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1.0 INTRODUCTION 

Approximately 2% of patients who undergo noncardiac surgery die within 30 days after 

surgery.1  With more than 300 million patients undergoing noncardiac surgery annually,2 this 

represents a serious public health concern. We have previously described the epidemiology of 

myocardial infarction (MI) and myocardial injury after noncardiac surgery (MINS) and their 

relationship with 30-day mortality.1,3 

We would now like to describe the epidemiology of postoperative complications (MINS, 

pulmonary embolism [PE], deep venous thrombosis [DVT], stroke, bleeding, acute kidney injury 

[AKI], sepsis, non-sepsis infection, new clinically important atrial fibrillation [new AF], 

congestive heart failure [CHF]) and examine their relationship with 30-day mortality. Our 

ultimate objective is to determine the attributable fraction of death of each postoperative 

complication. 

2.0 STUDY OBJECTIVES 

Among patients undergoing noncardiac surgery, we will determine: 

1. The incidence of postoperative complications within 30 days after surgery (MINS, PE,

DVT, stroke, bleeding, AKI, sepsis, non-sepsis infection, new AF, and CHF).

2. The time-dependent relationship between these complications and 30-day mortality.

3. The attributable fraction of death at 30 days of each postoperative complication

independently associated with mortality.

4. The timing of death during the first 30-days after noncardiac surgery.

5. The proportion of patients who died after noncardiac surgery in-hospital and separately

after hospital discharge during a 30-day follow-up period.



6. The risk of death at 30-days after noncardiac surgery by surgical category.

3.0 STATISTICAL AND ANALYTICAL METHODS 

3.1 Analysis Population 

These analyses will include all patients enrolled in the VISION Study for both the 4th 

generation troponin phase and the 5th generation high sensitivity troponin analyses. We will 

only exclude patients for whom discharge data is missing and will report how many were 

excluded from analyses. Different subgroups of patients will be included in subsequent analyses 

according to the specific objectives.  

Follow-up is until day 30 after surgery.  We will report how many patients either died 

before 30 days or completed the 30-day follow-up.  We will censor patients at the time of their 

last assessment if they do not complete the 30-day follow-up.   

3.2 STATISTICAL ANALYSIS 

3.2.1 First objective: To determine the incidence of postoperative complications within 30 

days after surgery. 

We will report the incidence of each of the postoperative complications (MINS, PE, DVT, 

stroke, bleeding, AKI, sepsis, non-sepsis infection, new AF, and CHF) during the first 30 days 

after surgery and the corresponding 95% confidence intervals (CI).   

For MINS, we will use the definitions derived from each of the fourth and fifth 

generation studies and will apply them to their respective populations. For patients with both 

4th and 5th generation troponin assays, we will define them as having had MINS if they meet the 

5th generation MINS definition.  

We will define PE as having occurred if patients experience any of the following: 



1. A high probability ventilation/perfusion lung scan 
2. An intraluminal filling defect of segmental or larger artery on a helical CT scan 
3. An intraluminal filling defect on pulmonary angiography 
4. A positive diagnostic test for DVT(i.e., positive compression ultrasound) and a non-
diagnostic (i.e.,low or intermediate probability) ventilation/perfusion lung scan 
5. A positive diagnostic test for DVT(i.e., positive compression ultrasound) and a non-
diagnostic (i.e., subsegmental defects or technically inadequate study) helical CT scan 
 

 We will examine DVT separate from PE, and define patients as having experienced a 

DVT if they develop any of the following: 

1. A persistent intraluminal filling defect on contrast venography 
2. Noncompressibility of one or more venous segments on B mode compression 
ultrasonography 
3. A clearly defined intraluminal filling defect on contrast enhanced computed 
tomography  
  

 We will define stroke as having occurred in patients who develop a new focal 

neurological deficit thought to be vascular in origin with signs and symptoms lasting more than 

24 hours. 

 We will define postoperative bleeding among patients classified as having experienced a 

bleeding event in VISION who, within 30-days of noncardiac surgery: 

 1. Required transfusion of one or more units of pRBCs 
OR 
 2. Who had a postoperative hemoglobin nadir <70g/L 
 
OR 
 3. Died and the death was considered to be for reasons of bleeding (according to 
the cause of death adjudication form). 

  

 We will define AKI as any new acute renal failure requiring the use of dialysis within 30-

days of noncardiac surgery. Dialysis is defined as the use of a hemodialysis machine or 

peritoneal dialysis apparatus. 



We will define infection as a pathologic process caused by the invasion of normally 

sterile tissue or fluid or body cavity by pathogenic or potentially pathogenic organisms. We will 

define infection with sepsis and the presence of infection and a systemic inflammatory 

response. Systemic inflammatory response requires 2 or more of the following factors: core 

temperature > 38 ºC or < 36 ºC; heart rate > 90 bpm; respiratory rate > 20 breaths/min; white 

blood cell count > 12 x 109/ L or < 4 x 109/ L. 

We will define new AF as new atrial fibrillation within 30-days of noncardiac surgery that 

results in angina, congestive heart failure, symptomatic hypotension, or that requires treatment 

with a rate controlling drug, antiarrhythmic drug, or electrical cardioversion. 

We will define patients as having experienced CHF if, within 30-days of noncardiac 

surgery they develop at least one of the following clinical signs: elevated jugular venous 

pressure, respiratory rales/crackles, crepitations, or presence of S3 AND at least one of the 

following radiographic findings: vascular redistribution, interstitial pulmonary edema, or frank 

alveolar pulmonary edema. 

We will analyze data generated by the VISION Adjudication Committee. For other 

complications that were not adjudicated (DVT, PE, postoperative bleeding, AKI, sepsis, non-

sepsis infection) we will analyze the data provided by the participating sites.  

3.2.2 Second objective: To determine the time-dependent risk of postoperative complications 

on 30-day mortality. 

We will build a Cox regression model where the dependent variable will be mortality at 

30 days after noncardiac surgery. We will adjust for the preoperative and surgical variables 

previously associated with mortality and will add in the postoperative complications described 



above as time-dependent variables. Independent variables will include the independent 

predictors of 30-day mortality previously demonstrated in VISION analyses (i.e., age 65-75 years 

vs 45-65, and age ≥75 vs 45-65; recent high risk coronary artery disease, history of stroke [yes 

vs no], peripheral vascular disease [yes vs no], COPD [yes vs no], urgent or emergent surgery 

[yes vs no]; active cancer [yes vs no]; general surgery vs other surgery; neurosurgery vs other 

surgery). Given that all preoperative and surgical variables have already been assessed for 

collinearity in the development of previous VISION analyses, we will not assess for collinearity 

but will rather force all variables into the model.   

We will report the adjusted hazard ratio (HR), and associated 95% confidence intervals 

and p-values for each predictor variable, emphasizing the HRs associated with each 

postoperative complication.  We will report p-values to 3 decimal places with p-values less than 

0.001 reported as p<0.001.  For all tests, we will use alpha < 0.05 level of significance.   

Internal validation: We will internally validate the Cox regression model developed to achieve 

this objective by evaluating the model’s discrimination and calibration. Model discrimination 

will be evaluated through the generation of a classification table based on a testing probability 

of 0.5. The classification table will be used to create a receiver operating curve (ROC), and the 

concordance statistic (c-statistic) will be calculated. We will examine the optimism-corrected c-

statistic, which adjusts for statistical overfitting, by calculating the c-statistic in a bootstrapped 

population.4 Consistent with convention,4 we will consider our model overfitted if there is >10% 

difference between the c-statistics of our original and bootstrapped samples. Model calibration 

will be evaluated through the creation of a calibration curve, which plots the observed outcome 



of mortality against the predicted probability of mortality generated by the Cox regression 

model.5  

 

3.2.3 Third objective: The attributable fraction of death at 30 days of each postoperative 

complication 

 The attributable risk of death associated with each postoperative complication indicates 

the number of deaths among VISION patients that can be attributed to the complication, if 

causality were established. In this context, the attributable fraction of each postoperative 

complication indicates the proportion of deaths that would not have occurred in the VISION 

cohort if the complication had not occurred. We will calculate the attributable fraction based 

on an established method.6   

3.2.4 Fourth objective: The timing of death during the first 30-days after noncardiac surgery. 

 We will describe the timing of death during the first 30-days after noncardiac surgery in 

relation to the original surgical procedure based on a Kaplan Meier Curve.  

3.2.5 Fifth objective: The proportion of patients who died after noncardiac surgery in-hospital 

as opposed to after discharge during the first 30 postoperative days. 

 We will describe the proportion of patients who died in-hospital during the first 30-days 

after noncardiac surgery, dividing the number of patients who died in-hospital by the total 

deaths during the first 30 postoperative days. We will describe the proportion of patients who 

died after hospital discharge within the first 30-days after noncardiac surgery, dividing the 

number of patients who died after hospital discharge by the total deaths during the first 30 

postoperative days. 



3.2.6 Sixth objective: The risk of death at 30-days after noncardiac surgery by surgical 

category. 

 We will describe the risk of death at 30-days after noncardiac surgery for each of 7 

surgical categories (Vascular Surgery, General Surgery, Thoracic Surgery, Major Urology or 

Gynecology, Major Orthopedic Surgery, Major Neurosurgery, and Other Surgeries) by dividing 

the number of patients in each category who died within 30-days of their procedure by the 

total number of patients within the study population who underwent that category of 

procedure.  
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