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Abstract
Background and objective Benign retroperitoneal tumors (BRTs) are clinically rare solid tumors. This study aimed to com-
pare the safety and efficacy of laparoscopic transperitoneal versus retroperitoneal resection for BRTs.
Methods The clinical data of 43 patients who had pathologically confirmed BRTs and underwent laparoscopic resection in 
a single center from January 2019 to May 2022 were retrospectively analyzed. Patients were divided into two groups accord-
ing to the surgical methods: the Transperitoneal approach group (n = 24) and the Retroperitoneal approach group (n = 19). 
The clinical characteristics and perioperative data between the two groups were compared. The baseline data and surgical 
variables were analyzed to determine the impact of different surgical approaches on the treatment outcomes of BRTs.
Results No significant difference was observed between the two groups in gender, age, body mass index, the American 
Society of Anesthesiologists score, presence of underlying diseases, tumor size, tumor position, operation duration, intraop-
erative hemorrhage, postoperative hospital stay, intestinal function recovery time, and postoperative complication rate. The 
conversion rate from laparoscopic to open surgery was significantly lower in the Transperitoneal approach group than in the 
Retroperitoneal approach group (1/24 vs. 5/19, χ2 = 4.333, P = 0.037). Tumor size was an independent influencing factor 
for the effect of surgery (odds ratio = 1.869, 95% confidence interval = 1.135–3.078, P = 0.014) and had a larger efficacy on 
the retroperitoneal group (odds ratio = 3.740, 95% confidence interval = 1.044–13.394, P = 0.043).
Conclusion The laparoscopic transperitoneal approach has the inherent advantages of anatomical hierarchies and surgical 
space, providing a better optical perspective of the targeted mass and improved bleeding control. This approach may have 
better efficacy than the retroperitoneal approach, especially in cases of a large tumor or when the tumor is located near 
important blood vessels.
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Retroperitoneal tumors (RTs) are clinically rare solid tumors 
originating from the retroperitoneal mesenchymal or neural 
tissues with the properties of expansive growth [1]. They 
possess either benign or malignant histological features, 
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with the occurrence rate of benign retroperitoneal tumors 
(BRTs) four times lower than that of malignant RTs [2, 3]. 
The most common pathological types of BRTs, in descend-
ing order of incidence, are neurofibromas, schwannomas, 
paraganglioma, and lipomas, with a higher morbidity rate in 
females than in males [4]. The gold standard of treatment for 
BRTs is laparoscopic R0 or R1 resection, with a success rate 
of over 90% [5]. However, there is ongoing debate regarding 
the optimal approach to laparoscopic resection. While urolo-
gists prefer the retroperitoneal approach, general surgeons 
typically tend to favor the transperitoneal approach [6, 7]. 
Previous evidence suggests that laparoscopic retroperitoneal 
resection is a safe and feasible approach for retroperitoneal 
paraganglioma as it provides direct exposure to the retro-
peritoneal space with less interference to adjacent tissues 
in the peritoneal cavity [8]. However, whether laparoscopic 
retroperitoneal resection is superior to the transperitoneal 
approach remains unclear. In this study, we aimed to com-
pare the safety and efficacy of laparoscopic transperitoneal 
versus retroperitoneal resection for different types of BRTs.

Patients and methods

Patients and data

In this retrospective cohort study, patients who were diag-
nosed with pathological BRTs and underwent laparoscopic 
resection between January 2019 and May 2022 in our hos-
pital were eligible for screening. The inclusion criteria were 
as follows: (1) aged between 18 and 80 years; (2) postop-
eratively diagnosed with BRTs and confirmed by pathologi-
cal examination; (3) the maximum diameter of the tumor 
was less than 10 cm; (4) the tumor was in the middle and 
upper abdomen; (5) with no history of abdominal surgeries; 
(6) with complete demographic and clinical data, includ-
ing perioperative examination results, surgical records, 
and pathological reports. Patients were excluded if they: 
(1) had an American Society of Anesthesiologists (ASA) 
score of > 3; (2) were diagnosed with coagulation disorders; 
(3) underwent exploratory surgery or were combined with 
other organ resections; or (4) had incomplete clinical data. 
The surgical approach was selected depending on the tumor 
size, type, and anatomical location. For tumors situated near 
the posterior area, transperitoneal resection was employed. 
However, when tumors are positioned away from the poste-
rior region, the retroperitoneal approach was used. A total 
of 43 patients were finally enrolled in the study. Among 
them, 24 were treated using the transperitoneal approach 
(Transperitoneal approach group) by the surgical team in 
the Department of Hepatobiliary and Pancreatic Surgery, 
while 19 were treated using the retroperitoneal approach 
(Retroperitoneal approach group) by the surgical team in 

the Department of Urology. This study was approved by the 
local ethics committee (approval number: 20211682) and 
performed in accordance with the Declaration of Helsinki. 
As all clinical data were collected anonymously, informed 
consent was waived.

Surgical procedures

All surgical procedures were performed by surgeons who 
that had performed more than 50 laparoscopic surgeries. 
All patients underwent combined intravenous-inhalation 
anesthesia and endotracheal intubation. According to the 
resection approaches, the patient was placed in the split-leg 
supine position or the lateral decubitus position. The pneu-
moperitoneum was established at 10–12 mmHg. The 4 K 
laparoscope (2100 Series, OptoMedic Technologies, China), 
ultrasonic scalpel (Harmonic scalpel, Ethicon, Johnson Med-
ical, USA), bipolar coagulation forceps (Aierbo, Germany), 
and Hem-O-Lok clamp (Wick Polymer Plastic Ligation Clip, 
Teleflex Medical, USA) were used for surgery.

The retroperitoneal approach

The patient was placed in a lying position on the unaffected 
side, with the ipsilateral side facing up and the lumbar region 
elevated. A 10-mm trocar was placed 2 cm above the iliac 
crest in the midaxillary line, and the scope was inserted. A 5- 
and 10-mm trocar were placed in the anterior and posterior 
axillary lines under the 12th rib, respectively. Manipulation 
and assistant devices were inserted. In some cases, such as 
those involving large tumors, the number of trocars could 
be increased. Blunt dissection and water balloon injection 
were used to create an operating space. Subsequently, an 
ultrasonic scalpel and bipolar coagulation forceps were used 
to dissect the perirenal fat sac to expose the tumor. Resection 
along the tumor capsule was performed, with the Hem-O-
Lok clamping of the inflow and outflow of the tumor. Then, 
the incision was sutured. The important vessels and organs 
were protected during the operation.

The transperitoneal approach

The patient was placed in a supine position with split legs, 
and if necessary, in a side decubitus position. Four or five 
trocars were placed in a fan shape surrounding the targeted 
area, with 4 or 5 trocars used. For tumors on the right or 
posterior side, the right-sided approach was used. The head 
of the pancreas and duodenum were dissected following the 
Kocher’s manual. Subsequently, the plane of the right renal 
vein, the inferior vena cava, and the abdominal aorta could 
be directly visualized. If necessary, the hepatic flexure and 
the ascending colon could be separated. Before exposing 
the target mass, the Toldt’s fascia could be dissected and 
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extended to the left and caudal sides to facilitate the resec-
tion. The procedure of laparoscopic transperitoneal resec-
tion for a patient with BRTs in the left upper area is shown 
in Fig. 1. The procedure for direct exposure and resection 
of BRTs using intraoperative ultrasound is shown in Fig. 2.

Data collection

The demographic and clinical data, including age, sex, body 
mass index (BMI), presence of underlying disease, the ASA 
score, tumor size, and tumor position, were collected. The 
following surgical data were also obtained and analyzed: 
operation duration, conversion rate from laparoscopic to 
open surgery, number of cases with hemorrhage, rate of 
intraoperative blood transfusion, length of postoperative 
hospital stay, time to recovery of intestinal function, and 
postoperative complications, which were determined by the 
Clavien-Dindo Classification [9].

Efficacy assessment

Since there is no established agreement on the criteria for 
assessing the efficacy of laparoscopic resection for BRTs, 
this study defined “good curative effect” as meeting the fol-
lowing criteria: no conversion to open surgery, no postopera-
tive complications, hospitalization for no more than 4 days, 
and bowl recovery within 2 days. Other conditions were 
defined as having a “general curative effect.” “No conver-
sion to open surgery” and “no postoperative complications” 
are common indicators of successful postoperative recovery 
in laparoscopic surgery [10]. The duration of postoperative 
hospitalization varies based on the discharge criteria of dif-
ferent medical facilities in China. At our hospital, postop-
erative hospitalization for laparoscopic procedures without 
gastrointestinal or vascular reconstruction typically lasts less 
than 4 days, making this timeframe a reference criterion for 
favorable postoperative recovery. The bowel function recov-
ery time was determined following the criterion proposed by 
Zhao et al. [11].

Fig. 1  Laparoscopic transperitoneal resection for BRT in the left 
upper area. A, B Patient No. 20 in the Transperitoneal approach 
group had lipoma (5.0 * 4.5  cm) located between the right side of 
the left kidney and the lower level of the spleen, and the tail of the 
pancreas. C, D After removing the gastrocolic ligament and suspend-
ing the gastric body, the omental sac was then entered, and the dorsal 
peritoneum from the tail of the pancreas to the spleen was dissected 
along the inferior margin of the pancreas from the right side in a 
horizontal direction. E, F After tumor exposure, the borders between 

the target and the tail of the pancreas, spleen, and left kidney were 
completely dissociated along the target. G–I Complete resection of 
BRT after ligation and dissection of the tumor blood supply vessels. 
G The white line indicates the medial border of the tumor, and the 
white arrow indicates the tumor blood supply vessels. H The yellow 
arrow indicates the tail of the pancreas; the black arrow indicates the 
splenic hilum; the white arrow indicates the left kidney. I The com-
plete resected tumor specimen
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Statistical analysis

Statistical analysis was performed using the SPSS Statistics 
26.0 software (SPSS Inc., USA), with P < 0.05 indicating 
statistical significance. Normally distributed measurement 
data were represented as mean ± standard deviation and 
compared by independent samples t-test. Non-normally 
distributed measurement data were expressed as median 
(Q1, Q3) and compared by Wilcoxon rank-sum test. Cat-
egorical data were shown as numbers of cases and percent-
ages, and Pearson’s χ2 test or Fisher’s exact test was used 
for comparison.

Multiple linear regression analysis was performed with 
BMI, tumor size, and tumor position as independent vari-
ables, and operation time and intraoperative bleeding as 
dependent variables. The dummy variables setting was 
as follows: post area = 0, right upper area = 010000, right 
lower area = 001000, left upper area = 000100, left lower 
area = 000010, between left upper and lower = 000001. The 
influencing factors were first screened by univariate linear 
regression analysis. Then, factors that showed statistical 
significance were included in the binary logistic regression 
analysis to identify the influencing factors for efficacy.

Results

Demographic and clinical characteristics at baseline

The general characteristics of each patient are shown in 
Table 1. The position of the tumor, in terms of its spa-
tial relationship with the inferior vena cava and the renal, 
includes the posterior area (n = 6), right upper area (n = 7), 
right lower area (n = 3), upper left area (n = 16), lower left 
area (n = 7), and junction of the upper and lower left area 
(n = 4) (Fig. 3). The baseline data of the Transperitoneal 
(n = 24) and Retroperitoneal (n = 19) approach groups are 
summarized in Table 2. There was no significant difference 
between the two groups in age, sex, BMI, ASA score, pres-
ence of underlying disease, tumor size, or tumor position 
(all P > 0.05).

Surgical outcomes

Although the Transperitoneal approach group was parallel 
with the Retroperitoneal approach group in the number of 
cases with hemorrhage, rate of intraoperative blood transfu-
sion, length of postoperative hospital stay, time to recovery 
of intestinal function, and rates of postoperative compli-
cations, the rate of conversion to open surgery in patients 
treated with transperitoneal resection was significantly lower 

Fig. 2  Laparoscopic transperitoneal resection procedure for BRT 
using intraoperative ultrasound. A, B Patient No. 21 in the Transperi-
toneal approach group had a paraganglioma (4.6 * 3.5 cm) located in 
the ventral side of the left renal vein, close to the hilum. C, D Intra-
operative ultrasound was used to confirm the position of the target 
without dissecting the lateral peritoneum and entering the prerenal 

space by opening the mesentery of the left colon. During the proce-
dure, Gerota’s fascia was carefully transected while taking care of the 
inferior mesenteric vein (IMV) and genital vein. E, F The ultrasonic 
scalpel was used to dissect any adhesions and disconnect any inflow 
vessels that were blocked. The tumor was then completely stripped 
and removed
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than that of those who underwent retroperitoneal laparos-
copy (1/24 vs. 5/19, χ2 = 4.333, P = 0.037, Table 3).

In the Transperitoneal approach group, one patient 
(No. 22) underwent conversion to open surgery. She was 

diagnosed with paraganglioma in the left lower area with a 
tumor size of 7.0 * 6.0 cm. The conversion was necessary 
due to the large size and hazardous location of the tumor, 
which was close to the left dorsal side of the abdominal 
aorta. In the Retroperitoneal approach group, five patients 
(No. 2, 7, 14, 18, and 19) underwent conversion. Patient 
No. 2 had an injury to the right common iliac artery dur-
ing the surgery, resulting in almost 1000 mL of bleeding, 
which required transfusion with 4.5 units of erythrocyte 
suspension and 400 mL of plasma. Patient No. 7 experi-
enced a left renal vein injury during the surgery, result-
ing in 800 mL of bleeding. Intraoperatively transfusion 
with 2 units of erythrocyte suspension was administered. 
Patients No. 14, 18, and 19 had tumors located at a deep 
position and were of a large size (6.5 * 4.5, 7.0 * 6.0, and 
9.0 * 5.5 cm, respectively), leading to conversion to open 
surgery.

There were two patients with Clavien-Dindo Grade 
II complications in the Transperitoneal approach group. 
Patient No. 11 experienced pancreatic leakage, which was 
managed with adequate drainage and inhibition of the 

Fig. 3  Tumor position

Table 2  Demographic and clinical data at baseline

a t-test
b Pearson χ2 test
c Rank-sum test
d Yates's chi-squared test
e Fisher’s exact test

Total (n = 43) Transperitoneal 
approach group 
(n = 24)

Retroperitoneal 
approach group 
(n = 19)

Statistics P

Age (years, mean ± SD) 43.8 ± 12.9 42.3 ± 11.5 45.7 ± 14.5 0.867a 0.391
Male/Female (N) 19/24 8/16 11/8 2.594n 0.107
BMI (mean ± SD) 23.1 ± 2.4 22.7 ± 2.3 23.4 ± 2.4 0.896a 0.375
ASA score 1/2/3 (N) 5/33/5 4/18/2 1/15/3 1.715b 0.424
Underlying disease (N) 9/43 7/24 2/19 2.226b 0.136
Tumor size [median (Q1, Q3)] 4.5 (3.5, 5.8) 4.1 (3.1, 5.1) 5.0 (4.0, 6.0) 1.62c 0.105
Tumor position—posterior/right upper/right lower/left 

upper/left lower/junction of upper and lower left (N)
6/7/3/16/7/4 4/5/1/10/3/1 2/2/2/6/4/3 3.900b 0.564

Types of tumors
 Paraganglioma 8 4 0.795b 0.372
 Nerve sheath tumor 4 6 0.618d 0.432
 Lymphangioma 4 1 0.462d 0.497
 Smooth muscle tumor 1 3 0.599d 0.439
 Lipoma 3 0 0.990d 0.319
 Mesothelioma 2 0 – 0.495e

 Teratoma 1 0 – 1e

 Hemangioma 1 0 – 1e

 Castleman disease 0 2 – 0.189e

 Desmoid-type fibromatosis 0 1 – 0.442e

 Plasma cystadenoma 0 1 – 0.442e
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secretion. Patient No. 13 was discharged from the hospital 
with a wound infection and severe hypoalbuminemia and 
received symptomatic treatment. In the Retroperitoneal 
approach group, two patients with a wound infection had 
Grade I complications. Two patients (No. 2 and 7) with 
Grade II complications had an abdominal cavity infection 
and underwent intraoperative conversion.

Multiple linear regression analysis of surgical 
outcomes

Multiple linear regression analysis was then performed 
with intraoperative hemorrhage and operation duration 

as dependent variables, respectively, and tumor diam-
eter, position, and BMI index as independent variables. 
The results showed that no variables were significantly 
correlated with intraoperative hemorrhage (Table 4) or 
operation duration (Table 5).

Identification of influencing factors for the efficacy 
of laparoscopic resection

According to the criteria proposed in this study for the 
assessment of efficacy, there were 27 patients with a good 
curative effect and 16 with a general curative effect. There 
was no significant difference in the type of laparoscopic 

Table 3  Intraoperative and 
postoperative outcomes of the 
two groups

a t-test
b Pearson χ2 test
c Fisher’s exact probability
*P < 0.05

Outcomes Transperitoneal 
approach group 
(n = 24)

Retroperitoneal 
approach group 
(n = 19)

Statistic P

Operation time (min, mean ± SD) 124.2 ± 41.2 121.1 ± 64.2 0.193a 0.848
Conversion 1 5 4.333b 0.037*
Bleeding (mL, mean ± SD) 75.0 ± 79.5 179.2 ± 279.1 1.747a 0.088
Transfusion (N) 0 2 –c 0.189
Hospital day (days, mean ± SD) 3.9 ± 1.4 3.9 ± 1.6 0.161a 0.873
Time to recovery of bowl (days, mean ± SD) 1.4 ± 0.6 1.2 ± 0.5 1.203a 0.236
Complications (N) 2 4 1.429b 0.231
Grade I (N) 0 2 –c 0.189
Grade II (N) 2 2 0.06b 0.806
 ≥ Grade III (N) 0 0 – –

Table 4  Multiple linear regression analysis of influencing factors of 
intraoperative hemorrhage

a Dependent variable: intraoperative hemorrhage

Model Coefficientsa

Unstandardized coef-
ficients

Standardized 
coefficients

t Sig

B Std. error β

(Constant) 234.319 349.090 0.671 0.506
Tumor size 23.506 27.502 0.195 0.855 0.399
BMI  − 5.465 14.142  − 0.065  − 0.386 0.701
RU  − 94.995 118.638  − 0.178  − 0.801 0.429
RL  − 189.971 151.734  − 0.246  − 1.252 0.219
LU  − 85.021 100.486  − 0.209  − 0.846 0.403
LL  − 145.452 117.660  − 0.273  − 1.236 0.225
LU–LL  − 153.111 171.927  − 0.226  − 0.891 0.379
Post 0

Table 5  Multiple linear regression analysis of influencing factors of 
operation duration

a Dependent variable: operation duration

Model Coefficientsa

Unstandardized coef-
ficients

Standardized 
coefficients

t Sig

B Std. error β

(Constant) 140.886 84.379 1.670 0.104
Tumor size  − 0.457 6.647  − 0.015  − 0.069 0.946
BMI 0.343 3.418 0.016 0.100 0.921
RU  − 21.591 28.676  − 0.155  − 0.753 0.457
RL  − 59.920 36.676  − 0.297  − 1.634 0.111
LU  − 31.855 24.289  − 0.300  − 1.312 0.198
LL  − 45.152 28.440  − 0.325  − 1.588 0.121
LU–LL 32.817 41.557 0.186 0.790 0.435
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resection approach, sex, age, BMI, ASA score, or tumor 
position between the two groups. Notably, the average 
tumor size was smaller in patients with a curative effect 
than those with a general curative effect (4.2 ± 1.1 vs. 
5.6 ± 2.0 cm, t = 2.971, P = 0.005) (Table 6).

Binary logistic regression analysis

The factor “tumor size” was then subjected to binary logis-
tic regression analysis. The results showed that tumor size 
was an independent influencing factor for surgical outcomes 
(odds ratio = 1.869, 95% confidence interval = 1.135–3.078, 
P = 0.014). Sub-analysis revealed that tumor size had a more 
significant effect on the Retroperitoneal approach group 
(odds ratio = 3.740, 95% confidence interval = 1.044–13.394, 
P = 0.043) (Fig. 4).

Discussion

In the present study, we compared the safety and efficacy 
of laparoscopic transperitoneal versus retroperitoneal resec-
tion for BRTs and found that the conversion rate from lapa-
roscopic to open surgery was lower in the Transperitoneal 
approach group than in the Retroperitoneal approach group, 
suggesting that transperitoneal resection may have better 
efficacy than retroperitoneal resection, especially in cases 
of large tumors or when the tumor is located near important 
blood vessels.

Most patients with BRTs experience chronic abdominal 
pain and distension prior to receiving therapy, largely due 
to the asymptomatic nature of these tumors. As a result, 
the benign tumor expands to surround giant, vital vessels, 
which increases the surgical risk [12]. It is recommended 
to undergo intervention when the tumor is causing pain, 

Table 6  Univariate analysis of influencing factors for the efficacy of laparoscopic resection

a t-test
b Pearson χ2 test
*P < 0.05

Patients with good cura-
tive effect

Patients with general 
curative effect

Statistic P

Approach (anterior/posterior) 15/12 9/7 0.002b 0.965
Age (years, mean ± SD) 42.8 ± 12.2 45.4 ± 14.2 0.606a 0.548
Male/Female (N) 13/14 6/10 0.462b 0.497
BMI (mean ± SD) 23.6 ± 2.10 22.2 ± 2.6 1.865a 0.069
ASA score 1/2/3 (N) 5/20/2 0/13/3 4.142b 0.126
Size (cm, mean ± SD) 4.19 ± 1.1 5.62 ± 2.0 2.971a 0.005*

Tumor position—posterior/right upper/right lower/left upper/
left lower/junction of upper and lower left (N)

4/6/3/9/5/0 2/1/0/7/3/3 8.747b 0.12

Fig. 4  Binary logistic regression analysis
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compressive symptoms, or endocrine disorders, is rapidly 
growing, or has ambiguous malignant features [5]. There 
have been significant advancements in laparoscopic resec-
tion over time, with numerous studies demonstrating its 
safety and feasibility [13–15]. For instance, the study by 
Ahn et al. has shown that laparoscopic resection is a safe 
and effective treatment option for patients with nonadrenal 
retroperitoneal tumors that are less than 10 cm, even in cases 
with large tumors and when adjacent vascular structures are 
involved [16]. Laparoscopy also possesses advantages in 
visual magnification, postoperative recovery, and minimally 
invasive incision [17]. Ji et al. reported that laparoscopic 
resection is comparable to open surgery in the treatment 
of BRTs due to parallel efficacy in surgical outcomes, such 
as operation time, bleeding, and complications [18]. Our 
study confirmed the safety and feasibility of laparoscopic 
resection, as none of the 43 patients experienced serious 
postoperative complications despite the various distribution 
of the tumors.

The retroperitoneal approach was first considered the 
standard treatment for retroperitoneal adrenal tumors less 
than 6 cm [19], and then has become a treatment option for 
neurogenic tumors and paraganglioma. However, it has also 
been claimed that the retroperitoneal approach is limited by 
the narrow space available for surgery [1]. The study by Xu 
et al., in which 49 patients diagnosed with paraganglioma 
and treated either with retroperitoneal or transperitoneal 
resection were recruited, showed that the operation time 
of the former approach was shorter than that of the latter 
one [20]. In this study, however, we found that the retro-
peritoneal approach is non-superior to the transperitoneal 
one in terms of short-term surgical outcomes. Moreover, 
the rate of conversion to open surgery in patients treated 
with retroperitoneal resection was significantly higher than 
that of those who underwent transperitoneal laparoscopy, 
especially in cases with large tumors. These findings indicate 
that, in cases where the tumor is large and close to vessels, 
the transperitoneal approach may provide a better anatomical 
hierarchy and a more spacious surgical environment, while 
the retroperitoneal approach may offer a shorter operation 
time, albeit in a more limited surgical space.

The postoperative prognosis of patients with retroperito-
neal tumors is associated with various factors, such as tumor 
size, tumor grade, and surgical method of tumor resection 
[21, 22]. R2 resection of primary tumors was found to be 
associated with poor prognosis in malignant retroperito-
neal tumors, while complete surgical resection of recurrent 
tumors was associated with a better oncological outcome 
[23]. In the present study, we found that tumor size was 
an independent influencing factor for the efficacy of lapa-
roscopic resection in patients with BRTs. Further analysis 
revealed that tumor size had a more significant effect on the 

Retroperitoneal approach group than on patients treated with 
transperitoneal resection.

Conclusions

Our study demonstrated that tumor size is an independent 
factor that affects the efficacy of laparoscopic resection 
for the treatment of BRTs, especially in patients under-
going retroperitoneal resection. The lower conversion 
in the Transperitoneal approach group could be due to 
the superiority in surgical space and anatomical hierar-
chy. The transperitoneal approach provides better tumor 
exposure and bleeding control. Thus, it confers advantages 
such as higher efficiency, minimal invasiveness, and rapid 
recovery compared to the retroperitoneal approach. These 
findings could provide valuable references for the clinical 
application of these two approaches.
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