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Tailored treatment of anastomotic leak after rectal cancer
surgery according to the presence of a diverting stoma
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Purpose: A variety of clinical features of anastomotic leak occur during the surgical treatment of rectal cancer. However,
little information regarding management of leakage is available and treatment guidelines have not been validated. The aim
of this study was to evaluate the validity of currently proposed expert opinions on the management of anastomotic leak,
after low anterior resection for rectal cancer.

Methods: A retrospective analysis was conducted for 1,786 patients who underwent sphincter-preserving surgery for rectal
cancer between 2005 and 2015. Clinical outcomes including anastomotic leak-associated mortality and permanent stoma
were analyzed.

Results: The overall incidence of anastomotic leak was 6.8% (122 of 1,786), including 6.1% (30 of 493 patients) with diverting
stoma and 7.1% (92 of 1,293 patients) without diverting stoma (P = 0.505). A majority of patients without diversion were
treated with diverting stoma (76 of 88 patients [86.4%]); 1 mortality (0.8%) was observed in this group. Treatments in the
diversion group mainly included conservative treatment, local drainage, and/or transanal repair (26 of 30 patients [86.7%]].
The anastomotic failure rates were 20.7% (19 of 92 patients) in the no diversion group and 53.3% (16 of 30 patients) in
the diversion group. In the multivariate analysis, preoperative chemoradiotherapy (P < 0.001) and delayed diagnosis of
anastomotic leak (P = 0.036) were independent risk factors for permanent stoma.

Conclusion: Management of anastomotic leak should be tailored to individual patients. When anastomotic leak occurred,
preoperative chemoradiotherapy and delayed diagnosis seemed to be associated with permanent stoma.

[Ann Surg Treat Res 2020;99(3):171-179]
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INTRODUCTION

Anastomotic leak (AL) is the most feared complication
after rectal surgery and can cause significant morbidity and
mortality [1,2]. Despite the controversial results among different
studies, some authors hold the view that AL is associated with
increased local recurrence and reduction in patient survival
in the treatment of rectal cancer [3,4]. Furthermore, AL can
subsequently result in prolonged anastomotic sequelae such as
fistula, sinus, and stricture, which markedly impair a patient's

quality of life and lead to the need for a permanent stoma [5,6].
Due to the wide variety of clinical features of AL encountered
in the modern treatment of rectal cancer, surgeons must know
the outcome of their chosen treatment option. Since the initial
treatment selected for the management of AL has been shown
to influence the patient outcome, factors such as the presence
or absence of generalized peritonitis, presence or absence
of a diverting stoma, patient characteristics (sex, age, and
comorbidities), tumor stage, anastomotic height, anastomotic
defect size, use of chemoradiotherapy (CRT), and type of
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surgery (laparoscopic vs. open method) can all be considered
during treatment. In this regard, 2 guidelines using the Delphi
methodology that provide expert opinions on this issue have
been published; one from the International Anastomotic Leak
Study Group [7] and the other from the Association of Surgeons
of Great Britain and Ireland [8]. The American Society of Colon
and Rectal Surgeons has also published a similar guideline [9].
However, little information on the outcomes of procedures
adherent to these guidelines is available. Therefore, the aim of
this study was to evaluate the validity of the current proposed
expert opinions. Further, we also investigated the incidence
and risk factors of AL-associated requirement for a permanent
stoma, with a specific focus on clinical factors and treatment
selection.

METHODS

Patients
This study was approved by the Institutional Review Board

of Chonnam National University Hwasun Hospital (No.
cnuhh-2020-088). All patients gave their informed consent
in writing prior to surgery during the study period. Between
January 2005 and June 2015, the medical data of 1,786 patients
who underwent sphincter-preserving surgery for rectal cancer at
Chonnam National University Hwasun Hospital were collected
and reviewed. All patients had a pathologically confirmed rectal
adenocarcinoma located within 15 cm from the anal verge.
The tumor height was evaluated using rigid sigmoidoscopy.
Mechanical bowel preparation was performed in all patients.
The surgical technique has been described previously [10].
Preoperative and postoperative CRT were also applied according
to previously described criteria [11]. CRT was administered at
4,500-5,040 cGy in 25-28 fractions delivered to the tumor-
bearing area.

Definitions
AL was defined as a disruption of the anastomosis line

identified on reoperation, rigid sigmoidoscopy, and CT. The
presence of AL was clinically suspected and investigated
when the patient had abdominal pain, tenderness, rebound
tenderness, fever, pus or fecal discharge from the pelvic drain,
leukocytosis, and elevated CRP. Clinical variables associated
with AL were investigated, including the severity of peritoneal
contamination during laparoscopy or laparotomy, extent of
anastomotic defect as assessed using rigid sigmoidoscopy,
time to the diagnosis of AL, and type of treatment for AL.
The severity of peritoneal contamination was categorized as
described by Damrauer et al. [12], at reoperation or by reviewing
the CT scans; contained leaks were defined as purulent
discharge confined in the pelvis or perianastomotic space,
and diffuse leaks as those when diffuse gross contamination

was found in the peritoneal cavity. The cutoff for defining an
anastomotic defect was a defect of more than one-third of the
circumference of the anastomosis or a defect size of >2 cm.

Management of anastomotic leak
The treatment strategy for AL was dependent on the

presence of a previous diverting stoma. In patients without
a previous diverting stoma, anastomotic resection and
redo anastomosis were performed in the presence of large
anastomotic defect, extensive peritoneal contamination, or
overt neorectal ischemia, with formation of a diverting stoma.
If the patient was hemodynamically unstable, a Hartmann
operation was performed. If the defect was small or only
clinically suspected and not discovered intraoperatively or
endoscopically, a diverting stoma was created and primary
suture of the anastomotic defect was carried out transanally or
laparoscopically depending on the height of the anastomosis.
In patients who had a diverting stoma, we preferred performing
transanal drainage. Stoma takedown was attempted after
checking the healing of the anastomotic defect through water-
soluble contrast enema and rigid sigmoidoscopy. When AL was
suspected by extraluminal spread of water-soluble contrast
enema without overt symptoms (n = 2), stoma takedown
was postponed. However, stoma takedown was attempted in
patients (n = 1) showing an asymptomatic chronic sinus after
deroofing the sinus.

Statistical analysis
The chi-squared test or Fisher exact test was used to analyze

the significance of categorical variables, and Student t-test
was used to analyze continuous variables. Univariate logistic
regression analysis was used to identify the predictors of a
permanent stoma. Variables that were significant at P < 0.10 in
the univariate analysis were considered in a backward stepwise
multivariate logistic regression model with calculation of the
odds ratios (ORs) and 95% confidence intervals (CIs). A P-value
of <0.05 was considered significant. Statistical analysis was
performed using R statistical software, ver. 3.4.3 (R Foundation
for Statistical Computing, Vienna, Austria; http:/www.r-project.
org).

RESULTS

During the study period, 1,786 patients underwent sphincter-
preserving surgery for rectal cancer. The overall incidence of
AL was 6.8% (122 of 1,786 patients), including 6.1% (30 of 493
patients) in the group with a diverting stoma (diversion group)
and 7.1% (92 of 1,293 patients) in the group without a diverting
stoma (no diversion group). The median period from initial
surgery to diagnosis of AL was 5 days (interquartile range,
3-16 days). Twelve patients took postoperative CRT and all
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AL was diagnosed before the initiation of postoperative CRT
(range, 3-19 days after surgery). Table 1 summarizes the clinical
characteristics of patients who experienced AL, according to
the presence of a diverting stoma created at initial surgery. The
diversion group showed a higher proportion of preoperative
CRT (P = 0.001), lower tumor location (P = 0.002), and more
frequent use of intersphincteric resection (P < 0.001) than the
no diversion group. In addition, the clinical parameters after
the development of AL were also evaluated and compared
(Table 2). The diversion group showed less severe peritoneal
contamination, delayed diagnosis of AL, longer hospital stay,
and more additional surgeries for AL treatment. However, the
size of the anastomotic defect evaluated using sigmoidoscopy
was not different between the 2 groups.

The treatment strategy for AL was determined by the

presence or absence of a diverting stoma (Fig. 1). Most patients
had no previous diversion and were mainly treated with
formation of a diverting stoma. In the group without a previous
diverting stoma, 86.4% (76 of 88 patients) underwent diversion
surgery after the diagnosis of AL; however, stoma reversal
was not pursued in 4 patients and re-stoma creation after a
successful stoma takedown was inevitable in 10 patients. In
addition, 3 of 7 patients treated with antibiotics and perianal
drainage and 2 of 9 patients treated with redo anastomosis and
diversion eventually needed a permanent stoma. As a result,
the anastomotic failure rate was 20.7% (19 of 92 patients) in
the no diversion group. On the other hand, the treatment for
AL in the diversion group was mainly conservative treatment
or local drainage and/or transanal repair. Excluding 2 patients
treated with redo anastomosis and another 2 patients treated

Table 1. Patients’ characteristics diagnosed as anastomosis leak according to the presence of diverting stoma

Variable No diversion (n = 92) Diversion (n = 30) P-value
Sex 0.242
Male 73(79.3) 20 (66.7)
Female 19 (20.7) 10 (33.3)
Age (yr) 67.3+9.8 66.3 +10.9 0.632
Body mass index (kg/m’) 23.4+33 23.5+3.1 0.943
ASA PS classification 0.672
| 19 (20.7) 4(13.3)
Il 62 (67.4) 22 (73.3)
1} 11 (11.9) 4(13.3)
Tumor stage 0.221
| 21 (22.8) 4(13.3)
Il 29 (31.5) 8 (26.7)
m 41 (44.6) 16 (53.3)
v 1(1.1) 2(6.7)
Chemoradiotherapy <0.001
No 67 (72.8) 8 (26.7
Preoperative 14 (15.2) 21 (70.0)
Postoperative 11 (11.9) 1(3.3)
Tumor location 0.002
Lower 24 (26.1) 18 (60.0)
Middle 28 (30.4) 7(23.3)
Upper 40 (43.5) 5(16.7)
Operation <0.001
LAR 92 (100) 14 (46.7)
ISR 0(0) 16 (53.3)
Operation time (min) 198.6 £71.0 2273 +x71.7 0.062
Intraop. bleeding (mL) 236.1 £263.4 288.2 £335.3 0.442
Operation type >0.999
Laparoscopic 83 (90.2) 27 (90.0)
Open 9 (9.8) 3 (10.0)
Perioperative transfusion 0.242
No 73(79.3) 20 (66.7
Yes 19 (20.7) 10 (33.3)

Values are presented as number (%) or mean =+ standard deviation.

ASA, American Society of Anesthesiologists; PS, physical status; LAR, low anterior resection; ISR, intersphincteric resection; Intraop.,

intraoperative.
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Table 2. Clinical manifestation and treatment of anastomotic leak according to the presence of diverting stoma

Variable

Extent of anastomotic disruption
ND
<1/3 circumferential
>1/3 circumferential

Extent of peritonitis
ND
Contained
Diffuse

Time to diagnosis” (day)

Type of second operation
Conservative treatment
Anastomosis | & D and/or repair
Diversion
Redo anastomosis
Hartmann procedure

Hospital stay (day)

Additional operation”

No diversion (n = 92) Diversion (n = 30) P-value
0.582
57 (62.0) 19 (63.3)
25(27.2) 6 (20.0)
10(10.9) 5(16.7)
<0.001
10 (10.9) 11 (36.7)
34 (37.0) 13 (43.3)
48 (52.2) 6 (20.0)
4 (3.0-7.3) 5(3.3-8.0) <0.001
<0.001
4 (4.3) 16 (53.3)
3(3.3) 10 (33.3)
76 (82.6) 0(0)
9 (9.8) 2 (6.7)
0 (0) 2 (6.7)
17.8 +8.3 19.9 £+9.7 <0.001
2 (0-5) 1 (0-6) <0.001

Values are presented as number (%), median (interquartile range)a), mean + standard deviation, or median (range)b).
ND, not definitive; | & D, irrigation and drainage.

Patients with rectal cancer who
underwent sphincter saving surgery
(Mar 2005-Jun 2015)

(n=1,786)
No diversion (n = 1,293) Diversion (n = 493)
Anastomotic leak (n = 92) Anastomotic leak (n = 30)
Diversion and Antibiotics and Redo anastomosis Antibiotics and Red " . Harti ti
drainage perianal drainage and diversion perianal drainage edo aniszomoss 2 mann_ozpera ion
(n=76) (nh=7) (n=9) (n=26) (n=2) (n=2)
‘ Re-stoma d/t pelvic
‘ * abscess (n=1)
Not pursued Pursued Success (n = 4) Success (n = 7) v v : S?ssrﬁf)?:)én(: i‘)S)
n=4 n=72 f B - i i = i i - LISl -

( ) ( ) Diversion (n = 3) Diversion (n = 2) Spontaneous healing Per5|if;( ﬁgzg})‘i‘mos's - Stricture (n = 3)

- Refusal (1 =2) [ . Anastomosis (n=8) (np= 18) - Sinus and fistula (n = 2)

- Mortality (n = 1 stricture and fistula - Fournier's gangrene (n = 1)

ortality (n = 1) I ¢ + Others (n = 3)
- Recurrence (n = 1) ¢ ¢
v v ¢ ¢ ¢
Stoma repair (n = 56) Re-stoma after stoma Stoma take down not| Persued N
Transanal strictuloplasty (n = 2) takedown pursued d/t refusal (n=7) Not persued Persued Hartmann operation
Redo anastomosis (n = 3) (n=10) (n=1) (n=5) (n=10) (n=2)
Re-stoma & reversal (n = 1) APR (n=1)
+ Anastomosis +
complication
(n=4) Re-stoma
- Local (n=4)

recurrence

(n=1)

Fig. 1. Flow diagram for the treatment of anastomotic leak after sphincter-preserving surgery for rectal cancer. d/t, due to; APR,

abdominoperineal resection.

with Hartmann operation, a total of 86.7% (26 of 30 patients)  anastomotic complications were observed in 60.0% (18 of 30) of
were treated with this strategy. After a median interval of  patients. Although stoma reversal was pursued in 10 patients,
6.7 months, stoma reversal was possible in patients (8 of 26)  re-stoma creation was needed in 4 patients. As a result, 53.3% (16
who had shown spontaneous healing of the anastomotic  of 30) of the patients in this group could not avoid a permanent
defect, excluding 1 patient who refused reversal. Persistent  stoma.
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Redo anastomosis was adopted as initial treatment for AL in The clinical characteristics of the patients with AL according
0 (9.8%) in patients without diversion and 2 (6.7%) in diversion  to the final presence of a stoma are summarized in Table 3.
group (P = 0.661). The length of hospital stay was significantly =~ Permanent stoma was associated with preoperative CRT (P =
longer in patients treated with this strategy than in patients  0.001), intersphincteric resection with hand-sewn anastomosis
who received any other treatment (median 25 days vs. 16 days, (P = 0.016), presence of diversion (P = 0.004), and delayed
P =0.035). diagnosis of AL (P = 0.051). The extent of anastomosis

Table 3. Univarate analysis of risk factor for anastomotic leak

Variable No permanent stoma (n = 88) Permanent stoma (n = 34) P-value
Sex 0.251
Male 70 (79.5) 23 (67.6)
Female 18 (20.5) 11 (32.4)
Chemoradiotherapy 0.001
No 62 (70.5) 13 (38.2)
Preoperative 17 (19.3) 18 (53.0)
Postoperative 9(10.2) 3(8.8)
Tumor location 0.161
Lower 26 (29.5) 16 (47.1)
Middle 26 (29.5) 9 (28.1)
Upper 36 (41.0) 9 (28.1)
Operation 0.016
LAR with DS 79 (92.0) 25(73.5)
ISR with hand-sewn CAA 7 (8.0) 9 (28.1)
Surgical procedure 0.567
Laparoscopic 78 (88.6) 32 (94.1)
Open 10 (11.4) 2(5.9)
Diverting stoma 0.004
No 73 (83.0) 19 (55.9)
Yes 15 (17.0) 15 (44.1)
Extent of anastomotic disruption 0.865
ND 55 (62.5) 21 (61.8)
<1/3 circumferential 23 (26.1) 8 (23.5)
>1/3 circumferential 10 (11.4) 5(14.7)
Extent of peritonitis 0.46
ND 14 (15.9) 7 (20.6)
Contained 32 (36.4) 15 (44.1)
Diffuse 42 (47.7) 12 (35.3)
Time to diagnosis (day) 0.051
<5 60 (68.2) 16 (47.1)
<6 28 (31.8) 18 (52.9)
Type of operation
Diverting stoma (+) 0.687
Conservative treatment 5(33.3) 5(33.3)
Anastomosis | & D 9 (60.0) 7 (46.7)
Redo anastomosis 1(6.7) 3 (20.0)
Diverting stoma (-) 0.178
Conservative treatment 3(4.1) 1(5.3)
Anastomosis | & D 1(1.4) 2 (10.5)
Diversion 62 (84.9) 14 (73.7)
Redo anastomosis 7 (9.6) 2 (10.5)
Hospital stay (day) 18.4+8.3 182 +9.6 0.914
Additional operation 1 (0-4) 2 (0-6) 0.194

Values are presented as number (%), mean =+ standard deviation, or median (range).
LAR, low anterior resection; DS, double stapling; ISR, intersphincteric resection; CAA, coloanal anastomosis; ND, not definitive; | & D,
irrigation and drainage.
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Table 4. Multivariate analysis of the risk factors associated
with permanent stoma

Variable Odds ratio (95% Cl) P-value

Chemoradiotherapy

No 1

Preoperative 5.158 (2.098-13.251)  <0.001

Postoperative 1.393 (0.273-5.625) 0.658
Time to diagnosis (day)

<5 1

>6 2.530 (1.068-6.154) 0.036

Cl, confidence interval.

disruption and the type of surgical treatment in each group
were not associated with this clinical outcome. In multivariate
analysis, preoperative CRT (OR, 5.158; 95% CI, 2.098-13.251; P
< 0.001) and delayed diagnosis of AL (OR, 2.530; 95% CI, 1.068—
6.154; P = 0.036) were independent risk factors of permanent
stoma (Table 4).

DISCUSSION

In the present study, the overall incidence of AL was 6.8%
and there was 1 reported mortality (0.8%). About 21% (19 of
02) of patients in the no diversion group and 53.3% (16 of 30)
of patients in the diversion group could not avoid having a
permanent stoma. The need for a permanent stoma associated
with anastomotic complications after AL was predicted on
the basis of the presence of the following 2 clinical factors;
preoperative CRT and delayed onset of AL.

In an acute clinical setting, it is imperative to avoid or control
sepsis, which is the major cause of morbidity and mortality in
the management of AL. In this study, there was 1 case (0.8%)
of death after AL, which is consistent with previous reports in
which the rate of death after AL ranged from 0.4% to 12% [2,13-
15]. The low death rate after AL in this study provides evidence
for the efficacy of the initial source control and rescue treatment
proposed in the surgical literature [7,8,13]. Dismantlement of
the anastomosis and formation of an end colostomy may be
the most thorough surgical management for avoiding mortality,
and should be considered as the first treatment option for
patients with severe sepsis. However, many surgeons hold the
opinion that restoration of bowel continuity after Hartmann
operation is technically difficult and risky, especially in patients
who underwent ultralow anterior resection or intersphincteric
resection, which often results in the need for a permanent
stoma [2,13,16,17]. Furthermore, patients may be hesitant to
undergo reversal surgery after experiencing a long recovery
time in the intensive care unit and a long rehabilitation period
[2]. Boyce et al. [13] reported that 4 of 44 patients (9.1%) with
AL after laparoscopic anterior resection were treated using

Hartmann operation. Blumetti et al. [17] also reported that
all 3 of their patients treated with Hartmann operation could
not avoid a permanent stoma. In this regard, we attempted to
perform Hartmann operation as selectively as possible, without
increasing the mortality rate; 2 of 89 (2.2%) patients underwent
urgent Hartmann operation and another 2 patients who had
undergone redo anastomosis were eventually treated by this
surgery for chronic anastomotic complications. In fact, all 4
patients who underwent Hartmann operation eventually had a
permanent colostomy.

In the absence of severe septic shock, another important
issue is to preserve bowel continuity. Some experts suggest that
if the neorectum is not ischemic (i.e., viable), fecal diversion
and pelvic drainage can successfully manage AL without
further manipulation of the anastomosis or with minimal
procedures (suture and/or drainage), and with a favorable
spontaneous healing rate ranging from 54% to 100% [2,17,18].
Above all, this strategy can be done simply and quickly. Several
factors, however, should be considered to preserve bowel
continuity in the treatment of AL. The selection can be based
on the size of the defect. The American Society of Colon and
Rectal Surgeons suggests that AL can be managed with fecal
diversion if the size of the anastomotic defect is less than
one-third of the circumference [9]. The size of the AL can be
categorized according to the defect size (i.e., >1 cm, 2 cm) or the
circumference relative to the anastomosis (i.e., more than one-
third or one-half) [7]. Adapting this strategy (in which major
defect is defined as one-half of the whole circumference), Parc
et al. [2] reported that bowel continuity was restored in all 9
patients who had a defunctioning stoma, but in only 11 (57.9%)
patients who had a Hartmann operation. Especially, this more
conservative management was mainly feasible in patients with
a low anastomosis (below the Douglas pouch) [2]. Recent studies
adapting the laparoscopic technique and preoperative CRT in
the treatment of rectal cancer have proposed this treatment
[13,17-19]. Boyce et al. [13] reported that 21 of 24 (875%) patients
who needed relaparotomy were treated with this approach,
and 18 (85.7%) patients could avoid a permanent stoma. In this
study, 76 patients who had no diverting stoma in the index
surgery were initially treated with diversion and drainage.
All these patients had an anastomotic defect <2 cm or one-
third of the whole circumference. Almost all of these patients
were candidates for stoma reversal, and bowel continuity was
successfully achieved in 77.8% without further surgery. If the
redo surgery (n = 3), strictuloplasty (n = 2), and re-stoma and
reversal (n = 1) cases were included, >85% of patients could
avoid a permanent stoma. On the basis of our results, we
suggest that the size of the AL can be used as a useful indicator
of whether or not the anastomosis should be broken down.

When there is evidence of ischemia at the anastomosis site
and large or complete avulsion of the anastomosis, new (redo)
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colorectal or coloanal anastomosis can be considered as the last
option to avoid a permanent stoma. Previous studies reported
that the success rate of redo anastomosis ranged from 66% to
100% [20-23]. However, surgeons should keep in mind that it
can cause further AL with an even higher risk than that at the
time of the index surgery. In a study confined to patients who
experienced AL, redo anastomosis not only had the lowest
success rate (66%) but was also associated with a second AL
rate of up to 41% [20]. In this study, a total of 11 (9 in the no
diversion group, 2 in the diversion group) redo anastomoses
were performed for the acute management of AL, and 8 patients
(72.7%) could avoid a permanent stoma. As described by
Westerduin et al. [20], the success rate will be worse in patients
with preoperative CRT and in the management for acute AL
than when it is performed for the management of chronic
complications or in nonirradiated tissue.

Nonoperative management of acute AL was possible in the
group with a diverting stoma, which more likely comprised
patients with low-lying (extraperitoneal) anastomosis. Our
results support this strategy, as the majority of patients who
had a diverting stoma (86.7%) were successfully managed
without re-laparotomy. The effectiveness of this management,
which consisted of antibiotic treatment alone or transanal
drainage, has been separately confirmed in previous studies
[17,24,25].

An unexpected finding was that in patients with a diverting
stoma, the permanent stoma rate was high. In the current
study, the rate of permanent stoma in the diversion group was
53.3% (16 of 30), whereas it was 13.9% in patients in the no
diversion group whose AL was managed with fecal diversion
and drainage. As stated above, Matthiessen et al. [25] reported
that 5 of 12 (41.7%) patients could not avoid a permanent stoma.
Other studies also reported a permanent stoma rate of >25% in
this patient group [13,24]. We can suggest possible explanations
for the very high rate of permanent stoma in patients with
a diverting stoma. On the basis of our multivariate analysis,
preoperative CRT and delayed diagnosis of AL (resulting in
treatment delay) were independent risk factors of a permanent
stoma. Our data showed that the diversion group included
many more patients who were treated with preoperative CRT
and that the time of diagnosis in this group was statistically
later than that in the no diversion group. Although whether
preoperative CRT is a risk factor for AL after rectal cancer
surgery is still controversial [26,27], we believe that the
deleterious effects of preoperative CRT become more dominant
in inflamed tissue than in noninflamed tissue, especially
when devitalized tissue and abscess are not promptly removed.
Another plausible explanation is that radiation can cause a
reduction of blood flow, which then results in a reduction of
cytokines necessary for the recruitment of fibroblasts for the
wound-healing process [28]. In addition, late radiation-related

toxicity to the rectal mucosa can be another reason for the need
for a permanent stoma. This usually occurs from 3 months to
sometimes several years after radiotherapy [29]. We believe that
late radiation-related toxicity could be associated with the need
for re-stoma creation after successful repair of the diverting
stoma, as well as with chronic anastomotic complications
such as stricture, fistula, and sinus, which often result in a
permanent stoma [6]. Consequently, although the defect size
was not different according to the presence or absence of a
diverting stoma, and even if the peritonitis was less severe,
spontaneous healing of AL was less commonly achieved in
this patient group. Finally, late-onset AL was more frequent
in patients with a diverting stoma and was associated with
a higher permanent stoma rate. This suggests that AL in this
group might have shown less prominent symptoms and signs,
whereas AL in the group without a diverting stoma caused more
prominent symptoms and signs and needed prompt treatment
or use of an additional diagnostic tool.

This study has some limitations. First, the observational
nature of this study makes it susceptible to bias and unknown
confounding. To reduce confounding, we performed
multivariate analysis. Second, the size of the defect was
measured by each surgeon without an objective measurement
instrument and showed a tendency to gradually increase on
repeated sigmoidoscopic examinations. Third, although we
recorded the cases of patients who needed a stoma owing to
compromised anal function, we observed a wide variability
in the degree of anal sphincter function among patients. In
this regard, the true impact of AL on quality of life and anal
function was not tested in this study. Also, new promising
treatments (i.e., endo-sponge treatment) were not included in
this study. Despite these limitations, the present study can
provide valuable clues for further studies on this topic.

In conclusion, with advancing knowledge and surgical
techniques such as total mesorectal excision, preoperative CRT,
and subcentimeter distal margin, the proportion of patients
undergoing rectal cancer surgery with sphincter preservation
and very low rectal anastomosis is increasing, Accordingly, the
more diverse clinical presentations of AL require surgeons to
tailor the management of this condition according to individual
patient characteristics. Here, we showed and validated the
results of AL management based on current expert opinions,
and observed very low mortality and morbidity rates. The
analysis of risk factors identified in this study for the need
for a permanent stoma after the occurrence of AL will provide
useful information for perioperative management and decision
making personalized to each patient.
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