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Supplementary Text
Methods
Definitions
     Unless otherwise stated, the definitions and cutoff values of preoperative variables were those used for the European System for Cardiac Operative Risk Evaluation II (EuroSCORE II). In particular, critical preoperative state was defined as ventricular tachycardia or fibrillation, aborted sudden death, or cardiac massage, mechanical ventilation, inotropes or intra-aortic balloon pump (IABP), or acute renal failure (diuresis <10ml/hr) before surgery. The risk profile of each patient was established preoperatively according to EuroSCORE II.18 Atherosclerosis of the ascending aorta was demonstrated by epiaortic ultrasonography scan (EAS),19 which was performed intraoperatively in every patient in the derivation sample and in validation sample 2;  in validation sample 1, diseased ascending aorta was documented preoperatively by chest computed tomography angiography. Internationally agreed definitions of complications after cardiac surgery were used, as validated and published in the literature.20 In particular, the Centers for Disease Control and Prevention classification of surgical site infections (SSIs)21 was adopted by the three participating centers. Blood transfusion was defined as transfusion of at least 1 unit of packed red blood cells (RBCs) during patient hospital course.

Surgical techniques and perioperative management of the patients
     Operations were performed via median sternotomy with cardiopulmonary bypass, with or without cross-clamping of the aorta, or off-pump technique. Although different surgical strategies and techniques were adopted over the years in the three participating centers, both internal thoracic arteries (ITAs) were dissected as skeletonized conduits and the ITA harvesting technique did not change in the three centers during the study period.22,23 (Suppl. Table S3)

Statistical methods
     Goodness-of-fit (calibration) of each model was evaluated with the Hosmer-Lemeshow test: a large value of χ2 (with P-value <0.05) indicates poor fit; small χ2-values (with P-value closer to 1) indicate good model fit. According to the C-statistic, accuracy of prediction (discriminatory power) of the two All Surgical Site Infections [risk] Stratification Tool (ASSIST) models was classified as fail (area under receiver-operating curve [aROC] 0.5 to 0.6), poor (aROC 0.6 to 0.7), fair (aROC 0.7 to 0.8), good (aROC 0.8 to 0.9) or excellent (aROC 0.9 to 1). 
     For each model of ASSIST, (1) the regression equation is reported; (2) the logistic equation for estimating the risk of SSIs after coronary artery bypass grafting (CABG) was obtained (logistic ASSIST); (3) the Youden index and its associated criterion (ASSIST value), and sensitivity at fixed levels of specificity (and vice versa) were calculated with 95% confidence interval (95%CI) after 1,000 bootstrap replications (internal validation); and (4) goodness-of-fit and accuracy of prediction were evaluated in two series of consecutive subjects who underwent CABG at two French cardiac surgical units (external validation, the models were not refit to the new data). The details of the Hosmer-Lemeshow test with observed vs. expected number of cases by deciles of the probabilities were shown with graph for both models of ASSIST in the derivation and validation samples, and for the STS risk score for major infections, the two models of the NHSN risk index for CABG, ASSIST, and ASSIST-i in the derivation sample.     
     
Results
     Although there was a trend towards an increased risk of deep sternal wound infections (SWIs), as well as a higher risk of leg wound infections in combined CABG (P=0.075 and <0.0001, respectively), the difference in the cumulative rate of SSIs between isolated and combined CABG was not significant (P=0.062). (Table 1)

Predictors of SSIs after CABG 
     According to the univariable analysis (Tables S2-4), surgery performed between July 7, 2008 and September 28, 2018, age ≥76 years, female gender, BMI >29.3 kg/m2, blood glucose level (fasting) >7.1 mmol/l, glycated hemoglobin >7.5%, diabetes mellitus, chronic obstructive pulmonary disease (COPD), estimated glomerular filtration rate (eGFR) ≤50 ml/min or dialysis (regardless of eGFR), extracardiac arteriopathy, The New York Heart Association functional class II or more, The Canadian Cardiovascular Society (CCS) class of angina 4, left ventricular ejection fraction (LVEF) ≤50%, systolic pulmonary artery pressure (PAP systolic) >55 mmHg, critical preoperative state (by EuroSCORE II), non-elective surgical priority, atherosclerotic ascending aorta (by EAS), mitral valve surgery, bilateral ITA grafting, cardiopulmonary bypass time >140 minutes, total operating time >323 minutes, mediastinal re-entry, use of IABP, and transfusion of RBCs were risk factors for SSIs after CABG. Blood glucose level (fasting) and glycated hemoglobin were not included in the multivariable analysis models due to the high rate of missing data (7.2% for both).

Risk stratification tool for all SSIs after CABG
     After assigning points to each variable (Suppl. Table S4) and calculating the score (x) for each patient, the expected risk (P) of SSIs after CABG for each patient could be obtained by the following regression equations:
P=2.670+1.043x+0.154x2, 
for the preoperative only model, and
P=2.628-0.102x+0.236x2, 
for the combined model.
     The logistic regression equation of ASSIST is: 
Logit (P)=β0+∑βixi
     where β0 is the constant of the logistic regression equation (i.e., -3.343 or -3.759) and bi the coefficient of the variable xi. For the preoperative only model, the coefficients and variable values are: for gender, βi=0.536 and xi=1 if female, or 0 if male; for BMI, βi=0.611 and xi=1 if BMI >29.3 kg/m2, or 0 if BMI ≤29.3 kg/m2; for diabetes, βi=0.509 and xi=1 if the patient is diabetic, or 0 if not; for COPD, βi=0.547 and xi=1 if the patient suffers from COPD, or 0 if not; for eGFR or dialysis, βi=0.252 and xi=1 if eGFR ≤50 ml/min or the patient is on chronic dialysis, or 0 if eGFR >50 ml/min (without dialysis); for extracardiac arteriopathy, βi=0.496 and xi=1 if the patient suffers from extracardiac arteriopathy, or 0 if not; for NYHA class, βi=0.232 and xi=1 in case of NYHA class II to IV, or 0 in case of NYHA class I; for CCS class, βi=0.221 and xi=1 in case of CCS class 4, or 0 in case of CCS class 1 to 3; for critical preoperative state, βi=0.279 and xi=1 if the patient is in critical state, or 0 if not; for surgical priority, βi=0.264 and xi=1 if the patient is in urgent, emergency or salvage surgical priority, or 0 if he/she is in elective priority. For the combined model, the coefficients and variable values are: for gender, βi=0.703 and xi=1 if female, or 0 if male; for BMI, βi=0.578 and xi=1 if BMI >29.3 kg/m2, or 0 if BMI ≤29.3 kg/m2; for diabetes, βi=0.538 and xi=1 if the patient is diabetic, or 0 if not; for COPD, βi=0.602 and xi=1 if the patient suffers from COPD, or 0 if not; for extracardiac arteriopathy, βi=0.497 and xi=1 if the patient suffers from extracardiac arteriopathy, or 0 if not; for CCS class, βi=0.205 and xi=1 in case of CCS class 4, or 0 in case of CCS class 1 to 3; for surgical priority, βi=0.233 and xi=1 if the patient is in urgent, emergency or salvage surgical priority, or 0 if he/she is in elective priority; for atherosclerotic ascending aorta, βi=0.304 and xi=1 if a diseased aorta is demonstrated by EAS, or 0 if not; for grafting, βi=0.343 and xi=1 in case of use of 2 ITAs, or 0 in case of use of 0 or 1 ITA; for total operating time, βi=0.526 and xi=1 if time >323 minutes, or 0 if time ≤323 minutes; for mediastinal re-entry, βi=0.659 and xi=1 in case of mediastinal re-entry, 0 if not; for IABP, βi=0.470 and xi=1 if it is used, 0 if not; for RBCs, βi=0.257 and xi=1 in case of transfusion of at least 1 unit, 0 in case of no transfusion. (Table 5) 
     In the above equation, logit (P) can be back-transformed to P by the following formula: 
P=

ASSIST validation
     Regarding the additive ASSIST version, the ASSIST value associated with the Youden index was >4.4 (95%CI 3.9 to 5.5; sensitivity, 62.0%, specificity, 64.5%), for the preoperative only model, and >5.7 (95%CI 4.8–5.7; sensitivity, 68.6%, specificity, 62.9%) for the combined model. Regarding the logistic ASSIST version, the ASSIST value associated with the Youden index was >10.6% (95%CI 7.4%–11.5%; sensitivity, 60.8%, specificity, 66.5%), for the preoperative only model, and >9.1% (95%CI 7.8%–9.1%; sensitivity, 70.6%, specificity, 61.7%) for the combined model. (Suppl. Tables S6 and S7)

ASSIST and prediction of SWIs
    Regarding SWIs, the preoperative only model of ASSIST showed good fit (Hosmer-Lemeshow test: χ2=10.238, degrees of freedom, 8, P=0.249) but poor accuracy of prediction (aROC=0.671, 95%CI 0.660–0.682), while the combined model showed poor fit (Hosmer-Lemeshow test: χ2=16.097, degrees of freedom, 8, P=0.041) but fair accuracy of prediction (aROC=0.709, 95%CI 0.698–0.720). The combined model performed better in terms of accuracy of prediction than the preoperative only model (P<0.0001). Both models outperformed every corresponding model of the comparator risk score in terms of accuracy of prediction (P<0.0001). Improved accuracy of prediction was obtained using the logistic version of ASSIST, but only for the preoperative only model (P=0.042; for the combined model, P=0.111). (Suppl. Table S5)
     ASSIST was evaluated for the prediction of SWIs in the two validation samples, where SWIs occurred in 4.5% and 11.7% of cases. Goodness-of-fit of the two models of ASSIST was very good in both validation samples. For both models of ASSIST,  the accuracy of prediction was fair in sample 1 and poor in sample 2, both for the additive and logistic versions. Additive and logistic ASSIST were equivalent in terms of accuracy of prediction (sample 1, P≥0.434; sample 2, P≥0.482). In both validation samples, the combined models showed a higher accuracy of prediction than the preoperative only models (sample 1, P≤0.402; sample 2, P≤0.081). (Suppl. Tables S8 and S9)

Discussion
     Current risk scores specific for SSIs after CABG predict events based on the presence of three or more variables from among the following: 1) older age; 2) female gender; 3) comorbidities such as obesity (defined as BMI >30 [or 35] kg/m2 and usually dichotomized in two degrees of severity), diabetes (usually regardless of insulin-dependency), chronic obstructive pulmonary disease, renal impairment (defined as serum creatinine >2.0 mg/dl or need for chronic dialysis), peripheral vascular disease and cerebrovascular disease; 4) left ventricular dysfunction (defined as left ventricular ejection fraction <40% [or 45%]) or its surrogates such as congestive heart failure, myocardial infarction, cardiogenic shock, and IABP use; 5) urgent or emergency surgical priority; 6) prolonged cardiopulmonary bypass time or duration of surgery; 7) concomitant procedures; and 8) blood transfusion.10-17	















Supplementary Figure Legends
Suppl. Fig. S1: Rate per year of SSIs (A) and SWIs (B) after CABG during the study period.

CABG=coronary artery bypass grafting; SSIs=surgical site infections; SWIs=sternal wound infections

Suppl. Fig. S2: The Hosmer-Lemeshow test. The observed vs. expected number of cases of SSIs after CABG by deciles of the probabilities in the derivation sample are shown with graph both for the preoperative only (A,E,G) and combined model (B,F,H) of STS risk score for major infections (A,B), ASSIST (E,F), and ASSIST-i (G,H). Both the original (C) and current model (D) of NHSN risk index for CABG are evaluated. 

ASSIST=All Surgical Site Infections [risk] Stratification Tool; ASSIST-i=ASSIST improved; CABG=coronary artery bypass grafting; NHSN=National Healthcare Safety Network; SSIs=surgical site infections; STS=The Society of Thoracic Surgeons

Suppl. Fig. S3: The Hosmer-Lemeshow test. The observed vs. expected number of cases of SSIs after CABG by deciles of the probabilities in the validation sample 1 (A,B) and 2 (C,D) are shown with graph both for the preoperative only (A,C) and combined model (B,D) of ASSIST.

ASSIST=All Surgical Site Infections [risk] Stratification Tool; CABG=coronary artery bypass grafting; SSIs=surgical site infections

Suppl. Fig. S4: Accuracy of prediction (aROC) of ASSIST and ASSIST-i for SSIs after CABG in the derivation sample. The preoperative only (A) and combined models (B) of ASSIST and ASSIST-i were compared using the Hanley and McNeil method.

aROC=area under receiver-operating characteristic curve; ASSIST=All Surgical Site Infections [risk] Stratification Tool; ASSIST-i=ASSIST improved; CABG=coronary artery bypass grafting; SSIs=surgical site infections



