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O R I G I N A L A R T I C L E 

Improved Risk Adjustment in Public Reporting: Coronary Artery 
Bypass Graft Surgical Site Infections 

Sandra I. Berrios-Torres, MD;1 Yi Mu, PhD;1 Jonathan R. Edwards, MStat;1 

Teresa C. Horan, MPH;1 Scott K. Fridkin, MD1 

OBJECTIVE. The objective was to develop a new National Healthcare Safety Network (NHSN) risk model for sternal, deep incisional, 
and organ/space (complex) surgical site infections (SSIs) following coronary artery bypass graft (CABG) procedures, detected on admission 
and readmission, consistent with public reporting requirements. 

PATIENTS AND SETTING. A total of 133,503 CABG procedures with 4,008 associated complex SSIs reported by 293 NHSN hospitals in 
the United States. 

METHODS. CABG procedures performed from January 1, 2006, through December 31, 2008, were analyzed. Potential SSI risk factors 
were identified by univariate analysis. Multivariate analysis with forward stepwise logistic regression modeling was used to develop the new 
model. The c-index was used to compare the predictive power of the new and NHSN risk index models. 

RESULTS. Multivariate analysis independent risk factors included ASA score, procedure duration, female gender, age, and medical school 
affiliation. The new risk model has significantly improved predictive performance over the NHSN risk index (c-index, 0.62 and 0.56, 
respectively). 

CONCLUSIONS. Traditionally, the NHSN surveillance system has used a risk index to provide procedure-specific risk-stratified SSI rates 
to hospitals. A new CABG sternal, complex SSI risk model developed by multivariate analysis has improved predictive performance over 
the traditional NHSN risk index and is being considered for endorsement as a measure for public reporting. 

Infect Control Hosp Epidemiol 2012;33(5):463-469 

Approximately 440,000 coronary artery bypass graft (CABG) 
surgical procedures are performed annually in the United 
States.1 Complex (deep incisional and organ/space)2 sternal 
surgical site infections (SSIs) complicate approximately 
0.5%-4.0% of CABGs,3,4 resulting in increased morbidity,5 

mortality,5"7 length of stay,6 and cost of hospitalization.7 Com­
mon risk factors include those that are modifiable (eg, post­
operative hyperglycemia,8 blood transfusion5'6), nonmodifi-
able (eg, age,9 diabetes910), and potentially modifiable (eg, 
procedure duration,11 smoking status,3 obesity5,6'9"11). 

Surveillance has become integral to hospital infection pre­
vention and quality improvement programs. Feedback of 
rates has been an important component of SSI reduction 
strategies.12 Hospitals with surgeons who treat patients with 
multiple nonmodifiable risk factors would expect higher SSI 
rates. Risk adjustment to account for differences in the patient 
case mix allows for more meaningful comparisons and has 
been used as a quality improvement performance tool.13 

Previously, the National Healthcare Safety Network 
(NHSN) adjusted SSI rates using a risk index of 3 equally 

weighted factors: the American Society of Anesthesiologists 
(ASA) score,14 wound classification, and procedure duration.15 

Because most CABG patients have similar ASA scores and a 
clean wound, the risk index tended to dichotomize them on 
procedure duration; therefore, accounting for additional pa­
tient and institutional factors is desirable.16"18 

Since 2002, 28 states and the District of Columbia have 
enacted laws mandating public reporting of healthcare-
associated infections.19 In June 2009, the US Department of 
Health and Human Services Action Plan to Prevent Health­
care-Associated Infections proposed national 5-year SSI pre­
vention targets and metrics to evaluate progress.20 The target 
is a reduction in procedure-specific complex SSIs, detected 
on admission and readmission, by at least 25% from the 2009 
baseline, using NHSN data. Beginning in 2012, the Healthcare 
and Education Affordability Reconciliation Act of 201021 re­
quires all healthcare facilities participating in the Centers for 
Medicare and Medicaid Services Inpatient Prospective Pay­
ment System to report SSI data, as outlined in the action 
plan.20 In 2012, these data will be reported to the NHSN and 
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publicly reported by the Centers for Medicare and Medicaid 
Services. 

Publicly reported data should account for variability in 
patient case mix, adjust for all possible risk factors to the 
greatest extent possible, and be based on consistent case de­
tection systems.22 A procedure-specific, multivariate risk 
model incorporating additional weighted patient factors 
could calculate a more credible, standardized, and reliable 
risk-adjusted SSI metric than one limited to the traditional 
NHSN risk index.23"25 Applying this new metric to public 
reporting could help assess quality of care, focus surveillance 
and prevention measures on high-risk patients, and identify 
programs that might benefit from special interventions.16 

The objective of our study was to use multivariate analysis 
to develop a CABG complex, sternal, admission or readmis-
sion detected SSI risk model, incorporating NHSN data el­
ements and comparing its predictive performance to that of 
the NHSN risk index. 

M E T H O D S 

Study Population and End Point 

In 2005, the NHSN—-a secure, Internet-based surveillance 
system managed by the Centers for Disease Control and Pre­
vention's Division of Healthcare Quality Promotion—began 
operation.26 As of March 2012, more than 3,250 hospitals 
reported SSI data to the NHSN.27 Infection preventionists 
report denominator data on patients undergoing procedures 
within the selected categories for each month of surveillance 
performed.2'28 They investigate and report all SSIs detected 
during the initial admission, through postdischarge surveil­
lance, or upon readmission to the same hospital as the index 
procedure.2 SSIs are reported if they become apparent within 
30 days following the index procedure for superficial inci­
sional infections and if the procedure included an implant 
(sternal wires) up to 1 year for deep incisional and organ/ 
space infections.2 

Data were analyzed for hospitals reporting CABG proce­
dures performed from January 1, 2006, through December 
31, 2008. These included those with sternal and harvest site 
incisions (NHSN procedure code CBGB; International Clas­
sification of Diseases, Ninth Revision, Clinical Modification 
[ICD-9-CM] procedure codes 36.10-36.14, 36.19) and those 
with only sternal incisions (NHSN procedure code CBGC; 
ICD-9-CM procedure codes 36.15-36.17, 36.2).2'26 Demo­
graphic and SSI characteristic data were evaluated. Only com­
plex (deep and organ/space), sternal, admission or readmis­
sion detected SSIs were included in the model. SAS (ver. 9.1; 
SAS Institute) was used for analysis. This analysis did not 
require institutional review board review. 

Selection of Candidate Predictor Variables 

The NHSN risk index multivariate model contains 3 di-
chotomous variables: ASA score (3-5), wound classification 
(contaminated or dirty), and procedure duration (greater 

than seventy-fifth percentile or 300 minutes). Each risk factor 
represents 1 point; thus, the index ranges from 0 (lowest risk) 
to 3 (greatest risk).15 The new predictive model incorporates 
the 3 NHSN risk index variables and additional data elements 
currently collected in the NHSN. Variables were dichotomous 
(general anesthesia, emergent procedure, gender, trauma, 
medical school affiliation), ordinal (ASA score), categorical 
(wound classification and number of hospital beds), or con­
tinuous (age and procedure duration). 

Variables required for data entry but not included were 
outpatient (all CABGs are inpatient), endoscope (applies to 
peripheral graft harvest), implant (all yes), nonautologous 
transplant (all no), and multiple procedures (inconsistently 
classified). Continuous variables were grouped as appropriate 
to improve the model's performance. The procedure duration 
10 variable was derived from the procedure duration variable 
for every 10-minute increase in procedure duration. Age 10 
was derived from the age variable for every 10-year increase 
in age. ASA scores were regrouped according to x2 test results. 

Five variables with 319 (0.24%) missing values among 
133,503 CABGs were included: trauma (n = 215, 0.16%), 

TABLE i. Patient and Hospital Characteristics of 
133,503 Coronary Artery Bypass Graft Procedures, 
National Healthcare Safety Network, 2006-2008 

Characteristic and value N % 

Sex 
Female 38,124 28.56 
Male 95,379 71.44 

Age, mean, years (median) 
Emergent 

Yes 
Trauma 

Yes 
General anesthesia 

Yes 
ASA score 

1 
2 
3 
4 
5 

Wound classification 
Clean 
Clean contaminated 
Contaminated 
Dirty 

66 (66) 

11,691 

659 

131,976 

259 
1,942 

33,075 
97,310 

902 

129,677 
3,526 

196 
95 

8.76 

0.49 

98.86 

0.19 
1.45 

24.77 
72.89 
0.68 

97.13 
2.64 
0.15 
0.07 

Procedure duration, mean, 
minutes (median) 253 (240) 

Medical school affiliation 
Yes 185 63.14 

No. of hospital beds 
<200 24,687 18.49 
201-500 54,582 40.88 
>500 54,234 40.62 

NOTE. ASA, American Society of Anesthesiologists. 
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TABLE 2. Characteristics of Surgical Site Infections (SSIs) following Coronary Artery Bypass Graft Procedures 
(CABG) by SSI Type and Detection Method, National Healthcare Safety Network, 2006-2008 

All CABG procedures 
(N = 133,503) 

Sternal incisions 
(N = 133,503) 

Harvest incisions 
(N = 124,296) 

SSI type by detection method N Ratea N Rate" N Rate* % 
All SSIs 4,008 

Admission 1,094 
Readmission 2,376 
Total on admission/readmission 3,470 
Postdischarge 537 

Superficial SSIs 1,998 
Admission 529 
Readmission 1,056 
Total on admission/readmission 1,585 
Postdischarge 413 

Complex SSIs 2,009 
Admission 565 
Readmission 1,320 
Total on admission/readmission 1,885 
Postdischarge 124 

Missing 1 

3.00 

2.60 

1.50 

1.19 

1.50 

1.41 

27.30 

59.28 

86.58 

13.40 

26.48 

52.85 

79.33 

20.67 

28.12 

65.70 

93.82 

6.17 

2,899 

794 
1,768 

2,562 

336 
1,153 

304 
615 
919 
234 

1,745 

490 
1,153 

1,643 

102 
1 

2.17 

1.92 

0.86 

0.69 

1.31 

1.23 

27.39 

60.99 

88.38 

11.59 

26.37 

53.34 

79.71 

20.29 

28.08 

66.07 

94.15 

5.85 

1,109 

300 
608 
908 
201 
845 
225 
441 
666 
179 
264 
75 
167 
242 
22 
0 

0.89 

0.73 

0.68 

0.54 

0.21 

0.19 

27.05 
54.82 
81.87 
18.12 
0.68 

26.63 
52.19 
78.82 
21.18 

28.41 
63.26 
91.67 
8.33 

Unadjusted rate per 100 procedures. 

general anesthesia (n = 74, 0.06%), ASA score (n — 15, 
0.01%), wound classification (n = 9, 0.01%), and emergent 
procedure (n = 6, 0.01%). 

Univariate Analysis 

The x2 test was used to test for each individual variable's 
association with SSI. Dichotomous variables were described 
as counts and percentages and tested for significance. Ordinal 
variables' scores were collapsed into 1 group if the x2 test 
showed no significant difference between them. For categor­
ical variables, multiple categorizations were used; only the 
one most significantly associated with SSI risk was retained. 
For continuous variables, outliers were excluded; the re­
maining variables were divided into quartiles and compared 
by the x2 test. Continuous variables were coded as binary if 
a significant cut point was found. Univariate analysis variables 
with P < .25 were considered potential independent variables 
and designated as candidate variables for the logistic regres­
sion model. 

Multivariate Analysis 

Forward stepwise logistic regression analysis was used to de­
velop the model (the referent category was the one that con­
ferred the least risk of SSI). Variables were eligible for inclu­
sion at likelihood ratio test (LRT) P = .25 and removed at 
P = .05. For variables with multiple categorical, ordinal, or 
dichotomous cutoff values, the one with the smallest LRT P 
value was included. The Hosmer-Lemeshow test was applied 
to assess the model goodness-of-fit (good fit indicated by 
P> .05). To confirm the appropriateness of the final model, 
stepwise model selection was performed including all 11 var­

iables. Interaction terms were tested and included at LRT 
P = .05. The model was validated internally by 100-fold 
bootstrapping. The end point was CABG complex, sternal, 
admission or readmission detected SSIs. 

Model Comparison 

The predictive performances of the logistic regression models 
were assessed constructing receiver operating characteristic 
(ROC) curves and calculating the c-index for the separate 
logistic regression models. An ROC curve plots the sensitivity 
(Y-axis) versus 1 minus specificity (X-axis) over the range of 
scores for a given index. The area under the ROC curve is 
the c-index, a measure of predictive performance, and rep­
resents the proportion of instances in which a patient who 
acquires an SSI is assigned a higher probability of SSI than 
a patient who does not. The range from least to best predictive 
ability is 0.5 to l.O.13 Differences in c-index were tested using 
Hanley and McNeil's method.29 

RESULTS 

Demographics 

During the study period, 293 hospitals (mean number of 
beds, 379) reported 133,503 CABGs to the NHSN. Ninety-
one percent were performed in nonprofit hospitals (n = 
247, 84.30%) and 71% in medical school-affiliated hospitals 
(n = 185, 63.14%). 

The patients' mean age was 66 years (median, 66; inter­
quartile range, 58-74), and 71.44% were male. The majority 
of procedures were nonemergent (91.23%) and unrelated to 
trauma (99.35%). Nearly all patients had an ASA score of 3 

https://doi.org/10.1086/665313 Published online by Cambridge University Press

https://doi.org/10.1086/665313


4 6 6 I N J E C T I O N CONTROL AND HOSPITAL EPIDEMIOLOGY MAY 2 0 1 2 , VOL. 3 3 , NO. 5 

TABLE 3. Univariate Analysis: Candidate Variables for Coronary Artery Bypass Graft Sternal, Complex Surgical Site 
Infection Risk Model, National Healthcare Safety Network, 2006-2008 

Effect Variable type OR 95% CI 

Sex (female vs male) 
ASA score (1/2, 3, 4/5) 
Procedure duration 10" 
Medical school affiliation (yes vs no) 
Number of hospital beds (<200 or >500 vs 201-500) 
Wound classification (contaminated/dirty vs clean/clean contaminated) 
Emergent procedure (yes vs no) 
Age 10b 

General anesthesia (no vs yes) 
Trauma (no vs yes) 

Binary 
Ordinal 
Continuous 
Binary 
Categorical 
Categorical 
Binary 
Continuous 
Binary 
Binary 

1.71 
1.48 
1.03 
1.23 
1.19 
1.40 
1.06 
0.99 
1.07 
1.01 

1.55-1.89 
1.32-1.66 
1.02-1.03 
1.10-1.37 
1.08-1.32 
0.58-3.40 
0.90-1.26 
0.95-1.04 
0.68-1.68 
0.50-2.04 

<0001 
<0001 
<0001 
<0003 
<.0007 

.45 

.48 

.71 

.79 

.97 

NOTE. ASA, American Society of Anesthesiologists; CI, confidence interval; OR, odds ratio. 
8 For every additional 10-minute increase in procedure duration. 
b For every additional 10-year age increment. 

or greater (98.34%) and a wound classification of clean or 
clean contaminated (99.77%). The mean procedure duration 
was 253 minutes (median, 240 minutes; interquartile range, 
190-300; Table 1). 

SSIs 

There were 4,008 SSIs (unadjusted rate per 100 procedures, 
3.00). Seventy-two percent were sternal (rate, 2.17), and 60% 
of the sternal were complex (rate, 1.31), with 94% of them 
detected on admission/readmission (rate, 1.23). Of the su­
perficial sternal infections (n — 1,153; rate, 0.86), 80% were 
detected on admission/readmission (rate, 0.69; Table 2). 

New NHSN Risk Model 

Variables significantly associated with increased risk in the 
univariate analysis included procedure duration (odds ratio 
[OR], 1.03; P < .01), female gender (OR, 1.71; P < .01), num­
ber of hospital beds (OR, 1.19; P < .01), ASA score (OR, 1.48; 
P<.01), and medical school affiliation (OR, 1.23; P<.01; 
Table 3). 

Fifteen (0.01%) procedures with missing values were ex­
cluded from the multivariate analysis (n = 133,488 proce­
dures in the model). Only sternal, complex SSIs detected on 
admission or readmission (n = 1,643) were included. Risk 
factors identified as independent predictors included ASA 
score of 4 or 5 (OR, 1.47; P<.0001), procedure duration 
(OR, 1.03 for each additional 10 minutes; P< .0001), medical 
school affiliation (OR, 1.21; P — .0009), and an interaction 
term (age in 10-year increments and gender; P = .0044; OR, 
0.95 [male], 0.82 [female]; Table 4). 

Model Performance 

The new model's c-index showed significantly improved pre­
dictive performance (0.62) as compared with the risk index 
(0.56; P < .0001). Hosmer-Lemeshow goodness-of-fit statistic 
was 0.92 (Figure l).The 100-fold bootstrapping mean c-index 

was 0.62 (95% confidence interval, 0.61-0.64), indicating 
good internal validation. 

DISCUSSION 

We used logistic regression modeling to develop a new risk 
model predicting CABG complex, sternal, admission or read-
mission detected SSIs and compared its performance with 
that of the NHSN risk index model. The new model provides 
a risk-adjusted SSI metric consistent with public reporting 
requirements and improves on the risk index in several ways. 
It focuses on complex, sternal, admission or readmission de­
tected SSIs; incorporates additional factors already collected 
through NHSN; omits 1 factor determined not to be inde­
pendently associated with increased risk (wound classifica­
tion), and does not force equal weights on the factors, yielding 
a model with significantly improved predictive performance. 

Our data add to studies that have demonstrated the ability 
to improve on the NHSN risk index.23"25 There is significant 
variability in the types of procedures, length of the study 
period, number of hospitals, SSI detection method, and fol­
low-up, number, and type of candidate variables among these 
studies. Most comparable is the Society of Thoracic Surgeons 
(STS) model, with 1,860 "deep sternal wound infections" 
among 464,929 CABG procedures.23 Its higher predictive per­
formance may result from a longer study period, surveillance 
at more than twice the number of hospitals, and the incor­
poration of more variables, though not all variables contribute 
equally to predicting excess risk of SSI. Most NHSN users 
consider the routine collection of additional variables an ex­
cessive burden. However, incorporation of select variables to 
improve risk adjustment may be needed. 

The STS model's exclusion of SSIs detected on readmission 
may explain the lower unadjusted SSI rate reported (1,860/ 
464,929; rate, 0.4) as compared with the NHSN's (1,644/ 
133,488; rate, 1.23). In the NHSN, 66% of sternal complex 
SSIs were detected on readmission. If the STS's 1,860 SSIs 
represent the 28% that would have been reported during 

https://doi.org/10.1086/665313 Published online by Cambridge University Press

https://doi.org/10.1086/665313


CABG STERNAL COMPLEX SSI RISK MODEL 4 6 7 

TABLE 4. Multivariate Analysis: Final Variables for Coronary Artery Bypass Graft Sternal, Complex Surgical Site 
Infection Risk Model, National Healthcare Safety Network, 2006-2008 

Effect 

ASA score (1/2, 3, 4/5) 
Procedure duration 10a 

Medical school affiliation (yes vs no) 
Age 10" 

Male 
Female 

Variable type 

Ordinal 
Continuous 
Binary 
Interaction 

OR 

1.47 
1.03 
1.21 

0.95 
0.82 

95% CI 

1.31-1.65 
1.02-1.03 
1.08-1.36 

0.90-0.98 
0.79-0.86 

P 

<.0001 
<.0001 

.0009 

.0044 

C-index 

0.62 

Goodness-of-fit 

0.92 

NOTE. ASA, American Society of Anesthesiologists; CI, confidence interval; OR, odds ratio. 
' For every additional 10-minute increase in procedure duration. 
b For every additional 10-year age increment. 

admission, then there could have been 4,783 detected on 
readmission, or 6,643 total SSIs (unadjusted rate of 1.34, 
closer to the NHSN's 1.23). 

The new NHSN model will be used to risk adjust facility-
specific CABG SSI experiences. In as much as the model's 
sample is nationally representative, it is likely generalizable 
to other US facilities. It focuses solely on sternal SSIs, more 
readily identified and clinically important.17 Because CABG 
SSI rates vary by incision site,11'22 it has been suggested that 
for interhospital comparison, only sternal SSIs be reported, 
or if harvest site SSIs are reported, they be reported 
separately.30 

The model focuses on complex SSIs. Approximately 50% 
of SSIs are superficial. Their diagnosis has decreased sensi­
tivity as compared with the complex,31,32 and the majority are 
inconsistently diagnosed through postdischarge surveil­
lance.33 Surgeons,22 stakeholders in public health, and infec­
tion control committees are generally opposed to giving them 
the same weight as complex; therefore, it has been recom­
mended that public reporting include only complex SSIs.34 

The model is limited to SSIs detected on admission/re-
admission. To reduce potential bias introduced by variability 
in institutional methodology, minimize differences in SSI de­
tection practices, and improve the likelihood of obtaining 
comparable data, it has been recommended that public re­
porting focus on SSIs detected on admission/readmis-
s i o n 20,34,35 M o r e t h a n 90o/o o f C A B G c o m p i e x ssis were de­
tected on admission/readmission. The impact of focusing 
public reporting on these SSIs becomes apparent when com­
paring the unadjusted SSI rate for CABG at 3.0 (all SSIs, all 
detection methods) to CABG complex, sternal, admission or 
readmission detected SSIs at 1.23. 

This model will be used to calculate facility-specific stan­
dardized infection ratios (SIRs), comparing the number of 
observed to expected infections.36"38 An SIR of 1.07 means 
7% more infections were observed than expected (adjusted 
for patient case mix). 

While the model improves on the NHSN risk index for 
surveillance and benchmarking purposes, limitations still ex­
ist. First, it is limited to currently collected data elements. 
Second, it is not based solely on modifiable, patient-specific, 

preoperative risk factors that could identify high-risk patients 
a priori so that risk reduction interventions could be imple­
mented.11'39 Third, it does not account for potential increased 
risk of infection in a CABG with a valve replacement. Finally, 
validation with external databases would be ideal. 

A significant concern with focusing the new predictive risk 
model and public reporting on CABG complex, sternal, ad­
mission or readmission detected SSIs is that infection pre­
vention programs may assume that they do not need to mon­
itor harvest site incisions or superficial SSIs or perform 
postdischarge surveillance. Ninety-three percent of CABGs 
included a harvest site (n = 1,109 SSIs; rate, 0.89). Fifty-one 
percent of all SSIs were superficial; most were harvest site 
(76.11%), with both contributing to morbidity and increased 
cost. Postdischarge surveillance detected 11.59% of sternal 
and 18.12% of harvest SSIs. Because interfacility methodology 
and intensity of postdischarge surveillance varies, these SSIs 
are excluded from public reporting. Surveillance needs for 
internal infection control and quality improvements differ 
but are no less important than those for public reporting. 

Public reporting can assist facilities' move toward the elim­
ination of SSIs. Improved models will improve risk adjust­
ment and more accurately assess individual facility perfor-

FIGURE i. Partition for the Hosmer and Lemeshow test (goodness-
of-fit). 
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mance (eg, interfacility comparison of SIRs or an evaluation 
of the facility's performance over time). As surgical tech­
niques evolve and the prevalence of patient-level risk factors 
increases, the need to reevaluate these models will grow. Hos­
pitals and surgeons will insist that risk adjustment methods 
adequately account for modifiable and nonmodifiable risk 
factors. As public reporting of CABG SSIs becomes wide­
spread, it is imperative that risk adjustment both achieves 
credibility among surgeons and satisfies public reporting 
needs. 
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