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Perfusion

Technical aspects

Tension

LCA preservation
Open 

Question

after each technique of colonic mobilization. The aim of

this study was to estimate the lengthening of the colon and
predict the length after each colonic mobilization technique

for colorectal anastomosis, and therefore guide surgeons in

choosing the appropriate mobilization technique for a safe
anastomosis and avoiding unnecessary mobilization tech-

niques. Tissue elasticity of cadavers not fixed in formalin is

not much difference from that of live patients; therefore,
our results should approximate data from live patients.

When measured from the original RSJ–PS to the RSJ–
PS after low ligation of the IMA, the colon length had

increased by 13.15 ± 5.60 cm. However, when these

measurements are taken from the CSJ after low ligation of
IMA and high ligation of IMA ? low ligation of IMV, the

length of the colon had increased only by 2.08 ± 4.39 cm

and 5.02 ± 5.51 cm, respectively. Therefore, in this pres-
ent study, the CSJ was chosen because it reflects the situ-

ation encountered in rectal cancer surgery.

Since the sigmoid colon cannot be preserved in an on-

cologic rectal resection, the surgeon would perform high
ligation of IMA ? splenic flexure mobilization ? low

ligation of IMV to gain a length of 8.20 ± 5.95 cm. Only

high ligation of IMA ? splenic flexure mobilization ?
high ligation of IMV has statistically significant lengthen-

ing when compared with the other techniques. However,

the lengthening obtained with the other techniques may be
adequate for a tension-free anastomosis in most of the

circumstances.

Conclusions

This study shows the objective length gained following

each standard surgical technique in colonic mobilization
for low rectal anastomosis. The maximum length gained

was after HL–IMV. Although HL–IMV was the only colon

Table 1 Average elongation after each procedure

I. Low
ligation of
IMA

II. High
ligation of
IMA

III. High ligation of IMA plus
splenic flexure mobilization

IV. High ligation of IMA plus splenic flexure
mobilization plus high ligation of IMV

Elongation of
colosigmoid
junction

2.08 ± 4.39 5.02 ± 5.51 8.20 ± 5.95 17.98 ± 6.80

Elongation of
rectosigmoid
junction

13.15 ± 5.60 14.73 ± 6.44 18.90 ± 4.45 28.75 ± 5.72

IMA inferior mesenteric artery, IMV inferior mesenteric vein

Table 2 Comparison of elongation between each procedure (measured at colosigmoid junction)

Compared with Mean difference
(cm)

p value

High ligation of IMA plus splenic flexure mobilization plus high
ligation of IMV

Low ligation of IMA 15.90 ± 5.42 \0.0001

High ligation of IMA 12.96 ± 5.50 \0.0001

High ligation of IMA plus splenic flexure
mobilization

9.78 ± 4.63 \0.0001

IMA inferior mesenteric artery, IMV inferior mesenteric vein

Table 3 Comparison of elongation between each procedure (measured at the rectosigmoid junction)

Compared with Mean difference
(cm)

p value

High ligation of IMA plus splenic flexure mobilization plus high
ligation of IMV

Low ligation of IMA 15.59 ± 3.64 \0.0001

High ligation of IMA 14.02 ± 5.05 \0.0001

High ligation of IMA plus splenic flexure
mobilization

9.85 ± 4.28 \0.0001

IMA inferior mesenteric artery, IMV inferior mesenteric vein
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• Vascular supply/Tension free: 
• IMA ligation

Low versus high ligation of the IMA is still widely debated in the literature

No evidence of oncological different outcomes

High ligation is the choice

Preserve the left colic artery

Radiological positive LNs
around the IMA or ultra low
anterior resection

But remember…. additional blood supply to the 
anastomosis reducing the 
risks of  nervous damage

PS: preserving left colic artery
it could be unuseful left
splenic flexure takedown
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Technical aspects

TechniqueTension

A promising new technology today increasingly used and established is
intra-operative fluorescence angiography with indocyanine green.
Evidence for the impact of intraoperative fluorescence angiography in
reducing AL after colorectal anastomosis is growing.

The application of the fluorescence angiography
led to reconsideration of the resection margin
because of inadequate blood supply in 10.8% of
cases. The AL rate was 3.5% after indocyanine
green angiography and 7.4% after routine
assessment of blood supply (P = 0.002)

Open 
Question
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FIG. Id. The nose cone
containing the anvil portion
of the cartridge is intro-
duced into the proximal
bowel and that purse-string
suture tied securely.

down through the stapled suture line (Fig. IG). No
reinforcing sutures are required. The outside diameter
of the cartridge is 31 mm, the diameter of the circular
knife is 21.2 mm, so that a large, precisely circular
anastomosis is produced, with minimal inversion
(Fig. 1H). At this point, one must inspect the instru-
ment to be absolutely certain that there are two un-
broken rings of full thickness bowel around the central
rod, guaranteeing that the staples have gone through
the bowel wall of both ends, peripheral to the purse-
string sutures.
As in our dog experience, the anastomosis is almost

impalpable to the finger, and in a single patient sig-
moidoscoped at five days, the anastomosis could not
easily be identified. Our experience with rectal anasto-
mosis with this instrument is in six patients, with no
leaks, failures or complications.

It is obvious that there are a number of other situa-
tions in which the instrument can be employed for
end-to-end or end-to-side anastomosis. We have em-
ployed it for a Billroth I anastomosis in which the
stomach was stapled and transected in the ordinary
way. The end-to-end anastomosing instrument (EEA)
-the nose cone not yet applied to it-is inserted
through an anterior gastrotomy and the central rod
passed through a small pursestringed stab wound in
the midposterior gastric wall, some 3 cm proximal to
the stapled stomach end. The staple-containing por-
tion of the cartridge now rests within the stomach and
the nose cone is attached to the central rod outside

of the stomach and passed into the duodenum. The
duodenal pursestring is tightened around the central
rod and the nose cone and staple cartridge are tightly
approximated. The instrument is then operated, pro-
ducing a beautiful circular Billroth I anastomosis, and
is withdrawn through the anterior gastrotomy. The
gastrotomy is closed mucosa-to-mucosa with the
TA55 linear stapling instrument. The EEA instrument
lends itself similarly to esophagogastrostomy, to

FIG. le. By clockwise rotation of the wing nut, the two ends ot
the cartridge are brought together apposing the purse-stringed
ends of the proximal and distal bowel.

794 GRIFFEN AND OTHERS

with conservative treatment. Neither surgical drainage nor

colostomy was required. Two patients had stenosis and
stricture of the anastomosis that required treatment. One

Ann. Surg. June 1990

FIG. 4. The anvil shaft is in-
serted into the center rod and
the closure is begun.

ofthese patients with carcinoma ofthe rectum developed
a benign anastomotic stricture at 10 cm. Digital dilatation
under anesthesia was successful after the fibrous ring was

FIG. 5. The Premium CEEA
stapler is closed and activated
to make the circular end-to-
end inverting anastomosis.
No attempt is made to in-
clude the entire circumfer-
ence of the rectal segment;
only that part that matches
the proximal colon is in-
cluded.
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Transanal Transection and Single-Stapled Anastomosis (TTSS): A
comparison of anastomotic leak rates with the double-stapled
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a b s t r a c t

Background: in the literature on rectal cancer (RC) surgery many studies have focused on the quality of
total mesorectal excision (TME) dissection, while there is a scarcity of comparative data on transection
and anastomosis. No anastomosis has so far proved to be superior to any other. The aim of this study was
to compare anastomotic leak (AL) rates between conventional laparoscopic double-stapled (DS),
transanal total mesorectal excision (TaTME) and Transanal Transection and Single-Stapled anastomosis
(TTSS) techniques.
Methods: consecutive mid-low RC patients undergoing elective laparoscopic TME with stapled anasto-
mosis and protective stoma, by either DS, TaTME or TTSS techniques were retrieved from a prospectively
collected database.
Results: 127 DS; 100 TaTME and 50 TTSS were included. Demographics, distance of the tumor from anal
verge and neoadjuvant therapy were comparable. Operative time was longer in TaTME over DS and TTSS
(p < 0.0001). More 90-days complications occurred in DS group vs TTSS (p ¼ 0.029). The AL rate was
17.5% in DS, 6% in TaTME and 2% in TTSS group (p ¼ 0.005). AL grade was: one B (2%) in TTSS; 2 grade B
(2%) and 4 grade C (4%) in TaTME; 6 grade A (4.7%), 7 grade B (5.5%) and 9 grade C (7.1%) in DS group.
Reintervention rate after AL was higher in DS group over TTSS (12.6% vs 2%; p ¼ 0.003). The rate of stoma
closure, pathology data and margin positivity did not differ.
Conclusions: TTSS strategy is feasible, safe and leads to very low AL rates after TME for RC.

© 2021 Published by Elsevier Ltd.

1. Introduction

A restorative total mesorectal excision (TME) consists of three
steps: dissection, transection and anastomosis [1,2].

1.1. Dissection

Even if discussion is ongoing, and improvement still desirable,
all current approaches (open, minimally invasive from above
-laparoscopic and robotic- and transanal) provide adequate access
for expert dissection of the low rectum for cancer [3e5], with
generally satisfactory outcomes [6]. Rectal cancer (RC) surgery has
always been dogged by variability between surgeons until TMEwas
widely taught and finally established [7]. The lowest cancers are the
most challenging, and surgical mastery of the layers of the deep
pelvis and the planes between them is the key to surgical cure.
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total mesorectal excision (TME) dissection, while there is a scarcity of comparative data on transection
and anastomosis. No anastomosis has so far proved to be superior to any other. The aim of this study was
to compare anastomotic leak (AL) rates between conventional laparoscopic double-stapled (DS),
transanal total mesorectal excision (TaTME) and Transanal Transection and Single-Stapled anastomosis
(TTSS) techniques.
Methods: consecutive mid-low RC patients undergoing elective laparoscopic TME with stapled anasto-
mosis and protective stoma, by either DS, TaTME or TTSS techniques were retrieved from a prospectively
collected database.
Results: 127 DS; 100 TaTME and 50 TTSS were included. Demographics, distance of the tumor from anal
verge and neoadjuvant therapy were comparable. Operative time was longer in TaTME over DS and TTSS
(p < 0.0001). More 90-days complications occurred in DS group vs TTSS (p ¼ 0.029). The AL rate was
17.5% in DS, 6% in TaTME and 2% in TTSS group (p ¼ 0.005). AL grade was: one B (2%) in TTSS; 2 grade B
(2%) and 4 grade C (4%) in TaTME; 6 grade A (4.7%), 7 grade B (5.5%) and 9 grade C (7.1%) in DS group.
Reintervention rate after AL was higher in DS group over TTSS (12.6% vs 2%; p ¼ 0.003). The rate of stoma
closure, pathology data and margin positivity did not differ.
Conclusions: TTSS strategy is feasible, safe and leads to very low AL rates after TME for RC.
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1. Introduction

A restorative total mesorectal excision (TME) consists of three
steps: dissection, transection and anastomosis [1,2].

1.1. Dissection

Even if discussion is ongoing, and improvement still desirable,
all current approaches (open, minimally invasive from above
-laparoscopic and robotic- and transanal) provide adequate access
for expert dissection of the low rectum for cancer [3e5], with
generally satisfactory outcomes [6]. Rectal cancer (RC) surgery has
always been dogged by variability between surgeons until TMEwas
widely taught and finally established [7]. The lowest cancers are the
most challenging, and surgical mastery of the layers of the deep
pelvis and the planes between them is the key to surgical cure.
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2.2. Relevant technical differences between TTSS and TaTME

While the transection and the anastomosis performed after
TaTME might grossly look the same as TTSS, they actually differ in
three essential details.

1) In TTSS, the pursestring is fashioned once the lowest rectum and
mesorectum have already been separated from the pelvic floor
muscles. This detail facilitates the performance of the first
pursestring (which can eventually be controlled with the
laparoscopic camera) and avoids the risk of partly including into
it the surrounding structures (e.g. vagina, prostatic capsule,
pelvic floor muscles) and therefore the risk of misleading the
subsequent TaTME dissection towards incorrect planes.

2) In TTSS the rectotomy is performed only after complete rectal
and mesorectal dissection from above, allowing the surgeon
immediately to find the plane dissected from above, profiting
from the pneumoperitoneum and eventually even from trans-
illumination from the laparoscopic camera. In TaTME the rectal
wall transection is made difficult by adherence of the tunica
muscolaris to the pelvic floor muscles (this problem is particu-
larly challenging when learning TaTME).

3) In TTSS the rectal cuff below the transection level has already
been completely dissected from the pelvic floor before tran-
section, allowing the surgeon to execute the lower pursestring
for the anastomosis without additional risky maneuvers to free
it, as often necessary in TaTME. We believe this extra mobility of
the rectal cuff facilitates optimal positioning of the SS
anastomosis.

2.3. Statistical analysis

Categorical and dichotomous variables are presented as per-
centage over the total and were compared using a c-test, with
Yates’ correction of Fisher exact test, where needed. Continuous
data were tested for normal distribution and are presented as
mean ± standard deviations or median and interquartile range,
according to the distribution. Continuous data were analyzed using
a One-way ANOVA or Kruskal-Wallis test depending on the data
distribution. The Dwass-Steel-Critchlow-Fligner (DSCF) test was
used for multiple comparison analysis between groups.

The results were considered statistically significant for p-value

(p) < 0.05. The statistical analysis was performed with IBM SPSS
Statistics for Windows, Version 25.0. (Armonk, NY: IBM Corp).

3. Results

3.1. Patients’ characteristics

Of 743 rectal cancers operated in the study period, 277 met the
inclusion criteria (127 DS; 100 TaTME; 50 TTSS). Demographics
(including age, BMI, smoking habit, ASA score, comorbidities and
previous abdominal surgery) were comparable among the three
approaches (Table 1). Male gender was more represented in the
TTSS and TaTME (67%; 73%) groups (vs 53.5% in the DS), reaching
significance in the comparison between TaTME and DS (p ¼ 0.002).

3.2. Tumor characteristics and operative outcomes

Distance of the tumor from the anal verge (p ¼ 0.598), neo-
adjuvant chemo-radiotherapy (p ¼ 0.748) and estimated blood loss
(p ¼ 0.808) were not significantly different. Intraoperative com-
plications were epigastric vessels injury in the TTSS (n ¼ 1), stapler
misfiring in the DS (n ¼ 1), one minor splenic capsule injury in the
TaTME group (n ¼ 1), not significant. Operative time was signifi-
cantly longer in the TaTME approach when compared to the TTSS
and DS (p < 0.0001). One patient (2%) in the TTSS group underwent
an intraoperative blood transfusion (Table 2). No conversions to
open surgery occurred in any cohort.

3.3. Postoperative outcomes

Length of stay (p ¼ 0.791) was not different among groups. 30-
days complications did not differ (p ¼ 0.207). The rate of 90-days
complications was significantly higher in the DS group when
compared to TTSS (p ¼ 0.029). However, the distribution according
to the Clavien-Dindo classification did not differ (p ¼ 0.676).
Twenty-two (17.5%) AL occurred in the DS group, six (6%) in the
TaTME and one (2%) in the TTSS group (p ¼ 0.005). At multiple
comparison analysis the result was significant for TTSS and TaTME
vs DS (p ¼ 0.01).

The one AL observed in the TTSS group was grade B (2%). In the
TaTME group, two grade B (2%) and four grade C (4%) ALs occurred.
In the DS group, six grade A (4.7%), seven grade B (5.5%) and nine
grade C (7.1%) ALs were reported.

Fig. 1. Steps of TTSS. a) a full peri-mesorectal dissection down to the level of the anorectal muscle tube beyond the tumor is completed from above by the preferred abdominal
technique (open or minimally invasive); b) after placing a Lone-Star retractor and a cylindrical trunk anoscope in the anal canal, a transanal pursestring is performed below the
tumor; c) After closing the distal specimen margin by tightening of the pursestring, a full-thickness circumferential rectotomy is performed by electrocautery. The pneumo-
peritoneum and the transillumination from the laparoscopic camera greatly facilitate and help to control rectal transection; d) a circular stapler anvil is secured in the proximal
transected colon. A tubular drain is then positioned on the anvil's tip; e) the colon is reinserted into the pelvis and a pursestring is placed at the distal rectal cuff; f) the drain is
grasped and pulled down transanally before tightening the rectal pursestring around the anvil; g) the stapler is connected to the anvil; h) the single-stapled anastomosis is
performed.
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AL 17,5% 6% 2% p=0.005

Reintervention 12,6% 5% 2% p=0.003
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Abstract

Background: Anastomotic leakage is a major complication following rectal cancer surgery. The primary aim of this study was to 
investigate the efficacy of a protocol based on a quadruple intraoperative anastomotic assessment (4-Check) during transanal total 
mesorectal excision (TaTME).

Methods: Patients who underwent TaTME for rectal cancer with primary anastomosis were reviewed and divided into two 
groups: before (pre-4-Check: April 2015 - April 2019) and after the implementation of the 4-Check protocol (May 2019 - May 
2022). This protocol consisted of a multimodal anastomotic integrity assessment, including indocyanine green-evaluation of 
colonic stump and intraluminal anastomosis perfusion, a reverse air leak test and anastomotic doughnuts assessment. The 
primary outcome was incidence of clinical and/or radiological anastomotic leakage. The secondary outcome included 
intraoperative anastomosis defects and repairs and 30-day complication rate. Propensity score matching and multivariable 
analyses were performed.

Results: Of 186 patients, 160 were selected: 86 patients in the pre-4-Check and 74 in the 4-Check group. After propensity score 
matching, there was no difference in postoperative anastomotic leakage (pre-4-Check versus 4-Check: 11.1 per cent versus 7.4 
per cent; P = 0.50). However, in the 4-Check group, the intraoperative detection of defects and repairs was significantly 
increased (P = 0.03), and the number of complications was reduced (pre-4-Check versus 4-Check: 33.3 per cent versus 9.3 per 
cent, P = 0.004). Multivariable analyses confirmed that the use of the 4-Check protocol, the detection of anastomotic defects 
and increased albumin levels were associated with a reduced number of complications.

Conclusion: The 4-Check protocol allowed the intraoperative detection and repair of anastomotic defects. Anastomotic leakage 
rates were not reduced; however, 30-day complication rates were lower after implementation of this protocol.

Introduction
Anastomotic leakage (AL) is still one of the major complications 
following colorectal resection, with a prevalence of approximately 
10 per cent after rectal cancer surgery1. AL has been associated 
with increased health-related costs, an increased risk of permanent 
stoma2 and worse long-term oncological outcomes3.

Although there are several definitions of AL, one of the most 
commonly used is the one provided by the International Study 
Group of Rectal Cancer: a ‘defect of the intestinal wall integrity at 
the colorectal or coloanal anastomotic site (including suture and staple 
lines) leading to a communication between the intra and extraluminal 
compartment4’.

The pathogenesis of AL is related to modifiable and non- 
modifiable factors that can have an impact on anastomotic healing, 
including patient, cancer, and operative factors5. In 2016, the 
Association of Surgeons of Great Britain and Ireland (ASGBI) 
guidelines highlighted the importance of promptly identifying 
an anastomotic defect. Technical defects are usually excluded 

by inspection of the anastomotic rings (doughnuts) and 
intraoperative leak tests. This test consists of air insufflation 
into the anastomosis after filling the pelvis with saline solution. 
If there is a defect in the anastomosis, bubbles are noticed in 
the pelvis6 and the technical defect can be repaired through 
anastomotic resuturing; however, the utility of this technique 
alone is controversial7.

Recently, a ‘reverse test’ has been suggested, involving transanal 
assessment of the anastomosis8. This is in addition to multiple other 
techniques including near-infrared (NIR) indocyanine green 
(ICG)-induced fluorescence angiography (FA), to enable a real-time 
intraoperative perfusion assessment. NIR ICG FA assessment of 
colorectal anastomoses has been shown to be associated with a 
lower rate of anastomotic leak and complications. However, sole 
assessment with ICG-assessed changes in the surgical resection 
might be associated with a higher risk of AL9.

In 2019, a quadruple assessment of colorectal anastomosis10

including anastomotic doughnuts assessment, air leak test and 
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the ICG evaluation of the colonic stump/anastomotic mucosa was 
described. One of the technical advantages of the transanal total 
mesorectal excision (TaTME) approach over other mini-invasive 
procedures is the use of a transanal platform that allows for the 
assessment and intraluminal repair of any intraoperatively 
detected defects. After the introduction of TaTME procedures for 
low rectal cancers at the author’s institution, anastomotic 
assessment was implemented using the combination of all 
perfusion/mechanical tests. However, in comparison to the 
quadruple assessment, in this protocol the mechanical integrity of 
the anastomosis was tested through a reverse air leak test. The 
reverse approach offers the advantage of precise localization of 
the anastomotic defect, thanks to direct visualization of the 
anastomotic suture during the evaluation.

The primary aim of this study was to investigate the efficacy of 
a systematic protocol (4-Check) for intraoperative anastomotic 
assessment during TaTME in decreasing AL rates. The 
secondary aims were the reduction of morbidity, hospital stay 
and time to stoma closure.

Methods
This is a retrospective controlled study pre- and post- 
implementation of the 4-Check protocol, which was designed 
and reported according to the STROBE criteria11 (Fondazione 
Policlinico Universitario A. Gemelli IRB approval ID 5417).

Study population
Since its introduction at the author’s unit (Fondazione Policlinico 
Universitario A. Gemelli in Rome), TaTME has been the technique 
of choice for patients with low and mid rectal cancers (1–6 cm and 
7–11 cm from the anorectal junction, respectively), as previously 
reported12.

All consecutive adult patients of either sex who underwent 
TaTME with primary colorectal or coloanal anastomosis with or 
without loop ileostomy or colostomy between April 2015 and 
September 2022 were eligible for enrolment.

The exclusion criteria were benign diseases (e.g., inflammatory 
bowel disease), absence of primary anastomosis (e.g., Hartmann’s/ 
Miles procedure), and the use of other reconstruction techniques 
(e.g, J pouch).

The management of all rectal cancer patients is discussed 
weekly at multidisciplinary team meetings. Patients with cT3– 
cT4a N0 disease or those staged cTN+ are usually treated with 
neoadjuvant chemoradiotherapy (NAD), consisting of 4 weeks of 
radiotherapy (total dose of 56 Gy) plus concomitant 5-fluorouracil, 
followed by delayed surgery after at least 6 weeks. Patients 
unfit for chemotherapy are usually scheduled for short-term 
radiotherapy (total dose of 25 Gy) followed by immediate or 
delayed surgery.

All clinical (age, sex, smoking habits, BMI, Charlson Index, use 
of anti-latelt/anti-coagulant drugs, preoperative albumin 
plasma level), cancer-related (clinical and pathological stages 
including mesorectal fascia [MRF] involvement, distance from 
the anorectal junction [ARJ] measured on preoperative MRI, use 
of neoadjuvant treatment) and operative features (operative 
time, type of anastomosis and staplers, intraoperative 
anastomotic assessment, detection of anastomotic defects and 
anastomotic intraoperative repairs) were collected in a 
prospectively maintained database and reviewed for the 
purpose of the analyses.

Finally, all selected patients were categorized into two groups 
according to the intraoperative anastomotic assessment, before 
(pre-4-Check) and after the introduction of the (4-Check) protocol.

Procedures
From April 2015 to April 2019 (pre-4-Check), the integrity of the 
anastomosis was assessed intraoperatively through the 
examination of both the colonic/rectal ‘doughnuts’ and air leak 
test. The air leak test was performed by filling the pelvis with 
saline solution to the level of the anastomosis during a 
transabdominal anastomotic evaluation. Air was insufflated 
through a tube positioned into the rectum, while the proximal 
colon was clamped. The presence of free extraluminal bubbles 
within the fluid was regarded as the sign of a breach in the 
anastomosis, and in this case, the Gel Point path device (Applied 
Medical, CA, USA) was reinserted for anastomotic evaluation. 
The area that was suspected to have dehiscence was located via 
a transanal approach and oversewn using a V-lock or a Vicryl 3/ 
0 suture. The test was then repeated to reassess the leak site 
treatment to check the absence of bubbles (negative test).

In May 2019, a systematic protocol for anastomotic integrity 
assessment was introduced (4-Check). The test combines four 
items: extraluminal (serosal) evaluation of proximal colon 
perfusion based on a semiquantitative assessment of NIR-ICG- 
induced FA; endoluminal (mucosal) anastomotic evaluation 
perfusion based on a semiquantitative assessment of NIR-ICG- 
induced fluorescence angiography; reverse air leak tests; and 
anastomotic doughnut assessment (Fig. 1).

NIR-ICG-induced FA is conducted by intravenously 
administering a bolus of 3.75–7.5 mg of ICG (0.2 mg/kg) and the 
proximal colonic stump is intra-abdominally evaluated using a 
fluorescence imaging system. Following completion of the 
anastomosis, a second bolus is administered. The anastomosis 
is visualized and scored for any perfusion defect by the 
transanal insertion of the system. A positive test is defined as 
a ‘poor’ (meaning non-uniform distribution of fluorescence) 
or ‘absent’ (no fluorescence) signal at the serosal or mucosal 
level13. A ‘good’ perfusion (meaning uniform distribution of 
fluorescence) was recorded as a negative test.

The reverse air leak test consists of filling the rectum with a 
small amount of saline solution during transanal visualization 
of the anastomotic line through a circular anal dilator. In the 
presence of any anastomotic defect, bubbles are identified when 
they are seen leaking in between the suture line due to the 
passage of CO2 from the pneumoperitoneum. In the case of a 
positive reverse air leak test, the leak area is identified, and 
buttressed sutures with V-lock or Vicryl 3/0 are placed. The test 
is repeated to reassess the leak site treatment6,8.

Outcomes
The study objective was to evaluate the efficacy of the 4-Check 
protocol, and the primary outcome was the overall incidence of 
clinical and/or radiological AL4. Since 2015, all patients have 
been enrolled in an enhanced recovery after surgery (ERAS) 
programme14. Clinical ALs were diagnosed by abdominal 
contrast-enhanced CT scans (including pelvic collections) or 
intraoperative findings, in patients who underwent reoperation. 
All patients with protective stomas routinely underwent an 
X-ray contrast-enhanced enema before stoma closure 6 weeks 
following the primary surgery, meaning asymptomatic ALs were 
recorded. The overall incidence of intraoperative anastomosis 
defects and repairs (defined as anastomotic buttressed sutures), 
30-day complications (Clavien–Dindo Classification15 and 
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Fig. 1 4-Check diagram 
(1) Extraluminal (serosa) evaluation of the proximal colon perfusion based on a semiquantitative assessment of the NIR ICG-induced FA; (2) intraluminal (mucosal) 
anastomotic evaluation of perfusion, based on a semiquantitative assessment of the NIR-ICG-induced FA; (3) reverse air leak tests; and (4) anastomotic doughnuts 
assessment. NIR, near infrared; ICG, indocyanine green; FA, fluorescence angiography.

TaTME performed
2015–2022
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n = 160

PSM based on
Age, BMI, distance from the ARJ

TaTME pre-4-Check n = 54 TaTME 4-Check n = 54

TaTME pre-4-Check n = 86 TaTME 4-Check n = 74

Excluded :
Patients with end stoma (e.g. colostomy)
Patients with terminal stoma
(that is, Miles procedures) n = 24
Patients with J pouch n = 2
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Fig. 2 Study flowchart 
ARJ, anorectal junction; PSM, propensity score matching; TaTME, transanal total mesorectal excision.
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American college of surgeon risk calculation



Knight CD, Griffen FD. An improved technique for 
low anterior resection of the rectum using the eea
stapler. Surgery. 1980;88:710–4. 

rate[38-40]. Although effective in targeting cancer cells, 
RT has a wide array of detrimental effects on intestinal 
tissue and wound healing and has long been believed 
to be a risk factor for AL. There are many retrospective 
studies that have reported the relationship between 
preoperative RT and AL[20,21,28]. However, prospective 
trials and cohort studies have shown contradictory 
results. The MRC CR07 RCT[41] reported that there 
was no difference in AL between preoperative RT 
and selective postoperative CRT. A Dutch TME trial[42] 
reported that there was no significant difference in 
AL rates (TME plus preoperative RT vs TME alone). A 
recent report using propensity score matching analysis 
have also reported that preoperative CRT does not 
increase the risk of AL after LAR[43]. Most surgeons 
perform a temporary protective diverting stoma to 
minimize the consequences of AL in patients who have 
received preoperative CRT or RT.  

Preoperative chemotherapy
Preoperative chemotherapy is a well-known risk 
factor for AL[13]; however, the mechanism underlying 
this association is poorly understood. Recent use of 
antiangiogenic agents also increases the risk of AL. 
The first studies examining bevacizumab (Avastin), 
a humanized anti-vascular endothelial growth factor 
antibody, reported several patients with bowel per-
foration[44,45]. The mechanism of this perforation is 
proposed to be arterial microthromboembolic disease 
leading to bowel ischemia. The same mechanism can 
cause AL. Bevacizumab has a half-life of 20 days, and 
the manufacturer recommends stopping its treatment 
at least 4 wk before surgery. 

Antibiotics
A meta-analysis of eight RCTs reported that combining 
preoperative intestinal decontamination with oral 
antibiotics and perioperative intravenous antibiotics 
reduced postoperative infection including AL, com-

pared with use of intravenous antibiotics alone[46]. 
Notably, a recent RCT showed that intravenous 
plus oral antibiotics (cefmetazole, kanamycin and 
metronidazole) significantly reduced the risk of 
surgical site infection (SSI) compared with intravenous 
antibiotics alone (7.3% vs 12.8%, P = 0.028), while 
no significant difference was seen in the rate of AL[47]. 
Further studies are required to elucidate the effect of 
preoperative oral antibiotics on AL.

Medications
Although it is assumed that impaired healing with 
corticosteroid use would affect the AL rate, it is difficult 
to find an absolute correlation. Prolonged use of 
corticosteroids can be a risk factor for AL, particularly 
when combined with other immunosuppressive 
drugs[48-50]. A recent systematic review reported that 
the AL rate after lower gastrointestinal surgery was 
6.8% in the corticosteroid group compared with 
3.3% in the non-corticosteroid group, although the 
duration and dose of corticosteroid treatment were 
heterogeneous[51]. A meta-analysis with six RCTs 
reported that perioperative use of nonsteroidal anti-
inflammatory drugs (NSAIDs) had no statistically 
significant effect on the AL rate[52]. However, non-
selective NSAIDs and non-selective cyclooxygenase 
(COX) 2 inhibitors were reported to be associated with 
a higher AL rate[53]. Therefore, NSAIDs should be used 
with caution in the postoperative period. In general, 
the postoperative pain after laparoscopic surgery is 
less than that after open surgery, which may result in 
the decreased usage of NSAIDs and decreased rate of 
AL in laparoscopic surgery.  

Other factors, such as smoking and alcohol, have 
also been reported to be risk factors for AL after 
LAR[31,54-57]. The effect of smoking might be secondary 
to ischemia caused by smoking-related microvascular 
disease. Large quantities of alcohol consumption might 
be a surrogate for poor nutritional status. 
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Table 1  Selected studies to investigate the risk factors for Anastomotic leakage after laparoscopic low anterior resection

Ref. Year Sample AL Tumor Covering Risk factors

size rate Location1 stoma

Ito et al[22] 2008   180   5.0% R, RS + Anastomosis level, multiple stapler firings
Kim et al[23] 2009   270   6.3% R, RS, S + Tumor location
Huh et al[24] 2010   223   8.5% R - Tumor location, operation time
Choi et al[25] 2010   156 10.3% R, RS - Anastomosis level, operation time
Akiyoshi et al[26] 2011   363   3.6% R, RS + Tumor location, abdominal drain
Yamamoto et al[27] 2012   111   5.4% R + BMI
Park et al[28] 2013 1187   6.3% R, RS - Male, stage, transfusion, tumor location

preoperative CRT, multiple stapler firings
Kawada et al[29] 2014   154 12.3% R - Tumor size, precompression before

stapler firings
Katsuno et al[30] 2015   209 15.3% R + Male
Kim et al[31] 2016 1154   6.7% R + Male, smoking, alcohol intake, previous

abdominal surgery, operation time,
tumor location, multiple stapler firings

1R: Rectum; RS: Rectosigmoid colon; S: Sigmoid colon.

Kawada K et al . Risk factors for AL after laparoscopic LAR

Step by step analysis



Tristaple linear stapler (laparoscopy) is associated
with lower rate of Anastomotic Leak (AL)

• Perspective Study
• 270 pts
• Tristaple group 135 pts vs Universal Stapler

Group 135
• AL Rate 4.5% vs 11.11 (p0.05)

105 pts

AL 4.7%, stricture 0.9%. 

median operation time 262 minutes 

43 pts, open surgery

AL 2.3%, no strictures

Surg Today
2006

In male patients with narrow pelvis: Vertical stapling is a safe and easier procedure



• Number of Firings

Number of firings ≥ 3 
➢Risk of AL

161 pts LAR
AL rate: 6,8%(11/161)

14 W. Sakamoto et al.

p=0.02, Table 4).

Discussion

This was a single institution, retrospective ob-
servation study to determine risk factors of AL after 
low anterior resection. The observation period of 
the study spanned 16 years. Even as a single insti-
tution study, many surgeons were involved ; surgi-

cal devices, such as circular staplers, linear staplers, 
and ultrasonic scissors varied ; and even the main 
surgical approach changed from open to laparoscop-
ic. Even so, multivariate analysis clearly showed 
that mGPS and multiple firings were risk factors for 
AL.

In general, the rate of AL occurrence following 
LAR has been reported to be between 3.6 and 15.3% 
worldwide14). Specifically, Matsubara et al. reported 
an AL incidence in Japan of 9.7% by analyzing our 
National Clinical Database15). Thus, it seems likely 
that our surgical quality for anastomosis, with 
AL=6.8% during LAR and L-LAR, is adequate.    
Previous studies reported risk factors for AL such 
as anastomosis level4), tumor location5-8,16), tumor 
size9), multiple stapler firings4,8,10,16), operation 
time6,8), intraoperative blood loss11,12), body mass in-
dex7), male gender8,14), and preoperative chemoradio-
therapy16).

In the present study, risk factors for AL were 
identified as intraoperative bleeding, mGPS=2, and 
multiple firings by univariate analysis, and as 

Table 3. Univariate analysis of surgery-related factors

Anastmotic Leakage

Variables negative positive P value

operation methods open  84 8

laparoscopic  66 3 0.279

Ligation of IMA high ligation† 128 8

low ligation‡  22 3 0.265

Lateral lymph node dissection Yes  29 3

No 121 8 0.524

multiple firing§ Yes   6 3

No 140 8 0.001

placement of transanal tube Yes  27 3

No 123 8 0.446

diverting ileostomy Yes  34 3

No 116 8 0.726

Diameter of circular stapler ≦29 101 6

>29  43 5 0.281

Operating time <300  97 6

≧300  52 5 0.481

Intraoperative bleeding <250  87 5

≧250  44 6 0.001

P value of < 0.05 was considered statistically significant.  
IMA : inferior mesenteric artery
† : IMA was ligated at its root. ‡ : IMA was ligated at superior rectal artery. (left colic 
artery was preserved.) § : multiple firings : number of linear stapler-curtilages used 
for rectal transaction is three and over.

Table 4. Result of Multivariate analysis 

variables OR 95% CI P value

mGPS (2) 19.61 2.96-125.53 0.02

multiple stapler firing
(≧3）

18.19 2.93-112.06 0.02

Intraoperative bleeding
(≧250 ml)

 3.04 0.66-13.99 0.153

Multiple logistic regression analysis
P value of <0.05 was considered statistically signifi-
cant.
OR : odds ratio, CI : confidence interval mGPS :  
modified Glasgow prognostic score



• Perspective Study
• 272 pts LapRAR

2 planned firings could avoid
3 or more firings and reduce AL

was located at the center of the rectal stump, the intersec-
tion at risk of anastomotic leakage was easily included.
The circular stapler was closed, paying attention to avoid
including any adjacent tissue (particularly the vaginal
wall), then fired. After completion of this procedure, the
anastomosis was confirmed using an air-leak test. If an air
leakage was found, we checked and repaired the leak
point and then performed diverting ileostomy. Indications
that a covering ileostomy was needed were tumor with a
diameter !6 cm, chemoradiotherapy or neoadjuvant che-
motherapy patients, Intersphincteric resection (ISR) cases,
and air leak-positive cases. A surgical drain was placed in
the pelvis from the left lower quadrant, and a transanal
drainage tube was inserted for 4 to 5 postoperative days in
all cases.

RESULTS

The surgical outcomes are shown in Table 2. We per-
formed laparoscopic TSMEs for rectal cancer in 50 cases
and TMEs in 222 cases. Lateral lymph node dissections
were performed in 9 patients (3.3%). Splenic flexure mo-
bilization and high ligation of the inferior mesenteric ar-
tery were performed in 1 patient (0.4%) with sigmoid
colon cancer, but no complications were encountered. No
cases required blood transfusions and no hospital deaths
were encountered. Among the 272 Lap-LARs for which
only 2 stapler fires had been planned, 3 fires occurred in
error only once (0.4%), when an intestinal clip applicator
was mistakenly held by the first cartridge. Fortunately, no
anastomotic leakage occurred. In addition, for the 271
cases in which the transection was completed in 2 fires,
the intersection could be included within the circular
staple. Anastomotic leakage occurred in 9 cases (3.3%;
9/272 cases): 7 were male (4.2%; 7/163 cases), and 2 were
female (1.8%; 2/109 cases); 7 involved TMEs (3.2%; 7/222
cases), and 2 involved TSMEs (4.0%; 2/50 cases). Anasto-
motic leakages that required reoperation with a diverting
stoma occurred in 5 cases (1.8%; 5/272), whereas leakages
that required drainage only with no reoperation were seen
in 4 cases. For the case with vaginal fistula, we created a
diverting stoma the day after the event and closed the
stoma after 8 months. A protective diverting ileostomy or
colostomy was created in 49 cases (18.0%; 49/272), 3 of

Figure 4. End-to-end anastomosis by DST. (A) Rectal stump
from transection with 2 planned linear stapler fires. The inter-
section of the 2 linear staple lines is located approximately at the
center of the stump of the distal rectum ➟: Intersection. (B)
End-to-end anastomosis is performed using DST with a circular
stapler. The rod of a circular stapler inserted transanally pierces
the rectal stump near the intersection of the 2 linear staple lines.
The intersection is easily included in the circular stapler. ➟:
Intersection.

Table 2.
Surgical Outcomes

Variables Population (n ! 272)

Conversions (%), n (%) 0 (0)

Operative time (minutes)* 210 (128–447)

Blood loss (mL)* 10.5 (1–446)

Surgical procedures, n (%)

TME 222 (81.6)

TSME 50 (18.4)

Lateral lymph node dissection, n (%) 9 (3.3)

Number of staplers for rectal
transection, n (%)

2 271 (99.6)

3 1 (0.4)

Protective diverting ileostomy or
colostomy, n (%)

49 (18.0)

Anastomotic leakage, n (%) 9 (3.3)

*, Median (range).

Laparoscopic Low Anterior Resection with Two Planned Stapler Fires, Otsuka K et al.
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ABSTRACT

Background: Anastomotic leakage during laparoscopic
low anterior resection (Lap-LAR) for rectal cancer remains
challenging for colorectal surgeons. Firing linear staplers
multiple times has been reported as a risk factor for iatro-
genic anastomotic leakage. Our institute usually performs
rectal transection using 2 planned stapler fires followed by
anastomosis with the double-stapling technique.

Methods: Between November 2009 and September 2016,
a total of 272 consecutive patients underwent Lap-LAR
with double-stapling anastomosis for rectal cancer. We
inserted a linear 45-mm stapler cartridge from a port in the
lower right quadrant of the abdomen. The first transection
was made up to three-quarters of the rectal wall, and the
remaining rectum was completely resected using a second
stapler. During this procedure, the intersection of the 2
staple lines, which might otherwise cause anastomotic
leakage, was located in the center of the stump of the
distal rectum, so the intersection at the rectal stump was
able to be easily removed using a circular stapler.

Results: None of our patients were converted to open
surgery. Among the 272 Lap-LAR procedures for which
use of 2 stapler fires was planned, 3 fires occurred in error
only once (0.4%). Rectovaginal fistula and anastomotic
leakage occurred in 1 patient (0.4%) and 9 patients (3.3%),
respectively, and 49 (18.0%) patients required protective
diverting stoma.

Conclusion: Rectal transection with 2 planned stapler
fires appears safe, practical, and straightforward to stan-

dardize, and reduces the need for multiple linear fires and
the incidence of anastomotic leakage.

Key Words: Rectal cancer; Low anterior resection; Dou-
ble stapling technique; Rectal transection.

INTRODUCTION

Anastomotic leakage is a major problem among patients
who undergo laparoscopic low anterior resection (Lap-LAR)
for rectal cancers. This complication is associated with not
only short-term results, but also long-term results such as
local recurrence and patient survival.1–7 Reducing anasto-
motic leakage has been recognized as a constant task for
colorectal surgeons. In 1980, Knight et al8 reported using a
circular stapler to transect a linear staple line for LARs of the
rectum, and Cohen et al9 named this anastomosis method
the “double staple technique” (DST). Since then, the DST has
been accepted by many surgeons for use in LARs to treat
rectal cancer. However, despite such technical improve-
ments and advances in equipment, recent studies have re-
ported that the rate of anastomotic leakage after DST has
remained at around 6% to 18%.4,10–14 In particular, causes of
anastomotic leakage after Lap-LAR may differ from those
after open surgery, due to the difficulty of the pelvic ap-
proach, the lack of tactile sense, and the inadequacy of
cutting angles after transection. Several studies have reported
that use of more than 3 cartridges for rectal transection
represents a risk factor for anastomotic leakage after Lap-
LAR.15–17 In our institute, we have performed Lap-LARs using
the DST method. As a feature of our DST anastomoses, 2
planned stapler fires were adopted to avoid needing 3 or
more rectal transections, which require multiple stapler fir-
ings. This report describes a DST procedure using 2 planned
stapler fires in 272 patients with rectal cancer requiring Lap-
LARs. In addition, we describe the methods for our standard-
ized technical procedure.

MATERIALS AND METHODS

Patients and Methods

The database at our institution for procedures performed
between November 2009 and September 2016 showed
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low anterior resection (Lap-LAR) for rectal cancer remains
challenging for colorectal surgeons. Firing linear staplers
multiple times has been reported as a risk factor for iatro-
genic anastomotic leakage. Our institute usually performs
rectal transection using 2 planned stapler fires followed by
anastomosis with the double-stapling technique.

Methods: Between November 2009 and September 2016,
a total of 272 consecutive patients underwent Lap-LAR
with double-stapling anastomosis for rectal cancer. We
inserted a linear 45-mm stapler cartridge from a port in the
lower right quadrant of the abdomen. The first transection
was made up to three-quarters of the rectal wall, and the
remaining rectum was completely resected using a second
stapler. During this procedure, the intersection of the 2
staple lines, which might otherwise cause anastomotic
leakage, was located in the center of the stump of the
distal rectum, so the intersection at the rectal stump was
able to be easily removed using a circular stapler.

Results: None of our patients were converted to open
surgery. Among the 272 Lap-LAR procedures for which
use of 2 stapler fires was planned, 3 fires occurred in error
only once (0.4%). Rectovaginal fistula and anastomotic
leakage occurred in 1 patient (0.4%) and 9 patients (3.3%),
respectively, and 49 (18.0%) patients required protective
diverting stoma.

Conclusion: Rectal transection with 2 planned stapler
fires appears safe, practical, and straightforward to stan-

dardize, and reduces the need for multiple linear fires and
the incidence of anastomotic leakage.

Key Words: Rectal cancer; Low anterior resection; Dou-
ble stapling technique; Rectal transection.

INTRODUCTION

Anastomotic leakage is a major problem among patients
who undergo laparoscopic low anterior resection (Lap-LAR)
for rectal cancers. This complication is associated with not
only short-term results, but also long-term results such as
local recurrence and patient survival.1–7 Reducing anasto-
motic leakage has been recognized as a constant task for
colorectal surgeons. In 1980, Knight et al8 reported using a
circular stapler to transect a linear staple line for LARs of the
rectum, and Cohen et al9 named this anastomosis method
the “double staple technique” (DST). Since then, the DST has
been accepted by many surgeons for use in LARs to treat
rectal cancer. However, despite such technical improve-
ments and advances in equipment, recent studies have re-
ported that the rate of anastomotic leakage after DST has
remained at around 6% to 18%.4,10–14 In particular, causes of
anastomotic leakage after Lap-LAR may differ from those
after open surgery, due to the difficulty of the pelvic ap-
proach, the lack of tactile sense, and the inadequacy of
cutting angles after transection. Several studies have reported
that use of more than 3 cartridges for rectal transection
represents a risk factor for anastomotic leakage after Lap-
LAR.15–17 In our institute, we have performed Lap-LARs using
the DST method. As a feature of our DST anastomoses, 2
planned stapler fires were adopted to avoid needing 3 or
more rectal transections, which require multiple stapler fir-
ings. This report describes a DST procedure using 2 planned
stapler fires in 272 patients with rectal cancer requiring Lap-
LARs. In addition, we describe the methods for our standard-
ized technical procedure.

MATERIALS AND METHODS

Patients and Methods

The database at our institution for procedures performed
between November 2009 and September 2016 showed
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was located at the center of the rectal stump, the intersec-
tion at risk of anastomotic leakage was easily included.
The circular stapler was closed, paying attention to avoid
including any adjacent tissue (particularly the vaginal
wall), then fired. After completion of this procedure, the
anastomosis was confirmed using an air-leak test. If an air
leakage was found, we checked and repaired the leak
point and then performed diverting ileostomy. Indications
that a covering ileostomy was needed were tumor with a
diameter !6 cm, chemoradiotherapy or neoadjuvant che-
motherapy patients, Intersphincteric resection (ISR) cases,
and air leak-positive cases. A surgical drain was placed in
the pelvis from the left lower quadrant, and a transanal
drainage tube was inserted for 4 to 5 postoperative days in
all cases.

RESULTS

The surgical outcomes are shown in Table 2. We per-
formed laparoscopic TSMEs for rectal cancer in 50 cases
and TMEs in 222 cases. Lateral lymph node dissections
were performed in 9 patients (3.3%). Splenic flexure mo-
bilization and high ligation of the inferior mesenteric ar-
tery were performed in 1 patient (0.4%) with sigmoid
colon cancer, but no complications were encountered. No
cases required blood transfusions and no hospital deaths
were encountered. Among the 272 Lap-LARs for which
only 2 stapler fires had been planned, 3 fires occurred in
error only once (0.4%), when an intestinal clip applicator
was mistakenly held by the first cartridge. Fortunately, no
anastomotic leakage occurred. In addition, for the 271
cases in which the transection was completed in 2 fires,
the intersection could be included within the circular
staple. Anastomotic leakage occurred in 9 cases (3.3%;
9/272 cases): 7 were male (4.2%; 7/163 cases), and 2 were
female (1.8%; 2/109 cases); 7 involved TMEs (3.2%; 7/222
cases), and 2 involved TSMEs (4.0%; 2/50 cases). Anasto-
motic leakages that required reoperation with a diverting
stoma occurred in 5 cases (1.8%; 5/272), whereas leakages
that required drainage only with no reoperation were seen
in 4 cases. For the case with vaginal fistula, we created a
diverting stoma the day after the event and closed the
stoma after 8 months. A protective diverting ileostomy or
colostomy was created in 49 cases (18.0%; 49/272), 3 of

Figure 4. End-to-end anastomosis by DST. (A) Rectal stump
from transection with 2 planned linear stapler fires. The inter-
section of the 2 linear staple lines is located approximately at the
center of the stump of the distal rectum ➟: Intersection. (B)
End-to-end anastomosis is performed using DST with a circular
stapler. The rod of a circular stapler inserted transanally pierces
the rectal stump near the intersection of the 2 linear staple lines.
The intersection is easily included in the circular stapler. ➟:
Intersection.

Table 2.
Surgical Outcomes

Variables Population (n ! 272)

Conversions (%), n (%) 0 (0)

Operative time (minutes)* 210 (128–447)

Blood loss (mL)* 10.5 (1–446)

Surgical procedures, n (%)

TME 222 (81.6)

TSME 50 (18.4)

Lateral lymph node dissection, n (%) 9 (3.3)

Number of staplers for rectal
transection, n (%)

2 271 (99.6)

3 1 (0.4)

Protective diverting ileostomy or
colostomy, n (%)

49 (18.0)

Anastomotic leakage, n (%) 9 (3.3)

*, Median (range).

Laparoscopic Low Anterior Resection with Two Planned Stapler Fires, Otsuka K et al.
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• Pay attention while introducing/extracting circular stapler

• do not force too much not to open rectal stump
• push the handle up
• close progressively circular stapler
• follow device instructions!!

Questions:
1. While introducing/stapling
-Must we close progressively circular stapler?
-How long holding pushed circular stapler?
2. While removing stapler
-How many clockwise turns?? how many degrees of device’s
rotation



If positive: 
- Suture
- revision of the anastomosis
- and/or proximal diversion

Methylen Blue endorectal instillation + white gauze :
Not first step
In case of bubble test positivity to better localize site of leak



S Y S T EMA T I C R E V I EW

Efficacy of reinforcing sutures for prevention of anastomotic
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A systematic review and meta-analysis
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Abstract

Background and Objectives: Anastomotic leakage is a serious complication following

surgery for cancer of the rectum. It is not clear whether reinforcing sutures could

prevent anastomotic leakage. Therefore, this study aims at evaluating the efficacy of

reinforcing sutures on anastomotic leakage.

Methods: We searched PubMed, Embase, and the Cochrane Library databases from

inception to January 31, 2023. We included studies comparing anastomosis with

reinforcing sutures to anastomosis without reinforcing sutures after low anterior

resection. Risk of bias was assessed by the Cochrane tool for RCTs and the Risk of

Bias in Non-Randomized Studies (ROBINS)-I tool for observational studies. The

overall quality of evidence for primary outcome was assessed using Grading of

Recommendations Assessment, Development, and Evaluations methodology.

Results: Two RCTs (345 patients) and four observational studies (783 patients) were

included. Anastomotic leakage occurred in 4.4% (24 of 548) of patients with

reinforcing sutures and 11.9% (69 of 580) of patients without reinforcing sutures.

Meta-analysis showed a lower incidence of anastomotic leakage (RR, 0.41; 95% CI

0.25 to 0.66, low certainty) in patients with reinforcing sutures. Operative time

(WMD, !3.66; 95% CI !18.58 to 11.25) and reoperation for anastomotic leakage

(RR, 0.69; 95% CI 0.23 to 2.08) were similar between patients with reinforcing

sutures and those without reinforcing sutures.

Conclusions: While observational data suggest that, there is a clear benefit in terms

of reducing the risk of anastomotic leakage with the use of reinforcing sutures,

RCT data are less clear. Further large, prospective studies are warranted to determine

whether a true clinically important benefit exists with this technique.

K E YWORD S

anastomotic leakage, rectal cancer, sutures
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Metanalysis 1128 pts
2 Group Reinforced (548) Not Reinforced (580)
2 RCT + 4 observational studies
AL 4.4% Reinforced Group vs 11.9 % Not Reinforced
no differences in Operative Time
Interrupted suture (6/8)-Continuous barbed sutures (2/8)

ileostomy may reduce the incidence of anastomotic leakage.7,27 In the

articles included in our analysis, the number of temporary diverting

ileostomies performed was significantly higher in the non-reinforcing

sutures group. This has likely reduced the incidence of anastomotic

leakage in the non-reinforcing sutures group. Even so, the results of

our meta-analysis showed that the reinforcing sutures group had a

lower incidence of anastomotic leakage than the non-reinforcing

sutures group. This further illustrates the stability of the results.

The incidence of anastomotic leakage in transabdominal and trans-

anal rectal cancer surgery remains controversial.28,29 We performed

subgroup analysis based on different surgical approach. In the transanal

subgroup, there was no difference in the incidence of anastomotic

leakage between reinforcing sutures and non-reinforcing sutures. In

the transabdominal subgroup, the incidence of anastomotic leakage in

the reinforcing sutures group was significantly lower than that in the

non-reinforcing sutures group. Hence, it is more beneficial to

implement reinforcing sutures in patients undergoing transabdominal

approach. The results were similar in Asian and non-Asian patients.

Although the results showed the effectiveness of reinforcing sutures,

it was also worth paying attention to whether reinforcing sutures would

increase the operative time or other risks. Our study found that reinfor-

cing sutures did not significantly increase the operative time. Six to eight

interrupted sutures or 3–0 barbed thread for continuous sutures were

placed along the anastomosis. The use of barbed thread made suturing

easier, and there were fewer intermittent sutures, so operative time was

not increased. Once the anastomotic leakage occurred, some patients

had to undergo a reoperation. Patients with reoperation for anastomotic

leakage were further treated by Hartmann or ileostomy operations. The

results showed that reinforcing sutures did not significantly increase the

reoperation for anastomotic leakage.

TABLE 2 Characteristics of the included studies.

Reference Approach
Sample
size

Neoadjuvant
chemoradiotherapy

Diverting
ileostomy

Anastomotic
leakage

Operative time,
min (mean ± SD)

Reoperation for
anastomotic leakage

Hashida et al.11 Reinforcing sutures 72 0 0 1 NA NA

Non-reinforcing sutures 81 0 0 10 NA NA

Baek et al.18 Reinforcing sutures 47 0 6 3 198.3 ± 75.7 2

Non-reinforcing sutures 63 0 19 5 212.1 ± 65.0 2

Ban et al.19 Reinforcing sutures 168 0 0 8 150.4 ± 25.1 2

Non-reinforcing sutures 151 0 0 17 146.6 ± 20.2 13

Maeda et al.20 Reinforcing sutures 91 0 0 3 NA NA

Non-reinforcing sutures 110 0 0 15 NA NA

Altomare et al.21 Reinforcing sutures 25 12 0 4 161.20 ± 68.68 1

Non-reinforcing sutures 29 9 29 5 181.11 ± 51.69 2

He et al.22 Reinforcing sutures 145 0 0 5 NA NA

Non-reinforcing sutures 146 0 0 17 NA NA

Abbreviations: NA, Not applicable; SD, Standard deviation.

F IGURE 2 Forest plot of the incidence of anastomotic leakage.
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Pelvic Drainage

Loop ileostomy

Kawada K, Sakai Y. World J Gastroenterol. 2016

To evacuate blood or contaminated fluid

To reduce clinical septical consequences related to AL or 
obstruction related to anastomotic stricture

Reinforcing
Sutures
Reinforce anastomotic rim
reduce tension
Repair intraoperative AL
Cover intersection lines/”dog ears”

In our practice
- Closed Pelvic drain in all low rectal resections
- Stoma for systemic comorbidities, middle and low rectal cancer with neoCT-RT, 

coloanal or a less than 5 cm colorectal anastomosis
- Reinforcing sutures whenever possible (easier in robotic surgery) if no stoma 

performed



Beyond technique…

Preop Intraop Postop

ERAS 
Protocol

Stop smoking
Nutritional support

Goal-directed fluid therapy
Prehabilitation



• Vascular supply
• Evaluation of color of colic stump
• Evaluation of vascularization of colic stump
• Near Infrared ICG Firefly Imaging
• No torsion of left mesocolon
• IMV/IMA ligation

• Tension-free
• Intracorporeal left mesocolic section
• Adeguate lenght of proximal colic stump (related to pubis)
• Splenic Flexure Takedown
• IMV/IMA ligation

Pillars of colorectal anastomosisIntraop



ABSENCE of tension on the anastomosis (reduce 
Trendelemburg position)

ABSENCE of torsion on the mesocolon

CORRECT position of small bowell

ABSENCE of incomplete doughnuts








