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INTRODUCTION
Anastomotic leak (AL) is defined as communication between 

intra- and extraluminal compartments caused by a defect 
in intestinal wall integrity at the anastomosis [1]. AL after 
colorectal surgery is one of the most dreadful complications 
because it can cause septic complications due to intra-
abdominal contamination from fecal content and may require 
reoperation often followed by creating a stoma [2,3]. In addition, 

AL after cancer surgery is known to increase locoregional 
recurrence and decrease survival rate [4,5].

Despite the development of novel surgical techniques and 
instruments, the incidence rate of AL has not declined in 
recent decades [6]. According to previous research that analyzed 
the results of rectal cancer surgeries from 1990 to 2008 in 84 
prospective cohort studies, the AL rate was approximately 11% 
and remains considerably high [2]. Therefore, studies aimed at 
reducing AL are of ongoing interest, and the 2 most common 
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Purpose: Diverting stoma (DS) and transanal tube (TAT) are the 2 main procedures for reducing anastomotic leak (AL) in 
rectal cancer surgery. However, few studies have compared the protective effect of the 2 modalities against AL.
Methods: Total of 165 patients with mid rectal cancer, who underwent curative resection from 2012 to 2017, were included. 
Clinical characteristics and outcomes were compared. Risk factors for AL were identified using multivariate analysis.
Results: The DS group had lower tumor location, higher rates of neoadjuvant concurrent chemoradiotherapy, and longer 
operative time than the TAT group. However, the level of the anastomosis did not show statistically significant differences 
(DS: 4.6 cm vs. TAT: 4.9 cm, P = 0.061). AL occurred in 14 of the 165 patients (8.5%), with 10 (10.2%) in the DS group 
and 4 (6.0%) in the TAT group (P = 0.405). On multivariate analysis, only low body mass index (BMI) and smoking were 
significantly related to AL. Neither the protection method nor neoadjuvant chemoradiotherapy demonstrated statistical 
differences in AL. Seven of 10 patients in the DS group who experienced AL were treated conservatively, while all 4 in the 
TAT group underwent reoperation.
Conclusion: TAT seems to have comparable protective effect against AL to DS. However, in AL, DS appeared to be more 
effective in preventing reoperation. Therefore, DS is recommended in patients with low BMI or smoking, and with an 
expected higher probability of morbidity or mortality in case of reoperation. In other cases, TAT may be considered as an 
alternative to DS.
[Ann Surg Treat Res 2021;100(2):100-108]
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protective methods for preventing AL are diverting stoma (DS) 
and transanal tube (TAT).

TAT is a newer protective method than DS and has 
advantages for reducing complications and/or the discomfort 
associated with DS. Recently, the benefit of using TAT 
was described in several studies including a multicenter 
retrospective cohort study [7] and meta-analysis [8]. However, 
while using TAT is considered useful compared to not applying 
any protective methods, little has been studied about to what 
extent the TAT will be able to replace DS, which is known to 
have the most powerful anastomosis protection effect.

The purpose of this study was to identify under which 
conditions the TAT was likely to replace DS by analyzing the 
criteria for selection of the protection methods (DS or TAT) and 
its clinical results including AL in the mid rectal cancer, where 
the use of DS is difficult to determine.

METHODS

Patients
Prospectively collected data from patients who underwent 

curative resection for primary rectal cancer at Seoul St. Mary’s 
Hospital (Seoul, Korea) between February 2012 and January 
2017, were retrospectively reviewed. Data of rectal cancer 
cases located between 5 and 10 cm above the anal verge (AV) 
determined by initial colonoscopy or MRI was specifically 
selected. Patients who underwent robot-assisted operative, 
surgery with no anastomosis (abdominoperineal resection, 
Hartmann operation), coloanal anastomosis, transanal local 
excision (including laparoscopic-assisted operative like transanal 
endoscopic microsurgery), synchronous cancer surgery, using 
a different type of TAT, or stage IV were excluded. This study 
was approved by the Institutional Review Board (IRB) of the 
Catholic Medical Center, The Catholic University of Korea (No. 
KC19RESI0073). Patient’ consent to participate in this study 
was waived according to the IRB’s policy; however, informed 
consent for treatment, including an understanding of possible 
complications of the procedure, was provided by each patient 
before surgery. 

Preoperative and intraoperative management
Patients with clinically suspicious T3 and/or lymph node 

metastasis revealed on preoperative MRI examination 
underwent neoadjuvant concurrent chemoradiation therapy 
(CCRT). CCRT included radiation therapy (RT) using a dose of 
50.4 Gy in 28 fractions to the pelvis accompanied by 2 cycles 
of 5-fluorouracil/leucovorin chemotherapy. Chemotherapy was 
restarted within 8 weeks after surgery using the same regimen 
(4 cycles). Patients who did not undergo neoadjuvant therapy 
and were diagnosed with locally advanced rectal cancer in the 
permanent pathology report after surgery underwent the same 

RT with 6 cycles of the same chemotherapy.
Every patient took 4 L of polyethylene glycol (Colyte powder, 

Taejoon Pharm Co., Seoul, Korea) for bowel preparation and 
was administered prophylactic antibiotics before surgery. Three 
specialized colorectal surgeons in the authors’ institution 
performed the surgeries. Surgery was mostly performed 
according to the principle of inferior mesenteric artery high 
ligation (D3 lymphadenectomy) and end-to-end fashion 
anastomosis. Whether to use TAT or DS for reducing AL was left 
to the discretion of each surgeon according to individual patient 
clinical characteristics and intraoperative findings.

Transanal tube
The authors’ center has used TAT since 2012. It is made 

from silicone, which is a soft and flexible material. There are 
2 parts to this tube: one is 17.5 × 7 × 150 mm in dimensions 
and a wide drainage part; and the other is a 30-Fr tube, which 
is connected to a drainage part. Usually, all drainage parts 
are located proximal to the anastomosis. Particular attention 
is devoted to ensuring the colon is not tented by TAT and to 
generate pressure. The TAT was anchored to the perianal region 
using a skin suture. Detailed characteristics with photographs 
are available in a previous report by the authors [9].

Postoperative care
The TAT was removed median of 5 days (range, 4–7 days) 

after surgery according to diet progression. Patients were 
discharged on postoperative days 6–8 if they experienced no 
complications and/or problems with dietary intake. Patients 
visited the outpatient department 1–2 times weekly after 
discharge, and adjuvant treatment, if needed, was initiated 
within 8 weeks after surgery. The criteria for discharge and 
follow-up was the same for the DS group.

Outcome measures 
Variables including age, sex, body mass index (BMI), 

American Society of Anesthesiologists physical status (ASA 
PS) classification, diabetes mellitus (DM), smoking history, 
previous surgical history, preoperative stent insertion history, 
preoperative serum albumin, neoadjuvant CCRT, tumor location 
(distance from the AV), operative time, estimated blood loss, 
intraoperative transfusion, anastomosis fashion (end-to-end or 
end-to-side), vascular ligation type (high or low), approach type 
(laparotomy or laparoscopy), synchronous resection of other 
intra-abdominal organ(s), intraoperative complications, tumor 
size (≤3 or >3 cm), pathological stage, protection method (DS 
or TAT), and postoperative complications including AL were 
identified and analyzed. BMI was classified by 3 categories 
according to the 1st and 3rd quartile number, because its effect 
on AL would not be linear. Tumor location was determined by 
colonoscopy/sigmoidoscopy or MRI, and if neoadjuvant CCRT 
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was performed, data checked after neoadjuvant treatment was 
adopted. Level of anastomosis was calculated by subtracting 
pathological distal resection margin figures from the tumor 
location.

The only concern in the present study was clinical AL, 
which was suspected when signs and/or symptoms, such 
as abdominal pain with tenderness, muscle guarding, fever, 
rectovesical or rectovaginal fistula, pus, or fecal discharge 
for the drain, discharge of abdominal material per rectum or 
chronic ileus with no improvement over 7 days, developed. The 
diagnosis was confirmed using one or a combination of CT, 
sigmoidoscopy, or surgery.

Statistical analysis
Continuous variables are expressed as median (range), and 

differences between the groups were compared using the 
Mann-Whitney U-test. Categorical variables are expressed as 
number (%) and were compared using the Fisher exact test. 
Logistic regression was used for multivariate analysis to identify 
significant factors affecting AL. Variables with P < 0.20 in the 
univariate analysis comparing patients who had AL and those 
who did not, neoadjuvant CCRT, and protection method were 
included and analyzed in the multivariate analysis. All analyses 
were performed using IBM SPSS Statistics ver. 24 (IBM Corp., 
Armonk, NY, USA); differences with P < 0.05 were considered 
to be statistically significant.

RESULTS
A total of 165 patients met the inclusion/exclusion criteria 

in the study period, with 98 in the DS group and 67 in the TAT 
group. There were no significant differences in age, sex, BMI, 
ASA PS classification, DM, smoking history, history of previous 
abdominal surgery, preoperative stent insertion, and serum 
albumin levels between the 2 groups. Level of the tumor lower 
margin from the AV was significantly lower in the DS group 
than in the TAT group (7.0 cm [range, 5.0–9.3 cm] vs. 8.4 cm 
[5.0–9.7 cm], P < 0.001). However, this difference disappeared 
in comparison of anastomosis level (4.6 [0.3–7.7] cm vs. 4.9 
[0.5–7.3] cm, P = 0.061). The DS group had more patients who 
underwent neoadjuvant CCRT (52 [53.1%] vs. 7 [10.4%], P < 0.001) 
(Table 1).

Perioperative outcomes and pathological results are 
summarized in Table 2. Median operative time was significantly 
longer in the DS group (281 minutes [125–660 minutes] vs. 240 
minutes [130–445 minutes], P < 0.001). Although there were 
trends that patients who received low vascular ligation (6 [6.1%] 
vs. 10 [14.9%], P = 0.105) and showed earlier stage (0–I) were 
applied TAT, but differences were not statistically significant. 
Estimated blood loss, transfusion, simultaneous other organ 
resection, pathologic (p) T and pN stage were also showed no 
difference between the groups. Resume of soft diet was faster 
in the DS group (3 days [1–30 days] vs. 5 days [2–10 days], P < 
0.001). Postoperative hospital stay seemed to be similar, but 
statistically it was found to be longer for the DS group (7 days 
[3–44 days] vs. 7 days [5–18 days], P = 0.025). In total, 14 of 165 
patients (8.5%) experienced AL, of whom 10 of 98 (10.2%) were 
in the DS group and 4 of 67 (6.0%) were in the TAT group; this 
difference, however, was not statistically significant (P = 0.405).

The 2 groups exhibited different characteristics such as 

Table 1. Baseline characteristics of the diverting stoma (DS) and transanal tube (TAT) group

Characteristic DS group (n = 98) TAT group (n = 67) P-value

Age (yr) 62.5 (31–84) 63.0 (33–83) 0.798 
Male sex 62 (56.9) 47 (43.1) 0.405 
Body mass index (kg/m2) 0.877 
   <21.9 23 (23.5) 18 (26.9)
   21.9–25.9 48 (49.0) 32 (47.8)
   >25.9 27 (27.6) 17 (25.4)
Tumor location from AV (cm) 7.0 (5.0–9.3) 8.4 (5.0–9.7) <0.001 
Anastomosis level from AV (cm) 4.6 (0.3–7.7) 4.9 (0.5–7.3) 0.061
ASA PS classification 0.475
   I, II 92 (93.9) 65 (97.0)
   III 6 (6.1) 2 (3.0)
Diabetes mellitus 32 (32.7) 16 (23.9) 0.295
Smoking 14 (14.3) 14 (20.9) 0.296
History of previous abdominal surgery 14 (14.3) 5 (7.5) 0.219
Preoperative stent insertion 2 (2.0) 0 (0.0) 0.515
Serum albumin (mg/dL) 4.1 (2.5–4.9) 4.2 (1.3–4.9) 0.038 
Neoadjuvant CCRT 52 (53.1) 7 (10.4) <0.001

Values are presented as median (range) or number (%). 
AV, anal verge; ASA, American Society of Anesthesiologists; PS, physical status; CCRT, concurrent chemoradiotherapy.
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tumor location, neoadjuvant CCRT, and operative time. To 
analyze the effect of multiple variables on AL, comparisons of 
clinical characteristics between patients who experienced AL (n 
= 14) and those who did not (n = 151) were performed (Table 3). 
Among patients who experienced AL, there were significantly 
more patients with DM (40 [26.5%] vs. 8 [57.1%], P = 0.027). 
Additionally, ASA PS classification, smoking history, operative 
time, intraoperative complication, and positive lymph nodes 
were identified as potential associated factors of AL (P < 0.20). 
However, neither preoperative CCRT (no leak: 54 [35.8%] vs. 
leak: 5 [35.7%], P > 0.999) nor protective method (DS; no leak: 
88 [58.3%] vs. leak: 10 [71.4%], P = 0.405) showed significant 
difference between patients experienced AL and who did not. 

In multivariate analysis, choosing TAT compared to DS 
showed no significant influence on AL (odds ratio [OR], 0.578; 
95% confidence interval [CI], 0.121–2.760; P = 0.492). Optimal 
BMI (OR, 0.215; 95% CI, 0.500–0.924; P = 0.039) or high BMI 
(OR, 0.121; 95% CI, 0.016–0.939; P = 0.043) was shown to 
have positive effect on AL than low BMI. History of smoking 
(OR, 4.424; 95% CI, 1.022–19.143; P = 0.047) appeared to 
have a significantly negative impact on the occurrence of AL. 
Neoadjuvant CCRT was not found to be a significant factor in 
our cohort (OR, 0.545; 95% CI, 0.128–2.321; P = 0.412) (Table 4).

Intra- and postoperative complications except AL in the DS 
and TAT groups are summarized in Table 5. Intraoperative 
complications were mostly other organ injuries during the 
procedure. Ileus was the most common complication in both 
groups especially in the DS group, but the difference was 

not significant (12 [12.2%] vs. 4 [6.0%], P = 0.284). There was 
no difference in intra- and postoperative complications, and 
no complication was reported associated with applying TAT. 
In terms of Clavien-Dindo classification for postoperative 
complication, there was no difference also. All the patients 
were managed successfully with conservative care except for 1 
postoperative bleeding case. Delayed stoma complication was 
not checked in this data.

Patients with AL were managed using additional treatment 
including antibiotics, percutaneous drainage, or reoperation. 
In the DS group, 3 of 10 patients were managed only with 
conservative care (including antibiotics), 4 patients were 
managed using a radiologic interventional procedure 
(percutaneous drainage), and the other 3 patients underwent 
reoperation. In contrast, all 4 patients with AL in the TAT group 
required emergent surgical management (Fig. 1).

DISCUSSION
The method to reduce AL is an important issue for all 

colorectal surgeons, and the most frequently used of which is 
DS and TAT currently. However, little has been studied about 
to what extent the TAT can replace DS. Especially in mid rectal 
cancer, where it is difficult to predict whether there will be 
an AL, it is hard to choose which method is beneficial for the 
patient. In our previous study, we compared effectiveness of DS 
and TAT retrospectively in patients with rectal cancer located 
5–10 cm above the AV who did not undergo preoperative 

Table 2. Perioperative outcomes and pathologic results of the diverting stoma (DS) and transanal tube (TAT) group

Variable DS group (n = 98) TAT group (n = 67) P-value

Operative time (min) 281 (125–660) 240 (130–445) <0.001 
Estimated blood loss (mL) 150 (20–1,000) 150 (10–700) 0.214 
Intraoperative transfusion (mL) 0 (0–750) 0 (0–500) 0.178 
Anastomosis fashion, end to side 6 (6.1) 3 (4.5) 0.740
Vascular ligation, low 6 (6.1) 10 (14.9) 0.105
Operative fashion, open 7 (7.1) 4 (6.0) >0.999
Co-resection 6 (6.1) 1 (1.5) 0.243
Intraoperative complication 4 (4.1) 1 (1.5) 0.649
Tumor size, >3 cm 41 (41.8) 30 (44.8) 0.750
pT stage 0.511
   0–II 38 (44.7) 33 (50.8)
   III–IV 47 (55.3) 32 (49.2)
pN stage, positive 36 (36.7) 19 (28.4) 0.314
Stage 0.126
   0–I 27 (31.8) 29 (44.6)
   II–III 58 (68.2) 36 (55.4)
Resume of soft diet (day) 3 (1–30) 5 (2–10) <0.001
Postoperative hospital stay (day) 7 (3–44) 7 (5–18) 0.025 
Leak 10 (10.2) 4 (6.0) 0.405

Values are presented as median (range) or number (%). 
DS, diverting stoma; TAT, transanal tube; p, pathologic. 
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CCRT [9]. With the present study, which complements some 
limitations of the previous study such as small number of 
patients and no neoadjuvant CCRT case, the authors were able 
to identify the possibility of increasing the coverage of TATs.

DS is regarded as the most powerful protective method for 
AL because it prevents the passage of luminal contents past 
the anastomosis, and it is usually included as a part of the 
surgical procedure for treating AL. However, additional surgery 
with general anesthesia would be necessary for stoma repair. 
Moreover, performing DS is more time-consuming and DS 
itself can lead to several morbidities such as skin irritation, 
parastomal hernia, acute renal failure, and ileus [10,11]. In this 

study, the time to resuming soft diet in the TAT group was 
significantly later than in the DS group (Table 2). It was because 
the surgeons started diet much conservatively for the TAT 
group concerning for the newly adopted TAT. Nevertheless, 
postoperative length of hospital stay was longer for the DS 
group. It seems related to more frequent postoperative ileus 
in the DS group, although it was not statistical (12 [12.2%] vs. 
4 [6.0%], P = 0.284). According to a previous study of Snijders 
et al. [12], who compared the proportion of DS and AL among 
several hospitals, the adjusted proportion of DS and AL 
demonstrated no significant association, and the proportion 
of severe AL demonstrated no difference among hospitals, 

Table 3. Clinical characteristics of patients who presented anastomotic leak (AL) and those who did not

Characteristic AL (n = 14) No AL (n = 151) P-value

Age (yr) 61.5 (33–74) 63.0 (31–84) 0.438
Male sex 11 (78.6) 98 (64.9) 0.386
Body mass index (kg/m2) 0.103
   <21.9 7 (50.0) 34 (22.5)
   21.9–25.9 5 (35.7) 75 (49.7)
   >25.9 2 (14.3) 42 (27.8)
Tumor location from AV (cm) 8.0 (5.0–9.0) 7.6 (5.0–9.7) 0.944
Anastomosis level from AV (cm) 4.5 (2.5–7.0) 4.7 (0.3–7.7) 0.909
ASA PS classification 0.139
   I, II 12 (85.7) 145 (96.0)
   III 2 (14.3) 6 (4.0)
Diabetes mellitus 8 (57.1) 40 (26.5) 0.027
Smoking 5 (35.7) 23 (15.2) 0.065
History of previous abdominal surgery 0 (0) 19 (12.6) 0.374
Preoperative CCRT 5 (35.7) 54 (35.8) >0.999
Operative fashion, open 0 (0) 11 (7.3) 0.601
Preoperative stent insertion 0 (0) 2 (1.3) >0.999
Albumin (mg/dL) 4.1 (3.1–4.9) 4.1 (1.3–4.9) 0.417
Tumor size, >3 cm 7 (50.0) 64 (42.4) 0.587
Operative time (min) 308.5 (200–425) 260 (125–600) 0.134
Estimated blood loss (mL) 125 (20–1,000) 150 (10–1,000) 0.855
Intraoperative transfusion (mL) 0 (0–750) 0 (0–630) 0.810
Co-resection 1 (7.1) 6 (4.0) 0.469
Intraoperative complication 2 (14.3) 3 (2.0) 0.058
Anastomosis fashion, end to side 0 (0) 9 (6.0) >0.999
Vascular ligation, low 1 (7.1) 15 (9.9) >0.999
pT stage 0.411
   0–II 5 (35.7) 66 (48.5)
   III–IV 9 (64.3) 70 (51.5)
pN stage, positive 2 (14.3) 53 (35.1) 0.145
Stage 0.571
   0–I 4 (28.6) 52 (38.2)
   II–III 10 (71.4) 84 (61.8)
Protective method 0.405
   Ileostomy 10 (71.4) 88 (58.3)
   TAT 4 (28.6) 63 (41.7)

Values are presented as median (range) or number (%). 
AV, anal verge; ASA, American Society of Anesthesiologists; PS, physical status; CCRT, concurrent chemoradiotherapy; p, pathologic; 
TAT, transanal tube. 
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regardless of whether they created more DS. These data suggest 
that DS does not lower AL itself but mitigates the after-effects of 
AL. Therefore, research investigating novel protective methods 
with a similar effect is warranted.

Indwelling of rectal tubes was first described in the 1960s 
[13], and TAT has frequently been studied recently after the 
introduction of total mesorectal excision had become more 
concerned about AL [8]. The presumed mechanism of the 
protective effect of TAT is that it lowers intraluminal pressure, 
which is an important factor related to AL [14]. Recently, 
many systematic reviews and meta-analyses have consistently 
reported that TAT significantly lowers AL compared with not 
using it [7,8,15]. It was also reported that TAT could be effective 
in treatment when AL occurred [16]. However, there have been 
few studies addressing whether TAT has protective effect 
similar to DS by direct comparison. 

Recently, Wang et al. [17] recommended the use of TAT 
because it has effect similar to DS in their meta-analysis. 

However, they drew conclusions by comparing the incidence 
of AL from studies that compared DS with no-protection 
and other studies that compared TAT with no-protection. 
Unless those studies were investigated under similar clinical 
conditions including possible risk factors such as tumor 
location, preoperative RT, or operative time, they are considered 
to contain some logical errors.

In this study, the DS group exhibited lower tumor location, 
higher rates of neoadjuvant CCRT, and longer operative 
time. Also, the DS group patients without neoadjuvant CCRT 
presented significantly lower tumor location, shorter distal 
resection margin length, lower serum albumin level, longer 
operative time, and larger amount of intraoperative transfusion 
than the TAT group patients without neoadjuvant CCRT (data 
not shown). This suggests that surgeons who contributed to this 
study also preferred DS as protective method for AL in difficult 
and/or risky cases. However, in order for the use of DS to be 
justified, it is necessary to make sure that these factors have 

Table 4. Multivariate analysis of risk factors for anastomotic leak in whole patients

Variable P-value Exp(B) 95% confidence interval

Body mass index (kg/m2)
   <21.9 0.049
   21.9–25.9 0.039 0.215 0.500–0.924
   >25.9 0.043 0.121 0.016–0.939
ASA PS classification, III–I/II 0.131 5.245 0.609–45.165 
Smoking 0.047 4.424 1.022–19.143
Diabetes mellitus 0.074 3.274 0.892–12.018 
Operative time 0.289 1.005 0.996–1.014 
Intraoperative complication 0.246 4.029 0.382–42.447 
Positive lymph node 0.520 0.576 0.108–3.088 
Preoperative CCRT 0.412 0.545 0.128–2.321 
Protective method, TAT 0.492 0.578 0.121–2.760 

ASA, American Society of Anesthesiologists; PS, physical status; CCRT, concurrent chemoradiotherapy; TAT, transanal tube.
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Table 5. Intra- and postoperative complications

Variable DS group 
(n = 98)

TAT group 
(n = 67) P-value

Intraoperative
   Vascular injury 3 (3.1) 1 (1.5) 0.647
   Bladder injury 1 (1.0) - >0.999
   Total 4 (4.1) 1 (1.5) 0.649
Postoperative (CD classification) >0.999
   I - -
   II 14 (14.3) 7 (10.4)
   IIIa - -
   IIIb 1 (1.0) -
   IV - -
   V - -
   Total 15 (15.3) 7 (10.4)

DS, diverting stoma; TAT, transanal tube; CD, Clavien-Dindo.

DS group TAT group
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Fig. 1. Applied treatment after a diagnosis of anastomotic 
leak. DS, diverting stoma; TAT, transanal tube. 
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really increased the risk of AL.
The tumor location was about 1.4-cm difference in median. 

However, the anastomosis level, which is believed to have 
a greater effect than the tumor location on AL, did not 
differ statistically, and the difference was only 0.3 cm. It is 
questionable whether this difference was significant enough to 
affect the AL rate.  

For longer operative time in the DS group, it is a factor that 
reflects the difficulty of surgery and is actually considered 
a risk factor for AL [18]. However, the 40-minute surgical 
time difference also includes the time to make stoma. In 
addition, even if the difficulty of surgery was higher in the DS 
group, it seems unlikely that the difficulty itself affected the 
anastomosis, given that there is no difference in complications 
during or after surgery as seen in Table 5.

The effect of RT on AL still remains controversial. According 
to a meta-analysis [19] that analyzed studies investigating AL 
rates and rectal cancer surgeries from 2000 to 2015, although 
short course RT was significant risk factor for AL, long course 
RT was not. In addition, a large randomized controlled trial 
conducted by The Medical Research Council CR07 [20] or Dutch 
total mesorectal excision trial [21] demonstrated no difference 
in AL rate in comparison of preoperative RT received group with 
postoperative RT received group and preoperative RT received 
group with not received group. A recent post hoc analysis study 
[22] using patient data from their own randomized controlled 
trial reported that exposure to RT did not increase AL; however, 
AL occurred significantly more often in patients with radiation 
proctitis after RT. Therefore, the influence of RT on AL should 
be studied further; moreover, studies comparing TAT with DS 
may be designed to compare patients who are not suspected to 
have radiation proctitis. 

In the present study, it appears that surgeons chose DS 
conservatively without any particular concern for patients 
with neoadjuvant CCRT. There was a limit to having sufficient 
verification power because TAT was applied to only 7 patients 
who performed neoadjuvant CCRT (7 of 59, 11.9%). However, in 
the DS group, there was no difference in AL rate when subgroup 
analysis was performed on patients who received neoadjuvant 
CCRT and those who did not (4 [7.7%] vs. 6 [13.0%], P = 0.508). 
In the patient group who performed CCRT and DS, there were 
fewer patients with a tumor size greater than 3 cm (CCRT: 12 
[23.1%] vs. non-CCRT: 29 [63.0%], P < 0.001), and estimated 
blood loss was less (CCRT: 100 mL [20–1,000 mL] vs. non-CCRT: 
200 mL [20–1,000 mL], P = 0.031). There was no significant 
difference in other variables. Considering that DS does not 
reduce AL rate itself, but lowers the consequences of leak, at 
least in our data neoadjuvant CCRT did not affect AL rate.

All 3 factors above were not significant in the multivariate 
analysis that identified risk factors of AL (Table 4). The 
DS and TAT showed no difference in performance in the 

protection of the anastomosis regardless of CCRT as seen in 
our study presents by analyzing mid rectal cancer cohort of 5 
years. Because the AL rate of the DS group was 10.2% in the 
present study and DS could not lower the rate of AL, it must 
be reconsidered that many of the 98 patients in the DS group 
had to endure disadvantages of DS owing to surgeon fears and 
apprehensions.

Tobacco use and lower BMI were significant risk factors for 
increasing AL rate in our multivariate analysis. Smoking is 
known to cause adverse impact on wound healing through 
various toxic effects and oxidative stress, so it has been 
reported in various studies as a risk factor for increasing AL 
after colorectal surgery [18,23,24]. Four weeks of smoking 
cessation is encouraged before surgery. However, optimal 
length of cessation is still in study and toxic effect of smoking 
is known to be dose-dependent [24]. Thus it is recommended 
that cessation of smoking should be encouraged for patients 
who need surgery after explanation about increasing possibility 
of complications such as AL. 

The effect of BMI on AL after colorectal surgery is debatable 
[18,19,25]. However, high BMI seems to be related to surgical 
difficulty and this could be overcome by an experienced 
surgeon in high volume center. There are limits to studies that 
have reported high BMI negatively affect AL, because they 
classified BMI into simply normal and high. Recent studies 
which classified BMI into low, normal, and high have reported 
different results that low BMI increases early complications 
after colorectal surgery compared to normal or high BMI [26,27]. 
There should be additional studies because effect of BMI on 
surgical outcome seems to have complex correlation with 
some metabolism-associated variables such as nutrition [27] or 
sarcopenia [28].

Meanwhile, the conventional preference of DS may be 
reasonable in one sense because when AL occurred in the 
present study, 30% of the DS group underwent reoperation and 
30% were improved by antibiotics only. In contrast, all patients 
in the TAT group required reoperation (Fig. 1). This is probably 
because although both methods are based on the principle of 
lowering intraluminal pressure, there is a difference in that 
fecal material does pass through the anastomotic site in TAT. 
DS seems superior to minimize the adverse effect(s) when AL 
occurs.

Therefore, according to our study, it is suggested that 
the decision on which protection method to use should be 
made based on sufficient preoperative and intraoperative 
examination, not empirically. DS should be preferentially 
considered when a patient has many known risk factors 
for AL, a patient is considered to be at high risk in reported 
scoring systems of predicting AL [19,23,29], or a patient whose 
postoperative complications are expected to be high [30]. 

Due to the retrospective design of the present study, it may 
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have been limited by selection bias given that the decision for 
protective method was made by each surgeon intraoperatively. 
In addition, the statistical power of study may have been low 
due to the relatively small sample size of the patients who 
experienced AL. However, considering the severe adverse 
effects of AL, designing prospective studies would be difficult, 
if not unethical. Based on data from previous investigations, 
we believe that well-designed studies should aim to accumulate 
further data to determine circumstances in which TAT can be 
used as a replacement for DS. 
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