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BACKGROUND: Previous research has identified a
number of patient and operative factors associated with
anastomotic leak after colectomy; however, a study that
examines these factors on a national level with direct
coding for anastomotic leak is lacking.

OBJECTIVE: The purpose of this work was to identify risk
factors associated with anastomotic leak on a national
level and quantify the additional morbidity and mortality
experienced by these patients.

DESIGN: We performed a retrospective analysis of
patients who underwent segmental colectomy with
anastomosis from the 2012 American College of Surgeons
National Surgical Quality Improvement Program
colectomy procedure-targeted database. Anastomotic
leak was defined as minor leak requiring percutaneous
intervention or major leak requiring laparotomy.
Multivariate logistic regression was used to determine
predictors of anastomotic leak and its impact on
postoperative outcomes.

SETTINGS: This study was conducted at a tertiary
university department.

PATIENTS: This study includes 13,684 patients who
underwent segmental colectomy with anastomosis at
American College of Surgeons National Surgical Quality
Improvement Program—affiliated hospitals in 2012.
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MAIN OUTCOME MEASURES: The primary outcome
studied was anastomotic leak.

RESULTS: The overall leak rate was 3.8%. Male sex,
steroid use, smoking, open approach, operative time,

and preoperative chemotherapy were associated with
increased anastomotic leaks and diverting ileostomy with
decreased incidence of leaks on multivariate analysis.
Increased length of stay (13 vs 5 days; p < 0.001) and
increased 30-day mortality (6.8% vs 1.6%; p < 0.001)
were also seen in patients who experienced leaks. These
patients also experienced increased readmission rates
(43.5% vs 8.3%; p < 0.001) and were 37 times more likely
to require reoperation as a complication of their primary
procedure (p < 0.001).

LIMITATIONS: The main limitations of this study include
its retrospective nature and the limited 30-day outcomes
recorded in the American College of Surgeons National
Surgical Quality Improvement Program database.

CONCLUSIONS: This study identified patient and
operative risk factors for anastomotic leak on a
national scale. It also demonstrates that these patients
have increased morbidity and 30-day mortality rates,
experience multiple readmissions to the hospital, and
have a higher likelihood of requiring further operative
intervention.

KEY WORDS: Anastomotic leak; Colectomy; Colon
cancer; Outcomes.

fter colorectal surgery, anastomotic leak (AL) has
Abeen shown to be associated with increased mor-
bidity, mortality, and length of hospital stay.'=
Reported AL rates in the literature range from 1.8% to
15.9%.%*1 This variability has been attributed to differ-

ences in leak rate by type of resection and anastomotic
level,7*1214-19 a5 well as inconsistent definitions of AL.?° To
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date, the majority of the literature on this topic has been
from single institutions®>>7%14-16182L22 o1 vig administra-
tive databases, which do not directly code AL.%!71923

In 2012, the American College of Surgeons National
Surgical Quality Improvement Program (NSQIP) began
to collect procedure-targeted databases for colectomy.*
The procedure-targeted colectomy database is the first
national database to capture AL defined as a major leak
requiring laparotomy or a minor leak requiring percuta-
neous management or no intervention.?

Although previous research has identified a myriad of
patient and operative factors, their association with AL is
inconsistent. The aims of our study were to identify risk-
adjusted predictors for both major and minor ALs on a
national level and to quantify the additional morbidity
and mortality experienced by these patients.

PATIENTS AND METHODS

We performed a retrospective analysis using data from
the participant user file from the 2012 NSQIP database.
NSQIP is a nationally validated, outcomes-based pro-
gram that provides a prospective, validated database of
preoperative to 30-day postoperative surgical outcomes
based on clinical data.?* We linked the 2012 participant
user file data with the 2012 NSQIP colectomy procedure-
targeted database using patient identification number
and a 100% match was achieved. The procedure-targeted
database adds specific variables of interest to patients
who underwent colectomy, including the presence of a
major or minor AL.

Patients who had an ileocecal resection (Current Pro-
cedural Terminology (CPT) code 44160 or 44205), a seg-
mental resection (44140 or 44204), or an anterior resection
(44145 or 44207) were included. Operations with a divert-
ing ileostomy were included by examining all of the other
procedure codes; however, those with end ostomy without
anastomosis were excluded. Rectal cancer resections are
not included in the colectomy procedure-targeted database
and were therefore not included in our analysis.

Preoperative patient factors, intraoperative variables,
and postoperative complications were compared to iden-
tify those associated with the primary outcome, AL. The
NSQIP database categorizes ALs based on the intervention
required. Patients are classified as “no,” “yes—no interven-
tion required,” “yes—percutaneous intervention required,”
and “yes-reoperation required.” These data are coded
based on detailed data abstraction in the 30-day postop-
erative period by a trained clinical reviewer. Our primary
analysis compared patients with no AL with all of the pa-
tients with AL. For secondary analysis, AL was categorized
into minor AL and major AL, with minor AL defined as
those requiring no intervention or percutaneous drainage
and major AL as those requiring operative intervention.
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Figure 1. Procedure-specific anastomotic leak (AL) rates after
colectomy with anastomosis. NS = not significant.

Univariate analysis using y* tests was performed to
compare categorical variables. Continuous variables were
analyzed using the Student  tests or ANOVA with the Bon-
ferroni correction. Nonparametric, continuous data were
analyzed using Wilcoxon rank-sum tests or Kruskal-Wallis
tests where appropriate. Multivariate logistic regression was
then performed using all of the variables with a p value <
0.20. The primary analysis was first performed to identify
factors associated with overall AL. A secondary analysis was
conducted to identify those associated with major leak and
minor leak based on the definitions above. All of the analyses
were conducted using Stata version 12.1 (StataCorp, College
Station, TX). A p value of 0.05 was considered statistically
significant, and all of the p values reported are 2 tailed. This
study was deemed exempt by our institutional review board.

RESULTS

Patient Characteristics and Operative Factors

A total of 13,684 patients underwent colectomy with an
overall leak rate of 3.8% (2.6% laparoscopic vs 4.9% open
ileocecal resection; 2.6% laparoscopic vs 4.8% open seg-
mental colectomy; and 4.2% laparoscopic vs 4.7% open
anterior resection; Fig. 1). A total of 51.6% of all patients
were men, 80.3% were white, and the median age at the
time of surgery was 63 years (range, 18-90 years). The indi-
cation for colectomy was cancer in 41.5%, diverticulitis in
22.8%, IBD in 5.7%, and a combination of benign polyp,
bleeding, obstruction, volvulus, or other colitis for the re-
maining 30.0% of patients. Almost two-thirds of cases were
performed laparoscopically (62.5%), with a conversion
rate of 11.6% (based on specific coding in the procedure
targeted database), and 9.4% of operations were emergent.
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Risk Factors Associated With AL

Table 1 illustrates patient and operative factors associated
with AL on univariate analysis. Male sex, diabetes mellitus,
smoking, chronic obstructive pulmonary disease, func-
tional status, ASA class, chronic steroid use, preoperative
weight loss >10% of baseline, bleeding disorder, preop-
erative chemotherapy, and preoperative albumin level <3
were patient-specific factors associated with AL. Operative
factors associated with AL included operations for IBD,
emergent cases, wounds classified as dirty, longer opera-
tive times, and open approach.

In multivariate logistic regression analysis, patient
factors associated with AL were male sex, preoperative ste-
roid use, preoperative chemotherapy, and smoking status
(Table 2). AL was also associated with operations lasting
>3 hours and an open approach, and diverting ileostomy
was associated with lower overall leak rates.

When AL was categorized into minor and major ALs,
open approach and operative time >3 hours were asso-
ciated with both major and minor ALs (Table 3). Minor
leaks were associated with bleeding disorders, dirty/infect-
ed wound classification, and preoperative chemotherapy.
Diverting ostomy was not protective against minor AL on
analysis but remained protective of major AL. Major AL
was also associated with male sex, smoking, preoperative
steroid use, and anterior resections.

Complications Associated With AL

AL patients experienced increased length of stay (13 vs 5
days; p < 0.001) and mortality (6.8% vs 1.6%; p < 0.001)
when compared with patients without AL. AL patients
were also more likely to be readmitted (43.5% vs 8.3%; p
< 0.001) and 4.6 times more likely to be readmitted more
than once in 30 days (p < 0.001). Furthermore, AL patients
were 37 times more likely to require multiple returns to
the operating room because of a complication from their
primary procedure (p < 0.001; not shown in table form).
Both minor and major ALs were associated with dramati-
cally increased complications, as seen in Table 4.

DISCUSSION

The results of this study indicate that ALs after colectomy
are associated with identifiable patient and operative vari-
ables. Patient-associated characteristics include male sex
and modifiable factors including preoperative smoking,
chronic steroid use, and preoperative chemotherapy ad-
ministration within 90 days of surgery. Operative factors
associated with AL were cases lasting >3 hours, anterior
resections, and an open approach. When AL is divided
into minor and major leaks on the basis of intervention,
bleeding disorders, preoperative chemotherapy, and con-
taminated wounds are associated with minor leaks but not
major leaks. Interestingly, diverting ileostomy is associated

anastomotic leak after colectomy

Table 1. Univariate analysis of factors associated with
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Leak No leak
Variable (N=520) (N=13,164) p
Age (median), y 62 63 0.004°
Male sex, % 57.1 48.1 <0.0012
Race, % 0.74
White 80.3 79.6
Black 8.3 9.2
Other 1.4 11.2
Diabetes mellitus, % 0.03°
Nondiabetic 82.9 85.4
Noninsulin dependent 10.0 10.0
Insulin dependent 7.1 4.6
Current smoker, % 27.3 17.0 <0.0012
Severe chronic obstructive 9.0 52 <0.001°
pulmonary disease, %
Functional health status, % 0.0092
Fully dependent 13 0.4%
Partially dependent 1.5 2.1
Independent 97.1 97.4
ASA classification, % 0.0032
1 33 29
2 39.9 46.7
3 48.0 43.5
4 8.5 5.6
5 04 0.3
Dialysis dependent, % 1.5 0.8 0.08
Chronic steroid use, % 11.2 6.4 <0.001°
Weight loss >10%, % 6.3 44 0.032
Bleeding disorder, % 7.5 42 <0.0012
Preoperative blood transfusion, % 4.2 2.8 0.06
Preoperative albumin level <3, % 10.8 74 0.0032
BMI >30, % 35.2 339 0.25
Preoperative chemotherapy, %" 8.2 49 0.001°
Emergency case, % 12.5 9.3 0.012
Wound classification, % <0.0012
Clean contaminated 70.0 79.6
Contaminated 16.5 11.6
Dirty 134 8.8
Indication, % 0.02°
Colon cancer 38.3 41.6
Diverticulitis 21.2 229
IBD 8.5 55
Other 31.9 30.0
Approach, % <0.001°
Laparoscopic 24.2 33.0
Laparoscopic with hand assist 18.7 22.7
Laparoscopic with conversion 7.1 73
to open
Open 50.0 37.0
Operation, % <0.0012
Open segmental resection 25.6 20.0
Open ileocecectomy 17.7 135
Open anterior resection 13.6 11.9
Laparoscopic segmental 19.0 284
resection
Laparoscopic ileocecectomy 8.1 11.9
Laparoscopic anterior resection ~ 15.9 14.3
Protective ileostomy 3.1 3.5 0.63
Operative time >3 hr, % 473 36.6 <0.001°

2p Value is significant.
bChemotherapy was administered within 90 days of surgery.
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Table 2. Multivariate analysis of factors associated with

anastomotic leak

Variable OR 95% Cl p
Male sex 1.37 1.10-1.71 0.005°
Open approach 1.71 1.27-2.31 <0.001°
Operative time >3 hr 1.50 1.19-1.90 0.001°
Preoperative chemotherapy 1.71 1.16-2.54 0.007°
Preoperative steroids 1.60 1.08-2.34 0.02°
Protective ileostomy 0.55 0.31-0.97 0.042
Smoking 1.56 1.20-2.02 0.0012

Variables that were not significant on multivariate analysis include age, diabetes
mellitus, severe chronic obstructive pulmonary disease, dialysis dependence,
weight loss >10% of body weight, bleeding disorder, preoperative blood transfu-
sion, preoperative albumin level <3, emergency case, wound classification, indica-
tion, and protective ileostomy.

2p Value is significant.

with a lower rate of major AL requiring operative inter-
vention but is not associated with lower minor AL rates.
Although previous studies have also demonstrated an as-
sociation with these factors,®®*1215-17:2223.26 ngne have used
a national data set with uniform coding for AL.

Male sex,»®!21317:2 steroid use,>* and smoking®*
have been shown in numerous studies to be associated
with increased risk of AL. Smoking in particular has been
associated with increased AL rates in colectomies,® and
specifically with anterior resections,” and future studies
are needed to determine whether preoperative abstinence
from tobacco use can improve AL rates in these patients.
Chemotherapy has not been shown to be consistently as-
sociated with AL, because some studies demonstrate no
association,?”?® whereas others suggest a positive associa-
tion*; however, the majority of these studies investigate
rectal cancer resections rather than all colectomies. In
our study, because chemotherapy was associated with an
increase in overall AL, and specifically minor AL, the op-
timal timing of surgery in relation to perioperative che-
motherapy deserves further investigation. Other patient
factors frequently identified that were not found to be sig-
nificant in our study include malnutrition>>*'® and ASA
classification.>'®!212% Although these were significant on
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univariate analysis (Table 1), they were not found to be
independently predictive of AL on multivariate analysis.

Long operative time**'®722 and low anastomo-
ses!21>17192 have also been described in the literature as
being associated with an increased incidence of AL. An
open approach, however, has not been correlated previ-
ously with AL. It is unclear whether surgeons chose an
open approach in cases that they anticipated to be more
difficult or if more experienced surgeons tended to per-
form their procedures laparoscopically. This subject re-
quires further study before drawing firm conclusions.

The effectiveness of diverting ileostomy for anas-
tomotic protection is heavily debated across studies as
well,7#1617:223057 and our study shows that it is protective
against overall AL and specifically major ALs that require
reoperation but not minor leaks. This has never been de-
scribed, and, although it may help shed light on the con-
troversy of protective ileostomies, further trials are needed
to validate this finding. In addition, protective ileostomy
is most commonly used in the setting of rectal resection
after neoadjuvant chemotherapy and radiation. Because
the NSQIP colectomy procedure-targeted database does
not include rectal resection, we are unable to address the
controversy of using an ileostomy in that setting. Further-
more, an ileostomy may again be a marker of a more dif-
ficult surgery, because it is not routinely performed in the
setting of colectomies, which may explain why it was not
shown to be protective for overall AL.

Increased morbidity and mortality rates are consis-
tently seen with AL. Our mortality rates of 3.3% for minor
AL and 6.8% for major AL are consistent with the cur-
rent literature, although rates as high as 39.3% have been
reported.” In addition, our reoperation rate of 60.7% in
AL patients is consistent with published rates of 45% to
88%.'%*! Our data also highlight that, although minor
leaks do not require immediate return to the operating
room, they are associated with major increases in post-
operative complications, such as wound complications,
pulmonary complications, deep vein thrombosis, and
postoperative mortality.

Table 3. Multivariate analysis of factors associated with minor and major anastomotic leak

Variable Minor leak, OR (95% Cl) p Major leak, OR (95% Cl) p
Anterior resection 0.98 (0.64-1.49) 0.92 1.46 (1.05-2.04) 0.03?
Bleeding disorder 2.22(1.21-4.07) 0.012 1.03 (0.58-1.82) 0.93
Dirty or infected wound 2.19(1.29-3.73) 0.0042 1.04 (0.64-1.68) 0.87
Male sex 1.02 (0.72-1.44) 0.91 1.69 (1.27-2.26) <0.0012
Open approach 1.79 (1.12-2.86) 0.012 1.66 (1.14-2.44) 0.0092
Operative time >3 h 1.62(1.13-2.34) 0.009* 1.42(1.05-1.91) 0.022
Preoperative chemotherapy 2.80(1.64-4.76) <0.0012 1.09 (0.61-1.95) 0.78
Preoperative steroids 1.17 (0.62-2.23) 0.63 1.92 (1.19-3.08) 0.0072
Protective ileostomy 1.02 (0.52-2.00) 0.95 0.21(0.07-0.67) 0.0082
Smoking 1.34 (0.89-2.02) 0.17 1.72(1.24-2.38) 0.0012

Variables that were not significant on multivariate analysis include age, diabetes mellitus, severe chronic obstructive pulmonary disease, dialysis dependence, weight loss
>10% of body weight, preoperative blood transfusion, preoperative albumin level <3, emergency case, and indication.

2p Value is significant.
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Table 4. Complications associated with anastomotic leak

No leak Minor leak Major leak

Variable (N=13,164), % (N=213), % (N=307), % p
Superficial SSI 6.6 7.5 10.1 0.04°
Deep SSI 1.0 7.5 5.2 <0.001°
Wound dehiscence 0.9 6.1 7.8 <0.0012
Pneumonia 1.8 5.6 121 <0.0012
Pulmonary embolism 0.6 14 39 <0.0012
Unplanned intubation 1.5 8.0 114 <0.0012
Ventilator dependence >48 h 2.1 6.1 22.8 <0.0012
Acute renal failure 0.6 1.9 39 <0.0012
Urinary tract infection 2.8 8.9 6.5 <0.001°
Stroke 0.2 0.0 0.7 0.26
Cardiac arrest 0.5 1.9 2.6 <0.0012
Myocardial infarction 0.7 0.9 13 0.47
Bleeding requiring transfusion 9.8 16.9 21.8 <0.0012
DVT requiring treatment 1.2 4.7 6.2 <0.001°
Septic shock 1.3 4.7 24.4 <0.0012
lleus 13.0 33.0 36.2 <0.001°
30-day mortality 1.8 33 6.8 <0.0012
Readmission

1 8.2 48.8 34.9 <0.001°

>2 0.3 1.4 13 <0.001°

Minor leak was defined as leak requiring no intervention or percutaneous drainage. Major leak was defined as leak requiring operative intervention.

DVT = deep vein thrombosis; SSI = surgical site infection.
2p Value is significant.

Our overall AL rate was 3.8%, which is relatively low
compared with published rates. The majority of studies
with similar or lower AL rates are from academic centers
and excluded rectal resections, similar to our study.>>*!°
Higher rates of AL are typically seen after total mesorectal
excision and coloanal anastomosis for rectal cancer, often
in the setting of neoadjuvant chemotherapy and radia-
tion.»1>171923 Although our study included anterior resec-
tions (CPT codes 44145 and 44207), less than half were
for cancer or IBD, and the most common indication was
diverticulitis, suggesting that most of these may have been
sigmoid resections consistent with our lower AL rate. In
addition, to participate in the NSQIP procedure-targeted
database, hospitals must voluntarily enroll and provide a
trained data abstractor to this cause. It is likely that this
database may be skewed toward including only hospitals
that have a particular interest in colectomy outcomes. This
is also supported by the fact that >60% of the cases in this
data set were performed laparoscopically. We believe that
the true rate of AL would likely be higher if all hospitals
were included.

Limitations of this study include its retrospective
nature and potential limitations of the data source. Al-
though NSQIP uses standard coding criteria and trained
data abstractors, it is impossible to know whether some
cases of AL were mistakenly coded as organ/space sur-
gical site infection. However, we feel that the prospec-
tive coding conventions used by NSQIP are superior to
administrative data sources that require the use of sur-
rogate measures to define AL. The NSQIP database is

also limited to outcomes within 30 days of surgery, and
previous studies have shown that <12% of ALs can be
seen more than a month after surgery." This is particu-
larly significant with respect to patients with protective
ileostomies who may have delayed presentation of their
AL outside of this 1-month window. Furthermore, cod-
ing for operative procedures is based on CPT code rather
than anastomotic level, and, therefore, sigmoid resec-
tions may be coded as anterior resections rather than
segmental resection, and this may create a falsely low AL
rate for this group of patients.

CONCLUSION

Our study is the first national study to examine patient
and operative risk factors for both major and minor AL
after colectomy. These data, along with future prospective
databases and trials, will hopefully lead to the develop-
ment of predictive models for AL to allow better counsel-
ing of patients on their individual risk, as well as to assist
surgeons in their operative decisions.
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