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Background

Total mesorectal excision (TME), represents a key technique in radical surgery for rectal cancer. This study aimed to construct a preoperative nomogram for predicting the surgical difficulty of laparoscopic total mesorectal excision (L-TME) and to investigate whether there were potential benefits of robotic TME (R-TME) for patients with technically challenging rectal cancer.





Methods

Consecutive mid­low rectal cancer patients receiving total mesorectal excision were included. A preoperative nomogram to predict the surgical difficulty of L-TME was established and validated. Patients with technically challenging rectal cancer were screened by calculating the prediction score of the nomogram. Then patients with technically challenging rectal cancer who underwent different types of surgery, R-TME or L-TME, were analyzed for comparison.





Results

A total of 533 consecutive patients with mid­low rectal cancer who underwent TME at a single tertiary medical center between January 2018 and January 2021 were retrospectively enrolled. Multivariable analysis demonstrated that mesorectal fat area, intertuberous distance, tumor size, and tumor height were independent risk factors for surgical difficulty. Subsequently, these variables were used to construct the nomogram model to predict the surgical difficulty of L-TME. The area under the receiver operating characteristic curve of the nomogram was 0.827 (95% CI 0.745 - 0.909) and 0.809 (95% CI 0.674- 0.944) in the training and validation cohort, respectively. For patients with technically challenging rectal cancer, R-TME was associated with a lower diverting ileostomy rate (p = 0.003), less estimated blood loss (p < 0.043), shorter procedure time (p = 0.009) and shorter postoperative hospital stay (p = 0.037).





Conclusion

In this study, we established a preoperative nomogram to predict the surgical difficulty of L-TME. Furthermore, this study also indicated that R-TME has potential technical advantages for patients with technically challenging rectal cancer.
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1 Introduction

Colorectal cancer is the third most common malignant tumor worldwide. Rectal cancer, with increasing incidence and mortality rates, has become the most common malignant tumor of the digestive system in the last decades (1, 2). Environmental factors, dietary habits, physical activity, and hereditary factors are the main factors contributing to the development of rectal cancer. Although treatment strategies include surgical resection, radiation therapy, chemotherapy, targeted therapy, and immunotherapy, surgical treatment remains the mainstay of curative treatment for rectal cancer (3). Total mesorectal excision (TME) is the standard procedure for mid-low rectal cancer surgery (4). With surgeons’ talents and efforts, laparoscopic TME (L-TME), whose advantages have been extensively reported in previous studies versus open surgery, is widely applied in clinics (5, 6). Nevertheless, L-TME is a technically demanding procedure that requires skillful dissection of the tumor-bearing rectum and its surrounding mesentery in the pelvis. Specifically, operating in the low pelvis with conventional straight instruments is extremely challenging in patients with technically challenging rectal cancer (7).

In contrast, robotic TME (R-TME), a cutting-edge surgical technique, has emerged as a promising option for overcoming the surgical difficulty associated with L-TME (8–13). Despite some controversy about the universal benefits of R-TME, the ROLARR trial suggested that R-TME may offer potential advantages for technically challenging patients (12). In addition, several studies have also reported that R-TME allows surgeons to feel comfortable and achieve better results when performing technically demanding operations, such as those with a narrow pelvis or low-level tumor (13–15). However, considering the additional financial burden and time overhead of robotic surgery, it is important to screen patients who could benefit from robotic surgery.

In this context, we constructed a preoperative nomogram to predict the surgical difficulty of L-TME and investigated whether there were potential benefits of R-TME for patients with technically challenging rectal cancer.




2 Materials and methods



2.1 Patients

Data of consecutive mid­low rectal cancer patients who underwent elective TME between January 2018 and January 2021, were retrospectively retrieved from our prospectively collected database. The inclusion criteria were as follows: (1) pathologic diagnosis of adenocarcinoma of the colorectum; (2) elective radical operation; (3) age ≥ 18 years. The exclusion criteria included: (1) stage IV; (2) upper rectal cancer (distance >10 cm from the anus); (3) multiple tumors; (4) simultaneous surgery for other diseases; (5) intersphincteric resection (ISR), abdominoperineal resection (APR) or Hartmann’s procedure. The flowchart of the patient selection is shown in Figure 1.




Figure 1 | Flowchart of the patients assessed in this study.






2.2 Surgical procedure

The surgical techniques were performed as described in previous reports (10, 16). In brief, the rectum and mesentery were dissected and mobilized according to the principle of TME and the medial-to-lateral approach. After the intracorporeal rectal transection, reconstruction was accomplished using a circular stapler. Following the anastomosis, a diverting ileostomy was selectively created at a distance of approximately 20 cm from the oral side of the terminal ileum. All procedures were performed by a surgeon (Shuangyi Ren) with experience performing more than 2000 laparoscopic surgeries (16, 17).




2.3 Variable and outcome definition

Pelvimetry parameters were measured on lateral and axial computed tomography (CT) images as described previously (18). Pelvic inlet was defined as distance between promontory and the superior edge of symphysis pubis. Pelvic depth was the distance between promontory and coccyx. Pelvic outlet was the distance between coccyx and the inferior edge of the symphysis pubis. Interspinous distance corresponded to the transverse distance between the tips of ischial spines. Intertuberous distance corresponded to the transverse distance between the lowest points of ischial tuberositie. Additionally, the mesorectal fat area (MFA) was measured at the level of the tip of the sciatic spine using Slice-O-matic software, version 4.3 (Tomovision, Montreal, QC, Canada) (19) (Figure 2).




Figure 2 | Measurements of pelvimetric parameters. (A) pelvic inlet (line a); pelvic outlet (line b); pelvic depth (line b). (B) interspinous distance (line d). (C) intertuberous distance (line e). (D) mesorectal fat area (depicted in green).



The surgical difficulty criteria were referred to the definition previously given by Escal et al. (18) with modifications: operation time > 180 min (3 points), conversion to open surgery (3 points), transanal approach (2 points), postoperative hospital stay > 7 days (2 points), estimated blood loss ≥ 100 ml (1 points), Clavien–Dindo classifications grade II and III postoperative morbidities (1 point). Based on the surgical difficulty score, patients were classified into two subgroups, difficulty (≥ 6 points) and non-difficulty (0–5 points) groups (Table 1).


Table 1 | Surgical difficulty grading.






2.4 Construction and validation of the nomogram

Patients who underwent L-TME were divided into two groups. Those who had surgery before January 2020 were included in the training group, while the remaining patients were included in the validation group.

In the training group, univariate logistic regression analysis was performed to initially assess the associations of various indexes with surgical difficulty. All indexes with a p-value < 0.1 were included in the multivariate logistic analysis. R software (version 4.2.1; http://www.r-project.org/) was used to construct a nomogram based on multivariate analysis. Receiver operating characteristic (ROC) curves and calibration curves were used to evaluate the discrimination and accuracy, respectively. The nomogram-based point of each patient was calculated by the “nomogramFormula” package.




2.5 Statistical analysis

SPSS 25.0 (IBM Corp, Armonk, New York, USA) was used for statistical analyses. Continuous data were displayed as mean (± standard deviation [SD]) or median (interquartile range [IQR]) while categorical data were displayed as n (%). Student’s t-test or Wilcoxon rank-sum test was used for continuous variables (ANOVA and Kruskal–Wallis test for multi-component data), and chi-squared test or Fisher’s exact test was used for categorical variables. All statistical tests were two-sided and statistical significance was set at p-value < 0.05.





3 Results



3.1 Patient characteristics

A total of 814 patients were reviewed, of which 533 were included in our study. There were 305 laparoscopic and 228 robotic cases. Based on the time of surgery, patients undergoing L-TME were divided into a training group (n = 205, 67.2%) and a validation group (n = 100, 32.8%). The baseline and imaging characteristics of the patients are presented in Tables 2 and 3. As expected, there were no statistical differences in these characteristics among the laparoscopic training group, laparoscopic validation group, and robotic group.


Table 2 | Baseline characteristics of patients undergoing TME.




Table 3 | Imaging characteristics of patients undergoing TME.






3.2 Development and validation of a predictive nomogram for technically challenging rectal cancer

Multivariate analysis showed that MFA (OR 1.102, 95% CI 1.034-1.174, p = 0.003), intertuberous distance (OR 0.946, 95% CI 0.904-0.989, p = 0.015), tumor height (OR 0.704, 95% CI 0.562-0.883, p = 0.002) and tumor size (OR 1.493, 95% CI 1.087-2.051, p = 0.013) were independent predictive factors of high surgical difficulty of L-TME (Table 4).


Table 4 | Logistic regression analysis of predictors associated with the surgical difficulty of L-TME.



The nomogram model was established using these four variables to assess the surgical difficulty of L-TME (Figure 3). The area under the ROC curve (AUC) of the prediction model was 0.827 (95% CI 0.745 - 0.909) for the training dataset and 0.809 (95% CI 0.674- 0.944) for the internal validation dataset. Additionally, the nomogram calibration curve showed acceptable agreement between prediction and actual observation (Figure 4).




Figure 3 | Predictive model of a surgical difficulty nomogram.






Figure 4 | Calibration curve of the nomogram model for training data set (A) and internal validation data set (B). The ROC curve of the nomogram model in the training data set (C) and internal validation data set (D).



Patients were calculated by the nomogram and 167 points (the upper quartile) were selected as the cutoff value. The risk stratification was developed (points ≤ 167 as low risk and points > 167 as high risk). Additionally, cases with high risk were defined as technically challenging rectal cancer. The patient features between R-TME and L-TME in patients with technically challenging rectal cancer are summarized in Supplementary Table S1.




3.3 Comparison between R-TME and L-TME in patients with technically challenging rectal cancer

The subgroup analysis of technically challenging rectal cancer between R-TME and L-TME is shown in Table 5. Compared to L-TME, R-TME exhibited a lower rate of diverting ileostomy (p = 0.003), lower estimated blood loss (p = 0.0.43), and shorter postoperative hospital stay (p = 0.037). and higher inpatient cost (p < 0.001). While there was no significant difference between the two groups in terms of operation time (p = 0.738), the procedure time was found to be shorter in the R-TME group after subtracting the docking time (p = 0.009).


Table 5 | Comparison between R-TME and L-TME in patients with technically challenging rectal cancer.



Additionally, the robotic group exhibited a lower rate of surgical complications (p = 0.090) and a trend towards faster time to flatus (p = 0.055), although these differences did not reach statistical significance. In terms of surgical specimens, the number of harvested lymph nodes (p = 0.850), distal margin distance (p = 0.779), proximal margin distance (p = 0.243), and positive circumferential margins (p = 0.396) were similar between the two groups.





4 Discussion

Rectal cancer accounts for the largest proportion of colorectal cancer in China (20). Its treatment regimens are complex such as neoadjuvant chemoradiotherapy, targeted therapy, and immunotherapy (21, 22). At present, surgical treatment is still the most important treatment for rectal cancer. L-TME is a common surgical approach for rectal cancer (5, 6). However, it still presents challenges, particularly in patients with technically challenging rectal cancer. On the one hand, the rectum is located in the deep part of the pelvis, surrounded by complex tissues, which not only limits maneuverable space but also results in a suboptimal surgical field. On the other hand, this technique has some technical limitations, such as non-articulating instruments, decreased tactile feedback, challenges in achieving optimal anastomotic cutting angles, and an elevated risk of inadvertent collisions (23).

In recent years, more research has focused on nomograms (24). Surgical difficulty prediction nomogram, offering valuable guidance on individualized and precise plans for treatment, such as more sufficient preoperative preparation, more reliable surgical techniques, and more thoughtful postoperative management, are of broad interest to surgeons. Yuan et al. (25) developed a nomogram to predict the difficulty of rectal surgery. However, it’s worth noting that this nomogram model did not include MFA, which has been reported to be an important factor in the difficulty of rectal surgery (26).

In the present study, the clinical and anatomical factors affecting the difficulty of L-TME were analyzed, and a nomogram for predicting the difficulty of L-TME was established and validated, which included intertuberous distance, tumor height from anal verge, rectal mesenteric area, and tumor size.

The effect of pelvic anatomy on the difficulty of rectal resection has been widely reported (18, 27, 28). A narrow pelvis could hinder visibility, and the available workspace during surgery (28). Consistent with previous studies (18, 29), our result reconfirmed that shorter intertuberous distance could represent an anatomical bottleneck of the deep pelvis that hinders operation during L-TME. Larger tumors and lower tumor height can also increase the difficulty of the procedure, making it difficult to transect and anastomose the rectum (27). Cai et al. reported that large tumor size increases the number of linear staplers used during the double stapling technique, which increases the risk of anastomotic leakage (30). Additionally, in patients with large MFA, the space between the mesorectal fascia and the surrounding pelvic fascia will be narrow, which may increase the difficulty of TME (18, 26).

These risk factors are difficult to modify, and further evidence is required to assist surgeons in selecting the most suitable surgical approach for individual patients, which may improve the prognosis for these patients. Compared to laparoscopy, the robot has multiple flexible arms that can perform some operations that are difficult to perform with traditional laparoscopy. Additionally, the robot offers a stable 3D view of the surgical field and digitally suppresses physiological hand tremors (13). These features enable surgeons to perform delicate surgical procedures, even in deep and narrow pelvises. Reportedly, the robotic system provides surgeons with increased comfort and has the potential to overcome the challenges associated with L-TME (13, 31, 32).

In this study, no significant difference was found between R-TME and L-TME in terms of postoperative complications, surgical specimens, and recovery of bowel function in patients with technically challenging rectal cancer. However, we observed that R-TME was associated with shorter hospital stays, which is consistent with previous studies (11).

Interestingly, in this study, the diverting ileostomy rate was lower in the R-TME group than in the L-TME group. Robotic provides surgeons with an improved view and greater flexibility in maneuvering within the pelvic cavity, potentially reducing unexpected trauma to the bowel wall. Robotic surgery allows surgeons to place a reinforced suture at the anastomosis (especially for the so-called dog-ear area) after reconstruction, which is difficult for conventional laparoscopic surgery (33). The lower rate of diverted ileostomy reflects surgeon confidence in robotic anastomosis.

In terms of operative time, it is generally accepted that robotic surgery tends to take longer than laparoscopic surgery (34). Interestingly, in this study, the operation time was similar between R-TME and L-TME for patients with technically challenging rectal cancer. Following the deduction of docking time, the procedure time for R-TME was even shorter than that of L-TME. In addition, the estimated blood loss was lower in R-TME.

This may be due to the fact that technically challenging rectal cancer is often associated with a narrow surgical field and a crowded operating space, which requires significant technical expertise to perform precise operations. When L-TME is performed in patients with technically challenging rectal cancer, exposure, resection, and anastomosis will be more challenging, and the cooperation between the surgeon and the assistant will be severely tested. Specifically, performing the procedure under poor visualization or an unstable surgical area may increase the risk of rectal wall or vascular trauma (35). In contrast, R-TME provides greater autonomy and enables the performance of precise sharp dissection, which may shorten procedure time and reduce bleeding (13). We believe that despite these challenging surgical conditions, the implementation of R-TME in technically challenging rectal cancer patients has not been hindered.

This study has several limitations. First, this study was a retrospective analysis using a single institutional database, which may lead to patient selection bias. Second, our nomogram requires further validation in other independent patient cohorts. Thirdly, the proportion of patients receiving neoadjuvant therapy in this study is low; nevertheless, we achieved a good quality of TME. Nonetheless, the present study provides new insights into the precise evaluation of surgically difficult patients and the utilization of robotics in mid-low rectal cancer.




5 Conclusion

We successfully established a preoperative nomogram to predict the surgical difficulty of L-TME. Furthermore, this study also indicated that R-TME has potential benefits for patients with technically challenging rectal cancer.
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