31

Suppl. Table S1: Risk scores (preoperative only models) for SSIs after CABG: design, variables, scoring and performance in the corresponding derivation datasets
	Characteristics
	NNECDSG mediastinitis score*
	Alfred Hospital

risk index†
	STS risk score for major infections‡
	Australian clinical
 risk index§
	Bromptom-Harefield infection score#
	ASSIST||

	Publication date

Study period

Source

No. of cases

Isolated CABG

Age (mean)

Female

BMI >30 kg/m2 Diabetes

COPD

Renal failure

PVD

CHF

Urgency

Use of ITA

   Single

   Bilateral

Off-pump technique
Use of IABP

Rate of all SSIs

Rate of SWIs

No. of variables
Variables (points)

Classes of risk (risk, %)

Accuracy of prediction (aROC)**
Goodness- of-fit (P)††
	1992

Jul 1, 1987–Apr 15, 1989 (1 year, 9.5 months)

Five clinical centers, New England, US

3,055

100%

65.8 ys

27%

-

18.1%

11.2%

1.2%

5.5%

-

41.5%

-

-

-

-

-

-

-

8 
LVEF <40% (2);

Urgent surgery (1.5);

Emergency (3.5);

Diabetes (1.5);

Dialysis or creatinine >2 mg/dl (2.5);

COPD (3.5);

BMI 31–36 kg/m2 (2.5);

BMI ≥37 kg/m2 (3.5)

0–3 (0.4–0.7)

4–7 (1.1–3.0)

8–10+ (3.5–6.5)

0.740

-
	2002

Dec 1, 1996–Sep 29, 2000 (3 years, 10 months)

Alfred Hospital, Melbourne, Victoria, Australia

2,345

100%

65.7 ys

24.1%

14%

24.3%

-

5.3%

8.8%

10.9%

-

-

-

-

-

-

8.5%

-

3
Obesity (1);

PVD or cerebrovascular disease (1);

Insulin-dependent diabetes (1)

0 (6.8)

1 (11.8)

2 (17.5)

3 (40.0)

-

-
	2005

2002–2003 

(2 years)
STS database, US

331,429

92.6%

66.4 ys

29.5%

37.4%

34.8%

19.6%

5.6%

16.6%

18.4%

43.3%

83.4%

-

-

17.5%

9.4%

3.5%

0.9%

12
Age (1 point for each 5 years over 55);

BMI 30–40 kg/m2 (4);

BMI ≥40 kg/m2 (9);

Diabetes (3);

Renal failure (4);

CHF (3);

PVD (2);

Female (2);

COPD (2);

Cardiogenic shock (6);

Myocardial infarction (2);

Concomitant surgery (4)

0–8 (0.9–2.4)

9–17 (2.7–7.4)

18–24+ (8.2–16.0)

0.697

-
	2007

2003–Mar 31, 2005 

(2 years, 3 months)

Six acute care hospitals, Victoria, Australia

4,633

82%

-

23.5%

38.5%

31.7%

-

-

14.6%

-

36.3%

92.3%

79.5%

12.8%

-

-

5.6%

3.2%

3
Diabetes (1);

BMI 30–35 kg/m2 (1);

BMI ≥35 kg/m2 (2)

0 (19)

1 (30)

2 (61)

3–4 (80)

0.640

0.400
	2015

2009–Jun 30, 2012 

(3 years, 6 months)

Royal Bromptom & Harefield Hospital, London, UK

4,087

82.8%

66.9 ys

20.1%

28.7%

30%

7%

1.2%

3.4%

3%

39.6%

17.4%

14.8%

2.6%

40.9%

0.2%

4.4%

3.4%

6
Diabetic (1) or HbA1c >7.5% (3);

BMI ≥35 kg/m2 (2);

Female (2);

Emergency (2);

LVEF <45% (1)

0–1 (2.6)

2–3 (6)

4+ (16)

0.727

0.149
	2019

1999–Sep 28, 2018

(19 years, 9 months)

Trieste University Hospital, Italy

7,090

73.9%

68.2 ys

21%

19.6%

30.2%

8.8%

18.5%

27.5%

35.3%

57%

88.4%

44.6%

43.8%

4.4%

7.5%

10.2%

8.5%

10
Female (2.4);

BMI >29.3 kg/m2 (1.9); 

Diabetes (2.3);

COPD (2.5);

 eGFR ≤50 ml/min or dialysis (1.1);

Extracardiac arteriopathy (2.2);
NYHA II–IV (1.0);

CCS 4 (1.0);

Critical preoperative state (1.3);

Non-elective surgical priority (1.2)

0–3 (2.7–7.2)

3–6 (7.4–14.5)

6–9 (14.8–24.5)

9–12+ (24.9–36.9)

0.679
0.278


*O’Connor et al. (1992). Ref. 12.
†Russo and Spelman (2002).  Ref. 13.
‡Fowler et al. (2005). Ref. 14.
§Friedman et al. (2007). Ref. 15.
#Raja et al. (2015). Ref. 16.
||Gatti et al. (2019). Table 5 and Suppl. Tables S4 and S5.
**C-statistic.
††Hosmer-Lemeshow test.
aROC=area under receiver-operating characteristic curve; ASSIST=All Surgical Site Infections [risk] Stratification Tool; BMI=body mass index; CABG=coronary artery bypass grafting; COPD=chronic obstructive pulmonary disease; CHF=congestive heart failure; IABP=intra-aortic balloon pump; HbA1c=hemoglobin A1c; ITA=internal thoracic artery; LVEF=left ventricular ejection fraction; NNECDSG=The Northern New England Cardiovascular Disease Study Group; PVD=peripheral vascular disease; SSIs=surgical site infections; STS=The Society of Thoracic Surgeons; SWIs=sternal wound infections
Suppl. Table S2: Risk scores (combined models) for SSIs after CABG: design, variables, scoring and performance in the corresponding derivation datasets.
	Characteristics
	Alfred Hospital

risk index*
	STS risk score

for major infections†
	Australian clinical

 risk index‡
	NHSN risk index, 

the original model§
	NHSN risk index, 

the current model#
	ASSIST||

	Publication date

Study period

Source

No. of cases

Isolated CABG

Age (mean)

Female

BMI >30 kg/m2 

Diabetes

COPD

Renal failure

PVD

CHF

Urgency

Use of ITA

   Single

   Bilateral

Off-pump technique

Use of IABP

Rate of SSIs

Rate of SWIs

No. of variables

Variables (points)

Classes of risk (risk, %)

Accuracy of prediction (aROC)**
Goodness-of-fit (P)††
	2002

Dec 1, 1996–Sep 29, 2000 

(3 years, 10 months)

Alfred Hospital, Melbourne, Victoria, Australia

2,345

100%

65.7 ys

24.1%

14.0%

24.3%

-

5.3%

8.8%

10.9%

-

-

-

-

-

-

8.5%

-

4

Obesity (1);

PVD or cerebrovascular disease (1);

Insulin-dependent diabetes (1);

Procedure exciding 5 hrs (1)

0 (6.3)

1 (11.0)

2 (15.4)

3 (35.3)

4 (40.0)

-

-
	2005

2002–2003 

(2 years)

STS database, US

331,429

92.6%

66.4 ys

29.5%

37.4%

34.8%

19.6%

5.6%

16.6%

18.4%

43.3%

83.4%

-

-

17.5%

9.4%

3.5%

0.9%

12

Age (1 point for each 5 years over 55);

BMI 30–40 kg/m2 (3);

BMI ≥40 kg/m2 (8);

Diabetes (3);

Renal failure (4);

CHF (3);

PVD (2);

Female (2);

COPD (3);

Perfusion time 100–200 mins (3);

Perfusion time 200–300 mins (7);

Use of IABP (5)

0–8 (0.8–2.3)

9–17 (2.7–7.6)

18–24+ (8.5–16.2)

0.708

-
	2007

2003–Mar 31, 2005 

(27 months)

Six acute care hospitals, Victoria, Australia

4,633

82%

-

23.5%

38.5%

31.7%

-

-

14.6%

-

36.3%

92.3%

79.5%

12.8%

-

-

5.6%

3.2%

4

Diabetes (1);

BMI 30–35 kg/m2 (1);

BMI ≥35 kg/m2 (2)

RBCs transfusion (1)
0 (19)

1 (30)

2 (61)

3–5 (80)

0.640

0.400
	2011

2006–2008

(3 years)

NHSN

133,488

100%

-

-

-

-

-

-

-

-

-

-

-

-

2.2%

-

5
Intercept (β0): -5.1;

Age (10-year increase in age at procedure): gender, βi -0.24;

Gender (F vs. M), βi 2.16;
ASA score (1/2, 3, 4/5 were coded as 0, 1, 2, respectively), βi 0.28;
No. of hospital beds ≤200/>500, βi 0.15;

Procedure duration (10-minute increase in procedure duration, βi 0.02;
-
0.620

-
	2019
2015
(1 year)

NHSN

-
100%

-

-

-

-

-

-

-

-

-

-

-

-

-
-

9
Female (1);
Diabetes (1);

Trauma (1);
Medical school affiliation (1);

No. of hospital beds ≤200/>500 (1);

Age (10-year increase in age at procedure);

Procedure duration (10-minute increase in procedure duration);
BMI;

Age (10-year increase in age at procedure):gender
-

-
-
	2020
1999–Sep 28, 2018

(19 years, 9 months)

Trieste University Hospital, 

Italy

7,090

73.9%

68.2 ys

21%

19.6%

30.2%

8.8%

18.5%

27.5%

35.3%

57%

88.4%

44.6%

43.8%

4.4%

7.5%

10.2%

8.5%

13

Female (3.4);

BMI >29.3 kg/m2 (2.8); 

Diabetes (2.6); 

COPD (2.9);

Extracardiac arteriopathy (2.4);
CCS 4 (1.0);

Non-elective surgical priority (1.1);

Atherosclerotic ascending aorta (by EAS) (1.5);

BITA grafting (1.7);

Total operating time >323 mins (2.6);

Mediastinal re-entry (3.2);

Use of IABP (2.3);

RBCs transfusion (1.3)

0–3 (2.6–4.4)

3–6 (4.6–10.5)

6–9 (10.8–20.8)

9–12+ (21.2–35.4)

0.704

0.222


*Russo and Spelman (2002).  Ref. 13.
†Fowler et al. (2005). Ref. 14.
‡Friedman et al. (2007). Ref. 15.

§Mu et al. (2011). Ref. 10.
#NHSN (2019). Ref. 11.

||Gatti et al. (2020). Table 5 and Suppl. Tables S4 and S5.
**C-statistic.
††Hosmer-Lemeshow test.
aROC= area under receiver-operating characteristic curve; ASA=American Society of Anesthesiologists; ASSIST=All Surgical Site Infections [risk] Stratification Tool; BMI=body mass index; CABG=coronary artery bypass grafting; COPD=chronic obstructive pulmonary disease; CHF=congestive heart failure; EAS=epiaortic ultrasonography scan; IABP=intra-aortic balloon pump; HbA1c=hemoglobin A1c; ITA=internal thoracic artery; LVEF=left ventricular ejection fraction; NHSN=National Healthcare Safety Network; PVD=peripheral vascular disease; RBCs=packed red blood cells; SSIs=surgical site infections; SWIs=sternal wound infections

Suppl. Table S3: Perioperative management of CABG patients at the three participating centers, with special regard to prevention of SSIs.

	Measure
	Description

	
	Derivation sample*,†
	Validation sample 1
	Validation sample 2

	Period of surgery [range]

Nasal mupirocin

Cleaning of the oral cavity

Skin preparation 

Use of prophylactic antibiotics

ITA harvesting technique

BITA use strategy

Use of off-pump/on-pump beating heart technique

Sternal closure

Leg wound closure

Wound care

Management of hyperglycemia

Post-discharge surveillance of the surgical wounds

Secondary prevention

Monitoring
Hand hygiene rate


	[Jan 1st, 1999–Sep 28, 2019]

In 2002, a routine policy of preoperative mupirocin 2% nasal ointment has been adopted (and following abandoned) to reduce nasal carriage of Staphylococcus aureus.

Since 2016, chlorhexidine 0.12% mouthwash is being used preoperatively.

Antiseptic scrub with which to shower the night before surgery is recommended to the patient. A 10% povidone-iodine solution has been adopted until 2012, and chlorhexidine afterwards. Shaving (with a soft razor) is limited to surgical sites only. In the operating room, a careful skin preparation is performed with alcoholic iodine solution immediately before skin incision. Chlorhexidine-alcohol is used only for patients with iodine allergy. A microbial sealant that immobilizes bacteria is adopted.

A first-generation cephalosporin (cefazolin, 1 g IV to patients <60 kg and 2 g for patients >60 kg) is given within 1 hour of incision. Vancomycin (15-20 mg/kg) is used if there is a severe allergy to β-lactam antibiotics, or in the event of mediastinal re-exploration; in this last case, the addition of an aminoglycoside (gentamicin, 4 mg/kg) is considered. Prophylactic antibiotics were continued till removal of the chest tube drainage but, from 2010, they are being discontinued at the postoperative day 2. The afore mentioned prophylactic protocol involved all patients, except those who underwent salvage surgery (for which, antibiotics were administered when possible). However, the authors do not dispose of data regarding adherence to perioperative antimicrobial prophylaxis protocols.
Both ITAs are harvested as skeletonized conduits with low-intensity cautery and bipolar coagulation forceps, extending distally just to include either the superior epigastric or the musculophrenic artery. The technique remained unchanged throughout the study period. In the last few years, actually, there has been a trend to save at least one bifurcation and use composite Y-grafts.

All patients with multivessel coronary disease who require left-sided myocardial revascularization are candidates for BITA grafting, the sole exceptions being the cases in which one or both ITAs are unsuitable as coronary grafts, or when there is an unexpected operative finding of severe cardiac dysfunction, or when rapid worsening of hemodynamics due to ischemia requires immediate institution of cardiopulmonary bypass. Actually, there have been even some cases where a second ITA graft was harvested during cardiopulmonary bypass. Although this strategy has not changed throughout the study period, the rate of BITA use for isolated CABG patients changed from 55.4% between 1999 and 2004, to 68.1% between 2005 and 2010, up to 81.3% between 2011 and 2016, being just under 100% between 2017 and September 2019. Cumulative rate of BITA use for combined CABG patients was 20.7%.

Off-pump (or on-pump beating heart) technique is adopted only in the presence of a diffusely atherosclerotic ascending aorta confirmed by intraoperative EAS.

The anteaortic crossover right ITA bypass graft (when present), as well as all other retrosternal structures are protected by means of a pedicled flap taken from the thymic remnants. Standard single-loop sternal wiring technique has been used as sternal closure method until 2009; since 2010, a double-loop sternal wiring technique is being adopted systematically. Bone wax is forbidden. Topical antibiotics were never used. Before 2010, platelet gel and absorbable, oxidized regenerated cellulose have been occasionally placed at the sternal level with haemostatic purposes. Before 2010, in bleeding patients, a little tube drainage has been sometimes placed in the pre-sternal soft tissues. Skin staples are used, while a subcuticular suture is sometimes adopted for young patients. 

Skin staples are used invariably. Suture of the subcutaneous tissues, as well as the use of a little tube drainage are according to the surgeon’s preference. Since 2010, the use of cautery is forbidden.

Traditional gauze dressings are applied immediately after the surgery to closed surgical incisions. The incision site is cleaned and dried to ensure proper fixation of the dressings. Patients are monitored daily for symptoms of wound infection. Wounds are inspected by an expert cardiac surgeon immediately after removal of the dressings (postoperative day 2), early before hospital discharge, and at postoperative day 15 (outpatient clinic). In 2018, negative-pressure wound therapy was given at the sternal level with prophylactic purposes to 20 CABG patients at high risk of sternal complications by means of a single-use, closed incision management system (randomized controlled trial).

Since 2003, all diabetic patients are treated during operation, and then in intensive care unit with a continuous intravenous insulin infusion in order to maintain serum glucose <180-200 mg/dl.

Post-discharge surveillance of the surgical wounds is performed for every patient by an expert cardiac surgeon. All patients with surgical site complications are referred to a specifically dedicated surgical outpatient clinic, at any time after hospital discharge. All the data are recorded in a computerized data registry.
No changes occurred over the indexed period.
Negative-pressure wound therapy is adopted for every patient with significant wound serosity. 

A hospital committee for the control of nosocomial infections has been created to monitor any surgical infection, SSIs particularly. A risk factors analysis for deep SWIs, which complicate BITA grafting has been performed and a deep SWI risk score based on the results of this analysis (the Gatti score) has been generated.
Since 2013 the hand hygiene rate ranged between 66.7% (2013) and 85% (2015), with a mean of 76.9%. No previous data are available.
	[Jan 20, 2015–Dec 16, 2017]

Mupirocin 2% nasal ointment was used preoperatively.

Chlorhexidine 0.12% mouthwash was used preoperatively.

Antiseptic scrub (chlorhexidine solution) with which to shower the night before surgery was recommended to the patient. Shaving (with a soft razor) was limited to surgical sites only. In the operating room, a careful skin preparation was performed with chlorhexidine-alcohol. A microbial sealant that immobilizes bacteria was adopted.

A second-generation cephalosporin (cefuroxime, 1g IV to patients <60 kg and 2 g for patients >60 kg) was given within 1 hour of incision. Vancomycin (15-20 mg/kg) was used if there was a severe allergy to β-lactam antibiotics. In the event of mediastinal re-exploration, the same protocol was used. Prophylactic antibiotics were discontinued at the postoperative day 2. The afore mentioned prophylactic protocol involved all patients, except those who underwent salvage surgery (for which, antibiotics were administered when possible). However, the authors do not dispose of data regarding adherence to perioperative antimicrobial prophylaxis protocols.
Both ITAs were harvested as skeletonized conduits with low-intensity cautery, being their collaterals divided between vascular clips. Distal bifurcation was spared bilaterally.

The BITA grafting alone technique was used for all patients. The right ITA was proximally transected and used as the second branch of a composite Y-graft with the in situ left ITA.

The use of either off-pump or on-pump technique depended on the surgeon’s choice. Some surgeons did exclusively off-pump and others did exclusively on-pump, except for diffusely atherosclerotic ascending aorta, where off-pump (or on-pump beating heart) technique was adopted. 

All patients were closed with the Sutherland sternal wiring technique. The number of steel wires varied from 8 to 10 depending on the patient’s body mass index. Bone wax was used depending on the surgeon’s preference. Skin staplers were used preferably, while a subcuticular suture was sometimes adopted for young patients.

Saphenous vein graft was used in 3 patients only and skin staples were used. 

Traditional gauze dressings are applied immediately after the surgery to closed surgical incisions. The incision site is cleaned and dried to ensure proper fixation of the dressings. Patients are monitored daily for symptoms of wound infection. Wounds are inspected by an expert cardiac surgeon immediately after removal of the dressings (postoperative day 2), early before hospital discharge, and at postoperative day 15 (outpatient clinic). Negative-pressure wound therapy was given at the sternal level with prophylactic purposes to patients at high risk of sternal complications by means of a single-use, closed incision management system.
All diabetic patients were treated during operation, and then in intensive care unit with a continuous intravenous insulin infusion in order to maintain serum glucose <150 mg/dl and >110 mg/dl.

Post-discharge surveillance of the surgical wounds was performed for every patient in dedicated surgical outpatient clinic or hospital. All patients with surgical site complications in post-discharge was referred to cardiac surgeon and hospitalized when necessary.

All the data are recorded in a computerized data registry.
No changes occurred over the indexed period.
Negative-pressure wound therapy was adopted for every patient with significant wound serosity. 

A hospital committee for the control of nosocomial infections has been created to monitor any surgical infection, SSIs particularly.
No data are available.
	[Jan 4, 2011–Oct 17, 2019]

Mupirocin 2% nasal ointment was used preoperatively.

Since 2014, Hexetidine 0.1% mouthwash was used preoperatively 

Antiseptic scrub (4% povidone-iodine solution) with which to shower the night before surgery was recommended to the patient. Shaving (with a soft razor) was not limited to surgical sites. In the operating room, a careful skin preparation was performed with alcoholic iodine solution immediately before skin incision. Chlorhexidine-alcohol was used only for patients with iodine allergy.

A first-generation cephalosporin (cefazolin, 2 g IV to patients with body mass index <40 kg/m2 and 4 g for patients with body mass index >40 kg/m2) was given within 1 hour of incision. Vancomycin 30 mg/kg was used if there was allergy to β-lactam antibiotics. Prophylactic antibiotics were discontinued at the postoperative day 2. The afore mentioned prophylactic protocol involved all patients, except those who underwent salvage surgery (for which, antibiotics were administered when possible). However, the authors do not dispose of data regarding adherence to perioperative antimicrobial prophylaxis protocols.
Both ITAs were harvested as skeletonized conduits with low-intensity cautery, being their collaterals divided between vascular clips. Distal bifurcation was spared on the left side; on the right side, the ITA harvesting was extended distally just to include either the superior epigastric or the musculophrenic artery. Corresponding vein was generally preserved on the left but not on the right side. 

The BITA grafting alone technique was preferentially used. The right ITA was proximally transected and used as the second branch of a composite Y-graft with the in situ left ITA. 

Off-pump (or on-pump beating heart) technique was adopted only in the presence of a diffusely atherosclerotic ascending aorta confirmed by intraoperative EAS, or in the rare cases of left ITA-to-left anterior descending coronary artery operation. 

Standard single-loop sternal wiring technique has been used as sternal closure method until 2017. Since 2018 the Sutherland sternal wiring technique was adopted systematically. In obese patients, a little tube drainage was sometimes placed in the pre-sternal soft tissues. Routine subcuticular suture was adopted, whereas skin staplers were used rarely.

Saphenous vein grafts were (rarely) used to revascularize the right coronary artery; skin staples were adopted. 

Traditional gauze dressings were applied immediately after the surgery to closed surgical incisions. The incision site was cleaned and dried to ensure proper fixation of the dressings. Patients were monitored daily for symptoms of wound infection. Wounds were inspected by an expert cardiac surgeon in postoperative day 2 and before hospital discharge. The dressing was changed every 2 days and removed after 7 days. In 2017, negative-pressure wound therapy was given at the sternal level with prophylactic purposes to 20 CABG patients at high risk of sternal complications by means of a single-use, closed incision management system (randomized controlled trial).

All diabetic patients were treated during operation, and then in intensive care unit with a continuous intravenous insulin infusion in order to maintain serum glucose <150 mg/dl and >110 mg/dl.

Post-discharge surveillance of the surgical wounds was performed for every patient in dedicated surgical outpatient clinic or hospital. All patients with surgical site complications in post-discharge was referred to cardiac surgeon and hospitalized when necessary.

All the data are recorded in a computerized data registry.
No changes occurred over the indexed period.
Negative-pressure wound therapy was adopted for every patient with significant wound serosity. 

A hospital committee for the control of nosocomial infections has been created to monitor any surgical infection, SSIs particularly.

No data are available.


*Changes along the years were emphasized.

†Ref. 17,22,23,24,26,27.

CABG=coronary artery bypass grafting; BITA=bilateral internal thoracic artery; ITA=internal thoracic artery; IV=intravenous; SSIs=surgical site infections; SWIs=sternal wound infections

Suppl. Table S4: ASSIST and ASSIST-i: Points assignment*,†
	ASSIST

	Preoperative only model
	Combined model

	Variable
	Points
	Variable
	Points

	Female gender

BMI >29.3 kg/m2
Diabetes mellitus

COPD

eGFR ≤50 ml/min or dialysis‡
Extracardiac arteriopathy
NYHA class [II–IV]

CCS class 4

Critical preoperative state

Non-elective surgical priority
	2.4

1.9

2.3

2.5

1.1

2.2

1.0

1.0

1.3

1.2
	Female gender

BMI >29.3 kg/m2
Diabetes mellitus

COPD

Extracardiac arteriopathy
CCS class 4

Non-elective surgical priority

Atherosclerotic ascending aorta (by EAS)

BITA grafting

Total operating time >324 mins

Mediastinal re-entry

Use of IABP

RBCs transfusion
	3.4

2.8

2.6

2.9

2.4

1.0

1.1

1.5

1.7

2.6

3.2

2.3

1.3

	ASSIST-i§

	Preoperative only model
	Combined model

	Variable
	Points
	Variable
	Points

	Female gender

BMI 30–35 kg/m2
BMI >35 kg/m2
HbA1c >7.5%

Diabetes mellitus

COPD

eGFR ≤50 ml/min or dialysis‡
Extracardiac arteriopathy
NYHA class II–IV

CCS class 4

Critical preoperative state

Non-elective surgical priority
	2.7

3.5

4.9

1.6

2.2

3.0

1.5

2.6

1.2

1.0

1.5

1.6
	Female gender

BMI 30–35 kg/m2
BMI >35 kg/m2
HbA1c >7.5%

Diabetes mellitus

COPD

eGFR ≤50 ml/min or dialysis‡
Extracardiac arteriopathy
CCS class 4

Non-elective surgical priority

Atherosclerotic ascending aorta (by EAS)

BITA grafting

Total operating time 311–380 mins

Total operating time >380 mins

Mediastinal re-entry

Use of IABP

RBCs transfusion
	3.1

3.4
4.0
2.0

2.1

3.1
1.0

2.2
1.1

1.3

2.7

1.5

1.6
3.3

2.8
2.0
1.2


*See Definitions. 

†The points to assign to each variable were derived from the regression coefficients (β) of the corresponding regression model. See Statistical methods, Table 5 and Suppl. Table S10.
‡The creatinine clearance rate, calculated according to the Cockcroft-Gault formula, was used for approximating the GFR.
§With respect to the first version, in this second version of ASSIST, named ASSIST-i; (1) the variable BMI [29.3–51.5] kg/m2 was dichotomized and reported as BMI [30.0–35.0] kg/m2 and BMI [35.0–51.5] kg/m2; (2) HbA1c >7.5% was added; (3) the variable total operating time [324–1135] mins was dichotomized and reported as total operating time [311–380] mins and total operating time [381–1135] mins.

ASSIST=All Surgical Site Infections [risk] Stratification Tool; ASSIST-i=ASSIST improved; BITA=bilateral internal thoracic artery; BMI=body mass index; CCS=Canadian Cardiovascular Society; COPD=chronic obstructive pulmonary disease; EAS=epiaortic ultrasonography scan; eGFR=estimated glomerular filtration rate; HbA1c=haemoglobin A1c; IABP=intra-aortic balloon pump; NYHA=New York Heart Association; RBCs=packed red blood cells

Suppl. Table S5: Performance of ASSIST (additive and logistic) and 6 other risk scores (9 models) for SSIs after CABG (n=7090)*,†
	Risk score
	SSIs
	
	SWIs
	

	
	Overall model fit
	Accuracy of prediction
	Overall model fit
	Accuracy of prediction

	
	χ2
	DF
	P
	aROC
	95%CI
	χ2
	DF
	P
	aROC
	95%CI

	Preoperative only model

     NNECDSG mediastinitis score‡
     Alfred Hospital risk index§
     STS risk score for major infections||
     Australian clinical risk index#

     Bromptom-Harefield infection score**

     Additive ASSIST††

     Logistic ASSIST††

Combined model
     Alfred Hospital risk index§
     STS risk score for major infections||

     Australian clinical risk index#

     NHSN risk index, the original model‡‡

     NHSN risk index, the current model§§
     Additive ASSIST††

     Logistic ASSIST††
	166.660

135.473

236.963

112.125

125.415

267.387

267.387

171.264

269.785

161.394

150.135
243.420
374.269

374.269
	8

3

12

3

6

10

10

4

12

4

4
6
13

13
	<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001
<.0001
<.0001

<.0001
	0.634

0.613

0.628

0.609

0.617

0.679

0.681

0.633

0.650

0.635

0.619
0.644

0.709
0.709
	0.623–0.645

0.601–0.624

0.617–0.640

0.597–0.620

0.605–0.628

0.668–0.690
0.670–0.691

0.622–0.645

0.639–0.662

0.623–0.646

0.607–0.630
0.633–0.655

0.698–0.719
0.698–0.719
	160.395

119.984

210.209

106.739

114.181

226.877

226.877

148.464

221.829

127.999

130.431
215.561
346.458

346.458
	8

3

12

3

6

10

10

4

12

4

4
6
13

13
	<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001
<.0001
<.0001

<.0001
	0.641

0.617

0.620

0.616

0.618

0.677
0.679

0.635

0.638

0.630

0.620
0.644
0.713
0.713
	0.629–0.652

0.606–0.628

0.608–0.631

0.605–0.627

0.606–0.629

0.666–0.688
0.668–0.690

0.624–0.646

0.626–0.649

0.619–0.641

0.608–0.631
0.633–0.656
0.702–0.723
0.702–0.724


*Eight patients having sternal separation without infection were excluded a priori from this analysis. 

†See Definitions. 

‡O’Connor et al. (1991). Ref. 12.

§Russo and Spelman (2002). Ref. 13.
||Fowler et al. (2005). Ref. 14.
#Friedman et al. (2007). Ref. 15.
**Raja et al. (2015). Ref. 16.

††Gatti et al. (2020). See Table 5 and Fig. 1.

‡‡Mu et al. (2011). Ref. 10.
§§NHSN (2019). Ref. 11.
aROC=area under receiver-operating characteristic curve; ASSIST=All Surgical Site Infections [risk] Stratification Tool; CABG=coronary artery bypass grafting; 95%CI=95% confidence interval; DF=degrees of freedom; NHSN=National Healthcare Safety Network; NNECDSG=The Northern New England Cardiovascular Disease Study Group; SSIs=surgical site infections; STS=The Society of Thoracic Surgeons; SWIs=sternal wound infections

Suppl. Table S6: Additive ASSIST, internal validation (1,000 bootstrap replications)

	Preoperative only model

	Estimated specificity at fixed sensitivity
	Estimated sensitivity at fixed specificity

	Sensitivity (%)
	Specificity (%)
	95%CI (%)
	Criterion (points)*
	Specificity (%)
	Sensitivity (%)
	95%CI (%)
	Criterion (points)*

	80

90

95

97.5
	42.9

27.3

14.3

7.6
	39.4–47.4

21.7–32.9

10.5–18.8

6.7–10.2
	>3.0

>2.1

>1.3

>0.7
	80

90

95

97.5
	44.0

24.8

14.1

8.2
	40.2–48.2

21.6–27.9

11.2–16.9

6.2–10.7
	>5.8

>7.0

>8.0

>8.8

	Combined model

	Estimated specificity at fixed sensitivity
	Estimated sensitivity at fixed specificity

	Sensitivity (%)
	Specificity (%)
	95%CI (%)
	Criterion (points)*
	Specificity (%)
	Sensitivity (%)
	95%CI (%)
	Criterion (points)*

	80

90

95

97.5
	47.3

26.9

19.4

11.2
	43.0–51.7

23.3–34.3

14.8–22.1

7.9–15.2
	>4.6

>3.1

>2.7

>1.7
	80

90

95

97.5
	45.4

30.7

18.0

11.3
	41.8–49.5

26.9–34.5

14.8–21.5

9.1–14.2
	>7.2

>8.5

>9.3

>10.4


*ASSIST value.

ASSIST=All Surgical Site Infections [risk] Stratification Tool; 95%CI=95% confidence interval 
Suppl. Table S7: Logistic ASSIST, internal validation (1,000 bootstrap replications)

	Preoperative only model

	Estimated specificity at fixed sensitivity
	Estimated sensitivity at fixed specificity

	Sensitivity (%)
	Specificity (%)
	95%CI (%)
	Criterion (%)*
	Specificity (%)
	Sensitivity (%)
	95%CI (%)
	Criterion (%)*

	80

90

95

97.5
	43.6

27.4

14.2

7.6
	40.1–47.7

23.0–33.0

10.4–18.2

6.7–10.5
	>0.071

>0.055

>0.044

>0.038
	80

90

95

97.5
	44.5

27.2

13.8

8.0
	40.7–48.8

23.8–30.7

10.9–16.8

5.8–10.1
	>0.137

>0.173

>0.218

>0.263

	Combined model

	Estimated specificity at fixed sensitivity
	Estimated sensitivity at fixed specificity

	Sensitivity (%)
	Specificity (%)
	95%CI (%)
	Criterion (%)*
	Specificity (%)
	Sensitivity (%)
	95%CI (%)
	Criterion (%)*

	80

90

95

97.5
	48.0

28.8

19.0

10.7
	42.8–53.8

25.2–33.3

14.6–22.6

8.0–15.4
	>0.073

>0.051

>0.041

>0.035
	80

90

95

97.5
	48.1

29.1

18.1

11.9
	44.7–52.3

25.2–32.6

14.7–21.4

9.6–14.8
	>0.136

>0.185

>0.235

>0.287


*ASSIST value.

ASSIST=All Surgical Site Infections [risk] Stratification Tool; 95%CI=95% confidence interval

Suppl. Table S8: Comparison between the derivation and validation datasets of ASSIST*,†
	Variable
	Derivation dataset‡
	Validation datasets

	
	
	1
	2

	
	n=7090
	%
	n=1137
	%
	P§
	n=1523
	%
	P§

	Period of surgery [range]

Age, mean ± SD (yr)

Female gender

BMI >29.3 kg/m2
Diabetes mellitus

COPD

eGFR ≤50 ml/min or dialysis 

(regardless of eGFR)#
Extracardiac arteriopathy
NYHA class II–IV

CCS class 4

Critical preoperative state

Non-elective surgical priority

Combined CABG

EuroSCORE II, median [IQR]
Atherosclerotic ascending aorta

BITA grafting

Off-pump technique

Total operating time >323 mins
Mediastinal re-entry

Use of IABP

RBCs transfusion

SSIs

SWIs

Leg wound infections
	[Jan 1st, 1999–Sep 28, 2019]

68.2±9.1
1487

1748

2139

625

1315

1949

2500

2949

764

4303

1847

0.028 [0.014–0.065]

600||
3104

311

1769


508

532

3116

724

604

99/5389††
	-

-

21.0

24.7

30.2

8.8

18.5

27.5

35.3

41.6

10.8

60.7

26.1

-

8.5

43.8

4.4

25.0

7.2

7.5

43.9

10.2

8.5

1.8
	[Jan 20, 2015–Dec 16, 2017]

69.2±9.9

206

300

374

73

24

206

662

245

66

430

48

0.021 [0.011–0.061]

21**
1135

345

431

39

26

274

52

51

0/3††
	-

-

18.1

26.4

32.9

6.4

2.1

18.1

58.2

21.5

5.8

37.8

4.2

-

1.8

99.8

30.3

37.9

3.4

2.3

24.1

4.6

4.5

0
	-

0.0007

0.030

0.22

0.069

0.0085

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

0.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

0.056
	[Jan 4, 2011–Oct 17, 2019]

67.2±10.9

298

400

532

197

194

279

1425

220

43

360

386

0.019 [0.009–0.040]

24||
1228

0

146

105

10

515

193

178

16/1512††
	-

-

19.6

26.3

34.9

12.9

12.7

18.3

93.6

14.4

2.8

23.6

25.3

-

1.6

80.6

0

9.6

6.9

0.7

33.8

12.7

11.7

1.1
	-

0.0002

0.23

0.20
0.0003

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

0.751

<.0001

<.0001

0.0055

0.0001

0.048


*See Definitions. 

†Discrete variables were reported in accordance with internationally agreed categories, while continuous variables were categorized in quartiles (with the range in brackets). 

‡Eight (0.1%) patients having sternal separation without infection were excluded a priori from this analysis. 

§Χ2-test.

#The creatinine clearance rate, calculated according to the Cockcroft-Gault formula, was used for approximating the GFR.
||By intraoperative EAS.

**By preoperative chest CT angiography.
††No. of patients undergoing saphenous vein harvesting. 

ASSIST=All Surgical Site Infections [risk] Stratification Tool; BITA=bilateral internal thoracic artery; BMI=body mass index; CABG=coronary artery bypass grafting; CT=computed tomography; CCS=Canadian Cardiovascular Society; COPD=chronic obstructive pulmonary disease; EAS=epiaortic ultrasonography scan; eGFR=estimated glomerular filtration rate; EuroSCORE=European System for Cardiac Operative Risk Evaluation; IABP=intra-aortic balloon pump; IQR=interquartile range; NYHA=New York Heart Association; RBCs=packed red blood cells; SSIs=surgical site infections; SWIs=sternal wound infections

Suppl. Table S9: Performance of ASSIST (additive and logistic) in the two validation datasets
	Risk score
	Validation dataset 1 (n=1137)
	Validation dataset 2 (n=1523)

	
	Overall model fit
	Goodness-of-fit
	Accuracy of prediction
	Overall model fit
	Goodness-of-fit
	Accuracy of prediction

	
	χ2
	DF
	P
	χ2
	DF
	P
	aROC
	95%CI
	χ2
	DF
	P
	χ2
	DF
	P
	aROC
	95%CI

	SSIs

     Preoperative only model

          Additive ASSIST

          Logistic ASSIST

     Combined model
          Additive ASSIST

          Logistic ASSIST

SWIs

     Preoperative only model

          Additive ASSIST

          Logistic ASSIST

     Combined model
          Additive ASSIST

          Logistic ASSIST
	53.486

53.486

177.403

177.403

52.584

52.584

179.931

179.931
	10

10

13

13

10

10

13

13
	<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001
	3.906

3.906

7.524

7.524

4.006

4.006

4.033

4.033
	7

7

7

7

8

8

8

8
	0.79

0.79

0.38
0.38
0.86
0.86
0.85

0.85
	0.739
0.739
0.756

0.758

0.735
0.736

0.752
0.754
	0.712–0.764
0.712–0.764
0.730–0.781
0.732–0.782

0.709–0.761
0.710–0.762

0.725–0.777
0.728–0.778
	43.138

43.138

60.136

60.136

46.517

46.517

64.995

64.995
	10

10

13

13

10

10

13

13
	<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001
	4.080

4.080

13.167

13.167

5.667

5.667

11.463

11.463
	8

8

8

8

7

7

8

8
	0.85

0.85

0.11
0.11
0.58
0.58
0.18
0.18
	0.606
0.617
0.637
0.638

0.608
0.617
0.635
0.636
	0.581–0.631
0.592–0.641

0.613–0.662
0.613–0.662

0.583–0.632
0.592–0.641
0.611–0.660
0.611–0.660


aROC=area under receiver-operating characteristic curve; ASSIST=All Surgical Site Infections [risk] Stratification Tool; 95%CI=95% confidence interval; DF=degrees of freedom; SSIs=surgical site infections; SWIs=sternal wound infections

Suppl. Table S10: ASSIST-i (n=7090)*,†,‡
	Variable (x)
	Univariable

analysis§
	Preoperative only model#
	Combined model#

	
	P
	β
	SE
	P
	OR
	95%CI
	β
	SE
	P
	OR
	95%CI

	Preoperative

   Period of surgery [Jul 7, 2008–Sep 28, 2018] 

   Age [76–91] yr

   Female gender

   BMI [30.0–35.0] kg/m2
   BMI [35.0–51.5] kg/m2
   HbA1c >7.5%
   Diabetes mellitus

   COPD

   eGFR ≤50 ml/min or dialysis (regardless of eGFR)||
   Extracardiac arteriopathy
   NYHA class [II–IV]

   CCS class 4

   LVEF <50% 

   PAP systolic >55 mmHg

   Critical state

   Non-elective surgical priority

Intraoperative

   Atherosclerotic ascending aorta (by EAS)

   Concomitant mitral valve surgery

   BITA grafting

   Cardiopulmonary bypass time [140–634] mins

   Total operating time [311–380] mins
   Total operating time [381–1135] mins

Postoperative

   Mediastinal re-entry

Perioperative

   Use of IABP

   RBCs transfusion
Constant (β0)
	0.0017

0.02

<.0001

<.0001

<.0001
0.0012
<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

0.0031

0.014

0.0002

<.0001

0.0067

0.0096

0.039

<.0001

<.0001

<.0001
<.0001

<.0001

<.0001
	-

-

0.504
0.672
0.935
0.307
0.415
0.566
0.294
0.490
0.224
0.190
-

-

0.289

0.300
-3.319
	-

-

0.097
0.102
0.192
0.168
0.090
0.125
0.105
0.089
0.087
0.097
-

-

0.127
0.104
	-

-

<.0001

<.0001

<.0001
0.068
<.0001

<.0001

0.0053
<.0001

0.01
0.051

-

-

0.023
0.004
	-

-

1.66
1.96
2.55
1.36
1.51
1.76
1.34
1.63
1.25
1.21
-

-

1.33
1.35
	-

-

1.37−2.00
1.60−2.39

1.75−3.71

0.98−1.89

1.27−1.81
1.38−2.25
1.09−1.65

1.37−1.94

1.05−1.48
1.00−1.46
-

-

1.04−1.71
1.10−1.66
	-

-

0.637
0.703
0.826
0.405
0.424
0.645
0.205
0.461
-
0.221
-

-

-

0.270
0.552
-

0.316
-

0.320
0.685
0.583
0.410
0.243
-3.758
	-

-

0.103
0.106
0.204
0.173
0.094

0.131
0.111
0.094
-
0.101
-

-

-

0.109
0.185
-

0.091
-

0.107
0.130
0.140
0.144
0.097
	-

-

<.0001

<.0001

0.0001
0.019
<.0001

<.0001

0.066
<.0001

-
0.029
-

-

-

0.013
0.0028
-

0.0005
-

0.0026
<.0001
<.0001
0.0044
0.012
	-

-

1.89
2.02
2.28
1.50
1.53
1.91
1.23
1.59
-
1.25
-

-

-

1.31
1.74
-

1.37
-

1.38
1.98
1.79
1.51
1.28
	-

-

1.55−2.31
1.64−2.49
1.53–3.41
1.07–2.11
1.27−1.84
1.47−2.46
0.99–1.53
1.32−1.91
-
1.02−1.52
-

-

-

1.06−1.62
1.21−2.49
-

1.15−1.64
-

1.12−1.70
1.54−2.56
1.36−2.36
1.14−2.00
1.05−1.54


*Eight patients having sternal separation without infection were excluded a priori from this analysis. 

†See Definitions. 

‡Discrete variables were reported in accordance with internationally agreed categories, while continuous variables were categorized in quartiles (with the range in brackets). 

§With respect to the first version, in this second version of ASSIST, named ASSIST-i, (1) the variable BMI [29.3–51.5] kg/m2 was dichotomized and reported as BMI [30.0–35.0] kg/m2 and BMI [35.0–51.5] kg/m2, (2) HbA1c >7.5% was added, (3) the variable total operating time [324–1135] mins was dichotomized and reported as total operating time [311–380] mins and total operating time [381–1135] mins.
#Backward stepwise binary logistic regression.

||The creatinine clearance rate, calculated according to the Cockcroft-Gault formula, was used for approximating the GFR.
ASSIST-i= All Surgical Site Infections [risk] Stratification Tool-improved; BITA=bilateral internal thoracic artery; BMI=body mass index; CABG=coronary artery bypass grafting; CCS=Canadian Cardiovascular Society; 95%CI=95% confidence interval; COPD=chronic obstructive pulmonary disease; EAS=epiaortic ultrasonography scan; eGFR=estimated glomerular filtration rate; HbA1c=haemoglobin A1c; IABP=intra-aortic balloon pump; LVEF=left ventricular ejection fraction; NYHA=New York Heart Association; OR=odds ratio; PAP=pulmonary artery pressure; RBCs=packed red blood cells; SE=standard error; SSIs=surgical site infections

Suppl. Table S11: Changes in the perioperative management of patients at the authors’ institution, with special regard to prevention of SSIs†

	Measure
	Description

	Nasal mupirocin

Cleaning of the oral cavity

Skin preparation 

Use of prophylactic antibiotics
ITA-harvesting technique

BITA use strategy

Sternal closure

Leg wound closure

Wound care

Management of hyperglycemia

Monitoring
	In 2002, a routine policy of preoperative mupirocin 2% nasal ointment has been adopted (and following abandoned) to reduce nasal carriage of Staphylococcus aureus.

Since 2016, chlorhexidine 0.12% mouthwash is being used preoperatively.

A 10% povidone-iodine solution has been adopted until 2012, and chlorhexidine afterwards. 

Prophylactic antibiotics were continued till removal of the chest tube drainage but, from 2010, they are being discontinued at the postoperative day 2.

Although the ITA harvesting technique remained unchanged throughout the study period, in the last few years there has been a trend to save at least one bifurcation and use Y-grafts.

Although the BITA use strategy has not changed throughout the study period, the rate of BITA use for isolated CABG patients changed from 55.4% between 1999 and 2004, to 68.1% between 2005 and 2010, up to 81.3% between 2011 and 2016, being just under 100% between 2017 and September 2019. Cumulative rate of BITA use for combined CABG patients was 20.7%.

Standard single-loop sternal wiring technique has been used as sternal closure method until 2009; since 2010, a double-loop sternal wiring technique is being adopted systematically. Before 2010, platelet gel and absorbable, oxidized regenerated cellulose have been occasionally placed at the sternal level with haemostatic purposes. Before 2010, in bleeding patients, a little tube drainage has been sometimes placed in the pre-sternal soft tissues. 

Since 2010, the use of cautery is forbidden.

In 2018, negative pressure wound therapy was given at the sternal level with prophylactic purposes to 20 CABG patients at high risk of sternal complications by means of a single-use, closed incision management system (randomized controlled trial).

Since 2003, all diabetic patients are treated during operation, and then in intensive care unit with a continuous intravenous insulin infusion in order to maintain serum glucose <180-200 mg/dl.

In 2004, a hospital committee for the control of nosocomial infections has been created to monitor any surgical infection, SSIs particularly. In 2013, a risk factors analysis for deep SWIs, which complicate BITA grafting has been performed and a deep SWI risk score based on the results of this analysis (the Gatti score) has been generated. 


†Ref. 17,22,24-27. 

BITA=bilateral internal thoracic artery; ITA=internal thoracic artery; IV=intravenous; SSIs=surgical site infections; SWI=sternal wound infection

