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Risk factors for anastomotic leakage after anterior resection
of rectal cancer with preservation of the left colic artery
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Abstract. Anastomotic leakage (AL) is a frequent and severe
complication after anterior resection for rectal cancer. Most
previous studies compared AL incidence between high and
low ligation; however, the present study evaluated risk factors
for AL in patients undergoing low ligation with preservation of
the left colic artery, which has been associated with improved
overall outcomes. Clinical data of patients with rectal cancer
treated in the Second Department of General Surgery
(Gastrointestinal Surgery) of The First Affiliated Hospital of
Guangdong Pharmaceutical University (Guangzhou, China)
between 2015 and 2024 were retrospectively reviewed, and
patients meeting the inclusion and exclusion criteria were
enrolled. Demographic characteristics and perioperative vari-
ables were collected. Differences between the AL group and
the non-AL group were assessed using univariate analysis, and
independent associations were identified using multivariate
analysis to produce odds ratios (ORs). A total of 137 patients
were included. Intergroup comparative tests showed signifi-
cant differences in alcohol consumption, distance from the
tumor to the anal verge and distance from the anastomosis to
the anal verge between the AL group and the non-AL group
(P<0.05). Multivariate analysis identified alcohol consump-
tion (OR=9.845; P=0.0068) and distance from the tumor to
the anal verge (OR=0.485; P=0.0368) as independent factors
associated with AL. In conclusion, alcohol consumption and
distance from the tumor to the anal verge are independent risk
factors for AL after anterior resection with preservation of the
left colic artery. The risk of AL is 9.845-fold higher in patients
with alcohol consumption. For each 1 cm decrease in distance
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from the tumor to the anal verge, the risk of AL increases by
2.060-fold.

Introduction

Rectal cancer is the eighth most common cancer worldwide
and the tenth leading cause of cancer-related mortality (1).
Advances in surgical techniques and anastomotic devices have
improved surgical outcomes. Abdominoperineal resection,
previously regarded as the standard procedure, is no longer
required for most patients; as a result, sphincter-preserving
surgery has become feasible for a larger proportion of
patients (2). Since Henri Hartmann introduced anterior
resection in 1921, this approach has progressively replaced
abdominoperineal resection and has become a notable surgical
option for rectal cancer (3). Total mesorectal excision (TME)
has subsequently evolved into a standardized technique for
rectal cancer surgery (4). Despite these advances, postop-
erative complications remain common. Anastomotic leakage
(AL) is of particular concern because it substantially worsens
prognosis and quality of life (2,5,6). A meta-analysis including
9,735 patients who underwent anterior resection reported
941 cases of AL, corresponding to an overall incidence of
9.7% (range 0.0-36.3%); larger studies tended to report higher
leakage rates (7).

Adequate blood supply to the anastomosis is widely
recognized as essential (8). The level of vascular ligation has
therefore received attention. High ligation refers to ligation at
the origin of the inferior mesenteric artery. Low ligation refers
to ligation distal to the origin of the left colic artery, with pres-
ervation of the left colic artery. Several studies have reported
no clear association between ligation level and AL (9,10). By
contrast, a previous meta-analysis found a notably higher
leakage rate after high ligation than after low ligation (11). In
addition, a review integrating tumor-related, anatomical and
technical considerations supported advantages of low liga-
tion over high ligation (8). However, most available evidence
focuses on comparisons between high and low ligation, and to
the best of our knowledge, detailed analyses restricted to low
ligation remain limited.

The present study investigated risk factors for AL after
anterior resection for rectal cancer with preservation of the left
colic artery using a retrospective design. Identification of these
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factors may inform surgical strategy selection and postopera-
tive management, with the aim of reducing AL incidence and
improving clinical outcomes.

Patients and methods

Patient data selection. The present study used a retrospec-
tive design. Data were collected from patients with rectal
cancer treated in the Department of Gastrointestinal Surgery,
The First Affiliated Hospital of Guangdong Pharmaceutical
University (Guangzhou, China), between 2015 and 2024. Strict
inclusion and exclusion criteria were applied to improve the
validity and reliability of the analysis.

Inclusion criteria. Patients were eligible if rectal cancer
was confirmed by preoperative colonoscopic biopsy or postop-
erative pathology; anterior resection was performed by either
a laparoscopic or open approach; preservation of the left colic
artery branch of the inferior mesenteric artery was achieved
during surgery; and complete medical records were available,
including a clear documentation of AL.

Exclusion criteria. Patients were excluded if synchronous
primary colorectal cancer was diagnosed; if surgery involved
simultaneous resection of metastatic lesions or other organs;
or if abdominoperineal resection or the Hartmann procedure
was performed.

Assessment of AL. The diagnosis of postoperative AL was
determined using clinical findings, drainage characteristics
and imaging results. Clinical evaluation included unexplained
recurrent fever, tachycardia and signs of localized or diffuse
peritonitis. These signs included marked abdominal pain,
distension, abdominal rigidity and rebound tenderness on
physical examination. Drainage assessment focused on the
presence of feculent material, which was considered a key
indicator of AL. For imaging evaluation, fistulography was
routinely performed (Fig. 1) to determine whether contrast
medium entered the intestinal lumen and to estimate the size
of the leakage site. Leakage size was used to guide subsequent
treatment planning.

Classification of the severity of AL. The International Study
Group of Rectal Cancer grading system was used to classify
AL severity (12). This system defines grades A-C according
to the level of clinical management required. Grade A indi-
cates AL detected on imaging without clinical symptoms and
requires no active intervention. Grade B indicates symptom-
atic AL that does not require reoperation and is generally
managed with conservative measures, including antibiotics,
pelvic drainage and transanal irrigation. Grade C indicates
severe AL requiring surgical intervention, most commonly
Hartmann procedure or ileostomy.

Patient data. To evaluate potential risk factors for AL,
baseline and perioperative variables were collected. Baseline
variables included sex, age, body mass index (BMI),
American Society of Anesthesiologists (ASA) classification,
smoking status, alcohol consumption and comorbidities,
including hypertension, coronary heart disease (CHD) and
diabetes. Perioperative variables included tumor characteris-
tics and preoperative, intraoperative and postoperative data.

Tumor characteristics included distance from the tumor infe-
rior margin to the anal verge, distance from the anastomosis
to the anal verge, tumor size and postoperative pathological
Tumor-Node-Metastasis (TNM) staging. Distance from the
tumor to the anal verge was measured during preoperative
colonoscopy by the endoscopist. Distance from the anasto-
mosis to the anal verge was calculated intraoperatively by
subtracting the length of the distal resected bowel segment.
Preoperative variables included hemoglobin, albumin,
carcinoembryonic antigen (CEA), carbohydrate antigen
19-9 (CA19-9), bowel obstruction, hematochezia (including
a positive fecal occult blood test) and neoadjuvant therapy
status (with or without radiotherapy). Intraoperative vari-
ables included surgical approach, operative time, estimated
blood loss and intraoperative perfusion of lobaplatin (13).
Postoperative variables included anal exhaust (time to first
passage of flatus, including the first passage from a stoma)
and hyperthermic intraperitoneal chemotherapy with loba-
platin or fluorouracil (14). For anastomosis construction, a
disposable end-to-end stapler (Covidien; Meditronic) was
used to perform end-to-end anastomosis between the tran-
sected bowel ends. Placement of a rectal tube and creation of
a prophylactic ileostomy were determined by bowel edema
severity and distance from the tumor to the anal verge.
Because these decisions were not randomized, both vari-
ables were excluded from the analysis. In routine practice,
a protective ileostomy was typically performed when any
of the following conditions were met: i) History of neoad-
juvant radiotherapy with marked tissue edema and fibrosis;
ii) ultra-low rectal cancer, defined as tumor located <5 cm
from the anal verge; and iii) presence of bowel obstruction
with severe intestinal edema.

For patients who did not meet these criteria or who refused
ileostomy, transanal decompression with a rectal tube was
used as an alternative strategy.

Data analysis. RStudio (R version 4.3.1; RStudio, Inc.) was
used for statistical analysis. Intergroup comparative tests were
performed first. Continuous variables with a normal distribu-
tion are presented as mean + standard deviation and compared
using the Student's t-test. Continuous variables with a skewed
distribution were summarized as median (interquartile range)
and compared using the rank-sum test. Categorical variables
were summarized as number (percentage) and compared using
the Fisher's exact test, as appropriate. Variables with statistical
significance in univariate analyses were further evaluated
using binary logistic regression. Before model fitting, linearity
in the logit for continuous predictors was assessed using the
Box-Tidwell test. Multicollinearity among independent vari-
ables was evaluated using variance inflation factors (VIF) to
support the stability of regression estimates.

Results

Baseline clinical and pathological characteristics. After
screening, 161 patients with rectal cancer underwent surgery
with preservation of the left colic artery. Among these,
137 patients met the inclusion and exclusion criteria and were
included in the analysis. The cohort included 96 males and 41
females, with a mean age of 63.84 years (range, 32-89 years).
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Figure 1. Fistulography showing the contrast agent injected through the
drainage tube entering the intestinal tract.

Low rectal cancer, defined as distance from the anal verge
<7 cm, was identified in 35 patients (25.55%), including
3 cases of AL. Ultra-low rectal cancer, defined as distance
from the anal verge <5 cm, was identified in 13 patients
(9.49%), including one case of AL. The median distance from
the anastomosis to the anal verge was 6 cm (range, 2-14 cm).
All patients had negative proximal and distal resection
margins.

Incidence and severity of postoperative AL. Postoperative
AL occurred in 9 patients, yielding an incidence of 6.57%,
and all patients with AL were symptomatic. AL severity was
classified as grade B in 7 patients and grade C in 2 patients.
Only 1 patient with a prophylactic ileostomy developed AL,
which was grade B. Among patients who underwent surgical
management for AL, the median interval from AL diagnosis
to surgery was 7 days (range, 4-12 days) (data not shown).

Comparison of baseline characteristics between AL and
non-AL groups. Baseline characteristics of the non-AL group
and the AL group are presented in Table I. Among the eight
baseline variables, alcohol consumption was the only factor
that differed significantly between groups (P=0.0216). In the
non-AL group, 113 patients were non-drinkers and 15 patients
reported alcohol consumption. In the AL group, 5 patients
were non-drinkers and 4 patients reported alcohol consump-
tion. Among the 19 patients with alcohol consumption, 2
reported a frequency of 5-10 times per month, whereas the
remaining patients reported daily consumption. All 4 patients
with AL who reported alcohol consumption drank alcohol
daily. All 19 patients reported an alcohol consumption history
>10 years. Among the 4 patients with AL, alcohol consumption
duration exceeded 30 years in 2 patients, exceeded 25 years in
1 patient and exceeded 20 years in 1 patient. No significant

EXPERIMENTAL AND THERAPEUTIC MEDICINE 31: 177, 2026 3

Table I. Characteristics of participants enrolled in the present
study.

Non-AL AL
Characteristic (n=128) (n=9) P-value
Age, years 63.7 (11.46) 65.89 (7.06) 0.5728
Sex >0.9999
Female 38 (29.69) 3(33.33)
Male 90 (70.31) 6 (66.67)
BMI, kg/m? 22.89 (3.33) 21.99 (2.62) 0.4257
ASA 0.4007
I 17 (13.28) 2(2222)
II 65 (50.78) 3(33.33)
m 46 (35.94) 4 (44.44)
Smoke 0.115
No 95 (74.22) 4 (44 44)
Yes 33(25.78) 5 (55.56)
Alcohol 0.0216
No 113 (88.28) 5 (55.56)
Yes 15 (11.72) 4 (44 44)
Hypertension >0.9999
No 84 (65.62) 6 (66.67)
Yes 44 (34.38) 3(33.33)
CHD >0.9999
No 114 (89.06) 8 (88.89)
Yes 14 (10.94) 1(11.11)
Diabetes 0.3648
No 106 (82.81) 6 (66.67)
Yes 22 (17.19) 3(33.33)

Data are presented as n (%) or mean (SD). BMI, body mass index;
ASA, America Society of Anesthesiologist; CHD, coronary heart
disease; AL, anastomotic leakage.

between-group differences were observed for sex, age, BMI,
ASA classification, smoking status, hypertension, CHD or
diabetes.

Comparison of perioperative data between AL and non-AL
groups. Perioperative characteristics of the non-AL group
and the AL group are summarized in Table II. Distance from
the tumor to the anal verge and distance from the anasto-
mosis to the anal verge differed significantly between groups
(P=0.0058 and P=0.0395, respectively). The median distance
from the tumor to the anal verge was 10 cm in the non-AL
group and 8 cm in the AL group. The median distance from
the anastomosis to the anal verge was 6 cm in the non-AL
group and 5 cm in the AL group.

No significant between-group difference was observed
for ultra-low rectal cancer (P>0.999). Among 13 patients
with ultra-low rectal cancer, 9 patients (69.23%) underwent
prophylactic ileostomy, whereas the remaining patients without
ileostomy received rectal tube placement. Among 124 patients
without ultra-low rectal cancer, 18 patients (14.52%) underwent
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Table II. Factors of participants enrolled in the present study.

Factor Non-AL (n=128) AL (n=9) P-value
Tumor distance, cm 10 (7.75,14) 8(7.8) 0.0058
Ultra-low site >0.9999
No 116 (90.62) 8 (88.89)
Yes 12 (9.38) 1(11.11)
Anastomotic distance, cm 6(5,9) 54.,6) 0.0395
Preoperative hemoglobin, g/l 122.1 (18.03) 117.11 (21.83) 0.4300
Preoperative albumin, g/l 38.68 (4.16) 40.14 (4.67) 0.3120
CEA 3.47(1.95,7.16) 5.77 (3.22,27.07) 0.1042
CA199 10.93 (6.43,19.98) 15.43 (13.96,20.43) 0.2495
Bowel obstruction 0.3854
No 122 (95.31) 8 (88.89)
Yes 6 (4.69) 1(11.11)
Hematochezia >0.9999
No 10 (7.81) 0(0)
Yes 118 (92.19) 9 (100)
Neoadjuvant therapy >0.9999
No 103 (80.47) 7 (77.78)
Yes 25 (19.53) 2(22.22)
Operation type >0.9999
Open surgery 8 (6.25) 0(0)
Laparoscopic surgery 120 (93.75) 9 (100)
Intraoperative lavage 0.3542
No 107 (83.59) 9 (100)
Yes 21 (1641) 0 (0)
Time, min 274 (235,325) 295 (260,389) 0.2046
Blood loss, ml 30 (20,50) 30 (10,100) 0.9218
Tumor size, cm 4355) 5(4,6) 0.2051
TNM 0.6499
I 27 (21.09) 1(11.11)
II 42 (32.81) 5 (55.56)
111 45 (35.16) 2(22.22)
v 14 (10.94) 1(11.11)
Hot perfusion 0.3015
No 72 (56.25) 7 (77.78)
Yes 56 (43.75) 2(22.22)
Anal exhaust, day 2(1,2) 2(1,2) 0.9007

Continuous variables are shown as mean (SD) or median (IQR) and categorical data as n (%). Intraoperative perfusion, intraoperative perfusion
of lobaplatin; postoperative perfusion, postoperative hyperthermic intraperitoneal chemotherapy; AL, anastomotic leakage; CEA, carcinoem-
bryonic antigen; CA19-9 carbohydrate antigen 19-9; TNM, Tumor-Node-Metastasis.

prophylactic ileostomy. Preoperative hemoglobin, albumin, CEA
and CA19-9 levels did not differ significantly between groups.
Preoperative bowel obstruction did not differ significantly
between groups (P=0.3854); only 1 patient in the AL group
had bowel obstruction. Among 6 patients with bowel obstruc-
tion in the non-AL group, 3 underwent prophylactic ileostomy.
Preoperative hematochezia also showed no between-group
difference (P>0.999); however, all 9 patients in the AL group
had positive findings. Neoadjuvant therapy did not differ

significantly between groups (P>0.999). Among 27 patients
who received neoadjuvant therapy, 17 received neoadjuvant
radiotherapy, and no AL occurred; 11 of these 17 patients
(64.71%) underwent prophylactic ileostomy. Among the
27 patients who received neoadjuvant therapy, 4 achieved
complete pathological response, and no AL occurred.
Surgical approach (laparoscopic or open) did not differ
between groups (P>0.999). Intraoperative perfusion of loba-
platin, operative time, blood loss, tumor size, tumor deposits,
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Univariate and multivariate logistic regression analysis

Variable Univariate OR (95%Cl) P-value

Alcohol (Yes vs No) 6.027 (1.365 - 25.338) 0.0132
0.714 (0.521 - 0.907) 0.0153 [l

Tumor distance (per 1 cm)

Anastomotic distance (per 1 cm)  0.699 (0.460 - 0.962) 0.0537 [}

Multivariate OR (95%Cl) P-value
| 9.845 (1.878 - 56.981)  0.0068
0.485 (0.220 - 0.897) 0.0368
1.621 (0.646 - 4.564) 0.3194
0125 10 20 40 60

Multivariate odds ratio (log scale)

Figure 2. Forest plot of binary logistic regression analysis for anastomotic leakage risk factors. OR, odds ratio; Tumor distance: distance from the tumor to the
anal verge (per 1 cm increase); Anastomotic distance: distance from the anastomosis to the anal verge (per 1 cm increase, not statistically significant).

TNM staging, postoperative hyperthermic intraperitoneal
chemotherapy and time to first postoperative passage of flatus
also showed no significant between-group differences.

Risk factors for AL by binary logistic regression analysis.
Binary logistic regression results are shown in Fig. 2. In the
univariate analysis, alcohol consumption was significantly
associated with AL, with an odds ratio (OR) of 6.027 [95%
confidence interval (CI), 1.365-25.338; P=0.0132]. The
distance from the tumor to the anal verge was also significantly
associated with AL, with an OR of 0.714 (95% CI, 0.521-0.907,
P=0.0153). The distance from the anastomosis to the anal verge
showed a non-significant trend with AL (OR, 0.699; 95% CI,
0.460-0.962; P=0.0537). In the multivariate analysis, alcohol
consumption (OR, 9.845; 95% CI, 1.879-51.580; P=0.0068)
and distance from the tumor to the anal verge (OR, 0.485; 95%
CI, 0.246-0.957; P=0.0368) were significantly associated with
AL. Distance from the anastomosis to the anal verge was not
significantly associated with AL (P=0.3194).

Before model fitting, linearity in the logit for continuous
predictors was assessed using the Box-Tidwell test, and no
violations were identified (all P>0.05). Multicollinearity was
evaluated using VIF, and all VIF values were <5, indicating no
substantial multicollinearity among the independent variables.

Discussion

AL is a common and serious complication after anterior
resection for rectal cancer and can adversely affect prognosis
and quality of life (2,5). AL may lead to intra-abdominal
abscess, wound infection, diffuse peritonitis and sepsis. These
complications are associated with prolonged hospital stay,
reoperation, increased mortality, and reduced survival (12).
Adequate blood supply to the anastomosis is widely recog-
nized as essential (8). Low ligation preserves vascular inflow
to the proximal colon adjacent to the anastomosis. By contrast,
after high ligation, perfusion of the distal colon and sigmoid
colon relies mainly on the middle colic artery and marginal
arteries (8,15,16). High ligation has been reported to reduce

perfusion to the proximal bowel, particularly in patients with
atherosclerosis (8,17,18). Intraoperative assessment of anasto-
motic perfusion was performed using visual indicators: Bowel
wall color (bright red or pink indicates adequate perfusion;
pallor or cyanosis suggests reduced perfusion), subserosal
vessel pulsation (visible pulsation indicates adequate flow)
and capillary bleeding after gentle serosal scratching (fresh
oozing indicates adequate perfusion). These assessments allow
real-time evaluation of anastomotic blood supply and support
intraoperative decision-making. In the present cohort, the AL
incidence was 6.57%, which is lower than the 9.7% reported in
a meta-analysis including 9,735 patients (7).

In addition to blood supply, the management of tension at
the anastomosis is also crucial. Intraoperatively, anastomotic
tension is assessed using different methods in clinical practice.
First, the active traction test, prior to anastomosis the proximal
bowel is gently pulled to determine if it can naturally reach
the distal stump without excessive tension. If the tension is
high or mobilization is insufficient, further dissection of the
proximal colon and splenic flexure is performed. In most
cases, adequate mobilization after splenic flexure release
ensures satisfactory tension, and high ligation of the inferior
mesenteric artery (IMA) is not necessary. Second, the mesen-
teric laxity assessment, whether the proximal bowel can reach
the anastomotic site without tension on the mesentery is evalu-
ated. If the mesentery is tight or short, further root dissection
or high IMA ligation may be considered to improve mobility,
although this is rarely required in our experience. Finally,
post-anastomosis bowel positioning, after the anastomosis is
completed, the bowel is repositioned in the pelvis to assess
natural alignment and rule out tension, recoil or twisting. If
these issues persist, further mobilization is performed. In
summary, with adequate mobilization of the proximal bowel
and splenic flexure, preserving the left colic artery does not
appear to increase anastomotic tension.

Since the introduction of TME, a marked concern with
low ligation has been the potential retention of apical lymph
nodes (group 253) around the inferior mesenteric artery, which
could impact survival outcomes (10,19). However, previous
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meta-analyses have shown no significant differences in
survival outcomes between high and low ligation, with a similar
number of lymph nodes harvested in both approaches (11,20).
In fact, in the present institution, during the dissection of the
left colic artery from the root of the inferior mesenteric artery,
the apical lymph nodes are routinely clear, making it unlikely
that low ligation would have a substantial effect on oncological
outcomes.

Given that previous studies have primarily focused on
comparing high and low ligation, there is a lack of detailed
summaries on low ligation. Therefore, the present retro-
spective study aimed to analyze the influence of baseline
demographic data and perioperative factors on the incidence
of AL following rectal cancer anterior resection with pres-
ervation of the left colic artery. The results of the present
univariate analysis of baseline data revealed that most base-
line characteristics between the non-AL and AL groups did
not differ significantly, with the only statistically significant
difference being alcohol consumption. A higher proportion
of non-drinkers was found in the non-AL group, suggesting
that alcohol consumption may increase the risk of AL, consis-
tent with previous studies (21-24). A total of four patients in
the AL group, who were alcoholics, had consumed alcohol
daily for >20 years. A study has indicated that consuming
>35 drinks per week is associated with an increased risk of
AL (23). Subclinical cardiac dysfunction, immunosuppression,
impaired hemostasis and vitamin deficiencies, commonly
observed in long-term heavy drinkers, may contribute to the
increased risk of AL (23). Mechanistically, ethanol has been
shown to reduce hypoxia-inducible factor 1-o and vascular
endothelial growth factor signaling, leading to reduced
capillary formation in the anastomosis, which is essential
for healing (25). Therefore, for patients with heavy alcohol
consumption, enhanced prevention of AL may be necessary,
such as the use of an indwelling anal tube. Furthermore, the
Enhanced Recovery After Surgery Society recommends
that patients cease alcohol consumption for 4 weeks prior to
surgery as a preventive measure (26,27). In the present study,
other characteristics, such as sex, age, BMI, smoking status,
hypertension, coronary artery disease and diabetes, showed
no statistically significant differences between the two groups.
However, other literature has suggested that male sex and
smoking may increase the risk of AL (24,28). A prospective
study also indicated that a BMI >30 may elevate the risk of AL
in patients with colorectal cancer (29).

The results of the present univariate analysis of periop-
erative data revealed significant differences in the distance
from the tumor to the anal verge and the distance from the
anastomosis to the anal verge between the non-AL and AL
groups, with the AL group having tumors and anastomoses
located closer to the anal verge. Similar findings have been
reported in other studies; one study indicated a notable asso-
ciation between tumor location (high, middle, low) and AL,
with lower tumor locations associating with higher leakage
rates (28). However, when patients were categorized based on
the presence of ultra-low rectal cancer, no significant associa-
tion with the occurrence of AL was found. This may be due
to the fact that 69.23% of patients with ultra-low rectal cancer
underwent preventive ileostomy, whereas the remaining
patients had a rectal tube retained.

The binary logistic regression analysis performed in the
present study, revealed that alcohol consumption and the
distance between the tumor and the anal verge significantly
affected the occurrence of AL, and were independent influ-
encing factors. Specifically, the risk of AL in alcohol drinkers
was 9.845 times higher than that in non-drinkers. In addition,
for every 1 cm increase in the distance between the tumor and
the anal verge, the risk of AL decreased by ~48.5%; conversely,
for every 1 cm decrease, the risk increased by ~2.060 times.
The reason why the distance from the anastomosis to the
anal verge is not an independent factor may be related to the
influence of the distance between the tumor and the anal verge.

Although the relationship between stomas and the risk of
AL remains controversial, some studies suggest that stomas
may reduce the occurrence of AL, whereas others have
found no significant association (22,30-33). However, there
is a general consensus that stomas can mitigate the adverse
consequences of AL, such as fecal peritonitis and septic
complications, and that when AL occurs, patients typically do
not require reoperation (28,34-36). In the present study, only
one patient with a stoma experienced AL, classified as grade
B. The literature also indicates that selectively using stomas
in high-risk patients with low anastomoses, who are at an
increased risk of leakage, is most beneficial (22). In clinical
practice, whether to perform preventive stoma formation or
indwelling rectal tube placement is determined based on the
degree of bowel edema and the distance from the anastomosis
to the anal verge, a clinical decision strongly associated with
tumor location (such as ultra-low rectal cancer, <5 cm from the
anal verge). Some studies have suggested that leaving an anal
stent in place after rectal cancer resection can substitute for
preventive stoma formation to ensure the safety of the anasto-
mosis (37,38). Therefore, either a prophylactic enterostomy or
an indwelling anal tube are chosen, but it is rare to use both.

Notably, the non-random assignment of these prophylactic
interventions may introduce a mild selection bias and influ-
ence the observed associations between tumor location and
AL. Specifically, these interventions were targeted at high-risk
patients with low/ultra-low rectal cancer (a subgroup closely
associated with the short distance from the tumor to the anal
verge, the key independent risk factor identified in the present
study), and 69.23% of patients with ultra-low rectal cancer
received prophylactic ileostomy in the present cohort. This
uniform clinical intervention according to pre-defined indi-
cations likely attenuated the actual AL risk in this high-risk
subgroup, which may have slightly reduced the effect size
of tumor distance to the anal verge on AL occurrence in the
regression analysis and explained why ultra-low rectal cancer
was not a statistically significant factor for AL in our univariate
analysis. Since these interventions were excluded from statis-
tical analysis due to non-randomization, their confounding
effect on the tumor location-AL association cannot be fully
adjusted for in the model, but the bias is considered minimal
given the standardized clinical decision-making process with
no arbitrary assignment of interventions.

Although no significant differences were observed in
other parameters, the literature reports inconsistent findings.
The association between preoperative chemoradiotherapy and
AL remains controversial, and published studies have yielded
conflicting results (22,39-41). In a subgroup analysis of patients
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without stoma formation, preoperative chemoradiotherapy was
reported to increase the risk of AL (42). By contrast, no signifi-
cant association between preoperative chemoradiotherapy
and AL was identified in the present study. Notably, among
patients who received preoperative radiotherapy, no cases of
AL occurred, and 64.71% of these patients underwent preven-
tive stoma formation. Previous studies have also suggested
that complete pathological response after neoadjuvant therapy
may be associated with a higher risk of AL than incomplete
response (43,44). However, in the present study, none of the
four patients with complete pathological response developed
AL.

Prolonged operative duration can increase bacterial expo-
sure and tissue injury, thereby increasing the risk of AL (45).
A prospective study reported that an operative time >4 h was
associated with a higher risk of AL in patients with colorectal
cancer (46). A meta-analysis including 4,580 patients with
rectal cancer showed that blood loss >100 ml increased the risk
of AL (39). Intraoperative blood loss can cause hypovolemia,
which may result in tissue ischemia and impaired anastomotic
healing, which increases the risk of AL (47). In addition, trans-
fusion administered for bleeding has also been associated with
an increased risk of AL (39).

Overall, the present findings differ partly from previous
studies. Differences in population characteristics and sample
size may contribute to this discrepancy. Preservation of the left
colic artery may also be protective because it improves blood
supply to the anastomotic site. This mechanism may explain
why several variables traditionally regarded as risk factors for
anastomotic leakage were not significant in this cohort.

To the best of our knowledge, the present study is the
first to specifically evaluate the association between left colic
artery preservation and AL after anterior resection for rectal
cancer. Several limitations should be acknowledged. First,
the present study has a retrospective, single-institutional
design and only evaluates the low ligation technique with left
colic artery preservation; these factors collectively limit the
broader applicability of the present results to other medical
institutions, diverse patient populations and different surgical
practices for rectal cancer. Second, the sample size was rela-
tively small, with only 9 cases of AL as the primary outcome
event, which raises the potential risk of model overfitting in
the binary logistic regression analysis. In accordance with
the classic events-per-variable (EPV) criterion, a minimum
EPV of 10 is recommended for stable regression models (48).
A total of three variables with significant differences in
univariate analysis were initially included in the preliminary
logistic regression model (EPV=3.0, 9 events/3 variables) and
distance from the anastomosis to the anal verge was excluded
from the final model due to lack of independent statistical
significance. This optimization yielded a final model with two
independent variables (EPV=4.5, 9 events/2 variables), which
minimized overfitting risk to the greatest extent possible under
the current sample size. Third, alcohol consumption was not
consistently documented in medical records (such as specific
intake volume), precluding further subgroup analyses based
on drinking quantity; this finding was also partly driven by
the imbalance in drinking status between the AL and non-AL
groups, and its clinical significance needs confirmation in
larger cohorts. Prospective, multi-institutional studies with
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larger sample sizes and adequate AL events are urgently
needed to validate our findings and provide more robust
evidence for clinical practice.

In conclusion, the present study evaluated the association
between left colic artery preservation and the occurrence of
AL after rectal cancer resection. The results indicated that
alcohol consumption and shorter distances from the tumor and
anastomosis to the anal margin were associated with a higher
risk of AL. Alcohol consumption and the distance from the
tumor to the anal verge were identified as independent influ-
encing factors. The risk of AL in patients with alcohol intake
was ~9.845 times that in patients without alcohol intake. In
addition, the risk of AL increased by ~2.060 times for each
1 cm decrease in the distance from the tumor to the anal verge.
Given the limited sample size, prospective studies with larger
cohorts are warranted to validate these findings.

Acknowledgements
Not applicable.
Funding

The present research was supported by Guangdong Province
Medical Science and Technology Research Fund and
Education (grant no. B2023361) and Teaching Research and
Reform Project of the First Affiliated Hospital of Guangdong
Pharmaceutical University (grant no. 2024JX10).

Availability of data and materials

The data generated in the present study may be requested from
the corresponding author.

Authors' contributions

ST, FZ, ZC and HC collected the data. ST wrote the manu-
script. WZ, ST and DC analyzed and interpreted the data and
revised the manuscript. ST and DC confirm the authenticity of
all the raw data. All authors have read and approved the final
version of the manuscript.

Ethics approval and consent to participate

The present retrospective study was approved by the Ethics
Committee of the First Affiliated Hospital of Guangdong
Pharmaceutical University (approval no. 2025-11T-28). All
patients signed a general informed consent form at the time
of hospital admission, which authorized the anonymous
use of their de-identified clinical data for scientific research
purposes. In view of the retrospective nature of the study and
the use of anonymized clinical data without any identification
of individual patients, the Ethics Committee granted a waiver
of specific informed consent for this study. All research proce-
dures were conducted in accordance with the Declaration of
Helsinki.

Patient consent for publication

Not applicable.


https://www.spandidos-publications.com/10.3892/etm.2026.13172

TANG et al: RISK FACTORS FOR LEAKAGE AFTER RECTAL CANCER RESECTION WITH LCA PRESERVATION

Competing interests

The authors declare that they have no competing interests.

References

10.

11.

13.

14.

15.

16.

17.

. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,

Jemal A and Bray F: Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 71: 209-249, 2021.

. Law WL and Chu KW: Anterior resection for rectal cancer with

mesorectal excision: A prospective evaluation of 622 patients.
Ann Surg 240: 260-268, 2004.

. Knol J and Keller DS: Total mesorectal excision technique-past,

present, and future. Clin Colon Rectal Surg 33: 134-143, 2020.

. Keller DS, Berho M, Perez RO, Wexner SD and Chand M:

The multidisciplinary management of rectal cancer. Nat Rev
Gastroenterol Hepatol 17: 414-429, 2020.

. Karanjia ND, Corder AP, Bearn P and Heald RJ: Leakage from

stapled low anastomosis after total mesorectal excision for carci-
noma of the rectum. Br J Surg 81: 1224-1226, 1994.

. Shayimu P, Awula M, Wang CY, Jiapaer R, Pan YP, Wu ZM,

Chen Y and Zhao ZL: Serum nutritional predictive biomarkers
and risk assessment for anastomotic leakage after laparoscopic
surgery in rectal cancer patients. World J Gastrointest Surg 16:
3142-3154,2024.

. Arezzo A, Migliore M, Chiaro P, Arolfo S, Filippini C,

Di Cuonzo D, Cirocchi R and Morino M; REAL Score
Collaborators: The REAL (REctal anastomotic leak) score for
prediction of anastomotic leak after rectal cancer surgery. Tech
Coloproctol 23: 649-663, 2019.

. Lange MM, Buunen M, van de Velde CJH and Lange JF: Level of

arterial ligation in rectal cancer surgery: Low tie preferred over
high tie. A review. Dis Colon Rectum 51: 1139-1145, 2008.

. Draginov A, Chesney TR, Quereshy HA, Chadi SA and

Quereshy FA: Association of high ligation versus low ligation of
the inferior mesenteric artery on anastomotic leak, postoperative
complications, and mortality after minimally invasive surgery
for distal sigmoid and rectal cancer. Surg Endosc 34: 4593-4600,
2020.

Kruszewski WJ, Szajewski M, Ciesielski M, Buczek T,
Kawecki K and Walczak J: Level of inferior mesenteric artery
ligation does not affect rectal cancer treatment outcomes despite
better cancer-specific survival after low ligation-randomized
trial results. Colorectal Dis 23: 2575-2583, 2021.

Si MB, Yan PJ, Du ZY, Li LY, Tian HW, Jiang WJ, Jing WT,
Yang J, Han CW, Shi XE, et al: Lymph node yield, survival
benefit, and safety of high and low ligation of the inferior mesen-
teric artery in colorectal cancer surgery: A systematic review and
meta-analysis. Int J Colorectal Dis 34: 947-962, 2019.

. Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B,

Ulrich A, Holm T, Wong WD, Tiret E, Moriya Y, et al: Definition
and grading of anastomotic leakage following anterior resection
of the rectum: A proposal by the international study group of
rectal cancer. Surgery 147: 339-351, 2010.

Shang A, Wang S, Yang Y, Li L, Zhao Z, Li D, Guo Y and
Wang M: Effect and safety of intraoperative intraperitoneal
chemotherapy on patients suffering from colorectal cancer.
World J Surg Oncol 19: 84,2021.

van Stein RM, Aalbers AGJ, Sonke GS and van Driel WI:
Hyperthermic intraperitoneal chemotherapy for ovarian
and colorectal cancer: A review. JAMA Oncol 7: 1231-1238,
2021.

Hida J, Yasutomi M, Maruyama T, Fujimoto K, Nakajima A,
Uchida T, Wakano T, Tokoro T, Kubo R and Shindo K: Indication
for using high ligation of the inferior mesenteric artery in rectal
cancer surgery. Examination of nodal metastases by the clearing
method. Dis Colon Rectum 41: 984-991, 1998.

Nano M, Dal Corso H, Ferronato M, Solej M, Hornung JP
and Dei Poli M: Ligation of the inferior mesenteric artery in
the surgery of rectal cancer: Anatomical considerations. Dig
Surg 21: 123-127,2004.

Seike K, Koda K, Saito N, Oda K, Kosugi C, Shimizu K and
Miyazaki M: Laser Doppler assessment of the influence of divi-
sion at the root of the inferior mesenteric artery on anastomotic
blood flow in rectosigmoid cancer surgery. Int J Colorectal
Dis 22: 689-697, 2007.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

Lange JF, Komen N, Akkerman G, Nout E, Horstmanshoff H,
Schlesinger F, Bonjer J and Kleinrensink GJ: Riolan's arch:
Confusing, misnomer, and obsolete. A literature survey of the
connection(s) between the superior and inferior mesenteric
arteries. Am J Surg 193: 742-748,2007.

Lee SY, Kim S, Son GM, Kim HJ, Park SY, Park JS, Kim CH,
Ha GW, Lee KH,Kim JS, et al: Anastomotic leak after minimally
invasive anterior resection for rectal cancer with high versus low
ligation of the inferior mesenteric artery: A study protocol for a
multicentre randomized clinical trial. Trials 23: 920, 2022.
Hajibandeh S, Hajibandeh S and Maw A: Meta-analysis and trial
sequential analysis of randomized controlled trials comparing
high and low ligation of the inferior mesenteric artery in rectal
cancer surgery. Dis Colon Rectum 63: 988-999, 2020.

Zarnescu EC, Zarnescu NO and Costea R: Updates of risk factors
for anastomotic leakage after colorectal surgery. Diagnostics
(Basel) 11: 2382, 2021.

Sripathi S, Khan MI, Patel N, Meda RT, Nuguru SP and
Rachakonda S: Factors contributing to anastomotic leakage
following colorectal surgery: Why, when, and who leaks?
Cureus 14: €29964, 2022.

Sgrensen LT, Jgrgensen T, Kirkeby LT, Skovdal J, Vennits B
and Wille-Jgrgensen P: Smoking and alcohol abuse are major
risk factors for anastomotic leakage in colorectal surgery. Br J
Surg 86: 927-931, 1999.

Kim CW, Baek SJ, Hur H, Min BS, Baik SH and Kim NK:
Anastomotic leakage after low anterior resection for rectal
cancer is different between minimally invasive surgery and open
surgery. Ann Surg 263: 130-137, 2016.

Radek KA, Ranzer MJ and DiPietro LA: Brewing complications:
The effect of acute ethanol exposure on wound healing. J Leukoc
Biol 86: 1125-1134, 2009.

Gustafsson UQO, Scott MJ, Schwenk W, Demartines N, Roulin D,
Francis N, McNaught CE, MacFie J, Liberman AS, Soop M, et al:
Guidelines for perioperative care in elective colonic surgery:
Enhanced Recovery After Surgery (ERAS®) Society recommen-
dations. Clin Nutr 31: 783-800, 2012.

Lee SG and Russ A: Predicting and preventing postoperative
outcomes. Clin Colon Rectal Surg 32: 149-156, 2019.

Degiuli M, Elmore U, De Luca R, De Nardi P, Tomatis M,
Biondi A, Persiani R, Solaini L, Rizzo G, Soriero D, ef al: Risk
factors for anastomotic leakage after anterior resection for rectal
cancer (RALAR study): A nationwide retrospective study of the
Italian society of surgical oncology colorectal cancer network
collaborative group. Colorectal Dis 24: 264-276,2022.

Frasson M, Flor-Lorente B, Rodriguez JL, Granero-Castro P,
Hervas D, Alvarez Rico MA, Brao MJ, Sanchez Gonzalez JM
and Garcia-Granero E; ANACO Study Group: Risk factors for
anastomotic leak after colon resection for cancer: Multivariate
analysis and nomogram from a multicentric, prospective, national
study with 3193 patients. Ann Surg 262: 321-330, 2015.
Matthiessen P, Hallbook O, Rutegard J, Simert G and Sjodahl R:
Defunctioning stoma reduces symptomatic anastomotic leakage
after low anterior resection of the rectum for cancer: A random-
ized multicenter trial. Ann Surg 246: 207-214, 2007.

Hiiser N, Michalski CW, Erkan M, Schuster T, Rosenberg R,
Kleeff J and Friess H: Systematic review and meta-analysis of
the role of defunctioning stoma in low rectal cancer surgery. Ann
Surg 248: 52-60, 2008.

Gastinger I, Marusch F, Steinert R, Wolff S, Koeckerling F
and Lippert H; Working Group ‘Colon/Rectum Carcinoma’:
Protective defunctioning stoma in low anterior resection for
rectal carcinoma. Br J Surg 92: 1137-1142, 2005.

Akiyoshi T, Ueno M, Fukunaga Y, Nagayama S, Fujimoto Y,
Konishi T, Kuroyanagi H and Yamaguchi T: Incidence of
and risk factors for anastomotic leakage after laparoscopic
anterior resection with intracorporeal rectal transection and
double-stapling technique anastomosis for rectal cancer. Am J
Surg 202: 259-264, 2011.

Tortorelli AP, Alfieri S, Sanchez AM, Rosa F, Papa V, Di
Miceli D, Bellantone C and Doglietto GB: Anastomotic leakage
after anterior resection for rectal cancer with mesorectal exci-
sion: Incidence, risk factors, and management. Am Surg 81:
41-47,2015.

Shiomi A, Ito M, Maeda K, Kinugasa Y, Ota M, Yamaue H,
Shiozawa M, Horie H, Kuriu Y and Saito N: Effects of a diverting
stoma on symptomatic anastomotic leakage after low anterior
resection for rectal cancer: A propensity score matching analysis
of 1,014 consecutive patients. J Am Coll Surg 220: 186-194,2015.



36.

37.

38.

30.

40.

41.

42.

Bz SPANDIDOS
7] ,§, PUBLICATIONS

Abudeeb H, Hammad A, Ugwu A, Darabnia J, Malcomson L,
Maung M, Khan K, Mclaughlin C and Mukherjee A:
Defunctioning stoma-a prognosticator for leaks in low rectal
restorative cancer resection: A retrospective analysis of stoma
database. Ann Med Surg (Lond) 21: 114-117, 2017.

Amin AI, Ramalingam T, Sexton R, Heald RIJ,
Leppington-Clarke A and Moran BJ: Comparison of transanal
stent with defunctioning stoma in low anterior resection for
rectal cancer. Br J Surg 90: 581-582, 2003.

Choy KT, Yang TWW, Heriot A, Warrier SK and Kong JC: Does
rectal tube/transanal stent placement after an anterior resection
for rectal cancer reduce anastomotic leak? A systematic review
and meta-analysis. Int J Colorectal Dis 36: 1123-1132, 2021.
QuH, Liu Y and Bi DS: Clinical risk factors for anastomotic leakage
after laparoscopic anterior resection for rectal cancer: A systematic
review and meta-analysis. Surg Endosc 29: 3608-3617, 2015.
Chang JS, Keum KC, Kim NK, Baik SH,Min BS, Huh H, Lee CG
and Koom WS: Preoperative chemoradiotherapy effects on anas-
tomotic leakage after rectal cancer resection: A propensity score
matching analysis. Ann Surg 259: 516-521, 2014.

Marijnen CA, Kapiteijn E, van de Velde CJ, Martijn H,
Steup WH, Wiggers T, Kranenbarg EK and Leer JW; Cooperative
Investigators of the Dutch Colorectal Cancer Group: Acute side
effects and complications after short-term preoperative radio-
therapy combined with total mesorectal excision in primary
rectal cancer: Report of a multicenter randomized trial. J Clin
Oncol 20: 817-825,2002.

Park JS, Choi GS,Kim SH, Kim HR, Kim NK, Lee KY, Kang SB,
Kim JY, Lee KY, Kim BC, et al: Multicenter analysis of risk
factors for anastomotic leakage after laparoscopic rectal cancer
excision: The Korean laparoscopic colorectal surgery study
group. Ann Surg 257: 665-671, 2013.

43.

44.

45.

46.

47.

48.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 31: 177, 2026 9

Zaborowski AM, Stakelum A and Winter DC: Anastomotic leak
risk in complete responders to neoadjuvant therapy for rectal
cancer: A systematic review. Int J Colorectal Dis 36: 671-676,
2021.

Lyall A, Mc Adam TK, Townend J and Loudon MA: Factors
affecting anastomotic complications following anterior resection
in rectal cancer. Colorectal Dis 9: 801-807, 2007.

Kawada K and Sakai Y: Preoperative, intraoperative and post-
operative risk factors for anastomotic leakage after laparoscopic
low anterior resection with double stapling technique anasto-
mosis. World J Gastroenterol 22: 5718-5727, 2016.

Konishi T, Watanabe T, Kishimoto J and Nagawa H: Risk
factors for anastomotic leakage after surgery for colorectal
cancer: Results of prospective surveillance. ] Am Coll Surg 202:
439-444,2006.

Foster ME, Laycock JR, Silver IA and Leaper DJ: Hypovolaemia
and healing in colonic anastomoses. Br J Surg 72: 831-834,
1985.

Peduzzi P, Concato J, Kemper E, Holford TR and
Feinstein AR: A simulation study of the number of events per
variable in logistic regression analysis. J Clin Epidemiol 49:
1373-1379, 1996.

Copyright © 2026 Tang et al. This work is
licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC
BY-NC-ND 4.0) License.


https://www.spandidos-publications.com/10.3892/etm.2026.13172

