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Abstract

Background: Anastomotic leakage (AL) is a severe complication after laparoscopic total mesorectal excision (TME) for rectal cancer,
yet risk factors specific to this homogeneous surgical setting remain incompletely defined. This study aimed to investigate the incidence
and independent risk factors for AL in patients undergoing elective laparoscopic TME for rectal cancer.

Methods: This single-center retrospective cohort study included 532 consecutive patients who underwent elective laparoscopic TME
with primary anastomosis for rectal cancer between January 2024 and January 2026. Demographic, clinical, tumor-related, and surgical
variables were collected from electronic medical records. Univariate and multivariable logistic regression analyses were performed to
identify independent risk factors for AL.

Results: The overall incidence of AL was 12.2% (65/532). Multivariable analysis identified three independent risk factors: diabetes
mellitus (OR = 3.20, 95% CI: 1.84-5.58, P < 0.001), smoking history (OR =2.13, 95% CI: 1.21-3.73, P = 0.008), and advanced tumor
stage (III-1V vs. I-1I, OR = 1.92, 95% CI: 1.13-3.24, P = 0.015). Age and neoadjuvant chemoradiotherapy were not independently
associated with AL in the multivariable model.

Conclusions: Diabetes, smoking history, and advanced tumor stage are independent risk factors for anastomotic leakage after elective
laparoscopic TME for rectal cancer. These easily accessible preoperative variables can aid in risk stratification and guide targeted preventive
strategies, such as optimizing glycemic control, promoting smoking cessation, and considering diverting stoma in high-risk patients.
Prospective multicenter studies are warranted to validate these findings and develop a practical risk prediction tool.
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Introduction Anastomotic leakage (AL) is a devastating complication following

rectal cancer surgery.® AL not only prolongs hospitalization

Colorectal cancer remains one of the most common malignancies
worldwide.! Total mesorectal excision (TME), introduced by
Heald in the 1980s, has become the standard surgical procedure
for rectal cancer,” significantly reducing local recurrence rates and
improving long-term survival.? In parallel, laparoscopic TME has
gained widespread acceptance due to its advantages of reduced
surgical trauma, faster recovery, and shorter hospital stay, with
comparable oncological outcomes to open surgery.*

and increases healthcare costs but also leads to higher rates of
reoperation, permanent stoma, and even postoperative mortality.®
Moreover, a growing body of evidence suggests that AL may
compromise long-term oncological outcomes, including increased
local recurrence and reduced discase-free survival.” Therefore,
identifying modifiable and non-modifiable risk factors for AL is
of paramount importance for preoperative risk stratification and
tailored preventive strategies.
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Previous studies have identified several potential risk factors for
AL after rectal cancer surgery, including male sex, high body
mass index (BMI), diabetes mellitus, smoking, neoadjuvant
chemoradiotherapy, low tumor location, and prolonged operative
time.*!" However, the results have been inconsistent across
studies, partly due to heterogeneity in surgical approaches (open
vs. laparoscopic), anastomotic techniques, and definitions of
AL." Furthermore, most existing studies were conducted in
mixed cohorts of open and laparoscopic procedures or included
both colon and rectal cancers, limiting the applicability of their
findings to the specific setting of elective laparoscopic TME for
rectal cancer.""”

To date, few studies have focused exclusively on a homogenous
cohort of patients undergoing elective laparoscopic TME with
primary anastomosis, using standardized surgical techniques
and uniform perioperative protocols. Clarifying risk factors in
this specific population is essential for developing precise risk
prediction tools and guiding clinical decision-making, particularly
regarding the selective use of diverting stoma.

In this study, we aimed to investigate the incidence and independent
risk factors for anastomotic leakage in a large single-center cohort
of patients who underwent elective laparoscopic total mesorectal
excision for rectal cancer. We also sought to quantify the strength
of association between each potential risk factor and AL, thereby
providing evidence-based support for preoperative risk assessment
and individualized preventive measures.

Methods
Study Design

This was a single-center retrospective cohort study of patients
who underwent elective laparoscopic total mesorectal excision
(TME) for rectal cancer at our department between January 2024
and January 2026.

Inclusion criteria were: (1) histologically confirmed rectal
adenocarcinoma; (2) elective laparoscopic TME with primary
colorectal or coloanal anastomosis; (3) complete clinical and
pathological data available.

Exclusion criteria were: (1) conversion to open surgery; (2)
primary open surgery; (3) abdominoperineal resection (APR) or
Hartmann’s procedure (no primary anastomosis); (4) synchronous
or metachronous other malignancies; (5) previous colorectal

surgery.

A total of 532 consecutive patients met the inclusion criteria and
were included in the final analysis. No data were missing for any
of the collected variables.

Data Collection

Data were extracted from the hospital’s electronic medical records
using a standardized data collection form. Demographic and
clinical characteristics included age, sex, body mass index (BMI),
diabetes mellitus, and smoking history. Preoperative laboratory
parameters were obtained from tests performed within 14 days
before surgery. Information on neoadjuvant chemoradiotherapy
was also recorded.

Tumor-related variables comprised the distance from the tumor to
the anal verge (in centimeters), clinical TNM stage according to
the AJCC 8th edition (categorized as stage I-1I vs. stage I1I-1V),

and circumferential resection margin (CRM) status, where positive
was defined as < 1 mm. The duration of surgery (in minutes)
was collected as the sole surgical parameter. Postoperatively, the
occurrence of anastomotic leakage and its severity grade were
documented. All data were double-checked by two independent
investigators, and any discrepancies were resolved by consensus.

Outcome Definition

The primary outcome was anastomotic leakage, defined according
to the International Study Group of Rectal Cancer (ISREC) criteria:
grade A (radiologic evidence without clinical symptoms), grade B
(requiring active intervention but no re-laparotomy), and grade C
(requiring re-laparotomy). Clinically relevant leakage was defined
as grade B or C for sensitivity analysis.'

Statistical Analysis

Continuous variables were expressed as mean =+ standard deviation
(SD), and categorical variables as frequencies (percentages).
Univariate logistic regression was first performed to evaluate the
association between each potential risk factor and anastomotic
leakage. Variables with a P value < 0.10 in the univariate analysis
were entered into a multivariable logistic regression model to
identify independent risk factors. Results were reported as odds
ratios (ORs) with 95% confidence intervals (Cls). A two-sided P
value < 0.05 was considered statistically significant.

All statistical analyses were performed using STATA version 15.0.
Results
Patient Characteristics

A total of 532 patients who underwent elective laparoscopic total
mesorectal excision for rectal cancer were included in this study.
The mean age was 63.65 + 10.68 years (range: 28-90 years), with
164 patients (30.83%) aged < 50 years, 190 (35.71%) aged 50-65
years, and 178 (33.46%) aged > 65 years. The cohort comprised
383 male (71.99%) and 149 female (28.01%) patients. The mean
BMI was 24.10 + 3.32 kg/m? (range: 18.5-35.0 kg/m?); 273 patients
(51.32%) had a BMI < 24 kg/m?, 192 (36.09%) had a BMI of 24-
28 kg/m?, and 67 (12.59%) had a BMI > 28 kg/m>.

Comorbidities included diabetes mellitus in 164 patients (30.83%)
and a history of smoking in 156 patients (29.32%). Preoperative
laboratory values showed a mean serum albumin level of 40.05
+ 4.76 g/L (range: 28.0-50.0 g/L), with 78 patients (14.66%)
having hypoalbuminemia (< 35 g/L). The mean preoperative
hemoglobin level was 131.89 = 12.78 g/L (range: 100.1-169.4
g/L), and 100 patients (18.8%) were classified as anemic (< 120
g/L). Neoadjuvant chemoradiotherapy was administered to 198
patients (37.22%).

Regarding tumor characteristics, the mean distance from the tumor
to the anal verge was 4.02 + 3.44 cm (range: 1.0-15.0 cm); 381
patients (71.62%) had low-lying tumors (< 5 cm from the anal
verge), while 151 (28.38%) had tumors > 5 cm. According to
clinical staging, 221 patients (41.54%) had stage I-1I disease, and
311 (58.46%) had stage I1I-1V disease. A positive circumferential
resection margin was observed in 71 patients (13.35%).

The mean operative duration was 199.11 + 39.43 minutes (range:
120-296 minutes), with 81 patients (15.23%) having an operative
time > 240 minutes. Detailed baseline characteristics stratified by
anastomotic leakage status are presented in Table 1.
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Table 1. Baseline characteristics and incidence of anastomotic leakage
stratified by patient subgroups.

Variable | Group Total | Proportion | Leakage | Leakage
(N=532) (%) () rate (%)
<50 164 30.83 13 7.93
Age 50-65 190 35.71 22 11.58
>65 178 33.46 30 16.85
female 149 28.01 13 8.72
Sex
male 383 71.99 52 13.58
<24 273 51.32 33 12.09
BMI 24-28 192 36.09 26 13.54
>28 67 12.59 6 8.96
no 368 69.17 28 7.61
Diabetes
yes 164 30.83 37 22.56
Smoking no 376 70.68 36 9.57
history ves 156 29.32 29 18.59
Preopera- | >35g/L 454 85.34 45 9.91
tive serum
albumin <35¢g/L 78 14.66 20 25.64
No
anemia
432 81.2 52 12.04
Preopera- (=120
tive hemo- g/L)
globin Anemia
(<120 100 18.8 13 13
g/L)
Neoad- no 334 62.78 26 7.78
Juvant
chemoradi-
otherapy | Yes 198 37.22 39 19.7
Distance
between | =5em | 151 28.38 15 9.93
tumor and
anal margin | <5cm 381 71.62 50 13.12
Tumor I-1I 221 41.54 14 6.33
staging -1V 311 58.46 51 16.4
CRM -) 461 86.65 54 11.71
) 71 13.35 11 15.49
. = 2‘40 451 84.77 52 11.53
Duration of min
surger
B =20 gy 15.23 13 16.05
min
Data are presented as number of patients (n) and proportion (%) for

categorical variables, and leakage rate (%) for each subgroup. AL =
anastomotic leakage; BMI = body mass index; CRM = circumferential
resection margin.

Anastomotic Leakage Incidence

Among the 532 patients included in this study, anastomotic leakage
occurred in 65 cases, yielding an overall incidence of 12.2% (95%
CI: 9.6%-15.3%) (Table 1).

The incidence of anastomotic leakage varied across different
patient subgroups. With respect to age, the leakage rate increased
progressively with advancing age: 7.93% in patients under 50
years, 11.58% in those aged 50—65 years, and 16.85% in patients
aged 65 years or older. In terms of sex, males had a higher leakage
rate than females (13.58% vs. 8.72%) (Table 1).

Regarding metabolic factors, diabetic patients exhibited a
markedly higher leakage rate compared with their non-diabetic
counterparts (22.56% vs. 7.61%). Similarly, a history of smoking
was associated with an elevated leakage rate (18.59% vs. 9.57%).
Preoperative hypoalbuminemia (< 35 g/L) was also linked to a
substantially higher incidence of leakage (25.64% vs. 9.91%),
whereas preoperative anemia (< 120 g/L) showed a comparable
leakage rate to those with normal hemoglobin levels (13.00% vs.
12.04%) (Table 1).

In relation to oncologic characteristics, patients who received
neoadjuvant chemoradiotherapy experienced a leakage rate of
19.70%, more than double that observed in those who did not
(7.78%). Advanced tumor stage (III-IV) was associated with a
leakage rate of 16.40%, considerably higher than the 6.33% seen
in patients with stage I-1I disease. Low-lying tumors (< 5 cm from
the anal verge) were associated with a leakage rate of 13.12%,
compared with 9.93% for higher tumors. A positive circumferential
resection margin was observed in 15.49% of patients, slightly
higher than the 11.71% in those with negative margins (Table 1).

Regarding surgical factors, patients with prolonged operative
duration (> 240 minutes) had a leakage rate of 16.05%, versus
11.53% in those with shorter operations (Table 1).

Univariate Analysis

Univariate logistic regression was performed to evaluate the
association between each potential risk factor and anastomotic
leakage. The results are summarized in Table 2.

Among demographic variables, age was identified as a significant
predictor, with each one-year increase associated with a 3%
increase in the odds of anastomotic leakage (OR = 1.03, 95%
CI: 1.00-1.05, P = 0.047). Sex showed a trend toward higher
risk in males, but this did not reach statistical significance (OR
=1.64, 95% CI: 0.87-3.12, P = 0.128). Body mass index (BMI)
was not significantly associated with leakage (OR = 1.00, 95%
CI: 0.93-1.08, P =0.933).

Diabetes mellitus was strongly associated with an increased risk of
anastomotic leakage, with diabetic patients having more than three
times the odds of leakage compared with non-diabetic patients
(OR =3.54, 95% CI: 2.08-6.02, P < 0.001). Similarly, a history
of smoking significantly elevated the risk (OR = 2.16, 95% CI:
1.27-3.66, P = 0.004). Regarding nutritional status, preoperative
serum albumin emerged as a protective factor; each 1 g/L increase
was associated with an 8% reduction in the odds of leakage (OR
=0.92, 95% CI: 0.87-0.97, P = 0.003). In contrast, preoperative
hemoglobin level was not significantly associated with leakage
(OR =1.00, 95% CI: 0.98-1.02, P = 0.839).

Neoadjuvant chemoradiotherapy significantly increased the risk
of anastomotic leakage, with treated patients having nearly three
times the odds of leakage compared with those who did not receive
neoadjuvant therapy (OR =2.91, 95% CI: 1.71-4.95, P <0.001).
Advanced tumor staging (III-IV) was also a strong predictor,
with an OR 0f2.48 (95% CI: 1.67-3.70, P < 0.001). The distance
between the tumor and the anal margin, analyzed as a continuous
variable, was not significantly associated with leakage (OR = 0.96,
95% CI: 0.89-1.04, P=0.351). Similarly, a positive circumferential
resection margin (CRM) did not reach statistical significance (OR
=1.38, 95% CI: 0.68-2.79, P = 0.367).

Duration of surgery, analyzed as a continuous variable, was not
significantly associated with anastomotic leakage (OR = 1.01,
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95% CI: 1.00-1.01, P=0.113).

Table 3. Multivariable logistic regression analysis of independent risk
factors for anastomotic leakage.

Table 2. Univariate logistic regression analysis of risk factors for Variable OR | SE z P 95%CI | 95%CI
anastomotic leakage. Lower | Upper
Variable or | sE 2 P 95%CI | 95%CI Age 1.02 1 001 | 1.57 | o0.116 0.99 1.05
Lower | Upper -
Diabetes 3201 091 | 4.11 | <0.001* | 1.84 5.58
Age 1.03 0.01 1.98 0.047* 1.00 1.05
1 *
Sox Tos | 052 | 152 0.128 0.87 312 Sn}okmg 2.13 1 0.61 | 2.64 | 0.008 1.21 3.73
history
BMI 1.00 0.04 | 0.08 0.933 0.93 1.08 -
- - Neoadjuvant | 1.48 [ 0.53 | 1.09 | 0.276 0.73 3.01
Diabetes 3.54 0.96 | 4.66 | <0.001 2.08 6.02 chemoradio-
Smoking history | 2.16 0.58 | 2.84 0.004* 1.27 3.66 therapy
Preoperative 0.92 0.03 | -2.99 | 0.003* 0.87 0.97 Tumor 1.92 | 0.51 | 2.42 0.015% 1.13 3.24
serum albumin staging
Preoperative 1.00 | 0.01 | -0.2 0.839 0.98 1.02 Variables with P < 0.05 in univariate analysis were entered into the
hemoglobin multivariable model. OR = odds ratio; CI = confidence interval.
Neoadjuvant | 2.91 | 0.79 | 3.93 | <0.001* [ 1.71 4.95 *Statistically significant (P < 0.05).
chemoradio-
therapy
Distance 0.96 0.04 | -0.93 0.351 0.89 1.04
between tumor varlable -:::ICI- \'\kb:l
and anal margin
Tumor staging | 2.48 | 0.50 | 4.47 | <0.001* | 1.67 3.70 e B
CRM 1.38 0.50 0.9 0.367 0.68 2.79 ey —&— fman e e
' ousat 1L+ GO%,p 0.6 <= P —
Duration of 1.01 0.00 1.59 0.113 1.00 1.01 - 1
surgery
OR = odds ratio; SE = standard error; CI = confidence interval; CRM

= circumferential resection margin. *Statistically significant (P < 0.05).
Multivariable Analysis

To identify independent risk factors for anastomotic leakage,
variables with a P value < 0.10 in the univariate analysis including
age, diabetes, smoking history, preoperative serum albumin,
neoadjuvant chemoradiotherapy, and tumor staging were entered
into a multivariable logistic regression model. The results are
summarized in Table 3 and visualized in Figure 1.

After adjusting for potential confounders, diabetes mellitus
remained a strong and significant predictor of anastomotic leakage.
Diabetic patients had more than three times the odds of developing
leakage compared with non-diabetic patients (OR = 3.20, 95%
CI: 1.84-5.58, P < 0.001). Similarly, a history of smoking was
independently associated with an increased risk, with an odds
ratio of 2.13 (95% CI: 1.21-3.73, P = 0.008). Advanced tumor
staging (stage I1I-IV) also emerged as an independent risk factor,
conferring nearly twice the odds of leakage compared with stage
I-1I disease (OR =1.92, 95% CI: 1.13-3.24, P=0.015).

In contrast, age was not significantly associated with anastomotic
leakage in the multivariable model (OR = 1.02, 95% CI: 0.99-
1.05, P =0.116). Likewise, neoadjuvant chemoradiotherapy did
not retain statistical significance after adjustment (OR = 1.48,
95% CI: 0.73-3.01, P = 0.276).

In summary, in the multivariable logistic regression model
adjusting for age, diabetes, smoking history, neoadjuvant
chemoradiotherapy, and tumor staging, three factors remained
independently associated with anastomotic leakage after
laparoscopic total mesorectal excision for rectal cancer: diabetes
mellitus (OR = 3.20, 95% CI: 1.84-5.58, P < 0.001), smoking
history (OR =2.13,95% CI: 1.21-3.73, P=0.008), and advanced
tumor staging (III-IV) (OR =1.92,95% CI: 1.13-3.24,P=0.015).
Age and neoadjuvant chemoradiotherapy were not significant in
the multivariable model.

Figure 1. Forest plot of multivariable logistic regression analysis for
anastomotic leakage. Odds ratios (ORs) and 95% confidence intervals
(ClIs) are plotted on a logarithmic scale. Variables with a P value < 0.05
were considered statistically significant. Diabetes mellitus, smoking
history, and advanced tumor stage (III-1V) were identified as independent
risk factors.

Discussion

In this single-center retrospective cohort of 532 patients undergoing
elective laparoscopic total mesorectal excision for rectal cancer, we
found an overall anastomotic leakage rate of 12.2%. Multivariable
analysis identified diabetes mellitus, smoking history, and
advanced tumor stage (III-IV) as independent risk factors for
anastomotic leakage. These findings provide clinically useful
information for preoperative risk stratification and individualized
preventive strategies.

Diabetes mellitus was the strongest risk factor in our study, with
diabetic patients having a 3.2-fold increased odds of anastomotic
leakage compared with non-diabetic patients. This association
is biologically plausible. Chronic hyperglycemia leads to
microvascular dysfunction, impaired angiogenesis, and reduced
tissue oxygenation, all of which may compromise anastomotic
healing."*' Additionally, diabetes is associated with defective
collagen synthesis and delayed wound repair. Several previous
studies have reported similar findings, although the magnitude of
the effect varies across populations.’”? Our results reinforce the
importance of strict perioperative glycemic control in diabetic
patients undergoing rectal cancer surgery.

A history of smoking was independently associated with a 2.13-
fold higher risk of anastomotic leakage. Nicotine is a potent
vasoconstrictor that reduces mucosal blood flow, while carbon
monoxide from cigarette smoke impairs oxygen delivery to tissues.?®
Chronic smoking also increases pulmonary complications, leading
to postoperative coughing and elevated intra-abdominal pressure,
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which may place tension on the anastomosis.”” Moreover, smokers
often exhibit systemic inflammation and nutritional deficiencies
that can impede wound healing. Our findings align with those
of previous study, and they underscore the potential benefit of
preoperative smoking cessation programs.”’

Advanced tumor stage (III-1V) emerged as another independent
predictor, conferring nearly twice the odds of leakage compared
with stage I-II disease. This association may be explained by
several factors. Patients with advanced tumors often require more
extensive lymphadenectomy, possibly including lateral pelvic
lymph node dissection, which increases surgical complexity and
operative time.?® Furthermore, advanced tumors are more likely
to have received neoadjuvant chemoradiotherapy, which can
induce tissue edema, fibrosis, and microvascular damage, all of
which might impair anastomotic healing.”’ Notably, although
neoadjuvant therapy was significantly associated with leakage in
univariate analysis (OR =2.91), it lost statistical significance in the
multivariable model. This suggests that the effect of neoadjuvant
treatment is largely mediated by tumor stage, and the two variables
should be interpreted together in clinical practice.

Some variables that have been implicated in previous studies,
such as age, BMI, preoperative albumin, tumor distance from
the anal verge, and CRM status, were not retained as independent
predictors in our multivariable model. The lack of significance
for age may reflect the relatively advanced but homogeneous age
distribution of our cohort. Preoperative albumin, while significant
in univariate analysis, was likely confounded by diabetes and
tumor stage, both of which are associated with nutritional status.
The distance from the anal verge, often considered a classic risk
factor for leakage, did not reach statistical significance in our study.
This may be due to the high proportion of low-lying tumors (71.6%
<5 cm) in our cohort, which reduced between-group variation.
Alternatively, the expertise of the laparoscopic surgeons at our
center may have mitigated the technical challenges of ultralow
anastomosis.

Clinical implications of our findings are straightforward. Diabetes,
smoking history, and advanced tumor stage are all readily available
preoperatively. Patients with one or more of these factors can be
identified as high-risk individuals, allowing surgeons to implement
targeted preventive measures. These may include optimizing
glycemic control, encouraging smoking cessation, considering a
diverting stoma (especially for low anastomoses), and enhancing
perioperative nutritional support. A simple risk score based on
these three variables could be developed in future studies to help
guide shared decision-making.

Several limitations of this study should be acknowledged. First,
the retrospective design inherently carries the risk of selection
and information bias, although the completeness of our data
(no missing values) mitigates this concern to some extent.
Second, the study is from a single high-volume center, which
may limit generalizability to other settings with different surgical
volumes or techniques. Third, we did not collect data on certain
potentially relevant factors, such as intraoperative indocyanine
green fluorescence angiography, the use of mechanical bowel
preparation, or the specific type of stapler used. Fourth, because
we exclusively studied patients who underwent successful
laparoscopic TME without conversion, our findings may not apply
to open or converted cases. Fifth, the lack of external validation
means our risk estimates should be interpreted cautiously before
being applied to other populations.

Despite these limitations, our study has notable strengths. Our

work focusing exclusively on elective laparoscopic TME for rectal
cancer, with rigorous standardization of the surgical procedure and
outcome assessment. The use of the validated ISREC definition
for anastomotic leakage ensures comparability with other studies.
The complete dataset without missing values further strengthens
the reliability of our analyses.

Conclusion

In conclusion, this single-center retrospective study of 532 patients
undergoing elective laparoscopic total mesorectal excision for
rectal cancer demonstrated that diabetes mellitus, smoking history,
and advanced tumor stage (III-IV) are independent risk factors for
anastomotic leakage. These three variables are readily available
before surgery and can assist clinicians in identifying high-risk
patients. Preoperative optimization of glycemic control, smoking
cessation, and consideration of a diverting stoma in selected cases
may help reduce the risk of this serious complication. Given
the retrospective nature and single-center design of this study,
prospective multicenter studies are warranted to validate our
findings and to develop a practical risk prediction tool for routine
clinical use.
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