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Abstract

Objective—Surgical site infection (SSI) is one of the most common post-operative complications 

following vascular reconstruction, producing significant morbidity and hospital readmission. In 

contrast to SSI that develops while patients are still hospitalized, little is known about the cohort 

of patients that develop SSI following discharge. In this study, we explore the factors that lead to 

post-discharge SSI, investigate the differences between risk factors for in-hospital versus post-

discharge SSI, and develop a scoring system to identify patients that might benefit from post-

discharge monitoring of their wounds.

Methods—Patients who underwent major vascular surgery from 2005–2012 for aneurysm and 

lower extremity occlusive disease were identified from the American College of Surgeons 

National Surgical Quality Improvement Program Participant Use Files. Patients were categorized 

as having no SSI, in-hospital SSI, or SSI after hospital discharge. Predictors of post-discharge SSI 

were determined by multivariable logistic regression and internally validated by bootstrap 

resampling. Risk scores were assigned to all significant variables in the model. Summative risk 

scores were collapsed into quartile-based ordinal categories and defined as low-, low/moderate-, 

moderate/high-, and high-risk. Multivariable logistic regression was used to determine predictors 

of in-hospital SSI.

Results—Of the 49,817 patients who underwent major vascular surgery, 4,449 (8.9%) were 

diagnosed with SSI (2.1% in-hospital; 6.9% post-discharge). By multivariable analysis, factors 
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significantly associated with increased odds of post-discharge SSI include female gender, obesity, 

diabetes, smoking, hypertension, coronary artery disease, critical limb ischemia, chronic 

obstructive pulmonary disease, dyspnea, neurological disease, prolonged operative time >4 hours, 

American Society of Anesthesiology classification IV or V, lower extremity revascularization or 

aortoiliac procedure, and groin anastomosis. The model exhibited moderate discrimination (bias-

corrected c-statistic, 0.691) and excellent internal calibration. The post-discharge SSI rate was 

2.1% for low-risk patients, 5.1% for low/moderate-risk patients, 7.8% for moderate/high risk 

patients, and 14% for high-risk patients. In a comparative analysis, comorbidities were the primary 

driver of post-discharge SSI whereas in-hospital factors (operative time, emergency case status) 

and complications predicted in-hospital SSI.

Conclusions—The majority of SSIs after major vascular surgery develop following hospital 

discharge. We have created a scoring system that can select a cohort of patients at high-risk for 

SSI following discharge. These patients can be targeted for transitional care efforts focused on 

early detection and treatment with the goal of reducing morbidity and preventing readmission 

secondary to SSI.

Introduction

Surgical site infection (SSI) is the most common nosocomial infection in surgical patients, 

accounts for 38% of post-operative complications,1,2 is the leading cause of unplanned and 

potentially preventable hospital readmission in surgical patients,3–5 and results in 

approximately 20,000 potentially preventable deaths each year.2,6–8 This complication 

translates into additional healthcare costs in the United States alone in excess of $3 billion 

per year.6–8

Recognition of the impact of SSI has led to the development of process measures to prevent 

SSI in the hospital. One major initiative, the Surgical Infection Prevention (SIP) Project, 

established SSI prevention measures (such as specified antibiotic schedules) which resulted 

in a 27% reduction in the incidence of SSI.9,10 These results were translated into the 

Surgical Care Improvement Project (SCIP), a nationwide effort with the goal of improving 

surgical care by reducing surgical complications including SSIs.10,11

The foregoing models focus on SSI prevention and assume that wounds post-operatively are 

monitored directly by surgical and nursing staff during the index hospitalization. However, 

monitoring virtually ceases once a patient leaves the hospital because the “routine” follow-

up visit is usually scheduled 2–3 weeks following hospital discharge.12 This lack of 

monitoring is a concern, as the majority of patients do not have the experience or expertise 

to recognize early-stage wound infections.13 Thus, patients often return to the clinic or 

hospital with an advanced wound infection/complication that requires intensive treatment 

and, potentially, rehospitalization.11

Risk factors for SSI occurring after hospital discharge have not been extensively 

studied.8,14–16 To address this gap, we differentiated SSIs that occur pre-versus post-

discharge in patients undergoing major vascular procedures. We then determined predictors 

for post-discharge SSI. Finally, using predictors for post-discharge SSI, we created and 

internally validated a risk-prediction model to facilitate assignment of risk for post-discharge 
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SSI. Characterizing factors that determine which patients are at high-risk for developing SSI 

after hospital discharge has the potential to direct transitional care efforts towards the most 

susceptible patients which may allow early diagnosis and treatment, potentially precluding 

the need for readmission and reintervention.

Methods

Data acquisition and cohort selection

We analyzed data from 2005–2012 using the American College of Surgeons National 

Surgical Quality Improvement Program (ACS-NSQIP) Participant Use Files. The ACS-

NSQIP provides outcomes data to participating hospitals for purposes of quality 

improvement. Data is collected by a trained surgical clinical reviewer on randomly assigned 

patients from the pre-operative period through 30-days post-operation. Details are recorded 

on patient demographics, comorbidities, operative variables, and postoperative outcomes by 

means of medical chart extraction, 30-day interviews and other processes. Clinical reviewer 

training for participating hospitals and data auditing confirms reliability. The use of NSQIP 

data does not require patient consent. Details of the database, data collection protocols and 

variable definitions are available online from the ACS-NSQIP website.17 The Health 

Services Institutional Review Board at the University of Wisconsin approved this study.

Using current procedural terminology codes we identified all patients who underwent open 

abdominal aortic aneurysm repair, open aortoiliac repair, and open lower extremity 

revascularization (codes available in Supplementary Table I, online only).

We defined SSI as a composite measure of four ACS-NSQIP variables: superficial SSI, deep 

SSI, organ-space SSI, and wound dehiscence/disruption. If a patient had multiple SSI 

diagnoses, the time to first diagnosis was used to determine whether the SSI occurred in-

hospital or after hospital discharge. Patients were excluded from this analysis if they died 

prior to hospital discharge (2.9%).

Explanatory Variables

Primary exposure variables included NSQIP-provided patient demographics and 

comorbidities. Secondary exposure variables included perioperative characteristics and post-

operative complications. Peripheral vascular disease is defined as a history of 

revascularization or amputation for atherosclerotic disease. We created composite variables 

as previously described18 for coronary artery disease (CAD) (angina, myocardial infarction, 

percutaneous coronary intervention or cardiac surgery) and neurological disease 

(cerebrovascular accident or stroke with or without neurological deficit, transient ischemic 

attack, hemiplegia, paraplegia, quadriplegia, CNS tumor, or impaired sensorium). Post-

operative complications were classified as infectious (pneumonia, urinary tract infection), 

respiratory (reintubation, failure to wean from ventilator within 48 hours), renal (progressive 

renal insufficiency, acute renal failure), central nervous system (cerebral vascular accident, 

stroke with neurological deficit, coma > 24 hours, peripheral nerve injury), cardiac (cardiac 

arrest requiring CPR, myocardial infarction), DVT/PE (thrombophlebitis, deep vein 

thrombosis, pulmonary embolism), sepsis (sepsis, septic shock), transfusion for bleeding and 
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graft failure. Post-operative complications occurring after hospital discharge and/or after 

development of a SSI were excluded. We defined a prolonged length of stay (LOS) as a 

post-operative in-hospital stay ≥ 2-weeks (i.e. the 90th percentile for postoperative LOS).

A subset of health history variables (i.e. history of surgically treated peripheral vascular 

disease, rest pain or gangrene, alcohol abuse) was missing in 21% of observations. 

Following methodology tested by Hamilton et al,19 and others,4 we created missing value 

indicators as part of the respective dummy variables. This method can be highly explanatory 

and also advantageous compared to statistical imputation, particularly if there is substantial 

variation in missing data amongst hospitals.19 These missing value indicators for respective 

variables were included in the multivariable analyses.

Outcome

We defined the primary outcome of interest as a SSI developing between hospital discharge 

and prior to 30-days post surgery. The secondary outcome of interest was SSI developing 

prior to hospital discharge. Patients with in-hospital SSI remained eligible for development 

of a post-discharge SSI.

Statistical analysis

First, we analyzed unadjusted associations of 30-day post-discharge SSI with primary and 

secondary exposures using chi-square testing. A multivariable logistic regression model with 

backward selection (P3>3.15 as exit criterion) was then used to evaluate variables associated 

with the risk of post-discharge SSI. During model fitting, we ensured inclusion of variables 

age, gender, race, body mass index (BMI), diabetes, smoking, and graft failure because of 

previously described association to SSI.14,18,20,21

This “final” model is subject to overfitting, and therefore may overestimate its own 

predictive power.22 To correct for this, we generated 200 random bootstrap samples with 

replacement from the original data set.23 Each bootstrapped sample had the same number of 

records as the original dataset. The same backward selection algorithm was used to fit the 

multivariable logistic regression model on each bootstrap sample. This model was “frozen” 

and then applied on the original data set.24 The difference between the c-statistic generated 

from the two models was used to calculate the statistical optimism. The mean statistical 

optimism was then calculated using the 200 bootstrap samples and was used to adjust the 

final model c-statistic to produce a bias-corrected estimate of the model’s reliability. The fit 

of the model was assessed using the Hosmer and Lemeshow goodness-of-fit test.22,25 A 

value of P <.05 was considered significant.

Risk Prediction Score

From the final model we created a simplified scoring system based on the regression 

coefficients. To derive the score, the beta coefficient of each risk factor was divided by the 

absolute value of the lowest coefficient and then rounded to the nearest integer, a 

methodology that has been previously described.26,27 The summative risk score for a patient 

developing a post-discharge SSI is the total of all points for each individual risk factor. We 

then divided the cohort based on risk score quartiles and computed respective post-discharge 
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SSI risks by averaging the model-predicted risks for all patients in that quartile. The internal 

calibration of the scoring system was checked by comparing the predicted post-discharge 

SSI prevalence with the observed post-discharge SSI prevalence.

Secondary Analysis

To determine significant predictors of in-hospital SSI, the same backward selection 

multivariable logistic regression method described above was used; though for this model 

we excluded prolonged length of stay as a covariate.

Results

Patient Characteristics

The sample consisted of 49,817 patients who underwent major vascular surgery (open 

abdominal aortic aneurysm repair: n=8,866; open aortoiliac repair: n=13,248; open lower 

extremity revascularization: n=27,703). The majority of the patients were male (65%) and 

white (78%). The mean age was 67 years (standard deviation: 11 years). Vascular-related 

comorbidities were common, with many patients having hypertension (82%), CAD (29%), 

critical limb ischemia (34%), and peripheral vascular disease (42%). Almost half (46%) of 

patients were smokers. Many (62%) patients were overweight or obese.

Out of all patients analyzed, 4,449 (8.9%) were diagnosed with an SSI (2.1% prior to 

discharge; 6.9% after hospital discharge). Rates of SSI by procedure and timing are 

displayed in Table I. The distribution of the number of days from surgery to a diagnosis of 

SSI (either in-hospital SSI or post-discharge SSI) is displayed in Figure 1. Only 24 (0.1%) 

patients were diagnosed with both in-hospital and post-discharge SSI.

Comparative univariate analyses

The characteristics of patients who developed SSI after discharge are displayed in 

Supplementary Table II. Patients who developed SSI after discharge, relative to those who 

did not, were more likely female (43% vs. 35%, p <.0001), obese (43% vs. 26%, p <.0001), 

insulin dependent diabetic (26% vs. 16%, p <.0001), to smoke (49% vs. 46%, p=.0077) or to 

have a diagnosis of critical limb ischemia (45% vs. 34%, p <.0001). Furthermore, these 

patients underwent reoperation within 30-days of the initial procedure at more than 3 times 

the rate of patients without post-discharge SSI (39% vs. 12%, p <.0001).

Multivariable analysis

Adjusted odds ratios (OR) and 95% confidence intervals (CI) for SSI occurring after 

hospital discharge are summarized in Table II. Aortoiliac repair or lower extremity 

revascularization was associated with higher odds of post-operative SSI relative to open 

AAA repair (OR, 2.4; 95% CI, 1.9–2.9 and OR, 3.1; 95% CI, 2.5–3.8 respectively). Being 

obese was also strongly associated with higher odds of SSI after discharge (OR, 2.3; 95% 

CI, 2.1–2.5). Other chronic conditions that were associated with elevated odds of developing 

SSI after discharge included insulin dependent diabetes (OR, 1.3; 95% CI, 1.2–1.4), critical 

limb ischemia (OR, 1.2; 95% CI, 1.1–1.3) and hypertension (OR, 1.2; 95% CI, 1.1–1.4). 

Additional risks factors included female gender (OR, 1.4; 95% CI, 1.3–1.5), smoking (OR, 
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1.2; 95% CI, 1.1–1.3), groin anastomosis (OR, 1.2; 95% CI, 1.0–1.4) and operative time >6 

hours (OR, 1.5; 95% CI, 1.4–1.7). Certain variables were associated with reduced odds of 

post-discharge SSI with the most protective, unsurprisingly, being a post-operative length of 

stay ≥ 14 days (OR, 0.4; 95% CI, 0.3–0.5). Other patient characteristics that were protective 

include black race (OR, 0.8; 95% CI, 0.7–0.9) and totally dependent functional status (OR, 

0.6; 95% CI, 0.4–0.9). Renal and sepsis complications were also protective (OR, 0.6; 95% 

CI, 0.4–0.9 and OR, 0.7; 95% CI, 0.5–0.9 respectively).

Bootstrap Analysis and Model Fit

The unadjusted c-statistic of the final model was 0.694 (95% CI: 0.682 – 0.706) (Figure 2). 

The adjusted c-statistic after bootstrap correction for model optimism was 0.691 (95% CI: 

0.679 – 0.703). These similar values suggest there was only small bias due to overfitting and 

indicate fair predictive discrimination of the model. The Hosmer–Lemeshow goodness-of-fit 

test produced a χ2 value of 4.636 (df=8, P-value=0.7957) indicating excellent model internal 

calibration.

Risk Prediction Model

Overall, scores of significant predictors for post-discharge SSI ranged from −9 for prolonged 

length of stay to 12 for patients undergoing an open lower extremity revascularization. Total 

risk scores were generated for patients by adding the score from individual risk factors 

(Table III). For example, a female (+4) who is obese (+9), hypertensive (+2), totally 

dependent at baseline (−6), and experienced a prolonged operative case (+5) has a total risk 

score of 14. These summated risk scores ranged from −20 to 45 with the majority of scores 

(>90%) between 0 and 30. The 30-day post-discharge SSI risk associated with the total risk 

score represents the average risk amongst all patients having the same total score (Figure 3). 

The median risk score was 21 with a corresponding predicted post-discharge SSI probability 

of 6.1%. The sensitivity of the model was approximately 90% for a predicted risk threshold 

of 4% or greater, and approximately 50% for a threshold of 9% or greater. Further 

sensitivity and specificity values at varying predictive risk thresholds are displayed in Table 

IV.

To simplify the risk scores, we collapsed all patients into 4 ordinal categories based upon 

quartiles defined as low (<16 points), low-moderate (16–20 points), moderate-high (21–25 

points), and high-risk (>25 points) groups. The respective post-discharge SSI predicted 

probabilities for these groups were 2.1%, 5.1%, 7.8% and 14% respectively (Table V). 

There was excellent agreement between the predicted and observed post-discharge SSI rates 

by risk category (R2=0.99) (Supplementary Figure 1, online only).

Secondary outcomes

Significant variables associated with SSI occurring in-hospital are displayed in 

Supplemental table III. Demographic variables associated with higher odds of in-hospital 

SSI include female gender (OR, 1.3; 95% CI, 1.2–1.5) and “other” race vs. white race (OR, 

1.4; 95% CI, 1.2–1.7). Comorbid factors associated with the greatest odds include totally 

dependent functional status (OR, 2.3; 95% CI, 1.6–3.2) and obesity (OR, 1.7; 95% CI, 1.5–

2.0). Perioperative characteristics including emergency case (OR, 1.7; 95% CI, 1.4–2.1) and 
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prolonged operative time (OR, 2.1; 95% CI, 1.8–2.6) were also were associated with 

increased odds. Post-operative complications were associated with increased odds of in-

hospital SSI, with the most significant being sepsis preceding SSI (OR, 3.7; 95% CI, 3.0–

4.5) and respiratory complications (OR, 2.6; 95% CI, 2.1–3.2).

Mutual and Unique Risk Factors

Significant factors associated with both in-hospital and post-discharge SSI include aortoiliac 

surgery, female gender, obesity, critical limb ischemia, American Society of Anesthesiology 

(ASA) class IV/V, and prolonged operative time. Significant unique factors associated with 

inhospital SSI include demographics and comorbid conditions: race, congestive heart 

failure, partially dependent functional status, dialysis, co-existing open or infected wound, 

and chronic steroid use; but also included perioperative characteristics and complications: 

emergency case status, ventilator-use prior to surgery, wound class, and respiratory, 

bleeding, graft-loss and sepsis complications. Significant unique factors associated with 

post-discharge SSI mainly include demographics and comorbid conditions: race, diabetes, 

smoking, hypertension, CAD, COPD, dyspnea, neurological disease, and lower extremity 

revascularization procedure. (Supplementary Table III, online only)

Discussion

By distinguishing between in-hospital versus post-discharge SSI, we define characteristics 

that may uniquely predispose vascular surgery patients to develop SSI after discharge. This 

distinction is essential because protocols to monitor and manage SSI occurring in the 

hospital must be different from those designed to monitor and manage SSI following 

discharge. As such, we determined which risk factors are significant in predicting post-

discharge SSI and subsequently generated a simple and accurate scoring system that can 

assign a risk for post-discharge SSI. Furthermore, we have demonstrated that predictors of 

SSI occurring in-hospital indeed differ from those occurring after discharge for vascular 

surgery patients.

Historically, SSI is a well-known and common complication of patients undergoing vascular 

surgery with some studies citing wound complications in more than 30% of patients 

undergoing open vascular reconstruction.28,29 Using the ACS-NSQIP data, we found a SSI 

rate of 8.9% with approximately 77% of these having occurred after discharge from the 

hospital. It is important to note that in this analysis we have focused on patients undergoing 

open vascular reconstruction versus endovascular and have excluded patients treated with 

carotid endarterectomy (CEA) because the incidence of wound infection following CEA is 

very low.

In the current study, a multitude of factors ranging from those known prior to admission to 

those determined during the hospitalization were used in a multivariable logistic regression 

to identify variables associated with post-discharge SSI. Factors that were associated with 

higher odds of post-discharge SSI include female gender, procedure type (with operations 

involving the lower extremities and groin anastomosis at increased risk), obesity, diabetes, 

smoking, hypertension, critical limb ischemia, COPD, CAD, neurological disease, and ASA 

class IV/V. The majority of these risk factors have previously been described as significant 
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risk factors for SSI in vascular patients including female gender,29,30 obesity,28,31,32, 

diabetes,29,33 CAD,29 smoking,21 COPD,18,29,34 prolonged operative time,18,34 and 

infrainguinal incisions.29 However, none of the prior studies explicitly determined whether 

these factors were unique to patients that develop SSI following hospital discharge. The 

timing of the development of SSI has been previously examined in a broad population of 

surgical patients. In a population-based retrospective cohort study of over 600,000 patients 

undergoing various elective surgical procedures, Daneman and colleagues reported 

independent risk factors for post-discharge SSI including female gender, increased duration 

of surgery, diabetes and obesity.15 In a separate prospective cohort study of 1,506 patients 

undergoing general surgery procedures, Delgado-Rodríguez and colleagues found the 

greatest independent risk factor for post-discharge SSI to be elevated BMI.16 Our results 

reinforce the pronounced impact of obesity on development of SSI after discharge.

We were able to demonstrate differences in characteristics and independent predictors 

between patients developing SSI in-hospital versus after discharge.14–16 SSIs occurring after 

discharge are predominantly associated with a patient’s comorbidity burden whereas those 

that develop inhospital are largely associated with perioperative factors. Specifically, we 

found that SSI occurring after hospital discharge is more common for patients with 

comorbid conditions such as diabetes, smoking, hypertension, CAD, and COPD. Although 

risk factors for SSI occurring inhospital also include select patient comorbidities, more 

dominant predictors are perioperative characteristics and complications such as emergency 

case status, wound class, and respiratory, bleeding and sepsis complications. These results 

suggest that patient comorbidity is the primary driver of infection and poor wound healing 

following discharge.

Proven transitional care interventions focused on wound surveillance are lacking; the 

majority of trialed transitional care models have only been tested or implemented for 

medical or combined medical/surgical patients.3,35–37 Moving forward, effective transitional 

care models will need to be customized for the surgical population, with an emphasis on 

wound monitoring. One established intervention that could be adapted is pre-discharge 

counseling followed post-discharge phone contact, which has been demonstrated by Kind et 

al36 to decrease readmissions in a Veterans Affairs population by one-third. An alternative 

method that has been suggested by Fernandes-Taylor and colleagues is to have rapid in-

person follow-up within the first week after surgery for a wound examination in order to 

detect SSI at an early stage.12 And yet another alternative combines continuous contact with 

a patient along with early “virtual” follow-up by means of smartphone technology: patients 

take and transmit secured images of their wounds and symptom-related questions daily for 

clinician review.38 The implementation of effective transitional care focused on wound 

management and monitoring holds promise to decrease the burden of severe SSI in 

vulnerable patients.

We developed a prediction model for risk of SSI after hospital discharge and a 

corresponding risk scoring system that we believe with further validation can be useful for 

clinicians and patients for a number of reasons. A scoring system will allow the 

identification of high-risk individuals using readily available patient information. 

Additionally, use of a scoring system can assist clinicians inform selected patients of their 
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risk for developing a wound infection and employ their assistance in wound care. Lastly, a 

scoring system can define for researchers the patient cohort at high-risk for wound infection 

allowing the design of patient specific protocols that might be effective in preventing this 

complication. Nevertheless, whereas our scoring system has been developed on one of the 

most representative and best-standardized surgical outcomes databases currently available 

for the U.S. population, we caution against any use in clinical practice until it can be 

validated through the use of external alternative data sources and independent analyses.

We found 5 factors associated with lower odds of developing post-discharge SSI. These 

findings were surprising and we can only speculate as why these factors are protective. 

There may be a selection effect among patients of black race as many African-American 

patients tend to undergo primary amputation without an antecedent attempt at 

revascularization;39 this speculation is substantiated as the protective effect of race remained 

when examining only patients with lower extremity occlusive disease, but was not present 

when analyzing only AAA patients. Sepsis and renal complications were also protective for 

post-discharge SSI; these patients are usually under close surveillance after discharge and 

likely have early follow-up, decreasing the chance of wound infection. Patients who are 

totally dependent at baseline were protected from post-discharge SSI; these patients, once 

out of hospital, are also likely to have close follow-up or existing caretakers that can avert 

wound complications.

We explored the relationship of reoperation to the development of SSI and found that 

reoperation within 30-days after surgery occurred more than 3 times as often in patients 

developing SSI after discharge compared to those without post-discharge SSI. Unfortunately 

in the majority of the patient cohort we were not able to determine the timing of infection 

versus reoperation, except in 2012 (the final year of data used in our analysis) when this 

information is available. For patients from this year, the diagnosis of SSI preceded or was 

made on the same day as reoperation in 75% of patients. In only 25% of patients did the 

diagnosis of SSI follow reoperation. Thus, it appears that both factors may be in play: 

reoperation for any reason likely leads to the development of SSI as reopening, 

remanipulation and possible contamination of the wound certainly has the potential to 

increase the incidence of infection; and alternatively, reoperation might have been required 

to treat a wound infection. As NSQIP continues to collect details on “time-to” reoperation, 

future reanalysis may further enhance a predictive model.

The results of this analysis should be interpreted in the context of several limitations, 

particularly those related to the database. Even though NSQIP samples from a very large 

number of hospitals, participation in NSQIP is voluntary and thus may not be representative 

of outcomes for all U.S. hospitals. Geographic or site-specific information are unavailable; 

therefore, hospital-type and procedure-volume cannot be examined. Furthermore, certain 

variables are not captured by NSQIP (e.g. seroma or use of prophylactic antibiotics) and 

therefore may limit the predictive power of our model. Our identified risk factors for SSI 

after hospital discharge may not apply to all surgical procedures because we studied only 

major vascular procedures; these patients have been shown to have exceptionally high rates 

of SSI and are not representative of the overall surgical patient population.
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In conclusion, our risk score prediction model is the first to use known factors at the time of 

discharge to predict SSI in patients undergoing major vascular surgery. Identifying those 

patients who require ongoing monitoring after discharge and ensuring that they receive 

appropriate transitional care may uniquely stem the burden of SSI in this high-risk 

population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Distribution of the number of days from major vascular surgery procedure to 
diagnosis of SSI for all patients diagnosed with SSI
A diagnosis occurring while in-hospital is represented in green; a diagnosis occurring after 

hospital discharge is represented in yellow.

SSI, Surgical site infection
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Figure 2. 
The receiver operator curve (ROC) of the final model.
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Figure 3. Predicted probability of post-discharge surgical site infection by total point score
SSI, Surgical site infection
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Table I

Rates of 30-day surgical site infection by operative procedure.

Open AAA Repair (n=8,866) Open Aortoiliac Repair 
(n=13,248)

Lower Extremity Revascularization 
(n=27,703)

In-Hospital SSI, n (%) 214 (2.4%) 314 (2.4%) 534 (1.9%)

Post-discharge SSI, n (%) 171 (1.9%) 820 (6.2%) 2420 (8.7%)

Overall SSI, n (%) 383 (4.3%) 1128 (8.5%) 2938 (11%)

AAA, Abdominal Aortic Aneurysm
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Table II

Results of multivariable logistic regression analysis for predictors of 30-day post-discharge surgical site 

infection.

Variables OR 95% CI P-value

Demographics

Female gender 1.4 (1.3, 1.5) <.0001

Age ≥ 65 0.9 (0.9, 1.0) .0426

Race:

 White Reference

 Black 0.8 (0.7, 0.9) .0002

 Other 0.9 (0.8,1.0) .2041

Comorbidities

BMI

 Normal Reference

 Overweight 1.3 (1.2,1.5) <.0001

 Obese 2.3 (2.1, 2.5) <.0001

 Underweight 0.8 (0.7, 1.1) .1323

Diabetes

 No Diabetes Reference

 Non-insulin (PO) 1.2 (1.1, 1.3) .0019

 Insulin 1.3 (1.2, 1.4) <.0001

Smoker 1.2 (1.1, 1.3) <.0001

Hypertension 1.2 (1.1, 1.4) .0002

Coronary Artery Disease 1.1 (1.0, 1.2) .0307

Critical Limb Ischemia 1.2 (1.1, 1.3) <.0001

Functional status

 Independent Reference

 Partially dependent 1.1 (1.0, 1.2) .0856

 Totally dependent 0.5 (0.4, 0.8) .0066

COPD 1.1 (1.1, 1.2) .0327

Dyspnea

 None Reference

 Moderate exertion 1.2 (1.1, 1.3) .0004

 At rest 1.2 (0.9, 1.6) .1457

Neurological Disease 1.1 (1.0, 1.3) .0088

Bleeding disorder 1.1 (1.0, 1.2) .1389

Loss of weight 0.7 (0.5, 1.0) .0627

Perioperative Characteristics

Emergency Case 1.1 (1.0, 1.3) .1055

Operation time
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Variables OR 95% CI P-value

 <4 hours Reference

 4–6 hours 1.4 (1.3, 1.5) <.0001

 >6 hours 1.5 (1.4, 1.7) <.0001

Operative Procedure

 AAA Reference

 Open Aortoiliac 2.4 (1.9, 2.9) <.0001

 Lower extremity revascularization 3.1 (2.5, 3.8) <.0001

Groin anastamosis 1.2 (1.0, 1.4) .0110

 Graft

 None Reference

 Vein 0.9 (0.7, 1.1) .4533

 Other than vein 0.8 (0.7, 1.0) .0717

ASA class:

 I or II Reference

 III 1.1 (0.9, 1.3) .4209

 IV or V 1.2 (1.0, 1.4) .0411

Complications

Renal 0.6 (0.4, 0.9) .0270

Graft Loss 0.2 (0.0, 1.5) .1242

Sepsis 0.7 (0.5, 0.9) .0118

Other Adverse Outcomes

Prolonged LOS (≥14-days) 0.4 (0.3, 0.5) <.0001

The unadjusted area under the receiver operator curve (ROC) of the model (c-statistic) was 0.694 (95% CI: 0.682 – 0.706). The adjusted ROC of 
the model was 0.691 (95% CI: 0.679 – 0.703).

OR, odds ratio; CI, confidence interval; LOS, Length of Stay; ASA, American Society of Anesthesiologists.
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Table III

Risk scores for 30-day post-discharge surgical site infection derived from the multivariate logistic regression 

final model. The scores were generated as described in the methods.

Variables Points

Lower extremity revascularization 12

Aortoiliac procedure 9

Obese 9

Operative time >6 hours 5

Female gender 4

Overweight 3

Operative time 4–6 hours 3

Insulin dependent DM 3

Non-insulin dependent DM 2

Smoker 2

Hypertension 2

Critical Limb Ischemia 2

Dyspnea with moderate exertion 2

Groin anastomosis 2

ASA class IV or V 2

COPD 1

Coronary Artery Disease 1

Neurological Disease 1

Age ≥ 65 years −1

Black race −2

Sepsis complication −4

Renal complication −6

Totally dependent functional status −6

Prolonged LOS (≥14-days) −9

DM, Diabetes Mellitus; COPD, Chronic Obstructive Pulmonary Disorder; ASA, American Society of Anesthesiologists; LOS, Length of Stay.
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Table IV

Sensitivity and specificity of final predictive model at varying predictive risk thresholds.a

Predicted Risk Sensitivity (%) 95% CI (%) Specificity (%) 95% CI (%)

≥1% 99 99–100 3.5 3.4–3.7

≥2% 98 97–98 14 13–14

≥3% 95 94–95 21 21–22

≥4% 90 89–91 31 30–31

≥5% 82 81–84 42 41–42

≥6% 73 72–75 53 52–53

≥7% 64 63–66 62 62–63

≥8% 57 55–58 70 70–71

≥9% 49 47–51 76 76–77

≥10% 42 40–43 81 81–82

≥12% 30 29–32 88 88–89

≥15% 17 16–18 95 94–95

≥20% 5.5 4.9–6.5 99 98–99

≥25% 1.6 1.2–2.0 99 99–100

≥30% 0.5 0.2–0.7 100 99–100

a
Confidence intervals do not account for the uncertainty derived from development of the final model.

CI, confidence interval
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