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Abstract

Anastomotic leak (AL) represents one of the most detrimental complications after colorectal surgery. The patient-related factors
and surgery-related factors leading to AL have been identified in previous studies. Through early identification and timely adjust-
ment of risk factors, preventive measures can be taken to reduce potential AL. However, there are still many problems associated
with AL. The debate about preventive measures such as preoperative mechanical bowel preparation (MBP), intraoperative drain-
age, and surgical scope also continues. Recently, the gut microbiota has received more attention due to its important role in var-
ious diseases. Although the underlying mechanisms of gut microbiota on AL have not been validated completely, new strategies
that manipulate intrinsic mechanisms are expected to prevent and treat AL. Moreover, laboratory examinations for AL prediction
and methods for blood perfusion assessment are likely to be promoted in clinical practice. This review outlines possible risk fac-
tors for AL and suggests some preventive measures in terms of patient, surgery, and gut microbiota.
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Colorectal cancer (CRC) is a common intestinal malignancy.
In 2020, about 1.9 million additional CRC cases and 935,000
deaths from CRC were reported globally, making it the third
cause of cancer incidence and the second cause of cancer
death.! This disease seriously affects human health and con-

sumes social and medical resources, placing a heavy burden
on the country. At present, the treatments for CRC mainly
include surgical techniques, radiotherapy, chemotherapy,
and targeted therapy. Surgery is reckoned as the main strategy
of CRC treatment. With the improvement of surgical resec-
tion and anastomosis techniques and the application of new
instruments, surgeons have made significant progress in the
radical treatment of CRC. However, surgical complications
are inevitable, and anastomotic leak (AL) is one of the most
feared complications after CRC surgery with serious
impacts on morbidity and mortality. AL may increase the
risk of low anterior resection syndrome and the mortality in
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elderly patients.>® Besides, AL also prolongs the hospital
stay, increases the reoperation rate, and is associated with
tumor recurrence and reduced long-term survival rate.*
Therefore, early identification of risk factors for AL and
timely related prevention are of great significance for surgical
safety.

The diagnostic criteria for AL have not been completely
established. The International Study Group of Rectal
Cancer (ISREC) put forward relevant opinions for rectal
AL and defined it as the intercommunication of internal
and external intestinal space caused by anastomotic
defects.” Rectal AL can be classified into 3 grades accord-
ing to its severity: Grade A, no obvious clinical symptoms
and signs, requiring no special intervention; Grade B, atyp-
ical clinical symptoms and signs, requiring close monitor-
ing and conservative treatment; Grade C, peritoneal
irritation and related abdominal infection, requiring reoper-
ation.’ However, rectal AL and colonic AL should be con-
sidered separately due to their differences in anatomy and
anastomosis techniques. An expert consensus from a
Delphi procedure agreed that the general definition of colo-
rectal AL can follow the ISREC definition.® Besides, it is
recommended that AL can be graded by ISREC and
Clavien-Dindo classifications simultaneously. The clinical
diagnosis of AL is based on the comprehensive judgment
from many aspects, such as clinical manifestations, labora-
tory results, imaging examination, and surgical explora-
tion. The details are as follows: (1) Recurrent fever and
signs of persistent abdominal pain or peritonitis with
increased inflammatory indicators after surgery; (2)
Observation of fecal matter or pus from the abdominal
(pelvic) drainage tube or surgical incision; (3) Indication
of radiography or CT examination; and (4) Detection of
colonoscopy or surgical exploration or digital rectal
examination.

Several studies have identified risk factors of AL, mainly
including general condition and laboratory examination of
patients and surgery-related factors. Poor general conditions
can reduce patients’ tolerance to surgery and delay their recov-
ery. In addition, abnormal laboratory values may be an indica-
tion of postoperative complications. In terms of surgery-related
factors, surgical technique, blood perfusion, and anastomotic
tension are key factors affecting anastomotic healing outcomes.
Recently, the relationship between gut microbiota and AL has
attracted extensive attention, prompting a rethinking of tradi-
tional risk factors for AL. Since the gut microbiota plays an
important role in the development of AL, the research on this
topic is a new direction in AL prevention. Through early iden-
tification of risk factors and prediction of AL occurrence, timely
attention can be paid to high-risk groups for targeted preven-
tion, thus minimizing AL. In this review, we summarize patient-
related (including laboratory examination) and surgery-related
risk factors for AL, focusing on the potential value of gut micro-
biota. Moreover, some possible prophylaxis measures for AL
are introduced and recommended based on risk factors
(Figure 1).

General Condition and Laboratory
Examination of Patients

General Condition of Patients

Male, obesity, malnutrition, hypoproteinemia, diabetes, preop-
erative neoadjuvant chemoradiotherapy, and other risk factors
may exert an unfavorable effect on AL. Male patients usually
have a narrower pelvis than female patients, leading to inade-
quate exposure to the surgical field and limited operation in
rectal surgery.” A retrospective study reported that pelvic
dimensions may be useful predictors for AL.® Another possible
reason why male patients have a higher AL rate is that more vis-
ceral fat in males may negatively affect the metabolism and
surgery than that in females.” Surgery for obese patients is
more challenging and obesity is a significant risk factor for
AL."® Malnutrition may cause prolonged anastomotic healing
time, and it is considered to be a risk factor of AL."! In addition,
lower preoperative and early postoperative serum albumin
levels could signify AL,'>' in which nutritional support
should be provided. Diabetic patients have metabolic disor-
ders and weak anti-infection ability, resulting in delayed
healing of anastomosis and AL. A meta-analysis showed
that diabetes was significantly and independently associated
with an increased risk of AL during colorectal surgery.'*
However, a prospective cohort study suggested that AL was
associated with intraoperative hyperglycemia rather than dia-
betes.'” Neoadjuvant chemoradiotherapy can reduce tumor
load and tumor stage and is recommended for some advanced
patients. A study assessed the extent of anastomotic margin
damage in patients undergoing anterior resection with neoad-
juvant chemoradiotherapy. The results indicated that radio-
therapy affected microvessel density and caused radiation
injury of anastomosis.'® Moreover, a randomized controlled
trial (RCT) analysis of patients after rectal cancer resection
suggested that preoperative radiotherapy was also associated
with anastomotic stenosis.”’ Contrary to these findings, a
meta-analysis reported that neoadjuvant therapy did not
increase the incidence of AL.'® The correlation between neo-
adjuvant therapy and AL needs further studies to confirm.
Other risk factors, such as the use of corticosteroids and non-
steroidal anti-inflammatory drugs (NSAIDs), alcohol over-
dose, smoking, and anemia, appear to be associated with
AL,"”"*? which also require more warranted evidence.

Based on the above studies, the patients themselves can
implement some modifiable measures, such as smoking and
alcohol cessation and weight control. A retrospective study
showed that the duration of hospitalization can be reduced by
preoperative smoking cessation.”> Meanwhile, the surgeons
need to prioritize the control of patients’ basic diseases and
the improvement of their general status before surgery. For
example, by regulating blood glucose and blood pressure, cor-
recting water and electrolyte disorders, and providing proper
nutritional supplements, patients can have better operation tol-
erance and organ protection. These measures aiming to improve
patients’ general condition may be helpful for AL prevention.
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Figure 1. Preventive measures for anastomotic leak (AL) in terms of patient, surgery, and gut microbiota.

Abbreviations: MBP, mechanical bowel preparation; OAB, oral antibiotics.

Besides, a prospective RCT reported that early enteral nutrition
after rectal surgery could stimulate intestinal function, reduc-
ing postoperative AL and ileus.** Improving the nutritional
status of patients in the early postoperative period is also
important. Another study revealed that AL incidence was
reduced by changing clinical measures, including the avoid-
ance of NSAIDs, maintenance of intraoperative fluid balance,
and the exclusion of emergency resection with primary anasto-
mosis.”> These measures seem to be associated with the
improvement of patients’ general condition. However, the
association between the use of NSAIDs and AL is not con-
firmed. For instance, an observational study on anterior resec-
tions for rectal cancer suggested that NSAIDs treatment did not
increase the risk of AL.*

Laboratory Examination

Some inflammatory indicators are valuable for the early identi-
fication of AL because the inflammation of the anastomotic site
occurs earlier than AL. Detection of inflammatory indicators in
blood or drainage fluid, such as white blood cell (WBC),
C-reactive protein (CRP), procalcitonin (PCT), and related che-
mokines, is not only convenient and timely but also cheap and
less harmful. These inflammatory indicators are usually
detected preoperatively and postoperatively.

Preoperative detection of inflammatory indicators is useful
for the recognition of high-risk anastomoses, by which surgeons
could provide early surveillance for patients. A retrospective

study on patients undergoing left-sided CRC resection sug-
gested that preoperative WBC count was an effective predictor
of AL?” The AL group had a considerably higher WBC
number than that in the non-AL group before surgery. In
CRC patients with AL, a matched case—control study indicated
that the preoperative serum levels of C-X-C motif chemokine 6
(CXCL6) and C-C motif chemokine 11 (CCL11) were elevated
for rectal cancer, and the preoperative level of high-sensitivity
CRP was increased for colonic cancer, respectively.”® These
preoperative indicators may be potentially associated with AL.

Apart from preoperative indicators, postoperative indicators
are also helpful for earlier diagnosis of AL. Through timely
detection and comprehensive analysis of postoperative indica-
tors, possible intervention and appropriate treatment can be per-
formed. The elevation of PCT on the first postoperative day was
found to be an effective indicator for the early prediction of
AL.* A multicenter prospective study showed that the detection
of CRP on the fourth postoperative day of CRC could improve
the accuracy of AL diagnosis compared to PCT or neutrophil
count, and a high negative predictive value of CRP could
guide the safe discharge time of patients.*® In addition, com-
bined detection of CRP trajectory and cut-off points may be
also valuable in accurate diagnosis of AL.>' Apart from detect-
ing blood inflammation indicators, a recent study suggested that
high bacteriological concentration in drainage fluid was a reli-
able indicator for the prediction and diagnosis of AL.>*> When
AL occurred, gut bacteria moved into the abdominal cavity, con-
tributing to increased bacterial concentrations in the drainage
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fluid. Moreover, a multicenter cohort study examined rele-
vant blood and drainage fluid indicators. The results sug-
gested that the combined detection of serum CRP and
matrix metalloproteinase-9 (MMP-9) in drainage fluid may help
predict AL earlier.>® This combined measurement may be benefi-
cial to improving the accuracy of AL diagnosis.

However, detection of inflammatory indicator alone is insuf-
ficient for AL diagnosis and needs to be combined with other
aspects. The sensitivity and specificity of indicators and the
optimal time for detection also require more assessment.

Surgery-Related Factors
Surgical Approach and Anastomosis Type

Emergency surgery is usually performed when a patient devel-
ops acute peritonitis or ileus without adequate preoperative
preparation, which complicates the operation and increases
the risk of postoperative complications. A retrospective study
reported that emergency surgery was an independent risk
factor for AL or death after AL.>* For elective surgery, laparo-
scopic surgery is gaining more attention than open surgery.
Several studies have shown no significant difference in surgical
safety, postoperative recurrence rate, and disease-free survival
rate between open and laparoscopic surgery.>>~’ Although lap-
aroscopic surgery may suffer from a lack of touch or inadequate
cutting angles, it offers advantages in intraoperative bleeding
reduction, precise nerve protection, and pain relief for patients.
A retrospective study reported that laparoscopic and robotic
surgery significantly reduced the risk of postoperative compli-
cations (including AL) and length of hospital stay compared
with open surgery after colectomy.® Both laparoscopic and
robotic surgery are labeled as minimally invasive, with the pos-
sibility of better clinical outcomes from their continued use.
Another study found that in certain rectal cancer patients at
high risks (eg, males, high BMI, and T4 stage), the surgical
method was an independent predictor of AL, and that
robotic surgery showed possible advantages in AL prevention
compared to laparoscopic surgery.®® Those selective patients
need higher surgical precision, making robotic surgery more
appropriate for them. Moreover, robotic surgery was also
reported to have reduced operating time, decreased conversion
rates, and less blood loss than laparoscopic surgery in patients
with high-risk rectal cancer.*® However, a multicenter RCT
(ROLARR study) showed that the rate of conversion to
open laparotomy was not significantly reduced in patients
with robotic rectal cancer resection than in those with laparo-
scopic rectal cancer resection.*! There was also no statistical
difference in complications and 30-day mortality between
robotic and laparoscopic rectal cancer surgeries.*' The advan-
tages of robotic surgery need more rigorous evaluation prior to
widespread application.

The anastomosis of different intestinal tubes has varying
impacts on AL due to different physiological characteristics.
In intestinal reconstruction in CRC, ileum-colon anastomosis,
colon-colon anastomosis, and colon-rectal (anal) anastomosis

are generally performed. Previous studies have shown that low
rectal anastomosis is an independent risk factor for AL.** A low
colon-rectal (anal) anastomosis in the limited pelvic space may
complicate the operation, resulting in high tension and poor
blood flow of the anastomosis. These disadvantages are associated
with the high rate of AL in rectal cancer surgery. [leum-colon anas-
tomosis and colon-colon anastomosis are usually applied in colon
cancer surgery. Compared with rectal anastomoses, colon anasto-
moses have a significantly lower risk of AL.*

According to different anastomosis techniques, the anasto-
mosis can also be divided into stapled anastomosis, hand-sewn
anastomosis, end-to-end anastomosis, end-to-side anastomosis,
side-to-side anastomosis, intracorporeal anastomosis, and extra-
corporeal anastomosis. A systematic review including six RCTs
suggested a lower incidence of AL in stapled ileum-colon anas-
tomosis compared with hand-sewn anastomosis.** Similarly, a
retrospective study showed that stapled ileum-colon anastomo-
sis was associated with less leakage.*> The stapled anastomosis
was considered to have reduced tissue manipulation and less
intraoperative contamination. However, another study reported
a higher AL rate for stapled ileum-colon anastomosis than for
hand-sewn anastomosis.*® Besides, a retrospective study inves-
tigated whether the type of anastomosis affects the severity and
treatment of AL. The results indicated that patients with hand-
sewn anastomosis had fewer clinical complications and
received more conservative treatments than those with stapled
anastomosis.*” One reason is that stapled anastomosis with a
single-layer technique may not be as safe as hand-sewn anasto-
mosis. These results appear to be contradictory in determining
the preferred anastomosis technique.

A comparison of side-to-side, end-to-end, and end-to-side
anastomosis is shown in Table 1. Side-to-side anastomosis is
a safe and reliable technique with a wider diameter of anasto-
mosis and better blood supply. The ileocolonic side-to-side
anastomosis was reported to have a shorter operation time
and fewer anastomotic errors (anastomotic bleeding and incom-
plete incision margin) than end-to-side anastomosis, but the
incidence of AL is similar.*® However, some studies suggested
that the incidence of AL is higher in side-to-side anastomosis
than in end-to-side anastomosis due to the number of cutting
times and the length of the stitching line.*> A recent meta-
analysis of six RCTs described that end-to-side anastomosis
reduced the risk of AL compared to end-to-end anastomosis
after low anterior resection.*’ Another retrospective study
was consistent with this conclusion, demonstrating that
end-to-side anastomosis outperformed end-to-end anastomo-
sis in vascular perfusion.’® Although the AL rate varies
between different types of anastomosis, they are all designed
to ensure tension-free and adequate anastomotic blood perfu-
sion. Careful inspection and reinforcement of the anastomosis
are necessary prior to the completion of the anastomosis. A
meta-analysis enrolling 1957 patients showed no difference
between intracorporeal and extracorporeal anastomosis in
postoperative complications and AL. However, intracorporeal
anastomosis had the advantages of less bleeding, smaller inci-
sions, and faster postoperative recovery.’!
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Table 1. Comparison of Different Anastomosis Methods.

Applications Instruments Advantages Disadvantages
Side-to-side Ileocolonic and Linear cutter stapler 1. Wider diameter and better blood 1. Requirement of good
(functional colon-colon supply. intestinal motility.
end-to-end anastomosis 2. Timesaving (less operation time) and 2. More cutting times and long
anastomosis) casy (fewer anastomotic errors). anastomotic lines.
3. Less intraluminal pressure.
End-to-side All types of Circular stapler 1. Avoidance of crossing staple lines Possible more anastomotic
anastomosis and “dog-ear” formation in bleeding and inadequate
colorectal (anal) anastomosis. donuts compared to
2. Improved postoperative bowel side-to-side anastomosis.
movement and defecation function
due to creation of a colonic reservoir
in colorectal (anal) anastomosis.
End-to-end Mainly colorectal Double-stapled Compliance with physiological intestinal 1. Poor vascular perfusion and
(anal) technique (circular motility requirements. potential high tension.
anastomosis stapler and linear 2. Confined surgical operation

cutter stapler)

in narrow pelvis.

3. Loss of reservoir function
due to the rectal ampulla
removal in colorectal (anal)
anastomosis.

Laparoscopic and robotic surgeries are recommended as the
preferred surgical approaches for suitable patients due to their
safe and minimally invasive concept. Although the incidence
of AL in stapled and hand-sewn anastomosis is controversial,
the use of stapled anastomosis in laparoscopic surgery may
take less time.>* Besides, selecting the appropriate anastomotic
device and performing adequate compression before anastomo-
sis are necessary. The type of anastomosis is determined by the
surgical approach, intestinal tension, and the experience of the
surgeon. After the completion of anastomosis, the anastomosis
needs to be carefully examined to minimize AL. A retrospective
study inspected the anastomotic integrity of patients by air leak
tests, showing a significant decrease in the incidence of AL in
the testing group.>® A positive air leak test needs to be seriously
conducted with the additional anastomotic repair. Intraoperative
colonoscopy can also be performed to assess anastomotic integrity,
offering the advantage of direct visualization of the anastomosis.
Patients undergoing anterior resection using intraoperative colo-
noscopy had lower AL rates than in those who did not use colo-
noscopy.>* In addition, the treatment of reinforcing sutures as
needed seems to be feasible, which can reduce AL rates in patients
with rectal cancer surgery.>

Assessment of Blood Supply

Favorable blood perfusion is one of the key factors in anasto-
motic healing. The location of vessel ligation can affect the
blood supply to the anastomosis and the incidence of postoper-
ative AL. There is still no consensus on the level of ligation of
the inferior mesenteric artery (IMA) in CRC surgery. Two liga-
tion methods are usually involved: one is the direct ligation at
the root of IMA, allowing for complete removal of surrounding
lymph nodes and ensuring the radical resection of the tumor; the

other is to preserve the left colic artery (LCA) with ligation at
the distal end of the IMA. The second method can improve
anastomotic blood perfusion and decrease the rate of AL due
to the vascular supply from the LCA.> Nevertheless, preserva-
tion of the LCA may result in lymph node remnants, making a
high degree of lymph node dissection necessary for the IMA
root and surrounding LCA. A recent meta-analysis compared
the outcomes of 2 IMA ligation methods. The results showed
that the group of low ligation (LCA preservation) combined
with high lymph node clearance had a lower AL rate, longer
operative time, less hospital stay, and fewer total lymph
nodes than the group of high ligation (no LCA preservation),
but the lymph nodes around IMA were comparable.’’
Although lymph node dissection may require more operative
time, it also reduces the possibility of lymphatic tumor metasta-
sis. In addition, the equivalent amount of IMA root lymph
nodes in both groups also indicated the effectiveness and
safety of this ligation method. Therefore, intraoperative low
ligation with high lymph node dissection appears to be feasible,
which may improve anastomotic perfusion and ensure radical
tumor resection. However, a population-based study® and a
meta-analysis including 5 RCTs>’ suggested that there was no
association between high ligation and AL. Moreover, a nation-
wide cohort study on patients with rectal cancer reported that
different levels of IMA ligation had no influence on any onco-
logical outcome.®°

In recent years, indocyanine green fluorescence imaging
(ICG-FI) has been gradually applied to assess the blood perfusion
in the anastomosis, thus providing a reference for surgeons
during CRC surgery. After ICG-FA shows poor blood perfusion,
the transect line can be shifted to a site with better perfusion,
enhancing anastomosis healing and reducing the AL rate. An
RCT including 380 patients undergoing colorectal anastomosis
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showed that ICG-FI was associated with decreased AL rates in
low anastomosis (4-8 cm from the anal verge) but not in high
anastomosis (9-15 cm).®" A prospective, multicenter clinical
trial (PILLAR 1II) reported the use of ICG-FI in 147 patients
undergoing left-sided colectomy and anterior resection. Among
these patients, 11 changed their surgical plan due to inadequate
anastomotic blood perfusion, resulting in no subsequent AL.%*
Furthermore, a recent meta-analysis involving 11,047 CRC
patients indicated that ICG-FI was a safe, simple, and convenient
technique for the effective assessment of blood perfusion, and its
intraoperative application reduced the incidence of AL.®
Previously, the blood flow of anastomosis was mostly confirmed
by observing the intestine color and palpating the vascular pulsa-
tion, which depended on the subjective experience of the sur-
geons. The application of ICG can facilitate the localization of
the disconnected intestinal canal, assess the blood perfusion of
the anastomosis, and avoid distal ischemia, demonstrating its
potential in AL prevention. However, a multicenter RCT
(PILLAR IIT study) reported that the use of ICG-FI did not
decrease the incidence of clinical AL and added no evident
advantage in patients undergoing low anterior resection.®*
Furthermore, an ongoing RCT (IntAct study), aiming to recruit
880 patients, may provide more valuable references for the effi-
cacy of ICG-FL*> Therefore, more rigorous confirmation is
required before the wide application of ICG-FL

Besides ICG-FI, laser Doppler flowmetry is also a useful
method to evaluate mucosal blood perfusion. A prospective
study aimed to compare intestinal blood perfusion measured
by laser Doppler flowmetry before bowel manipulation and
after vascular ligation.®® The authors found that there was a
linear correlation between reduction in blood perfusion at the
rectal stump and the incidence of AL. In another study, the
blood flow measurements with laser Doppler flowmetry were
made preoperatively and postoperatively, aiming to compare
blood flow changes around the anastomosis in relation to total
mesorectal excision (TME) and partial mesorectal excision
(PME).%” The results showed that TME group had a decreased
blood flow of the rectum postoperatively than PME group,
which may indicate the different AL rates in TME and PME.

Intraoperative Drainage

Whether pelvic (or abdominal) drainage could reduce the inci-
dence of AL is controversial. A multicenter RCT involving 494
patients with rectal surgery reported no correlation between
drainage placement and postoperative complications, reopera-
tion rate, or length of stay, suggesting that the pelvic drainage
has no validated benefits and routine efficacy.®® More seriously,
a meta-analysis including 4 RCTs demonstrated that pelvic
drainage might even increase the risk of postoperative ileus.*’
Different views consider pelvic drainage as a safe and effective
way to prevent postoperative AL and reoperation.”® In patients
who underwent anterior rectal resection, the placement of pelvic
drainage showed a lower rate of AL and reintervention com-
pared with those without placement. Drainage around the anas-
tomosis can reduce the accumulation of fluid and abscess,

thereby promoting the healing of anastomosis and preventing
the occurrence of AL. Moreover, the severity of AL can be
moderately alleviated by drainage and flushing of the tube,
which may decrease the necessity for additional surgery. For
example, a retrospective study reported that the placement of
double-lumen irrigation-suction tube was associated with
decreased rate of grade C AL in patients undergoing sigmoid
colon cancer radical resection.”’

Transanal drainage tube placement has also received
increasing attention. The pressure in the anal canal is elevated
after surgery, and the tension in the anastomotic can be reduced
by placing a transanal drainage tube. The tube placement also
allows the drainage of bowel contents and reduces contamina-
tion at the anastomosis, decreasing the incidence of AL. A
recent meta-analysis including 2 RCTs and 13 observational
studies showed that the incidence of AL was reduced in
patients undergoing anterior resection with the placement of
a transanal tube than those who did not, indicating that the
use of a transanal tube can be considered for preventing
AL.7* Besides, postoperative fecal volume from the tube was
a possible predictor of AL.”> AL rates were higher in patients
with a daily fecal volume of more than 100 mL /day for 2 or
more days than in those of less than 2 days.”® Moreover, the
placement of a transanal tube may help cure confined peritoni-
tis caused by fecal leakage into the abdominal cavity, thus
reducing the reoperation rates of AL.”* However, 2 recent mul-
ticenter RCTs suggested no significant benefit of the transanal
tube for preventing AL after laparoscopic rectal cancer
surgery.”>’® Furthermore, the material of the drainage tube,
the depth of placement, and the duration of placement are gen-
erally determined by surgeon preference rather than a uniform
consensus. A study evaluating the different outcomes of 3
types of transanal tubes showed that patients undergoing
rectal cancer surgery with Fr32 silicone tubes had the lowest
incidence of AL and the best drainage outcomes.”’

Although the debates continue, pelvic drainage tubes can be
routinely placed during surgery because of their ability to limit
the development of infection and alleviate the deterioration of
AL. Once the anastomosis breaks down, the presence of drain-
age offers the possibility of conservative treatment. Besides, as
displayed in chapter 2.2, the laboratory examination of drainage
fluid can help predict the occurrence of AL. As for transanal
tube placement, it is time-saving, cost-effective, and less
harmful, which may be a viable option for patients with high-
risk factors. However, given the data from the 2 RCTs,”>76
the recommendation of drainage tubes should be cautious.

Prophylactic Stoma and Omentoplasty

There has been no consensus on whether a prophylactic stoma
will reduce the incidence of AL. A retrospective study sug-
gested that prophylactic stoma was not associated with AL
but reduced its severity and the necessity for secondary
surgery.”® Another meta-analysis of 5 RCTs found that patients
without prophylactic stoma after rectal cancer surgery had a
higher incidence of AL than those with a stoma, while the
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incidence of other postoperative complications was lower.”® It
is recognized that prophylactic stoma can reduce the extent of
serious complications such as AL-associated peritonitis by
diverting intestinal contents, thereby reducing the possibility
of urgent abdominal reoperation. It is beneficial for patients
with a high risk of developing AL. In addition, the quality of
life, stoma complications, and economic burden of patients
who undergo stoma need to be focused on. A recent meta-
analysis compared the postoperative complications of ileos-
tomy and colostomy in patients undergoing anterior resection.
The results showed that although ileostomy may be associated
with ileus and hydroelectrolyte disturbances, the incidence of
stoma prolapse and retraction, incisional hernia, infection, and
parastomal hernia was lower, making the ileostomy more rec-
ommendable.’” Moreover, prophylactic stoma may increase
the risk of postoperative permanent stoma in patients with ante-
rior resection.®! Therefore, a routine prophylactic stoma is not
advisable. The decision to perform a prophylactic stoma
requires an assessment of the patient’s risk factors, a judgment
of the procedure’s progress, and the experience of the surgeons.

In addition to the prophylactic stoma, omentoplasty has
become a new technique to prevent AL by wrapping the anasto-
mosis with an omentum, providing additional support to
strengthen anastomosis and improve neovascularization.®* A
prospective RCT showed a significant reduction in the incidence
of AL, postoperative infection, and peritonitis in patients after
intestinal resection and omentoplasty.*> However, several
studies suggested that this technique was ineffective in reducing
the incidence of AL.®*%° Additionally, a meta-analysis reported
that omentoplasty significantly reduced the incidence of AL in
the esophageal anastomosis but not in colorectal anastomoses.*®
There are few studies on this new technique, and more evidence
is needed to demonstrate its effectiveness in reducing the AL rate.

Gut Microbiota
The Relationship Between Microbiota and AL

The underlying causes and molecular mechanisms of AL have
not been fully elucidated. Even a patient without any risk
factors may develop AL after surgery without technical
errors. Such errors cannot be attributed to the individual
patient’s problems or the surgeon’s technique factors. In
recent years, the incidence of AL has not decreased significantly
with medical advances. Hence, the relationship between gut
microbiota and AL gradually receives more concern, and the
dysbiosis of gut microbiota may significantly affect AL.
Intestinal repair and microbiota adaptation are generally in
dynamic homeostasis. When the homeostasis is not maintained,
the number and type of microbiota change accordingly, and
some possible adverse events (eg, AL) occur, further deepening
the imbalance. The specific mechanism of gut microbial dysbio-
sis causing AL is unclear, and the following mechanisms are
currently possible (Figure 2).

First, the diversity of gut microbiota has a correlation with
AL. Reduced diversity may cause an increase in undesirable

microbiota and a decrease in beneficial microbiota, resulting
in compromised intestinal resistance and an additional risk of
adverse effects. Van Praagh et al®’ found that the microbial
diversity in the anastomotic tissue of patients who developed
AL was low, with a high abundance of Lachnospiraceae and
Bacteroidaceae. These 2 strains are associated with the degra-
dation of mucin, which is a major component of the intestinal
mucus layer. Functioning mucus layer is necessary for intestinal
protection and its disruption leads to impaired anastomotic
healing.®® In addition, some species of microbiota are proven
to promote anastomotic healing. For example, Lactobacillus
could promote the secretion of reactive oxygen species (ROS)
by NADPH oxidase 1 (Nox1),*® enhancing the proliferation
and migration of epithelial cells and maintaining the intestinal
barrier.”’ Besides, some beneficial microbiota, such as
Lactobacillus, are identified to directly inhibit pathogens.”’ A
study showed that the abundance of Lactobacillus was greatly
reduced after intestinal anastomotic surgery in rats.”> Once
these beneficial microbiotas are reduced, the anastomosis
healing may also be affected.

Another mechanism is the phenotypic change in the gut
microbiota. After some external or internal stimulus, the micro-
biota transforms into an aggressive, virulent strain. In addition,
a 500-fold increase in the Enterococcus genus was found in rat
intestinal resection anastomosis tissue.””> Among its strains,
Enterococcus faecalis was demonstrated to promote collagen
degradation and activate MMP9 in host intestinal tissues,
leading to the development of AL.”> E faecalis can also bind
and hyperactivate human plasminogen (PLG), producing supra-
physiologic collagenolysis.”* The high collagen degrading
activity of strains was associated with their transformed pheno-
type, characterized by stronger virulence. In a rat model receiv-
ing preoperative radiotherapy for colectomy, Olivas et al®
found the incidence of AL was higher in the group treated
with radiotherapy and colonization of Pseudomonas aerugi-
nosa than in the group with only radiotherapy. The reason
may be that the radiotherapy-induced phenotypic changes in
the strain, exhibiting enhanced collagenase activity, high inva-
siveness, and destruction of intestinal epithelial cells.”
Moreover, morphine can also induce the transformation of P
aeruginosa to a more virulent phenotype, leading to the destruc-
tion of the intestinal mucus layer.”® By analyzing the strain
composition in tissue specimens from CRC patients, Mima
et al”” reported a correlation between the high abundance of
Bifidobacterium genus and increased risk of postoperative
AL. The authors speculated that Bifidobacterium might contrib-
ute to the development of AL by affecting the blood flow and
oxygen supply to the anastomosis or other intestinal microbiota,
causing poor perfusion and tissue hypoxia.’’ This indirect spec-
ulation needs to be supported by more direct evidence.

By detecting the composition and alteration of the intestinal
microbiota in patients, the relevant microbiota can be used as a
marker for predicting AL. More microbiota associated with AL
need to be clarified to explore their interactions and their role in
the development of AL, thus providing new opportunities for
the treatment of AL by targeting their underlying mechanisms.
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Figure 2. The possible mechanisms of gut microbiota on anastomotic leak (AL). The altered phenotype makes the strain aggressive and virulent,
activating MMP-9 and PLG, causing collagen degradation and AL. Besides, low microbiota diversity and decreased beneficial microbiota may
reduce the proliferation and migration of ROS-mediated epithelial cells, thereby delaying anastomotic healing.

Abbreviations: MMP-9, matrix metalloproteinase-9; PLG, plasminogen; ROS, reactive oxygen species.

Gut Microbiota in AL Prevention

The dysbiosis of gut microbiota causing AL may be affected by
multiple factors in the perioperative period, and the reasonable
control or exploitation of these factors can help prevent AL.
Preoperative mechanical bowel preparation (MBP) generally
involves oral laxatives and warm saline enemas. It allows the
cleanses of the intestines, reducing intestinal contents and facil-
itating surgical operations. However, studies showed that MBP
affected the composition of intestinal microbiota and reduced
their diversity,”® which may impact the development of AL.
Whether MBP can be routinely performed preoperatively is
controversial. A meta-analysis concluded that MBP had no
advantage in reducing the risk of AL,”” and another study sug-
gested no effect of MBP on the clinical severity of AL.'®
Therefore, it may be feasible to remove preoperative MBP,
thus eliminating the effects of MBP on the patient’s intestinal
microbiota. Moreover, the use of antibiotics also affects intesti-
nal microbiota, including their composition, diversity, and
resistance. The effects have a long duration, which reduces
AL by acting on pathogens detrimental to intestinal recovery
and anastomotic healing.'®’ In a rat model, Shogan et al®
reported that topical application of antibiotics to the anastomo-
sis effectively eliminated E faecalis and limited its role in tissue
degradation, thus preventing AL. They further demonstrated
that the application of the intravenous antibiotic had no such

effect on rats and failed to achieve complete clearance of E fae-
calis from the anastomotic tissues in patients with colon
surgery. These results suggested that the effectiveness of antibi-
otics may be affected by different ways of application. A recent
meta-analysis including 6 RCTs indicated that oral antibiotics
(OABs) with intravenous antibiotics significantly reduced the
incidence of surgical site infections and AL in patients with lap-
aroscopic CRC surgery compared with intravenous antibiotics
alone.'” Both oral and intravenous antibiotics are necessary
for AL prevention. Additionally, selective antibiotics may be
more effective in reducing AL than broad-spectrum antibiot-
ics.'® The reason may be that broad-spectrum antibiotics
could lead to a broader clearance of microbiota and the dys-
biosis of a patient’s intestinal microbiota, while selective anti-
biotics could be more targeted to specific pathogens including
aerobic Gram-negative bacteria, Staphylococcus aureus, and
fungi.'® Oral selective antibiotics, such as tobramycin, colis-
tin, and amphotericin B, can be administered to decontaminate
the digestive tract.'® Thus, the benefits of the preoperative
prophylactic application of selective antibiotics may be
greater than its adverse effects on intestinal microbiota. To
decrease the incidence of surgical site infection and AL,
patients are advised to receive preoperative selective oral
and intravenous antibiotic prophylaxis, and routine adminis-
tration of MBP remains controversial and needs to be sup-
ported by more evidence.
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In addition to MBP and antibiotics, some new adjuvant
methods acting on the gut microbiota have been explored and
applied for AL prevention. Tranexamic acid (TXA) enema
could inhibit pathogen-mediated PLG activation and reduce
collagen degradation at the anastomosis, thereby preventing
AL in mice.'® Depletion of intestinal phosphate concentrations
was demonstrated to convert P aeruginosa to a more virulent
phenotype.' Oral polyphosphate was an alternative method
of AL prevention, which attenuates virulence and decreases col-
lagenase activity of intestinal pathogens in mice, promoting
healing of pathogen-induced AL.""’ Probiotics are dietary sup-
plements of live microorganisms that maintain the balance of
intestinal microbiota for beneficial effects, and prebiotics can
promote the growth and function of probiotics. Synbiotics are
a combination of probiotics and prebiotics. Sapidis et al'®® com-
bined synbiotics with glutamine to evaluate anastomosis
healing in rats, which showed reduced bacterial translocation,
improved anastomotic mechanical strength, and decreased
risk of AL. An RCT revealed that perioperative administration
of probiotics significantly reduced the incidence of surgical site
infection and AL after colorectal surgery,'” possibly due to
partial restoration of microbial diversity and effects on
immune function.!'® The underlying mechanism of probiotics
on AL needs to be further explored.

Although the above results need to be validated in further
studies, the gut microbiota certainly has unique advantages
and potential in predicting and treating AL. The occurrence
of AL is not solely due to patient-related risk factors and the sur-
geon’s surgical technique but is influenced by various factors
such as gut microbiota. In-depth exploration of the mechanisms
underlying the role of gut microbiota in AL is valuable for over-
coming the challenge of AL.

Discussion

As a detrimental complication after colorectal surgery, AL has
been a key concern and hardship for surgeons. Raising the
awareness of risk factors for AL can be worthwhile in prevent-
ing AL. With increasing risk factors for AL, surgeons need to be
more alert to the occurrence of AL and prevent it in all aspects.
Preoperatively, the basic physical condition of the patient needs
to be improved. Intraoperatively, careful attention should be
paid to the scope of bowel resection, preservation of blood
vessels, selection of suitable surgical instruments and anastomotic
methods, and inspection of the anastomosis. Additionally, routine
pelvic drainage is recommended due to its advantage for the
prediction and treatment of AL, while prophylactic stoma
and the placement of transanal drains are dependent on the sit-
uation. Postoperatively, the relevant indicators have to be
closely detected, and different treatments could be given
according to the severity of AL.

Timely predictive indicators, convenient and fast operating
instruments, effective methods for blood perfusion assessment,
and utilization of microbiota in AL are prospects worthy of
further efforts. Predictive indicators can be obtained from
plasma and drainage fluid, and multiple combined detections

may provide a more accurate reference. The application of dif-
ferent staplers has simplified surgical procedures and improved
surgical techniques, promoting gastrointestinal reconstruction.
Designing new instruments suitable for surgery with minimal
tissue damage can reduce postoperative complications.
Since adequate anastomotic blood perfusion is a prerequisite
for healing, the real-time and objective intraoperative assess-
ment of anastomotic perfusion is particularly critical. New
techniques for evaluating perfusion need to be extensively
developed. Microbiota is associated with AL and functions
as a key factor in various diseases. Regulating microbial
diversity and manipulating intrinsic mechanisms can
achieve more beneficial effects on human health. More prom-
isingly, patients can personally target their treatment accord-
ing to the individual layout of microbiota.

Although considerable progress has been made in the pre-
vention and treatment of AL, some of the following limitations
remain. First, the diagnostic criteria for AL are not consistent
among different centers. Some insidious asymptomatic AL
may be unrecognized, resulting in different reported incidences
of AL and biased results of related studies. In addition, most of
the indicators for predicting AL have no uniform optimal criti-
cal values. Only statistically significant correlation cannot be
widely used in clinical applications. The changes in indicators
are also affected by surgery, blood transfusions, and drugs,
which need to be combined with the specific situation of
patients in clinical practice to provide guiding value for diag-
nosing AL. Moreover, multiple risk factors for the eventual
occurrence of AL may interact with each other. Therefore,
more basic studies are required to clarify the underlying
causes of AL, especially the relationship between gut micro-
biota and AL. Finally, the current explanation of AL risk
factors is incomplete because most studies are limited to single-
center, small-sample, and retrospective. Designing and imple-
menting more multicenter, large-sample, prospective trials are
promising in the future.

Conclusion

Early diagnosis and prevention of AL based on the identifica-
tion of risk factors is reliable. Apart from the current risk
factors for AL, understanding the role of gut microbiota in
AL and the molecular mechanism of AL development is
crucial for the prevention and treatment of AL. With the devel-
opment of new technologies and a deeper understanding of AL
at the molecular level, the challenges of AL will eventually be
overcome.
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