � cerebrovascular disease; DSWI � deep sternal
on pump; MI � myocardial infarction; Mort � mortality; MVR �

� New York Heart Association; PLOS � prolonged length of stay; PVD

http://www.sts.org
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