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Abstract

Background—Anastomotic leak (AL) is a major source of morbidity in colorectal surgery and 

has become an area of interest in performance metrics. It is unclear whether AL is associated 

primarily with surgeons’ technical performance or explained better by patient characteristics and 

institutional factors. We sought to establish if AL could serve as a valid quality metric in colorectal 

surgery by evaluating provider variation after adjusting for patient factors.

Methods—We performed a retrospective cohort study of colorectal resection patients in the 

Michigan Surgical Quality Collaborative. Clinically relevant patient and operative factors were 

tested for association with AL. Hierarchical logistic regression was used to derive risk-adjusted 

rates of AL.

Results—Of 9,192 colorectal resections, 244 (2.7%) had a documented AL. The incidence of AL 

was 3.0% for patients with pelvic anastomoses and 2.5% for those with intra-abdominal 

anastomoses. Multivariable analysis showed that a greater operative duration, male sex, body mass 

index > 30 kg/m2, tobacco use, chronic immunosuppressive medications, thrombocytosis (platelet 

count > 400×109/L), and urgent/emergent surgery were independently associated with AL (C-

statistic = 0.75). After accounting for patient and procedural risk factors, there were five hospitals 

with a significantly greater incidence of postoperative AL.

Conclusions—This population-based study shows that risk factors for AL include male sex, 

obesity, tobacco use, immunosuppression, thrombocytosis, greater operative duration, and urgent/

emergent surgery; models including these factors predict most of the variation in AL rates. This 
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study suggests that AL can serve as a valid metric that can identify opportunities for quality 

improvement.

Introduction

Anastomotic leak (AL) is a major source of morbidity and mortality after colorectal 

resection, occurring in 2–19% of patients.1–6 Prolonged duration of hospital stay, poor 

oncologic outcomes, and increased mortality have all been associated with AL.7, 8 In 

recognition of the considerable impact of AL on patients undergoing colorectal resection, it 

has been identified as “the most important quality indicator”9 after colorectal operations.

Nevertheless, it is unclear whether AL represents an unavoidable outcome determined by 

patient factors or a modifiable outcome influenced by providers. There are essentially no 

data providing risk-adjusted comparisons between providers on this important outcome, due 

in part to a lack of consensus on risk factors for AL. Many single-center and small 

multicenter studies have been performed to attempt to identify risk factors but there have 

been varying results.10–13 Until more generalizable studies are available which enumerate 

the most important risk-factors,8 performing risk-adjusted comparisons between providers is 

not possible.14 In addition, many studies utilize administrative data which rely on surrogates 

that may not capture ALs effectively.15 The demonstration of variation in risk-adjusted rates 

of clinically defined AL between providers would be an important finding, indicating the 

potential for performance improvement.16

In this context, we conducted a population-based, retrospective cohort study of risk factors 

for AL using data from a validated clinical registry with 30-day follow-up. We then used a 

model developed from statistically-significant risk factors to determine whether there was 

hospital variation in adjusted AL rates. We hypothesized that substantial hospital variation 

would exist, as with other postoperative complications of surgery.17, 18

Materials and Methods

Study Population and Setting

This study analyzes data from the Michigan Surgical Quality Collaborative (MSQC), a 

statewide organization of community and academic hospitals with a validated surgical 

registry focused on quality assessment and improvement in general and vascular 

surgery.19, 20 The MSQC is a provider-led, quality improvement organization funded by 

Blue Cross and Blue Shield of Michigan. Participating hospitals vary in size and teaching 

status, with a predominance of community hospitals. At every hospital, trained, dedicated 

nurse abstractors collect patient characteristics, perioperative and intraoperative processes of 

care, and 30-day postoperative outcomes for general and vascular operations. Routine 

validation of the data collection is performed with regular training sessions, conference calls, 

and internal data audits.

All patients > 18 years of age who underwent colon or rectal resection with anastomosis 

between July 2012 and June 2015 were included in the study. These procedures were 

identified and classified according to Current Procedural Terminology (CPT) codes, 
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including the following: (1) Colorectal resections with pelvic anastomoses21–24 (44145, 

44146, 44157, 44158, 44207, 44208, 44210, 44211, 45111, 45112, 45113, 45114, 45119, 

45135, 45397) and (2) colorectal resections with abdominal anastomoses (44140, 44147, 

44160, 44204, 44205, 45402, 45550). (Supplement Table 1) The primary analysis included 

all patients; however, a sensitivity analysis was performed from which patients who likely 

had a proximal diversion were excluded. For the sensitivity analysis, “operations with 

proximal diversion” were defined as those with the following CPT codes: 44146, 44157, 

44208, 44210, 44211, 45113, 45119, 45397. (Supplemental Table 1-online only)

Outcomes

The primary outcome was anastomotic leak within 30 days. This was abstracted as a 

categorical variable, with categories similar to the International Study Group of Rectal 

Cancer, which grades AL based on the impact on clinical management.25 Major leaks 

included those resulting in reoperations with new anastomosis, reoperations with proximal 

diversion, or reoperation with formation of an end stoma. Minor leaks included anastomoses 

requiring only antibiotics or percutaneous drainage. Secondary outcomes included length of 

stay, superficial, deep, and organ/space surgical site infection (SSI), postoperative sepsis; 

readmission, reoperation, renal insufficiency, and death.

Covariates

Demographic characteristics, comorbidities, and procedural characteristics were tested for 

associations with AL. Demographic characteristics included age, sex, race (white, non-

white), and insurance type (Medicaid, Medicare, private, uninsured, other). Measures of 

functional status included the American Society of Anesthesiologists (ASA) physical status 

classification scores, dyspnea on exertion or at rest, and functional status (independent, 

partially dependent, dependent). Comorbidities included body mass index (BMI) > 30 

kg/m2, coronary artery disease (CAD), congestive heart failure, hypertension, peripheral 

vascular disease, current tobacco use, chronic obstructive pulmonary disease (COPD), renal 

dialysis dependence, bleeding disorders, preoperative transfusion requirements, history of 

deep venous thrombosis, diabetes, use of immunosuppressive medications (defined in 

MSQC as: “steroids/immunosuppressive drugs for chronic conditions”), and platelet count. 

Operative indications were categorized as colorectal cancer, other neoplasms, diverticulitis, 

inflammatory bowel disease (IBD), bowel obstruction or volvulus, vascular insufficiency, 

and other. Operative factors analyzed include urgent/emergent case priority, operative 

duration (hours), open vs. laparoscopic approach, the formation of a proximal intestinal 

diversion, and wound classification (clean, clean/contaminated, contaminated, dirty/

infected).

Statistical Analysis

Continuous variables were assessed for association with AL using Student’s t-test if 

normally distributed or Wilcoxon Rank-Sum nonparametric tests if non-normally 

distributed. Categorical variables were tested using Chi-Square or Fisher’s Exact Test in the 

case of small cell sizes. Clinically relevant and statistically significant variables from 

bivariate analyses were considered for inclusion in multivariable, hierarchical logistic 

regression models. Stepwise logistic regression was performed for initial variable selection 
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(significance level of p < 0.05); however, several particularly important variables were 

“forced into” final models to adjust for clinically relevant risk factors (e.g. abdominal vs. 

pelvic anastomosis). Collinearity was measured amongst candidate variables in the final 

model using Spearman’s or Pearson’s correlation matrices, and variables assessed to be 

collinear with other variables in the model were excluded. A final hierarchical model was 

established with case-mix as fixed effects and hospital as random effects to account for 

clustering of patients within hospitals. This approach of reliability adjustment resulted in 

shrinkage of hospitals’ adjusted rates toward the overall adjusted MSQC AL rate and 

accounted for low hospital-specific case volume of colectomies. Model fit was assessed 

using quartile and decile analyses of observed and predicted leak rates, measures of 

concordance (C-statistic), and evaluation of Pearson’s Chi-Square residuals to identify any 

over-dispersion. Validation of the model was done by selecting randomly a 50% subset of 

the original cohort and fitting a hierarchical logistic regression using the same covariates; the 

results were similar to the primary analysis that modeled all cases analyzed, other than the 

expected loss of power due to the smaller sample size. For the validation exercise, the C-

statistic was 0.75. The Type III overall fixed effects for the validation analysis indicating 

significant association with AL are supplied in Supplement Table 2 (online only).

Final models were used to calculate case-mix-adjusted rates of AL, and hospitals were 

ranked by their adjusted rates of AL with 95% confidence intervals. Hospitals with fewer 

than 20 colectomies were excluded from hospital comparisons due to small sample size; 

therefore, 59 of the 64 hospitals within the collaborative were compared on their adjusted 

leak rates. The 5 excluded hospitals reported a total of 41 cases, in which 2 ALs were 

identified (4.9%). Statistical outliers included hospitals whose 95% confidence interval for 

their hospital-specific adjusted AL rate did not cross the overall adjusted AL rate.

All statistical analyses were performed using SAS Version 9.4 (SAS Institute, Cary, NC). 

This study was reviewed and deemed “not regulated” by the University of Michigan 

Institutional Review Board. Data are presented as means±SD or median (interquartile range) 

as appropriate.

Results

Study Population

We studied 9,192 patients who underwent colorectal resection with anastomosis at 64 

Michigan hospitals. The mean number of cases per hospital was 144±94. There were 244 

(2.7%) ALs identified. Among the 82 minor leaks (34%), there were 42 (17%) managed 

with antibiotics alone and 40 (16%) who underwent percutaneous drainage. The 162 (66%) 

major leaks managed with reoperation included 46 exploration and re-anastomosis (18.9%), 

33 exploration with creation of a defunctioning stoma (13.5%), and 83 exploration with 

creation of an end stoma (34.0%).

Clinical and demographic characteristics of patients with and without AL are compared in 

Table 1. Overall, patients who developed AL were significantly older, more likely to be of 

male sex, have poorer functional status (partially or totally dependent), higher ASA 
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classification scores, and greater rates of certain comorbid conditions (COPD, preoperative 

tobacco use, obesity, use of immunosuppressive medications).

Operative factors associated with AL included urgent/emergent case designations, increased 

operative times, and class 3 or 4 wound classifications. Colorectal cancer and diverticulitis 

represented the most common indications for operation. Patients with pelvic anastomoses (n 

= 2302) developed leak in 3.0% (n = 70) of cases compared to 2.5% (n = 174) of patients 

who had intra-abdominal anastomoses (n = 6714, p = 0.18). As expected, patients diagnosed 

with AL had significantly greater durations of hospitalizations, increased reoperation rates, 

increased readmission rates, renal insufficiency, and greater mortality rates (Table 2).

Analysis of Independent Risk Factors

Multivariable analysis was performed to identify independent risk factors for AL. (Table 3) 

Seven independent risk factors for AL were identified: male sex (aOR 1.97; 95% CI 1.50–

2.58), BMI > 30 kg/m2 (aOR 1.71; 95% CI 1.31–2.24), preoperative immunosuppressive 

medication use (aOR 2.62; 95% CI 1.76–3.89), surgical duration (aOR 1.16; 95% CI 1.06–

1.26), indication as urgent or emergent operation (aOR 1.66; 95% CI 1.23–2.23), tobacco 

use history (aOR 1.59; 95% CI 1.20–2.10), and platelet count (aOR 1.18; 95% CI 1.18–

2.69). While pelvic versus abdominal surgery and laparoscopic versus open surgery were 

kept in the model for face validity, neither factor was statistically significant after adjusting 

for the factors above. The model predicted most of the variation in rates of AL (C-statistic = 

0.75). (Tables 3)

Hospital Variation in Anastomotic Leak

Plots of hospital adjusted leak rates including 95% CIs were generated to identify hospitals 

for which the performance was significantly different from the overall adjusted MSQC AL 

rate (Figure 1). There were 5 high-outlier hospitals in the primary analysis which reported 

between 41 and 224 cases during the study period. For the outlier hospitals, point estimates 

of adjusted AL rates ranged from 5.5% to 9.0%, while for other hospitals adjusted rates 

ranged from 1.4% to 4.3%.

Sensitivity Analysis Excluding Proximal Diversion

A sensitivity analysis was performed from which patients who likely had a proximal 

diversion were excluded. When multivariable analysis was performed to identify 

independent risk factors for AL, results were the same with adjusted AL rates similar to the 

primary analysis (Proximal diversion included: 2.65%, 95% exact binomial CI: 2.34–3.00%; 

Proximal diversion excluded: 2.65%, 95% exact binomial CI: 2.33–3.01%). (Table 3) Again, 

we plotted hospital adjusted AL rates with confidence intervals and compared them to the 

overall MSQC rate. (Figure 1). Four high-outlier hospitals were identified, all of which were 

also outliers in the first model. No low-outlier hospitals with statistically lesser adjusted AL 

rates were identified.
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Discussion

In this population-based study, we found a significant variation in hospital risk-adjusted rates 

of AL after colorectal resection. In addition, we identified independent risk factors for AL 

that will be important in performing valid, risk-adjusted comparisons of hospital AL rates. 

Following a modified Delphi methodology, the American Society of Colon and Rectal 

Surgeons generated recently a consensus of outcome measures, which identified AL as the 

“most important” quality indicator after colectomy.9 If AL is to be used as a quality metric 

for colorectal resections, data such as these are important for valid benchmarking of 

providers. A better understanding of risk factors for AL may also be valuable in the clinical 

setting. While factors such as sex of the patient, preoperative platelet count, and surgical 

priority are not modifiable, our study identifies several potentially modifiable factors, 

including pre-operative tobacco use, obesity, and immunosuppressive drugs.

This study also highlights the extreme morbidity associated with anastomotic leak. The 

majority of patients diagnosed with AL underwent reoperative interventions—which we 

classified as “major leaks”. Downstream complications and resource utilization were also 

increased with an AL, with high rates of readmission, reoperation, and prolonged duration of 

hospital stay.26 Our reoperation rate for AL of 67.8% is consistent with currently published 

data.27 In addition, we are encouraged by the low failure to rescue rate of 8.4%, which 

compares well with a recent study performed by Tevis et al28 and is less than historic studies 

which have cited rates between 12.0–18.6%.12

Midura and colleagues published recently a study evaluating risk factors and consequences 

of AL in a cohort of patients from the American College of Surgeons’ National Surgical 

Quality Improvement Program (ACS-NSQIP) colectomy procedure-targeted database.8 Our 

study expands on this prior work by adding to the analysis a broader group of patients 

undergoing colorectal anastomoses (the prior work included only CPT codes 44140, 44204, 

44160, 44205, 44145, 44207), as well as patients with rectal cancer (not included in the 

NSQIP colectomy database). Both studies used trained data abstractors and standard coding 

criteria to identify AL in relatively low percentages of patients (NSQIP: 3.7% versus MSQC: 

2.7%). Several risk-factors from the Midura study were also identified in the present study 

(male sex, prolonged surgical times, smoking history, chronic steroid use/

immunosuppression).8 In contrast to the prior study,8 we did not find a significant difference 

in AL rates related to open versus laparoscopic procedures and did not identify a protective 

effect related to the proximal diversion. Of several laboratory values tested, we found that 

thrombocytosis was independently associated with AL. We theorize that thrombocytosis is 

not a risk factor itself but rather a manifestation of high-risk clinical conditions, such as 

chronic inflammatory states, malignancy, or acute infectious processes.29–32 Therefore, this 

may be a reasonable marker for patients at risk of AL, and useful in risk-adjustment.

The identified AL rate of 2.7% is low when compared to historic studies that have cited rates 

as high as 19% for rectal anastomoses.2, 33–35 The the results, however, of this study are 

consistent with several, recent, randomized trials of rectal cancer surgery, which have shown 

similarly low rates of AL (0.6–7%)3–6. We hypothesize that selective, proximal diversion is 

a factor in the low AL rate demonstrated.36 Our sensitivity analysis excluding cases with 
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proximal diversion showed that risk factors and leak rates were remarkably similar to those 

of cohort in which proximal diversion was included. It is possible that the greatest risk cases 

are either being diverted (thus decreasing clinically-apparent leaks) or having procedures in 

which no anastomosis is made (eliminating the potential for an anastomotic leak).

The finding from this study that AL rates vary between hospitals raises the following 

question: can AL rates be decreased through quality improvement projects? MSQC is 

addressing AL in several ways. First, MSQC now provides hospitals with data on their AL 

rates relative to other hospitals, thus informing high-outlier hospitals of their performance 

status. Audit and feedback reports have been shown to be an effective strategy in improving 

performance in multiple health care domains; however, the effect size is generally low, and 

other strategies are also needed.20 For example, in the field of bariatric surgery, coaching of 

technical skills coaching is being explored as a means to disseminate best technical practices 

among surgeons. Peer-ratings of technical videos have been shown to correlate with surgical 

outcomes,37 prompting efforts to institute coaching of technical skills coaching.38 Though 

this work is in its infancy, the MSQC is embarking on a project of coaching in colectomy 

technical skills in which surgeons will share intraoperative videos with one another. Finally, 

the results of this study will be disseminated across the collaborative so that risk factors we 

have identified can be taken into account by surgeons deciding on whether or not to perform 

a proximal diversion after anastomosis. These measures, coupled with the technical 

innovations such as intraoperative leak testing39 and anastomotic perfusion assessment40, 

may lead to even fewer ALs in the future.

When interpreting these results, several limitations must be considered. Although the MSQC 

performs a detailed chart review, identification of complications is dependent on provider 

documentation. For example, if the term “anastomotic leak” is not used in the medical 

record but rather substituted with terms such as “abscess” or “collection,” minor leaks may 

not be identified. While relying on provider documentation of anastomotic leak may lead to 

some underreporting of minor leaks, we believe that this definition of “anastomotic leak” is 

more valid than the use of surrogate measures for leak as has been done in other studies. In 

fact, the surrogate “organ space infection” as used in NSQIP and MSQC has been shown to 

be a poor surrogate for AL.15 Fortunately, the misclassification (as with under-reporting) of 

rare outcomes such as AL generally results in less bias than misclassification of exposure 

variables. As such, the associations identified (risk factors) are likely to be true, regardless of 

this limitation. Although unmeasured differences in case-mix may influence results in 

observational studies, our study is strengthened by registry data that are collected 

prospectively and much more granular than administrative data sources. Other studies have 

used RVU-based adjustment for complexity, which does not adequately capture procedure-

specific risk for AL. Thus, we used clinically relevant predictors, such as operative time, 

laparoscopic approach, and pelvic anastomosis, as surrogates for case complexity. 

Unfortunately, some clinically important data were not available for this study, including 

technical details about operations (e.g. type of anastomosis, intraoperative leak-testing, 

anastomotic distance from anal verge) and patient factors (e.g. nutritional status). Finally, the 

choice to perform provider comparisons at the hospital level rather than the surgeon level 

was related to the inability to make statistically valid comparisons at the surgeon level due to 

(1) our agreement for use of the data, which did not allow for surgeon identifiers, and (2) 
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small case volumes at the surgeon level.14 Nevertheless, future work at the surgeon level 

may be possible (as the volume of available cases with this outcome increases with 

additional data collection).

In conclusion, this study finds significant variation in risk-adjusted AL rates and identifies 

multiple risk factors for AL. These data may allow for more accurate risk-assessment in 

clinical practice and for appropriate risk-adjustment in audit and feedback programs with 

AL as an outcome. These data suggest the potential for quality improvement programs 

targeting technical abilities in hospitals with high rates of AL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Comparison of case-mix adjusted anastomotic leak (AL) rates for 59 hospitals, including 

adjusted 95% confidence intervals (CI), in the MSQC. The MSQC adjusted anastomotic leak 

rate (2.7%) is displayed as a red horizontal line. Outlier hospitals are identified with yellow 

squares because their 95% CI do not intersect with the MSQC adjusted AL rate. Figure (A) 

includes cases with proximal diversion and identifies 5 high-outlier hospitals. Figure (B) 

excluding proximal diversion and identifies 4 outlier hospitals.
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Table 1

Patient Population

Characteristic No Leak n=8948 Leak n= 244 P-value

Patient Preoperative (%)

Age, years, (SD) 63.3 (14.7) 61.5 (14.0) 0.05

Male sex, n (%) 3944 (44.08) 146 (59.84) <0.0001

Body mass index > 30 kg/m2 3210 (35.87) 113 (46.31) 0.0008

Race, n (%)

 White 7522 (87.11) 204 (86.81)
0.8916

 Non-white 1113 (12.89) 31 (13.19)

American Society of Anesthesiologists Class, n (%)

 1 156 (1.74) 0 (0.00)

0.0012

 2 3690 (41.24) 82 (33.61)

 3 4374 (48.88) 133 (54.51)

 4 698 (7.80) 27 (11.07)

 5 27 (0.30) 1 (0.41)

Functional Status, n (%)

 Independent 8462 (94.57) 217 (88.93)

0.0001 Partially dependent 344 (3.84) 20 (8.20)

 Dependent 106 (1.18) 3 (1.23)

Insurance, n (%)

 Medicaid 541 (6.05) 27 (11.07)

0.0365

 Medicare 4356 (48.68) 118 (48.36)

 Private 3574 (39.94) 89 (36.48)

 Uninsured 108 (1.21) 1 (0.41)

 All Others 365 (4.08) 9 (3.69)

Patient Comorbidities, n (%)

Cardiovascular

 Coronary artery disease 1520 (16.99) 50 (20.49) 0.1512

 Congestive heart failure 102 (1.14) 3 (1.23) 0.8966

 Hypertension 5021 (56.11) 139 (56.97) 0.7908

 Peripheral vascular disease 276 (3.08) 9 (3.69) 0.5912

Pulmonary

 Dyspnea Upon Exertion 945 (10.56) 32 (13.11)
0.1276

 Dyspnea at rest 68 (0.76) 4 (1.64)

 Tobacco use 1910 (21.35) 76 (31.15) 0.0002

 Chronic obstructive pulmonary disease 925 (10.34) 38 (15.57) 0.0084

 Pneumonia 56 (0.63) 2 (0.81) 0.7060

Dialysis Dependent 85 (0.95) 4 (1.64) 0.3012

Hematologic
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Characteristic No Leak n=8948 Leak n= 244 P-value

 Bleeding Disorder 432 (4.83) 17 (6.97) 0.1261

 Preoperative Transfusion 375 (4.19) 12 (4.92) 0.5768

 History of deep venous thrombosis 554 (6.19) 19 (7.79) 0.3091

 Platelet count > 400 × 109/L 614 (7.05) 29 (12.29) 0.0021

Endocrine

 Diabetes 1783 (19.93) 51 (20.90) 0.7068

 Chronic Immunosuppression 485 (5.42) 33 (13.52) <0.0001

Indication for Operation, n (%)

Colorectal Cancer 3252 (36.34) 75 (30.74) 0.0722

Diverticulitis 2662 (29.75) 77 (31.56) 0.5424

Inflammatory Bowel Disease 303 (3.39) 16 (6.56) 0.0076

Obstruction/volvulus 616 (6.88) 20 (8.20) 0.4254

Other Benign/Malignant Neoplasms 1449 (16.19) 35 (14.34) 0.4386

Vascular insufficiency 189 (2.11) 8 (3.28) 0.2145

Other 477 (5.33) 13 (5.33) 0.9984

Operative Factors, n (%)

Urgent/Emergent Operation 2427 (27.12) 93 (38.11) 0.0001

Median operative time, hours (IQR) 2.87 (2.23–3.77) 3.19 (2.46–4.22) 0.0001

Colorectal Procedure Type

 Open abdominal anastomosis 3662 (40.93) 116 (47.54) 0.0382

 Open pelvic anastomosis 1284 (14.35) 44 (18.03) 0.1064

 Laparoscopic abdominal anastomosis 3054 (34.13) 58 (23.77) 0.0007

 Laparoscopic pelvic anastomosis 948 (10.59) 26 (10.66) 0.9756

Proximal intestinal diversion 405 (4.53) 11 (4.51) 0.9894

Wound Classification

 Clean 68 (0.75) 0 (0.00) 0.2656

 Clean/Contaminated 6972 (77.92) 173 (70.9) 0.0094

 Contaminated 1014 (11.33) 34 (13.93) 0.207

 Dirty/Infected 894 (9.99) 37 (15.96) 0.0082

Intraoperative Endoscopy 608 (6.79) 19 (7.79) 0.5442

a
ASA, American Society of Anesthesiologists
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Table 2

Resource utilization

Post operative outcomes, n (%) No Anastomotic Leak Anastomotic Leak P- value

Median duration of stay (days, IQR) 5 (5) 13.5 (15) < 0.0001

Reoperation 647 (7.40) 164 (67.77) < 0.0001

Readmission 883 (10.09) 112 (46.47) < 0.0001

Renal insufficiency 177 (1.98) 24 (9.84) < 0.0001

Death 229 (2.57) 19 (8.37) < 0.0001
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