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Purpose: The objective of this study was to compare perioperative outcomes in patients with large (=5cm) pheochromocytomas who
underwent adrenalectomy.

Patients and Methods: We retrospectively reviewed patients who underwent laparoscopic adrenalectomy (LA) and robot-assisted
adrenalectomy (RA) for large pheochromocytoma (> Scm) at our center between January 2015 to February 2023. We compared the
perioperative outcomes between the two groups and investigated impact of high Nor-Metanephrine (NMN) levels on perioperative
outcomes by analyzing this subgroup.

Results: A total of 115 patients were included in the study, with 48 patients in the robotic group and 67 patients in the laparoscopic
group. The following significant difference were identified in favor of RA: shorter operative (excluding docking time) time (190.0 vs
220.0 min, p=0.002), lower estimated blood loss (50.0 vs 120.0 mL, p=0.013), however, RA group has higher surgical expenses
(37933.0 vs 7936.0 CNY, p< 0.001). This finding remained consistent when analyzing patients with high NMN levels.
Conclusion: Patients with large pheochromocytoma may experience reduced blood loss and shorter operative time when undergoing
robot-assisted adrenalectomy. However, it is important to note that the RA approach is associated with significantly higher costs.
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Introduction

Pheochromocytoma (PHEO) is a rare neuroendocrine tumor that primarily originates from the adrenal medulla." PHEO
has a significant impact on multiple systems, particularly the cardiovascular system, due to the excessive production and
release of catecholamines.” Surgical resection is a standard treatment for patients with pheochromocytoma. Since the first
report of laparoscopic adrenalectomy in 1992,° multiple studies have demonstrated the feasibility and safety of laparo-
scopic approaches for resecting pheochromocytoma.‘” However, laparoscopic approaches have certain limitations, such
as limited instrument movement, a two-dimensional image, and tremor amplification.'® As a result, laparoscopic surgery
can be challenging for complex pheochromocytomas, such as those requiring reoperation, those compressing the inferior
vena cava, or those with large tumor volumes.

In 2002, the preliminary Da Vinci Robot-assisted adrenalectomy was first reported.'’ Since then, this surgical
procedure has rapidly advanced. It is now not only commonly used for treating smaller pheochromocytomas but also
shows excellent therapeutic outcomes for larger ones.'” In our previous study, Ma et al conducted a prospective study and
identified robotic adrenalectomy had superior outcomes than laparoscopic adrenalectomy, including shorter operative
time and lower estimated blood loss.'> However, previous studies often focus on adrenal tumors in general or include all

patients with pheochromocytoma, without specifically targeting larger cases.'*'* It is important to note that large adrenal
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tumors are typically defined as those ranging in size from 5 to 10cm in diameter, with a consensus of approximately
5cm.'>! Therefore, pheochromocytomas that exceed 5cm in diameter serve as the primary focus of our present study.

The aim of this retrospective study is to compare the perioperative results for patients undergoing robotic adrena-
lectomy versus laparoscopic adrenalectomy for large pheochromocytoma. Additionally, we aim to identify subgroups of
patients who would benefit more from robotic adrenalectomy or laparoscopic adrenalectomy.

Materials and Methods

Patients

A total of 115 patients with large pheochromocytoma who underwent laparoscopic adrenalectomy and robotic adrena-
lectomy were enrolled in this retrospective study after obtaining approval from the Ruijin Hospital Ethics Committee.
The inclusion criteria were unilateral and adrenal-originated large pheochromocytoma, while the exclusion criterion was
recurrence or distant metastatic pheochromocytoma.

Demographic, laboratory data, and disease characteristics were compared between the two groups: laparoscopic
adrenalectomy (LA) and robotic adrenalectomy (RA). The choice of surgical approach (LA or RA) was determined
collaboratively by the surgeons and patients. Surgeons offered recommendations based on the patients’ medical condi-
tion, surgical complexity, and associated risks, while also taking into consideration the patients’ financial circumstances.
Ultimately, the decision-making process allowed patients to make informed choices that aligned with their individual
medical needs and financial capabilities. Demographic factors included age, gender, body mass index (BMI), American
Society of Anesthesiologists (ASA) score, Charlson comorbidity index (CCI) score, history of smoking or alcohol use,
presence of diabetes and hypertension, and history of abdominal surgery. Laboratory data, including hemoglobin,
albumin, metanephrine (MN), and nor-metanephrine (NMN), were obtained from pre-surgery blood screening tests. If
multiple preoperative blood tests were available for a patient, the value closest to the date of adrenalectomy was used.
The normal range of metanephrine and nor-metanephrine in our center is 14-90 pg/mL and 19-121 pg/mL, respectively.
NMN levels higher than 650 pg/mL were considered high. Disease characteristics such as tumor size and tumor side,
were obtained from preoperative radiological imaging, including enhanced adrenal computed tomography (CT), mag-
netic resonance imaging (MRI), or positron emission tomography-computed tomography (PET-CT), performed before

surgery.

Surgery
All patients included in our study underwent a minimum 3-week course of doxazosin before surgery.

All surgeries were performed by experienced surgeons. Even if some surgeries are performed by junior surgeons, they
were under the supervision of senior surgeons. Calcium channel blockers were also used as preoperative medications.'®
Data regarding different surgical approaches (transperitoneal and retroperitoneal) were collected and compared between
the two surgical groups. The selection of a retroperitoneal or transperitoneal approach is typically based on multiple
factors, including tumor location, the preference of surgeons, as well as the specific characteristics and medical history of
patients. Detailed descriptions of the surgical procedures can be found in other literature. !

Perioperative Outcomes and Follow-Up
Perioperative outcomes were compared between the two groups, including operative time (OT), estimated blood loss
(EBL), intraoperative transfusion, intraoperative complications, conversion to open adrenalectomy, postoperative com-
plications, postoperative transfusion, postoperative transfer to the Surgical Intensive Care Unit (SICU), and postoperative
length of stay (PLOS). Moreover, surgical expenses were collected in our study and compared between the two groups.
Operative time was calculated from trocar insertion to abdominal closure, while estimated blood loss was evaluated
by subtracting the amount of irrigation fluid used from the suction volume. Operative time (OT) was recorded from the
skin incision to skin closure. Patients were followed up within 2—6 months after the operation in the outpatient clinic.
Endocrine evaluation of MN, NMN, and enhanced CT was conducted during the first postoperative follow-up, and the
levels of MN and NMN were recorded.
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Statistical Analysis

Continuous variables were reported as median (interquartile range, IQR), and categorical variables were expressed
as count (percentage). The Mann—Whitney U-test was used for analyzing continuous variables, while Chi-square
tests or Fisher’s exact tests were used for analyzing categorical variables. Statistical analyses were performed using
SPSS version 26.0. All statistical tests were two-sided, and a p-value less than 0.05 was considered statistically
significant.

Results

Baseline Characteristics
From January 2015 to February 2023, a total of 115 patients were enrolled in this study. Among them, 48 patients
underwent robotic adrenalectomies, and 67 patients underwent laparoscopic adrenalectomies. Table 1 provides an

Table | Baseline Characteristics of Patients

Preoperative Data Total (n=115) Robotic Group (n=48) | Laparoscopic Group (n=67) p-value
Age, year 45.0 (33.0-60.0) 43.5 (32.5-58.0) 45.0 (33.0-60.0) 0.563
Gender, n% 0.789
Male 52 (45.2) 21 (43.8) 31 (46.3)

Female 63 (54.8) 27 (56.3) 36 (53.7)

BMI, kg/m? 229 (21.1-25.2) 23.1 (21.9-24.5) 22.6 (20.9-25.4) 0.854
Hypertension, n% 86 (74.8) 40 (83.3) 46 (68.7) 0.074
Diabetes, n% 23 (20.0) 9 (18.8) 14 (20.9) 0.777
Smoking, n% 8 (7.0 2 (42) 6 (9.0) 0.533
Alcohol, n% 543) I 2.1) 4 (6.0) 0.586
ASA, n% 0.143
1-2 99 (86.1) 44 (91.7) 55 (82.1)

34 16 (13.9) 4 (8.3) 12 (17.9)

CCl, n% 0.457
01 87 (75.7) 38 (79.2) 49 (73.1)

22 28 (24.3) 10 (20.8) 18 (26.9)

Prior abdominal surgery, n% 21 (18.3) 7 (14.6) 14 (20.9) 0.388
Preoperative hemoglobin, g/L 131.0 (118.0-139.0) 130.5 (117.0-137.0) 132.0 (120.5-142.5) 0.240
Preoperative albumin, g/L 41.0 (39.0-43.0) 41.0 (39.0-43.0) 41.0 (38.042.0) 0.157
Metanephrine, pg/mL 103.4 (67.1-718.9) 90.6 (62.9-553.3) 112.6 (71.2-1027.6) 0.392
Nor-Metanephrine, pg/mL 1200.9 (577.4-2630.5) 1701.6 (824.5-3252.9) 927.0 (337.9-2430.0) 0.045*
Tumor size, cm 6.0 (5.5-7.0) 6.0 (5.5-7.3) 6.0 (5.5-7.0) 0.551
Tumor Laterility, n% 0.274
Left 65 (56.5) 30 (62.5) 35 (52.2)

Right 50 (43.5) 18 (37.5) 32 (47.8)

Surgical Technique, n% 0.250
Transperitoneal 77 (67.0) 35 (72.9) 42 (62.7)

Retroperitoneal 38 (33.0) 13 (27.1) 25 (37.3)

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists score; CCIl, Charlson comorbidity index.
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overview of the patients’ characteristics. The two groups were comparable in terms of all baseline characteristics,
including age (p=0.563), gender (p=0.789), BMI (p=0.854), presence of hypertension (p=0.074) and diabetes (p=0.777),
alcohol use (p=0.586), smoking (p=0.533), ASA score (p=0.143), CCI (p=0.457), history of previous abdominal surgery
(»=0.388), tumor size (p=0.551), tumor side (p=0.274), and surgical approach (p=0.250).

Comparison of Perioperative Outcomes

The perioperative outcomes were compared between the two groups, and the results are presented in Table 2. The RA
group showed a significantly shorter operative time (190.0 vs 220.0 min, p=0.002) and lower estimated blood loss (50.0
vs 120.0 mL, p=0.013). However, the hospitalization cost in the RA group was higher than that in the LA group (37933.0
vs 7936.0 CNY, p< 0.001). Only three patients in laparoscopic surgery group required conversion to open surgery, while
no patients in the robotic group required conversion to open surgery. However, there was no statistically significant
difference between the two groups (0.0% vs 4.5%, p=0.372).

Table 2 Perioperative Outcomes

Variables Total Robotic Group Laparoscopic Group p-value
(n=115) (n=48) (n=67)

Conversion to open 3 (2.6) 0 (0.0) 3 (4.5) 0.372

OT, min 210.0 (180.0-250.0) 190.0 (170.0-215.0) 220.0 (190.0-260.0) 0.002*

EBL, mL 100.0 (50.0-200.0) 50.0 (30.0-212.5) 120.0 (100.0-200.0) 0.013*

Intraoperative complications 19 (16.5) 6 (12.5) 13 (19.4) 0.326

Intraop. ventricular fibrillation 1 (0.9) 1 (0.0) 0 (0.0

Intraop. hypertension after removal of adrenal tumor, n% 10 (8.7) 2(42) 8 (11.9)

Intraop. tissue or organ injury, requiring suture, n% 3 (2.6) I 2.1) 2 (3.0

Cava vein damage with intracorporeal suture, n% 1 (0.9) 0 (0.0) 1 (1.5)

Significant bleeding in the surgical field, n% 2 (1.7) I (2.1) 1 (1.5)

Suspected spleen repture, requiring abdominal 1 (0.9) 0 (0.0) 1 (1.5)

exploration, n%

Diaphragmatic rupture, requiring intraoperative suture, n% 1 (0.9) I 2.1) 0 (0.0)

Intraoperative transfusion 36 (31.3) 18 (37.5) 18 (26.9) 0.225

Postoperative complications 5 4.3) 1 2.1) 4 (6.0) 0.586

Postop. Electrolyte imbalance, n% 2(1.7) I 2.1) 1 (1.5)

Postop. fever management with broad spectrum 1 (0.9) 0 (0.0 1 (1.5)

antibiotics, n%

Postop. pulmonary infection, n% 1 (0.9) 0 (0.0) 1 (1.5)

Postop. heart failure, n% 1 (0.9) 0 (0.0) I (1.5)

Postoperative transfusion, n% 27 (23.5) 13 (27.1) 14 (20.9) 0.440

Postoperative transfer to SICU 14 (12.2) 4 (8.3) 10 (14.9) 0.286

Postoperative hospital stay, day 13.0 (8.0-18.5) 12.5 (8.0-18.0) 13.0 (8.0-21.0) 0.980

Surgical expense (CNY) 9235.0 (7776.5-37323.3) 37933.0 (36725.0-38597.5) 7936.0 (6889.5-8829.0) <0.001*

Postoperative MN, pg/mL 32.1 (17.3-50.3) 32.1 (23.7-41.5) 33.1 (16.0-50.9) 0.772

Postoperative NMN, pg/mL 72.5 (49.5-98.0) 75.6 (61.2-98.0) 69.3 (44.4-98.6) 0.234

Readmission, n% 2 (1.7) 0 (0.0) 2 (3.0) 0.509

Notes: *Statistically significant.

Abbreviations: OT, operative time (excluding docking); EBL, estimated blood loss; SICU, Surgical Intensive Care Unit; CNY, Chinese Yuan; MN, metanephrine; NMN, nor-

metanephrine.
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The incidence of intraoperative complications did not show a statistically significant difference between the
robotic surgery group and laparoscopic surgery group (12.5% vs 19.4%, p=0.326). In the robotic surgery group,
a total of 6 patients experienced intraoperative complications: one patient had ventricular fibrillation during the
surgery, two patients experienced hypertension after tumor resection, one patient had damage to surrounding
tissues or organs during the surgery and requiring suturing, one patient experience significant intraoperative
bleeding, and one patient had diaphragmatic rupture during the surgery and required suturing. In the laparoscopic
group, a total of 13 patients experienced intraoperative complications: eight patients experienced hypertension
after tumor resection, two patients had damage to surrounding tissues or organs during the surgery and required
suturing, one patient experienced cava vein damage and required suturing, one patient experience significant
intraoperative bleeding, and one patient experienced suspected spleen rupture, requiring abdominal exploration.

No difference in terms of postoperative complication rate was found between the laparoscopic and the robotic group
(2.1% vs 6.0%, p=0.586). In detail, in the robotic group, one patient underwent postoperative electrolyte imbalance. In
the laparoscopic group, one patient experienced a postoperative fever treated with broad spectrum antibiotics, one patient
underwent postoperative electrolyte imbalance, one patient had postoperative pulmonary infection, and one patient
experienced heart failure.

There was no statistically significant difference between the two groups in terms of transfusion rate, both intraopera-
tively (37.5% vs 26.9%, p=0.225) and postoperatively (27.1% vs 20.9%, p=0.440). Similarly, there was no statistically
significant difference between the two groups in terms of proportion of patients transferred to the intensive care unit after
surgery (8.3% vs 14.9%, p=0.286) or the postoperative length of stay (12.5 vs 13.0 days, p=0.980). The robotic surgery
group had no patients readmitted for further treatment after discharge, while the laparoscopic surgery group had two
patients readmitted. However, there was no statistically significant difference between the two groups (0.0% vs 3.0%,
p=0.509).

Patients with High NMN

Table 3 showed the baseline characteristics and perioperative outcomes for patients with high NMN. For these patients,
the following significant differences were identified in favor of RA vs LA: shorter operative time (200.0 vs 220.0 min,
p=0.024) and lower estimated blood loss (50.0 vs 150.0 mL, p=0.009). However, the hospitalization cost in RA group
was higher than LA group (38052.5 vs 8005.0, p< 0.001). For patients with high NMN levels, the comparison of
perioperative complications between different surgical approaches yielded the same result as those obtained for all
patients.

Table 3 Patients with High Level of nor-Metanephrine (>650 Pg/MI)

Dove:

Variable Total (n=82) Robotic Group (n=41) Laparoscopic Group (n=41) p-value
Age, year 44.0 (32.0-57.0) 43.0 (32.0-55.0) 45.0 (32.0-60.0) 0513
Gender, n% 0.654
Male 34 (41.5) 18 (43.9) 16 (39.0)
Female 48 (58.5) 23 (56.1) 25 (61.0)
BMI, kg/m? 23.1 (20.3-25.3) 23.1 (21.8-24.4) 22.9 (20.3-25.4) 0.817
Hypertension, n% 61 (74.4) 34 (82.9) 27 (65.9) 0.077
Diabetes, n% 15 (18.3) 7 (17.1) 8 (19.5) 0.775
Smoking, n% 4 (4.9) 1 (24) 3(7.3) 0.608
Alcohol, n% 2 (2.4) 0 (0.0 2 (4.9) 0.474
(Continued)
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Table 3 (Continued).

Variable Total (n=82) Robotic Group (n=41) Laparoscopic Group (n=41) p-value
ASA, n% 0.429
1-2 75 (91.5) 39 (95.1) 36 (87.8)

34 7 (8.5) 2 (4.9) 5(122)

CCl, n% 0.594
0-1 64 (78.0) 33 (80.5) 31 (75.6)

22 18 (22.0) 8 (19.5) 10 (24.4)

Prior abdominal surgery, n% 10 (12.2) 5(12.2) 5(12.2) 1.000
Preoperative hemoglobin, g/L 129.0 (118.0-137.0) 130.0 (118.0-136.0) 128.0 (119.0-139.0) 0.926
Preoperative albumin, g/L 41.0 (39.043.0) 41.0 (39.0-43.0) 41.0 (38.042.0) 0.166
Metanephrine, pg/mL 112.7 (72.5-732.2) 168.3 (68.1-643.5) 95.5 (74.0-1072.0) 0.792
Nor-Metanephrine, pg/mL 2088.6 (1099.6-3717.3) 2067.2 (1076.1-3754.3) 2305.7 (1178.0-3224.6) 0.908
Tumor size, cm 6.0 (5.5-7.5) 6.0 (5.5-7.5) 6.0 (5.5-7.5) 0.888
Tumor Laterility, n% 0.075
Left 46 (56.1) 27 (65.9) 19 (46.3)

Right 36 (43.9) 14 (34.1) 22 (53.7)

Surgical Technique, n% 0.627
Transperitoneal 58 (70.7) 30 (73.2) 28 (68.3)

Retroperitoneal 24 (29.3) Il (26.8) 13 31.7)

Conversion to open 2 (2.4) 0 (0.0 2 (4.9) 0.474
OT, min 210.0 (180.0-250.0) 200 (170.0-240.0) 220 (190.0-260.0) 0.024*
EBL, mL 100.0 (50.0-200.0) 50.0 (30.0-200.0) 150.0 (100.0-200.0) 0.009*
Intraoperative complications 14 (17.1) 6 (14.6) 8 (19.5) 0.557
Intraoperative transfusion, n% 28 (34.1) 16 (39.0) 12 (29.3) 0.352
Postoperative complications

Postoperative transfusion, n% 21 (25.6) 12 (29.3) 9 (22.0) 0.448
Postoperative transfer to SICU I (13.4) 4 (9.8) 7(17.1) 0.331
Postoperative hospital stay, day 13.0 (8.0-21.0) 13.0 (8.0-18.0) 14.0 (10.0-23.0) 0.518
Surgical expense (CNY) 22809.8 (8005.0-38075.0) 38052.5 (36780.0-38615.0) 8005 (6690.0-8828.0) <0.001*
Postoperative MN, pg/mL 31.4 (17.3-50.0) 30.8 (20.9—46.5) 34.7 (16.6-49.7) 0.861
Postoperative NMN, pg/mL 72.2 (50.1-99.5) 75.6 (59.6-99.5) 68.8 (49.5-94.6) 0.394
Readmission, n% 1 (1.2) 0 (0.0 1 (2.4) 1.000

Notes: *Statistically significant.

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists score; CCl, Charlson comorbidity index; OT, operative time (excluding docking); EBL,

estimated blood loss; SICU, Surgical Intensive Care Unit; CNY, Chinese Yuan; MN=metanephrine; NMN, nor-metanephrine.

Discussion

LA represents the gold standard for the treatment of most adrenal masses. However, in cases of large pheochromocy-

toma, LA can be extremely challenging surgery due to its limitations, such as a two-dimensional view, unstable camera

platform, and rigid instrument.'* To overcome these, in 1999 Piazza et al'” and Hubens et al'® performed the first robot-
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assisted adrenalectomy in Europe. Since then, with the progressive spread of robotic platform, RA has gradually adopted
as an alternative to LA. However, large comparative series between LA and RA are lacking in current literature and
evidence providing a real benefit of RA over LA have not been provided so far.

Most studies comparing the two surgical approaches did not specifically focus on a particular disease, but rather
investigated adrenal masses as a whole.'”>* However, different adrenal tumors have varying characteristics, and the
probability of perioperative complications differs among them. For example, patients with primary hyperaldosteronism
have smaller tumors than other pathologies, with no significant retroperitoneal fat and no significant hemodynamics, in
contrast to pheochromocytoma.> Therefore, our study was limited to pheochromocytoma, aiming for a more specific and
targeted investigation. Although open surgery is currently considered the standard approach for large pheochromocy-
toma, the increasing popularity of robotic surgery had led to more patients with large pheochromocytomas undergoing
minimally invasive procedures. Hence, it is necessary to compare robotic surgery and laparoscopic surgery in patients
with large pheochromocytoma.

Regarding operative time and estimated blood loss, our study found that the robotic group had shorter operative time
(190.0 vs 220.0 min, p=0.002) and lower intraoperative blood loss (50.0 vs 120.0 mL, p=0.013). Aliyev et al*® conducted
a study including a total of 65 patients with pheochromocytoma, with 40 patients undergoing laparoscopic adrenalectomy
and 25 patients undergoing robotic adrenalectomy. The Study found no significant differences in operative time (149.0 vs
178.0 min, p=0.132) and intraoperative blood loss (36.0 vs 43.0 mL, p=0.628) between the two groups. Fang et al
compared the outcomes of open surgery, laparoscopic surgery, and robotic surgery for pheochromocytoma to determine
which approach is superior.® In the comparison between laparoscopic adrenalectomy and robotic adrenalectomy, it was
found that laparoscopic adrenalectomy had a shorter operative time (210.4 vs 157.9 min, p=0.004). There was no
statistically significant difference in intraoperative blood loss between the two groups (173.0 vs 134.0 mL, p=0.584). The
above-mentioned study focused on all patients with pheochromocytoma. Our study yielded different results compared to
those studies, which could be attributed to several reasons. Firstly, our operative time did not include the docking time for
robotic surgery. Secondly, it is possible that the advantages of robot-assisted adrenalectomy for larger pheochromocy-
tomas can be better demonstrated, resulting in shorter operative time and less intraoperative blood loss.

According to our research, robotic approach did not reduce intraoperative and postoperative outcomes or shorten
postoperative hospitalization stays. Although many studies have compared the occurrence of intraoperative and post-
operative complications between laparoscopic adrenalectomy and robot-assisted laparoscopic adrenalectomy for pheo-
chromocytoma, the results of these studies are controversial. Brandao et al*’ pooled 9 studies including 323 laparoscopic
adrenalectomies and 277 robotic adrenalectomies into their meta-analysis. They found no statistical difference in surgical
complication rate between the two groups, which is similar with our result. However, they found that RA group had
a significantly longer length of hospitalization, which is converse to our result.

The cost associated with using robotic systems has been a concern examined in several studies. In our research, the
total hospitalization cost was significantly higher in the RA group compared to the LA group (37933 vs 7936 CNY,
p<0.001). Agcaoglu et al estimated that the expenses associated with RA were higher than those of LA, primarily due to
the fees for annual maintenance and additional instruments.”® Moreover, our finding is similar to the study conducted by
Higgins et al, who noted a substantial increase in the cost of general surgery procedures when performed robotically
instead of laparoscopically.?’ It is worth noting that costs and charges may vary depending on the institution and country.
Nonetheless, it is clear that as the number of robotic procedures performed increases and the price of robotic systems
decreases, the cost of robotic surgery is expected to decrease.

The clinical presentation of pheochromocytoma varies depending on the tumor’s catecholamine secretion, which
differ among patients. A high plasma nor-metanephrine concentration is a risk factor for hemodynamic instability during
pheochromocytoma surgery. Careful manipulation is necessary to prevent a massive release of NMN into the blood-
stream, which can prolong the operative time.’® Furthermore, catecholamines may play a significant role in the
angiogenesis of pheochromocytoma. Xia Y et al have stated that catecholamine promotes tumor angiogenesis by
triggering the M2 polarization of macrophages and enhancing the VEGF expression.’’ Therefore, hyper-vascular
pheochromocytoma may be associated with higher NMN levels. In our study, subgroup analysis was performed to
determine whether patients with high NMN levels should benefit more from RA surgery or laparoscopic surgery.
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However, in our study, no additional findings were discovered when comparing the perioperative outcomes of the two
surgical approaches for patients with high NMN levels. Although no differences were found between the two surgical
approaches, our study is the first to attempt to compare them for large pheochromocytoma through patient stratification.

It is acknowledged that the surgical experience of the surgeon plays an important role in the occurrence of
perioperative complications. A study conducted by Park et al** demonstrated that surgeons with low surgical volume
had a 1.5 times higher risk of complications in adrenal resection compared to surgeons with high surgical volume. In
our study, both laparoscopic and robotic surgeries for large pheochromocytomas were typically performed by
experienced surgeons due to the high surgical risk involved. Even if some surgeries are performed by junior doctors,
they were under the supervision of senior doctors. Pedziwiatr et al found that®? in certain large-scale hospitals, junior
doctors performed many surgeries, but the incidence of perioperative complications did not increase due to the
supervision and guidance provided by experienced senior doctors within the surgical team. Therefore, we consider
the difference in surgical experience between the two groups (RA and LA) in our study to be minimal. We found that
the robotic group achieved better perioperative outcomes, independence of the difference in surgical experience
between the two groups of surgeons.

Although our study demonstrated that robot-assisted laparoscopic adrenalectomy had better perioperative outcomes
for large pheochromocytomas. Despite the many advantages of the da Vinci robotic system, such as precise operation,
improved visualization, and enhanced instrument flexibility, it may face technical challenges in specific anatomical
structures and surgical situations. For example, the retroperitoneal approach may have limitations in terms of anatomical
structure, which could restrict the operating space of the da Vinci system. Additionally, using the da Vinci robotic system
for retroperitoneal or laparoscopic resection requires surgeons to have specialized skills and experience to ensure the
safety and effectiveness of the surgery. Moreover, robot-assisted surgery incurs high costs, approximately 4-5 times
higher than laparoscopic surgery. Whether it can provide corresponding multiples of better prognosis is worth exploring.
Therefore, the choice of surgical approach should be based on multiple factors, including the characteristics of the tumor,
the feasibility of the surgery, and the patient’s financial capability, and should be considered comprehensively.

The present study has several limitations that should be acknowledged. Firstly, being a retrospective single-center
study, our research is susceptible to selection bias. Secondly, due to the low incidence rate of pheochromocytoma and the
further screening of the population to specifically select individuals with large pheochromocytomas, our study had
a relatively small cohort. The number of cases included in our study was not large enough to draw definitive conclusions.
To further validate the conclusions of our study, subsequent randomized controlled trials will be necessary for further
verification. Thirdly, the postoperative follow-up period for some cases was not sufficiently long to evaluate important
oncologic outcomes, such as tumor recurrence or metastasis.

Conclusion

In conclusion, our study offers valuable insights into the outcomes of laparoscopic adrenalectomy and robotic adrena-
lectomy for patients with large pheochromocytoma. The robotic approach showed advantages in terms of shorter
operative time and lower estimated blood loss. However, it is crucial to consider the higher hospitalization cost
associated with the robotic approach. Further studies with large sample sizes and longer follow-up periods are needed
to validate these findings and provide more comprehensive evidence, which will help further establish the optimal
surgical approach for patients with large pheochromocytoma, considering both clinical outcomes and cost-effectiveness.
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