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Purpose: The anastomotic leakage rate after rectal resection has been reported to be approximately 2.5-21 percent, but most 
results were associated with open surgery. The aim of this study was to identify risk factors and their relationship to the 
experience of the surgeon for anastomotic leakage after laparoscopic rectal resection.
Methods: Between March 2003 and December 2008, 156 patients underwent a laparoscopic rectal resection without a divert-
ing ileostomy. The patients’ characteristics, the details of treatment, the intraoperative results, and the postoperative results 
were recorded prospectively. Univariate and multivariate analyses were applied to identify risk factors for anastomotic leakage. 
Results: The majority of operations were performed for malignant disease (n = 150; 96.2%), and 96 patients (61.5%) were 
males. Conversion to open surgery occurred in 1 case (0.6%). The anastomotic leak rate was 10.3% (16/156), and there were 
no mortalities. In the univariate analysis, tumor location, anastomotic level, intraoperative events, and operation time were 
associated with increased anastomotic leakage rate. In the multivariate analysis, anastomotic level (odds ratio [OR], 6.855; 
95% confidence interval [CI], 1.271 to 36.964) and operation time (OR, 8.115; 95% CI, 1.982 to 33.222) were significantly 
associated with anastomotic leakage. 
Conclusion: The important risk factors for anastomotic leakage after laparoscopic rectal resection without a diverting ileos-
tomy were low anastomosis and long operation time. An additional procedure, such as diverting stoma, may reduce the 
anastomotic leakage if it is selectively applied in cases with these risk factors.
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vival rate, and shows better functional results. Also, minimal 
invasive surgery through laparoscopic surgery was introduced 
in the 1990s, and it has been showing promising results not 
only in colon cancer but also in rectal cancer. However, nei-
ther laparoscopic surgery nor open surgery is completely se-
cure from the risk of anastomosis leakage.

In spite of the improvement of the surgical technique and 
accumulated experiences, anastomotic leakage is still one of 
the most severe complications, with a 2.5–21% incidence rate 
[1, 2]. In the Swedish Rectal Cancer Registry (SRCR) the anas-
tomotic leakage rate was just below 10%. No tendency towards 
improvement was found throughout a ten-year period from 
1995 to 2004 [3]. The increase in sphincter-saving procedures 
and the subsequently higher proportion of patients with distal 
bowel anastomoses may contribute to an increased incidence 
of anastomotic failure [4, 5]. Anastomotic leakage after rectal 
surgery can result in significant morbidity and mortality, and 

INTRODUCTION

Total mesorectal excision (TME) introduced by Herald in 1982 
has been accepted as the standard method for rectal surgery 
because it reduces the local recurrence rate, increases the sur-
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may be associated with a higher local recurrence rate in rectal 
cancer [6, 7]. In patients, complaints caused by stoma, anxiety 
caused by their current state, and stress caused by additional 
surgery increase the incidence of complications and may ad-
versely affect the relationship between the patient and the sur-
geon.

Laparoscopic rectal surgery provides an excellent operative 
field in a narrow pelvis, but requires more linear stapler than 
open surgery. Also, the experience of the surgeon is a crucial 
factor because it takes a long time to overcome the learning 
curve. According to the recent Cochrane review, there was no 
difference in anastomotic leakage rate between laparoscopic 
surgery and open surgery [8]. However, there is not many study 
related to anastomotic leakage after laparoscopic rectal resec-
tion, and the protective ileostomy rate, the preoperative chemo-
radiotherapy rate, and the TME rate in each study are not con-
sistent, producing different results. Laparoscopic colon surgery 
is nationwide popular in Korea. Especially, laparoscopic rectal 
surgery has been expending, but study related to anastomotic 
leakage is rare. So, the aim of this study was to identify the risk 
factors of anastomotic leakage after laparoscopic rectal resec-
tion at a single center and to assess the relationship between 
the experience of the surgeon and the incidence of anastomotic 
leakage.

METHODS

Patients
From March 2003 to December 2008, 188 patients at Seoul 
Yang Hospital underwent laparoscopic rectal resection, and 
all of them were prospectively recorded in the database. Ten 
patients who received an abdominoperineal resection and 22 
patients who were treated with neoadjuvant chemoradiother-
apy and protective ileostomy (17 cases), or a protective ileos-
tomy without neoadjuvant chemotherapy (5 cases) were ex-
cluded. Thus, 156 patients were included in this study. The char-
acteristics of the patients and tumors, as well as the intraopera-
tive and postoperative results, were analyzed to evaluate the 
relationships between all the variables and anastomosis leak-
age. All patients undergoing surgery gave written informed 
consent concerning the surgical procedure and the risks of the 
procedure.

Surgical method
All surgeries were accomplished by a single colorectal surgeon. 
The patients were placed in the modified lithotomy position, 
and the pneumoperitoneum was set to 12 mmHg and was main-
tained at that level throughout the surgery. In most cases, an 
11 mm subumbilical port was placed to introduce the laparo-
scope, and other ports were placed in the right lower quadrant 
(12 mm port), right upper quadrant (5 mm port), left lower 
quadrant (5 mm port), and the left upper quadrant (5 mm port).

The surgeon was located on the right side of the patient, and a 
medial-to-lateral dissection was done. High ligation of the in-
ferior mesenteric artery was considered as a general principle. 
Low ligation was performed depending on the condition of the 
patient’s blood vessel. Splenic flexure mobilization was done 
totally or partially, depending on the bowel length. In mid and 
low rectal cancer, TME was performed. In upper rectal cancer, 
a partial mesorectal excision was performed. The rectum was 
transsected by using a linear endoscopic stapler after checking 
to ensure that the safety distal resection margins were at least 
5 cm in upper rectal cancer and 1 cm in low rectal cancer. For 
rectal extraction, a 4 cm to 5 cm long skin incision was made 
on the suprapubic or umbilical area, and then a wound protec-
tor was placed. After the proximal resection margin was check 
ed, the colon was transsected, and the anvil was then inserted. 
After the bowel was replaced in the abdominal cavity, the pneu-
moperitoneum was reestablished, and an end-to-end anasto-
mosis was performed using a circular stapler. After anastomo-
sis, the doughnut was checked, and an air leakage test was ex-
ecuted through the anus. A protective ileostomy was created 
in patients who received neoadjuvant chemoradiotherapy or 
in other patients for whom the surgeon thought it was neces-
sary and was done by on right lower trocar site extended. A 
drain was inserted around the anastomosis along the presa-
cral space. The operation time was measured from skin inci-
sion to skin closure.

Definition
The rectum was defined as 15 cm from the anal verge. Less than 
5 cm from the anal verge was considered as the low rectum, 
5-10 cm from the anal verge was considered as the mid rec-
tum, and 10-15 cm from the anal verge was considered as the 
upper rectum.

Anastomotic leakage was defined as clinical symptoms follow 
as: 1) pus or fecal discharge from the drain, 2) increased tem-
perature (> 38°C) or leukocyte count, or peritoneal irritation 
sign on physical examination, or 3) rectovaginal fistula or ab-
scess in the pelvic cavity. Anastomotic leakage was diagnosed 
by digital rectal examination, sigmoidoscopy, abdominal CT, 
and water-soluble contrast enema. Unexpected events related 
to anastomosis during surgery, such as a instrument failure, 
ischemia of the proximal colon, tumor perforation, and addi-
tional surgery caused by anastomotic hemorrhage, were de-
fined as ‘adverse intraoperative events.’

Cumulative sum (CUSUM) analysis
A CUSUM analysis is one of the methods to analyze the learn-
ing curve and is used in colonoscopy, laparoscopic surgery, 
and ultrasonography [9-11]. In this research, a CUSUM anal-
ysis was used to find the relationship between surgical experi-
ence and anastomotic leakage. The CUSUM (Sn) is defined as 
Sn = ∑ (Xi – Xo); 0 is substituted for Xi when there is no anas-
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tomotic leakage and is considered a ‘success,’ and 1 is substi-
tuted for Xi when there is anastomotic leakage and is consid-
ered a ‘failure.’ Xo represents the anastomotic leakage allow-
ance rate, or failure rate. Thus, when the success rate (rate for 
no anastomotic leakage) is 90%, the failure rate is 10%, and 0.1 
is substituted for Xo. When these modifications are mapped, 
a picture with a slope is drawn. A positive slope represents a 
failure rate outside the allowance range, and a negative slope 
represents a failure rate within the allowance range.

Statistical method
Data analysis and statistics were done by using SPSS ver. 13.0 
(SPSS Inc., Chicago, IL, USA). The chi-square test and Fisher’s 
exact test were used for categorical variable comparison and 
analysis. The Student’s t-test was used for continuous variables. 
Independent risk factors for anastomotic leakage were evalu-
ated using multivariate stepwise logistic regression analysis. 
The results were considered as significant when the level of 
significance was 95% and the P-value was less than 0.05.

RESULTS

Patient characteristics are shown in Table 1. Among 156 pa-
tients, 96 were male and 60 were female. The average age was 
61.7 years old (range, 18 to 86 years old). One hundred fifty 
cases (96.2%) involved malignancies and 3 cases involved be-
nign tumors. In 54 cases (34.6%), the lesions were located in 

the upper rectum, in 87 cases (55.8%), they were located in 
the mid-rectum and in 15 cases (9.6%), they were located in 
the low rectum. The surgical procedure were carried out lapa-
roscopic anterior resection in 16 cases (10.3%), laparoscopic 
low anterior resection in 122 cases (78.2%), laparoscopic trna-
sabdominal and transanal proctosigmoidectomy with coloanal 
anastomosis (LATA resection) in 11 cases (7.1%) and laparo-
scopic transabdominal ultralow anterior resection in 7 cases 
(4.4%). Among these cases, only 1 case (0.6%) was converted 
to open surgery. In 88 cases (56.4%), the anastomosis site was 
more than 5 cm from the anal verge, and in 68 cases (43.6%), 
it was less than 5 cm from the anal verge. Unexpected intra-
operative events took place in 20 cases. Among them, 12 cases 
were related to instrument failure, such as the bending of lin-
ear staplers, failure to suture, and the disruption of distal rec-
tal stump by circular stapler. Among them, 4 cases were related 
to ischemia of proximal colon, 3 cases to anastomotic hemor-
rhage, and 1 case to bowel perforation.

Anastomotic leakage
Among 156 patients, anastomotic leakage occurred in 16 (10.3 
%) who did not receive an ileostomy, and 2 patients among 
those 16 had a rectovaginal fistula. Among the 22 patients who 
received protective ileostomy, only 1 case (4.5%) had an anas-
tomotic leakage. The anastomosis leakage rates were 9.0% (11 
of 122 cases) for a low anterior resection, 43% (3 of 7 cases) for 
an ultralow anterior resection, and 18.2% (2 of 11 cases) for a 
LATA resection. Among the 16 patients who underwent a lap-
aroscopic anterior resection, there was no anastomosis leakage. 
The mean postoperative period to be confirmed anastomotic 
leakage was 3 days (range, 1 to 9 days), and the two rectovagi-
nal fistulae occurred on the postoperative 13th and 14th day, 
respectively. Among the 16 anastomotic leakage cases, 13 were 
treated with a diverting ileostomy, and 3 for whom leakage oc-
curred within the first postoperative day were treated only with 
transanal irrigation and primary repair. Two of the 3 cases un-
derwent transanal irrigation and primary repair finally had an 
additional ileostomy due to continuous anastomotic leakage, 
but 1 case was healed without any complications. The mean 
hospital stay was 22.8 days (range, 10 to 45 days), and the mean 
time to discharge after additional surgery was 18.2 days (range, 
7 to 36 days). There was no death related to anastomosis leak-
age (Table 2).

Relationship between anastomotic leakage and proficiency
Fig. 1 shows the CUSUM analysis of the relationship between 
surgical experience and anastomotic leakage in rectal resec-
tions. The CUSUM goal success rates were set as 85%, 88%, 
90%, 92%, and 95%. When the success rate was 85% (anasto-
motic leakage rate 15%), the peak was around 10th case, fol-
lowed by a constant decrease and leveling out around 109th 
case. This shows that when the expected anastomotic leakage 

Table 1. Characteristics of the 156 patients who underwent laparo-
scopic rectal resection without a diverting ileostomy

Variables No. (%)

Age (yr, range) 61.7 ± 12.5 (18-8,690)

Male   96 (61.5)

Malignancy 150 (96.2)

Tumor location
     > 10
     5-10
     ≤ 5

  54 (34.6)
  87 (55.8)

15 (9.6)

Operation procedure
   AR
   LAR
   ULAR
   LATA resection

  16 (10.3)
122 (78.2)

  7 (4.4)
11 (7.1)

Anastomotic level
   > AV 5 cm
   ≤ AV 5 cm 

  88 (56.4)
  68 (43.6)

Open conversion   1 (0.6)

Anastomotic leakagea    16 (10.3) 

CCRT, concurrent chemoradiation therapy; AR, anterior resection; LAR, low ante-
rior resection; ULAR, ultralow anterior resection; LATA, laparoscopic transabdomi-
nal transanal proctosigmoidectomy with coloanal anastomosis; AV, anal verge.
a3 cases of rectovaginal fistula were included.
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rate is set as 15%, it can be reduced constantly after 10 cases, 
after which the surgeon can show an acceptable anastomotic 
leakage rate. When the success rate was 88% (anastomotic leak-
age rate 12%), the peak was around 18th case, followed by a 
decrease until 109th case and an increase after that. This shows 
that when the anastomotic leakage rate is set to be 12%, the 
rate is acceptable after 18 cases, but will later show an increase 
to greater than 12%. Similar results were obtained when it was 
set to 90%. When the success rate was set to be 92% (anasto-
motic leakage rate 8%), the peak was reached around 50th case, 
followed by a decrease until 109th case, after which it increased. 
This shows that when the anastomotic leakage rate is 8%, an 
acceptable leakage rate is achieved after 50th case, but later 
increases to more than 8% around 109th case. For a 95% suc-
cess rate (anastomotic leakage rate 5%), the leakage rate showed 
a decrease after 50th case and later an increase after 95th case. 
This shows that it is difficult to reduce the anastomotic leak-
age rate to less than 5% both in the beginning and at the end 
of the series. Based on the time period during which the sur-
gery was performed, July 2006 was set as the first half, and the 
anastomotic leakage rate for the first half was compared with 
that for the second half. In the first half, anastomotic leakage 
rate occurred in 7 of 76 cases (9.2%), and in the second half, it 
occurred in 9 of 80 cases (11.3%), but this difference did not 
show statistical significance (P = 0.675).

Risk factors related to anastomotic leakage
According to the univariate analysis, the factors showing a sig-
nificant relationship to anastomotic leakage rate were a lesion 
location less than 10 cm from the anal verge (P = 0.007), an 
anastomotic region less than 5 cm from the anal verge (P < 
0.001), unexpected events during surgery (P = 0.036), and a long 
operation time (P < 0.001) (Table 3). In the multivariate anal-
ysis, the factors affecting anastomotic leakage rate were anas-
tomotic location which is within 5 cm from the anal verge (P = 
0.025; 95% confidence interval [CI], 1.271 to 36.964) and long 
operation time (P = 0.004; 95% CI, 1.982 to 33.222) (Table 4).

DISCUSSION

Anastomotic leakage is a disease that no colorectal surgeon 
can keep away regardless of his or her experience. Anastomotic 
leakage can cause severe complications, and mostly require 
emergency surgery. Also, 25-37% of patient deaths related to 
colorectal surgery have been known to be related with anasto-
motic leakage [12]. Regarding risk factors of anastomotic leak-
age, the diverting ileostomy rate, the preoperative chemora-
diotherapy rate, and the TME rate are not consistent among 
different researchers and so it is difficult to compare them in a 
single batch. However, if we can predict the risk factors that 
affect anastomotic leakage and do proper management like pro-
tective ileostomy, anastomotic leakage rate and serious compli-
cations related would be reduced [13, 14]. This study was based 

Table 2. Clinicopathologic features of anastomotic leakage patients after 
laparoscopic rectal resection without a diverting ileostomy (n = 16)

Variables     No. (%)

Mean age (yr, range)          56.6 (37-76)

Male           11 (68.8)

Mean BMI (kg/m2, range)                22.6 (18.8-26.1)

Operation procedure
   LAR
   ULAR
   LATA resection

         11 (68.8)
           3 (18.8)
           2 (12.5)

Anastomotic level
   > AV 5 cm
   ≤ AV 5 cm

            2 (12.5)
          14 (87.5)

Detection timea (day)
   Pelvic leakage (range)
   Rectovaginal fistula (range)

POD 3.0 (1-9)
  POD 13.5 (13-14)

Treatment
   Ileostomy 
   Transanal repair→ ileostomy 
   Transanal repair 

13
  2
  1

Length of hospital stay (days, range)b          22.8 (10-45)

Mortality   0

BMI, body mass index; LAR, low anterior resection; ULAR, ultralow anterior resec-
tion; LATA, laparoscopic transabdominal transanal proctosigmoidectomy with co-
loanal anastomosis; AV, anal verge; POD, postoperation day.  
aMean detection time; bThe period of time a patient remains in a hospital. 
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Fig. 1. Success rate for a laparoscopic rectal resection without a divert-
ing ileostomy as a function of the number of cases. The curves repre-
sent a cumulative sum (CUSUM) analysis for anastomotic leakage, 
calculated for target success rates of 85%, 88%, 90%, 92%, and 95% 
respectively. ‘Failure’ means an anastomotic leakage after a laparo-
scopic rectal resection without a diverting ileostomy. Upward slopes 
indicate that the rate of failure exceeds the acceptable failure rate 
whereas downward slopes indicate that the rate of failure falls within 
the acceptable rate range.
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on surgical results provided by a single surgeon in a single hos-
pital. Patients with preoperative chemoradiotherapy or a pro-

tective ileostomy were excluded from the analysis. Thus, this 
study excludes the confounding factors that are seen in research 
involving numerous surgeons or including an ileostomy.

The cause of anastomotic leakage has been not yet clearly 
understood, and anastomotic leakage has been known to have 
multiple causes. In rectal resection, the pelvic cavity is narrow, 
and it is difficult to approach the surgical area. Shortening of 
proximal colon can result in tension to the anastomosis area. 
Poor blood supply can cause ischemia of anastomotic site. And 
hemorrhage can result in a hematoma and septic inflammation 
in pelvic cavity. Eventually all of them would be related anas-
tomotic leakage [15]. In this study, we could find out some lim-

Variables
Leakage/Total
No. of patients

(%) P-value

Age (yr) 
   < 65
   ≥ 65

12/91
  4/65

(13.2)
(6.2)

0.188

Sex
    Male
    Female 

11/96
  5/60

(11.5)
(8.3)

0.598

BMI (kg/m2)
   < 25
   ≥ 25

  14/114
  2/42

(12.3)
(4.8)

0.359

ASA classification
   I
   II
   ≥ III 

  6/70
  8/77

2/9

(8.6)
(10.4)
(22.2)

0.445

Tumor location
   > 10
   5-10
   ≤ 5 

  0/54
13/87
  3/15

    (0)
(14.9)
(20.0)

0.007

Colonic obstruction
   Yes
   No 

  3/18
  13/138

(16.7)
(9.4)

0.401

Location of IMA ligation
   High ligation
   Low ligation 

  15/135
  1/21

(11.1)
(4.8)

0.628

Splenic mobilization
   No
   Partial 
   Complete
   Nearly complete

0/1
  10/111

  5/29
  1/15

    (0)
(9.0)

(17.2)
(6.7)

0. 562

Intraoperative  transfusion
   Yes
   No 

0/3
  16/153

    (0)
(10.5)

1.000

Type of anastomosis
   Hand-sewn
   Stapled

  2/11
  14/145

(18.2)
(9.7)

0.314

Variables
Leakage/Total
No. of patients

(%) P-value

No. of linear stapler firings a

   1-2
   ≥ 3

    7/103
  7/42

(6.8)
(16.7)

0.068

Size of circular stapler b

   < 30 mm
   > 30 mm

  5/37
    9/108

(13.5)
(8.3)

0.349

Anastomotic level (cm)
   > 5 
   ≤ 5  

  2/88
14/68

(2.3)
(20.6)

< 0.001

Intraoperative events
   Yes
   No 

  5/20
  11/136

(25.0)
(8.1)

0.036

Operation time (min)  
   < 270
   ≥ 270

  3/95
13/61

(3.2)
(21.3)

0.001

Tumor size (cm)
   < 4.5
   ≥ 4.5 

  8/91
  8/65

(8.8)
(12.3)

0.475

T category
   Tis  
   T1
   T2
   T3
   T4 
   Tx  

0/1
  2/17
  2/27
  9/95
2/9
1/7  

    (0)
(11.8)
(7.4)
(9.5)

(22.2)
(14.3)

0.852

N category
   N0
   N1
   N2

  9/93
  1/23
  6/40

(9.7)
(4.3)

(15.0)

0.139

Operation period
   1st half
   2nd half

  7/76
  9/80

(10.4)
(9.2)

0.675

Table 3. Univariate analysis of the risk factors for anastomotic leakage in the 156 patients undergoing a laparoscopic rectal resection without a 
diverting ileostomy

BMI, body mass index; ASA, American Society of Anesthesiologists; IMA, inferior mesenteric artery.
aNumber of stapler firings during the rectal division. Coloanal anastomosis cases were not included; bSize of circular stapler used during colorectal anastomosis. Coloanal 
anastomosis cases were not included. 

Table 4. Multivariate analysis of the risk factors for anastomotic leak-
age in the 156 patients undergoing a laparoscopic rectal resection with-
out a diverting ileostomy

Variables P-value Odds ratio
95% Confidence 

interval

Anastomotic level 0.025 6.855 1.271-36.964

Operation time 0.004 8.115 1.982-33.222

Intraoperative events 0.072 3.730 0.888-15.659
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itation of double stapling technique, which can create a weak 
point against safety of anastomosis on crossing area between 
linear stapler and circular stapler. In many cases, the staple was 
found to be bent when the doughnut was checked after anas-
tomosis.

In laparoscopic surgery, excising the rectum perpendicularly 
is relatively difficult comparing with open surgery. Also, in 
many cases, two or more staplers are needed, and the incision 
line is not clean. However, the surgical view of laparoscopic 
surgery is excellent, enabling autonomic nervous system to be 
preserved better and anastomotic leakage to be diagnosed ear-
lier. Lee et al. [16] reported that the diagnostic period of anas-
tomotic leakage in laparoscopic surgery was faster, with an av-
erage of 2.7 days, than it was in open surgery, with an average 
of 5.2 days. In this study, leakage within the pelvic cavity, ex-
cept rectovaginal fistula, was diagnosed on the 3rd day; show-
ing not much difference from their report. Also, laparoscopic 
surgery makes the reoperation to be able to do laparoscopically 
like peritoneal irrigation or creation of ileostomy. In this study, 
10 out of 15 cases whose ileostomy was created due to anasto-
motic leakage underwent laparoscopic surgery, and nowadays 
it has become 1st choice of treatment method in our hospital. 
Risk factors related to anastomotic leakage are reported as height 
of the anastomosis, sex, obesity, insertion of a drainage tube, 
ASA score, operation time, intraoperative transfusion, steroid 

usage, and preoperative radiotherapy (Table 5). The anasto-
motic leakage rate after a laparoscopic rectal resection is 5-17%, 
and there is not much difference when compared with open 
surgery. When ileostomy is created for fecal diversion, the rate 
is known to be decreased [16-18]. In this study, 9.6% (17 out 
of 178 cases) of the patients had anastomotic leakage when 
patients with a protective ileostomy creation were included, 
and 10.3% of the patients had leakage when patients with a 
protective ileostomy creation were excluded. The results were 
not different from those of previous study. According to Ito et 
al. [18] anastomotic leakage rate after laparoscopic rectal resec-
tion was 5% but the leakage rate after the laparoscopic TME 
was 12%.They insisted that TME is the most important risk 
factor for anastomotic leakage. Also, cases in which three or 
more linear staplers were used showed a greater rate of anas-
tomotic leakage than cases in which 2 or fewer were used (15% 
vs. 3%), and the number of linear stapler is reported as an im-
portant risk factor. In our study, 16.7% of the cases in which 3 
or more linear staplers were used had anastomotic leakage 
whereas only 6.8% of the cases in which 2 or fewer linear sta-
plers were used had leakage. Although there was no statistical 
significance to this difference (P = 0.068), efforts to reduce the 
number of linear staplers to 2 or/and less seem to be warranted. 

To prevent anastomotic leakage, tension-free anastomosis with 
maintained circulation is important. Karanjia et al. [4] reported 

Table 5. Risk factors for anastomotic leakage after a rectal resection 

Author Year No. Op type 
Protective 
stoma (%) 

Preoperative  
RT rate (%)

Leakage  rate 
(%) 

Risk factors 

Rullier [2] 1998 272 Open 41.9 11.8 12 Male
Level of anastomosis (5 cm)
Obesity 

Yeh [22] 2005  978 Open 10 NA 2.8 Use of an irrigation suction drain
Blood transfusion
Poor colon preparation
Anastomotic level (≤ 5 cm) 

Jestin [37] 2007 372 Open 47.8 47.8 9.7 Adverse intraoperative events
Low anastomosis (6 cm)
Preoperative RT 

Lee [16] 2007 107
90 

Lapa 
Open 

24.3
20 

6.5
6.7

13.6
6.9 

No. of linear stapler firings

Yoon [1] 2007 1,208 Open 3.1 3.1 3.2 Intraoperative transfusion
Protective stoma
Nodal stage

Jung [7] 2008 1,391 Open 3.9 6.2 2.5 Age (> 60)
Male
ULAR

Ito [18] 2008 180 Lapa 0.6 0 5 TME
No. of stapler (≥ 3) 

Current study 2010 156 Lapa 0 0 10.3 Low anastomosis (≤ 5 cm)
Operation time

Op, operation; RT, radiation therapy; NA, not accessible; Lapa, laparoscopic; ULAR, ultralow anterior resection; TME, total mesorectal excision. 
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that the patient group without mobilization of the splenic flex-
ure had a greater anastomotic leakage rate than the group with 
mobilization (22% vs. 9%). They insisted that complete splenic 
mobilizaiton needs to be done thoroughly before stapling. Also, 
in cases where the anastomotic leakage risk is high, checking 
bowel continuity by an anastomotic leakage test is important. 
Ricciardi et al. [19] reported that lack of an air leakage test in-
creases the anastomotic leakage rate significantly and such a 
test is also useful for testing the integrity. In our study, an air 
leakage test was done in every case involving double stapling 
in order to confirm the completeness of anastomosis. Five of 
178 cases (3.2%), including patients with leostomy creation, 
had air leakage. Two cases had a transanal reinforcement su-
ture, 1 case had ileostomy creation, 1 case had reanastomosis 
and ileostomy creation, and 1 case had a failure in transanal 
suture and had ileostomy creation after conversion to open 
surgery. Among these five cases, there were no patients with 
anastomotic leakage, and one patient had anastomotic stric-
ture. Hence, reviewing the completeness of anastomosis through 
an air leakage test and reinforcing sutures or re-stapling when 
there is leakage seem to be necessary.

Moran and Heald [20] reported that in all cases where anasto-
mosis was done on 6 cm or less in TME, a defunctioning ileos-
tomy was created or soft silicone stent was positioned through 
the anus to prevent anastomotic leakage. Those authors insisted 
that transanal decompression was not invasive and was a safe 
temporary treatment. However, Bulow et al. [21] concluded 
through a randomized study that transanal decompression did 
not reduce anastomotic leakage. In our study, a transanal drain-
age tube was not inserted, but a transabdominal drainage tube 
was inserted into the pelvic cavity through a 5 mm trocar to 
prevent hematoma and to detect anastomotic leakage early. It 
was removed 5 to 7 days after the surgery. Yeh et al. [22] from 
prospective study concluded that routine use of pelvic drain-
age after rectal resection is not justified and should be discour-
aged, because the insertion of an irrigation-suction drain in 
the pelvic cavity could act as risk factor. However, according 
to some studies, postoperative drainage tube insertion in the 
pelvic cavity reduces anastomotic leakage and complications 
[5, 23]. Especially, after a TME, a huge retrorectal space is cre-
ated. Blood or exudates can gather in this space and create a 
hematoma, seroma, bacteria proliferation, and severe infection, 
which will eventually induce anastomotic leakage. Thus, pel-
vic drainage may suppress these processes. Although there is 
still debate between researchers about whether drainage tube 
insertion affects anastomotic leakage, drain insertion must be 
executed selectively after considering the patient’s condition 
and the operation methods. Observing the color of the drain-
age tube might be helpful in diagnosing anastomotic leakage. 
However, a change in the patient’s condition often comes be-
fore a change in tube color in anastomotic leakage. Thus, thor-
oughly observing the patient after surgery is t more important 

than depending on the drainage tube.
As above, numerous methods are being developed in order 

to prevent anastomotic leakage. However, J-pouch anastomo-
sis and protective ileostomy for fecal diversion are known to be 
useful evidence-based treatments for preventing anastomotic 
leakage [15]. Hallbook et al. [24] compared the J-pouch anas-
tomosis group and the end-to-end anastomosis group through 
a prospective randomized study. The J-pouch group’s leakage 
rate was 2%, which was significantly lower than that of the end-
to-end anastomosis group (15%). Explanations for this differ-
ence in leakage rate between the two techniques include the 
full mobilization of the descending colon, which is necessary 
for the construction of the J-pouch, and the “filling” of the pel-
vis by the colon, which improves hemostasis and reduces the 
dead space [25]. There is still debate about whether a preven-
tive diverting ileostomy will prevent anastomotic leakage. Mat-
thiessen et al. [13] suggested in a randomized multicenter study 
that an ileostomy can reduce anastomosis leakage in a low an-
terior resection, but Gastinger et al. [26] insisted that an ileos-
tomy should be done selectively because it reduces neither the 
anastomotic leakage rate nor the re-hospitalization rate, because 
additional surgery might be needed for ileostomy restoration 
(additional cost), and because complications might occur dur-
ing a reoperation [26-28]. However, it is generally agreed that 
an diverting ileostomy can reduce the incidence of the severe 
complications that anastomotic leakage can bring.

According to some researchers, the surgeon’s experience and 
proficiency affect not only the postoperative results and com-
plications but also the prognosis for the patient [29-31]. In our 
study, the relationship between surgical experience and the 
anastomotic leakage rate was analyzed. Although the data were 
from a single surgeon in a single hospital, we found that the 
anastomotic leakage rate was difficult to reduce even though the 
surgical experience increased. This is thought to have resulted 
from an increase in the numbers of difficult surgeries and of low-
lying anastomoses as the surgeon gained surgical experience.

In our study, an anastomotic region less than or equal to 5 cm 
from the anal verge and a long operation time were the only 
two factors related to anastomotic leakage. Fourteen out of 16 
leakage cases (87.5%) had anastomosis within 5 cm from the 
anal verge, and the location of anastomosis of other two cases 
was 5.5 cm and 7 cm from the anal verge, respectively. Lopez-
Kostner et al. [32] reported that when the anastomotic location 
was 15 cm or farther from the anal verge, the anastomotic leak-
age rate was 0.14%, when the anastomosis location was between 
10 cm to 15 cm from the anal verge, the rate is 5.4%, and when 
the region was less than 10 cm from the anal verge, the rate was 
8.4%, showing that the rate increased as the distance from the 
anal verge decreased. Rullier et al. [2] also reported that the 
anastomotic leakage rate for anastomosis locations within 5 cm 
was 6.5 times greater than it was for locations outside 5 cm. 
In our study, the anastomotic leakage rate was 10 times higher 
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(20.6% vs. 2.3%) when the anastomotic region was located with 
in 5 cm. Especially, 43% (3 of 7) of the cases where an ultralow 
anterior resection was executed showed anastomotic leakage. 
Thus, a preventive diverting ileostomy should be considered 
in cases where the anastomotic location is very low.

Although operation time is well known to be one of the risk 
factors for anastomotic leakage [33, 34], the proficiency of the 
surgeon is also thought to act as confounding variable in un-
expected occurrences, as is the difficulty of the surgery. In pa-
tients with severe obesity, in male patients with a narrow pel-
vis and in cases of adverse intraoperative events, the operation 
will be delayed. Also, when the operation time is long, bacte-
ria exposure and tissue damage will increase, which will cause 
inflammation, ultimately increasing the anastomotic leakage 
rate [35]. Komen et al. [36] reported that in a multivariate anal-
ysis, “after hours” construction of an anastomosis was one of 
independent risk factors for colorectal anastomotic leakage, in 
those technical difficulties and surgeon’s proficiency affected 
the result and ileostomy creation might be considered. In our 
study, when the operation procedure was delayed, the possibil-
ity for anastomotic leakage was approximately 6.7 times greater 
than it was when the operation procedure was not delayed. 
Accordingly, the possibility of anastomotic leakage must be 
considered in cases whose the operation is delayed.

Along with the development of operation techniques and 
stapling devices, efforts to develop a more stable tool are be-
ing made. Thus, anastomotic leakage after colorectal surgery 
will be reduced in the future.

Anastomotic leakage after laparoscopic rectal resection can 
often occur independently even while surgical experience is 
ongoing, so caution is needed at all times. Especially, the anas-
tomotic leakage rate is high when the anastomotic location is 
low and the operation time is long. Thus, the surgeon must 
decide if preventive treatment such as a diverting ileostomy 
needs to be done in order to reduce the risk of anastomotic 
leakage.
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