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Abstract

According to the 2022 Global Cancer Statistics, colorectal cancer ranked third
in new cancer cases and second in cancer-related deaths globally in 2022. Sur-
gical treatment is a key treatment modality for patients with colorectal cancer.
Although significant advancements have been made in surgical techniques,
perioperative interventions, and treatment measures over the years, postoper-
ative complications such as anastomotic leakage, intra-abdominal infection,
and poor incision healing still inevitably occur. Among these, colorectal anas-
tomotic leakage (CAL) is a particularly severe surgical complication, with an
incidence rate as high as 30%. The occurrence of anastomotic leakage can lead
to intra-abdominal and systemic infections, prolonged hospital stay, increased
medical burden, worsened prognosis, and decreased survival rate in patients.
Additionally, anastomotic leakage is a significant contributing factor to re-
operation within 30 days after laparoscopic colorectal cancer resection, with a
reoperation rate of 64.8%. Therefore, the prevention of postoperative anasto-
motic leakage in colorectal cancer is particularly important. This article reviews
the research progress in the clinical prevention of postoperative anastomotic
leakage in colorectal cancer.
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1. Anastomotic Leakage

1.1. Definition

According to the definition of the International Rectal Cancer Study Group, anas-
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tomotic leakage is defined as: a complication in which, after the completion of
intestinal anastomosis in colorectal surgery, intestinal contents (such as digestive
juices, feces, etc.) leak through the anastomosis into the extraintestinal abdominal
cavity or surrounding tissues due to poor healing or defects at the intestinal anas-

tomotic site [1].

1.2. Diagnosis

Anastomotic leakage after colorectal cancer surgery can be confirmed through
clinical manifestations, imaging examinations, and surgical or endoscopic explo-
ration [2]. In clinical practice, patients with intra-abdominal infection caused by
anastomotic leakage may present with fever and tachycardia; in severe cases, they
may experience peritonitis, sepsis, or even shock and coma. Meanwhile, digestive
fluid or intestinal contents containing fecal residues may be drained from the ab-
dominal drainage tube. Imaging examinations can be further confirmed by per-
forming an abdominal plain CT scan after oral administration of intestinal con-
trast agents such as meglumine diatrizoate postoperatively. Imaging findings of-
ten show characteristics such as peritoneal effusion, exudation around the anas-
tomosis in the abdominal cavity, or contrast agent leakage. Secondary surgical ex-
ploration or colonoscopy can detect visible anastomotic defects, gaps, or other
signs of poor anastomotic integrity, as well as accumulation of intestinal contents

around the anastomosis.

1.3. Classification of Anastomotic Leakage

The International Rectal Cancer Study Group classifies anastomotic leakage into
three grades based on severity [1]. Grade A anastomotic leakage, clinically also
referred to as radiological anastomotic leakage, is mild in severity. Patients usually
have no specific clinical symptoms of discomfort, and conservative treatment is
often adopted without the need for special intervention. Grade B anastomotic
leakage: patients may present with symptoms such as fever and peritonitis. Labor-
atory tests may show elevated infection indicators such as white blood cells, neu-
trophils, C-reactive protein (CRP), and procalcitonin (PCT). Treatment requires
nil per os (NPO), fluid replacement, anti-infective therapy, and continuous nega-
tive pressure irrigation through abdominal drainage tubes, among other treatments.
Grade C anastomotic leakage: intra-abdominal infection is severe; in severe cases,
it may present with sepsis, shock, or even coma. Treatment requires intervention
measures such as secondary surgery for re-anastomosis of the intestine or an in-

testinal stoma.

1.4. Related Risk Factors for Anastomotic Leakage

Current studies have indicated that multiple perioperative risk factors are consid-
ered to be closely associated with the occurrence of postoperative anastomotic
leakage [3], such as male gender, elevated ASA classification (ASA = II or III),
high body mass index (e.g., BMI = 30), smoking, alcohol consumption, and un-
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derlying diseases (e.g., diabetes mellitus, hepatic or renal insufficiency, hypoalbu-
minemia, etc.); furthermore, excessive intraoperative blood loss, too short a dis-
tance between the anastomosis and the anal verge (<5 cm), postoperative anasto-
motic bleeding, and hypoxemia caused by deteriorated cardiopulmonary function

after surgery, etc.

2. Prevention of Anastomotic Leakage
2.1. Preoperative Preventive Measures

2.1.1. Bowel Preparation

Bowel preparation is a routine preoperative procedure for elective surgery of col-
orectal cancer. A meta-analysis published in 2018 [4] indicated that mechanical
bowel preparation alone failed to significantly reduce the incidence of postopera-
tive anastomotic leakage when no antibiotics were used preoperatively (P = 0.32).
Current studies and meta-analyses [5] [6] have shown that preoperative mechan-
ical bowel preparation combined with oral antibiotics plays a positive role in pre-
venting anastomotic leakage after colorectal surgery. Meanwhile, the studies also
pointed out that compared with bowel preparation alone, combined oral antibi-
otics can reduce the occurrence of postoperative complications such as poor
wound healing, infection, and intestinal paralysis. The American Practice Guide-
lines for Bowel Preparation in Colorectal Surgery published in 2019 [7] state that
it is recommended to perform bowel preparation plus oral antibiotics before elec-
tive colorectal surgery, and the guidelines also note that mechanical bowel prepa-
ration alone without oral antibiotics is not recommended. A domestically pub-
lished protocol for preoperative bowel preparation in elective surgery of colorectal
cancer in 2022 [8] points out that it is recommended that colorectal cancer pa-
tients with no gastrointestinal obstruction or incomplete obstruction (without
typical symptoms of intestinal obstruction) undergo bowel preparation combined
with oral antibiotics before elective surgery. Based on the above research conclu-
sions, bowel preparation combined with oral antibiotics before colorectal surgery

can prevent the occurrence of postoperative anastomotic leakage.

2.1.2. Application of Stent Placement in the Treatment of Colorectal
Cancer Complicated by Acute Intestinal Obstruction

Colorectal stent implantation can effectively relieve the symptoms of intestinal
obstruction in patients with colorectal cancer complicated by acute intestinal ob-
struction, thereby providing conditions for bowel preparation. A study by Zhang
Hongsheng et al [9], which included a total of 102 patients with obstructive col-
orectal cancer, showed that compared with emergency surgery to relieve intestinal
obstruction, the incidence of anastomotic leakage was significantly reduced in pa-
tients who underwent stent placement followed by elective surgery. Another study
[10] reported that in 46 patients with colorectal cancer complicated by acute in-
testinal obstruction who underwent intestinal stent placement followed by elective

surgery after the symptoms of intestinal obstruction were relieved, no anastomotic
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leakage occurred after surgery. These study results indicate that stent placement
can effectively reduce the incidence of postoperative anastomotic leakage in pa-

tients with colorectal cancer complicated by acute intestinal obstruction.

2.2. Intraoperative Measures for the Prevention of
Anastomotic Leakage

2.2.1. Inferior Mesenteric Artery Ligation Level

In surgical treatment of rectal cancer, the positions for ligating the Inferior Mes-
enteric Artery (IMA) can be divided into two types: one is high-ligation (HT) at
the root of the IMA, and the other is ligation distal to the origin of the Left Colonic
Artery (LCA), namely low-ligation (LT), which preserves the left colonic artery.
A study by Zhang Haiqing et al [11], which included 120 patients with rectal can-
cer who underwent laparoscopic anterior resection and received high or low liga-
tion of the IMA under precise CT guidance, showed that the incidence of anasto-
motic leakage in the low-ligation group was significantly lower than that in the
high-ligation group [3.85% (2/52) vs 13.24% (9/68)]. A study by Komen et al [12],
which included patients undergoing rectal resection for malignant tumors, meas-
ured the blood supply of the colonic stump after surgery using a laser Doppler
flowmeter, and the results showed that the blood flow ratio in the LT group was
significantly higher than that in the HT group. Another study by Teng Wenhao et
al [13], which included rectal cancer patients who underwent surgery after neo-
adjuvant therapy, showed that the incidence of anastomotic leakage after low li-
gation was lower than that after high ligation. The above research results indicate
that when managing the left colonic artery during surgery, low ligation can max-
imally preserve blood perfusion to the anastomotic stoma, provide better healing
conditions for anastomotic healing, and reduce the occurrence of anastomotic

leakage.

2.2.2. Pedicled Greater Omentum for the Prevention of
Anastomotic Leakage

Some scholars pointed out in a study [14] on patients with colorectal cancer com-
plicated by intestinal obstruction undergoing surgery that to prevent postopera-
tive anastomotic leakage, an intraoperative pedicled greater omentum protection
strategy was adopted: the pedicled greater omentum was freed and wrapped
around the intestinal anastomosis, and the occurrence of anastomotic leakage was
statistically analyzed postoperatively. The results showed that the incidence of
anastomotic leakage was only 2% in patients who received omental wrapping,
while it was as high as 12% in the control group without protective measures, and
the difference between the groups was statistically significant (y* = 4.250, P =
0.039).

In their study, Li Xing et al [15] divided patients into an observation group
(intervention implemented) and a control group (no intervention implemented)
according to whether the anastomosis was wrapped with free pedicled greater

omentum intraoperatively. The results suggested that wrapping the anastomosis
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with free pedicled greater omentum could significantly reduce the risk of anasto-
motic leakage after colorectal cancer surgery, with a statistically significant differ-
ence (P < 0.05).

The greater omentum in the human abdominal cavity is rich in lymph nodes,
lymphatic vessels, and immune cells such as macrophages, lymphocytes, and
plasma cells. Wrapping the anastomosis with free pedicled greater omentum can
form a barrier around the anastomosis, promote inflammation absorption, inhibit
the spread of inflammation and infection, and reduce the risk of intestinal leakage.
In addition, the greater omentum has a rich vascular network; when the local
blood supply of the anastomosis is poor, it can form a blood supply anastomosis
with the anastomosis area through its own blood vessels, provide blood supply
support, and assist in the repair of anastomotic tissue.

Based on the above research results, wrapping the anastomosis with a pedicled
greater omentum intraoperatively can not only promote anastomotic healing but

also reduce the risk of postoperative anastomotic leakage.

2.2.3. Anastomotic Reinforcement Suture

In laparoscopic rectal cancer surgery, after resection of the tumor-bearing intesti-
nal segment and intestinal reconstruction (ie., intestinal anastomosis), if the di-
ameters of the intestinal segments at both ends of the anastomosis are inconsistent
or the stapler is used improperly, protrusions or folds are likely to form at the
anastomotic margin. This area is prone to poor blood supply, inadequate suturing,
and uneven tension, making it a high-risk area for anastomotic leakage, also
known as the “dog-ear area”. Therefore, reducing anastomotic tension, strength-
ening weak areas, and decreasing the occurrence of anastomotic leakage have be-
come key research focuses in colorectal surgery.

A study [16] reported that among 291 patients who underwent laparoscopic rad-
ical resection of rectal cancer included in the study, the incidence of anastomotic
leakage was 5 cases (3.4%) in the anastomotic reinforcement suture group and 17
cases (11.6%) in the conventional suture group, with a statistically significant dif-
ference (* = 6.992, P = 0.008). Meanwhile, when stratified and classified according
to risk factors, in patients with high-risk factors, the incidence of anastomotic leak-
age was 6.2% (2/32) in the reinforcement suture group and 27.1% (13/48) in the
non-reinforced suture group. In the low-risk factor group, the incidence rates of
anastomotic leakage in the reinforcement suture group and non-reinforced suture
group were similar [4.1% (4/98) vs 2.7% (3/113), y* = 0.333, P = 0.564].

A retrospective case-control study [17] included 602 patients who underwent
laparoscopic anterior resection of rectal cancer. By comparing data from two
groups with and without intraoperative anastomotic reinforcement suture, it was
found that 6 cases of postoperative anastomotic leakage occurred in the reinforce-
ment suture group (253 cases), with an incidence of 2%; while 21 cases occurred
in the non-reinforced suture group (349 cases), with an incidence of 6%, and the
difference between the groups was statistically significant (y* = 4.56, P < 0.05).

The above research results indicate that anastomotic reinforcement suture helps
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reduce local anastomotic tension, thereby decreasing the occurrence of anasto-
motic leakage. However, the number of cases included in the above studies is lim-
ited, and future large-sample prospective randomized controlled trials are still

needed for further verification.

2.2.4. Anastomotic Stent for the Prevention of Postoperative Anastomotic
Leakage

A study [18] indicated that a specific specification of intraintestinal nickel-tita-
nium memory alloy stent (developed by Zhiye Medical Instrument Research In-
stitute, Changzhou City, Jiangsu Province) was used intraoperatively. In patients
with rectal cancer, the stent was placed in the anastomotic area after intestinal
anastomosis, and the occurrence of anastomotic leakage was compared between
the postoperative stent placement group and the non-stent placement group. Data
showed that the incidence rate of anastomotic leakage in the non-stent placement
group was 16.9%, while no cases of anastomotic leakage occurred in the stent
placement group after surgery, and the difference was statistically significant (P =
0.002).

Meanwhile, the study also reported adverse effects after stent implantation,
such as intrarectal pain, rectal irritation symptoms, and intrarectal foreign body
sensation after surgery. However, the number of included cases in this study was
small, and there are many factors affecting postoperative anastomotic healing,
such as hypoalbuminemia, excessive intraoperative blood loss, and postoperative
anastomotic bleeding. The effect of anastomotic stent implantation in preventing

anastomotic leakage still needs to be confirmed by more clinical reference studies.

2.2.5.Indocyanine Green Imaging for Prevention of Anastomotic Leakage
Good blood supply condition is an important factor in reducing the occurrence
of anastomotic leakage [19]. Indocyanine green fluorescence imaging (ICG-FI)
has important application value in laparoscopic colorectal surgery. It can assist
surgeons in accurately locating the intestinal segment to be transected, effectively
evaluating the blood supply in the anastomotic area, and thereby reducing the risk
of postoperative intestinal anastomotic leakage [20]. During surgery, after mobi-
lizing the intestinal segments at both ends of the tumor, indocyanine green is in-
jected via a peripheral vein. Under laparoscopic fluorescence mode, the blood sup-
ply of the mobilized intestinal segments at both ends is assessed, the resection
range of the intestinal segment is adjusted based on the imaging, and the blood
supply of the anastomosis can also be evaluated after completing the intestinal
anastomosis [21]. However, recent studies have held different views on the role of
indocyanine green in preventing anastomotic leakage.

A recent systematic review and meta-analysis [22] involving 8786 patients (48.5%
male) showed that compared with the non-ICG group, the incidence of anasto-
motic leakage in the intraoperative ICG group was significantly lower (OR = 0.452,
95% CI: 0.366 - 0.588), and the complication rate was also significantly reduced
(OR =0.747; 95% CI: 0.592 - 0.943). A randomized clinical trial conducted in Ja-
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pan [23], which included 839 rectal cancer patients undergoing minimally inva-
sive sphincter-preserving surgery, demonstrated that the total incidence of anas-
tomotic leakage in the ICG group was lower than that in the non-ICG group (7.6%
vs 11.8%, P = 0.041). The incidence of (Grade B + C) anastomotic leakage was
(4.7% vs 8.2%, P = 0.044), and the reoperation rates were (0.5% vs 2.4%, P = 0.021),
respectively.

A single-center randomized trial conducted by Alekseev et al [24] included 377
patients undergoing sigmoid colon or rectal resection. The results showed that in
terms of the total incidence of anastomotic leakage (including Grades A, B, and
C), the total incidence in the ICG group and non-ICG group was 9.1% and 16.3%,
respectively, with a statistically significant difference (P = 0.04). Meanwhile, among
patients with low anastomosis (4 - 8 cm from the anus) in this study, the incidence
of anastomotic leakage in the ICG group was significantly lower than that in the
non-ICG group (14.4% vs 25.7%, P = 0.04).

Currently, multiple literature sources and studies [25]-[29] have reported the
positive role of indocyanine green in reducing postoperative anastomotic leakage
and complications in colorectal cancer. However, the results of a recent “PILLAR
III” study [30] showed that although indocyanine green can visualize anastomotic
blood perfusion, it failed to reduce the incidence of anastomotic leakage (9.0% vs
9.6%, P = 0.37). The first randomized controlled trial applying indocyanine green
in colorectal cancer surgery was completed by De Nardi et al [31], which included
240 patients undergoing laparoscopic colorectal resection. They were divided into
ICG group and non-ICG group according to whether indocyanine green was used
intraoperatively. The results showed that anastomotic leakage occurred in 11 cases
(9%) in the non-ICG group and only 6 cases (5%) in the ICG group, with no sta-
tistically significant difference between the two groups (P = n.s.).

However, the assessment of anastomotic blood supply via ICG-FI technology is
highly dependent on the surgeon’s subjective perception and experience. Addi-
tionally, there is a lack of standardized methods and indicators for evaluating
anastomotic blood supply using ICG-FI technology, and there are no standardized
criteria for the optimal operation time and observation distance when applying
ICG-FI during surgery. Therefore, the above conclusions indicate that the appli-
cation of indocyanine green may reduce the occurrence of anastomotic leakage,
but larger-sample, multicenter studies are needed in the future to provide higher-

quality medical evidence support.

2.2.6. Postoperative Indwelling of Anal Tube for Prevention of
Anastomotic Leakage

In recent years, literature has reported that indwelling an anal tube after laparo-
scopic rectal cancer surgery is used to prevent anastomotic leakage. Huang Haibin
et al. [32] conducted a case-control study, including 71 patients who underwent
laparoscopic radical resection of rectal cancer. They were divided into the study
group (indwelling a silicone or ordinary anal tube 5 - 10 cm proximal to the in-

testinal anastomosis postoperatively) and the control group (no indwelling) based
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on whether an anal tube was indwelled postoperatively. The occurrence of post-
operative anastomotic leakage was compared between the two groups. The results
showed that no cases of anastomotic leakage occurred in the study group, while
the incidence in the control group was 12%, with a statistically significant differ-
ence (P < 0.05).

A meta-analysis published in 2021 [33] included 2 randomized controlled trials
and 13 observational studies, involving 1714 patients with indwelling anal tubes
and 1741 patients without indwelling anal tubes after anterior resection of the rec-
tum. The results showed that the incidence of anastomotic leakage in the anal tube
indwelling group was lower than that in the non-indwelling group (7% vs 12.3%,
P < 0.001). Meanwhile, the incidence of anastomotic leakage complications re-
quiring surgical intervention was also lower than that in the non-indwelling group
(2.9% vs 8%, P < 0.001).

However, a meta-analysis published in 2023 [34] investigated the preventive
effect of indwelling anal tube drainage on anastomotic leakage after rectal cancer
surgery. Comparing two groups of patients with and without indwelling anal tube
drainage postoperatively, the results indicated that the former did not significantly
reduce the total incidence of anastomotic leakage (5.5% vs 7.9%, P = 0.12) or the
incidence of Grade B anastomotic leakage (4.5% vs 3.8%, P = 0.56). However, this
analysis pointed out that compared with non-indwelling anal tube drainage, the
incidence of Grade C anastomotic leakage (1.6% vs 4.5%, P = 0.003) and reopera-
tion rate (0.9% vs 4.3%, P = 0.001) after indwelling anal tube drainage were both
lower. This study further indicated that indwelling anal tube drainage after radical
resection of rectal cancer has an indefinite effect in reducing the total incidence of
anastomotic leakage, but has potential clinical benefits for patients with Grade C
anastomotic leakage.

Meanwhile, in view of the poor performance of indwelling a single silicone
drainage tube postoperatively in preventing anastomotic leakage, such as the oc-
currence of lumen stenosis, blockage, or poor drainage, some teams have attempted
to use dual silicone drainage tubes to prevent anastomotic leakage. Sun Shaowei
et al. [35] used dual silicone tubes for indwelling intra-anal drainage postopera-
tively, and among 131 patients who underwent laparoscopic anterior resection of
rectal cancer, only 3 cases developed anastomotic leakage (2.3%). Because dual
anal tube drainage is relatively unobstructed, lumen blockage is relatively rare,
and there is no need for intermittent postoperative irrigation. This study also in-
dicated that indwelling anal tube drainage postoperatively can still play a role in
preventing anastomotic leakage on the premise of ensuring no lumen blockage,
stenosis, and unobstructed drainage.

However, postoperative indwelling of the anal canal can lead to a series of prob-
lems, such as lumen obstruction, poor drainage, etc. Additionally, there is no uni-
fied standard for the type, size, and postoperative indwelling time of the indwell-
ing anal canal. Therefore, the use of postoperative indwelling anal canal for pre-

venting anastomotic leakage still requires higher-quality studies to provide high-
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quality evidence-based medical evidence.

2.2.7. Prophylactic Stoma

Prophylactic stoma, also known as diversionary stoma, aims to divert feces through
the stoma and is commonly used clinically in patients with rectal tumors compli-
cated by intestinal obstruction or poor general condition [36]. The clinical value
of prophylactic stoma in reducing the incidence of anastomotic leakage remains
controversial.

Opponents argue that the three main factors affecting postoperative anasto-
motic leakage are poor anastomotic blood supply, excessive tension, and poor lo-
cal condition of the intestinal tract. The causes of these factors include: diabetes
mellitus, anemia, hypoalbuminemia, use of targeted drugs, long-term smoking
history, failure to preserve the left colic artery during surgery, injury to the mar-
ginal arterial arcade, anastomotic site too close to the anus, preoperative presence
of intestinal obstruction, adequacy of bowel preparation, preoperative administra-
tion of neoadjuvant therapy, etc. Prophylactic stoma has little impact on the above-
mentioned causes; meanwhile, prophylactic ileostomy does not affect the mobili-
zation of the left colon and sigmoid colon, and thus has no significant association
with anastomotic tension [37].

Some studies [37] [38] have suggested that a prophylactic stoma may reduce
the direct stimulation of intestinal contents on the anastomosis through fecal di-
version, while relieving mechanical tension and intraluminal pressure in the anas-
tomotic area, maintaining the structural stability of the anastomosis, thereby re-
ducing the risk of postoperative anastomotic leakage to a certain extent. Another
retrospective study [39] showed that among 4282 patients who underwent low
anterior resection, 232 out of 1367 patients who received a protective stoma de-
veloped anastomotic leakage, with an incidence of 5.4%; compared with those
without a stoma, a protective stoma reduced the incidence of anastomotic leakage
(HR = 0.334, 95%CI = 0.212). However, a retrospective analysis of 5398 rectal
cancer patients by Degiuli et al [40] showed that although a prophylactic stoma
did not reduce the occurrence of anastomotic leakage, it could alleviate the sever-
ity after leakage and reduce the reoperation rate. Based on the above studies, a
prophylactic stoma may reduce the incidence of anastomotic leakage, and for
anastomotic leakage that has occurred, it can alleviate its severity and reduce the

probability of secondary surgery.

3. Summary

With the advancement of medical technology and diagnostic and therapeutic ca-
pabilities, the popularization of the concept of comprehensive cancer treatment,
and the improvement and development of medical anastomotic devices, the inci-
dence of anastomotic leakage has not significantly decreased, highlighting the per-
sistent gap between clinical practice and ideal goals. How to reduce the occurrence

of anastomotic leakage remains a key focus of clinical research. For clinicians, it is
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necessary to practice the “whole-course and individualized” prevention and treat-
ment philosophy, such as conducting preoperative systematic assessment of pa-
tients’ nutritional status, controlling their underlying diseases, and ensuring effec-
tive bowel preparation. During surgery, the principles of “tension-free, adequate
blood supply, and proficient technique” should be followed, including reducing
intraoperative blood loss, shortening surgical duration, and using ICG to accu-
rately assess anastomotic blood supply. Postoperatively, dynamic monitoring of
patients’ body temperature, infection indicators, and abdominal signs should be
performed, and if necessary, timely examinations such as gastrografin contrast ra-
diography should be conducted to promptly detect potential anastomotic leakage.

Currently, for the prevention of anastomotic leakage, there is still a lack of high-
quality, multicenter prospective clinical studies in clinical practice. In the future,
rigorously designed prospective studies are needed to further clarify prevention
strategies and accumulate higher-quality evidence-based medical evidence. Mean-
while, colorectal surgeons should actively participate in clinical research, build
databases through case data accumulation, explore higher-quality evidence-based
medical evidence, and ultimately achieve the goals of reducing complications such
as anastomotic leakage, shortening hospital stays, and improving long-term qual-

ity of life, thereby benefiting a large number of patients.
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