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Abstract
Introduction
Anastomotic leakage (AL) is one of the most severe complications following rectal cancer (RC) surgery, with
significant implications for morbidity, mortality, and oncological outcomes. Identifying risk factors
associated with AL may enhance surgical decision-making and improve patient prognosis.

Methods
A retrospective cohort study was conducted, including 42 adult patients who underwent RC resection at a
hospital in Mexico City between January 2015 and December 2022. Demographic, clinical, pathological, and
surgical variables were analyzed to assess their association with AL. Univariate and multivariate statistical
analyses were performed to identify independent risk factors.

Results
The overall incidence of AL was 11.9%, consistent with previous literature. Univariate analysis revealed no
significant differences in patient-related factors such as age, BMI, ASA classification, diabetes mellitus,
smoking, or biochemical markers (p>0.05). Treatment-related factors such as neoadjuvant therapy and
diverting stoma (DS) placement did not show a significant association with AL. However, surgical factors
played a crucial role: operative time was significantly longer in patients with AL (349.0 vs. 232.9 minutes,
p=0.024), intraoperative blood loss was markedly higher (800.0 vs. 198.6 mL, p<0.001), and transfusion rates
were elevated (60.0% vs. 13.5%, p=0.040). Tumor location in the middle rectum was more frequent among AL
cases (60.0% vs. 18.9%, p=0.090). Postoperative complications were significantly more severe in patients
with AL, with prolonged hospital stays (20.0 vs. 10.2 days, p=0.043) and increased reintervention rates
(80.0% vs. 5.6%, p<0.001). In the logistic regression model, none of the analyzed variables reached statistical
significance (p>0.99). However, operative time showed an odds ratio (OR) of 1.736 (p=0.997), suggesting that
for each additional minute of surgery, the risk of AL could increase by 73.6%. Despite this trend, the wide
confidence interval limits its precision and clinical applicability. Age showed an OR of 0.023 (p=0.998),
potentially suggesting a 97.7% reduction in leakage risk for each additional year, although this result was not
statistically significant and should be interpreted with caution.

Conclusion
Although no statistically significant risk factors were identified in the multivariate analysis, intraoperative
variables such as prolonged surgical time, high blood loss, and transfusion requirement emerged as
clinically relevant trends. These findings emphasize the need for optimizing surgical techniques and
perioperative management to mitigate AL risk. Further studies with larger sample sizes are necessary to
validate these associations and improve risk stratification models.
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Introduction
Colorectal cancer (CRC) is the third most common type of cancer worldwide, with approximately 1,926,425
new cases annually, and is the second leading cause of cancer-related death, with 904,019 associated deaths
per year [1]. The disease accounts for 10% of all new cancer diagnoses, resulting in a significant health,
economic, and social burden globally [2,3].

In the United States, it is the third most common cancer in both sexes and the third leading cause of death
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from this pathology [4,5]. In Mexico, it represents the third most frequent cancer for both men and women,
with around 16,082 new cases in 2022 (7.8% of all diagnosed neoplasms) and sixth in the number of deaths.
30% of all colorectal neoplasms originate in the rectum [4]. According to GLOBOCAN statistics, rectal
cancer (RC) ranks eighth in incidence worldwide, with 729,833 new cases, and tenth in mortality, with
343,817 deaths [6] and in Mexico it ranks sixteenth in frequency (1.7% of all neoplasms) and fifteenth in
deaths (1.5%) [7].

The main modality and current cornerstone of treatment for RC is surgical resection. This can be preceded
by neoadjuvant therapy such as chemoradiotherapy or adjuvant therapy with postoperative chemotherapy,
considering multiple factors such as tumor size and location, clinical stage, and surgical procedure to be
performed [4,8].

In the surgical management of RC with curative intent, the choice of surgical approach will depend on the
tumor's height in relation to the anal margin (AM), the involvement of adjacent structures (levator ani
muscles, seminal glands, and bladder), and the involvement of the anal sphincter complex. The main
transabdominal surgical procedures used for the resection of RC, with subsequent primary anastomosis and
sphincter preservation, are low anterior resection (LAR) with colorectal anastomosis for patients with
tumors in the upper third of the rectum, and ultra-low anterior resection (ULAR) with coloanal anastomosis,
with or without intersphincteric dissection, for patients with tumors in the middle or lower thirds of the
rectum [4,9].

It is important to consider the potential postoperative adverse results that significantly increase morbidity
and mortality in RC surgery procedures. Anastomotic leak (AL) is one of the most severe complications in
patients undergoing RC surgery. The incidence of AL in this specific population ranges from 3% to 36.3%
[4,10-14], with an estimated mortality rate of 6% to 30% [15] and a risk of permanent stoma of 10%-100%
[14]. Its occurrence has been associated with increased local recurrence (LR), decreased quality of life,
reduced long-term survival, and poor oncological outcomes [4,16,17].

Multiple studies in the literature have identified numerous risk factors associated with the development of
AL after colorectal surgery and can be divided into patient-, disease- and treatment-related factors.
Identifying those risk factors for AL can help surgeons use a tailored approach for decision-making, but in
the present day, it is not possible to predict the occurrence of leakage for a specific patient.

In this study, we retrospectively analyzed cases of RC surgery performed at our hospital, examining the
frequency of AL, and evaluated the clinical, surgical, and pathological characteristics to identify risk factors
for AL in a surgical reference center in Mexico City.

Materials And Methods
A retrospective and observational analysis of clinical features, surgical data, and pathological characteristics
was conducted, including 42 adult patients who underwent RC resection surgery at a tertiary care hospital in
Mexico City from January 2015 to December 2022. All of the patient's data and variables were extracted from
medical records, codified and de-identified to protect personal data and the patient's privacy, after approval
by the institutional medical ethics committee. 

Staging procedures and inclusion criteria
Patients over 18 years old with a histological diagnosis of rectal adenocarcinoma who underwent RC
resection surgery (LAR/ULAR) with primary colorectal or coloanal anastomosis were included in the present
study. The population evaluated underwent a complete clinical evaluation, laboratory tests with complete
blood cell count, serum chemistry, and carcinoembryonic antigen (CEA). In all the patients, a preoperative
staging of the disease was performed, including colonoscopy with biopsy, abdominopelvic computed
tomography (CT) scan, with chest X-ray or CT. In some patients, a PET-CT scan complemented the
preoperative staging. Digital Rectal Examination (DRE), magnetic resonance imaging (MRI), and/or lower
digestive endoscopy were performed to assess tumor height [4]. 

RC was defined as tumors with distal extension greater than 15 cm from the AM [18], and lesions were
categorized as high (>10 to 15 cm), middle (>5 to 10 cm), or low (up to 5 cm).

Staging of the disease was made according to the pathologic classification (pTNM) of the 8th edition of the
American Joint Committee on Cancer (AJCC). 

Neoadjuvant chemo-radiotherapy (NACRT) is widely used as part of multimodal treatment strategies in RC
and is a standard treatment for locally advanced RC (LARC). Patients with RC who received NACRT and those
who went straight forward to surgery were included in the present study. The main goal of this preoperative
treatment is to reduce LR and improve disease-free survival (DFS) and overall survival (OS) after
proctectomy [4]. Indications for neoadjuvant treatment included patients with LARC: those with T3-T4
tumors and/or node-positive disease [19], close or involved circumferential resection margin (CRM), lateral
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pelvic node involvement, or extramural venous invasion (EMVI), especially in the mid- and lower rectum.

Exclusion criteria
Patients with incomplete medical records, those under 18 years of age, and those undergoing surgical
techniques outside the study protocol (e.g., non-restorative surgeries such as Hartmann's procedure,
abdominoperineal resection, pelvic exenteration, and transanal procedures) were not included in the
present study.

Study variables
Data collection encompassed demographic information, as well as patient-, treatment-, and disease-related
variables, which were analyzed and are defined in Table 1.

Patient related (clinical) Treatment related (surgical) Disease related (pathological)

Age Type of surgery (LAR/ULAR) Histopathological diagnosis

Sex Surgical approach (open, laparoscopic, robotic) Differentiation grade

BMI Diverting stoma Tumor size

Charlson comorbidity index Type of suture (manual/mechanical) Tumor location

Serum albumin Operative time Tumor distance to the anal verge

Serum hemoglobin Intraoperative bleeding Pathological T status

ASA score Blood transfusion  Pathological N status

Diabetes

Multi-organic resection

M status

Tobacco use Clinical stage (classification by the AJCC)

Neoadjuvant treatment Lymph node harvest

Neoadjuvant chemo-radiotherapy

Number of lymph nodes positive for cancer
Time from neoadjuvant treatment to
surgery

Previous intra-abdominal surgery

TABLE 1: Clinical, surgical, and pathological variables reviewed and analyzed to identify risk
factors for AL
BMI: body mass index; ASA: American Society of Anesthesiologists; LAR: low anterior resection; ULAR: ultra-low anterior resection; AJCC: American Joint
Committee on Cancer; T: tumor; N: nodule; M: metastasis 

Definition and diagnosis of AL
AL was defined as an abnormal communication between the intraluminal and extraluminal compartments
due to a defect in the integrity of the intestinal wall at the anastomosis site between the colon and rectum or
colon and anus. Similarly, it can result from a leak at the site of manual or mechanical suture in a rectal
reservoir or the presence of a pelvic abscess near the anastomosis site [20,21]. The findings that are
considered as AL during re-operation are necrosis of the anastomosis, necrosis of a blind loop, dehiscence of
the anastomosis, and signs of peritonitis [22].

The diagnosis is essentially clinical, with a wide range of manifestations such as tachycardia, abdominal
pain, intolerance to oral intake, fever, distension, gas or fecal discharge through drains or surgical wounds,
sepsis, and shock. It is complemented by laboratory tests (leukocytosis, elevated C-reactive protein (CRP),
and elevated procalcitonin) and/or imaging studies such as oral or rectal contrast-enhanced tomography.
Depending on its impact on clinical management, anastomotic leak is classified into three grades: Grade A
(anastomotic leak that does not require active therapeutic intervention), Grade B (requires active therapeutic
intervention without reoperation), and Grade C (requires reoperation) [20-22]. Treatment was defined based
on variables such as clinical presentation, symptoms, hemodynamic stability, and presence of peritonitis
and/or sepsis, and may range from fasting, intravenous antibiotic therapy, percutaneous drainage of
collections, or surgical reoperation with remodeling or dismantling of the anastomosis, with the creation of
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a temporary or permanent stoma. 

Main outcomes
Patients were classified into two groups: patients with AL and patients without AL. The primary endpoint of
the study was the detection of independent risk factors for AL in our study population. Secondary endpoints
include the overall rate of anastomotic leak, surgical reintervention (defined as reintervention within 30
days after the primary operation), prolonged hospital stays, postoperative morbidity (assessed by the
Clavien-Dindo classification (CDC) and by the Comprehensive Complication Index (CCI®)), and mortality.

Morbidity evaluation
For the analysis of this specific endpoint, we used the CDC and the CCI®. In 2004, the introduction of the
CDC [23] offered a standardized approach to rank complications in severity in a simple, intuitive, and
reproducible way (Table 2). It is focused on reporting the single most severe complication experienced by a
patient, sometimes ignoring events of lesser severity that contribute to overall morbidity developed from a
surgical procedure.

Grade Definition

Grade
1

Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, and
radiologic interventions. Allowed therapeutic regimens are as follows: drugs such as antiemetics, antipyretics, analgesics,
diuretics, electrolytes, and physiotherapy. This grade also includes wound infections opened at the bedside

Grade
2

Requiring pharmacological treatment with drugs other than those allowed for grade I complications. Blood transfusions and total
parenteral nutrition are also included

Grade
3

Requiring surgical, endoscopic, or radiological intervention

3a Intervention not under general anesthesia

3b Intervention under general anesthesia

Grade
4

Life-threatening complication (including CNS complications)* requiring IMC/ICU management

4a Single-organ dysfunction (including dialysis)

4b Multiorgan dysfunction

Grade
5

Death of a patient

Suffix
“d”

If the patient suffers from a complication at the time of the discharge, the suffix “d” (for “disability”) is added to the respective grade
of complication. This label indicates the need for a follow-up to fully evaluate the complication

*Brain hemorrhage, ischemic stroke, and subarachnoid bleeding, but excluding transient ischemic attacks.  

TABLE 2: CDC
CDC: Clavien-Dindo classification; CNS: central nervous system; IMC: intermediate care; ICU: intensive care unit

To overcome this obstacle, the CCI® was developed as a unique and novel tool for assessing the overall
cumulative morbidity experienced by an individual patient, with scores from 0 (uneventful postoperative
course) to 100 (death of the patient). The CCI® can be calculated with the specific recording of the grades of
all complications in a patient, using the CDC as the complication reporting definitions [24,25]. Studies have
demonstrated that the CCI® is significantly more sensitive than the CDC and other metrics in detecting
treatment effects, requiring a smaller sample size in RCTs and best suited as a primary endpoint in surgical
research [25). CCI® calculator is available at: https://www.cci-calculator.com/. Using both CDC and
CCI® improves complication reporting and improves quality control, benefiting all healthcare participants
and patients [24].

Statistical analysis
The Shapiro-Wilk test was used to assess the normality of continuous variables. Variables with normal
distribution were analyzed using the Student's t-test for independent samples, while those with non-normal
distribution were evaluated using the Mann-Whitney U test. Categorical variables were analyzed with
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Pearson’s chi-square test or Fisher's exact test, and Phi and Cramer’s V coefficients were calculated to
determine the strength of associations (weak, moderate, or strong). Statistical significance was defined as
p<0.05.

Finally, binary logistic regression analysis was performed using a forward stepwise method based on partial
likelihood ratios to identify risk factors associated with AL. The model was adjusted using the maximum
likelihood estimation method, reporting coefficients (B), odds ratios (OR), 95% confidence intervals (CI), and
p-values. Statistical analyses were conducted using IBM® SPSS Statistics version 29.0 (IBM Corp., Armonk,
US).

Results
Data from 42 patients with a mean age of 63.0 years (21 males and 21 females) were analyzed. Studied
factors were classified into patient-, disease- and treatment-related factors. 

In the univariate analysis, relevant differences were identified between patients with and without AL.
Demographic and patient-related factors are shown in Table 3. No significant differences were observed in
the mean age of patients (57.0 vs. 63.8 years, p=0.296). Patients with AL had a higher body mass index (BMI)
(26.6 vs. 24.0 kg/m², p=0.104). A higher proportion of patients classified as ASA III was found in the leakage
group (400% vs. 16.2%, p=0.080). Neither the Charlson Comorbidity Index (p=0.758), smoking (p=0.637), nor
diabetes mellitus (p=0.213) showed a significant association with leakage. In terms of biochemical
parameters, both preoperative albumin levels (3.6 vs. 3.5 g/dL, p=0.822) and preoperative hemoglobin levels
(12.7 vs. 13.1 g/dL, p=0.632) showed no significant differences between the groups. Twenty-two patients
(52.38%) received neoadjuvant treatment, all of whom received chemotherapy (100%), and 19 received
radiotherapy (86.36%). The mean time from the end of neoadjuvant treatment to surgery was 59 days, with
no significant difference between the groups (63.6 vs. 58.95 days, p=0.806).
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Variable Presence of leakage (n=5) No leakage (N=37) p-value 

Demographic and anthropometric factors 

Age (years) 57.0 (±6.0 SE) 63.8 (±2.2 SE) 0.296

Sex (N%) 
Woman 1 (20.0%) 20 (54.1%) 

0.343  
Man 4 (80.0%) 17 (40.5%) 

BMI (Kg/m2) 26.6 (±1.8 SE) 24.0 (±0.5 SE) 0.104

BMI classification (N%) 

Low weight 1 (20.0%) 3 (8.1%) 

0.060
Normal weight 1 (20.0%) 20 (54.1%) 

Overweight 1 (20.0%) 12 (32.4%) 

Obesity 2 (40.0%) 2 (5.4%) 

Diabetes (N%) 0 (0.0%) 9 (24.3%) 0.213

Smoking (N%) 3 (60.0%) 11 (29.7%) 0.637

Preoperative clinical factors 

ASA physical status (N%) 

I 1 (20.0%) 1 (2.7%) 

0.080 
II 2 (40.0%) 30 (81.1%) 

III 2 (40.0%) 6 (16.2%) 

IV 0 (0.0%) 0 (0.0%) 

Charlson comorbidity index (points) 4.6 (±1.3 SE) 4.9 (±0.3 SE) 0.758

Serum albumin (g/dL) 3.6 (±0.2 ES) 3.5 (±0.1 SE) 0.822

Serum hemoglobin (mg/dL) 12.7 (±0.4 SE) 13.1 (±0.2 SE) 0.632

Neoadjuvant chemotherapy (N%) 3 (60.0%) 19 (51.4%) 0.716

Neoadjuvant radiotherapy (N%) 

No radiotherapy 1 (20.0%) 2 (5.4%) 

0.647Short course 0 (0.0%) 2 (5.4%) 

Long course 2 (40.0%) 15 (40.5%) 

Time from neoadjuvant treatment to surgery (days) 62.6 (±18.9 SE) 58.95 (±5.2 SE)  0.806

Previous abdominal surgery (N%) 1 (20.0%) 18 (48.6%) 0.227 

TABLE 3: Patient-related factors at the time of admission
The p-value <0.05 is considered statistically significant.

BMI: body mass index; ASA: American Society of Anesthesiologists

Treatment-related factors are shown in Table 4. Twenty-four patients (57.14%) underwent LAR and 18
(42.85%) underwent ULAR, with a mean operating time of 246 minutes and intraoperative blood loss of 270
mL. A diverting loop ileostomy was performed in 28 (66.66%) patients. Four of five patients (80%) with AL
had a protective stoma, with no difference in the loop ileostomy construction in preventing AL (p=0.500).
The surgical approach adopted was open approach (59.52%), laparoscopic approach (35.71%), and robotic
(4.76%), with no difference in AL incidence (open surgery 12%, laparoscopic surgery (LS) 13.33%, p=0.861).
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Variable Presence of leakage (n=5) No leakage (N=37) p-value 

Intraoperative factors 

Type of surgery (N%) 
LAR 2 (40.0%) 22 (59.5%) 

0.409 
ULAR 3 (60.0%) 15 (40.5%) 

Approach (N%)

Laparoscopic 2 (40.0%) 13 (35.1%) 

0.861Open  3 (60.0%) 22 (59.5%) 

Robotic 0 (0.0%) 2 (5.4%) 

Protective stoma (N%) 4 (80.0%) 24 (64.9%) 0.500

Type of anastomosis (N%) 
Manual 2 (40.0%) 7 (18.9%) 

0.288
Mechanical 3 (60.0%) 30 (81.1%) 

Surgical time (min) 349.0 (±50.6 SE) 232.9 (±16.8 SE) 0.024 

Transoperative bleeding (mL) 800.0 (±348.2 SE) 198.6 (±160.5 SE) 0.000

Intra-/postoperative blood transfusion (N%) 3 (60.0%) 5 (13.5%) 0.040 

Resection of other structures/organs (N%) 3 (60.0%) 7 (18.9%) 0.078 

TABLE 4: Treatment-related factors
The p-value <0.05 is considered statistically significant.

LAR: low anterior resection; ULAR: ultra-low anterior resection

Significant differences were observed, highlighting the impact of surgical techniques on outcomes. Surgical
time was significantly longer in patients with leakage (349.0 vs. 232.9 minutes, p=0.024), intraoperative
bleeding was significantly higher in the leakage group (800.0 vs. 198.6 mL, p<0.001), and the need for intra-
and/or postoperative transfusion was more frequent in the leakage group (60.0% vs. 13.5%, p=0.040). On the
other hand, factors such as anastomotic technique (manual vs. mechanical, p=0.288) or multi-organ
resection (p=0.078) did not show significant differences.

Disease-related factors are shown in Table 5. No significant differences were found in mean tumor size (3.2
vs. 3.1 cm, p=0.975). Tumor location showed an interesting trend: tumors in the middle third of the rectum
were more frequent in patients with leakage (60.0% vs. 18.9%, p=0.090). Tumor height in relation to the AM
showed no differences between groups (12.1 vs. 9.5 cm, p=0.243). 

Variables Presence of leakage (n=5) No leakage (N=37) p-value 

Tumor factors 

Tumor location (N%) 

Upper third 2 (40.0%) 18 (48.6%) 

0.090Middle third 3 (60.0%) 7 (18.9%) 

Lower third 0 (0.0%) 12 (32.4%) 

Tumor distance to anal margin (cm) 12.1 (±3.5 SE) 9.5 (±4.6 SE) 0.243

Tumor size (cm) 3.2 (±1.0 SE) 3.1 (±1.6 SE) 0.975

Degree of tumor differentiation (N%) 

Well differentiated (G1) 0 (0.0%) 1 (2.7%) 

0.769
Moderately differentiated (G2) 5 (71.4%) 30 (81.1%) 

Poorly differentiated (G3) 0 (0.0%) 2 (5.4%) 

In the differentiated (G4) 0 (0.0%) 4 (10.8%) 

T0 0 (0.0%) 5 (13.5%) 
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TNM staging (N%) 

pT

Tis 1 (20.0%) 2 (5.4%) 

0.354

T1 0 (0.0%) 4 (10.8%) 

T2 0 (0.0%) 8 (21.6%) 

T3 4 (80.0%) 15 (40.5%) 

T4a 0 (0.0%) 3 (8.1%) 

T4b 0 (0.0%) 0 (0.0%) 

pN

N0 1 (20.0%) 23 (62.2%) 

0.108

N1a 1 (20.0%) 2 (5.4%) 

N1b 1 (20.0%) 5 (13.5%) 

N1c 0 (0.0%) 3 (8.1%) 

N2a 2 (40.0%) 2 (5.4%)

N2b 0 (0.0%) 2 (5.4%)

M

M0 3 (60.0%) 32 (86.5%) 

0.097
M1a 0 (0.0%) 2 (5.4%) 

M1b 2 (40.0%) 2 (5.4%) 

M1c 0 (0.0%) 1 (2.7%) 

Clinical stage (N%) 

pCR 0 (0.0%) 5 (13.5%) 

0.350

0 1 (20.0%) 2 (5.4%) 

I 0 (0.0%) 10 (27.0%) 

IIA 0 (0.0%) 4 (10.8%) 

IIB 0 (0.0%) 1 (2.7%) 

IIC 0 (0.0%) 0 (0.0%)

IIIA 0 (0.0%) 2 (5.4%) 

IIIB 1 (20.0%) 7 (18.9%) 

IIIC 1 (20.0%) 1 (2.7%) 

IV 2 (20.0%) 5 (13.5%) 

Lymph node harvest (number of nodes) 16.6 (±4.9 SE) 15.6 (±7.8 SE) 0.788

Lymph nodes with neoplasia (number of nodes) 3.0 (±2.5 SE) 1.1 (±2.2 SE) 0.970

TABLE 5: Disease-related factors
The p-value <0.05 is considered statistically significant.

G: grade; T: tumor; N: nodule; M: metastasis; pT: pathological T; pN: pathological N; pCR: complete pathological response

Although not significant, tumor staging showed a slight predominance of advanced stages in patients with
leakage. Regarding the clinical stage, four of five patients with AL had a pathological TNM stage ≥IIIa
(p=0.350). Lymph node (LN) harvest (16.6 vs. 15.6 LN, p=0.788) and cancer-positive LNs (3.0 vs. 1.1 LN,
p=0.97) showed no difference between groups. 

Postoperative outcomes are shown in Table 6. Regarding postoperative outcomes, a significant impact of
leakage on the patient's clinical evolution was evident. Hospital stay was considerably longer in the leakage
group (20.0 vs. 10.2 days, p=0.043). Moreover, the rate of surgical reintervention was drastically higher in
patients with leakage (80.0% vs. 5.6%, p<0.001), underscoring the severity of this complication. Patients
with AL had higher CDC scores (p=0.000) and higher overall morbidity according to the CCI® (20.4 vs. 73.3,
p=0.000).
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Variables Presence of leakage (n=5) No leakage (N=37) p-value 

Postoperative outcomes 

Days of hospital stay (days) 20.0 (±5.6 SE) 10.2 (±1.5 SE) 0.043 

Surgical reintervention (N%) 4 (80.0%) 2 (5.6%) 0.000

CCI (N%) 73.3 (±27.5) 20.4 (±15.7) 0.000

Clavien-Dindo

No complication 0 (0.0%) 3 (8.1%) 

0.000

1 0 (0.0%) 21 (56.8%) 

2 1(20.0%) 10 (27.0%) 

3a 0 (0.0%) 1 (2.7%) 

3b 1 (20.0%) 2 (5.4%) 

4a 1 (20.0%) 0 (0.0%) 

4b 1 (20.0%) 0 (0.0%) 

5 1 (20.0%) 0 (0.0%) 

Mortality (N%) 1 (20.0%) 0 (0.0%) 0.119

TABLE 6: Postoperative outcomes
The p-value <0.05 is considered statistically significant.

CCI: comprehensive complication index

In the logistic regression model designed to identify risk factors associated with AL, none of the analyzed
variables reached statistical significance (p>0.99). However, certain clinical trends warrant consideration.
Operative time showed an OR of 1.736 (p=0.997), suggesting that for each additional minute of surgery, the
risk of leakage could increase by 73.6%. Nevertheless, the wide confidence interval limits the precision and
clinical applicability of this finding. It is important to note that this result reflects a relative increase in the
probability of presenting the event compared to not presenting it and not a direct proportional increase in
the absolute risk. The interpretation of this finding should consider that surgical time was analyzed in units
of minutes, which may amplify the effect observed when calculating the OR. This relationship, although not
statistically significant, highlights the need to cautiously evaluate the association between procedure
duration and risk of leakage, especially in future studies with larger sample sizes. Age demonstrated an OR
of 0.023 (p=0.998), potentially indicating a 97.7% reduction in leakage risk for each additional year. While
intriguing, this result lacks statistical significance and should be interpreted with caution.

Discussion
AL is one of the most serious postoperative complications after RC surgery. It occurs despite developments
in surgical technique and perioperative care. It is associated with prolonged hospital stay, reintervention, a
stage-dependent decrease in survival, bowel dysfunction, and a high risk of permanent stoma [26]. AL is also
associated with a greater risk of LR and poorer overall and cancer-specific survival [27]. 

The present analysis reported an AL incidence of 11.9%, which is consistent with previously published data.
AL was diagnosed postoperatively at a median of 7.4 days (range: 2-14 days). In comparison, Jorgren et al.
[28] reported a median onset of 12 days (range three to 30 days). Type C AL was identified in four patients
(80%), while Type B AL occurred in one patient (20%). All patients with Type C AL required surgical
intervention, which involved anastomosis takedown and the creation of an end stoma. The overall mortality
rate was 2.5%, directly attributed to AL (20% mortality in the AL group). This finding aligns with previously
reported mortality rates for AL related to CRC, which are described as 6% and 30% [15].

Risk assessment for this important complication is necessary, and an early decision-making algorithm must
consider multiple factors in order to detect potential risks for AL presentation. We have found results that do
not completely match with the current literature.

In the patient-related factors analyzed in the present study, age was not detected as a risk factor for AL (57.0
vs. 63.8.0 years, p=0.296). The effect of age on AL after CRC resection remains unclear. Brisinda et al. [14]
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reported that age >65 years is considered a significant risk factor for postoperative complications in RC
surgery. A series of 1391 patients undergoing rectal surgery suggested that age over 60 years remains an
independent risk factor for AL (HR 2.42) [29]. On the other side, a retrospective population-based cohort of
45,488 patients conducted by Zaimi et al. [30] showed a protective effect of age on colorectal AL. The
incidence of AL was lowest in patients >80 years old, but older age was associated with higher mortality after
AL. For patients >80 years old, the mortality posterior to AL was as high as 27.0%. 

Male gender has been previously reported as a risk factor for AL [15,16,31] and it may be explained by
multiple factors, such as the narrow male pelvis, which makes dissection technically more difficult, and
differences in intestinal microcirculation [32]. The present analysis showed that in the AL group, four of five
patients were male (80%), but this value did not reach significance (p=0.343). 

In our study, patients with AL had a higher BMI (26.6 vs. 24.0 kg/m², p=0.104), suggesting that being
overweight might influence the technical complexity of the surgical procedure and healing of the
anastomosis. Studies made by McDermott et al. [11], Frasson et al. [33], and Nikolian et al. [34] have shown
obesity to increase the risk of AL. Obesity is associated with an increased risk of anastomotic failure,
especially in patients undergoing low rectal anastomosis. Interestingly, recent research also revealed that a

BMI >30 kg/m2 was considered an independent risk factor for AL [35]. In a meta-analysis by Yang et al. [36],
visceral adiposity was found to be related to a higher conversion rate to open surgery, prolonged operative
times, AL, and higher morbidity rates.

Although not significant, a higher proportion of patients classified as ASA III was found in the leakage group
(60.0% vs. 27.0%, p=0.109), reflecting a potential impact of comorbidity severity on surgical risk. The ASA
score is a classification system used to evaluate a patient's overall health and is an effective tool for
perioperative risk assessment. A retrospective analysis of 505 patients with colorectal resection and primary
anastomosis revealed that the ASA score was found to be independently correlated with the development of
AL and that a higher ASA score was significantly associated with AL (OR 2.99, 95% CI 1.345-6.670, p=0.007)
[37].

Regarding preoperative serum albumin, we observed no differences in preoperative serum albumin levels
and the risk of AL (3.6 g/dL vs. 3.5 g/dL, p=0.822). It has been studied and described that low preoperative
levels of serum albumin [14,35] (<3.5g/dL) appear to be associated with an increased AL risk in patients
suffering from various colorectal diseases, especially CRC and IBD (OR 2.8, 95% CI, 1.3-5.1, p=0.03) [38]. 

Hemoglobin is related to perfusion and oxygenation of the anastomotic borders, indispensable factors for
anastomotic healing. According to Hayden et al. [39], a hemoglobin level lower than 11 g/dL increased the
risk of AL 6.5-fold, explained by a decreased capacity to transport oxygen to the adjacent structures and a
subsequent risk of ischemia. Brisinda et al. described a higher incidence of AL in patients with low
hemoglobin levels (11.8% vs. 7.0% in level ≥10 g/dL, p=0.02) [14]. We did not find differences in the incidence
of AL between both groups (12.7 g/dL vs. 13.1 g/dL, p=0.632). 

NACRT is widely used as part of multimodal treatment strategies in RC and is a standard treatment for
LARC. In our study population, 22 (52.38%) patients were treated prior to surgery with chemo- and/or
radiotherapy, and 20 patients (47.61%) went straight forward to surgical resection of RC. All of the 22
patients with NACRT (100%) were treated with chemotherapy and 19 of the 22 patients had concomitant
radiotherapy. Two patients were treated with short-course radiotherapy (SCRT) and 17 patients received
long-course radiotherapy (LCRT). Two patients who received LCRT+chemotherapy presented AL (two of 17
patients, 11.76%). In the present analysis, NACRT was not associated with AL.

Recent research relating to NACRT and the incidence of postoperative AL has shown variable results. Park
et al. [15] developed a retrospective study on 1609 RC cancer patients after LS. The group found that NACRT
was associated with an increased risk of AL in patients without protective stoma (HR 6.284, 95% CI, 2.829-
13.961, p<0.001). Another study, by Hamabe et. al [40], analyzed 296 cases with RC who underwent
laparoscopic LAR and found that neoadjuvant chemotherapy was associated with an elevated risk for AL
(P=0.0222). Results from a large cross-sectional study also showed that NA for RC patients was an
independent risk factor for developing AL during follow-up (OR 2.85, 95% CI, 1.00-8.11) [41]. This finding
may be due to the local effects of radiation on the tissues as well as represent a marker of the location of the
tumor. Most LARCs located in the mid and lower rectum receive neoadjuvant radiation. Also, radiation has
been associated with decreased oxygen delivery to the tissues and impaired healing [39]. On the other hand,
various researchers have supported that NACRT does not influence the development of AL. Brisinda et al.
[14] found that NA therapy was not found to be associated with AL. The Medical Research Council (MRC)
CR07 RCT [42] and a retrospective study of 1437 patients described by Chang et al. [43] concluded similar
results. A meta-analysis from 1980 to 2015 developed by Hu et al. [44] demonstrated that NA therapy does
not increase the incidence of AL after LAR for mid and low RC. In addition, neither the interval to surgery
after NA therapy nor the RT regimen increased the AL.

Regarding the specific time for surgery after receiving NACRT, we found no differences between the
compared groups. The mean time from the end of NACRT to surgery was 59 days (p=0.806). The Stockholm
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III randomized trial [45] compared SCRT 5×5 Gy + immediate surgery vs. SCRT 5×5 Gy with delayed surgery
for four to eight weeks. The rate of postoperative complications was significantly lower in the delayed
surgery group, and the AL rate was 11.8% vs. 7.2% (p=0.01). The meta-analysis conducted by Hu et al. [44],
on the contrary, found that the interval to surgery after NA therapy does not increase the AL rate.

In the treatment-related factors analyzed, 24 patients (57.14%) underwent LAR and 18 (42.85%) ULAR. Three
of 18 patients in the ULAR group (16.66%) and two of 24 patients in the LAR group (8.33%) developed an AL.
A diverting loop ileostomy was performed in 28 (66.66%) patients. Four of five patients (80%) with AL had a
protective stoma, with no difference in the loop ileostomy construction in preventing AL (p=0.500).

Operative time is a factor that impacts the prognosis of wound healing at the anastomotic site, and a longer
surgical time might increase the risk of bacterial exposure and tissue impairment, which may cause
inflammation. In the present study, the mean operating time was 246 minutes. We found that surgical time
was significantly longer in patients with leakage (349.0 vs. 232.9 minutes, p=0.024), which could reflect the
technical complexity of the procedure in these cases. Multiple studies in the literature match this finding.
Brisinda et al. [14] found that the mean duration of surgery was longer in patients who developed AL
(186.0±40.2 min) than in patients without AL (115.0±47.8 min, P=0.0001). Midura et al. [46] made a
retrospective analysis of patients who underwent segmental colectomy with anastomosis, which included
13,684 patients. One of the factors that they found associated with AL on the multivariate logistic regression
analysis was an operative time >3 hours (OR 1.5, 95% CI 1.19-1.9, p=0.001). Shiwakoti et al. [47] made a
retrospective evaluation of 185 patients with RC who underwent laparoscopic LAR. It was reported in their
study that prolonged surgical time ≥180 minutes was an independent risk factor related to AL (OR 2.476, 95%
CI 1.033-5.932, p=0.042). Similar results were obtained by Kim et al. [48]. Nevertheless, in our study, the
obtained results were not found to be independently predictive of AL on the multivariate analysis.

In our review, the mean intraoperative blood loss was 270 mL. Intraoperative bleeding was significantly
higher in the leakage group (800.0 vs. 198.6 mL, p<0.001), suggesting that procedures with greater blood loss
might compromise anastomotic healing. Telem et al. [38] in 2010 reported that intraoperative blood loss of
200 mL or more increased the risk of AL presentation (OR 3.1, 95% CI, 1.9-5.3, p=0.01). A similar difference
was found for intraoperative blood loss (365.0±50.0 mL in patients with AL vs. 175.5±45.0 mL in patients
without AL, p=0.000) in the study performed by Brisinda et al. [14]. Reviewing risk factors for AL in
laparoscopic LAR for RC, Kawada et al. pointed out that blood loss greater than 100 mL and blood
transfusion are independent risk factors for AL, being unclear whether this is a specific manifestation due to
blood loss or whether blood loss is an indirect indicator for challenging surgery or deficient operative
technique [12]. Blood loss during surgery ≥400 mL was also reported as an independent factor for
relaparotomy in patients with AL in a study performed by Zhang et al. [49].

The need for intra and/or postoperative transfusion was more frequent in the leakage group (60.0% vs.
13.5%, p=0.040), which could be related to the adverse effects of hemodilution, a more complicated or
difficult procedure, or a poorer overall condition of the patient. Brisinda et al. [14] showed that a higher
incidence of AL was observed in patients receiving blood transfusions (14.8%) compared to those who did
not require this therapy (6.8%, P=0.002). Similar results were demonstrated by Kawada et al. [12], Park et al.
[15], and Xu & Kong [50]. 

The surgical approach performed in the studied population was open surgery (59.52%), LS (35.71%), and
robotic surgery (RS) (4.76%), with no difference in AL incidence (open surgery 12% vs. LS 13.33%, p=0.861).
Multiple studies have been conducted to compare results between open vs. minimally invasive surgery (MIS)
techniques.

The five-year follow-up of the CLASICC trial [51] was set up to evaluate the technical and oncological
efficacy and safety of LS in comparison with open surgery for the treatment of CRC. It investigated the five-
year outcomes: OS, DFS, locoregional (LRR), wound/port-site, and distant recurrences. For RC, the five-year
OS rate was 52.9% for open vs. 60.3% for LS (p=0.132) and the five-year DFS rate was 52.1% for open vs.
53.2% for LS (p=0.953). For anterior resection, the five-year OS rate was 56.7% for open vs. 62.8% for LS
(p=0.247).

A Cochrane review of 10 RCTs including 2505 patients [52] comparing laparoscopic vs. open TME for RC
showed similar OS and DFS, as well as similar tumor recurrences. Operative times were shorter with the open
procedure, and the LS approaches had decreased blood loss and shorter hospital stays. The incidence of AL
was not different between groups. Long-term results of the COLOR II Study Group [53] included 1044
patients and aimed to study LRR recurrence three years after index surgery, DFS, and OS in patients with
RC, comparing open vs. laparoscopic approach. LS in patients with RC was associated with rates of LRR,
DFS, and OS similar to those for open surgery. There were no significant differences in the rates of AL,
complication, or death. 

Kim et al. [54] reviewed and compared risk factors for AL after LAR for RC between MIS and open surgery in
1704 patients who underwent elective LAR with colorectal anastomosis for RC. The overall incidence of AL
was similar between groups (5.8% in OS, 7.3% in LS, 5.4% in RS, p=0.345). Risk factors for AL in the MIS
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group were more related to technical difficulties such as male sex, previous abdominal surgery, operation
time >200 minutes, lower location of the tumor, and use of more than one stapler for distal rectal resection.

Regarding the type of anastomosis made (stapled vs. hand-sewn), our study reported 33 patients with
stapled anastomosis (78.57%) and nine hand-sewn anastomosis (21.42%). In the AL group (five patients),
three (60%) had stapled anastomosis and two (40%) a hand-sewn anastomosis. No statistical difference was
presented between both groups (p=0.288). This result is consistent with the actual literature. A Cochrane
review by Neutzling et al. [55] compared the use of suture vs. stapling devices for anterior resection and
found that neither technique was superior to the other in terms of AL rate. This result is shared by the data
obtained from an analysis made by Arezzo et al. [16], which indicated equal AL rates with stapled and hand-
sewn anastomoses, and a more recent meta-analysis presented by Oliveira et al. [56] showed similar
outcomes.

In the present study, a diverting loop ileostomy was performed in 28 (66.66%) of the 42 patients. Four of five
patients (80%) with AL had a protective stoma, with no difference in the loop ileostomy construction in
preventing AL (p=0.500). The creation of a diverting stoma (DS) and its role in preventing AL and
protecting anastomosis has been a controversial topic in the literature. Construction of a DS is often
temporary with an intent to protect a downstream anastomosis by keeping the area clean from stool passage,
with the objective of diminishing rates of clinically evident colorectal AL and decreasing severe
complications and reoperation rates [57]. 

Wong et al. [58] developed a study of 1066 patients who underwent elective LAR/ULAR in a 10-year period,
aiming to determine if a DS is really necessary after a low anastomosis. The conclusion was that a DS does
not reduce postoperative AL (p=0.8633), but it reduces the catastrophic effects of an AL. A multicenter RCT
with 234 patients developed by Matthiessen et al. [59] assessed the rate of AL in patients operated with LAR
for RC randomized to a DS or not. The overall rate of AL was 19.2% and patients without a stoma had an AL
rate of 28% (vs. DS 10.3%, OR 3.4, 95% CI, 1.6-6.9, p≤0.001) and the need for urgent reoperation was higher
in those with no DS (25.4% vs. 8.6%, p<0.001), concluding that DS decreased the rate of symptomatic AL and
recommending its use in LAR for RC, results supported by Shiomi et al. [60]. Zhang et al. indicated that a DS
should be performed in sphincter-preserving surgery for middle and low RC patients with two or more risk
factors identified in their analysis (male sex, diabetes mellitus, K-RAS mutation, distance of the tumor from
the anal verge (AV), and NACRT), which were independent risk factors for AL [49].

Kawai et al. [61] analyzed the risks and benefits of DS creation during RC surgery, including 400 participants
and dividing them into DS (+) and DS (-) groups, and compared the postoperative complications and
outcomes between them. Overall AL was similar between groups and DS helped prevent severe peritonitis
related to AL. Also, they reported that patients with DS developed more postoperative complications (stoma
outlet syndrome, ileus, and bowel obstruction) and prolonged hospital stays. A recent meta-analysis of nine
RCTs demonstrated that patients in the DS group had lower odds of AL (OR 0.362, 95% CI, 0.236-0.555,
p<0.001), complications (OR 0.61, 95% CI 0.461-0.828, p<0.001), abscess (OR 0.392, 95% CI 0.174-0.883,
p<0.024), and reoperation (OR 0.352, 95% CI 0.222-0.559, p<0.001) than the no-diversion group [62]. 

Regarding disease-related factors, the present study found that rectal tumor location was divided into upper
rectum (47.61%), middle rectum (23.8%), and distal rectum (28.57%). Tumor location showed an interesting
trend: tumors in the middle rectum were more frequently associated with AL (60.0% vs. 18.9%, p=0.090).
This may be due to specific anatomical characteristics, such as a more difficult dissection during surgery and
the clinical stage of the cancer treated. 

The mean tumor distance to the AV was 9.9 cm, with no difference in AL incidence depending on the AV
distance to the inferior margin of the tumor (12.1 vs. 9.5 cm, p=0.243). This result differs from literature
reports. Tumor distance from the AV is a well-studied and recognized risk factor for the development of AL
[11,39,49,61]. A study of 35 patients demonstrated that resection of rectal tumors 12 cm or less from the AV
conferred an increased incidence of anastomotic dehiscence compared with tumor resection >12 cm away
(7.4% vs. 3.0%) (OR, 4.5) [38]. Brisinda et al. [14] identified that tumor distance from the AV was a risk factor
for AL (71.0±32.0 mm in AL patients vs. 89.0±21 mm in patients without AL, p=0.0001). 

The mean tumor size in the present study was 3.3 cm. Tumor size is a tumor-related factor associated with
the development of AL according to McDermott et al. [11] and Kawada et al. [12]. A possible explanation for
this finding is that the pelvic space is limited in patients with larger tumors, which can complicate the ease
of rectal transection and anastomosis. This results in a more difficult mobilization of large tumors with
increased tissue tension and compromised microcirculation, especially in patients with comorbidities [47].
Shiwakoti et al. [47] found that a tumor size ≥5 cm (23.40%) was associated with a higher risk of AL than was
a smaller tumor size of <5 cm (14.65%) and Brisinda et al. [14] reported that an RC diameter greater than 3
cm was identified as an independent risk factor for AL. We found no difference in tumor size regarding AL
(AL 3.2 cm vs. 3.1 cm, p=0.975). 

Analyzing the pathological TNM staging (pTNM) in our population, we observed that four patients with a
pT3 (80%) presented AL (p=0.354). In the pN staging, one N1a (20%), one N1b, and two N2a patients (40%)
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presented AL (p=0.108). Related to the M staging, three patients without metastasis (60%) and two M1b
(40%) presented AL (P=0.097). Although not significant, tumor staging showed a slight predominance of
advanced stages (one patient in clinical stage IIIB, one patient in clinical stage IIIC, and two patients in
clinical stage IV) in patients with AL (p=0.350). This trend is consistent with previous studies [14,50] and it
may be explained by the more technical complexity of such cases and the overall clinical status of the patient
[16]. Five patients obtained a pathological complete response (pCR) after NACRT (22.72%) and surgical
resection, with no AL developed in that group. LN harvest (16.6 vs. 15.6, p=0.788) and cancer-positive LNs
(3.0 vs. 1.1, p=0.97) showed no difference between groups for AL.

With reference to the postoperative outcomes, we observed a significant increase in the mean postoperative
hospital stay (10.2 vs. 20.0 days, p=0.043) and the incidence of severe complications (patients with AL had
higher Clavien-Dindo scores (p=0.000) and overall morbidity, calculated by the CCI®, 20.4±15.7 vs. 73.3±27.5
in the AL group, p=0.000). Patients with AL required more surgical re-interventions (p=0.000) and one
patient in the AL group died of abdominal sepsis and multiorgan failure. These results are similar to those of
The LATAM Collaborative Colorectal Surgery Consortium study [63], which analyzed the short-term surgical
outcomes of rectal adenocarcinoma treatment in 12 Latin American countries in a multi-center,
retrospective manner. They described an overall complication rate of 29.85%, with most of the
complications graded >II according to the CDC, an anastomotic leak incidence of 8.9%, and an overall re-
operation rate of 9.92% mostly because of AL. They found a 30-day mortality rate of 1.98%.

In the logistic regression model designed to identify risk factors associated with AL, none of the analyzed
variables reached statistical significance (p>0.99). Overall, while the model did not identify significant
independent predictors, the observed trends underscore the need for further research with larger sample
sizes and methodological adjustments. Such efforts could more robustly explore potential associations
between clinical variables and the risk of AL.

The principal limitations of the present study are its retrospective nature and the small number of patients.
Larger populations may be required to identify these differences, in order to identify a significant
association of previously reported risk factors.

Conclusions
AL remains one of the most severe complications following RC surgery, significantly impacting
postoperative morbidity, hospital stay, and the need for surgical reintervention. Although no independent
risk factors were identified in the multivariate analysis, we observed that prolonged operative time,
increased intraoperative blood loss, and perioperative/postoperative blood transfusion were more frequent
among patients who developed AL, suggesting their potential role in anastomotic failure.

The identification of risk factors for AL is essential to improving surgical techniques and perioperative
management strategies aimed at reducing its associated morbidity. Our findings underscore the need for
careful intraoperative technique, optimization of perioperative hemodynamic status, and early identification
of high-risk patients. Future studies with larger cohorts and multicentric data are needed to validate these
associations and develop predictive models that guide intraoperative decision-making and improve
outcomes in RC surgery.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Daniel Doniz Gomez Llanos, Sara Fernanda Arechavala Lopez , Carlos Alberto Leal
Hidalgo, Amado De Jesús Athie Athie, Alejandra Judith Padilla Flores, José Manuel Correa Rovelo

Acquisition, analysis, or interpretation of data:  Daniel Doniz Gomez Llanos, Sara Fernanda Arechavala
Lopez , Carlos Alberto Leal Hidalgo, Amado De Jesús Athie Athie, Alejandra Judith Padilla Flores, José
Manuel Correa Rovelo

Drafting of the manuscript:  Daniel Doniz Gomez Llanos, Sara Fernanda Arechavala Lopez , Carlos Alberto
Leal Hidalgo, Amado De Jesús Athie Athie, Alejandra Judith Padilla Flores

Critical review of the manuscript for important intellectual content:  Daniel Doniz Gomez Llanos, Sara
Fernanda Arechavala Lopez , Carlos Alberto Leal Hidalgo, Amado De Jesús Athie Athie, Alejandra Judith
Padilla Flores, José Manuel Correa Rovelo

Supervision:  Daniel Doniz Gomez Llanos, Sara Fernanda Arechavala Lopez , Carlos Alberto Leal Hidalgo,
Amado De Jesús Athie Athie, Alejandra Judith Padilla Flores, José Manuel Correa Rovelo

 

2025 Doniz Gomez Llanos et al. Cureus 17(2): e79647. DOI 10.7759/cureus.79647 13 of 16

javascript:void(0)
javascript:void(0)
javascript:void(0)


Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. South Medical Research Ethics Committee, Variable Capital Corporation issued
approval 2024-EXT-885. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, Jemal A: Global cancer statistics 2022:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2024, 74:229-63. 10.3322/caac.21834

2. Gray M, Marland JR, Murray AF, Argyle DJ, Potter MA: Predictive and diagnostic biomarkers of anastomotic
leakage: a precision medicine approach for colorectal cancer patients. J Pers Med. 2021, 11:471.
10.3390/jpm11060471

3. Miyakita H, Sadahiro S, Saito G, Okada K, Tanaka A, Suzuki T: Risk scores as useful predictors of
perioperative complications in patients with rectal cancer who received radical surgery. Int J Clin Oncol.
2017, 22:324-31. 10.1007/s10147-016-1054-1

4. Langenfeld SJ, Davis BR, Vogel JD, et al.: The American Society of Colon and Rectal Surgeons clinical
practice guidelines for the management of rectal cancer 2023 Supplement. Dis Colon Rectum. 2024, 67:18-
31. 10.1097/DCR.0000000000003057

5. Benson AB, Venook AP, Adam M, et al.: NCCN Guidelines® insights: rectal cancer, version 3.2024 . J Natl
Compr Canc Netw. 2024, 22:366-75. 10.6004/jnccn.2024.0041

6. International Agency for Research on Cancer 9. Rectum Fact Sheet. Global Cancer Observatory
(GLOBOCAN). (2022). Accessed: 2025 Jan 06: https://gco.iarc.who.int/media/globocan/factsheets/cancers/9-
rectum-fact-sheet.pdf.

7. International Agency for Research on Cancer. Mexico. Fact Sheets. Global Cancer Observatory (GLOBOCAN) .
(2022). Accessed: 2025 Jan 06: https://gco.iarc.who.int/media/globocan/factsheets/populations/484-mexico-
fact-sheet.pdf.

8. Niu L, Wang J, Zhang P, Zhao X: Protective ileostomy does not prevent anastomotic leakage after anterior
resection of rectal cancer. J Int Med Res. 2020, 48:300060520946520. 10.1177/0300060520946520

9. Dimitriou N, Michail O, Moris D, Griniatsos J: Low rectal cancer: sphincter preserving techniques-selection
of patients, techniques and outcomes. World J Gastrointest Oncol. 2015, 7:55-70. 10.4251/wjgo.v7.i7.55

10. Kang CY, Halabi WJ, Chaudhry OO, et al.: Risk factors for anastomotic leakage after anterior resection for
rectal cancer. JAMA Surg. 2013, 148:65-71. 10.1001/2013.jamasurg.2

11. McDermott FD, Heeney A, Kelly ME, Steele RJ, Carlson GL, Winter DC: Systematic review of preoperative,
intraoperative and postoperative risk factors for colorectal anastomotic leaks. Br J Surg. 2015, 102:462-79.
10.1002/bjs.9697

12. Kawada K, Sakai Y: Preoperative, intraoperative and postoperative risk factors for anastomotic leakage after
laparoscopic low anterior resection with double stapling technique anastomosis. World J Gastroenterol.
2016, 22:5718-27. 10.3748/wjg.v22.i25.5718

13. Xynos E, Tekkis P, Gouvas N, et al.: Clinical practice guidelines for the surgical treatment of rectal cancer: a
consensus statement of the Hellenic Society of Medical Oncologists (HeSMO). Ann Gastroenterol. 2016,
29:103-26. 10.20524/aog.2016.0003

14. Brisinda G, Chiarello MM, Pepe G, Cariati M, Fico V, Mirco P, Bianchi V: Anastomotic leakage in rectal
cancer surgery: retrospective analysis of risk factors. World J Clin Cases. 2022, 10:13321-36.
10.12998/wjcc.v10.i36.13321

15. Park JS, Choi GS, Kim SH, et al.: Multicenter analysis of risk factors for anastomotic leakage after
laparoscopic rectal cancer excision: the Korean laparoscopic colorectal surgery study group. Ann Surg. 2013,
257:665-71. 10.1097/SLA.0b013e31827b8ed9

16. Arezzo A, Migliore M, Chiaro P, et al.: The REAL (REctal Anastomotic Leak) score for prediction of
anastomotic leak after rectal cancer surgery. Tech Coloproctol. 2019, 23:649-63. 10.1007/s10151-019-
02028-4

17. Allaix ME, Rebecchi F, Famiglietti F, Arolfo S, Arezzo A, Morino M: Long-term oncologic outcomes
following anastomotic leak after anterior resection for rectal cancer: does the leak severity matter?. Surg
Endosc. 2020, 34:4166-76. 10.1007/s00464-019-07189-9

18. DʼSouza N, de Neree Tot Babberich MP, d'Hoore A, et al.: Definition of the rectum: an international, expert-
based Delphi consensus. Ann Surg. 2019, 270:955-9. 10.1097/SLA.0000000000003251

19. Scott AJ, Kennedy EB, Berlin J, et al.: Management of locally advanced rectal cancer: ASCO guideline . J Clin
Oncol. 2024, 42:3355-75. 10.1200/JCO.24.01160

20. Rahbari NN, Weitz J, Hohenberger W, 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.
2010, 147:339-51. 10.1016/j.surg.2009.10.012

21. Kulu Y, Ulrich A, Bruckner T, et al.: Validation of the International Study Group of Rectal Cancer definition
and severity grading of anastomotic leakage. Surgery. 2013, 153:753-61. 10.1016/j.surg.2013.02.007

22. van Helsdingen CP, Jongen AC, de Jonge WJ, Bouvy ND, Derikx JP: Consensus on the definition of colorectal
anastomotic leakage: a modified Delphi study. World J Gastroenterol. 2020, 26:3293-303.

 

2025 Doniz Gomez Llanos et al. Cureus 17(2): e79647. DOI 10.7759/cureus.79647 14 of 16

https://dx.doi.org/10.3322/caac.21834
https://dx.doi.org/10.3322/caac.21834
https://dx.doi.org/10.3390/jpm11060471
https://dx.doi.org/10.3390/jpm11060471
https://dx.doi.org/10.1007/s10147-016-1054-1
https://dx.doi.org/10.1007/s10147-016-1054-1
https://dx.doi.org/10.1097/DCR.0000000000003057
https://dx.doi.org/10.1097/DCR.0000000000003057
https://dx.doi.org/10.6004/jnccn.2024.0041
https://dx.doi.org/10.6004/jnccn.2024.0041
https://gco.iarc.who.int/media/globocan/factsheets/cancers/9-rectum-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/cancers/9-rectum-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/populations/484-mexico-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/populations/484-mexico-fact-sheet.pdf
https://dx.doi.org/10.1177/0300060520946520
https://dx.doi.org/10.1177/0300060520946520
https://dx.doi.org/10.4251/wjgo.v7.i7.55
https://dx.doi.org/10.4251/wjgo.v7.i7.55
https://dx.doi.org/10.1001/2013.jamasurg.2
https://dx.doi.org/10.1001/2013.jamasurg.2
https://dx.doi.org/10.1002/bjs.9697
https://dx.doi.org/10.1002/bjs.9697
https://dx.doi.org/10.3748/wjg.v22.i25.5718
https://dx.doi.org/10.3748/wjg.v22.i25.5718
https://dx.doi.org/10.20524/aog.2016.0003
https://dx.doi.org/10.20524/aog.2016.0003
https://dx.doi.org/10.12998/wjcc.v10.i36.13321
https://dx.doi.org/10.12998/wjcc.v10.i36.13321
https://dx.doi.org/10.1097/SLA.0b013e31827b8ed9
https://dx.doi.org/10.1097/SLA.0b013e31827b8ed9
https://dx.doi.org/10.1007/s10151-019-02028-4
https://dx.doi.org/10.1007/s10151-019-02028-4
https://dx.doi.org/10.1007/s00464-019-07189-9
https://dx.doi.org/10.1007/s00464-019-07189-9
https://dx.doi.org/10.1097/SLA.0000000000003251
https://dx.doi.org/10.1097/SLA.0000000000003251
https://dx.doi.org/10.1200/JCO.24.01160
https://dx.doi.org/10.1200/JCO.24.01160
https://dx.doi.org/10.1016/j.surg.2009.10.012
https://dx.doi.org/10.1016/j.surg.2009.10.012
https://dx.doi.org/10.1016/j.surg.2013.02.007
https://dx.doi.org/10.1016/j.surg.2013.02.007
https://dx.doi.org/10.3748/wjg.v26.i23.3293


10.3748/wjg.v26.i23.3293
23. Dindo D, Demartines N, Clavien PA: Classification of surgical complications: a new proposal with evaluation

in a cohort of 6336 patients and results of a survey. Ann Surg. 2004, 240:205-13.
10.1097/01.sla.0000133083.54934.ae

24. Clavien PA, Vetter D, Staiger RD, Slankamenac K, Mehra T, Graf R, Puhan MA: The comprehensive
complication index (CCI®): added value and clinical perspectives 3 years “down the line”. Ann Surg. 2017,
265:1045-50. 10.1097/SLA.0000000000002132

25. Abbassi F, Pfister M, Lucas KL, Domenghino A, Puhan MA, Clavien PA: Milestones in surgical complication
reporting: Clavien-Dindo classification 20 years and comprehensive complication index 10 years. Ann Surg.
2024, 280:763-71. 10.1097/SLA.0000000000006471

26. Greijdanus NG, Wienholts K, Ubels S, et al.: Stoma-free survival after anastomotic leak following rectal
cancer resection: worldwide cohort of 2470 patients. Br J Surg. 2023, 110:1863-76. 10.1093/bjs/znad311

27. Wang S, Liu J, Wang S, Zhao H, Ge S, Wang W: Adverse effects of anastomotic leakage on local recurrence
and survival after curative anterior resection for rectal cancer: a systematic review and meta-analysis. World
J Surg. 2017, 41:277-84. 10.1007/s00268-016-3761-1

28. Jörgren F, Johansson R, Damber L, Lindmark G: Anastomotic leakage after surgery for rectal cancer: a risk
factor for local recurrence, distant metastasis and reduced cancer-specific survival?. Colorectal Dis. 2011,
13:272-83. 10.1111/j.1463-1318.2009.02136.x

29. Jung SH, Yu CS, Choi PW, Kim DD, Park IJ, Kim HC, Kim JC: Risk factors and oncologic impact of
anastomotic leakage after rectal cancer surgery. Dis Colon Rectum. 2008, 51:902-8. 10.1007/s10350-008-
9272-x

30. Zaimi I, Sparreboom CL, Lingsma HF, et al.: The effect of age on anastomotic leakage in colorectal cancer
surgery: a population-based study. J Surg Oncol. 2018, 118:113-20. 10.1002/jso.25108

31. Bertelsen CA, Andreasen AH, Jørgensen T, Harling H: Anastomotic leakage after anterior resection for rectal
cancer: risk factors. Colorectal Dis. 2010, 12:37-43. 10.1111/j.1463-1318.2008.01711.x

32. Barnajian M, Pettet D 3rd, Kazi E, Foppa C, Bergamaschi R: Quality of total mesorectal excision and depth of
circumferential resection margin in rectal cancer: a matched comparison of the first 20 robotic cases.
Colorectal Dis. 2014, 16:603-9. 10.1111/codi.12634

33. Frasson M, Flor-Lorente B, Rodríguez JL, et al.: 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. 2015, 262:321-30. 10.1097/SLA.0000000000000973

34. Nikolian VC, Kamdar NS, Regenbogen SE, et al.: Anastomotic leak after colorectal resection: a population-
based study of risk factors and hospital variation. Surgery. 2017, 161:1619-27. 10.1016/j.surg.2016.12.033

35. Tsalikidis C, Mitsala A, Mentonis VI, Romanidis K, Pappas-Gogos G, Tsaroucha AK, Pitiakoudis M:
Predictive factors for anastomotic leakage following colorectal cancer surgery: where are we and where are
we going?. Curr Oncol. 2023, 30:3111-37. 10.3390/curroncol30030236

36. Yang T, Wei M, He Y, Deng X, Wang Z: Impact of visceral obesity on outcomes of laparoscopic colorectal
surgery: a meta-analysis. ANZ J Surg. 2015, 85:507-13. 10.1111/ans.13132

37. Tan WP, Talbott VA, Leong QQ, Isenberg GA, Goldstein SD: American Society of Anesthesiologists class and
Charlson's comorbidity index as predictors of postoperative colorectal anastomotic leak: a single-institution
experience. J Surg Res. 2013, 184:115-9. 10.1016/j.jss.2013.05.039

38. Telem DA, Chin EH, Nguyen SQ, Divino CM: Risk factors for anastomotic leak following colorectal surgery: a
case-control study. Arch Surg. 2010, 145:371-6; discussion 376. 10.1001/archsurg.2010.40

39. Hayden DM, Mora Pinzon MC, Francescatti AB, Saclarides TJ: Patient factors may predict anastomotic
complications after rectal cancer surgery: anastomotic complications in rectal cancer. Ann Med Surg (Lond).
2015, 4:11-6. 10.1016/j.amsu.2014.12.002

40. Hamabe A, Ito M, Nishigori H, Nishizawa Y, Sasaki T: Preventive effect of diverting stoma on anastomotic
leakage after laparoscopic low anterior resection with double stapling technique reconstruction applied
based on risk stratification. Asian J Endosc Surg. 2018, 11:220-6. 10.1111/ases.12439

41. Borstlap WA, Westerduin E, Aukema TS, Bemelman WA, Tanis PJ: Anastomotic leakage and chronic
presacral sinus formation after low anterior resection: results from a large cross-sectional study. Ann Surg.
2017, 266:870-7. 10.1097/SLA.0000000000002429

42. Sebag-Montefiore D, Stephens RJ, Steele R, et al.: Preoperative radiotherapy versus selective postoperative
chemoradiotherapy in patients with rectal cancer (MRC CR07 and NCIC-CTG C016): a multicentre,
randomised trial. Lancet. 2009, 373:811-20. 10.1016/S0140-6736(09)60484-0

43. Chang JS, Keum KC, Kim NK, et al.: Preoperative chemoradiotherapy effects on anastomotic leakage after
rectal cancer resection: a propensity score matching analysis. Ann Surg. 2014, 259:516-21.
10.1097/SLA.0b013e31829068c5

44. Hu MH, Huang RK, Zhao RS, Yang KL, Wang H: Does neoadjuvant therapy increase the incidence of
anastomotic leakage after anterior resection for mid and low rectal cancer? A systematic review and meta-
analysis. Colorectal Dis. 2017, 19:16-26. 10.1111/codi.13424

45. Pettersson D, Cedermark B, Holm T, Radu C, Påhlman L, Glimelius B, Martling A: Interim analysis of the
Stockholm III trial of preoperative radiotherapy regimens for rectal cancer. Br J Surg. 2010, 97:580-7.
10.1002/bjs.6914

46. Midura EF, Hanseman D, Davis BR, Atkinson SJ, Abbott DE, Shah SA, Paquette IM: Risk factors and
consequences of anastomotic leak after colectomy: a national analysis. Dis Colon Rectum. 2015, 58:333-8.
10.1097/DCR.0000000000000249

47. Shiwakoti E, Song J, Li J, Wu S, Zhang Z: Prediction model for anastomotic leakage after laparoscopic rectal
cancer resection. J Int Med Res. 2020, 48:300060520957547. 10.1177/0300060520957547

48. Kim CH, Lee SY, Kim HR, Kim YJ: Nomogram prediction of anastomotic leakage and determination of an
effective surgical strategy for reducing anastomotic leakage after laparoscopic rectal cancer surgery.
Gastroenterol Res Pract. 2017, 2017:4510561. 10.1155/2017/4510561

49. Zhang W, Lou Z, Liu Q, et al.: Multicenter analysis of risk factors for anastomotic leakage after middle and
low rectal cancer resection without diverting stoma: a retrospective study of 319 consecutive patients. Int J

 

2025 Doniz Gomez Llanos et al. Cureus 17(2): e79647. DOI 10.7759/cureus.79647 15 of 16

https://dx.doi.org/10.3748/wjg.v26.i23.3293
https://dx.doi.org/10.1097/01.sla.0000133083.54934.ae
https://dx.doi.org/10.1097/01.sla.0000133083.54934.ae
https://dx.doi.org/10.1097/SLA.0000000000002132
https://dx.doi.org/10.1097/SLA.0000000000002132
https://dx.doi.org/10.1097/SLA.0000000000006471
https://dx.doi.org/10.1097/SLA.0000000000006471
https://dx.doi.org/10.1093/bjs/znad311
https://dx.doi.org/10.1093/bjs/znad311
https://dx.doi.org/10.1007/s00268-016-3761-1
https://dx.doi.org/10.1007/s00268-016-3761-1
https://dx.doi.org/10.1111/j.1463-1318.2009.02136.x
https://dx.doi.org/10.1111/j.1463-1318.2009.02136.x
https://dx.doi.org/10.1007/s10350-008-9272-x
https://dx.doi.org/10.1007/s10350-008-9272-x
https://dx.doi.org/10.1002/jso.25108
https://dx.doi.org/10.1002/jso.25108
https://dx.doi.org/10.1111/j.1463-1318.2008.01711.x
https://dx.doi.org/10.1111/j.1463-1318.2008.01711.x
https://dx.doi.org/10.1111/codi.12634
https://dx.doi.org/10.1111/codi.12634
https://dx.doi.org/10.1097/SLA.0000000000000973
https://dx.doi.org/10.1097/SLA.0000000000000973
https://dx.doi.org/10.1016/j.surg.2016.12.033
https://dx.doi.org/10.1016/j.surg.2016.12.033
https://dx.doi.org/10.3390/curroncol30030236
https://dx.doi.org/10.3390/curroncol30030236
https://dx.doi.org/10.1111/ans.13132
https://dx.doi.org/10.1111/ans.13132
https://dx.doi.org/10.1016/j.jss.2013.05.039
https://dx.doi.org/10.1016/j.jss.2013.05.039
https://dx.doi.org/10.1001/archsurg.2010.40
https://dx.doi.org/10.1001/archsurg.2010.40
https://dx.doi.org/10.1016/j.amsu.2014.12.002
https://dx.doi.org/10.1016/j.amsu.2014.12.002
https://dx.doi.org/10.1111/ases.12439
https://dx.doi.org/10.1111/ases.12439
https://dx.doi.org/10.1097/SLA.0000000000002429
https://dx.doi.org/10.1097/SLA.0000000000002429
https://dx.doi.org/10.1016/S0140-6736(09)60484-0
https://dx.doi.org/10.1016/S0140-6736(09)60484-0
https://dx.doi.org/10.1097/SLA.0b013e31829068c5
https://dx.doi.org/10.1097/SLA.0b013e31829068c5
https://dx.doi.org/10.1111/codi.13424
https://dx.doi.org/10.1111/codi.13424
https://dx.doi.org/10.1002/bjs.6914
https://dx.doi.org/10.1002/bjs.6914
https://dx.doi.org/10.1097/DCR.0000000000000249
https://dx.doi.org/10.1097/DCR.0000000000000249
https://dx.doi.org/10.1177/0300060520957547
https://dx.doi.org/10.1177/0300060520957547
https://dx.doi.org/10.1155/2017/4510561
https://dx.doi.org/10.1155/2017/4510561
https://dx.doi.org/10.1007/s00384-017-2875-8


Colorectal Dis. 2017, 32:1431-7. 10.1007/s00384-017-2875-8
50. Xu H, Kong F: Malnutrition-related factors increased the risk of anastomotic leak for rectal cancer patients

undergoing surgery. Biomed Res Int. 2020, 2020:5059670. 10.1155/2020/5059670
51. Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou PJ: Five-year follow-up of the Medical

Research Council CLASICC trial of laparoscopically assisted versus open surgery for colorectal cancer. Br J
Surg. 2010, 97:1638-45. 10.1002/bjs.7160

52. Vennix S, Pelzers L, Bouvy N, Beets GL, Pierie JP, Wiggers T, Breukink S: Laparoscopic versus open total
mesorectal excision for rectal cancer. Cochrane Database Syst Rev. 2014, 2014:CD005200.
10.1002/14651858.CD005200.pub3

53. Bonjer HJ, Deijen CL, Abis GA, et al.: A randomized trial of laparoscopic versus open surgery for rectal
cancer. N Engl J Med. 2015, 372:1324-32. 10.1056/NEJMoa1414882

54. Kim CW, Baek SJ, Hur H, Min BS, Baik SH, Kim NK: Anastomotic leakage after low anterior resection for
rectal cancer is different between minimally invasive surgery and open surgery. Ann Surg. 2016, 263:130-7.
10.1097/SLA.0000000000001157

55. Neutzling CB, Lustosa SA, Proenca IM, da Silva EM, Matos D: Stapled versus handsewn methods for
colorectal anastomosis surgery. Cochrane Database Syst Rev. 2012, 3144:CD003144.
10.1002/14651858.CD003144.pub2

56. Oliveira A, Faria S, Gonçalves N, Martins A, Leão P: Surgical approaches to colonic and rectal anastomosis:
systematic review and meta-analysis. Int J Colorectal Dis. 2023, 38:52. 10.1007/s00384-023-04328-6

57. Wallace B, Schuepbach F, Gaukel S, Marwan AI, Staerkle RF, Vuille-Dit-Bille RN: Evidence according to
Cochrane systematic reviews on alterable risk factors for anastomotic leakage in colorectal surgery.
Gastroenterol Res Pract. 2020, 2020:9057963. 10.1155/2020/9057963

58. Wong NY, Eu KW: A defunctioning ileostomy does not prevent clinical anastomotic leak after a low anterior
resection: a prospective, comparative study. Dis Colon Rectum. 2005, 48:2076-9. 10.1007/s10350-005-0146-
1

59. Matthiessen P, Hallböök O, Rutegård J, Simert G, Sjödahl R: Defunctioning stoma reduces symptomatic
anastomotic leakage after low anterior resection of the rectum for cancer: a randomized multicenter trial.
Ann Surg. 2007, 246:207-14. 10.1097/SLA.0b013e3180603024

60. Shiomi A, Ito M, Maeda K, et al.: 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. 2015, 220:186-94. 10.1016/j.jamcollsurg.2014.10.017

61. Hoshino N, Hida K, Sakai Y, et al.: Nomogram for predicting anastomotic leakage after low anterior
resection for rectal cancer. Int J Colorectal Dis. 2018, 33:411-8. 10.1007/s00384-018-2970-5

62. Emile SH, Khan SM, Garoufalia Z, et al.: When is a diverting stoma indicated after low anterior resection? A
meta-analysis of randomized trials and meta-regression of the risk factors of leakage and complications in
non-diverted patients. J Gastrointest Surg. 2022, 26:2368-79. 10.1007/s11605-022-05427-5

63. Viola Malet M: Short-term surgical outcomes of rectal adenocarcinoma surgical treatment in Latin America:
a multicenter, retrospective assessment in 49 centers from 12 countries. Int J Colorectal Dis. 2024, 39:210.
10.1007/s00384-024-04763-z

 

2025 Doniz Gomez Llanos et al. Cureus 17(2): e79647. DOI 10.7759/cureus.79647 16 of 16

https://dx.doi.org/10.1007/s00384-017-2875-8
https://dx.doi.org/10.1155/2020/5059670
https://dx.doi.org/10.1155/2020/5059670
https://dx.doi.org/10.1002/bjs.7160
https://dx.doi.org/10.1002/bjs.7160
https://dx.doi.org/10.1002/14651858.CD005200.pub3
https://dx.doi.org/10.1002/14651858.CD005200.pub3
https://dx.doi.org/10.1056/NEJMoa1414882
https://dx.doi.org/10.1056/NEJMoa1414882
https://dx.doi.org/10.1097/SLA.0000000000001157
https://dx.doi.org/10.1097/SLA.0000000000001157
https://dx.doi.org/10.1002/14651858.CD003144.pub2
https://dx.doi.org/10.1002/14651858.CD003144.pub2
https://dx.doi.org/10.1007/s00384-023-04328-6
https://dx.doi.org/10.1007/s00384-023-04328-6
https://dx.doi.org/10.1155/2020/9057963
https://dx.doi.org/10.1155/2020/9057963
https://dx.doi.org/10.1007/s10350-005-0146-1
https://dx.doi.org/10.1007/s10350-005-0146-1
https://dx.doi.org/10.1097/SLA.0b013e3180603024
https://dx.doi.org/10.1097/SLA.0b013e3180603024
https://dx.doi.org/10.1016/j.jamcollsurg.2014.10.017
https://dx.doi.org/10.1016/j.jamcollsurg.2014.10.017
https://dx.doi.org/10.1007/s00384-018-2970-5
https://dx.doi.org/10.1007/s00384-018-2970-5
https://dx.doi.org/10.1007/s11605-022-05427-5
https://dx.doi.org/10.1007/s11605-022-05427-5
https://dx.doi.org/10.1007/s00384-024-04763-z
https://dx.doi.org/10.1007/s00384-024-04763-z

	Risk Factors for Anastomotic Leak in Patients Undergoing Surgery for Rectal Cancer Resection: A Retrospective Analysis
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Staging procedures and inclusion criteria
	Exclusion criteria
	Study variables
	TABLE 1: Clinical, surgical, and pathological variables reviewed and analyzed to identify risk factors for AL

	Definition and diagnosis of AL
	Main outcomes
	Morbidity evaluation
	TABLE 2: CDC

	Statistical analysis

	Results
	TABLE 3: Patient-related factors at the time of admission
	TABLE 4: Treatment-related factors
	TABLE 5: Disease-related factors
	TABLE 6: Postoperative outcomes

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


