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Objective

To explore the advantages and disadvantages of robot-assisted laparoscopic adrenalectomy compared with retroperitoneal laparoscopic adrenalectomy.


Methods

A total of 101 patients with adrenal tumors who received retroperitoneal laparoscopic adrenalectomy (RLA) (n=75) or robot-assisted laparoscopic adrenalectomy (RARLA) (n=26) in our hospital from January 2021 to December 2021 were retrospectively collected. Patients’ demographics, tumor characteristics, and perioperative indicators were compared. Statistical analysis was performed using t-test for continuous variables and Pearson chi-square test or Fisher’s exact test for categorical variables.


Results

We found that blood loss in the RARLA group was significantly less than that in the RLA group (66.9 ± 35.5 ml vs 91.5 ± 66.1 ml, p = 0.020). Gastrointestinal function recovery time in RARLA group was significantly less than that in RLA group (19.9 ± 6.9 hours vs 32.0 ± 9.0 hours, p < 0.001). However, the operation time, drainage tube placement time, post-operative hospital stay in the RARLA group were significantly longer compared with the RLA group (149.6 ± 53.4 mins vs 118.7 ± 41.2 mins, p = 0.003; 4.9 ± 2.0 days vs 3.6 ± 1.1 days, p = 0.004; 6.4 ± 1.8 days vs 4.6 ± 1.6 days, p < 0.001). The hospitalization expense in the RARLA group is significantly higher than that in the RLA group (59284 ± 8724 RMB¥ vs 39785 ± 10126 RMB¥, p < 0.001). We found that there was no significant difference in the incidence of postoperative complications between the two groups. However, the pathological types of the two groups were significantly different. Patients in the RLA group had a higher proportion of adrenocortical adenoma, while patients in the RARLA group had a higher proportion of pheochromocytoma.


Conclusion

Compared with traditional laparoscopic adrenalectomy, robot-assisted laparoscopic adrenalectomy can significantly reduce intraoperative blood loss and accelerate postoperative gastrointestinal recovery. It is committed to studying how to reduce the hospitalization time and hospitalization cost of RARLA, which can make RARLA more widely used.
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1  Introduction

Adrenal gland is an important endocrine organ, and adrenal tumor is the most common adrenal disease. Since Gagner et al. (1) first reported successful laparoscopic adrenalectomy in 1992, laparoscopic adrenalectomy has become the gold standard for the treatment of adrenal tumors (2). In recent years, with the development of Da Vinci surgical robot, Da Vinci robot has gradually appeared in urological surgery, such as radical prostatectomy, radical cystectomy, partial nephrectomy and so on (3, 4). Many scholars have also studied the application of robots in adrenalectomy. Some scholars thought that robot-assisted laparoscopy has no obvious advantage in the treatment of adrenal tumors compared with traditional laparoscopy, and its application value is controversial. Karen et al. found that the subjective benefits of robotic surgery include a three-dimensional surgical field of view, an ergonomically comfortable position, and the elimination of tremors in the surgeon. Robot-assisted laparoscopic surgery takes significantly longer, but patient outcomes are similar to laparoscopic techniques (5). However, some scholars found that robot-assisted adrenalectomy can safely and effectively shorten operation time. In addition, it also has the advantages of short hospital stay, less blood loss, and low incidence of postoperative complications compared with laparoscopic adrenalectomy (6). These findings seem to support the use of robotic minimally invasive surgery for adrenal tumors. This study compared and analyzed the effects of Da Vinci robot-assisted laparoscopic and retroperitoneal laparoscopic adrenalectomy (RLA) in the Department of Urology, the First Affiliated Hospital of Nanchang University, and explored the advantages and disadvantages of robot-assisted laparoscopic adrenalectomy (RARLA).


2  Materials and methods

2.1  Data source and ethics statement

This study was conducted with the approval of the Institutional Review Committee and the Ethics Committee of the First Affiliated Hospital of Nanchang University. We used the hospital database to collect the basic, clinical and pathological information of patients undergoing adrenalectomy.


2.2  Patient selection

The patients with adrenal tumors who received retroperitoneal laparoscopic adrenalectomy (RLA) or robot-assisted laparoscopic adrenalectomy (RARLA) in our hospital from January 2021 to December 2021 were retrospectively collected. The patients were included in this study according to the following inclusion criteria: [1] Patients diagnosed as adrenal tumor; [2] Unilateral tumor. The exclusion criteria were as follows: [1] During hospitalization, other operations other than adrenalectomy were performed; [2] accompanied by other serious comorbidity.


2.3  Technical considerations

After signing informed consent, patients received retroperitoneal laparoscopic adrenalectomy (RLA) or robot-assisted laparoscopic adrenalectomy (RARLA) (RLA and RARLA were both performed via the retroperitoneoscopic approach). All operations were performed by an experienced surgical team.


2.4  Variables and endpoints

Variables in the study include demographic characteristics [age, sex, body mass index (BMI)], tumor characteristics (tumor size, tumor site, pathologic type), treatment methods (RLA, RARLA), perioperative results (operation time, blood loss, gastrointestinal function recovery time, complication, drainage tube placement time, postoperative hospital stay), and other variable (hospitalization expense). Drainage tube was placed routinely for patients after adrenalectomy. When the postoperative drainage fluid is less than 30 ml per day, the doctors will consider removing the drainage tube according to the patient ‘s condition.

The end points of this study were to compare the average differences in operation time, blood loss, gastrointestinal function recovery time, complication, drainage tube placement time, postoperative hospital stay and hospitalization expense between RLA group and RARLA group.


2.5  Statistical analysis

Means and standard deviations were determined for the normally distributed continuous variables. Categorical variables were presented as frequencies and their proportions. The Student’s t-test was performed for the normally distributed continuous variables. All categorical variables were compared with the Chisquare test. SPSS 26.0 (IBM Corp, Armonk, NY) was utilized for all statistical analysis with a two-sided p value < 0.05 denoting statistical significance.



3  Results

According to the inclusion and exclusion criteria, 101 patients were included in this study from January 2021 to December 2021. 75 patients chose to perform retroperitoneal laparoscopic surgery, while only 26 patients chose to perform robot-assisted laparoscopic surgery. No significant differences in terms of age (p = 0.471), sex (p = 0.668), BMI (p = 0.909), and tumor site (p = 0.707) was observed between two groups (all p > 0.05). However, tumor size in the RARLA group tended to be larger compared with RLA group (4.9 ± 2.9 cm vs 2.4 ± 1.1 cm, p < 0.001) (Table 1).

Table 1 | Baseline demographical and clinicopathological characteristics of patients.



We found that blood loss in the RARLA group was significantly less than that in the RLA group (66.9 ± 35.5 ml vs 91.5 ± 66.1 ml, p = 0.020). Gastrointestinal function recovery time in RARLA group was significantly less than that in RLA group (19.9 ± 6.9 hours vs 32.0 ± 9.0 hours, p < 0.001). However, the operation time, drainage tube placement time, post-operative hospital stay in the RARLA group is significantly longer compared with the RLA group (149.6 ± 53.4 mins vs 118.7 ± 41.2 mins, p = 0.003; 4.9 ± 2.0 days vs 3.6 ± 1.1 days, p = 0.004; 6.4 ± 1.8 days vs 4.6 ± 1.6 days, p < 0.001). The hospitalization expense in the RARLA group is significantly higher than that in the RLA group (59284 ± 8724 RMB¥ vs 39785 ± 10126 RMB¥, p < 0.001). We found that there was no significant difference in the incidence of postoperative complications between the two groups (4.0% vs 3.8%). By the way, the four patients with complications in the retrospective cohort were classified as grade I according to the Clavien-Dindo classification. However, the pathological types of the two groups were significantly different. Patients in the RLA group had a higher proportion of adrenocortical adenoma (50.0% vs 88.0%), while patients in the RARLA group had a higher proportion of pheochromocytoma (11.5% vs 5.3%) (Table 2).

Table 2 | Comparison of perioperative and pathological results.




4  Discussion

With the development of minimally invasive technology, laparoscopy is more and more widely used in surgery. Laparoscopic adrenalectomy has become the preferred treatment for most adrenal tumors. Compared with open adrenalectomy, patients have better tolerance to laparoscopic adrenalectomy (7). In 2001, Horgan et al. (8) first used the Da Vinci robotic surgical system to complete unilateral adrenalectomy. They found that robotic surgery was a safe and effective alternative to traditional laparoscopic surgery. With the development of robotic surgery, many medical centers began to perform robot-assisted laparoscopic adrenalectomy, and the safety and effectiveness of this surgical method have been verified (9, 10).

There have been some comparative studies on robot-assisted laparoscopic adrenalectomy and traditional laparoscopic adrenalectomy. Agcaoglu et al. (11) have shown that for larger adrenal tumors, robot-assisted laparoscopic adrenalectomy can shorten the operation time and reduce the probability of conversion to open surgery. Robot-assisted laparoscopic adrenalectomy can be used as the preferred surgical method for larger adrenal tumors. However, in their study, only adrenal tumors larger than 5cm in diameter were included. Karabulut et al. (12) have shown that robot-assisted laparoscopic adrenalectomy has lower morbidity and shorter hospital stay after the robotic procedures than traditional laparoscopic surgery. In their study, the operation time of different surgical approaches was also compared. The results showed that operation time was similar between the laparoscopic and robotic groups for both lateral transabdominal and posterior retroperitoneal approaches. However, some important perioperative indicators, such as the time of drainage tube removal and postoperative gastrointestinal recovery time, were not involved in their study (13, 14).

In this study, we found that robot-assisted laparoscopic adrenalectomy can significantly reduce intraoperative blood loss and accelerate postoperative gastrointestinal function recovery compared with traditional laparoscopic adrenalectomy. The reason for less bleeding in robot surgery may be that the anatomical structure is clearer when using the robot system, thus avoiding the damage of some small blood vessels. This is very helpful for the clarity of the surgical field (15). Consistent with our findings, Brunaud et al. prospectively evaluated 50 patients with RARLA and 59 patients with RLA, and they found that RARLA was associated with lower blood loss (49.0 vs 71.0 ml, p < 0.001) (16). Robotic surgery reduces the damage to surrounding tissues due to clear vision and accurate operation, reduces the damage to the gastrointestinal system, and accelerates the recovery of gastrointestinal function. Lin et al. (17) found that the intestinal recovery time of patients undergoing robotic surgery was faster than that of patients undergoing ordinary laparoscopic surgery, and the anal exhaust and defecation time was shorter. Robotic surgery causes less damage to the patient ‘s body and promotes the recovery of intestinal and other functions.

In the present study, the average operation time of the RARLA group was 30 minutes longer than that of the RLA group. It is generally accepted that the operation time of RARLA is longer than that of RLA in the initial stage of application (18). In fact, some studies have highlighted the docking procedure as the reason for the significant increase in RLA operation time (19). In addition, several variables (robotic operating room, robot platform preparation during anesthesia, and surgical team familiarity with robotic surgery) have a significant effect on the operation time (18). Studies have found that rich laparoscopic surgery experience and previous robotic surgery can significantly reduce the learning curve of RLA (18, 20). The length of hospital stay may be affected by differences in medical reimbursement systems, the distance of patients from referral centers, and cultural expectations. As a new technology, robotic surgery will cost more than traditional laparoscopic surgery, but with the emergence of domestic robots, it is believed that the cost of robotic surgery will be greatly reduced.

In addition, it is worth noting that the choice of surgical approach may also be a factor affecting the outcome of surgery. Previous studies have shown that the retroperitoneal approach has shorter operating time, less bleeding, and earlier recovery of gastrointestinal function compared to the anterior abdominal approach (21–23). Therefore, at present, most patients with adrenal tumors in our center are treated via retroperitoneal approach. The anterior abdominal approach is only used in a few large tumors. Based on our experience, we believe that the retroperitoneal approach can reach the adrenal gland with less tissue dissection and avoid peritoneal damage. This may be one reason for less bleeding and faster recovery of gastrointestinal function during operation. Of course, more research is needed.

The main limitation of the study is its retrospective, non-randomized design. The secondary limitation of the study is the small sample size. Due to the limitation of sample size, we cannot analyze the two surgical approaches of lateral transabdominal and posterior retroperitoneal simultaneously. We only study the posterior retroperitoneal approach. The robot system provides a three-dimensional display for surgeons, enhances depth perception, enables surgeons to operate in a comfortable sitting position, keeps eyes, hands and targets consistent, and the device contains a ‘ wrist ‘ joint to improve flexibility. We believe that the ability of robotic surgery to restore hand-eye coordination and three-dimensional vision lost in laparoscopic surgery will enable us to perform complex surgeries with greater accuracy and confidence and better outcomes.


5  Conclusion

Compared with traditional laparoscopic adrenalectomy, robot-assisted laparoscopic adrenalectomy can significantly reduce intraoperative blood loss and accelerate postoperative gastrointestinal recovery. It is committed to studying how to reduce the hospitalization time and hospitalization cost of RARLA, which can make RARLA more widely used.
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Variables RLA 75) P
Age, year, mean (SD) 49.7 (12.9) 47.4 (153) 0471
Sex, n (%) 0.668
Male 44.0 (58.7 %) 140 (53.8 %)
Female 310 (41.3 %) 120 (462 %)
BMI, kg/m? mean (SD) 24.1 (3.8) 24.0 (3.4) 0.909
Tumor size, cm, mean (SD) 2.4 (1.1) 49 (29) <0.001
Tumor site, n (%) 0.701
Left 350 (46.7 %) 110 (423 %)
Right 40.0 (53.3 %) 15.0 (57.7 %)

RLA, Retroperitoneal laparoscopic adrenalectomy; RARLA, Robot assisted laparoscopic adrenalectomy; SD, standard deviation; BMI, body mass index.
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Variables RLA RARLA
Operation time, min, mean (SD) 118.7 (41.2) 149.6 (53.4)
Blood loss, ml, mean (SD) 91.5 (66.1) 66.9 (35.5)
Gastrointestinal function recovery time, hour, mean (SD) 32.0 (9.0) 19.9 (6.9)

Complication, n (%)

Yes 3 (4.0 %) 1(3.8 %)

None 72 (96.0 %) 25 (96.2 %)
Drainage tube placement time, day, mean (SD) 3.6 (1.1) 4.9 (2.0)
Postoperative hospital stay, day, mean (SD) 4.9 (1.6) 6.4 (1.8)
Hospitalization expense, RMB¥, mean (SD) 39785 (10126) 59284 (8724)

Pathologic types, n (%)

Adrenocortical adenoma 66 (88.0 %) 13 (50.0 %)
Pheochromocytoma 4(53 %) 3 (11.5 %)
Others pathologic types 5 (6.7 %) 10 (38.5 %)

RLA, Retroperitoneal laparoscopic adrenalectomy; RARLA, Robot assisted laparoscopic adrenalectomy; SD, standard deviation; BMI, body mass index.
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