
Abstract. Background/Aim: The purpose of this retrospective
study was to describe the benefits and risks of a diverting
stoma (DS) in laparoscopic low anterior resection (LAR) for
rectal cancer. Materials and Methods: A total of 140 and 167
patients without and with DS, respectively, were included in
this study in a high-volume cancer center of Japan within an
8-year period. Results: Small bowel obstruction occurred
more frequently in patients with DS (2.86% vs. 16.17%,
p<0.001). The difference in anastomotic leakage rate was not
statistically significant (11.43% vs. 10.18%, p=0.72). In
multivariate analysis, the operating time was associated with
a higher rate of leakage in LAR [odds ratio (OR) 8.772, 95%
confidence interval (CI)=1.002–1.012, p=0.027]. Conclusion:
Operating time was associated with a higher rate of leakage
in LAR for low rectal cancer. A DS did not reduce anastomotic
leakage but increased the risk of postoperative intestinal
obstruction in laparoscopic LAR. 

Laparoscopic lower anterior resection (LAR) is an effective
treatment for low rectal cancer. It can overcome the limitation
of a narrow pelvis, thereby improving the quality of the
procedure (1). The most dreaded and destructive complication
of LAR is anastomotic leakage, reported to be as high as 20%
(2, 3) and is associated with morbidity and mortality (4).

It has been shown that male patients, or those with a
previous history of pelvic radiotherapy, low tumor and low
pelvic colorectal anastomosis rates, have a higher risk of

anastomotic leakage (5, 6). Therefore, a diverting stoma (DS)
is recommended for such high-risk patients (7). Although a
DS may be of potential benefit to patients undergoing an
anterior resection, stoma-related complications can also occur.
These range from mild to devastating, with some patients
requiring reoperation and long-term inpatient care, meaning a
DS remains a controversial procedure (8-12). 

A double stapler technique (DST) combined with a
circular stapler is currently the most commonly feasible
method for LAR anastomosis. However, anastomotic leakage
often occurs at the overlap of the anastomotic staples (13).
Therefore, some hospitals use a side-stapling technique (14).

The purpose of this retrospective study was to describe the
benefits and risks of a DS in laparoscopic LAR for low rectal
cancer with a side-to-end stapling anastomosis technique. 

Patients and Methods

In this study, we retrospectively analyzed a total of 307 patients
with low rectal cancer who underwent LAR with curative intent at
the Division of Gastroenterological Surgery of Saitama Medical
University from April 2007 to December 2015. LAR is defined as
having an anastomotic site below the peritoneal reflection.

Laparoscopic LAR exclusion criteria were: 1) patient-related
factors such as severe cardiopulmonary disease and other
laparoscopic surgery contraindications; and 2) tumor-related factors
such as obstructive tumors and intestinal perforation.

Operating procedures were as follows: After a total mesorectal
resection or tumor-specific mesorectal resection of the lower rectum,
the rectum was cut, and a transumbilical incision was made from
which the proximal colon and rectum, together with the tumor, were
exteriorized. After the proximal end was transected with cutting
staplers, the staple line was buried with polydioxanone sutures. A
circular stapler anvil was then inserted through a small colotomy on
the contralateral side of the mesocolon and secured by a purse-string
suture. A 25-mm intraluminal stapler (CDH 25, Ethicon Endo-
Surgery, Cincinnati, OH, USA) was used for the anastomosis.

All patients were followed up regularly according to the Japanese
Guidelines for Diagnosis and Treatment of Colorectal Cancer. All
retrospective cohort studies were reviewed by the institutional ethics
review board and published on the hospital’s home page.
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Patients’ basic demographic data and clinical characteristics
including gender, age, body mass index (BMI), American Society
of Anesthesiologists (ASA) classification, tumor size, preoperative
carcinoembryonic antigen (CEA), depth of infiltration, postoperative
morbidity and mortality, leakage of anastomosis and incidence of
postoperative complications were investigated from medical records.

Rectal rectosigmoid (RS), rectum above the peritoneal reflection
(Ra) and rectum below the peritoneal reflection (Rb) were defined
according Japanese colorectal cancer statutes with preoperative
computed tomography (CT) or magnetic resonance imaging
examination. 

According to Japanese colorectal cancer statutes, radical
resection is divided into three categories: A, B, and C. Patients with
no tumor residue were defined as radical Cur A, while those with
an obvious tumor residue were defined as radical Cur C. Those for
whom the presence of a tumor residue was uncertain were classed
as radical Cur B.

The primary outcome of this study was anastomotic leakage. This
includes CT imaging evidence of leakage, as well as the clinical
drainage of feces, accompanied by signs of peritonitis infection. The
second outcome was overall survival rate.

All statistical analyses were performed using the SPSS software
package for Macs (SPSS version 22; IBM, Tokyo, Japan).
Differences were tested using Chi-square and Fisher’s exact tests
for classification variables. Survival curves were plotted by the
Kaplan–Meier method and analyzed with a log rank test. p<0.05
was considered statistically significant.

Results

Between April 2007 and December 2015, a total of 307
patients with low rectal cancer were enrolled into this study:
140 and 167 patients without and with DS, respectively. The
total incidence of anastomotic leakage was 10.7% (33/307)
in laparoscopic LAR. The long-term survival rate of the
anastomotic leakage group decreased significantly compared
with that of the group without anastomotic leakage (Figure
1). Basic clinicopathological parameters are presented in
Table I. No significant differences were observed between
the two groups with regard to age, BMI, ASA classification,
preoperative complications, tumor size, tumor gross type,
differentiation, CEA level and depth of infiltration. However,
in the DS group, the proportion of male patients was
significantly higher (76.05% vs. 55.71%, p=0.03) and the
tumor location was relatively low (Rb: 14.29% vs. 55.69%,
p<0.001); discharge was also apparent a few days later
(15.4±1.5 vs. 11.4±1.2 days, p=0.04).

The type and frequency of postoperative complications
and the frequency of reoperations are shown in Table II.
Complication rates were significantly higher in patients with
DS (40.72% vs. 25.00%, p=0.003). Small bowel obstruction
occurred more frequently in patients with DS (16.17% vs.
2.86%, p<0.001). In addition, complications related to the
stoma occurred in eight patients, including stoma bleeding,
peristomal dermatitis, peristomal abscess, stoma inverse and
dehydration due to diarrhea in patients with DS.

The demographics and clinical data of leakage patients
undergoing LAR are presented in Table III. Anastomotic
leakage was observed in 11.43% of patients without a DS
and in 10.18% of patients with a DS. However, a
significant difference was not observed in the incidence of
anastomotic leakage between the two groups. There was
also no significant difference in gender, age, preoperative
diabetes, cerebrovascular disease, hypertension and
ischemic heart disease. But the tumor location was
relatively low in the DS group (Rb: 70.59% vs. 6.25%,
p=0.003), and the tumor diameter for most such patients
was greater than 5 cm (64.71% vs. 18.75%, p=0.007). In
addition, the circumferential tumor resection rate (64.71%
vs. 93.75%, p=0.04) and radical resection degree (Cur A &
B: 76.47% vs. 100%, p=0.038) were significantly
decreased. Although the DS group had many high-risk
factors, anastomotic leakage did not increase, but actually
slightly decreased in terms of a percentage. Therefore, a DS
did not appear to reduce the incidence of anastomotic
leakage in the high-risk group.

Surgical details are shown in Table IV. In the LAR + DS
group, the postoperative discharge time was relatively long
(11.4±1.2 vs. 15.4±1.5 p=0.04; Table I). However, no
significant difference was observed in operating time, blood
loss and food intake time between the leakage groups. The
LAR group, however, had cases of reoperation related to
anastomotic leakage and death.

In multivariate analysis, operating time was associated
with a higher rate of leakage in LAR [odds ratio (OR)
8.772, 95% confidence interval (CI)=1.002-1.012, p=0.027].
The gender, Rb, DS, and preservation of the left colonic
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Figure 1. Kaplan–Meier survival curves depicting outcomes between
leakage and no leakage groups in LAR.



artery were not independent risk factors for anastomotic
leakage (Table V).

Next, we matched the Ra-LAR group with the Ra-
LAR+DS group, and removed patients with obvious tumor
remnants (Cure C), signet-ring cell and mucinous carcinoma
in the Ra-LAR+DS group. No significant differences were
observed in basic clinicopathological parameters except that
the proportion of male patients was significantly higher (80%
vs. 42.22%, p=0.0002) in the Ra-LAR+DS group. Bowel
obstruction occurred more frequently in patients with DS
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Table I. Clinicopathological parameters LAR &  LAR plus DS.

Clinicopathological                    LAR                 LAR+DS          p-Value
parameters

Gender (Total n=)                        140                       167                    
   Male                                   78 (55.71%)        127 (76.05%)            
   Female                                62 (44.29%)         50 (29.94%)           0.03
Age (year)                               62.5±0.99             64.2±0.85             0.17
BMI                                                                                                  
   <25                                     113 (80.71%)       123 (73.65%)            
   ≥25                                      27(19.29%)         44 (26.35%)           0.14
ASA                                                                                                 
   1                                          61 (43.57%)         61 (36.53%)             
   2 or 3                                  79 (56.43%)        106 (63.47%)          0.21
Diabetes mellitus                   16 (11.43%)         23 (13.77%)          N.S.
Cerebrovascular disease         5 (3.57%)            10 (5.99%)           N.S.
Hypertension                         40 (28.57%)         59 (35.33%)          N.S.
Ischemic heart disease           11 (7.86%)           10 (5.99%)           N.S.
Tumor size (cm)                                                                                  
   <5                                        87 (62.14%)        112 (67.07%)            
   ≥5                                        53 (37.86%)         55 (32.93%)           0.37
Gross type                                                                                        
   Protruding                          32 (22.86%)         51 (30.54%)             
   Ulcerative or infiltrate      108 (77.14%)       116 (69.46%)          0.13
Tumor location                                                                                
   RS                                       75 (53.57%)          14 (8.38%)              
   Ra                                       45 (32.14%)         60 (35.93%)             
   Rb                                       20 (14.29%)         93 (55.69%)        <0.001
Differentiation                                                                                 
   Well or moderate             135 (96.43%)       157 (94.01%)            
   Poor or mucinous                 5 (3.57%)            10 (5.99%)            0.33
T category                                                                                        
   T1-T2                                 55 (39.29%)         82 (49.10%)             
   T3-T4                                 85 (60.71%)         85 (50.90%)           0.08
CEA (ng/ml)                                                                                    
   <5                                        90 (64.29%)        118 (70.66%)            
   ≥5                                        50 (35.71%)         49 (29.34%)           0.23
Cure excision                                                                                   
   Cur A&B                           135 (96.43%)       160 (95.81%)            
   Cur C                                    5 (3.57%)             7 (4.19%)            N.S.
Discharge POD (day)                                                                      
   mean±SD                              11.4±1.2               15.4±1.5              0.04

LAR: Low anterior resection; BMI: body mass index; ASA: American
Society of Anesthesiologists classification system; CEA: carcinoembryonic
antigen; POD: post-operation days; SD: standard deviation.

Table II. Morbidity after laparoscopic LAR with or without diverting
stoma.

Parameter                                      LAR               LAR+DS         p-Value
                                                     (n=140)              (n=167) 

Complication (Total n=)         35 (25.00%)      68 (40.72%)         0.003
Bowel obstruction                    4 (2.86%)        27 (16.17%)       <0.001
Wound infection                       4 (2.86%)          4 (2.40%)          N.S.
Anastomotic bleeding               4 (2.86%)          1 (0.60%)          N.S.
Peristomal abscess                     0 (0.00%)          2 (1.20%)          N.S.
Stoma bleeding                          0 (0.00%)          1 (0.60%)          N.S.
Peristomal dermatitis                 0 (0.00%)          1 (0.60%)          N.S.
Acute renal failure                     0 (0.00%)          1 (0.60%)          N.S.
Early postoperative hernia        1 (0.71%)          1 (0.60%)          N.S.
Pneumonia                                 1 (0.71%)          1 (0.60%)          N.S.
Pancreatitis                                 0 (0.00%)          1 (0.60%)          N.S.
Cerebral infarction                    0 (0.00%)          1 (0.60%)          N.S.
Fever re-admitted                      1 (0.71%)          1 (0.60%)          N.S.
Shunt dysfunction                      0 (0.00%)          1 (0.60%)          N.S.
Lymphatic leakage                    2 (1.43%)          1 (0.60%)          N.S.
Dysuria                                       2 (1.43%)          2 (1.20%)          N.S.
Stoma inverse                            0 (0.00%)          1 (0.60%)          N.S.
Dehydration from diarrhea       0 (0.00%)          4 (2.40%)          N.S.

LAR: Low anterior resection; N.S.: not significant; DS: diverting stoma.

Table III. Demographics and clinical data of leakage patients
undergoing LAR.    

Clinicopathological                     LAR                LAR+DS         p-Value
parameters                                 (n=140)                (n=167)

Leakage overall, n (%)         16 (11.43%)        17 (10.18%)          0.72
Gender                                                                                              
  Male                                   12 (75.00%)        13 (76.47%)              
  Female                                 4 (25.00%)          4 (23.53%)           0.92
Age (years)                             66.35±2.37          66.0±0.2.25           0.75
Diabetes mellitus                    1 (6.25%)           5 (29.41%)           N.S.
Cerebrovascular disease         0 (0.00%)            1 (5.88%)            N.S.
Hypertension                          3 (18.75%)          6 (35.29%)           N.S.
Ischemic heart disease            1 (6.25%)            1 (5.88%)            N.S.
Tumor location                                                                                  
  RS                                        9 (56.25%)           1 (5.88%)                
  Ra                                         6 (37.50%)          4 (23.53%)               
  Rb                                          1 (6.25%)          12 (70.59%)         0.003
Tumor size (cm)                                                                                
  <5                                        13 (81.25%)         6 (35.29%)               
  ≥5                                         3 (18.75%)         11 (64.71%)         0.007
Circumferential tumor                                                                      
  None                                     1 (6.25%)           6 (35.29%)               
  Yes                                      15 (93.75%)        11 (64.71%)          0.04
Cure excision                                                                                    
  Cur A & B                         16 (100.00%)       13 (76.47%)              
  Cur  C                                   0 (0.00%)           4 (23.53%)          0.038

RS: Rectosigmoid; Ra: rectum above the peritoneal reflection; Rb: rectum
below the peritoneal reflection; Cur A: no cancer residue; Cur B: the tumor
is excised, but the cancer is exposed to the surgical dissection surface of
the specimen; Cur C: obvious cancer residue; N.S.: not significant.



(13.33% vs. 2.22%, p=0.049). A significant difference was
not observed in the incidence of anastomotic leakage
between the two groups [11.11% vs. 6.67%, not significant
(N.S.)] (Table VI).

When the groups, with or without a DS, were compared
for long-term survival, a significant difference was not found
in LAR vs. LAR+DS (Figure 2) or in Ra-LAR vs. Ra-
LAR+DS (Figure 3).

Discussion

Anastomotic leakage is the most dreaded complication in
patients undergoing surgery for rectal cancer. It is not only
related to postoperative morbidity and mortality but also with
local recurrence and the survival of patients (4, 15-17). In
this study, we found that a patient group with anastomotic
leakage showed significantly lower long-term survival. Many
reports exist on how anastomotic leakage, age, gender,
intraoperative bleeding, BMI, preoperative radiotherapy and
chemotherapy, pelvic drainage, tumor size, tumor location,
degree of anastomosis and other risk factors are considered
as high-risk factors in anastomotic leakage (2, 7, 18-21).
Therefore, in our practice, we used a DS in male patients
with a low tumor location and large tumor diameter.

Surgeons have used a myriad of techniques in order to
avoid anastomotic leakage. After a colorectal DST
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Figure 2. Kaplan–Meier survival curves depicting outcomes between
LAR and LAR + DS groups.

Figure 3. Kaplan–Meier survival curves depicting outcomes between
Ra-LAR and Ra- LAR + DS groups.

Table IV. Clinical outcomes of LAR in leakage patients with/without
diverting stoma.

Clinicopathological                         LAR              LAR+DS      p-Value
parameters                                       (n=16)                (n=17)

Operating time (min)                    260±27              309±16           0.12
Operative blood loss (ml)                                                              
  <50                                           13 (81.25%)      10 (58.82%)        
  ≥50                                            3 (18.75%)        7 (41.18%)       0.16
Food intake POD (days)                                                                
  Median                                        12 (3-21)            8 (3-48)           
  Average                                       12 (3-21)           10 (3-48)        0.25
Discharge POD (days)                                                                   
  Median                                      31 (11-136)       38 (16-199)        
  Average                                     39 (11-136)       55 (16-199)      0.25
Treatment of leakage, n (%)                                                          
  Conservative                            9 (56.25%)       13 (76.47%)        
  Surgical                                     7 (43.75%)        4 (23.53%)       0.218
  Mortality                                    1 (6.25%)          0 (0.00%)        0.29

LAR: Low anterior resection; N.S.: not significant; DS: diverting stoma;
POD: post-operation days.

Table V. Multivariate logistic regression analysis evaluating possible
risk factors associated with leakage in LAR.

                                       Odds ratio                95%CI                  p-Value

Gender                               0.606                0.288-1.712               0.436
Rb                                       0.027                0.953-1.014                0.870
Operating time                   8.772                1.002-1.012               0.027
Diverting stoma                 0.757                0.585-4.032               0.384
LCA retained                     0.712                0.294-1.627                0.399

Rb: Rectum below the peritoneal reflection; LCA: left colonic artery;
CI: confidence interval.



anastomosis, performing a mechanical leak test, including
an air leak test, and methylene blue leak test will highlight
any leaks, but will not pinpoint the specific leak site. In
comparison, an intraoperative endoscopic examination of
the anastomotic site allows the surgeon a direct luminal
visual evaluation and, if necessary, therapeutic intervention
(22-24). Although an anastomotic leakage by DST
technique usually occurs at the junction of DST cutter nails,
it has been reported that side-to-side anastomosis may be a
useful method in laparoscopic surgery (14). In this study,
surgeons in all cases routinely used a side-to-end
anastomosis to avoid a leak at the overlap of anastomotic
staples. Even so, there is no way to completely prevent an
anastomotic leak.

Debate exists on whether to create a DS for patients
undergoing surgery for rectal cancer. Some studies have
shown that DS does not reduce the incidence of anastomotic
leakage (25, 26). However, other studies have shown the
opposite. Further, such studies suggest that DS aid in
avoiding serious complications (2, 27). Stoma site
complications, such as outlet obstructions, dermatitis and
abscesses, are not to be ignored (28). In our study, we found
that postoperative stoma complications may directly affect
the number of days spent in hospital. Pertinently, this may
delay the commencement of adjuvant chemotherapy.

In this study, although a significant difference in anastomotic
leakage between two LAR groups, with and without DS, was
not found, it was observed that patients in the DS group had
more high-risk factors, such as being male, and having a lower
tumor location. No deaths occurred in the DS group, and the
reoperation rate decreased when anastomotic leakage occurred,
although this was not statistically significant. It is generally
believed that a DS may reduce the clinically adverse effects of
anastomotic leakage, such as peritonitis and sepsis, rather than
prevent leakage (29). 

Our study suggests that operating time is associated with
a higher rate of leakage in LAR. This, in turn, suggests that
it is critical for young surgeons to rapidly improve their
learning curve for surgery for LAR. For rectal cancer above
the peritoneum, a DS did not reduce the incidence of
postoperative anastomosis but may increase postoperative
intestinal obstruction. It has also been reported that avoiding
placement of DS may prevent postoperative intestinal
obstruction (30), therefore, it is necessary to reconsider the
current strategy of DS. In addition, there was no significant
difference in postoperative long-term survival rates between
LAR groups with and without a DS. 

Although these data are novel, because of the limited
number of patients investigated, it is difficult to draw reliable
conclusions. Further studies, including a large multi-
institutional randomized controlled prospective study, to
evaluate the advantages and disadvantages of DS are required.

Conclusion

Operating time was associated with a higher rate of
leakage in laparoscopic LAR in patients with rectal cancer.
A DS did not reduce anastomotic leakage but increased the
risk of postoperative intestinal obstruction in laparoscopic
LAR. This suggests that DS may not be necessary for a
low rectal resection if the tumor is located above the
peritoneum.
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Table VI. Clinicopathological parameters for Ra-LAR & Ra-LAR + DS.

Clinicopathological                 Ra-LAR           Ra-LAR+DS       p-Value
parameters

Gender (Total n=)                         45                         45                     
   Male                                   19 (42.22%)         36 (80.00%)             
   Female                                26 (57.78%)          9 (20.00%)          0.0002
Age (year)                               62.0±1.99            63.45±1.44           N.S.
BMI                                                                                                  
   <25                                      38 (84.44%)         37 (82.22%)             
   ≥25                                       7 (15.56%)           8 (17.78%)           N.S.
ASA                                                                                                 
   1                                          21 (46.67%)         16 (35.56%)             
   2 or 3                                  24 (53.33%)         29 (64.44%)          N.S.
Tumor size (cm)                                                                              
   <5                                        36 (80.00%)         29 (64.44%)             
   ≥5                                         9 (20.00%)          16 (35.56%)          N.S.
Differentiation                                                                                 
   Well or moderate              44 (97.78%)         44 (97.78%)             
   Poor or mucinous                 1 (2.22%)             1 (2.22%)            N.S.
T category                                                                                        
   T1-T2                                 23 (51.11%)         15 (33.33%)             
   T3-T4                                 22 (48.89%)         30 (66.67%)          N.S.
CEA (ng/ml)                                                                                    
   <5                                        30 (66.67%)         29 (62.22%)             
   ≥5                                        15 (33.33%)         16 (37.78%)          N.S.
Cure excision                                                                                   
   A&B                                   44 (97.78%)         44 (97.78%)             
   C                                           1 (2.22%)             1 (2.22%)            N.S.
Discharge POD (days)                                                                    
   mean±SD                             11.0±1.44             15.2±2.19            N.S.
Complications
   (Total n=)                            9 (20.00%)          15 (33.33%)          N.S.
Bowel obstruction                  1 (2.22%)            6 (13.33%)            0.049
Leakage overall, n (%)          5 (11.11%)            3 (6.67%)            N.S.

Ra: Rectum above the peritoneal reflection; LAR: low anterior resection;
N.S.: not significant; BMI: body mass index; CEA: carcinoembryonic
antigen; POD: post-operation days; DS: diverting stoma; ASA: American
Society of Anesthesiologists classification system.
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