SDC Table 1 - Current Procedural Terminology codes used for cohort definitions
	Intermediate to high cardiac risk cohort

	
	
	

	CPT
	Frequency
	Percent

	
	
	

	11042
	389
	0.19

	11043
	332
	0.16

	11044
	303
	0.15

	15734
	801
	0.39

	19364
	1230
	0.6

	22551
	6766
	3.3

	22554
	501
	0.24

	22558
	2458
	1.2

	22600
	877
	0.43

	22612
	4005
	1.95

	22630
	1896
	0.92

	22633
	3451
	1.68

	23470
	224
	0.11

	27125
	525
	0.26

	27130
	33362
	16.27

	27132
	852
	0.42

	27134
	1583
	0.77

	27236
	409
	0.2

	27244
	128
	0.06

	27245
	494
	0.24

	27486
	1102
	0.54

	27487
	2449
	1.19

	27590
	491
	0.24

	27880
	789
	0.38

	28805
	173
	0.08

	32480
	1290
	0.63

	32663
	2150
	1.05

	34802
	1812
	0.88

	34803
	1423
	0.69

	34804
	485
	0.24

	35081
	398
	0.19

	35301
	9917
	4.84

	35371
	959
	0.47

	35556
	1142
	0.56

	35566
	781
	0.38

	35571
	280
	0.14

	35585
	239
	0.12

	35646
	594
	0.29

	35656
	1155
	0.56

	35661
	604
	0.29

	35666
	254
	0.12

	37221
	554
	0.27

	37224
	294
	0.14

	37226
	355
	0.17

	37228
	138
	0.07

	37799
	73
	0.04

	38120
	332
	0.16

	38724
	867
	0.42

	43117
	688
	0.34

	43281
	1672
	0.82

	43282
	1130
	0.55

	43632
	285
	0.14

	43633
	281
	0.14

	43659
	751
	0.37

	43846
	215
	0.1

	44005
	430
	0.21

	44120
	1240
	0.6

	44140
	4218
	2.06

	44141
	236
	0.12

	44143
	578
	0.28

	44144
	239
	0.12

	44145
	3226
	1.57

	44146
	459
	0.22

	44150
	412
	0.2

	44160
	2596
	1.27

	44180
	326
	0.16

	44188
	444
	0.22

	44202
	421
	0.21

	44204
	10253
	5

	44205
	5874
	2.86

	44207
	7675
	3.74

	44208
	633
	0.31

	44210
	952
	0.46

	44211
	366
	0.18

	44227
	577
	0.28

	44320
	245
	0.12

	44620
	1638
	0.8

	44625
	2516
	1.23

	44626
	1575
	0.77

	44950
	129
	0.06

	45110
	1071
	0.52

	45111
	239
	0.12

	45130
	517
	0.25

	45395
	803
	0.39

	47120
	3316
	1.62

	47125
	456
	0.22

	47130
	764
	0.37

	47379
	268
	0.13

	47600
	891
	0.43

	47605
	182
	0.09

	48140
	2211
	1.08

	48150
	2853
	1.39

	48153
	1566
	0.76

	49000
	742
	0.36

	49203
	317
	0.15

	49205
	411
	0.2

	49321
	221
	0.11

	49422
	57
	0.03

	49560
	3992
	1.95

	49561
	1171
	0.57

	49565
	1526
	0.74

	49566
	659
	0.32

	49652
	883
	0.43

	49653
	370
	0.18

	49654
	883
	0.43

	49655
	373
	0.18

	50220
	653
	0.32

	50230
	900
	0.44

	50240
	1189
	0.58

	50543
	2928
	1.43

	50545
	2232
	1.09

	50546
	1222
	0.6

	50548
	642
	0.31

	51595
	1225
	0.6

	55845
	824
	0.4

	55866
	7772
	3.79

	57425
	165
	0.08

	58180
	1332
	0.65

	58210
	577
	0.28

	58548
	646
	0.32

	58720
	455
	0.22

	58953
	693
	0.34

	60271
	188
	0.09

	61510
	2225
	1.09

	61512
	980
	0.48

	61518
	330
	0.16

	63005
	422
	0.21

	63020
	171
	0.08

	63045
	761
	0.37

	63047
	4926
	2.4

	63075
	234
	0.11

	63081
	651
	0.32



	Large and small bowel cohort

	CPT
	Frequency
	Percent

	
	
	
	

	44120
	12328
	24.35
	

	44121
	82
	0.16
	

	44125
	569
	1.12
	

	44130
	384
	0.76
	

	44140
	7379
	14.57
	

	44141
	2860
	5.65
	

	44143
	8762
	17.31
	

	44144
	2518
	4.97
	

	44145
	851
	1.68
	

	44146
	581
	1.15
	

	44147
	48
	0.09
	

	44150
	2858
	5.64
	

	44151
	152
	0.3
	

	44155
	369
	0.73
	

	44156
	33
	0.07
	

	44157
	69
	0.14
	

	44158
	31
	0.06
	

	44160
	5771
	11.4
	

	44188
	286
	0.56
	

	44202
	792
	1.56
	

	44204
	1575
	3.11
	

	44205
	764
	1.51
	

	44206
	562
	1.11
	

	44207
	296
	0.58
	

	44208
	94
	0.19
	

	44210
	166
	0.33
	

	44212
	28
	0.06
	

	44238
	422
	0.83
	



SDC Table 2 – Risk Analysis Index-Administrative Scoring Rubric for NSQIP data
	NSQIP Variable
	RAI-A Score
	 
	 

	SEX
	+5 if male
	
	

	
	
	No cancer
	w/ cancer

	AGE
	<69
	2
	20

	
	70-74
	3
	19

	
	75-79
	4
	18

	
	80-84
	5
	17

	
	85-89
	6
	16

	
	90+
	8
	14

	Cancer
	+3
	
	

	Weight loss
	+5
	
	

	Renal failure
	+6
	
	

	CHF
	+4
	
	

	Dyspnea
	+8
	
	

	Transferred from nursing home or chronic care
	+8
	
	

	Cognitive impairment
	w/ cognitive impairment
	w/out cognitive impairment

	Totally dependent
	+21
	+16
	

	Partially dependent
	+10
	+8
	

	Independent
	-2
	
	



From: Hall, DE et. al. Development and Initial Validation of the Risk Analysis Index for Measuring Frailty in Surgical Populations. JAMA Surgery, 2017;152(2):175-182 













SDC Table 3 – Description of complication ascertainment and definitions
All variables in the National Surgical Quality Improvement Program (NSQIP) Participant Use File are collected by trained and certified surgical clinical reviewers at each NSQIP site. These reviewers use a variety of methods and data quality are routinely checked, including through inter-rater reliability audits. Reviewers are re-certified annually. Reviewers are also supported by an online decision support system in applying standardized NSQIP definitions in data collection. All descriptions from https://www.facs.org/quality-programs/acs-nsqip/participant-use (last accessed Nov 12, 2020)
	Variable name
	Variable description
	Variable definition

	NCDMI 
	 Number of Myocardial Infarction Occurrences
	An acute myocardial infarction which occurred intraoperatively or within 30 days following surgery as manifested by one of the following: * Documentation of ECG changes indicative of acute MI (one or more of the following): - ST elevation > 1 mm in two or more contiguous leads - New left bundle branch - New q-wave in two of more contiguous leads * New elevation in troponin greater than 3 times upper level of the reference range in the setting of suspected myocardial ischemia  * Physician diagnosis of myocardial infarction

	NCDARREST 
	Number of Cardiac Arrest Requiring CPR Occurrences
	The absence of cardiac rhythm or presence of chaotic cardiac rhythm, intraoperatively or within 30 days following surgery, which results in a cardiac arrest requiring the initiation of CPR, which includes chest compressions. Patients are included who are in a pulseless VT or Vfib in which defibrillation is performed and PEA arrests requiring chest compressions. Patients with automatic implantable cardioverter defibrillator (AICD) that fire but the patient has no loss of consciousness should be excluded.

	NOUPNEUMO 
	Number of Pneumonia Occurrences
	Enter "Yes" if the patient has pneumonia meeting the definition below. Patients with pneumonia must meet criteria from both Radiology and Signs/Symptoms/Laboratory sections listed as follows: Radiology: One definitive chest radiological exam (x-ray or CT)* with at least one of the following: •New or progressive and persistent infiltrate •Consolidation or opacity •Cavitation Note: In patients with underlying pulmonary or cardiac disease (e.g. respiratory distress syndrome, bronchopulmonary dysplasia, pulmonary edema, or chronic obstructive pulmonary disease), two or more serial chest radiological exams (x-ray or CT) are required. (Serial radiological exams should be taken no less than 12 hours apart, but not more than 7 days apart. The occurrence should be assigned on the date the patient first met all of the criteria of the definition (i.e, if the patient meets all PNA criteria on the day of the first xray, assign this date to the occurrence. Do not assign the date of the occurrence to when the second serial xray was performed). Signs/Symptoms/Laboratory: FOR ANY PATIENT, at least one of the following: •Fever (>38 C or >100.4 F) with no other recognized cause •Leukopenia (

	NRENAINSF 
	Number of Progressive Renal Insufficiency Occurrences
	The reduced capacity of the kidney to perform its function as evidenced by a rise in creatinine of >2 mg/dl from preoperative value, but with no requirement for dialysis within 30 days of the operation.

	NOPRENAFL 
	Number of Acute Renal Failure Occurrences
	A patient who did not require dialysis preoperatively, worsening of renal dysfunction postoperatively requiring hemodialysis, peritoneal dialysis, hemofiltration, hemodiafiltration, or ultrafiltration. - If the patient refuses a recommendation for dialysis, you would answer ‘Yes’ to this variable because the patient required dialysis - Hemodialysis, peritoneal dialysis, hemofiltration, hemodiafiltration, or ultrafiltration all qualify - Placement of a dialysis catheter is indicative of the need for dialysis, if used within 48 hours of placement

	NPULEMBOL 
	Number of Pulmonary Embolism Occurrences
	Lodging of a blood clot in a pulmonary artery with subsequent obstruction of blood supply to the lung parenchyma. The blood clots usually originate from the deep leg veins or the pelvic venous system. "Yes" is entered if the patient has a V-Q scan interpreted as high probability of pulmonary embolism or a positive CT exam, TEE, pulmonary arteriogram, CT angiogram, or any other definitive modality. Treatment usually consists of: -Initiation of anticoagulation therapy - Placement of mechanical interruption (e.g. Greenfield Filter), for patients whom anticoagulation is contraindicated or already instituted.

	NOTHDVT 
	Number of DVT/Thrombophlebitis Occurrences
	The identification of a new blood clot or thrombus within the venous system which may be coupled with inflammation. The clot can be described in studies as present in the superficial or deep venous systems but requires therapy. This diagnosis is confirmed by a duplex, venogram or CT scan, AND the patient must be treated with anticoagulation therapy and/or placement of a vena cava filter or clipping of the vena cava. Example of clots that should be considered for this variable include internal jugular (IJ) line clots, PICC line clots and those found in the abdomen (portal vein). Clarification: the vein must be thrombosed to assign this occurrence. If only the catheter is thombosed and the vein is not, the occurrence of Vein Thrombosis Requiring Therapy would not be assigned.

	RETURNOR
	Return to OR
	Returns to the operating room within 30 days include all major surgical procedures that required the patient to be taken to the surgical operating room for intervention of any kind. “Major surgical procedures” are defined as those cases in any and all surgical subspecialties that meet Program criteria for inclusion.

	NWNDINFD 
	Number of Deep Incisional SSI Occurrences
	Deep Incision SSI is an infection that occurs within 30 days after the operation and the infection appears to be related to the operation and infection involved deep soft tissues (e.g., fascial and muscle layers) of the incision and at least one of the following: -Purulent drainage from the deep incision but not from the organ/space component of the surgical site. -A deep incision spontaneously dehisces or is deliberately opened by a surgeon when the patient has at least one of the following signs or symptoms: fever (> 38 C), localized pain, or tenderness, unless site is culture-negative. -An abscess or other evidence of infection involving the deep incision is found on direct examination, during reoperation, or by histopathologic or radiologic examination. -Diagnosis of a deep incision SSI by a surgeon or attending physician. Note: -Infection that involves both superficial and deep incision sites is reported as deep incisional SSI. -An organ/space SSI that drains through the incision is reported as a deep incisional SSI.

	NORGSPCSSI 
	Number of Organ/Space SSI Occurrences
	Organ/Space SSI is an infection that occurs within 30 days after the operation and the infection appears to be related to the operation and the infection involves any part of the anatomy (e.g., organs or spaces), other than the incision, which was opened or manipulated during an operation and at least one of the following: -Purulent drainage from a drain that is placed through a stab wound into the organ/space. -Organisms isolated from an aseptically obtained culture of fluid or tissue in the organ/space. -An abscess or other evidence of infection involving the organ/space that is found on direct examination, during reoperation, or by histopathologic or radiologic examination. -Diagnosis of an organ/space SSI by a surgeon or attending physician.

	NOTHSYSEP 
	Number of Sepsis Occurrences
	Sepsis is a vast clinical entity that takes a variety of forms. The spectrum of disorders spans from relatively mild physiologic abnormalities to septic shock. The intent is to capture the patient whose physiology is compromised by an ongoing infectious process after surgery. Present at the time of surgery (PATOS) modifiers prevent patients from being counted as having complications if there is significant evidence that the sepsis or septic shock outcome was under way prior to the surgery performed. Please report the most significant level using the criteria below. 1.Sepsis: Sepsis is the systemic response to infection. Report this variable if the patient has two of the following clinical signs and symptoms of SIRS: *Temp >38o C (100.4 o F) or < 36 o C (96.8 o F) *HR >90 bpm *RR >20 breaths/min or PaCO2 12,000 cell/mm3, 10% immature (band) forms *Anion gap acidosis: this is defined by either: [Na + K] – [Cl + HCO3 (or serum CO2)]. If this numbe is greater than 16, then an anion gap acidosis is present. Na – [Cl + HCO3 (or serum CO2)]. If this number is greater than 12, then an anion gap acidosis is present. *If anion gap lab values are performed at your facilities lab, ascertain which formula is utilized and follow guideline criteria. And either A or B below: A. One of the following: *positive blood culture *clinical documentation of purulence or positive culture from any site for which there is documentation noting the site as the acute cause of sepsis B. One of the following findings during the Principal Operative Procedure: *Confirmed infarcted bowel requiring resection *Purulence in the operative site *Enteric contents in the operative site, or *Positive intra-operative cultures Guidance: if the patient meets criteria to assign preop sepsis, assign the risk factor; if the patient meets the criteria to assign postop sepsis, assign the occurrence and then assess for PATOS and assign if appropriate. 2. Septic Shock: Sepsis is considered severe when it is associated with organ and/or circulatory dysfunction. Report this variable if the patient has sepsis AND documented organ and/or circulatory dysfunction. Examples of organ dysfunction include: oliguria, acute alteration in mental status, acute respiratory distress. Examples of circulatory dysfunction include: hypotension, requirement of inotropic or vasopressor agents. Septic Shock is assigned when it appears to be related to Sepsis and not a Cardiogenic or Hypovolemic etiology. Guidance: if the patient meets criteria to assign preop septic shock assign the risk factor; if the patient meets the criteria to assign postop septic shock assign the occurrence and then assess for PATOS and assign if appropriate.

	NREINTUB 
	Number of Unplanned Intubation Occurrences
	Patient required placement of an endotracheal tube or other similar breathing tube [Laryngeal Mask Airway (LMA), nasotracheal tube, etc] and ventilator support intraoperatively or within 30 days following surgery which was not intended or planned. •The variable intent is to capture all cause unplanned intubations, including but not limited to unplanned intubations for refractory hypotension, cardiac arrest, inability to protect airway. •Accidental self extubations requiring reintubation would be assigned. •Emergency tracheostomy would be assigned. Patients with a chronic/long-term tracheostomy who are on and off the ventilator would not be assigned, unless the tracheostomy tube itself is removed and the patient requires reintubation (endotracheal or a new tracheostomy tube) or an emergency tracheostomy. •Patients undergoing time off the ventilator during weaning trials and who fail the trail and are placed back on the ventilator would not be assigned. •Intubations for an unplanned return to the OR would not be assigned, as the intubation is planned, it is the return to the OR which is unplanned. •In patients who were intubated for a return to the OR for a surgical procedure unplanned intubation occurs after they have been extubated after surgery. In patients who were not intubated for a return to the OR, intubation at any time after their surgery is complete is considered unplanned. •Intraoperative conversion from local or MAC anesthesia to general anesthesia, during the Principal Operative Procedure, with placement of a breathing tube and ventilator support, secondary to the patient not tolerating local or MAC anesthesia, in the absence of an emergency, would not be assigned.

	NURNINFEC 
	Number of Urinary Tract infection Occurrences
	Postoperative symptomatic urinary tract infection must meet one of the following TWO criteria within 30 days of the operation: 1. One of the following: . fever (>38 degrees C) . urgency . frequency . dysuria . suprapubic tenderness AND a urine culture of > 105 colonies/ml urine with no more than two species of organisms OR 2. Two of the following: . fever (>38 degrees C) . urgency . frequency . dysuria . suprapubic tenderness AND any of the following: -Dipstick test positive for leukocyte esterase and/or nitrate -Pyuria (>10 WBCs/cc or > 3 WBC/hpf of unspun urine) -Organisms seen on Gram stain of unspun urine -Two urine cultures with repeated isolation of the same uropathogen with >102 colonies/ml urine in non-voided specimen -Urine culture with < 105 colonies/ml urine of single uropathogen in patient being treated with appropriate antimicrobial therapy - Physician's diagnosis -Physician institutes appropriate antimicrobial therapy. Note: To assign a postoperative UTI, sign and symptoms should be reported within 72 hours prior to a urine culture being sent or 24 hours after the culture was sent.






SDC Table 4
	Specification of prior distribution for causal mediation models
	

	 
	Distribution
	Degrees of freedom
	Mean
	Scale

	Weakly informative
	Student t
	3
	0
	2.5




























SDC Table 5-NSQIP Universal Risk Calculator Variables adjusted for
	Variable

	Sex

	Diabetes mellitus

	Hypertension requiring medication

	Heart failure

	Dyspnea at rest

	Moderate dyspnea

	Smoker

	Chronic Obstructive Pulmonary Disease

	Dialysis

	Acute kidney injury

	Metastatic cancer

	Preoperative ventilation

	Systemic Inflammatory Response Syndrome

	Sepsis

	Septic shock

	Ascites

	Steroid

	Paritally dependent

	Totally dependent

	ASA 3

	ASA 4

	ASA 5

	Age 65-74

	Age 75-84

	Age 85+

	All variables were binary, as categorical variables (Age, Dyspnea, Functional status, ASA) were dummy coded. Therefore the lowest category was the reference category and did not need to be represented in the model. Each CPT code was accounted for as a random intercept









SDC Table 6 – Guide to interpretation of Bayes Factors
	Bayes factor value (comparator vs reference) 
	Strength of evidence

	> 100
	Extreme evidence for comparator

	30 – 100
	Very strong evidence for comparator

	10 – 30
	Strong evidence for comparator

	3 – 10
	Moderate evidence for comparator

	1 – 3
	Anecdotal evidence for comparator

	1
	No evidence

	0.3 -1
	Anecdotal evidence for reference

	0.1-0.3
	Moderate evidence for reference

	0.03-0.1
	Strong evidence for reference

	0.03-0.01
	Very strong evidence for reference

	< 0.01
	Extreme evidence for reference

	Bayes Factors quantify the ratio of the probability of the data given one model to the probability of the data given a second model (BF=P(R1|D)/P(R2|D), where P=probability, R1=non-zero effect, R2=zero effect and D=data)




















SDC Table 7 – Overlap of complication subtypes
All cells represent n(%)
	
	Infectious complication

	Cardiopulmonary complication
	N
	Y

	N
	190927(93.1)
	7197(3.5)

	Y
	3470(1.7)
	3457(1.7)

	
	
	

	
	
	

	
	Renal complication

	Cardiopulmonary complication
	N
	Y

	N
	197323(96.2)
	801(0.4)

	Y
	6456(3.2)
	471(0.2)

	
	
	

	
	
	

	
	Renal complication

	Infectious complication
	N
	Y

	N
	193572(94.4)
	825(0.4)

	Y
	10207(5.0)
	477(0.2)




















SDC Table 8 – Model diagnostics and summary for primary causal mediation model
	Covariate
	Estimate
	Est.Error
	l-95% CrI
	u-95% CrI

	Mediator model (Dependent variable=serious complication

	Intercept
	-3.19
	4.01
	-10.58
	4.19

	Frailty
	0.29
	0.06
	0.16
	0.4

	age 65-74
	0.1
	0.02
	0.06
	0.14

	age 75-84
	0.2
	0.03
	0.15
	0.25

	age>84
	0.34
	0.05
	0.25
	0.44

	gender
	0.07
	0.03
	0.01
	0.13

	partially dependent
	0.29
	0.06
	0.17
	0.41

	totally dependent
	-0.02
	0.15
	-0.3
	0.28

	asa2
	0.34
	0.08
	0.19
	0.49

	asa3
	0.61
	0.08
	0.46
	0.76

	asa4
	0.96
	0.08
	0.81
	1.12

	asa5
	1.32
	0.45
	0.4
	2.19

	steroid use
	0.29
	0.03
	0.23
	0.36

	ascites
	0.5
	0.12
	0.26
	0.72

	SIRS
	0.42
	0.07
	0.27
	0.56

	sepsis
	1.63
	0.1
	1.44
	1.82

	Septic shock
	1.02
	0.4
	0.24
	1.79

	Ventilation
	0.8
	0.32
	0.17
	1.43

	Met Cancer
	-0.19
	0.09
	-0.37
	-0.01

	Diabetes
	0.1
	0.02
	0.06
	0.14

	HTN
	0.12
	0.02
	0.08
	0.15

	CHF
	0.23
	0.08
	0.08
	0.38

	Mod SOB
	0.21
	0.03
	0.16
	0.27

	SOB at rest
	0.12
	0.1
	-0.08
	0.32

	smoker
	0.2
	0.02
	0.16
	0.24

	COPD
	0.26
	0.03
	0.2
	0.31

	Dialysis
	0.01
	0.07
	-0.13
	0.15

	Acute kidney injury
	0.84
	0.14
	0.57
	1.11

	BMI
	0.01
	0
	0.01
	0.01

	Outcome model (Dependent variable=death)
	 

	Intercept
	-7.66
	3.83
	-15.69
	-0.1

	Serious complication
	2.68
	0.06
	2.57
	2.8

	Frailty
	0.57
	0.14
	0.29
	0.83

	Age 65-74
	0.59
	0.07
	0.44
	0.73

	age 75-84
	0.86
	0.08
	0.7
	1.02

	age>84
	1.31
	0.12
	1.06
	1.54

	gender
	0.04
	0.08
	-0.12
	0.2

	partially dependent
	0.39
	0.14
	0.11
	0.67

	totally dependent
	0.56
	0.3
	-0.03
	1.14

	asa2
	0.78
	0.54
	-0.15
	1.98

	asa3
	1.59
	0.54
	0.65
	2.77

	asa4
	2.16
	0.54
	1.21
	3.36

	asa5
	3.63
	0.8
	2.08
	5.26

	steroid use
	0.18
	0.1
	-0.03
	0.38

	ascites
	1.43
	0.22
	1.01
	1.84

	SIRS
	0.43
	0.18
	0.05
	0.79

	sepsis
	0.38
	0.22
	-0.06
	0.82

	Septic shock
	0.23
	0.57
	-0.93
	1.29

	Ventilation
	0.34
	0.5
	-0.69
	1.29

	Met Cancer
	0.03
	0.21
	-0.39
	0.45

	Diabetes
	0.08
	0.07
	-0.05
	0.21

	HTN
	0.11
	0.06
	-0.02
	0.23

	CHF
	0.56
	0.15
	0.25
	0.85

	Mod SOB
	0.16
	0.09
	-0.01
	0.33

	SOB at rest
	0.19
	0.22
	-0.26
	0.63

	smoker
	0.02
	0.07
	-0.13
	0.16

	COPD
	0.19
	0.09
	0.03
	0.37

	Dialysis
	0.2
	0.17
	-0.15
	0.53

	Acute kidney injury
	0.32
	0.28
	-0.23
	0.85

	BMI
	-0.02
	0
	-0.03
	-0.01
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