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Objective: To explore the risk factors of anastomotic leakage (AL) after laparoscopic anterior resection (AR) of rectal cancer and 
establish a nomogram prediction model.
Methods: Clinical and surgical data of patients who underwent AR of rectal cancer at Sichuan Cancer Hospital from January 2017 to 
December 2020 were retrospectively collected. Univariate and multivariate logistic regression analyses were used to screen the 
independent risk factors of AL after AR. A nomogram risk prediction model was established based on the selected independent risk 
factors and the predictive performance of nomogram was evaluated.
Results: A 1013 patients undergoing laparoscopic AR were included, of which 67 had AL, with an incidence of 6.6%. Univariate and 
multivariate logistic regression analyses showed that male gender, tumors distance from the anus verge of ≤ 5cm, tumors distance from 
the anus verge of 5–10cm, circumferential tumor growth, operation time ≥ 240min, and no diverting stoma were independent risk 
factors for AL after AR. A nomogram prediction model was established based on these results. The calibration curve showed that the 
predicted occurrence probability of the nomogram model was in good agreement with the actual occurrence probability. The area 
under the receiver operating characteristic (ROC) curve was 0.749.
Conclusion: The nomogram prediction model based on the independent risk factors of patients undergoing AL after AR can 
effectively predict the probability of AL.
Keywords: rectal cancer, laparoscopic anterior resection, anastomotic leakage, risk factor, nomogram prediction model

Induction
Colorectal cancer is the second leading cause of cancer death and the third most diagnosed cancer globally. The incidence 
rate of colorectal cancer is increasing annually.1 At present, rectal cancer treatment involves a combination of multiple 
therapies with surgery as the mainstay.2 Laparoscopic surgery is currently the primary surgical technique. Compared with 
laparotomy, laparoscopic surgery shows promising efficacy and multiple benefits.3 However anastomotic leakage (AL) 
has remains a devastating problem.

Anastomotic Leakage (AL) is one of the most severe laparoscopic rectal cancer operation complications related to 
perioperative mortality.4 Multiple studies have pointed out that AL can increase the probability of local tumor recurrence 
and reduce the overall survival (OS) rate of patients.5,6 The incidence of AL is between 1.6% and 20%的,3,4,7,8 and its 
etiology is believed to be related to various factors, including patient, tumor, and surgical related factors. Patient-related 
factors include gender, age, albumin, preoperative neoadjuvant therapy, body mass index (BMI), and American Society 
of Anesthesiologists (ASA) score.9–12 Tumor-related factors include tumor size and tumor distance from the anus 
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verge.10,13 Operation-related factors include operation time, and intraoperative blood loss.10,13,14 However, AL cannot be 
accurately predicted at present because it is complex and multi-factor, including several global and local variables.

A nomogram is a graphical model that combines various risk factors for accurate predictions and assessments. Several 
nomograms predict AL after rectal operation.8,9,12 The present study evaluated and identified risk factors of patients 
before and during the operation and established a nomogram based on the identified risk factors to predict the probability 
of the occurrence of AL to prevent the occurrence of AL and improve the prognosis of patients.

Methods
Patients
A total of 1261 patients who underwent laparoscopic rectal cancer surgery at the Gastrointestinal Surgery Department of 
Sichuan Cancer Hospital from January 2017 to December 2020 were recruited. Among these, 65 patients who underwent 
laparoscopic Hartmann surgery and 183 who underwent laparoscopic Miles surgery were excluded. A total of 1013 patients 
who underwent laparoscopic anterior resection (AR) were included in the final analysis. All patients underwent endoscopy 
before surgery and were confirmed to have rectal adenocarcinoma by pathological examination. Tumor distance from the anal 
verge was assessed by magnetic resonance imaging (MRI). All patients underwent total mesorectal excision (TME).

Surgery
All patients underwent laparoscopic AR. Patients who received neoadjuvant therapy underwent surgery 8 weeks after the 
end of radiotherapy. Preoperative bowel preparation was performed one day before surgery, and prophylactic antibiotics 
were given 0.5–1h before the operation. TME was a standard technique. After the pneumoperitoneum was established, 
laparoscopic exploration was performed conventionally. The inferior mesenteric vein and artery were dissected, and the 
inferior mesenteric artery (IMA) was routinely ligated at a high position to complete the lymph node dissection. Based on 
the intraoperative situation, the splenic flexure was loosened to reduce the tension if necessary.

Along with the pelvic viscera and parietal fascia, the visceral fascia inside the left and right hypogastric nerves, the 
malignant tumor, and the perirectal mesangium were completely freed until the level of the levator ani muscle. The 
rectum was cut using linear staples (Echelon 45 or Echelon 60), then the tumor was removed through a minor incision. 
The anvil head of a circular staple was placed in the proximal colon, the circular staple was inserted into the rectum, and 
the intracorporeal anastomosis was competed. The integrity of the anastomosis was tested by blowing air through the 
anus and immersing the anastomosis in saline. The surgeon decides to construct a diverting stoma (DS) for a patient who 
meets two or more of the following criteria: 1. The operation time is more than 240min; 2. The distance between the 
tumor and the anus is less than 5cm; 3. The tumor grows around the circumference; 4. The maximum diameter of the 
tumor is greater than 5cm. Pelvic drainage was placed in the presacral space.

Anastomotic Leakage Definition
The International Rectal Cancer Research Group defines AL as the lack of integrity of the intestinal wall at the 
anastomosis between the colon and the rectum or the colon and the anus, which results in the communication between 
the inner and outer chambers of the lumen. AL Includes pelvic abscess; fecal peritonitis; discharge of gas, stool, or pus 
from the pelvic drainage tube; and discharge of pus from the anus.15

Statistical Analysis
SPSS 26.0 was used for data analysis. Measurement data were expressed as x�s. Normally distributed data were analyzed 
using the Student’s t-test and non-normally distributed data were analyzed using the Mann–Whitney U-test. Comparisons 
between groups were analyzed by the chi-square test or Fisher’s exact test. The receiver operating characteristic (ROC) curve 
was used to determine the cut-off values of neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), and 
prognostic nutritional index (PNI), and they were divided into high and low groups. Univariate analysis was performed on 
all variables, and then multivariate logistic regression analysis was performed on variables with P<0.1 in univariate analysis to 
identify independent risk factors (P<0.05 was considered statistically significant) to determine the valuable combination of 
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factors that can most accurately predict AL. A nomogram prediction model was established based on the selected independent 
risk factors using R software, the calibration curve was obtained by the bootstrap method, the c-index was calculated, the ROC 
curve of independent risk factors was drawn, the area under the curve (AUC) was calculated to verify the nomogram.

Result
Patient Characteristic
A total of 1013 patients who underwent AR from 2017 to 2020 were retrospectively analyzed, including 597 males 
(58.9%) and 416 females (41.1%). The average age was 61 years (range 25–87 years). AL occurred in 67 patients, with 
an incidence rate of 6.6%. Among them, 36 patients improved after conservative treatment, 31 patients underwent stoma 
diversion, and 1 patient died of severe abdominal infection.

Univariate Analysis of Patient Characteristics
Patient characteristics were compared, and the results showed that only gender (P = 0.007) was the risk factor for 
postoperative AL (Table 1).

Univariate Analysis of Tumor Characteristics
Tumor characteristics between the two groups were compared, and the results showed that the maximum tumor size (P = 
0.004) and tumor growth mode (P<0.001) were risk factors for postoperative AL. And tumors distance from the anus 
verge (P=0.094) can be included in multivariate logistic regression (Table 2).

Univariate Analysis of Hematological Indexes
Hematological indexes were compared, and the results showed that only neutrophils (P = 0.034) was the risk factor for 
postoperative AL (Table 3).

Univariate Analysis of Surgery
Surgical conditions between the two groups were analyzed, and the results showed that DS (P = 0.026) and operative 
time (P=0.003) were the risk factor for postoperative AL (Table 4).

Multivariate Analysis
Based on the results of univariate analysis, variables with P<0.1 were included in the multivariate logistic regression, including 
gender, tumor distance from the anal verge, the maximum diameter of the tumor, tumor growth pattern, operation time, 
diverting stoma, and neutrophils. Among them, male gender (OR = 2.52, 95% CI: 1.377–4.614), tumor distance from the anal 
verge of ≤5 cm (OR = 5.392, 95% CI: 2.076–14.004), tumor distance from the anal verge of 5–10 cm (OR = 2.651, 95% CI: 
1.133–6.207), circumferential tumor growth (OR = 3.16, 95% CI: 1.77–5.642), operation time ≥240 min (OR = 2.357, 95% 
CI: 1.373–4.047), and no DS (OR = 4.15, 95% CI: 2.085–8.264) were independent risk factors for AL (Table 5).

Nomogram Model
The independent risk factors screened by multivariate logistic regression were imported into R software to construct 
a nomogram prediction model (Figure 1). Each risk factor was scored respectively, and the corresponding value of the 
total score was the predicted probability of AL. The bootstrap self-sampling method and the discrimination of the 
prediction model were used to verify the model internally. Data were bootstrapped 1000 times to obtain the calibration 
curve of the model (Figure 2), which showed that the nomogram model had good consistency between the predicted 
probability and the actual probability of AL. The C-Index was 0.749, suggesting that the nomogram prediction model had 
good discrimination ability. The ROC curve was drawn (Figure 3), and the results showed that the AUC of the ROC 
curve for the prediction model was 0.749, which confirmed that the prediction model had a good predictive performance 
and good discriminative ability.
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Discussion
AL is one of the most severe complications after rectal cancer surgery and one of the main causes of postoperative 
mortality. Patients usually show a triad of increased body temperature, abdominal or perineal pain, and increased 
serological inflammation parameters.11 Studies have shown that the leading causes of AL are anastomotic ischemia 
and increased anastomotic tension.16 High IMA ligation is usually necessary to achieve tension-free anastomosis in 
AR,17 but this decreases blood flow in the anastomosis. Seike et al18 monitored the colonic blood flow at the proximal 
end of the anastomosis using a laser Doppler blood flowmeter to assess the impact of high ligation and found that the 
IMA was clamped and the proximal colonic blood flow was significantly reduced. The reduced blood flow at the 
anastomosis site may increase the risk of AL.

Multiple studies pointed out that male gender and anastomotic level are risk factors for AL.14,19,20 A study by Park20 

involving 1734 patients indicated that males were more likely to develop AL than females (HR: 1.943; 95% CI: 1.104– 
3.420; P = 0.021), which was consistent with our findings (OR = 2.52, 95% CI: 1.377–4.614; P = 0.003). The reason for 
this may be that compared with open surgery, laparoscopic surgery can provide a cleaner and better surgical field. 
However, it increases the difficulty of rectal resection and anastomosis. Male pelvises are generally deeper and narrower 
than female pelvises, making manipulation more difficult.14,20

Table 1 Univariate Analysis of Patient Characteristics

Variables Leakage (%) No Leakage (%) P-value

Gender 0.007
Male 50 (8.4) 547 (91.6)

Female 17 (4.1) 399 (95.9)

Age (years) 0.783
>70 15 (6.8) 206 (93.2)

60~70 20 (5.9) 321 (94.1)

≤60 32 (7.1) 419 (92.9)
BMI 0.572

>24 22 (5.6) 370 (94.4)
18~24 43 (7.3) 545 (92.7)

<18 2 (6.1) 31 (93.9)

ASA score 0.147
I 10 (4.1) 231 (95.9)

II 51 (7.2) 662 (92.8)

III 6 (10.2) 53 (89.8)
Intraoperative chemotherapy 0.979

Yes 46 (6.6) 648 (93.4)

No 21 (6.6) 298 (93.4)
Hypertension 0.742

Yes 12 (6.1) 185 (93.9)

No 55 (6.7) 761 (93.3)
Diabetes 0.406

Yes 5 (4.7) 101 (95.3)

No 62 (6.8) 845 (93.2)
Operation history 0.199

Yes 24 (5.5) 415 (94.5)

No 43 (7.5) 531 (92.5)
Preoperative chemotherapy 0.799

Yes 9 (7.1) 117 (92.9)

No 58 (6.5) 829 (93.5)
Preoperative radiotherapy 0.847

Yes 7 (7.1) 92 (92.9)

No 60 (6.6) 854 (93.4)
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The present study found that tumor distance from the anal verge was related to the occurrence of AL. The lower the 
tumor location, the greater the possibility of AL. Wang and Liu19 investigated 496 patients and found that patients with 
tumors <4 cm from the anal verge were more likely to develop AL (OR = 3.224, 95% CI: 1.124–9.249; P = 0.030). Our 
study confirmed that patients with median and low rectal cancer had a higher probability of developing AL after surgery 

Table 2 Univariate Analysis of Tumor Characteristics

Variables Leakage (%) No Leakage (%) P-value

Distance from anus (cm) 0.094
>10 7 (3.3) 202 (96.7)

5~10 37 (7.2) 478 (92.8)

≤5 23 (8.0) 266 (92.0)
Maximum tumor size (cm) 0.004

>5 20 (11.6) 152 (88.4)

≤5 47 (5.6) 794 (94.4)
T stage 0.721

1 7 (9.1) 70 (90.9)
2 16 (7.4) 199 (92.6)

3 31 (6.0) 485 (94.0)

4 13 (6.3) 192 (93.7)
Lymph node metastasis 0.101

No 46 (7.7) 553 (92.3)

Yes 21 (5.1) 393 (94.9)
Metastasis 0.813

Yes 4 (5) 76 (95)

No 63 (6.8) 870 (93.2)
Growth mode <0.001

Non circumferential growth 39 (4.9) 761 (95.1)

Circumferential growth 28 (13.1) 185 (86.9)

Table 3 Univariate Analysis of Hematological Indexes

Variables Leakage (%) No Leakage (%) P-value

Neutrophils (109/L) 4.03±1.43 3.74±1.49 0.034

Lymphocyte (109/L) 1.47±0.56 1.45±0.62 0.556
Platelet (109/L) 211.73±83 195.6±66.13 0.223

Anemia

No 51 (6.2) 767 (93.8) 0.32
Yes 16 (8.2) 179 (91.8)

Albumin (g/L) 0.993

>40 46 (6.6) 650 (93.4)
≤40 21 (6.6) 296 (93.4)

NLR 0.18

≥ 2.8208 33 (7.9) 387 (92.1)
<2.8208 34 (5.7) 559 (94.3)

PLR 0.221

≥187.1059 21 (8.3) 233 (91.3)
<187.1059 46 (6.1) 713 (93.9)

PNI 0.176

≥46.225 54 (7.2) 691 (92.8)
<46.225 13 (4.9) 255 (95.1)

Notes: PNI: albumin (g/L)+5×lymphocyte (×109 /L). Anemia: male hemoglobin <120g/L, female 
hemoglobin <110g/L. 
Abbreviations: NLR, neutrophils/lymphocyte ratio; PLR, platelet/lymphocyte ratio.
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compared with those with high rectal cancer (OR = 5.392, 95% CI: 2.076–14.006;P = 0.001; OR = 2.65, 95% CI: 1.132– 
6.204; P = 0.025). This could be because as the distance from the tumor to the anal verge decreases, the area of rectal 
dissociation during surgery is more extensive, and the surgery is more complicated and challenging.19 Meanwhile, 
anastomosis surgery is relatively complicated, and the tension of the anastomosis is relatively increased, making the 
blood supply of the rectum relatively poor. This usually affects the anti-infection ability and local healing of the 

Table 4 Univariate Analysis of Surgery

Variables Leakage (%) No Leakage (%) P value

Operative time (min) 0.003
≥ 240 35 (9.7) 326 (90.3)

<240 32 (4.9) 620 (95.1)

Intraoperative blood loss (mL) 0.346
≥ 100 35 (7.4) 438 (92.6)

<100 32 (5.9) 508 (94.1)

Diverting stoma 0.026
Yes 14 (4.2) 323 (95.8)

No 53 (7.8) 623 (92.2)

Table 5 Multivariate Analysis of Risk Factors Associated with Anastomotic Leakage

Variables B SE Wald P -value OR 95% CI

Distance from anus (cm) (>10cm) 12.436 0.002

Distance from anus (cm) (5–10cm) 0.975 0.434 5.046 0.025 2.650 1.132~6.204

Distance from anus (cm) (≤5cm) 1.685 0.487 11.968 0.001 5.392 2.076~14.006
Maximum tumor size (cm) 0.331 0.320 1.066 0.302 1.392 0.743~2.609

Neutrophils 0.033 0.086 0.147 0.701 1.033 0.874~1.222

Growth mode 1.153 0.295 15.240 <0.001 3.167 1.775~5.648
Diverting stoma −1.419 0.350 16.479 <0.001 0.242 0.122~0.480

Gender 0.924 0.308 8.968 0.003 2.519 1.376~4.610

Operative time (min) 0.858 0.276 9.662 0.002 2.357 1.373~4.048

Figure 1 Nomogram for predicting anastomotic leakage.
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anastomosis, thereby increasing the possibility of bacterial infection and AL.7 Low anastomotic levels leading to 
insufficient blood supply may be another cause of AL. According to TME standards, branch blood vessels from the 
uterus or bladder need to be cut during the resection of low rectal cancer, which has a more significant impact on the 
blood supply of the anastomosis, leading to an increased risk of AL.21

Few studies have investigated the relationship between tumor growth patterns and AL. The current study found that 
circumferential growth tumors are more likely to develop AL than non-circumferential growth tumors (13.1% vs 4.9%). The 
reason may be that circumferential growth of the tumor may cause intestinal stenosis, resulting in intestinal wall edema, tissue 

Figure 2 Bootstrap self-sampling method. 
Notes: Predicted probability. B = 1000 repetitions, boot mean absolute error = 0.005 n = 1013.

Figure 3 Receiver operating characteristic (ROC) curve.
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embrittlement, poor tissue healing ability, and increased incidence of AL. In addition, intestinal stenosis may lead to intestinal 
fecal stasis and intestinal bacteria growth, thereby increasing the risk of postoperative intestinal infection.22

Several studies have proved that operation time is closely related to the occurrence of AL. The longer the operation 
time, the higher the possibility of AL occurrence.10,11 Yang et al11 pointed out that operation time >180 min was an 
independent risk factor of AL after rectal cancer surgery (OR = 3.419, 95% CI: 1.047–10.987; P = 0.041). Silva-Velazco 
et al28 found an increasing OR of 1.03 for every 30 min of surgical duration. The results of our study showed that the 
operation time was more than 240 min, and the probability of AL was higher (OR = 2.357, 95% CI: 1.373–4.048; P = 
0.002). The prolonged operation may reflect the difficulty of intraoperative surgery. A prolonged operation may increase 
the risk of tissue damage and bacterial infection, which may cause inflammation and edema and affect the healing of the 
anastomosis, thereby leading to AL.3 Moreover, the operation time may lead to increased intraoperative exudation and 
loss of more protein, which may affect the postoperative recovery of patients.13 The anesthesia time is correspondingly 
prolonged with the operation time. Some studies have shown that prolonged anesthesia may cause a decrease in blood 
perfusion and insufficient blood in the anastomosis, which increases the risk of AL.8

Currently, DS is commonly used to prevent AL. Theoretically, the structure of DS is to divert the fecal flow from the 
anastomotic site, thereby protecting the fragile anastomotic site.14 Therefore, surgeons usually construct preventive DS 
when there are risk factors for AL. A previous study confirmed that DS can significantly reduce the incidence of AL (HR 
0.334, 95% CI 0.212).23 However, some studies have pointed out that DS cannot prevent AL.24 Therefore, whether DS 
can prevent AL remains controversial. DS can only relieve severe abdominal infection caused by AL and reduce the need 
for emergency operation.25–27 Nonetheless, DS increases the cost of surgery and the economic burden on patients and 
reduces the quality of life of patients. In addition, there may be surgical complications such as AL and abdominal 
infection during the second operation.20 Therefore, precisely assessing the risk of AL is essential to selectively build 
preventive DS in high-risk patients.

The established model in this study can help surgeons assess the risk of AL after AR. Compared with a single risk factor 
analysis, our model combines several risk factors with high statistical significance, scores each risk factor, and evaluates the 
possibility of AL in patients through a combination of different risk factors. The model was validated by ROC analysis. This 
model can be used to assess the possibility of AL after AR and identify patients with a high risk of AL. Then for high-risk 
patients, the surgeon can take preventive interventions to reduce the possibility of AL occurrence. More active and close 
monitoring can be carried out to detect AL as soon as possible, which can better improve the prognosis of patients.

This study has several limitations. This is a single-center retrospective study, and therefore, there is no external 
verification of data from other centers. Moreover, this study mainly focused on the analysis of preoperative- and 
intraoperative-related factors. It did not focus on the related factors of postoperative recoveries, such as postoperative 
albumin, postoperative defecation, and other factors. In contrast, studies showed that postoperative hypoproteinemia and 
defecation time are associated with the occurrence of AL.7

Conclusion
In summary, our nomogram can help surgeons assess the risk of AL after anterior rectal resection and improve the 
prognosis of patients with anterior rectal resection.

Abbreviations
AR, anterior resection; TME, total mesorectal excision; IMA, inferior mesenteric artery; ROC, receiver operating 
characteristic; DS, diverting stoma.
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