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Abstract
ISSN: 2455-2968

Purpose: Anastomotic leak following colorectal resection surgery is associated with short and
long-term negative patient outcomes, prolonged hospitalization, and increased healthcare costs.
Various patient related and surgical factors are known to contribute to the development of post-
operative anastomotic leaks. This study systematically reviewed the literature to assess the incidence
of post-operative leak and identify patient factors associated with the development of leaks.

Keywords: Colorectal resection; Anastomotic leak;
Post-operative; Patient factors

Methods: Articles published from 1/1/2003 — 8/8/2015 reporting on post-operative anastomotic
leak following colorectal resection surgery were identified in the Medline and Embase databases. The
rate of post-operative leak, as well as patient and surgical characteristics, were extracted.

Results: Forty-three articles met study inclusion criteria. Within the 14,102 cases, 867 patients
experienced anastomotic leak, yielding an average leak rate of 6.1%. Patients were primarily male
(57.0%) and had a mean age of 60.2 years. The majority of patients received a stapled anastomosis
(70.9%), and most resection surgeries were performed for a diagnosis of cancer (80.7%). Comparison
of patient characteristics with and without a post-operative leak revealed male gender, diabetes, open
surgical procedures, and sutured anastomoses to be risk factors of anastomotic leak. Patients with
anastomotic leak had a longer length of stay in the hospital and higher mortality rate than patients
without a leak.

Conclusions: Anastomotic leak remains a major concern in colorectal resection surgery and
occurs in approximately 6.1% of cases. Both patient and surgical factors are associated with the
development of post-operative anastomotic leak, which is linked to negative patient outcomes and
increased mortality.

Background Anastomotic leak is estimated to occur in 0.5% to 26% of cases,

with low colorectal and coloanal anastomosis posing the greatest

Colorectal resection surgery is performed to remove diseased or risk of leak [2,4-6,9,10]. Surgical factors including operative time,

malignant tissue in patients with benign disease or cancer for whom . .
& P & experience of the surgeon, hospital and surgeon case load, and

less invasive treatment options have failed [1,2]. Although surgical incidence of intraoperative complications have also been shown to

techniques have evolved over time, significant complications within be related to the development of anastomotic leaks [2,10-12]. The
colorectal resection surgeries remain, most notably the development

) ) ) ) impact of other factors including laparoscopic versus open surgical
of post-operative anastomotic leak. At a high level, an anastomotic

leak s defined as leak ¢ the luminal . d techniques, as well as the use of staples versus sutures in anastomoses,
eak is defined as leakage of the luminal contents from a wound or remain unclear [2,5,6,10,13]. Additionally, patient related factors

drain site; leaks can mbe minor and resolve on their own, or severeand . . . .
including being a smoker, male gender, and increased numbers of

require surgical intervention or other medical procedures to resolve A, . -
q & P comorbidities have also been shown to be associated with higher rates

the leakage [3]. There are various levels or grades of anastomotic of anastomotic leak [2,10,12-17].

leakage which are defined based on severity, symptomology, location,
Patients who experience anastomotic leak not only exhibit worse
outcomes than patients without a leak, but they also incur greater

and method of detection [3]. The development of post-operative
anastomotic leak is one of the most concerning complications in

colorectal resection surgery as it is associated with negative patient
outcomes including increased risk of abscess or fistula development,
greater incidence of infection or sepsis, prolonged hospital stays
and a greater risk of post-operative mortality [2,4-7]. Patients who
experience anastomotic leak following colorectal resection surgery
are also at an increased risk of cancer recurrence, impaired function
of pelvic organs, and a permanent stoma [5,8].

healthcare costs. Estimates indicate that patients with a leak incur
healthcare costs approximately 2-3 fold higher than patients without
a leak [4,5]. Elevated healthcare costs are partially due to increased
length of stay in the hospital, which is approximately doubled for
patients with an anastomotic leak, as well as an increased rate of
hospital readmission [4,5]. Treatments for anastomotic leak which
can range from antibiotics to reoperation for anastomosis repair or
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diversion also have the potential to dramatically increase the overall
cost of care [4,6].

Considering the impact that anastomotic leak has on patients
undergoing colorectal resection surgery, a clear understanding of the
rate of anastomotic leak, as well as predisposing factors, is needed.
This study conducted a systematic review in the Medline and Embase
databases to provide estimates of the incidence of anastomotic leak
following colorectal resection surgery based on recently published
peer reviewed literature. Focus was placed on the rate of anastomotic
leak following colorectal resection surgery, as well as the operative
and patient specific factors associated with the development of a post-
operative anastomotic leak.

Methods
Search methods and procedures

A systematic search of the Medline and Embase databases was
performed to identify articles reporting on the rate of post-operative
anastomotic leak following colorectal resection surgery. The search
terms and inclusion and exclusion criteria were developed by a panel
of experts on the surgical treatment of gastroenterological diseases
following a preliminary review of the peer-reviewed literature.
References from articles that met study criteria were also reviewed to
expand the search.

Search terms

The Medline and Embase databases were searched for articles
published in English from January 1, 2003 to August 8, 2015 that
reported on the incidence of post-operative leak following colorectal
resection surgery. The search terms included the population being
studied, intervention, and outcome of the review (Table 1).

Types of studies

Only full text articles were included in the review; conference
abstracts, editorials, and letters to the editor were excluded. Article
types in the review included randomized controlled trials (RCTs),
prospective outcome studies, clinical trials, comparative studies,
evaluations, and observational studies.

Study participants

Only articles with adult populations (age > 18 years) that reported
the incidence of post-operative leak after anastomosis in colorectal
surgery were included.

Measures

Study outcomes extracted included study sample size, type(s)
of anastomosis (e.g. staple versus suture), and diagnosis leading
to surgery, patient demographics, comorbidities, mortality rate,
operative characteristics, and length of hospital stay. Post-operative
leak rate was the only required outcome; all other outcomes were
extracted where available.

Screening and reviewing process

All review processes were conducted by two independent
reviewers; any discrepancies between the two reviewers were
reconciled by a third reviewer. The search returned a total of 562

articles. The screening process was initiated with an abstract review;
articles were included if they referenced the prevalence of post-
operative leaks following colon resection surgery. A full text review
was then conducted for those articles that passed the abstract review
(54 articles); articles that did not report the rate of post-operative
leaks following colorectal anastomosis were excluded. The screening
and review phases, led to exclusion of 381 publications leaving 43
studies in the final review (Table 2).

Extracted fields included author, title, date, journal, year of
publication, rate of post-operative leak, and study outcomes. Costs
associated with anastomotic leak was not assessed in this study, as
cost of care was not reported within the articles.

Statistical analyses

For each of the 34 studies included in the review that stated
on the type of anastomosis used frequencies of anastomotic were
reported by each type of anastomosis. Similarly the frequency of
leaks by surgical type were reported for the 34 studies in which the
relationship was described. Finally demographic and operative leak
rates were reported for the leak versus no leak groups in the subset
of 12 articles included in this sample; there were varying numbers
of articles within this subset included based on the demographic
or operative characteristics reported within. Statically significant
differences in leakage rates were assessed by chi square tests of
equality of proportions. Pairwise comparisons were examined where
significant omnibus tests were achieved. Statistical analyses were
conducted with SPSS (version 20, Chicao, IL), and a critical alpha
level of 0.05 was set.

Results
Sample demographics

A total of 14,102 cases were represented within the 43 articles
included in the review. Of the 43 articles studies 19 were conducted in
Europe (44.2%), 18 were from Asia (41.9%), and six were from North
America (13.9%). Overall the sample was primarily male (57%) and
of middle age (60.2 years), reported in 38 and 35 articles respectively
(Table 3). Within the 18 articles that reported BMI, the weighted

Table 1: Search Terms and Filters.

Search Term

Description Definition
colon, OR colonic, OR colorectal, OR rectal, OR rectum,
Colon OR “lower anterior resection”, OR “low anterior resection”,

OR "LAR sigmoidectomy", OR “left hemicolectomy”, OR
“total mesorectal excision”, OR TME

Post-operative postoperative, OR "post-operative", OR "post discharge"

complication, OR abscess, OR leak, OR anastomosis,
OR infection, OR ileus, OR bleeding, OR transfusion, OR

Leak 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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Table 2: Included Articles.

Author Year Title Journal
Aslak [25] 2012 The implementation of a standardized approach to laparoscopic rectal Journal of the Society of Lapraoendoscopic Surgeons
surgery (2012)16:264-270
. Anastomotic leaks after anterior resection for mid and low rectal cancer: . .
Asteria [26] 2008 . . Techniques in Coloproctology (2008)12:103-110
survey of the Italian society of colorectal surgery
Can trans-anal reinforcing sutures after double stapling in lower anterior World Journal of Gasteroenterology (2013)19(32):5309-
Baek [27] 2013 . A
resection reduce the need for temporary diverting ostomy 5313
Baik [28] 2009 Robotic versus laparoscopic Iovy anterior re;ectlon of rectal cancer: Annals of Surgical Oncology (2009)16:1480-1487
short-term outcome of a prospective comparative study
Balaji [29] 2007 The modlflled triple staple' .technlqu.e: a variant stapling technique for Surgeon (2007)5(4):199-201
anastomosis after low anterior resection
Short-term morbidity and quality of life from a randomized clinical trial of
Bartels [30] 2015 close rectal dissection and total mesorectal excision in ileal pouch-anal|British Journal of Surgery (2015)102:281-287
anastomosis
Caulfield [31] 2013 ::t?t?:;motlc leak after low anterior resection: a spectrum of clinical JAMA Surgery (2013)148(2):177-182
Chen [32] 2013 Intraoperat_lve ana;tomoltlc dye test S|:qn|f|cantly_ decreases incidence of Techniques in Coloproctology (2013)17:579-583
anastomotic leaks in patients undergoing resection for rectal cancer
Chew [33] 2011 Evaluation of ?urrent dewcgs in §|ngle-|n0|5|on .Iaparoscoplc colorectal World Journal of Surgery (2011)35:873-880
surgery: a preliminary experience in 32 consecutive cases
Dauser [34] 2013 Anastomotlc leakage after low anterlgr resection fgr rectal cancer: Langenbecks Archives of Surgery (2013)398:957-964
comparison of stapled versus compression anastomosis
De Magistris [35] | 2013 -aparoscopic sigmoidectomy in moderate and severe diverticulitis: o | Endoscopy (2013)27:1766-1771
analysis of short-term outcomes in a continuous series of 121 patients
Anastomotic leakage following low anterior resection: results of a International Journal of Colorectal Disease (2004)19:128-
Eckman [36] 2004 ) ) . .
standardized diagnostic and therapeutic approach 133
Fouda [37] 2011 Feaslﬁtﬁ:tecmn of Anastomotic Leakage after elective low anterior w1 of Gastrointestinal Surgery (2011)15:137-144
Treatment for early ultralow rectal cancer: pull-through intersphincteric
Fu [38] 2013 stapled transection and anastomosis (PISTA) versus low anterior| Techniques in Coloproctology (2013)17:283-291
resection
Outcomes based on risk assessment of anastomotic leakage after rectal Asian Pacific Journal of Cancer Prevention (2014) 15:707-
Gong [39] 2014
cancer surgery 712
Gustafsson [40] 2012 I‘;foptzrcc:)slcoplc-as&sted and open high anterior resection within an ERAS World Journal of Surgery (2012)36:1154-1161
Does intramesorectal protectomy with rectal eversion affect postoperative
Hicks [41] 2014 complications compared to standard total mesorectal excision in patients|Journal of Gastrointestinal Surgery (2014)18:385-390
with ulcerative colitis?
Efficacy of transanal tube for prevention of anastomotic leakage following
Hidaka [42] 2015 laparoscopic low anterior resection for rectal cancers: a retrospective Surgical Endoscopy (2015)29:863-867
cohort study in a single institution
A clinical parameters-based model predicts anastomotic leakage after
Hu [43] 2015 a laparoscopic total mesorectal excision: a large study with data from|Medicine (2015)94(26):e1003
China
Ishihara [44] 2008 Intraoperative colonoscopy for stapled anastomosis in colorectal surgery Surgery Today (2008)38:1063-1065
Ivanov [45] 2011 Intraoperative air testing of colorectal anastomoses Srp Arh Celok Lek (2011)139(5-6):333-338
Kanellos [46] 2010 Anastomotic leakage following low anterior resection for rectal cancer  Techniques in Coloproctology (2010)14(Suppl 1):S35-S37
Intraoperative assessment of microperfusion with visible light
Karliczek [47] 2010 spectroscopy for prediction of anastomotic leakage in colorectal Colorectal Disease (2010)12:1018-1025
anastomoses
Acute phase proteins in drain fluid: a new screening tool for colorectal
Komen [48] 2014 anastomotic leakage? The APPEAL study: analysis of parameters| The American Journal of Surgery (2014)208:317-323
predictive for evident anastomotic leakage
Anastomosis by use of compression anastomosis ring (CAR™ 27) in International Journal of Colorectal Disease (2012)27:391-
Koo [49] 2012 ; ) )
laparoscopic surgery for left sided colonic tumor 396
Lanthaler [50] 2008 Intraoperative  colonsocopy for anastomosis assessment in Journal of Laparendoscopic and Advanced Surgical
laparoscopically assisted left-sided colon resection: is it worthwhile? Techniques (2008)18:27-31
Law [51] 2000 Risk factors for .ar.1astomot|c leakage after low anterior resection with total American Journal of Surgery (2000)179:92-96
mesorectal excision
Leahy [52] 2014 What is the risk of clinical anastomotic leak in diverted colorectal Journal of Gastrointestinal Surgery (2014)18:1812-1816
anastomosis
Lieto [53] 2011 Endoscopic intraoperative ~anastomotic testing may avoid early ;. ot Gastroinestinal Surgery (2011)15:145-152

gastrointestinal anastomotic complications. A prospective study
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Matthiessen [54] 2007 Defuncthnlng stor.na reduces symptomatic anastomotic leakage after Annals of Surgery (2007)246:207-214
low anterior resection of the rectum for cancer

Morse [55] 2013 Detern.'unatlon qf |nd.ependent predictive factors for anastomotic leak: The American Journal of Surgery (2013)206:950-956
analysis of 682 intestinal anastomoses

Park [56] 2013 Robotic-assisted transabdominal intersphincteric resection: a technique Surgical Laparoscopy, Endoscopy, and Percutaneous
involving a completely abdominal approach and coloanal anastomosis | Techniques (2013)23(1):e5-e10
Preventing complications in colorectal anastomosis: results of a .. .

Placer [57] 2014 randomized controlled trial using bioabsorbable staple line reinforcement ?és()iases of the Colon and Rectum (2014)57(10):1195
for circular stapler

Ricciardi [58] 2009 Anastomotic leak testing after colon resection: what are the data? Archives of Surgery (2009)144(5):407-411

Schmidt [59] 2003  Anastomoticleakage after low rectal stapler anastomosis: significance of &\ o jourmal of Surgical Oncology (2003)29:239-243
intraoperative anastomotic testing

Seo [60] 2013 Cha.ractenstlcls and rlskl factors associated with permanent stomas after World Journal of Surgery (2013)37:2490-2496
sphincter-saving resection for rectal cancer

Shamiyeh [61] 2012 Intraoperative endoscopy for the assessment of circular-stapled Surgical Laparoscopy, Endoscopy, and Percutaneous

Y anastomosis in laparoscopic colon surgery Techniques (2012)22(1):65-67
— Diverting stoma in rectal cancer surgery. A retrospective study of 329 International Journal of Colorectal Disease (2011)26:79-

Shiomi [62] 2011 .
patients from Japanese cancer centers 87

Shrikhande [63] 2013 ~Perioperative outcomes after ultra low anterior resection in the era of .y mal of Gastroenterology (2013)32(2):00-97
neoadjuvant chemoradiotherapy

Smith [64] 2007 The e:fflcacy of |nltraoperat|ve methylene blue enemas to assess the BMC Surgery (2007)7:15
integrity of a colonic anastomosis

Ulrich [65] 2008 Early results from a randomized clinical tnl'lal of collon J pouch versus British Journal of Surgery (2008)95:1257-1263
transverse coloplasty pouch after low anterior resection for rectal cancer

Wang [66] 2010 Selective Igparoscoplc Iateral.d|ssectlon of regl.onal micrometastasis in Minimally Invasive Therapy (2010)19:345-349
rectal carcinoma - ten years single center experience
Can transanal tube placement after anterior resection for rectal

Xiao [67] 2011 carcinoma reduce anastomotic leakage rate? A single-institution|World Journal of Surgery (2011)35:1367-1377
prospective randomized study

mean was 23.4, indicating a normal weight for the population (Table
3). The diagnosis leading to colorectal resection surgery was reported
in 41 articles; the most common diagnosis was cancer, in 80.7% of
cases (11,379). Other diagnoses leading to colorectal resection surgery
included inflammatory bowel disease (3.2%), diverticulitis (3.5%),
and other (5.2%), which included familial adenomatous, polyposis,
polyps, benign tumor, radiation enteritis, stenosis, rectal prolapse,
injury, angiodysplasia, reversal of previous surgical procedures,
adenoma, ischemic bowel, perforation, and colonic obstruction
(Table 3). Presence of a diabetes diagnosis was reported in 11 articles
and 12.2% of the sample had diabetes (Table 3). Within the 9 articles
that reported smoking status, 35.5% of the sample was found to be a
current smoker or have previously smoked (Table 3).

Operative characteristics

Where available operative characteristics including type of
anastomosis (staple, suture, or other), surgery type (laparoscopic or
open), operative time, length of hospital stay, distance of anastomosis
to anal verge, and 30 day mortality were extracted from studies.

The type of anastomosis was reported in 39 articles which
included 10,885 cases. Stapled anastomosis was used in the majority
of cases (70.9%), followed by sutured anastomosis (4.5%), and other
(1.8%) which included compression rings or missing data. The type
of anastomosis was not stated in remaining 3,217 cases across 4
articles (Table 4). Surgery type was reported in a total of 24 articles.
Laparoscopic surgery was employed in 4,840 cases (34.3%) and open
surgery was used in 2,447 cases (17.4%); the type of surgery was not
stated in the remaining 6,815 cases (Table 5).

The weighted mean operative time was 198.6 minutes within

the 15 articles that reported duration of surgery. The location of the
anastomosis in relation to the anal verge was reported in 16 studies
and a mean distance of 6.7 cm was identified within the 4,850 cases.
Patients were hospitalized for an average of 14.2 days following
surgery (16 articles), and a 30 day mortality rate of 1.0% was identified
within the sample (n=6 articles).

Leak rate

All 43 articles reported the rate of post-operative leaks. A total
of 167 leaks were identified within 14,102 cases, yielding a total leak
rate of 6.1% (Table 4). Across the individual studies the rate of leaks
ranged from 0.5% to 19.2%.

The leak rate by type of anastomosis was also examined within
a subset of 34 articles (9,934 cases) in which both outcomes were
reported. Within this subset a total of 579 post-operative leaks were
identified, resulting in a leak rate of 5.8%, similar to the overall
sample of articles. Staple anastomosis was most common with 9,151
cases; within this group there were 516 leaks producing a leak rate
of 5.6%. A total of 534 cases had a suture anastomosis, and 48 of
these patients had a post-operative leak (9.0%). The ‘other’ category
was comprised of anastomoses that used a compression ring or had
missing data regarding closure. Within these 249 cases, a total of 15
leaks were identified post-operatively, yielding a leak rate of 6.0%
(Table 4). Chi square tests revealed the rate of leaks in patients with
a stapled anastomosis to be significantly lower compared to patients
with a sutured anastomosis (p=0.001).

Similarly the rate of leaks by surgical type were also examined. The
rate of leaks within the 4,430 cases who received laparoscopic surgery
was 4.0% (total of 179 leaks). The leak rate in the laparoscopic sample

Citation: Schiff A, Brady BL, Ghosh SK, Roy S, Ruetsch C, et al. (2016) Estimated Rate of Post-Operative Anastomotic Leak Following Colorectal
Resection Surgery: A Systematic Review. 2(1): 060-067. DOI: 10.17352/2455-2968.000033.

063


http://

Schiff et al. (2016)

3

was significantly lower than the post-operative leak rate of 6.3% (total
82 leaks) identified in the 1,306 open surgery cases (p=0.001).

Leak group analysis

Within the full sample of 43 articles a total of 12 articles
were identified that presented patient demographic and surgical
characteristics based on post-operative anastomotic leak group (leak
versus no leak). Study outcomes were examined using the 4,856
cases within these articles to examine demographic and surgical
characteristics associated with anastomotic leak.

The subset of patients in the leak group analysis was similar to the
overall study sample. The majority of patients were male (54.6%), and
the mean age of the subset was 61.3 years. The subset had a mean BMI
of 22.0, and 39.4% and 13.0% had a history of smoking or diabetes
respectively. The leak group had a higher percentage of males (68.2%
v 54.8%), smokers (46.3% v. 38.8%), and diabetics (23.4% v. 12.4%)
compared to the no leak group (Table 6).

Operative characteristics of the leak group analysis subset were
largely similar to the overall study sample. Anastomosis type followed
the same trend with stapled anastomosis most commonly used
(92.3%), followed by sutured anastomosis (6.6%), and other (1.0%).
Laparoscopic surgery was more prevalent in the leak group subset
(74% of procedures), as one of the three manuscripts that reported on
surgical type only performed laparoscopic procedures. The length of
stay was also similar at an average of 13.3 days following anastomosis
surgery. Mortality within the leak group analysis subset was higher
than the total sample at 2.3% (p=0.03), as was operative time with an
average of 235.9 minutes. The distance of the anastomosis to the anal
verge was slightly lower in the leak group analysis subset with a mean
of 4.9 cm. The leak group had a significantly higher rate of sutured
anastomoses (10.9% v. 6.3%) and open surgeries (36% v. 25.5%)
compared to the no leak group (p<0.01). Operative time and distance
to the anal verge was similar between leak groups (Table 6). There was

Table 3: Sample Demographics.

Articles Total Sample Subset Sample Mean/%
Age (Years) 35 10,676 60.2
Gender 38 11,510
Male 38 6,552 57.0%
Female 38 4,958 43.0%
BMI 18 6,675 234
Diagnosis 43 14,102
Cancer 38 11,379 80.7%
IBD 6 445 3.2%
Diverticulitis 7 490 3.5%
Other 12 740 5.2%
Not Stated 2 1,048 7.4%
Diabetes 11 4,524 551 12.2%
Smoker 8 2,544 912 35.8%
Demographics are based on the sample within the articles that reported a
specific demographic. Means are the weighted mean from studies.

Table 4: Operative Details.

Articles Total Sample Subset Sample Mean/%
Type of Anastomosis 43 14,102
Stapled 39 10,000 70.9%
Sutured 15 636 4.5%
Other 4 249 1.8%
Not stated 4 3,217 22.8%
Surgical Type 43 14,102
Open 12 2,447 17.4%
Laparoscopic 24 4,840 34.3%
Not stated 19 6,815 48.3%
miﬁzg Time 15 2,575 198.6
Length of Stay (Days) |16 2,658 14.2
I(Dci;t?nce to Anal Verge 16 4,850 6.7
30 Day Mortality 16 3,267 35 1.00%

Operative details are based on the sample within the articles that reported
a specific characteristic (e.g. type of anastomosis). Means are the weighted
mean from studies.

Table 5: Anastomotic Leak Rates.

Articles |Total Sample Leaks Leak Rate
Post-operative Leaks 43 14,102 867 6.1%
By Anastomosis Type 34 9,934 579 5.8%
Stapled 34 9,151 516 |5.6%
Sutured 10 534 48 9.0%
Other 5 249 15 6.0%
By Surgical Type 18 5,736 261 4.6%
Open 6 1,306 82 6.3%
Laparoscopic 16 4,430 179 4.0%

a notable increase in both the length of hospitalization (12.4 v. 20.9
days) and 30 day mortality (1.8% v. 6.2%) in the leak group compared
to the no leak group.

Comparison of leak rates by patient and surgical characteristics
revealed that males (p<0.0001), patients with diabetes (p<0.0001),
patients who had an open surgery (p=0.001), and patients who
received a sutured anastomosis (p=0.001) were significantly more
likely to experience a post-operative anastomotic leak compared to
females, non-diabetics, and stapled anastomoses respectively.

Discussion

This study used a systematic review of the Medline and Embase
databases to estimate the rate of anastomotic leak following colorectal
resection surgery in the recently published literature. A total of 43
articles, corresponding to 14,102 cases were included in the review;
the majority of cases underwent colorectal resection for cancer
(80.7%). The study sample was primarily male and of middle age
(60.2 years), consistent with the demographics of colorectal cancer
patients [18]. A total of 867 patients experienced an anastomotic leak,
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Table 6: Characteristics by Leak Group.

Articles Total Subset Sample Mean/%
Demographics
Gender 12
No Leak 4536
Male 2438 54.8%
Female 2098 47.2%
Leak 320
Male 212 68.2%
Female 108 34.7%
Age 10
No Leak 4024 61.3
Leak 276 61.1
BMI 4
No Leak 2312 22
Leak 118 23.1
Smoker 6
No Leak 1798 698 38.8%
Leak 147 68 46.3%
Diabetes 6
No Leak 3431 426 12.4%
Leak 197 46 23.4%
Operating
Characteristics
Type of Anastomosis 12
No Leak 4536
Stapled 4201 92.6%
Sutured 287 6.3%
Other 48 1.1%
Leak 320
Stapled 282 88.1%
Sutured 35 10.9%
Other 3 0.9%
Surgical Type 3
No Leak 2974
Open 759 25.5%
Laparoscopic 2215 74.5%
Leak 136
Open 49 36.0%
Laparoscopic 87 64.0%
Operative Time 3
No Leak 407 236.3
Leak 55 233.3
Length of Stay 3
No Leak 335 12.4
Leak 41 20.9
Distance to Anal
Verge 4
No Leak 796 4.9
Leak 91 4.7
30 Day Mortality 3
No Leak 492 1.8%
Leak 65 6.2%

yielding a study post-operative leak rate of 6.1%, which corresponds
with the rate of post-operative leaks reported in multiple prospective
and retrospective studies [4,10,19]. Although the overall rate of leaks
identified in this study is toward the lower end of published estimates
of post-operative leak, the range of post-operative leaks across
individual studies within this review (0.5 — 19.2%) is consistent with
that of the published literature (0.5 - 26%) [4-6,9,10].

Examination of factors,
and surgery type, revealed that patients who received a sutured
anastomosis or underwent open surgery were significantly more likely
to experience a post-operative leak compared to stapled anastomoses
or laparoscopic surgery respectively. The majority of anastomoses
included in the study were stapled (70.9%) indicating a preference
for the use of staplers in colorectal resection surgeries. Our finding
that leaks are more common with sutured anastomoses is a diversion
from the literature, which generally reports no difference in leak rate
based on anastomosis type [20-22]. Differences in the time period
assessed in this review, size of the sample, surgical characteristics (e.g.
location of the anastomosis), or study inclusion criteria could account
for the differences identified here. Laparoscopic procedures were
more common than open surgeries within the sample, although the
procedure used was not stated for 48.3% of the sample. Our finding
that laparoscopic surgery is associated with a lower rate of post-
operative anastomotic leak is not unprecedented [10]. Laparoscopic
procedures may cause reduced tissue trauma as compared to open
procedures and is associated with faster surgical recovery; previous
findings of equality between the procedures are likely related to the
study sample including patient and surgeon related factors, as well
as the learning curve associated with laparoscopic procedures, that
influence the outcome of the surgery [23,24].

surgical including anastomosis

In an attempt to assess patient and surgical related factors related
to the development of post-operative anastomotic leak, the subset
of articles that reported demographic and operative characteristics
based on the presence or absence of post-operative anastomotic
leak were assessed. This analysis included a total of 12 articles that
accounted for a total of 4,856 cases (34.4% of the total sample). The
most commonly reported patient characteristics were gender and
age, although smoking status and diabetes diagnosis was also assessed
within the subset of the sample where they were reported. Consistent
with previous reports, there was a greater percentage of males in the
leak group compared to the no leak group (54.8% v. 68.2%), which
lead to a significantly increased rate of post-operative anastomotic
leaks in the male versus female population (8.0% v. 4.9%, p<0.001)
[5,10,13]. Although some of the articles included in this review have
reported older age to be associated with a greater risk of anastomotic
leaks [26,30], there was no difference between the mean age of patients
with a leak and patients without a leak in this sample, consistent with
other reports [10,12]. There was a trend towards a higher rate of
anastomotic leaks in patients who smoked compared to those who
did not (8.9% v. 6.7%), but this comparison did not reach statistical
significance in our sample. Conversely, patients with diabetes were
found to have a significantly greater post-operative anastomotic
leak rate compared to individuals without diabetes (9.7% v. 4.8%,
p<0.001).
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Similar to the analysis of leak rate by anastomosis type within the
larger study sample, we found a significantly higher rate of leaks in the
sutured group compared to the stapled group (10.9% v. 6.3%, p=0.001).
The rate of ‘other’ types of anastomoses was similar between groups
(1.1% in the no leak group v. 0.9% in the leak group), and resulted in
a post-operative leak rate of 5.9% in the ‘other’ anastomosis group.
We also identified differences in post-operative outcomes across leak
groups. In concert with previous findings, the leak group within this
subset had a longer duration of hospitalization (20.9 v. 12.4 days) and
a higher rate of mortality (6.2% v. 1.8%, p=0.03) compared to the no
leak group, indicating worse outcomes within the group of patients
who experienced a post-operative anastomotic leak [4,7,13].

This study assessed the rate of intraoperative leaks and factors
associated with leaks within a sample of articles identified through
systematic review of the Medline database. A study leak rate of
6.1% was found within a sample of 14,102 colorectal resection
surgeries. Factors associated with the development of post-operative
anastomotic leak were explored, although differences in reporting
methodology across studies limited sample sizes and conclusions.
Overall the presence of an anastomotic leak was associated with an
increased length of hospitalization and higher mortality rates. We
were able to identify several surgical factors that were significantly
associated with the development of post-operative anastomotic leak,
including open versus laparoscopic procedures and use of sutures
compared to staples for the anastomosis. We also found a significantly
increased anastomotic leak rate within males and patients with a
diagnosis of diabetes. Due to the notable impact of anastomotic leak
on both patient outcomes and healthcare utilization and costs, further
studies to better understand the prevalence of anastomotic leak and
predisposing factors are needed.
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