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Purpose: This study aimed to identify risk factors for anastomotic leakage and to evaluate the impact of protective stoma 
on the rate of anastomotic leakage and subsequent management.
Methods: This retrospective study analyzed data from 4,282 patients who underwent low anterior resection between 2007 
and 2014. Among these, 1,367 (31.9%) underwent surgery to create protective diverting stoma and 232 (5.4%) experi-
enced anastomotic leakage. At 6-month timepoints, data were evaluated to identify any correlation between the presence 
of diverting stoma and the incidence of anastomotic leakage. In addition, clinicopathological parameters were investigated 
to identify risk factors for anastomotic leakage.
Results: Diverting stomas significantly reduced the rate of anastomotic leakage (hazard ratio, 0.334; 95% confidence inter-
val, 0.212–0.525; P < 0.001], which was reciprocally correlated with the rate of diverting stoma formation (P = 0.039). Pa-
tients with a diverting stoma had a significantly lower incidence of generalized peritonitis (P < 0.001) and therefore signif-
icantly reduced need for laparotomy (82.7% vs. 39.1%, P < 0.001).
Conclusion: The selective use of diverting stoma in high-risk patients decreases the rate of anastomotic leakage. Diverting 
stoma also affects the type of leakage and reduces the need for emergency laparotomy by approximately 40%.
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INTRODUCTION

Anastomotic leakage is the most serious complication of low an-
terior resection for patients with rectal cancer; the rate of clinically 
significant complications has been reported to be as high as 20% 
[1]. Although many strategies have been used to reduce the rate 
of complications, the creation of defunctioning (diverting) stoma 

in this regard has been the subject of ongoing controversy. Some 
investigators have reported the protective effect of a stoma for low 
anterior resection in reducing the incidence of leakage and argue 
for its general use [2-4]. A previous meta-analysis of data from 4 
randomized, controlled trials also showed a significant reduction 
in the number of clinically symptomatic leakages (odds ratio 
[OR], 0.32; 95% confidence interval [CI], 0.17–0.59) and fewer 
repeated operations (OR, 0.27; 95% CI, 0.14–0.51) in patients 
with a defunctioning stoma; the authors therefore recommended 
the use of stoma after low anterior resection in patients with rectal 
cancer [5]. By contrast, other investigators have suggested that the 
routine use of a diverting stoma is not advisable as their studies 
showed no reduction in the incidence of leakage [6]. There are 
many potential problems associated with the creation of stoma, 
including reduced quality of life, stoma-related morbidity [7], fi-
nancial impact, secondary hospitalizations for stoma closure and 
the possibility of the patient requiring a permanent stoma [8]. 
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Therefore, whether or not to use protective stoma as part of the 
surgical approach for low anterior resection of rectal lesions re-
mains a key question. This study aimed to identify risk factors for 
anastomotic leakage and to evaluate the role of protective stoma 
on the rate of leakage and its management.

METHODS

Patient population
Between January, 2007, and December, 2014, 5,364 consecutive 
patients with rectal adenocarcinoma underwent surgery at the 
Asan Medical Center, Seoul, Korea. All patients had tumors lo-
cated within 15 cm of the anal verge, as determined by colonos-
copy and/or digital rectal examination. The clinicopathologic data 
for these patients were recorded in the hospital database and col-
lected prospectively. We identified 4,282 patients who underwent 
low anterior resection; the remaining 1,082 patients were ex-
cluded for the following reasons: abdominoperineal resection 
(n= 538), transanal local excision (n= 260), bypass or diverting 
stoma formation only (n= 109), Hartmann procedures (n= 83), 
total colectomy or proctocolectomy (n= 68), metachronous can-
cer (n = 12), and concurrent inflammatory bowel diseases 
(n= 12). Each patient provided informed consent prior to surgery.

All included patients received medical and mechanical bowel 
preparation, prophylactic subcutaneous heparin, and systemic 
antibiotic prophylaxis. Among the 4,282 patients, protective sto-
mas were performed in 1,367 patients (31.9%); the decision to 
create a protective stoma was made by the attending surgeon.

The present study protocol was approved by the Institutional 
Review Committee of Asan Medical Center (2019-1366).

Data evaluation
Patients were grouped according to the year in which they under-
went surgery. We investigated the correlation between 2 values, 
the rate of anastomotic leakage and the rate of diversions per-
formed during a period of time. Potential associations were iden-
tified by preparing a scatter plot with smooth lines of paired data.

To investigate possible risk factors for anastomotic leakage, 3 ar-
eas of clinicopathological data were reviewed: patient parameters 
(sex, age, and combined disease such as diabetes, hypertension, 
liver disease, pulmonary disease, cardiovascular disease, or 
chronic renal failure); disease parameters (location of tumors, 
level of carcinoembryonic antigen, pathologic T- and N-catego-
ries, tumor size, and the presence of lymphovascular invasion or 
perineural invasion); and treatment parameters (type of anasto-
mosis [staple or hand-sewn], the application of minimally inva-
sive techniques, diversion, and radiotherapy).

The tumor locations were categorized into 3 groups based on 
distance from the anal verge to the upper rectum (> 10 cm, ≤ 15 
cm), mid rectum (> 5 cm, ≤ 10 cm), and lower rectum (≤ 5 cm). 
Three types of leakage were categorized as follows: generalized 
peritonitis, localized peritonitis with or without abscess around 

the anastomosis site, and any type of fistula or chronic sinus-asso-
ciated leakage [9]. A long-term stoma was defined as one that 
could not be repaired for 1 year after its formation.

Statistical analysis
The clinicopathological characteristics of patients with or without 
any type of anastomotic leakage were compared using Pearson 
chi-squared test, Fisher exact test, or Student t-test depending on 
the nature of the data. Spearman Rank correlation coefficient was 
used to test the relationship between the diversion and anasto-
motic leakage. Cox regression analysis was used to determine the 
odds of anastomotic leakage using the significant parameters de-
tected by univariate analysis.

RESULTS

Reciprocal correlation between the rates of diversion and 
anastomotic leakage
The clinicopathological characteristics of the 4,282 enrolled pa-
tients, stratified by the year in which the low anterior resections 
were performed, are summarized in Table 1. The rate of anasto-
motic leakage and the rate of diversion were evaluated in 6-month 
groups. Between the 2 variables, Spearman Rank correlation coef-
ficient was -0.520 and showed a statistically significant negative 
correlation (P= 0.039). The rate of anastomotic leakage was found 
to reciprocally correlate with the number of diversions performed 
(Fig. 1).

Risk factors for anastomotic leakage and the protective role 
of diverting stoma
Based on univariate analysis, 4 clinicopathological parameters 
(male sex, low level of tumor, radiotherapy, and diverting stoma) 
showed an association with the rate of anastomotic leakage (data 
not shown). In multivariate analysis using these 4 parameters, 
male sex (P< 0.001), low level of tumor (mid rectum, P< 0.001; 
low rectum, P< 0.001)), and radiotherapy (P= 0.01) were seen to 
be significant independent risk factors for anastomotic leakage. 
Additionally, a diverting stoma showed an independent effect in 
preventing anastomotic leakage (P< 0.001) (Table 2). The protec-
tive role of diverting stoma for anastomotic leakage in low rectal 
cancer (≤ 5 cm from anal verge) patients who underwent radio-
therapy (pre- or postoperatively) is summarized in Table 3. The 
diverting stoma for anastomotic leakage had protective effects in 
all cases, irrespective of receiving radiotherapy (male, 17.9% [22 
of 123] vs. 5.7% [26 of 459]; female, 11.6% [10 of 86] vs. 5.1% [12 
of 237]) or not (male, 13.8% [12 of 87] vs. 3.0% [3 of 100]; female, 
10.7% [9 of 84] vs. 1.7% [1 of 60]).

The effect of diverting stoma in the treatment of 
anastomotic leakage
The effects of diverting stoma on the type and management of 
anastomotic leakage, long-term stoma, and permanent stoma are 
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summarized in Table 4. Patients with a diverting stoma had a sig-
nificantly lower incidence of generalized peritonitis (P<0.001), 
and therefore significantly reduced requirement for laparotomy 
(82.7% vs. 39.1%, P<0.001). There was no statistically significant 
difference in the rate of long-term stoma between patients who 
underwent diverting stoma and those who did not (37.5% vs. 
33.9%, P=0.165). The rate of permanent stoma did not differ sig-
nificantly between the 2 groups, although a higher rate was seen in 
patients with a diverting stoma (46.9% vs. 34.5%, P=0.083).

DISCUSSION

Our study has shown that the creation of a diverting stoma signif-

icantly reduces the risk of anastomotic leakage and re-exploration 
rates in cases of anastomotic leakage. These results are similar to 
those seen in the literature [5, 10]. However, the methodology 
used in previous studies differs from our own; our study also in-
cluded investigation of the correlation between the rate of divert-
ing stoma performed and anastomotic leakage over time. Only 
the rate of diverting stoma procedures was seen to correlate with 
the rate of anastomotic leakage over time. By assessing the year in 
which procedures were performed at the same hospital, we could 
exclude the possibility of selection bias. Previous studies divided 
all patients into only 2 groups (stoma versus no stoma) and com-
pared the rate of anastomotic leakage between these groups. This 
simple division of patients is likely to be a major cause of selection 

Table 1. Clinicopathologic characteristics of patients according to years

Year 2007 2008 2009 2010 2011 2012 2013 2014

No. of patients 449 325 517 595 624 605 560 607

Mean age (yr) 59.3 59.8 59.9 59.7 60.5 61 60 59.8

Male sex (%) 64.8 65.5 60.9 63.0 64.6 64.6 61.6 63.1

Low rectum (%) 28.7 28.6 25.9 31.8 26.3 27.3 28.4 33.4

Combined disease (%)

   Diabetes 13.6 13.2 15.7 16.1 15.5 16.9 14.6 12.2

   Hypertension 29.0 26.2 33.5 33.9 36.7 34.7 35.0 32.3

   Liver 4.2 2.2 3.7 5.5 4.3 3.8 3.2 2.8

   Pulmonary   8.9 8.0 9.3 8.9 10.7 8.1 5.2 6.1

   Cardiovascular 7.3 7.1 9.1 8.2 7.5 5.8 3.2 5.6

   Chronic renal failure 0.7 0.3 0.2 0.0 0.5 0.3 0.4 0.0

Mean CEA level (ng/mL) 1.2 2.2 2.7 2.4 2.4 2.2 2.0 1.9

pT3-4 (%) 60.6 58.7 61.5 59.1 63.3 55.4 56.1 59.5

pN+ (%) 38.7 36.0 39.9 36.3 39.9 35.7 37.9 37.4

Mean tumor size (cm) 4.1 3.9 3.7 3.7 3.8 3.7 3.9 2.7

LVI (+) 19.6 24.9 20.0 21.2 21.8 21.3 33.2 48.3

PNI (+) 14.6 13.3 17.0 18.3 22.7 14.4 17.1 21.7

Stapler use (%) 98.2 96.3 95.7 96.1 99.0 96.5 94.5 91.9

MIS (%) 10.9 19.4 24.4 29.6 32.7 40.7 50.2 59.0

   Laparoscopic 10.9 19.4 24.4 18.5 16.8 24.2 27.0 32.0

   Robot - - - 11.1 15.9 16.5 23.2 27.0

Radiotherapy (%) 43.4 41.8 46.2 43.2 45.0 43.5 34.8 38.1

   Preoperative 30.2 28.2 36.4 33.3 31.5 33.2 27.1 29.0

   Postoperative 13.2 13.6 9.8 9.9 13.5 10.3 7.7 9.1

Diversion (%) 17.8 30.8 32.1 33.6 29.2 32.6 32.7 43.2

Leakage, n (%) 44 (9.8) 17 (5.2) 22 (4.3) 24 (4.0) 34 (5.5) 35 (5.8) 27 (4.8) 29 (4.8)

   Generalized peritonitis 27 8 6 6 18 11 7 5

   Localized ( ± abscess) 11 5 5 10 10 18 17 16

 Fistula or chronic sinus 6 4 11 8 6 6 3 8

pT, pathologic T-category; pN, pathologic N-category; LVI, lymphovascular invasion; PNI, perineural invasion; MIS, minimally invasive surgery.
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bias, due to significant differences between the cases included in 
each group. Furthermore, as the decision to construction a stoma 
is made at the surgeon’s discretion, it is difficult to draw strong 
conclusions as it is likely that more patients with risk factors for 
anastomotic leakage were included in the diverting stoma group, 
thereby forming the basis of selection bias. Therefore, if the rate of 
anastomotic leakage in the diverting group (in whom a risky 
anastomosis was anticipated) is similar to that seen in the nondi-
verting group, we could interpret these data as indicating the pro-
tective effect of diverting stoma.

In our study, the anastomotic leakage rate of the diverting group 
was not statistically significantly different from that of the nondi-
verting group (with diversion, 4.7% [64 of 1,367] vs. without di-
version, 5.8% [168 of 2,915]). During the study periods, the rate 
of all types of leakage at our center was 5.4% (232 of 4,282). As 

shown in Table 1 and Fig. 1, the rate of anastomotic leakage was 
greatly affected by the rate of diversion procedures undertaken; 
the rate of anastomotic leakage could be increased if diverting 
stoma was performed in too few cases. We consider that it was 
not possible to avoid anastomotic leakage in all patients. Instead, 
specialist centers, or institutes for rectal cancer, should maintain 
the lowest possible rate of anastomotic leakage. Based on the re-
sults of our current analyses, it would be reasonable to construct a 
diverting stoma in approximately 30% of low anterior resections 
to maintain a rate of anastomotic leakage < 5.0% at our center. In 
addition, these patients should include patients at high-risk of 
anastomotic leakage. A selective approach, using diverting stoma 
for high-risk patients to achieve the lowest possible leakage rates 
should, therefore, be considered.

Many factors have been reported to be risk factors for anasto-

Table 2. Multivariate analysis for risk factors of anastomotic leakage

Variable Exp (B) 95% CI P-value

Sex

   Female 1

   Male 2.288 1.658–3.156 < 0.001

Location

   UR    1

   MR 2.649 1.706–4.111 < 0.001

   LR 5.191 3.163–8.519 < 0.001

Radiotherapy

   (−) 1

   (+) 1.499 1.102–2.039 0.010

Diversion

   (+) 1

   (−) 2.714 1.911–3.856 < 0.001

CI, confidence interval; UR, upper rectum; MR, mid rectum; LR, low rectum.

Table 3. The protective role of diverting stoma for anastomotic leak-
age in low rectal cancer (≤5 cm from anal verge) underwent low an-
terior resection and radiotherapy

Sex Type of radiotherapy Diversion No Leak %

Male Preoperative No 89 17 19.1

Yes 434 25 5.8

Postoperative No 34 5 14.7

Yes 25 1 4.0

Female Preoperative No 65 9 13.8

Yes 222 12 5.4

Postoperative No 21 1 4.8

Yes 15 0 0

Table 4. Effect of diverting stoma on type and management of anas-
tomotic leakage and long-term stoma

Variable
Diversion (−) 
(n =  2,915)

Diversion (+) 
(n =  1,367)

P-value

No. of leakages 168 (5.8) 64 (4.7) 0.145

Type of leakage 

   Generalized peritonitis 84 (50.0) 3 (4.7) < 0.001

   Localized peritonitis (abscess) 56 (33.3) 36 (56.3)

   Fistula or chronic sinus 28 (16.7) 25 (39.1)

Management of leakage 

   Explo-laparotomy 139 (82.7) 25 (39.1) < 0.001

   Conservative management 25 (14.9) 29 (45.3)

   PCD 4 (2.4) 10 (15.6)

Long-term stomaa 57 (33.9) 24 (37.5) 0.610

Permanent stoma 58 (34.5) 30 (46.9) 0.083

Values are presented as number (%).
PCD, percutaneous drainage.
aCould not be repaired over 1 year after formation.

Fig. 1. The reciprocal correlation between the rates of diversion per-
formed and anastomotic leakage.
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motic leakage, including male sex, obesity, hypoalbuminemia, 
malnutrition, anemia, weight loss, a low-lying tumor requiring a 
low-level anastomosis, preoperative radiotherapy, adverse intra-
operative events, and prolonged duration of surgery [11-14]. 
Here, we identified 3 significant independent risk factors: male 
gender, the use of radiotherapy, and a low tumor location, factors 
that are closely interrelated. As male gender is characterized by a 
narrow, concave bony pelvis (which limits access to a rectal tu-
mor) and radiotherapy is often associated with low anastomosis, 
the low location of a rectal lesion could be the most important 
predictive factor for leakage. We therefore analyzed the role of di-
verting stoma in the subgroup of patients with low rectal cancer 
located within 5 cm of the anal verge. For low rectal cancers, the 
protective effects of a diverting stoma for anastomotic leakage was 
identified in all cases, irrespective of receiving radiotherapy or 
not. Although it is the subject of some controversy, preoperative 
radiotherapy is generally considered to be an independent risk 
factor for anastomotic leakage [15]. As preoperative radiotherapy 
is completed before surgical excision, this factor could be consid-
ered in the decision-making process. Postoperative radiotherapy, 
however, presents a more significant challenge. In our study, 
among the 95 low rectal cancer patients who received postopera-
tive radiotherapy, 7 patients (7.4%) suffered from anastomotic 
leakage; 6 of the 55 patients (10.9%) without diverting stoma ex-
perienced leakages, while only 1 of the 40 patients (2.5%) with a 
diverting stoma experienced anastomotic leakage (Table 3). 
Therefore, an attending surgeon should consider the necessity of 
a diverting stoma when performing a low anterior resection in 
patients in whom postoperative radiotherapy is anticipated.

The treatment of anastomotic leakage after low anterior resec-
tion is challenging and some patients face the possibility of re-
quiring a permanent stoma. In our study, anastomotic leakages 
were categorized into 3 types based on their characteristics. As the 
definitions are various and types of anastomotic leakage range 
from an asymptomatic leakage to a leakage resulting in a life-
threatening condition, some authors have proposed different cat-
egorizations or grading systems. Rahbari et al. [16] proposed a 
3-grade system according to its impact on clinical management 
(grade A, no change in patient management; grade B, requires ac-
tive therapeutic intervention but is manageable without relaparot-
omy; and grade C, requires relaparotomy). Although this is a 
straightforward system, the grade could change after the comple-
tion of management for anastomotic leakage and thus cannot be 
used in the management process for complex clinical situations 
that vary over time. Chambers and Mortensen [9] proposed 3 
categories of anastomotic leakage based on clinical presentation: a 
major leak with generalized peritonitis, a leak with localized peri-
tonitis with or without abscess formation, and a fistula. As this 
system is based on clinical significance, it could support decision-
making when developing an adequate management plan. This 
approach was adopted in our present study, with a modification 
that added chronic sinus as a fistula-type leakage.

For cases of anastomotic leakage that occurred without divert-
ing stoma, 82.7% of patients required exploratory laparotomy, 
whereas only 39.1% of patients in the diverting group required 
laparotomy (Table 4). In the group without diverting stoma, all 
patients with generalized peritonitis received laparotomy to man-
age generalized peritonitis. However, in the diverting group, lapa-
rotomy was mainly performed for the re-exploration of localized 
peritonitis (n= 10) and fistulas (n= 10) that occurred after closing 
the diverting stoma. Although recent improvements in periopera-
tive management have been made, generalized peritonitis with 
sepsis that requires exploration remains a major cause of mortal-
ity. The adequate use of diverting stoma could significantly reduce 
the rates of these septic complications.

One of the main sequelae associated with anastomotic leakage is 
the possibility of a permanent stoma. In our study, the stomas of 
81 cases (1.9% of the total cohort of 4,282 patients, and 34.9% of 
the 232 patients with leakage) could not be repaired after 1 year; 
most of these long-term stomas became permanent. There was 
no statistically significant difference in the rate of long-term 
stoma between the diverting group and the nondiverting group 
(37.5% vs. 33.9%, P = 0.165). However, the rate of permanent 
stoma was higher in the diverting group than nondiverting group 
(46.9% vs. 34.5%, P= 0.083). As cases of rediversion in the divert-
ing group usually underwent management for anastomotic leak-
age that occurred after repair of the primary stoma, the decision 
to repair the primary stoma and to perform rediversion should be 
considered carefully.

In conclusion, anastomotic leakage is a serious postoperative 
complication that can occur after low anterior resection for rectal 
cancer. Our data suggest that the selective use of diverting stoma 
in high-risk patients could reduce the rate of anastomotic leakage. 
The risk factors for anastomotic leakage were male sex, radiation 
therapy, and a low rectal cancer location. Diverting stomas 
showed protective effects in these high-risk patients, also reduc-
ing the need for emergency laparotomy by approximately 40%.
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