
Surgical Site Infection and Analytic Morphometric Assessment
of Body Composition in Patients Undergoing Midline
Laparotomy

Jay S Lee, BS, Michael N Terjimanian, MS, Lindsay M Tishberg, Abbas Z Alawieh, Calista M
Harbaugh, BS, Kyle H Sheetz, BS, Sven A Holcombe, MS, Stewart C Wang, MD, PhD,
FACS, Christopher J Sonnenday, MD, MHS, and Michael J Englesbe, MD
Center for Analytic Morphomics and the Summer Student Research Program, Department of
Surgery, University of Michigan, Ann Arbor, MI

Abstract
Background—Obesity is a known risk factor for surgical site infection (SSI). Our hypothesis is
that morphometric measures of midline subcutaneous fat will be associated with increased risk of
SSI, and will predict SSI better than conventional measures of obesity.

Study Design—We identified 655 patients who underwent midline laparotomy (2006 - 2009)
using the Michigan Surgical Quality Collaborative database. Using novel, semi-automated
analytic morphometric techniques, the thickness of subcutaneous fat along the linea alba was
measured between T12 and L4. To adjust for variations in patient size, subcutaneous fat was
normalized to the distance between the vertebrae and anterior skin. Logistic regression analyses
were used to identify factors independently associated with the incidence of SSI.

Results—Overall, SSIs were observed in 12.5% (n = 82) of the population. Logistic regression
revealed that patients with increased subcutaneous fat had significantly greater odds of developing
a superficial incisional SSI (OR = 1.76 per 10% increase, 95% CI: 1.10 – 2.83, p = 0.019).
Smoking, steroid use, ASA classification, and incision-to-close operative time were also
significant independent risk factors for superficial incisional SSI. When comparing subcutaneous
fat and body mass index (BMI) as the only model variables, subcutaneous fat significantly
improved model predictions of superficial incisional SSI (AUC: 0.60, p = 0.023) while BMI did
not (AUC = 0.52, p = 0.73).

Conclusions—Abdominal subcutaneous fat is an independent predictor of superficial incisional
SSI following midline laparotomy. Novel morphometric measures may improve risk stratification
and help elucidate the pathophysiology of surgical complications.
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Introduction
A novel concept in preoperative risk stratification is analytic morphomics. This approach
involves using preoperative imaging to obtain morphometric measures such as core muscle
size, bone mineral density, arterial calcification, and body composition. These novel
techniques may help to objectively capture the subjective components of a surgeon's
preoperative assessment, referred to as the “eyeball test” by some clinicians. Similar to this
“eyeball test,” these metrics may potentially be used to assess a patient's ability to tolerate
major surgery. Moreover, such measures may significantly improve preoperative risk
stratification.1,2

One potential application of analytic morphomics involves the relationship between obesity
and surgical site infection. Obesity is a known risk factor for surgical site infection (SSI).3-5

Although body mass index (BMI) is typically used to define obesity, there is clearly wide
variation in how precisely it describes body composition.6-9 More specifically, although
BMI is useful as a clinical tool, it is a relatively non-specific assessment of body
composition that does not directly measure adiposity. In comparison, morphometric
measures of body composition can directly quantify the amount of subcutaneous fat at the
site of the surgical wound. Such targeted measures of body composition may improve
assessments for SSI risk compared to less specific metrics such as BMI. Within this context,
applying these morphometric measures of body composition to surgical patients may further
inform preoperative risk stratification and clinical decision-making.

In this report, we evaluate a novel morphometric measure of abdominal subcutaneous fat as
a predictor for SSI in patients undergoing midline laparotomy. Our hypothesis is that
increased subcutaneous fat will be a strong risk factor for superficial incisional SSI, and that
morphometric measures of subcutaneous fat will improve predictions of superficial
incisional SSI compared to BMI. To address this hypothesis, we describe the incidence of
SSI in 655 patients who underwent midline laparotomy at the University of Michigan. This
work represents a pilot study in our efforts to develop clinically relevant analytic
morphometric techniques. With further study, these measures may allow surgeons to use
cross-sectional images not only to assess pathology, but also to develop an overall clinical
impression of burden of disease and patient fitness for surgical intervention.

Methods
Study Population

This study included all patients in the Michigan Surgical Quality Collaborative (MSQC)
database who underwent elective midline laparotomy at the University of Michigan from
2006 – 2009 and had a suitable preoperative abdominal CT scan. Eligible preoperative scans
were completed within 90 days prior to the operation. Patients with midline ventral hernias
were excluded from analysis, as it was not possible to obtain accurate morphometric
measures for these patients. The MSQC database uses the data collection platform of the
American College of Surgeons National Surgical Quality Improvement Program (ACS
NSQIP) and is well described in our previous work.3,10-13 In brief, this database includes
information regarding patient demographics, preoperative comorbidities and laboratory
values, operative events, and clinical outcomes. Variables of particular interest for this study
included age, gender, race, height, weight, history of smoking, diabetes, steroid use, and
incision-to-close operative time. In the MSQC database, SSI is defined as any occurrence of
a superficial incisional, deep incisional, or organ space surgical site infection within 30 days
of operation (as defined by ACS NSQIP). 14-16 The primary outcome for all models was
superficial incisional SSI within 30 days post-operation.
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Analytic Morphomics
CT scans were processed using semi-automated algorithms programmed into MATLAB
v13.0 as described in our previous work. 1,2 These algorithms utilize novel, high-throughput
techniques we have named analytic morphomics. The initial processing step identified
individual vertebral levels on each patient's scan, as shown in Figure 1. These vertebral
levels served as anatomical landmarks for subsequent analysis. The next processing step
identified the linea alba and the anterior abdominal skin along the midline at each vertebral
level from T12 to L4. The average distance between the linea alba and the anterior skin
along T12 to L4 was labeled the subcutaneous fat distance, and the average distance
between the anterior aspect of the vertebra and the linea alba was labeled the visceral
anterior-to-posterior (AP) distance. The sum of the subcutaneous fat distance and visceral
AP distance was labeled the total AP distance. Figure 2 depicts these measurements. In
order to control for variations in patient size, the subcutaneous fat distance was normalized
as the percentage of the total AP distance. This metric was labeled the normalized
subcutaneous fat, and served as the primary exposure variable for this study.

Total psoas area was measured as described in our previous work.1,2 Briefly, the transverse
slice corresponding to the inferior aspect of L4 was selected, and the outlines of the psoas
muscles were traced. The enclosed area was then computed as the total psoas area.

Statistical Analysis
Descriptive statistics were computed for the study cohort. Continuous variables were
summarized by the mean and standard deviation, while categorical variables were
summarized with frequency tables. Continuous variables were compared using a t-test, while
chi-square and Fisher's exact tests were used to compare categorical and dichotomous
variable, respectively.

Univariate analysis was used to identify potential morphometric measures of interest. Five
morphometric measures were evaluated in this initial analysis: visceral AP distance,
subcutaneous fat distance, total AP distance, normalized subcutaneous fat, and total psoas
area. Three SSI outcomes were also evaluated: any SSI, superficial incisional SSI, and
combined deep incisional or organ space SSI. Organ space and deep incisional SSI were
combined as a single end point due to the limited number of events for each outcome.

Based on this initial univariate analysis, normalized subcutaneous fat and superficial
incisional SSI were chosen as the primary variables of interest. Additional candidate
predictors were chosen from risk factors identified by previous investigators.17 These
included preoperative demographic and medical risk factors, operative variables, procedure
type (colectomy versus all other procedures), and wound classification. Initially, univariate
analysis was used to compare these candidate variables for patients with and without
superficial incisional SSI. Multivariable logistic regression was then used to identify factors
independently associated with the incidence of superficial incisional SSI. All candidate
predictors were entered into the logistic regression analysis, and stepwise backward
selection was used to select a subset of adjustment covariates. An interaction term for
normalized subcutaneous fat and gender was also entered into the selection to account for
the observed differences in normalized subcutaneous fat with respect to gender.

Model validity and comparisons were assessed using the Omnibus tests of model
coefficients, and the area under the receiver operating curves (AUC). The Omnibus tests
provide an absolute measure of model validity by testing the predictive ability of all
covariates in the model compared to a constant-only model. Differences in AUC were
evaluated using the method described by Hanley and McNeil.18 All statistical computations
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were performed in SPSS v17.0. A two-sided significance level of α = 0.05 was used for all
analyses.

This study was approved by the University of Michigan Institutional Review Board.

Results
2,355 patients underwent a midline laparotomy during the study period. Of these, 655 had an
eligible preoperative CT scan, and this subset of patients served as our study group.
Descriptive statistics for the study sample are summarized in Table 1. Overall, SSIs were
observed in 12.5% (n = 82) of the sample. The incidence of superficial incisional SSI, deep
incisional SSI, and organ space SSI was 7.6% (n = 50), 0.6% (n = 4), and 5.3% (n = 35),
respectively. Seven patients experienced two SSIs. The overall incidence of any SSI was
greater in women (n = 44) than in men (n = 38), although the difference was not significant
(14.4% versus 10.9%; p = 0.19). The average normalized subcutaneous fat for all patients
was 13.9 ± 6.1 %. Female patients had significantly greater normalized subcutaneous fat
compared to males (16.7% versus 11.4%, p < .001). The distribution of normalized
subcutaneous fat for males and females is shown in Figure 3.

Results from the initial univariate analysis of morphometric measures and SSI outcomes are
shown in Table 2. Patients with superficial incisional SSI had significantly higher
subcutaneous fat distance compared to those without superficial incisional SSI (22.8 versus
20.0 mm, p = 0.049). The significance of this difference was strengthened by normalizing
this measure to the total AP distance to adjust for variations in overall abdomen size (15.8%
versus 13.7%, p = 0.020). This metric was labeled the normalized subcutaneous fat. Of note,
normalized subcutaneous fat and subcutaneous fat distance were not significantly increased
in patients with organ space or deep incisional SSI (p = 0.66 and 0.58, respectively). In
addition, patients with superficial incisional SSI did not have significantly different visceral
AP distance, total AP distance, or total psoas area when compared to those with no
superficial incisional SSI. We also note that visceral AP distance and total AP distance were
not significantly increased in patients with any of the three SSI outcomes evaluated in this
study (any SSI, superficial incisional SSI, and deep incisonal/organ space SSI). Based on
this analysis, we selected normalized subcutaneous fat and superficial incisional SSI as the
primary variables of interest.

Univariate relationships between candidate predictors and the occurrence of superficial
incisional SSI are reported in Table 3. Compared to patients with no superficial incisional
SSI, patients with superficial incisional SSI had significantly higher normalized
subcutaneous fat and operative times, and were significantly more likely to have smoked in
the past year. Significant differences in wound classification were also observed. Steroid
use, gender, and ASA class were not significant in the univariate analysis.

Table 4 compares the different logistic regression models performed for this analysis. When
comparing normalized subcutaneous fat (Model 1) and BMI (Model 2) as the only model
variables, the Omnibus tests of model coefficients indicated that normalized subcutaneous
fat significantly improved model predictions of superficial incisional SSI (AUC: 0.60, p =
0.023) while BMI did not (AUC: 0.52, p = 0.73). For Model 3, all candidate predictors listed
in Table 3 were entered into the logistic regression analysis, and a subset of covariates was
selected using stepwise backward selection. Using this approach, it was determined that the
only significant covariates in the model were normalized subcutaneous fat, smoking in the
year prior to operation, incision-to-close operative time (hrs), steroid use, and ASA class
(dichotomized as ASA class 1 – 2 versus 3 – 5). This model was statistically significant (p <
0.001; AUC = 0.69), and provided slightly improved predictions compared to replacing
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normalized subcutaneous fat with BMI (Model 4: p = 0.002, AUC = 0.68). The difference in
AUC between Models 3 and 4, however, was not significant (p = 0.41).

Estimated parameters from the logistic regression model obtained using backward selection
(Model 3) are shown in Table 5. This model indicated that patients with increased
normalized subcutaneous fat had significantly greater odds of developing superficial
incisional SSI (OR = 1.76 per 10% increase, 95% CI: 1.10 – 2.83, p = 0.019). Patients who
smoked in the past year were also at increased risk compared to non-smokers (OR = 2.83,
95% CI: 1.45 – 5.53, p = 0.002). Risk of superficial incisional SSI was also significantly
higher for steroid use (OR = 2.65, 95% CI: 1.08 – 6.54, p = 0.034) and increased incision-to-
close operative time (OR = 1.20 per hour increase, 95% CI: 1.06 – 1.36, p = 0.003).
Interestingly, patients in ASA Class 3 – 5 were at lower risk compared to those in ASA 1 – 2
(OR = 0.53, 95% CI:0.29 – 0.98, p = 0.043).

Figure 4 compares BMI and normalized subcutaneous fat as risk factors for superficial
incisional SSI. Patients were stratified into quartiles of normalized subcutaneous fat and
BMI. Models 3 and 4 were then used to calculate the covariate-adjusted rate of superficial
incisional SSI. As shown in Figure 4, the covariate-adjusted rate of superficial incisional SSI
increases with normalized subcutaneous fat. Furthermore, patients in the largest quartile of
normalized subcutaneous fat had more than twice the risk of superficial incisional SSI
compared to those in the smallest quartile (10.6% versus 4.8%, p < 0.05). In contrast,
although a similar trend is observed for BMI, patients in the largest quartile of BMI had only
a slightly increased risk superficial incisional SSI compared to patients in the smallest
quartile (7.0% versus 5.7%, p>0.05).

Discussion
The validation of sensitive and clinically relevant morphometric measures of preoperative
risk may further inform both clinical decision-making and our understanding of the
pathophysiology of surgical disease. With this work, we introduce analytic morphomics as a
novel concept that can be applied to better characterize body composition. Specifically, we
have evaluated an objective measure of subcutaneous fat at the surgical site as a risk factor
for SSI, and compared it to BMI (a known risk factor for SSI).3,4 We note that an objective
measure of subcutaneous fat at the site of the surgical incision significantly informs clinical
risk models, and outperforms BMI as a clinical risk factor. These data suggest that analytic
morphomics may provide a powerful new approach for preoperative risk assessment.

It is intuitive that the amount of subcutaneous fat at the site of the surgical incision would
associate with risk of an infection. In addition, other groups have reported that alternative
measures of body composition provide improved assessment of SSI risk compared to
BMI.5,19 Potentially, a surgeon may be able to appreciate the amount of subcutaneous fat on
a preoperative CT scan, and this could inform intraoperative clinical decision-making and
informed consent. For example, if the surgeon knows preoperatively that the procedure
involves a high-risk wound, he or she may consider surgical techniques to minimize the risk
of major wound complications, such as placing closed suction drains in the subcutaneous
space. For higher risk cases, delayed primary closure or leaving a wound open may be
appropriate.

Aside from the clinical relevance of this measure, the true power of analytic morphomics in
this setting is that it may provide new insight into the pathophysiology of surgical site
infection. This work is the first to note that the amount of visceral fat is not associated with
increased risk of SSI. Furthermore, although previous work has explored the relationship
between subcutaneous fat and SSI risk in patients undergoing elective colorectal surgery,5,19
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this study is the first to utilize a measure targeted specifically at the wound site in the
context of a wide range of procedures. It is also the first to focus on the potentially unique
relationship between subcutaneous fat and superficial incisional SSI. There are several
proposed mechanisms that could explain why increased fat at the site of the surgical incision
may increase risk of surgical site infection. These include increased technical difficulty,
increased tissue trauma, increased tension on the wound, decreased circulation and
oxygenation at the local wound site, and local immunosuppression related to large
populations of adipocytes.20-22

The findings of this study have several key differences compared to risk factors identified by
previous investigators.17 Specifically, wound classification was not a significant risk factor
for SSI, while patients with ASA class 1 – 2 were at increased risk compared to those with
ASA class 3 – 5. These differences are likely due to the small number of events in the study
(n = 50). This limited our analysis of variables with multiple categories due to the small
number of events in each category (50% of the events occurred within ASA class 2 while
84% of the events were in the clean/contaminated wound classification). Although ASA
class and wound classification were dichotomized in the multivariable analysis to ensure an
even distribution of patients in each group, this inevitably limited our ability to evaluate
these variables as potential risk factors. Future work will require a larger study with more
events to compare subcutaneous fat to ASA class and wound classification as risk factors for
SSI. We note that despite differences with respect to ASA class and wound classification,
the remaining risk factors identified in this study (steroid use, smoking, and operative time)
agree with those identified by previous studies.17,23

This study has several important limitations. First, it is a retrospective study at a single
center with a relatively small cohort of patients. Future studies should include a larger
sample size and multiple institutions. Second, there is potential selection bias for patient
inclusion in the study group, considering the fact that having a preoperative CT scan was
among the inclusion criteria for the study group. However, this is likely of less importance
when considering that the overall goal of this report was to introduce the concept of a
morphometric measure of body composition and that all patients included in the analysis
were exposed to this bias (having a preoperative CT scan). Nonetheless, future work
focusing on body composition and surgical risk will require prospective data accumulation
to prevent such selection bias. Furthermore, relying on CT scans for our analysis has several
inherent limitations. Considering the risks of CT imaging, it is unlikely that patients will
undergo these studies simply for morphometric analysis. Within this context, we are
developing novel techniques using ultrasound imaging to capture the same objective
anatomic information. Such methods will also be more conducive to prospective study.

Another limitation of this study is that we only describe a small number of measures for
body composition. The analytic morphomic techniques that we utilized may potentially
yield hundreds of novel clinical variables, and we have chosen to focus on a relatively small
number based on our clinical intuition. More advanced analysis will be needed to better
understand the complex physiologic and anatomic relationships between patient
morphometry and surgical disease. Furthermore, this work compares measures of
subcutaneous fat to a single measure of body composition, BMI. Recent work has suggested
that body fat percentage provides improved risk stratification for SSI compared to BMI.5,19

Although measurements of body fat percentage were not available for our study, future work
will need to compare body fat percentage and measures of subcutaneous fat as predictors of
SSI risk. In addition, we have chosen to limit our study to procedures involving midline
laparotomy. To provide further insight into the relationship between subcutaneous fat and
surgical site infection, future studies will need to assess this relationship in other procedures,
such as total knee replacement.
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Our study was also limited due to a lack of data on important process measures associated
with reducing the incidence of surgical site infection, such as timing of intravenous
antibiotics. Such measures may certainly impact SSI rates, and future studies will need to
account for these potential confounders. In addition, as explained earlier, we note that our
analysis of variables with multiple categories – such as ASA class and wound classification
– was limited by the small number of events in the study (n = 50). For example, half of the
events (n = 25) occurred within a single ASA class (ASA 2). This uneven distribution may
explain why patients with ASA 3 – 5 had a lower risk of superficial incisional SSI compared
to those with ASA 1 – 2 even though no trend was observed in the univariate analysis.
Future work will require a larger study with more events to compare subcutaneous fat to
ASA class and wound classification as potential risk factors. Finally, we note that
subcutaneous fat may not significantly improve specificity or sensitivity for predictions of
SSI risk, as adding normalized subcutaneous fat to the model only modestly improved the
AUC compared to BMI. Nevertheless, the odds ratio associated with normalized
subcutaneous fat indicates that this metric may help identify patients at higher risk for SSI.
We note that this work is a pilot study intended to introduce a new technique that may yield
novel predictors and perspectives of operative risk. To determine if these measures add
predictive value to established models for SSI risk, future work will need to evaluate these
metrics more rigorously in the context of a larger prospective study with more events.

As we continue to investigate analytic morphomics, we hope to further inform clinical risk
assessment and elucidate the pathophysiology of surgical disease. More specifically,
radiologists and surgeons typically focus on pathology when reviewing cross-sectional
images for operative planning. This approach to cross-sectional imaging, however, may be
too narrow. Cross-sectional images contain vast amounts of additional patient-specific data
that are never assessed or appreciated by clinicians. A potential new paradigm is utilizing
cross-sectional images not only for the assessment of the specific disease process, but for a
more global assessment of the patient. Our initial work assessing core muscle size and
surgical outcomes suggests these methods may significantly inform assessments of operative
risk.1,2

In summary, with this work we have demonstrated that the relative amount of subcutaneous
fat at the site of the incision is a significant independent risk factor for superficial incisional
SSI in patients undergoing midline laparotomy. Further, this metric is more strongly
associated with superficial incisional SSI when compared to the conventional measure of
body composition, BMI. Steroid use, smoking, and incision-to-close operative time were
also identified as independent risk factors for SSI, which agrees with previous work utilizing
ACS NSQIP data.13 Surgeons may consider directly evaluating the amount of subcutaneous
fat on preoperative imaging studies as they assess patient risk. In addition, this work
represents our efforts to develop improved measures of preoperative risk by applying the
novel approach of analytic morphomics. Additional work in this field may offer significant
opportunities to improve the care of surgical patients and to better understand the
pathophysiology of surgical disease.
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Figure 1.
Vertebral levels were identified on each patient's CT scan. These levels served as anatomic
landmarks that allowed for consistent measurement of body composition along the T12 – L4
levels.
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Figure 2.
Body composition measurements were obtained using cross sectional images. The
subcutaneous fat distance is measured between the anterior skin at the midline and the line
alba, while the visceral anterior-to-posterior distance is measured between the linea alba and
the spine. These two distances were summed to calculate the total anterior-to-posterior
distance.
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Figure 3.
The distribution of normalized subcutaneous fat in men and women. Women in the study
had a significantly greater normalized subcutaneous fat compared to men (16.7% versus
11.4%, p < 0.001). Blue bar, men; red bar, women. AP, anterior-to-posterior.
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Figure 4.
Covariate-adjusted incidence of superficial incisional surgical site infection (SSI) with
patients stratified into quartiles of normalized subcutaneous fat and BMI. SSI rate was
adjusted for gender, steroid use, smoking, operative time, and BMI or normalized
subcutaneous fat using the Models 3 and 4 in Table 4. The covariate-adjusted rate of
superficial incisional SSI increased with normalized subcutaneous fat. Furthermore, patients
in the largest quartile of normalized subcutaneous fat had more than twice the risk of
superficial incisional SSI compared to those in the smallest quartile (10.6% versus 4.8%, p <
0.05). In contrast, although a similar trend is observed for BMI, patients in the largest
quartile of BMI had only a slightly increased risk of superficial incisional SSI compared to
patients in the smallest quartile (7.0% versus 5.7%, p > 0.05). Blue bar, body mass index;
red bar, normalized subcutaneous fat.
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Table 1

Patient Characteristics (n = 655)

Characteristic

Age at treatment, y, mean ± SD 59.2 ± 15.5

Height, in, mean ± SD 169.3 ± 11.1

Weight, kg, mean ± SD 79.4 ± 21.0

Body Mass Index, kg/m2, mean ± SD 27.6 ± 6.6

Normalized subcutaneous fat, %, mean ± SD 13.9 ± 6.1

Race, n (%)

        White 550 (84.0)

        African-American 55 (8.4)

        Other 16 (2.4)

        Not specified 34 (5.2)

Sex, n (%)

        Male 349 (53.3)

        Female 306 (46.7)

Smoker, n (%) 103 (15.7)

Steroid use, n (%) 57 (8.7)

Most common procedures, n (%)

        Proximal subtotal pancreatectomy (Whipple-type procedure) 43 (6.6)

        Partial colectomy with ileocolostomy 38 (5.8)

        Enterectomy (single resection and anastomosis) 37 (5.6)

        Partial colectomy with anastomosis 34 (5.2)

        Hepatectomy (partial lobectomy) 25 (3.8)

Events, n (%)

          All surgical site infections 82 (12.5)

          Superficial Incisional SSI 50 (7.6)

          Deep Incisional SSI 4 (0.6)

          Organ space SSI 35 (5.3)

SSI, surgical site infection.
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Table 3

Univariate Analysis of Candidate Predictors for Superficial Incisional Surgical Site Infections

Variable No Superficial Incisional SSI (n = 605) Superficial Incisional SSI (n = 50) p Value

Normalized subcutaneous fat, mean ± SD 13.7 ± 6.0 15.8 ± 6.4 0.020

BMI, kg/m2, mean ± SD 27.6 ± 6.7 27.9 ± 5.9 0.73

Total psoas area, mm2, mean ± SD 2064.0 ± 791.4 1964.4 ± 823.2 0.39

Age, y, mean ± SD 59.3 ± 15.4 58.5 ± 16.5 0.73

Women, n (%) 278 (46.0) 28 (56.0) 0.19

Diabetes, n (%) 108 (17.9) 11 (22.0) 0.45

Dyspnea, n (%) 69 (11.4) 6 (12.0) 0.82

Steroid use, n (%) 50 (8.3) 7 (14.0) 0.19

Alcoholism, n (%) 8 (1.3) 0 (0.0) >0.99

Smoker, n (%) 88 (14.5) 15 (30.0) 0.008

Radiotherapy within past 90 d, n (%) 22 (3.6) 3 (6.0) 0.43

ASA class, n (%) 0.11

    I 11 (18) 0 (0.0)

    II 194 (32.1) 25 (50.0)

    III 315 (52.1) 21 (42.0)

    IV 80 (13.2) 4 (8.0)

    V 5 (0.83) 0 (0.0)

Procedure type, n (%) 0.39

    Colectomy 145 (24.0) 15 (30.0)

    All other procedures 460 (76.0) 35 (70.0)

Wound classification, n (%) 0.009

    Clean 116 (19.3) 2 (4.0)

    Clean/contaminated 367 (61.0) 42 (84.0)

    Contaminated 67 (11.1) 4 (8.0)

    Dirty/infected 52 (8.6) 2 (4.0)

Operative time, hrs, mean ± SD 3.7 ± 2.3 4.5 ± 2.0 0.014

Work RVU, mean ± SD 28.5 ± 12.4 30.1 ± 12.1 0.38
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Table 4

Comparative Summary of Logistic Regression Models for Incidence of Superficial Incisional Surgical Site
Infection

Model Variables Omnibus tests of model
coefficients* (p value)

AUC

1 Normalized Subcutaneous Fat (per 10% increase) 0.023 0.60 ± 0.044

2 BMI 0.73 0.52 ± 0.039

3 ASA, smoking, steroid use, incision-to-close operative time (h), normalized
subcutaneous fat

< 0.001 0.69 ± 0.036

4 ASA, smoking, steroid use, incision-to-close operative time (h), BMI 0.002 0.68 ± 0.041

*
The Omnibus tests of model coefficients provide an absolute measure of model validity by testing the predictive ability of all covariates in the

model compared to a constant-only model
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Table 5

Model Covariates for Incidence of Superficial Incisional Surgical Site Infection

Model Variable Odds Ratio 95% CI p Value

Normalized subcutaneous fat (per 10% increase) 1.76 1.10 – 2.83 0.019

ASA Classification 3 – 5 (reference: ASA 1 – 2) 0.53 0.29 – 0.98 0.043

Steroid use 2.65 1.08 – 6.54 0.034

Smoking 2.83 1.45 – 5.53 0.002

Incision-to-close operative time, h 1.20 1.06 – 1.36 0.003
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