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AIM: Surgical intervention is crucial in radical resection of renal cell carcinoma (RCC). Different surgical procedures have different
oncologic outcomes and safety in patients with RCC. Therefore, we aimed to investigate the oncologic outcomes and safety of retroperi-
toneal laparoscopic partial nephrectomy (RLPN) versus open partial nephrectomy (OPN) in treating patients with localized RCC.
METHODS: This retrospective cohort study included 160 patients with localized RCCwho underwent either OPN or RLPN from January
2016 to June 2020. Out of these patients, 75 patients were treated with OPN and 85 patients were treated with RLPN. After propensity
score matching, 130 patients (65 cases in each group) were finally included in the analysis. Additionally, surgical outcomes, three-year
survival rates, and renal function parameters were assessed between the two groups, and the data were statistically analyzed using SPSS.
RESULTS: Compared to the OPN group, RLPN demonstrated significantly shorter surgical time, lower estimated blood loss (p< 0.05),
and lower incidence of complications (p = 0.024). In contrast, the RLPN group had significantly longer warm ischemia time (p = 0.011)
than the OPN group. Furthermore, there were no significant differences in three-year overall survival, disease-free survival, cancer
specific survival rates, positive surgical margins, hospitalization time between the RLPN and OPN groups (p > 0.05). The incidence of
complications in the RLPN group was significantly lower than that in the OPN group (p = 0.024). Postoperatively, creatinine level was
significantly lower following RLPN at one year compared to OPN (p = 0.029).
CONCLUSIONS: RLPN offers advantages in surgical time, estimated blood loss, and postoperative complications, and it positively
affects postoperative renal function, while OPN shows a shorter warm ischemia time. These two approaches result in comparable three-
year survival rates. This study provides valuable insights into the oncologic outcomes and safety of RLPN compared to OPN in treating
localized RCC.
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Introduction
Renal cell carcinoma (RCC) poses significant challenges in
urologic oncology, making optimal surgical management
crucial for achieving favorable oncologic outcomes while
preserving renal function [1, 2]. While radical nephrectomy
has been the traditional treatment for RCC, an increasing
understanding of the disease has changed the focus toward
nephron-sparing surgery for appropriately selected tumors
[3]. Clinically, surgery remains the preferred and curative
method for RCC, with nephron-sparing surgery being the
gold standard for treating localized RCC [4]. This proce-
dure can usually be performed through laparoscope or tra-
ditional open surgery. Open partial nephrectomy (OPN)
has historically been the standard of care, providing direct
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access to the kidney for meticulous tumor resection [5].
However, retroperitoneal laparoscopic partial nephrectomy
(RLPN) offers potential advantages, such as reducing sur-
gical trauma, shortening the hospitalization period, and pro-
moting postoperative recovery [6].

Despite the growing adoption of minimally invasive ap-
proaches like RLPN, this technique presents high technical
requirements for surgeons and carries a considerable risk of
complications. Hence, when treating localized RCC, it is
essential to conduct comparative assessments of oncologic
outcomes, safety, and renal function parameters for clinical
decision-making. The rationale for comparing RLPN and
OPN arises from the need to address critical considerations
in the surgical management of localized RCC. The increas-
ing utilization of RLPN in clinical practice warrants a thor-
ough evaluation of its comparative effectiveness and safety
compared to the well-established OPN [7, 8]. Given the po-
tential differences in intraoperative variables, postoperative
outcomes, and renal function parameters, a comprehensive
comparative analysis is imperative to guide clinicians and
patients in selecting the most appropriate surgical approach
based on individual characteristics and disease status.
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This study aimed to comprehensively evaluate the onco-
logic outcomes and safety of RLPN versus OPN in treat-
ing localized RCC using a propensity score matching ap-
proach. By leveraging a robust retrospective cohort design,
this study sought to compare the efficacy, safety, and re-
nal function parameters in these two surgical approaches,
providing valuable insights to guide clinical practice and
inform future research endeavors.

Materials and Methods
Study Design
This retrospective cohort study included patients with local-
ized RCC admitted to our hospital between January 2016
and June 2020. The patient data in this study were ob-
tained from the electronic medical record database. How-
ever, there were several challenges, including a long inclu-
sion time, missing data, and lost follow-up. To overcome
these challenges, the propensity score matching method
was adopted. Patients were then divided into two groups
based on their surgical approach: the OPN group and the
RLPN group.
This study was approved by the Institutional Review Board
and Ethics Committee of Qingdao Central Hospital (ap-
proval no.: 20150127). The study design adhered to the
Declaration of Helsinki [9] and informed consent was ob-
tained from all participants.

Eligibility Criteria of Study Participants
Inclusion criteria were set as follows [10]: (1) Patients were
diagnosed with localized RCC based on clinical symptoms,
chest X-ray films, and abdominal ultrasound/computed to-
mographic (CT)/magnetic resonance imaging (MRI) exam-
inations. (2) Patients with a renal nephrometry score of>6.
(3) Patients with a tumor staged between pT1 and pT3a (tu-
mor diameter<7 cm, without metastasis). (4) Patients with
no relevant surgical contraindication. (5) Patients with nor-
mal cognitive function need to understand and cooperate
with questionnaires. (6) Patients with complete case data.
However, exclusion criteria included (1) patients with se-
vere organic lesions affecting the heart, liver, and lungs, or
other malignant tumors, (2) those with impaired coagula-
tion function and immune deficiency, (3) patients with hy-
pertension and diabetes mellitus and (4) those with regional
lymphatic metastases and distant metastases.
Using predetermined inclusion and exclusion criteria, 160
patients were finally included in the study cohort.

Treatment Approach
In the RLPN group, patients were positioned laterally fol-
lowing general anesthesia and cannula insertion. A 3 cm in-
cision was made 2 cm above the midaxillary line and crista
iliaca. The lumbodorsal fascia was bluntly dissected, and
the retroperitoneal space was expanded using balloon in-
flation. Surgical incisions were made beneath the 12th rib
along the posterior axillary line and the rib margin along

the anterior axillary line, where the trocar and laparoscope
were then placed. Artificial pneumoperitoneum was estab-
lished with a CO2 pressure of 15 mmHg. The extraperi-
toneal fat was removed, followed by a longitudinal inci-
sion into the Gerota fascia. The loose tissue between the
renal fat capsule and the anemia capsule was dissected to
expose the renal parenchyma and tumor. Subsequently,
the renal pedicle and blood vessels were isolated, and the
renal artery was clamped using a bulldog vascular clamp.
The warm ischemia time was documented. The tumor and
its surrounding renal parenchyma were removed 0.5–1 cm
along the tumor margin. The renal collection system and
the wound surface on the renal parenchyma were then su-
tured. A drainage tube was inserted near the renal artery,
and the surgical incisions were sutured.
In the OPN group, patients were positioned laterally. An
oblique incision was created either at the 11th rib or be-
low the 12th rib to access the retroperitoneal space through
meticulous dissection layer by layer. The subsequent pro-
cedures were similar to those followed in the case of RLPN.

Data Collection

The patient’s demographics and tumor characteristics were
retrieved from the medical records system. The data in-
cluded age, sex, body mass index (BMI), hypertension,
diabetes mellitus, Charlson comorbidity index, race, tu-
mor size, tumor location, tumor stage, tumor type, mul-
tiple focus, Fuhrman nuclear grade, and renal nephrome-
try score. Furthermore, we recorded surgical data includ-
ing procedure time, estimated blood loss, warm ischemia
time, the rate of positive surgical margin, length of hos-
pitalization, and postoperative complications, categorized
using the Clavien-Dindo classification system [11]. More-
over, patients’ oncologic outcomes were assessed by 3-year
overall survival, disease-free survival, and cancer-specific
survival rates after discharge. Additionally, safety evalu-
ation was performed by comparing preoperative and post-
operative renal function at one year, using blood indicators
such as serum urea (UREA), creatinine (Cr), uric acid (UA),
and estimated glomerular filtration rate (eGFR).

Charlson Comorbidity Index

The Charlson comorbidity index [12] was utilized to eval-
uate the severity of comorbidities in patients by categoriz-
ing 19 disease types, with each disease scored based on its
severity. For instance, diseases like myocardial infarction,
congestive heart failure, peripheral vascular disease, cere-
brovascular disease or transient ischemic attack, dementia
or Alzheimer’s disease, chronic obstructive pulmonary dis-
ease or asthma, connective tissue disease, peptic ulcer, di-
abetes mellitus (without complications or end-organ dam-
age) and being in the age group of 50–59 years were al-
located 1 point. Moreover, diseases such as hemiplegia,
moderate or severe chronic kidney disease, diabetes mel-
litus (with complications or end-organ damage), mild liver
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Table 1. Demographics and baseline characteristics before propensity score matching.
Parameters OPN (n = 75) RLPN (n = 85) t/χ2 p-value

Age (years) 58.35 ± 4.15 60.24 ± 4.52 2.763 0.006
Sex (male/female) 35 (46.67%)/40 (53.33%) 55 (64.71%)/30 (35.29%) 5.269 0.022
BMI (kg/m2) 24.96 ± 3.42 26.23 ± 2.89 2.514 0.013
Diabetes mellitus 19 (25.33%) 9 (10.59%) 6.000 0.014
Hypertension 11 (14.67%) 25 (29.41%) 4.968 0.026
Race (Han/Other) 69 (92.00%)/6 (8.00%) 71 (83.53%)/14 (16.47%) 2.614 0.106
Charlson comorbidity index 3.45 ± 1.26 2.96 ± 1.14 2.557 0.012
Tumor size (cm) 6.07 ± 1.61 6.73 ± 1.82 2.415 0.017
Tumor position (left/right) 40 (53.33%)/35 (46.67%) 41 (48.24%)/44 (51.76%) 0.414 0.520
Tumor location (Anterior/Posterior) 25 (33.33%)/50 (66.67%) 30 (35.29%)/55 (64.71%) 0.068 0.794
Tumor stage (pT1/pT2) 47 (62.67%)/28 (37.33%) 41 (48.24%)/44 (51.76%) 3.353 0.067
Tumor type (clear cell carcinoma
/papillary/other) (%)

45 (60.00%)/21 (28.00%)/9 (12.00%) 60 (70.59%)/18 (21.18%)/7 (8.24%) 2.006 0.367

Multiple focus (%) 19 (25.33%) 14 (16.47%) 1.912 0.167
Fuhrman nuclear grade 2.84 ± 0.53 3.11 ± 0.64 2.884 0.004
Renal nephrometry score 8.45 ± 0.46 8.32 ± 0.51 1.684 0.094

OPN, open partial nephrectomy; RLPN, retroperitoneal laparoscopic partial nephrectomy; BMI, body mass index.

Table 2. Demographics and baseline characteristics after propensity score matching.
Parameters OPN (n = 65) RLPN (n = 65) t/χ2 p-value

Age (years) 59.72 ± 4.21 60.18 ± 3.95 0.646 0.519
Sex (male/female) 33 (50.77%)/32 (49.23%) 35 (53.85%)/30 (46.15%) 0.123 0.725
BMI (kg/m2) 24.45 ± 2.54 24.72 ± 2.15 0.656 0.513
Diabetes mellitus 10 (15.38%) 7 (10.77%) 0.609 0.435
Hypertension 11 (16.92%) 14 (21.54%) 0.446 0.504
Race (Han/Other) 61 (93.85%)/4 (6.15%) 59 (90.77%)/6 (9.23%) 0.433 0.510
Charlson comorbidity index 3.12 ± 1.02 3.05 ± 0.98 0.405 0.687
Tumor size (cm) 6.71 ± 0.52 6.68 ± 0.49 0.339 0.736
Tumor position (left/right) 36 (55.38%)/29 (44.62%) 33 (50.77%)/32 (49.23%) 0.278 0.598
Tumor location (anterior/posterior) 20 (30.77%)/45 (69.23%) 26 (40%)/39 (60%) 1.211 0.271
Tumor stage (pT1/pT2) 43 (66.15%)/22 (33.85%) 40 (61.54%)/25 (38.46%) 0.300 0.584
Tumor type (clear cell carcinoma
/papillary/other) (%)

44 (67.69%)/13 (20%)/8 (12.31%) 41 (63.08%)/17 (26.15%)/7 (10.77%) 0.706 0.703

Multiple focus (%) 11 (16.92%) 8 (12.31%) 0.555 0.456
Fuhrman nuclear grade 2.97 ± 0.42 3.05 ± 0.39 1.104 0.272
Renal nephrometry score 8.74 ± 1.43 8.69 ± 1.55 0.195 0.846

disease, solid tumor (without metastasis), leukemia, lym-
phoma, and being in the age group of 60–69 years were
given 2 points. Moderate or severe liver disease and be-
ing aged 70–79 years were scored as 3 points, while be-
ing aged 80 years or older was assigned 4 points. Solid
tumor (with metastasis) and acquired immune deficiency
syndrome each received 6 points. The total score, ranging
from 0–6 points, was calculated by summing the scores for
each category. A higher total score indicated a more severe
level of comorbidities in the patients.

Tumor Characteristics
Tumor pathological features were collected using a color ul-
trasound diagnostic instrument. Specifically, the ESAOTE
Mylab30 color ultrasound diagnostic instrument was used
with a dedicated laparoscopic probe (model LP323; batch

no.: 20201124; manufacturer: Esaote Medical Equipment
Co., Ltd.; location: Zhenjiang, China), with the outer di-
ameter of 10 mm, frequency ranging from 5 to 10 MHz,
probe face length of 35 mm, and width of 10 mm. The
probe tip could be bent 90° in four axes (front, rear, left,
and right) using the manipulation device on the handle. The
probewas disinfected by immersing it in 2% glutaraldehyde
for 30 minutes, followed by rinsing with saline solution.
Subsequently, during laparoscopy, the paracolic gutter was
opened along the colon, and the lateral peritoneum, perire-
nal fascia, and adipose capsule were dissected. Once the
kidney was mobilized, the LUS probe was inserted through
the laparoscopic sheath and placed directly on the renal sur-
face for examination. The observations involved assessing
the nature, size, and location of the tumor, and confirming
multifocality. The entire LUS procedure was performed by
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a sonographer, providing real-time interpretation of the ul-
trasound images in conjunction with the surgeons to facili-
tate the surgical procedure.

Fuhrman Nuclear Grade
The Fuhrman nuclear grade [13] is themost widely used nu-
clear grading system (Grade I to IV) for RCC, particularly
for clear cell and papillary renal cell carcinomas.
• Grade I: At 400× magnification, nucleoli are not visible.
The cell nuclei are uniformly round, with a diameter of<10
µm and indistinct nucleoli.
• Grade II: At 400× magnification, nucleoli are visible.
The cell nuclei are enlarged and slightly irregular, with a
diameter of up to 15 µm, and the nucleoli are distinct.
• Grade III: At 100× magnification, nucleoli are visible.
The cell nuclei are highly irregular, with a diameter of up
to 20 µm, and prominent large nucleoli are found.
•Grade IV: The cell nuclei are bizarre-shaped, with a diam-
eter of 20 µm or more. Prominent large nucleoli, spindle-
shaped cancer cells, and clumped nuclear chromatin are ob-
served.

Renal Nephrometry Score
Renal nephrometry score [14] is a scoring system devel-
oped to assess renal masses based on specific anatomi-
cal features crucial for evaluating resectability. This scor-
ing system utilizes the acronym R.E.N.A.L. to represent
the following features: (R) Radius (tumor size), (E) Exo-
phytic/endophytic properties, (N) Nearness to the collect-
ing system or sinus, (A) Anterior/posterior descriptor, and
(L) Location relative to the polar line. Four of these com-
ponents are scored on a 1 to 3-point scale, while the 5th
descriptor (A) designates whether the mass is primarily lo-
cated anterior (a) or posterior (p) to the kidney’s coronal
plane.

Renal Function Indicators
After overnight fasting (10–12 hours), 5 mL fasting blood
sample was collected at 7:00 in the morning. Serum Cr
levels were determined using the Cr reagent kit (batch
no.: 2014081732, Beijing Strong Biotechnologies, Beijing,
China) and analyzed using the “Jaffe method”. Serum UA
concentration was assessed using the 640-A kit with urease-
18 (Sigma–Aldrich Co., St. Louis, MO, USA). The UA lev-
els were determined on the Advia 1650Autoanalyzer (batch
no.: 201805424; manufacturer: Siemens; location: Shang-
hai, China) employing the Fossati enzymatic reaction with
uricase and a Trinder-like endpoint. The eGFR was calcu-
lated using the formula: eGFR = (140 – age)× body weight
(kg) × 0.85 (for females)/[Scr (mg/dL) × 72], where Scr
denotes serum creatinine.

Data Cleaning and Management
Before data analysis, a standardized data cleaning process
was implemented to identify and rectify any inconsisten-

cies, errors, or missing values. This process specifically in-
volved a thorough examination of the dataset, the removal
of duplicate entries, and the correction of data input errors.

Post-hoc Analysis
A post-hoc analysis was performed using G*Power 3.1.9.7,
based on the option of “means: difference between two in-
dependent means (two groups)” under the t-test. The set-
tings included selecting the two-tailed mode, setting the ef-
fect size (d) to 0.6, and the α error probability to 0.05. The
sample sizes from both groups were entered to calculate the
power (1- β error probability), yielding a value of 0.924.

Statistical Analyses
The data were analyzed using SPSS 29.0 statistical software
(SPSS Inc., Chicago, IL, USA). A multivariable logistic re-
gression model was utilized to calculate propensity scores
for all patients. The covariates included age, sex, BMI, di-
abetes mellitus, hypertension, race, Charlson comorbidity
index, tumor size, tumor location, tumor stage, tumor type,
multiple focus, Fuhrman nuclear grade, and renal nephrom-
etry score. A 1:1 matching procedure was conducted using
the nearest neighbor method, with a caliper value of 0.2.
Moreover, categorical data, such as sex, race and tumor lo-
cation, were expressed as [n (%)]. The chi-square test was
applied using the basic formula when the sample size was
≥40 and the theoretical frequency (T) was≥5, with the test
statistic represented by χ2. If the sample size was ≥40 but
the theoretical frequency was between 1 and 5 (1≤ T< 5),
the chi-square test was adjusted using the correction for-
mula. In cases where the sample size was <40 or the theo-
retical frequency was less than 1 (T<1), statistical analysis
was conducted using Fisher’s exact probability method.
Furthermore, continuous variables, such as age, tumor size,
and surgical time were first assessed for normal distri-
bution using the Shapiro-Wilk method. Normally dis-
tributed continuous variables were indicated as (Mean ±
SD). Non-normally distributed variables were analyzed us-
ing the Wilcoxon rank-sum test and expressed as [median
(25% quantile, 75% quantile)]. A p-value < 0.05 was con-
sidered statistically significant.

Results
Demographic and Basic Data
This study included 160 patients, comprising 75 patients
treated with OPN and 85 undergoing RLPN (Table 1).
Based on the propensity score matching, 65 patients who
underwent OPN and 65 who underwent RLPN were in-
cluded in the analysis (Table 2). There was no significant
difference in mean age between the OPN and RLPN groups
(59.72 ± 4.21 vs 60.18 ± 3.95; t = 0.646, p = 0.519). Sim-
ilarly, the gender distribution was comparable between the
two groups, with 50.77% male and 49.23% female in the
OPN group and 53.85% male and 46.15% female in the
RLPN group (χ2 = 0.123, p = 0.725). Furthermore, no sta-
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Table 3. Comparison of surgical outcomes.
Parameters OPN (n = 65) RLPN (n = 65) t/χ2 p-value

Surgical time (min) 134.52 ± 16.32 127.22 ± 15.67 2.600 0.010
Estimated blood loss (mL) 230.34 ± 55.67 205.45 ± 38.89 2.955 0.004
Warm ischemia time (min) 19.92 ± 8.75 24.03 ± 9.36 2.584 0.011
Positive surgical margins (%) 2.35 ± 0.71 2.48 ± 0.68 1.076 0.284
Hospitalization time (days) 4.85 ± 1.32 4.98 ± 1.65 0.486 0.628
Complications (Clavien-Dindo ≥III) 11 (16.92%) 3 (4.62%) 5.123 0.024

tistically significant differences were observed in BMI, di-
abetes mellitus, hypertension, race, and Charlson comor-
bidity index between the two groups (all p > 0.05), as
shown in Table 2. These findings suggested that the de-
mographic and baseline characteristics were well-balanced
between the two surgical approaches after propensity score
matching.
Regarding tumor characteristics, the tumor size was 6.71±
0.52 cm in the OPN group and 6.68± 0.49 cm in the RLPN
group, with no statistically significant difference (t = 0.339,
p = 0.736). Additionally, there were no statistically signif-
icant differences in tumor position, tumor location, tumor
stage, tumor type, multiple focus, Fuhrman nuclear grade,
and renal nephrometry score between the two groups (all
p > 0.05), as detailed in Table 2. These results indicated
that after propensity score matching, the pathological char-
acteristics were well-balanced between the two surgical ap-
proaches.

Surgical Outcomes

Following propensity score matching, significant differ-
ences were observed in the surgical outcomes between the
OPN and RLPN groups. The RLPN group of patients
showed a statistically significant reduction in surgical time
(127.22 ± 15.67 min) compared to the OPN group (134.52
± 16.32 min) (t = 2.600, p = 0.010). Additionally, the
RLPN group had significantly lower estimated blood loss
(205.45 ± 38.89 mL) compared to the OPN group (230.34
± 55.67 mL) (t = 2.955, p = 0.004). In contrast, the warm
ischemia time was significantly longer for RLPN (24.03 ±
9.36 min) compared to OPN (19.92± 8.75 min) (t = 2.584,
p = 0.011). Furthermore, there was no significant differ-
ence in positive surgical margins, hospitalization time be-
tween the two surgical approaches (p> 0.05 for all compar-
isons), except for a significantly lower incidence of com-
plications in the RLPN group (4.62%) compared to OPN
(16.92%) (χ2 = 5.123, p = 0.024), as detailed in Table 3.
These findings offered valuable insights into the compara-
tive outcomes of the two surgical approaches.

Oncologic Outcomes

After propensity score matching, we assessed the oncologic
outcomes for patients in both the OPN and RLPN groups.
There were no statistically significant differences in the
three-year overall survival rate, three-year disease-free sur-

vival rate, and three-year cancer-specific survival rate be-
tween the two groups (all p > 0.05, Table 4). These find-
ings indicated comparable oncologic outcomes following
the two surgical approaches.

Safety Evaluation
Following propensity score matching, the comparison of
safety evaluation between the two groups revealed several
findings. There were no statistically significant differences
in eGFR, UA, Cr, and urea before surgery and eGFR and
UA 1 year after surgery (all p > 0.05). However, one year
postoperatively, patients who underwent RLPN showed a
significantly lower Cr (174.19 ± 14.85 µmol/L vs 179.57
± 12.94 µmol/L; t = 2.204, p = 0.029), significantly higher
urea (4.42 ± 0.82 µmol/L vs 4.05 ± 0.85 µmol/L; t =
2.515, p = 0.013) compared to those who underwent OPN,
as shown in Table 5. These results highlighted the compar-
ative safety of the two surgical approaches at the one-year
postoperative mark.

Discussion
The shorter surgical time and lower estimated blood loss af-
ter RLPN compared to OPN can primarily be attributed to
the minimally invasive nature of laparoscopic surgery [15,
16]. RLPN involves smaller incisions and specialized in-
struments, resulting in better surgical field, meticulous tis-
sue dissection, and improved hemostasis. These advantages
contribute to reduced intraoperative blood loss and shorter
surgical time than the open approach, as demonstrated in
previous study [17]. Conversely, compared to OPN, RLPN
results in a longer warm ischemia time, as the renal artery
is clamped during partial nephrectomy, causing transient
ischemia [18]. The longer warm ischemia time in RLPN
is due to the need for multiple small incisions, which in-
creases the complexity and difficulty of the procedure. This
needs longer renal occlusion time to ensure a clear surgi-
cal field and smooth operation, ultimately resulting in pro-
longed warm ischemia time.
OPN offers direct access to the renal hilum, allowing for
precise control of renal ischemia, potentially leading to
shorter warm ischemia times than the laparoscopic ap-
proach [19, 20]. It is worth noting that although RLPNmay
be associated with longer warm ischemia time, the overall
effect of this difference on postoperative renal function and
oncologic outcomes may be limited in the case of appropri-
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Table 4. Comparison of oncologic outcomes.
Parameters OPN (n = 65) RLPN (n = 65) χ2 p-value

3-year overall survival rate (%) 55 (84.62%) 57 (87.69%) 0.258 0.612
3-year disease-free survival rate (%) 52 (80%) 54 (83.08%) 0.204 0.651
3-year cancer-specific survival rate (%) 56 (86.15%) 59 (90.77%) 0.678 0.410

Table 5. Safety evaluation.
Parameters OPN (n = 65) RLPN (n = 65) t p-value

Preoperative eGFR (mL/min/1.73 m2) 84.56 ± 6.74 85.21 ± 6.35 0.565 0.573
eGFR at postoperative 1 year (mL/min/1.73 m2) 79.28 ± 5.09 79.36 ± 4.96 0.082 0.935
Preoperative UA (µmol/L) 252.98 ± 27.92 253.58 ± 32.12 0.113 0.911
UA at postoperative 1 year (µmol/L) 306.97 ± 47.28 302.72 ± 37.25 0.569 0.571
Preoperative Cr (µmol/L) 123.16 ± 13.45 124.89 ± 16.54 0.655 0.514
Cr at postoperative 1 year (µmol/L) 179.57 ± 12.94 174.19 ± 14.85 2.204 0.029
Preoperative urea (µmol/L) 4.13 ± 0.84 4.18 ± 1.05 0.319 0.750
Urea at postoperative 1 year (µmol/L) 4.05 ± 0.85 4.42 ± 0.82 2.515 0.013

eGFR, estimated glomerular filtration rate; UA, uric acid; Cr, creatinine.

ate selection of patients and skilled surgical teams [21, 22,
23].
This study found no significant difference in positive surgi-
cal margins, hospitalization time between the two surgical
approaches. Each approach has its advantages and disad-
vantages. OPN provides a large operating space and sig-
nificant anatomical landmarks and does not require manual
establishment of pneumoperitoneum. However, it carries
a higher risk of abdominal organ injury and can result in
reduced recovery of gastrointestinal function after surgery.
Conversely, RLPN comparatively carries a reduced risk of
damage to abdominal organs, enhances recovery of gas-
trointestinal function and offers adequate vascular exposure
with easier control. It also has the advantages of no con-
tamination in abdominal cavity and low gastrointestinal ad-
verse reactions. However, this approach has small opera-
tion space and lacks anatomical landmarks, contributing to
the difference in complications. Despite these variations,
it is crucial to note that the overall complication rates for
both RLPN and OPN were relatively low, indicating the
safety and feasibility of both approaches in treating local-
ized RCC.
Furthermore, the analysis of oncologic outcomes revealed
no significant differences between RLPN and OPN, sug-
gesting comparable oncologic outcomes and long-term sur-
vival. These findings are consistent with Yoshida K et
al. [24], who demonstrated equivalent oncologic outcomes
for laparoscopic and open nephrectomy in the treatment of
RCC. The comparable three-year overall survival, disease-
free survival, and cancer-specific survival rates further sup-
port the clinical equipoise between RLPN and OPN in treat-
ing localized RCC.
Considering the effect on safety evaluation, our study found
no significant difference in preoperative eGFR, UA, Cr, and
urea levels between the two experimental groups, indicating
similar preoperative renal function. Similarly, there were

no significant differences in eGFR and UA at one year post-
operatively between the two surgical approaches. RLPN
is associated with significantly lower Cr at postoperative
1 year compared to OPN. Additionally, urea at postoper-
ative 1 year was significantly lower for patients who un-
derwent OPN compared to RLPN. These findings suggest
potential differences in the effect of RLPN and OPN on re-
nal function during the postoperative period, highlighting
the importance of ongoing monitoring and assessment of
renal function in patients undergoing different surgical ap-
proaches for RCC.
It is important to acknowledge the limitations of our study.
As a retrospective cohort study, it is susceptible to inherent
biases and limitations related to data collection, patient se-
lection, and the potential for unmeasured confounders. Al-
though propensity score matching was utilized to minimize
confounding effects, the possibility of residual confounding
cannot be entirely eliminated. Additionally, since the study
was conducted at a single institution, the generalizability
of the findings to broader patient populations and diverse
healthcare settings should be interpreted with caution. Fur-
thermore, the relatively limited sample size and follow-up
duration may have impacted the statistical power and abil-
ity to detect small differences in outcomes between the two
groups. Future research efforts should address these limi-
tations through prospective, multi-institutional studies with
larger sample sizes and longer-term follow-up periods.

Conclusions
This study confirms that RLPN offers advantages in surgi-
cal time, estimated blood loss, and postoperative compli-
cations, positively affecting postoperative renal function.
Conversely, OPN shows a shorter warm ischemia time. The
3-year survival rates for the two methods are similar. These
findings support the clinical equipoise between the two sur-
gical approaches regarding oncologic outcomes, three-year
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survival rates, and overall safety. While RLPN demon-
strates advantages in reduced surgical time, estimated blood
loss, and a lower incidence of postoperative complications,
it is vital to consider the implications of longer warm is-
chemia time and potential differences in postoperative renal
function. Hence, the surgical approach should be selected
according to the specific circumstances of patients.
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