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Abstract

Purpose: Anastomotic leak following colorectal resection surgery is associated with high rates 
of morbidity, infection, and escalated healthcare expenditures. One method to prevent leaks includes 
early detection through intra-operative testing. This study employed systematic review of the literature 
to estimate the rate of intra-operative anastomotic leaks in colorectal resection surgery. 

Method: The Medline and Embase databases were searched to identify articles published between 
January 1st, 2003 and August 8th, 2015 reporting on intra-operative leaks in colorectal resection. The 
rate of intra-operative testing, intra- and post-operative anastomotic leaks, and surgical methodology 
were extracted from the final sample of 13 articles. 

Results: A total of 167 intra-operative leaks were reported within 2,598 colorectal resection 
surgeries that used intra-operative testing, yielding an average leak rate of 6.4%. Use of laparoscopic 
techniques was significantly associated with a reduced rate of intra-operative leak (p<0.001). Eight 
articles reported on the rate of post-operative anastomotic leak in relation to intraoperative testing. 
Within this sample of 2,098 cases a non-significant trend towards a lower leak rate in the tested 
population was identified (4.3% v. 6.8%, p=0.051); cases whose leak test was initially positive exhibited 
a significantly higher rate of post-operative leaks compared to cases with a negative leak test (p=0.006). 

Conclusion: Intra-operative anastomotic leak testing allows surgeons to address leaks at the time 
of surgery, and may help to prevent complications in colorectal resection surgery. This study identified 
a mean intra-operative leak rate of 6.4% in colorectal resection surgery.

early detection of anastomotic leaks, potentially though improved 
surgical techniques and the use of intra-operative testing respectively, 
is crucial to improve patient outcomes, prevent mortality, and contain 
healthcare costs. 

The use of intra-operative leak testing allows the surgeon to test 
the integrity of the anastomosis shortly after creation, thus providing 
the opportunity for immediate repair or diversion of compromised 
anastomoses. There are multiple methodologies for intra-operative 
leak testing including endoscopy or insufflation of the anastomosis 
with methylene blue, povidone-iodine, saline, or air [15]. Although, 
intra-operative testing addresses anastomotic integrity at the point 
of anastomosis creation, it is not able or intended to completely 
prevent post-operative anastomotic leaks, as some leaks develop 
post-operatively due to compromised gastrointestinal healing or 
other unknown factors. However, studies have shown that the use 
of intra-operative leak testing has been effective in reducing some 
post-operative leaks and complications of colorectal surgery [1,16]. 
Although clinical guidelines remain largely silent on the use of intra-
operative leak testing in colorectal resection surgery, multiple studies 
have called for routine use of intra-operative testing in resection 
surgery [15,17,18]. 

The purpose of this study was to estimate the prevalence of 
intra-operative leaks in colon resection surgery using the recently 
published literature. The rate of intra-operative leak testing, as well as 
the reported rate of anastomotic leaks, was identified within a sample 

Background
Anastomotic leaks are one of the most feared outcomes of 

colorectal resection surgery, as they result in poor patient outcomes, 
extended hospital stays, increased cost of care, and a high rate of 
mortality [1-5]. Complications of anastomotic leaks can include 
infection, fistula or abscess formation, and peritonitis [6]. In cases of 
malignancy, presence of anastomotic leaks are also associated with 
increased rates of local cancer recurrence and decreased five year 
survival [2,7,8]. Intra-operative leak testing is routinely performed 
as a prognostic approach to assess anastomotic integrity. Positive 
intraoperative leak tests are addressed during surgery through 
additional suturing, sealant, re-anastomosis, or diversion and stoma 
creation [9]. Conversely, leaks identified post-operatively, that cannot 
be treated with antibiotics, require secondary procedures including 
percutaneous or surgical draining of abscesses or secondary surgery 
to correct the leak [6], the need for creation of a permanent stoma 
is also increased in these cases [10]. Prevention of mortality due to 
anastomotic leak is largely dependent upon early detection and 
treatment of leaks [6,11]. Aside from being a leading cause of post-
operative death in colorectal surgery, anastomotic leaks increased 
the need for secondary surgeries and hospital re-admissions [1,12-
14]. Estimates indicate that anastomotic leaks add an additional 
$28.6 million in healthcare costs for every 1,000 patients undergoing 
colorectal surgery [13]. These increased expenditures are largely due 
to increased need for post-operative care following the incidence of an 
anastomotic leak, which can be extensive. Therefore prevention and 
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of articles that reported on leak tests in colorectal resection surgery; 
all types of intraoperative leak testing were included in this review. 
Where reported, the correlation between intra-operative testing 
and post-operative anastomotic leak was also explored, as was the 
association between anastomosis type (e.g. stapled versus sutured) 
and intra-operative leak. 

Methods
Search methods and procedures

A systematic search of the Medline and Embase databases was 
performed to identify articles reporting on the use of intra-operative 
leak testing in colon resection surgery. Search criteria were developed 
based on a preliminary assessment of peer-reviewed literature with 
assistance from a panel of experts on the surgical treatment of 
gastroenterological diseases. 

Search terms
The search terms included the intervention, the population being 

studied, and the primary outcome of the review (Table 1). The search 
was limited to publication dates between January 1, 2003 and August 
8, 2015, as the focus of this study was to assess the current rate of 
intra-operative anastomotic leak. 

Types of studies
Randomized controlled trials (RCTs), prospective outcome 

studies, clinical trials, comparative studies, evaluations, and 
observational studies were included in the final sample of articles. 
Editorials, letters to the editor, conference abstracts without 
publication follow-up, and experiential non-empirical articles were 
excluded.

Study participants
Articles included adult humans, and all included articles discussed 

the use of anastomosis in colorectal resection surgery. 

Measures
Primary study outcomes included study sample size, type(s) of 

anastomosis method employed, rate of intra-operative testing, rate 

of intra-operative leaks, and rate of post-operative leaks. Articles 
were required to include these five primary study variables. The type 
of anastomosis closure method employed was extracted for the total 
study sample, rate of intra-operative testing, rate of intra-operative 
leaks, and rate of post-operative leaks were available to facilitate sub-
group analyses; studies were not required to report the type of closure 
used by subgroup.

Screening and reviewing process
The search returned a total of N=424 articles. All articles were 

screened for study eligibility criteria by two independent reviewers; 
any discrepancies between the two reviewers were reconciled by a 
third reviewer. All articles were required to report on intra-operative 
leak rates during colon resection surgery. The screening process 
was initiated with an abstract review; articles were included if they 
referenced the prevalence of intra-operative leaks in colon resection 
surgery. A full text review was then conducted for those articles that 
passed the abstract review (n=89); articles that did not report rates of 
intra-operative leak in either the text or results table were excluded. 
The screening and review phases, led to exclusion of 411 publications 
leaving 13 studies in the final review (Table 2).

Data, including author, title, date, journal, year of publication, 
and primary study outcomes and were extracted by two independent 
reviewers. All discrepancies were resolved by an independent third 
party. 

Statistical analyses
For each of the 13 studies included in the review, frequencies 

were reported for the total sample and for the subsamples receiving 
each type of anastomosis. Additionally, within each anastomosis 
group, the frequency in which intra-operative testing was performed, 
intra-operative leaks were discovered, and post-operative leaks 
were discovered were all reported where available. Intra-operative 
and post-operative leakage rates were examined as a function of 
anastomosis type, surgical type, the presence of leak testing, and 
the result of leak testing by pooling data across all studies. Statically 
significant differences in leakage rates were assessed by chi square 
tests of equality of proportions. Pairwise comparisons were examined 
where significant omnibus tests of anastomosis type were achieved. 
Statistical analyses were conducted with SPSS (version 20, Chicao, 
IL), and a critical alpha level of 0.05 was set.

Results
The thirteen reviewed studies included a total of N=3,023 

patients (Table 3), [16,17,19-29]. Study sample size and design was 
variable. Two studies (Ivanov et al. and Lieto et al.,) used a controlled 
design that included an intra-operative testing group and a no intra-
operative testing control group. Li et al., also used a controlled design, 
but testing was employed in the control based on specific clinical 
indications during surgery. Two studies (Leahy et al., Riccardi et al.,) 
left the decision to use intra-operative testing to the surgeon. The final 
nine studies all employed a study protocol where intra-operative leak 
testing was required. Sample size varied from a low of N=20 patients 
in Sherwinter et al., to N=998 patients in Riccardi et al. 

Table 1: Search Terms and Filters.

Search Term  

Description Definition

Colon

colon, OR colonic, OR colorectal, OR rectal, OR rectum, OR 
“lower anterior resection”, OR “low anterior resection”, OR "LAR 
sigmoidectomy", OR “left hemicolectomy”, OR “total mesorectal 
excision”, OR TME

Intraoperative intraoperative, OR “intra-operative”, OR perioperative, OR “peri-
operative”

Leak

complication, OR abscess, OR leak, OR anastomosis, OR infec-
tion, OR ileus, OR bleeding, OR transfusion, OR cost, OR sepsis, 
OR ureter, OR hernia, OR obstruction, OR recurrence, OR TPN, 
OR "total parenteral nutrition"

Filters  

Date Range 1/1/2003 - 8/8/2015

Language English

Age 18 - 64
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Stapling was the primary method of anastomosis creation across 
studies, with n=2,712 patients (89.7%) receiving a stapled anastomosis 
(Table 3). Hand sewn sutured anastomosis was used in a total of 
n=273 cases (9.0%) and a compression anastomosis was employed 
in the remaining n=38 cases (1.3%). Seven studies required that 
staple anastomosis be employed [20-22,24-27], while the remaining 
six studies allowed multiple methods of anastomosis closure. Within 
these six studies that employed multiple anastomosis methods 
[16,19,23,28-30], stapled anastomosis was always one of the methods 
used. Five of these six studies used either staple or suture based 
anastomosis, while the remaining study (Dauser et al.) employed 
either a staple or compression anastomosis closure. Nine articles 

reported on the use of open and laparoscopic surgical techniques 
[19,21,22,24-27,29]. Within this sample of n=1,649 cases, n=882 
(54.1%) were performed using laparoscopic techniques. Two studies 
(Lieto et al., Xiao et al.) only performed open procedures, while four 
studies (Lanthaler et al., Li et al., Shamiyeh et al., and Sherwinter et 
al.) required use of laparoscopic techniques. 

Intra-operative anastomotic leak testing was widely used with 
a total of n=2,598 (85.9%) patients receiving intra-operative testing 
(Table 4). Eight studies required the use of intraoperative testing 
as part of the study protocol. Presence of leak testing across the 13 
studies ranged from a rate of 45.2% in Lieto et al., which included a 
no test control group, to 100% in the eight studies, which required the 
use of intra-operative leak testing [19,20,22,26-30]. The rate of intra-
operative testing observed in the two studies (Riccardi et al., Leahy 
et al.) where the decision to test was left up to the surgeon was 82.3% 
(1,243 of 1,023 patients). Of those patients who received testing, 
84.8% had a stapled anastomosis, 6.0% had a sutured anastomosis, 
and 1.5% received a compression anastomosis. 

Within this total sample of n=2,598 patients who received 
an intra-operative leak test a total of 167 leaks were identified, 
resulting in a mean intra-operative leak rate of 6.4% across the 13 
studies (Table 4). Rates of intra-operative leaks ranged from 0.0% in 
Sherwinter et al., to 23.3% in Ivanov et al. All but one of the studies 
(Leahy et al.) reported on the method of anastomosis repair. Suture 
repair (74.7%) was the most common method of anastomosis 
correction used followed by takedown and re-anastomosis (17.3%) 
and diversion (8.0%). No significant differences in intraoperative leak 
rates were found were found across anastomosis types (staple: 4.9%, 
suture: 2.3%, and compression: 0.0%, p=0.066) in the 10 studies that 
reported leak based on type of anastomosis employed [16,19-22,24-
28]. Six articles reported on the rate of intraoperative leaks by surgical 
technique used (laparoscopic v. open) [22,25-29]. Within this sample 
of n=1,163 the majority of procedures (57.6%) were performed using 
an open technique. Intraoperative anastomotic leak rates significantly 
higher in open procedures compared to laparoscopic procedures 
(6.7% v. 2.4%, p<0.001). 

The rate of post-operative anastomotic leaks across the total study 
sample was 5.2% (Table 4). Across studies post-operative leak rates 
ranged from 0.8% in Li et al., to 15.0% in Ivanov et al. The rate of 
post-operative leaks was significantly different across anastomosis 
types in n=2,947 cases (staple: 5.1%, suture: 9.7%, and compression: 
5.3%, p=0.009), with a significantly lower post-operative leak rate 
in stapled compared to suture anastomosis (p=0.002). The study by 
Chen et al., was excluded from this assessment of post-operative leak 
rate by study type, as the number of total post-operative leaks were 
not presented for anastomosis subgroups. Seven articles reported on 
the rate of post-operative leaks by surgical technique [19,22,25-29]. In 
the sample of n=1,589 cases the majority of procedures (55.2%) were 
performed using laparoscopic techniques. The rate of post-operative 
anastomotic leak remained significantly higher in the open procedure 
group compared to the laparoscopic procedure group (6.3% v. 2.5%, 
p<0.001). 

The association between use of intra-operative testing and 
post-operative anastomotic leak was only reported in eight of the 
13 studies. Within these eight studies 97 post-operative leaks were 
identified in 2,098 patients, resulting in a post-operative leak rate of 

Table 2: Included Articles.
First Author Title Journal Year

Chen [30]

Intra-operative anastomotic dye 
test significantly decreases in-
cidence of anastomotic leaks in 
patients undergoing resection for 
rectal cancer

Techniques in Colo-
proctology 2013

Dauser [19]

Anastomotic leakage after low 
anterior resection for rectal can-
cer: comparison of stapled versus 
compression anastomosis.

Langenbecks Ar-
chives of Surgery 2013

Ishihara [20]
Intra-operative colonoscopy for 
stapled anastomosis in colorectal 
surgery.

Surgery Today 2008

Ivanov [21] Intra-operative air testing of 
colorectal anastomoses.

Srpski Arhiv za Ce-
lokupno Lekarstvo 2011

Lanthaler [22]

Intra-operative colonoscopy for 
anastomosis assessment in lapa-
roscopically assisted left-sided 
colon resection: is it worthwhile?

Journal of Lapa-
roendoscopic and 
Advanced Surgical 
Techniques

2008

Li [24]

Use of routine intra-operative en-
doscopy in elective laparoscopic 
colorectal surgery: can it further 
avoid anastomotic failure?

Surgical Endoscopy 2009

Leahy [23]
What Is the Risk of Clinical 
Anastomotic Leak in the Diverted 
Colorectal Anastomosis?

Journal of Gastroin-
testinal Surgery 2014

Lieto [25]

Endoscopic Intra-operative Anas-
tomotic Testing May Avoid Early 
Gastrointestinal Anastomotic 
Complications: a Prospective 
Study

Journal of Gastroin-
testinal Surgery 2011

Ricciardi [16]
Anastomotic leak testing after 
colorectal resection: what are the 
data?

Archives of Surgery 2009

Shamiyeh [26]

Intra-operative endoscopy for the 
assessment of circular-stapled 
anastomosis in laparoscopic colon 
surgery.

Surgical Laparos-
copy, Endoscopy 
and Percutaneous 
Tehcniques

2012

Sherwinter [27]

Intra-operative transanal near 
infrared imaging of colorectal 
anastomotic perfusion: a feasibil-
ity study.

Colorectal Dis. 2013

Smith [28]

The efficacy of intra-operative 
methylene blue enemas to assess 
the integrity of a colonic anasto-
mosis.

BMC Surgery 2007

Xiao [29]

Can transanal tube placement 
after anterior resection for rectal 
carcinoma reduce anastomotic 
leakage rate? A single-institution 
prospective randomized study.

World Journal of 
Surgery 2011
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4.6% (Table 5). A total of 1,788 of the 2,098 patients (85%) received 
intraoperative leak testing. There were 76 post-operative leaks in the 
sample of patients who received intra-operative leak testing, yielding 
a leak rate of 4.3% for the tested group. Of the 76 leaks, 12 occurred in 
patients with an initially positive intra-operative leak test and 64 post-
operative leaks occurred in patients with a negative intra-operative 
leak test, leading to a significantly higher post-operative anastomotic 
leak rates within the group of patients with an initially positive leak 
test (8.8% and 3.9%, p=0.006) . The remaining 21 leaks were observed 
within the sample of 310 patients who did not receive an intra-
operative leak test, corresponding to a post-operative anastomotic 
leak rate of 6.8% in this group (Table 5). There was a non-significant 

trend towards a lower post-operative leak rate within the tested group 
(4.3% v. 6.8%, p=0.051).

Discussion
The rate of intraoperative anastomotic leaks was estimated within 

a sample of 13 articles reporting on a total of N=3,023 colorectal 
resection surgeries. Intra-operative anastomotic testing was found to 
be widely employed in colon resection surgery with a mean testing 
rate of 86.5% for the study. Air insufflation was the most commonly 
used methodology to test for intra-operative anastomotic leaks, 
although dye tests and water bubble tests were also employed. When 
an intraoperative anastomotic leak was identified, correction of the 
anastomosis was most commonly performed by suture repair followed 
by takedown and re-anastomosis and diversion. The requirement to 
use intraoperative leak testing in nine of the study protocols may have 
resulted in an artificially high estimated rate of leak testing within 
our sample. Yet, when only those cases where the decision to test was 
left to the surgeon a similar rate of intra-operative testing was found 
(82.3%). A total of 167 intra-operative leaks were identified within 
2,598 cases where intra-operative testing was employed, leading to an 
estimated mean intra-operative anastomotic leak rate of 6.4%. This 
leak rate is consistent with ranges presented in other publications [31-
34].

A sub-analysis of those studies that reported on the rate of 
intra-operative testing and post-operative anastomotic leak within 
the same population revealed that patients who did not receive leak 
testing had a trend towards an increased rate of post-operative leaks 
compared to patients who received testing (6.8% vs. 4.3%, p=0.051). 
Although the definitive causes of post-operative anastomotic leak 
remains unknown, leak development is believed to be related to 
anastomotic healing, as opposed to intraoperative leaks which are 
the result of injury, adhesions, and weak or insufficient anastomosis, 
related to factors of the surgery itself [35]. Therefore, aside from a 
minority of cases where an undetected or uncorrected intra-operative 
leak progresses to a clinical post-operative leak, there is no reason 
to assume there is a direct relationship between the development 
of intra-operative and post-operative leaks. Yet, the findings of this 
and other studies indicate that use of intra-operative leak testing 
may be helpful in reducing the rate of post-operative leaks [31]. Part 
of the trend for reduced leaks with testing can be accounted for by 
prompt identification of weak or insufficient anastomoses allowing 
for intra-operative repair, thus promoting anastomotic healing and 
preventing the intra-operative defect from becoming a post-operative 
leak. The trend observed here towards an increased leak rate of 6.8% 
in untested patients compared to 4.3% in tested patients goes to this 
point. However, the significantly higher post-operative leak rate of 
8.8% within patients with an initially positive leak test compared to 
the post-operative leak rate of 3.9% in patients with a negative leak test 
suggests there are other factors that contribute to the development of 
anastomotic leak. These findings indicate that despite correction of 
the leak at the time of surgery through suturing, re-anastomosis, or 
diversion a subpopulation of patients remain at an increased risk for 
anastomotic leak even with the use of anastomotic testing. Although 
some risk factors for anastomotic leak including male gender, steroid 
use, obesity, malnutrition, and intraoperative blood loss are known, 

Table 4: Rate of Intraoperative Testing and Anastomotic Leaks.

Intraoperative Testing   

 Total 
Sample Received Test Testing Rate

All Cases 3,023 2,598 85.9%

Stapled Cases* 2,505 2,205 88.0%

Sutured Cases* 235 157 66.8%

Compression 
Cases 38 38 100.0%

Intraoperative Leaks (Tested Cases Only)

 Total 
Sample

Positive Intra-
operative Test

Intraoperative Leak 
Rate

All Cases 2,598 167 6.4%

Stapled Cases** 2,084 103 4.9%

Sutured Cases** 258 6 2.3%

Compression 
Cases 38 0 0.0%

Post-operative Leaks  

 Total 
Sample Post-operative Leak Post-operative Leak 

Rate
All Cases 3,023 160 5.2%

Stapled 
Cases*** 2,661 135 5.1%

Sutured 
Cases*** 248 24 9.7%

Compression 
Cases 38 2 5.3%

* Leahy et al. excluded from calculation. 

** Chen et al., Leahy et al., and Xiao et al excluded from calculation. 

*** Chen et al. excluded from calculation. 

Table 5: Post-operative Leak Rate by Intra-operative Testing.

 Sample Intra-operative 
Leaks

Post-operative 
Leaks

Rate of Post-
operative 
Leaks

No Testing 310 N/A 21 6.8%

Received Testing 1788 136 76 4.3%

Positive Leak Test 136 12 8.8%

Negative Leak 
Test 1652 64 3.9%

Total Sample includes N=2,908 cases from Chen, Ishihara, Ivanov, Li, Ricciardi, 
Sherwinter, Smith, and Xiao.
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other yet unidentified risk factors certainly exist [9,35]. It is possible 
that the subpopulation of patients with an initially positive leak test 
who develop a post-operative leak includes patients at higher risk 
for anastomotic leak, potentially due to comorbidity, changes in the 
composition of the patient’s microbiome, decreased gastrointestinal 
healing, or increased damage to colorectal tissue [36,37]. Our finding 
that the rate of post-operative anastomotic leak is increased in the 
population of patients with an initially positive intra-operative 
leak test, despite intra-operative repair, is consistent with previous 
reports, and suggests that additional strategies for intraoperative leak 
repair may be needed for this high risk population [31]. Additional 
studies to identify patient and surgical characteristics that predispose 
patients to both intra-operative and post-operative leaks anastomotic 
leak are certainly warranted, as greater insight into the factors that 
lead to anastomotic leak could be helpful in managing at risk patients. 

This study also included a limited examination of surgical 
techniques employed in colon resection surgery. There was a heavy 
skew towards the use of stapled anastomosis in this sample, employed 
in 89.7% of cases. Part of the reason for the high rate of staple use 
was due to seven of the 13 studies including only cases with a stapled 
anastomosis. Yet even in those studies that included multiple 
anastomosis types, staples were used in 84.8% of cases, indicating that 
study protocol is not the driving force behind staple use. There were 
no significant differences in the rate of intra-operative leaks across 
various anastomosis types (e.g. sutured versus stapled). Despite the 
similar rate of intra-operative leaks, a significantly lower rate of post-
operative leaks was observed within the sample of sutured anastomosis 
compared to stapled anastomosis. These results are in contrast to 
other studies and may reflect inherent variability between the stapled 
and sutured cohorts in this sample [32-34]. For instance, the rate 
of intra-operative testing in the sutured sample was notably lower 
than that in the stapled sample (66.8% v. 88.0%). Use of open versus 
laparoscopic techniques were evenly distributed, with laparoscopic 
techniques used in just over half (53.5%) of cases. In this sample 
there was a higher rate of both intra-operative and post-operative 
anastomotic leak within the open surgery group. This finding is not 
unprecedented, although the results favoring laparoscopic surgery 
may be partially tied to this sample which includes a variety of 
procedures, anastomosis sites, and testing protocols [38,39].

A systematic review of the recent literature was performed to 
assess the current state of intra-operative anastomotic leak testing 
in colorectal resection surgery. This study found an intra-operative 
leak rate of 6.4% within the sample of N=2,598 patients who received 
an intraoperative leak test during colorectal resection surgery. The 
various surgical methodologies, procedures performed, and patient 
samples across the studies is a limitation of this review and leads to a 
high level of variability across the sample, which likely accounts for 
the wide range of intra-operative (0.0% - 23.3%) and post-operative 
(0.8% - 15.0%) leak rates observed across studies. Further, as noted 
in other studies, the definition for anastomotic leak and other post-
operative complications varies across surgical sites and institutions 
reducing the level of accuracy in estimating anastomotic leak rates 
[35,40]. Although 10 articles had a similar definition of anastomotic 
leak there were six slightly different definitions for anastomotic leak; 

further three manuscripts did not provide a definition for anastomotic 
leak. Use of different definitions for anastomotic leak across studies 
is less of a problem in the assessment of intra-operative anastomotic 
leak, as these leaks are defined by the testing methodology used. 
Although the results from this systematic review study combine 
leak rates across studies using several different types of resection 
procedures, intraoperative testing methodologies, and resection 
protocols, it remains one of the first studies to try and estimate a 
mean rate of anastomotic leaks during colorectal resection surgery. 
Additional studies to assess the relative impact of different testing 
methodologies, patient related factors, and surgical characteristics are 
needed to provide a more comprehensive assessment of the impact of 
intraoperative leak testing on patient outcomes in colorectal resection 
surgery. 
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