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Abstract

Background: Earlier studies have juxtaposed different laparoscopic
methods for treating renal tumors; however, extensive evidence with a
particular focus on large kidney tumors remains lacking. The objective
of this meta-analysis was to assess the perioperative outcomes, kidney
performance, and cancer-related results of laparoscopic partial nephrec-
tomy (LPN) versus laparoscopic radical nephrectomy (LRN) for treating
extensive, localized, non-metastatic kidney tumors (¢T1b-cT2NOMO).

Methods: We systematically searched multiple databases from da-
tabase inception until December 2023 for relevant studies. Selected
data were analyzed with the Cochrane Collaboration’s Review Man-
ager 5.4 software using a random-effects model. Outcomes were
expressed as odds ratios and weighted mean differences with 95%
confidence intervals, considering a P value of < 0.05 as significant.

Results: Data from nine studies encompassing 1,303 patients (529
LPN, 774 LRN) revealed that LPN was associated with lengthier sur-
geries and increased blood loss compared to LRN. While LPN ex-
hibited higher postoperative complication rates, the disparity did not
reach statistical significance. LPN led to improved postoperative re-
nal function, manifesting as a reduced estimated glomerular filtration
rate (eGFR) decline and fewer incidents of new chronic kidney dis-
ease cases. Both groups demonstrated comparable tumor recurrence
and overall mortality rates, but LPN exhibited significantly lower
cancer-specific mortality rates.

Conclusions: LPN, despite longer operative times and greater intra-
operative blood loss, was found to be superior to LRN in preserv-
ing postoperative renal function. Oncologically, LPN and LRN have
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comparable overall mortality rates, but LPN showed a significant ad-
vantage in terms of lower cancer-specific mortality rates.

Keywords: Laparoscopy; Nephrectomy; Kidney neoplasms; System-
atic review; Meta-analysis

Introduction

According to the current TNM staging system, localized renal
tumors are classified as small-volume renal tumors (<4 cm) in
stage cTla and large-volume renal tumors (> 4 cm) in stages
cT1b and cT2 based on the tumor size. Despite ongoing de-
bates, this classification proves instrumental in guiding clini-
cal decisions [1]. With advancements in imaging and increased
awareness, there is a notable rise in cT1a diagnoses, while tu-
mors exceeding 4 cm remain consistently prevalent [2]. Small-
er renal tumors increasingly receive less invasive treatments,
such as radiofrequency ablation, whereas larger tumors, still a
predominant diagnosis, are primarily addressed through surgi-
cal interventions. The evolution of laparoscopic techniques has
expanded the utilization of both laparoscopic partial nephrec-
tomy (LPN) and laparoscopic radical nephrectomy (LRN) for
larger tumors [3], with a specific focus on preserving renal
units and enhancing patient survival. Previous research pre-
dominantly concentrated on small tumors [4, 5], leaving a void
in comprehensive reviews addressing the efficacy of laparo-
scopic treatments for renal tumors exceeding 4 cm. This study
aimed to bridge this gap by conducting a systematic review
and meta-analysis to compare the outcomes of LPN and LRN
for large renal tumors (> 4 cm, cT1b-cT2NOMO).

Materials and Methods

This article was written following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 Statement [6] and has been registered in PROSPERO
(registration ID: CRD42023494417). The Institutional Review
Board approval, and ecthical compliance are not applicable to
this study because it involves the synthesis and citation of ex-
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isting research and does not include new experimental work
with human participants or patient data.

Search strategy

We searched databases including PubMed, Cochrane Library,
and EMBASE, with the search timeline spanning from the
database inception until December 2023, and we limited the
language of the retrieved literature to English. During the
search process, we constructed a search strategy using pa-
tient (P), intervention (I), and control (C). In PubMed and
Cochrane Library, we used MeSH terms “kidney neoplasms”,
“nephrectomy”, and “laparoscopy” along with their synonyms
and related terms, incorporating synonyms for both “partial”
and “radical”. In EMBASE, we referred to the explode term in
EMTREE “kidney cancer”, “partial nephrectomy (PN)”, “radi-
cal nephrectomy (RN)”, and “laparoscopy” and synonyms of
each term (Supplementary Material 1, www.wjon.org). To
avoid missing relevant studies, we also screened the references
of studies containing PN and RN comparison cohorts.

Study selection

The inclusion criteria for the literature were established ac-
cording to the PICOS principles. 1) Patients (P): patients were
individuals who were preoperatively diagnosed with unilat-
eral, solitary, large-volume (maximum diameter > 4 cm) renal
occupying lesions (cT1b-cT2NOMO) without local or distant
metastasis identified on imaging but were postoperatively
confirmed as having renal malignancies (regardless of the spe-
cific pathological type) through pathological examination; 2)
Intervention (I): The intervention was LPN (e.g., conventional
laparoscopy, three-dimensional (3D)/ultra-clear laparoscopy,
hand-assisted laparoscopy, and robot-assisted laparoscopy); 3)
Control (C): The control intervention was LRN (e.g., conven-
tional laparoscopy, 3D/ultra-clear laparoscopy, hand-assisted
laparoscopy, and robot-assisted laparoscopy); 4) Outcomes
(O): This included at least one of the following outcomes: peri-
operative outcomes (e.g., surgical time, intraoperative blood
loss, and perioperative complications), renal function out-
comes (e.g., postoperative renal function decline and increase
in the number of patients with chronic kidney disease (CKD)),
and oncological outcomes (e.g., recurrence and metastasis
rates, overall mortality (OM), and cancer-specific mortality
(CSM)); 5) Study type (S): retrospective case-control study.

The exclusion criteria for the literature were as follows:
non-comparative studies, case reports or case series, non-re-
search articles (such as reviews, editorial comments, confer-
ence papers, and conference abstracts), meta-analyses, studies
lacking necessary data for this research, and ongoing studies
with unreported results.

Data collection

Two authors conducted an independent review of the litera-
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ture, adhering to predefined inclusion and exclusion criteria,
and sought the opinion of a third author to address any disa-
greements. Relevance was initially assessed based on titles and
abstracts, with full-text reviews employed for cases that lacked
clarity. A fourth author then conducted an independent review
of the ultimately selected literature.

Two authors independently extracted data from the in-
cluded studies, initially focusing on general details such as
the first author, publication year, country or region, and study
duration. Subsequently, they documented demographic in-
formation, encompassing age, body mass index (BMI), sex,
cohort size, tumor location, size, clinical stage, preoperative
renal function, and follow-up duration. Perioperative details,
including operative time, blood loss, postoperative complica-
tions (classified using the Clavien-Dindo system), pathologi-
cal outcomes, and the presence of positive margins, were also
collected. Additionally, renal function outcomes, such as post-
operative estimated glomerular filtration rate (¢GFR) decline
and the incidence of CKD, were recorded. Oncological results,
encompassing recurrence rates, OM, and CSM, were included
in the data extraction process. The validation of the extracted
data was carried out independently by other authors.

Risk of bias assessment

The first author conducted a quality assessment of the included
literature using the ROBINS-I tool [7], which includes seven
dimensions, namely 1) Bias due to confounding; 2) Bias in
selection of participants into the study; 3) Bias in classification
of interventions; 4) Bias due to deviations from intended inter-
ventions; 5) Bias due to missing data; 6) Bias in measurement
of outcomes; and 7) Bias in selection of the reported result.
Each dimension was evaluated as low risk, moderate risk, seri-
ous risk, critical risk, or no information. After summarizing
these seven dimensions, the final risk level of the study was
categorized as low risk (The study is judged to be at low risk
of bias for all domains), moderate risk (The study is judged to
be at low or moderate risk of bias for all domains), serious risk
(The study is judged to be at serious risk of bias in at least one
domain, but not at critical risk of bias in any domain), critical
risk (The study is judged to be at critical risk of bias in at least
one domain), or no information (There is no clear indication
that the study is at serious or critical risk of bias and there is
a lack of information in one or more key domains of bias).
Following the assessment, it was independently reviewed by
other authors.

Statistical analysis

This study used the Cochrane Collaborative Review Manager
5.4 software for conducting meta-analysis. For dichotomous
variables, odds ratios (OR) were calculated and presented
with 95% confidence intervals (CI). For continuous variables,
weighted mean differences (WMD) were computed and pre-
sented with 95% CI. The heterogeneity among studies was as-
sessed using the Q-test and I>-test, where 12 < 50% indicated
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mild heterogeneity, < 75% indicated moderate heterogeneity,
and > 75% indicated high heterogeneity. A significance level
of P < 0.05 was considered statistically significant. Due to
inherent clinical heterogeneity in the data, a random-effects
model was employed in all meta-analyses.

Subgroup analysis

If the extracted study data were stratified based on the relevant
content, then subgroup analysis was conducted according to
the stratification. If the included study data did not provide
relevant content, subgroup analysis was not performed.

Publication bias

Egger’s test was used to detect publication bias and small-
study effects of included studies.

Results

We initially retrieved 1,389 articles from the database. After
excluding duplicates and non-English articles, we assessed
whether the literature contained the necessary content for our
study based on titles and abstracts. If titles and abstracts were
not sufficient to determine compliance with our inclusion and
exclusion criteria, we read the full text before making a deci-
sion. After excluding non-research articles (e.g., reviews, case
reports/case series, and conference papers), meta-analyses, ir-
relevant studies, and non-comparative studies, there were nine
articles comprising case-control studies with both LPN and
LRN cohorts. Among these, one article did not provide sepa-
rate data for laparoscopic surgery patients and open surgery
patients within the cohorts [8], making it unable to provide the
patient cohort data necessary for our study. Therefore, that ar-
ticle was excluded. Subsequently, we screened the references
of studies comparing LPN and LRN cohorts and identified an
article that met our criteria [9]. In the end, nine studies were
included in this meta-analysis (Fig. 1).

Baseline characteristics

The nine studies included in this meta-analysis were all single-
center retrospective case-control studies published between
2009 and 2023 [9-17]; their patient data were sourced from
the respective medical center databases, with two studies using
propensity score matching [13, 15]. The total of 1,303 patients
included in the meta-analysis (529 in the LPN group and 774
in the LRN group) originated from China (926 patients), the
United States (348 patients), and Israel (29 patients). Baseline
characteristics of patients from each study are shown in Table
1[9-17].

There was no significant heterogeneity in the baseline
characteristics between the LPN and LRN cohorts in these
nine studies (I* < 50%). There were no significant differences
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between the LPN and LRN groups in terms of age (P = 0.91),
BMI (P = 0.72), proportion of males (P = 0.48), proportion of
right renal tumors (P = 0.88), cT1b stage (P = 0.50), preopera-
tive eGFR (P = 0.33), and the number of preoperative CKD
cases (P =0.66), with P < 0.05 considered statistically signifi-
cant for differences (Table 2).

Assessment of quality

Given that the included studies were retrospective case-control
studies, we performed quality assessment of the included litera-
ture using the ROBINS-I tool. This tool assesses the quality of
non-randomized controlled trials from seven dimensions, and
the overall risk level is expressed as low, moderate, serious, or
critical. Among the nine articles included in this study, seven
were assessed as having a moderate risk, whereas two articles
were considered to have a serious risk due to the potential for
significant bias resulting from missing data (Table 3) [9-17].

Outcome analysis
Perioperative outcomes

Figure 2 presents a comparative analysis of perioperative out-
comes between LPN and LRN groups across multiple studies.
In six studies comprising 909 patients (422 LPN, 487 LRN),
LPN exhibited longer surgery times by 12.86 min (95% CI
(2.09, 23.62), P = 0.02). Furthermore, pooling data from five
studies involving 659 patients indicated that LPN was asso-
ciated with higher blood loss by 67.28 mL (95% CI (17.33,
117.23), P = 0.008) (Fig. 2b). The presence of high hetero-
geneity (surgery time: Chi? = 18.39, I = 73%, P = 0.003; in-
traoperative blood loss: Chi? = 35.20, 1> = 89%, P < 0.00001)
underscores diverse study results, necessitating cautious inter-
pretation.

Perioperative complications

Figure 3 undertakes an examination of perioperative compli-
cations within the context of LPN versus LRN groups. Utiliz-
ing the Clavien-Dindo system, the analysis reveals no statis-
tically significant differences in complication rates between
the two groups, whether classified as grade I - II (OR: 1.41,
95% CI: (0.73, 2.72), P=0.31) or > grade 111 (OR: 1.25, 95%
CI (0.53, 2.95), P = 0.61). Moreover, the overall incidence
of complications demonstrates similarity (OR: 1.35, 95% CI
(0.82, 2.24), P = 0.24). While moderate heterogeneity is ob-
served in grade I - Il complications (Chi2 = 12.24, I = 67%, P
=0.02), it remains minimal or non-significant in other facets
of the analysis.

Renal function outcomes

Figure 4 compares the changes in renal function post-surgery
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Figure 1. The PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) 2020 flow diagram for the sys-

tematic review.

between the LPN and LRN groups. Across eight studies in-
volving 1,274 patients, the LPN group exhibited a smaller de-
cline in eGFR (ranging from 1.7 to 13.1 mL/min) compared to
the LRN group (ranging from 16.9 to 32.91 mL/min), with a
significant difference in decline favoring LPN (WMD 13.85
mL, 95% CI (10.05, 17.65), P < 0.00001) (Fig. 4a). Among
929 patients from six studies, a lower proportion of patients
in the LPN group (40 out of 415) developed CKD (GFR < 60
mL/min) postoperatively compared to the LRN group (141 out
of 514), indicating a significantly reduced incidence of post-
operative CKD in the LPN group (OR: 0.23, 95% CI (0.10,
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0.52), P =0.0004) (Fig. 4b). Moderate heterogeneity was ob-
served among the studies regarding both eGFR decline (Chi? =
17.50, 12 = 60%, P=0.01) and CKD incidence increases (Chi?
=13.19, 1> = 62%, P =0.02).

Oncological outcomes

Figure 5 presents the oncological outcomes from the studies.
Data from six studies involving 887 patients indicated a slight-
ly higher, albeit statistically insignificant, tumor recurrence
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Table 2. The Heterogeneity Test for Baseline Characteristics

q e Heterogeneity .

Baseline characteristics LPN vs. LRN . Analysis model
Chi? I? P

Age WMD (95% CI) -0.94 (-2.05, 0.18) 2.72 0% 0.91 Random
BMI WMD (95% CI) 0.09 (-0.32, 0.50) 3.66 0% 0.72 Random
Male OR (95% CI) 1.1 (0.86, 1.39) 7.56 0% 0.48 Random
Right side OR (95% CI) 1.15 (0.90, 1.46) 2.44 0% 0.88 Random
cT1b OR (95% CI) 1.05 (0.56, 1.96) 0.45 0% 0.50 Random
Preoperative eGFR WMD (95% CI) -1.58 (-4.28, 1.13) 6.87 13% 0.33 Random
Preoperative CKD OR (95% CI) 0.91 (0.64, 1.29) 3.27 0% 0.66 Random

LPN: laparoscopic partial nephrectomy; LRN: laparoscopic radical nephrectomy; WMD: weighted mean difference; OR: odds ratio;

interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease.

Table 3. The Risk of Bias Assessment of Each Study by Using the ROBINS-I Tool

Cl: confidence

Study Domain 1 Domain 2 Domain3  Domain 4 Domain5 Domain6 Domain7 Overall

Simmons et al, 2009 [10]  Moderate Moderate Moderate Moderate Moderate Low Low Moderate
Deklaj et al, 2010 [11] Moderate Low Low Moderate Low Low Moderate Moderate
Brewer et al, 2012 [9] Moderate Moderate Low Moderate Moderate Moderate ~ Moderate =~ Moderate
Cai et al, 2018 [16] Moderate Moderate Low Moderate Moderate Low Moderate ~ Moderate
Mizrahi et al, 2018 [12] Moderate Moderate Low Moderate Serious Moderate ~ Moderate  Serious

Deng et al, 2019 [13] Moderate Low Low Moderate Serious Moderate ~ Moderate Serious

Yang et al, 2020 [14] Moderate Low Low Moderate Moderate Low Moderate Moderate
Yu et al, 2020 [17] Moderate Low Low Moderate Low Low Low Moderate
Sun et al, 2023 [15] Moderate Low Low Moderate Low Low Low Moderate

Domain 1: bias due to confounding. Domain 2: bias in selection of participants into the study. Domain 3: bias in classification of interventions. Domain
4: bias due to deviations from intended interventions. Domain 5: bias due to missing data. Domain 6: bias in measurement of outcomes. Domain 7:
bias in selection of the reported result. Low risk: the study is judged to be at low risk of bias for all domains. Moderate risk: the study is judged to be
at low or moderate risk of bias for all domains. Serious risk: the study is judged to be at serious risk of bias in at least one domain, but not at critical
risk of bias in any domain. Critical risk: the study is judged to be at critical risk of bias in at least one domain. No information: there is no clear indica-
tion that the study is at serious or critical risk of bias and there is a lack of information in one or more key domains of bias. Low: low risk; Moderate:

moderate risk; Serious: serious risk; Critical: critical risk.

LPN LRN Mean Difference Mean Difference
a d 0 baroup lea ota Mean ota eigh Random. 95% 23 Ran 95%
Brewer 2012 2129 56 45 2125 60 108 14.4% 0.40[-19.49, 20.29] 2012 S
Mizrahi 2018 230 66.7 13 160 111.1 16 2.5% 70.00[4.59, 135.41] 2018
Deng 2019 200 71.7 74 180 444 74 14.9% 20.00 [0.79, 39.21] 2019 [
Yang 2019 943 203 177 883 26 154 26.5% 6.00 [0.92, 11.08] 2019 e
Yu 2020 103.68 32.1 62 101.6 23 84 232% 2.08 [-7.30, 11.46] 2020 e
Sun 2023 135 444 51 1025 296 51 185% 32.50[17.85,47.15] 2023 o
Total (95% Cl) 422 487 100.0%  12.86 [2.09, 23.62] L
Heterogeneity: Tau? = 106.94; Chi? = 18.39, df = 5 (P = 0.003); I* = 73% + t t t
o - -100 -50 0 50 100
Test for overall effect: Z = 2.34 (P = 0.02) Favours [LPN] Favours [LRN]
b LPN LRN Mean Difference Mean Difference
dy O Dgroup Mean ota Mean ota eigh Random, 95% ea Random. 99%
Simmons 2009 262 192 35 179 253 75 152%  83.00[-2.58, 168.58] 2009 .
Brewer 2012 401.8 4127 45 1576 1668 108 10.1% 244.20[119.58, 368.82] 2012 »
Deng 2019 200 1111 74 175 741 74 249% 25.00 [-5.43, 55.43] 2019 il
Yu 2020 10794 189 62 10314 27 84 274% 4.80[0.06, 9.54] 2020 o
Sun 2023 150 1481 51 50 74.1 51 224% 100,00 [54.55, 145.45] 2023 =
Total (95% Cl) 267 392 100.0% 67.28 [17.33, 117.23] >
e - . Chiz = = . 4 I + +
Heterogeneity: Tau? = 2366.22; Chi? = 35.20, df =4 (P < 0.00001); I* = 89% 200 100 0 100 200

Test for overall effect: Z = 2.64 (P = 0.008)

Favours [LPN] Favours [LRN]

Figure 2. Forest plots of perioperative outcomes for LPN vs. LRN. (a) Operative time. (b) Intraoperative blood loss. LPN: laparo-
scopic partial nephrectomy; LRN: laparoscopic radical nephrectomy; Cl: confidence interval; SD: standard deviation.
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LPN LRN Odds Ratio Odds Ratio
421C-DI-ll
Deklaj 2010 8 33 T 52 11.4% 2.06 [0.67, 6.34] 2010 T S —
Brewer 2012 10 45 23 108 15.2% 1.06 [0.46, 2.45] 2012 i
Deng 2019 9z 74 5 74 12.2% 4.12[1.43, 11.84] 2019 —
Yang 2019 32 177 40 154 20.6% 0.63 [0.37, 1.06] 2019 ==
Sun 2023 19 51 14 51 15.3% 1.57 [0.68, 3.62] 2023 T
Subtotal (95% CI) 380 439 74.6% 1.41[0.73, 2.72] <>
Total events 86 89

Heterogeneity: Tau? = 0.37; Chi? = 12.24, df =4 (P = 0.02); I? = 67%
Test for overall effect: Z = 1.02 (P = 0.31)

42.2C-D =il
Deklaj 2010 0 33 0 52 Not estimable 2010

Brewer 2012 2 45 4 108 64% 1.21[0.21, 6.85] 2012

Deng 2019 5 74 2 74 67% 2.61[0.49, 13.90] 2019 —
Yang 2019 3 77 5 154  83% 0.51[0.12,2.19] 2019 >

Sun 2023 3 51 1 51 40% 3.13[0.31,31.09] 2023

Subtotal (95% CI) 380 439 25.4% 1.25[[0.53, 2.95]] -

Total events 13 12

Heterogeneity: Tau? = 0.00; Chiz2 = 2.81, df = 3 (P = 0.42); I? = 0%
Test for overall effect: Z=0.51 (P = 0.61)
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Figure 3. Forest plot of postoperative complications graded by Clavien-Dindo system. LPN: laparoscopic partial nephrectomy;
LRN: laparoscopic radical nephrectomy; Cl: confidence interval.
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patients were significantly lower in LPN than LRN (OR: 0.40, =0.00) (Fig. 5).
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Figure 4. Forest plots of renal function outcomes for LPN vs LRN. (a) eGFR decline. (b) CKD increase. LPN: laparoscopic partial
nephrectomy; LRN: laparoscopic radical nephrectomy; Cl: confidence interval; SD: standard deviation.
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Figure 5. Forest plots of oncological outcomes for LPN vs.
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Heterogeneity

After using the ROBINS-I tool to assess the quality of the liter-
ature, it was found that among the nine included studies, seven
were of moderate quality and two were of lower quality. In the
results of the meta-analysis, most outcomes showed a mod-
erate-to-low degree of heterogeneity, whereas some outcomes
showed a high degree of heterogeneity (such as operative time
and intraoperative blood loss).

Sensitivity analysis

To ensure the robustness of our study and identify potential
sources of heterogeneity, we conducted sensitivity analyses
by systematically excluding one study at a time from the me-
ta-analysis. This approach allowed us to assess the impact on
both statistical significance and study heterogeneity, and it is
not applicable to analyses comprising three or fewer studies.
Our sensitivity analysis, which focused on key outcomes such
as intraoperative blood loss, > grade III postoperative compli-
cation rate, postoperative eGFR decline, and CKD incidence,
reaffirmed the reliability of these findings, as evidenced by
the absence of significant shifts in effect size, significance
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level, or heterogeneity. Following the exclusion of a single
study, heterogeneity related to tumor recurrence was com-
pletely eliminated (heterogeneity 12: 55% to 0%), maintain-
ing a consistent effect size. However, analyses pertaining to
operative time and grade I - I postoperative complication rate
exhibited considerable variability, raising concerns regard-
ing the reliability of these results (Supplementary Material 2,
WWW.Wjon.org).

Publication bias

We utilized Egger’s test (considering P < 0.05 as statistically
significant) to detecting publication bias. The result illustrates
that for six effect sizes - surgery time, > grade III postoperative
complications, eGFR decline, the tumor recurrence rate, the
CSM, and the OM - the intercept P values and slope P values
all exceeded 0.05, indicating no significant publication bias.
However, for intraoperative blood loss and grade I - II postop-
erative complications, intercept P values suggested potential
bias (P=0.027 and P =0.047, respectively), despite nonsignif-
icant slopes (P=0.539 and P=0.071, respectively), suggesting
possible publication bias with a low probability of small-study
effects. The intercept P values for overall postoperative com-
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Table 4. The Egger’s Test for Effect Sizes

Effect sizes Intercept Intercept P value Slope Slope P value  Correlation coefficient, r
Tumor size -3.130 0.240 0.177 0.631 0.063
Operative time 1.800 0.210 0.501 0.939 0.002
Intraoperative blood loss 3.030 0.027 -2.730 0.539 0.137
Intraoperative complications 1.769 0.376 -0.929 0.48 0.271
Postoperative complications 1.587 0.024 -0.543 0.054 0.488
Postoperative complications (C-D I - II grade) — 2.248 0.047 -0.755 0.071 0.717
Postoperative complications (> C-D III grade)  1.420 0.301 -1.003 0.426 0.220
eGFR decline 1.360 0.511 9.130 0.202 0.255
CKD -3.790 0.007 1.110 0.041 0.688
Tumor recurrence 0.625 0.518 -0.278 0.606 0.072
Cancer-specific mortality 0.506 0.359 -0.699 0.172 0.929
Overall mortality 2.351 0.220 -1.075 0.229 0.876

C-D: Clavien-Dindo system; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease.

plications and the increased postoperative incidence of CKD
were both < 0.05, and the slope P values were close to 0.05,
indicating a higher likelihood of publication bias and small-
study effects for these two conclusions. The presence of ran-
dom variability in Egger’s test and the small sample sizes for
certain conclusions could impact accuracy. Therefore, while
Egger’s test did not conclusively indicate publication bias
for most measured effects, the potential bias for intraopera-
tive blood loss and grade I - II postoperative complications,
coupled with a significant risk of bias and small-study effects
for overall postoperative complications and CKD incidence
post-operation, may undermine the reliability of these findings
(Table 4).

Discussion

Several published meta-analyses on the efficacy differences
between PN and RN in treating large renal tumors indicate
that, although PN requires a longer operation time, incurs
more intraoperative bleeding, and presents a higher risk of
postoperative complications compared to RN, PN signifi-
cantly outperforms RN in preserving renal function. In terms
of oncological outcomes, the tumor recurrence rate of PN is
not higher than that of RN. However, further meta-analyses
on survival data for PN and RN are insufficient to determine
which surgical method is superior concerning various surviv-
al and mortality rates (Table 5) [18-23]. These meta-analyses
have synthesized a broad range of comparative studies on PN
and RN, preliminarily exploring the efficacy differences be-
tween the two surgical methods in treating renal tumors and
drawing some practically significant conclusions. Nonethe-
less, these meta-analyses did not differentiate specific surgical
techniques (such as open surgery, laparoscopic surgery, and
robotic-assisted surgery), which introduces a degree of bias
to the study’s conclusions [18-23]. Therefore, in this study,
we selected comparative studies including LPN and LRN for
meta-analysis to obtain more reliable conclusions. Nine stud-
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ies related to the treatment of large-volume renal tumors using
LPN and LRN were included in this meta-analysis. The over-
all quality of the included literature was moderate. After con-
ducting meta-analyses of perioperative outcomes, renal func-
tion outcomes, and oncologic outcomes of each study, most
conclusions were found to have a low risk of bias and good
evidence quality. Few conclusions exhibited high heterogene-
ity or publication bias, leading to decreased credibility of the
results.

In the strategic planning of surgical interventions for renal
tumors, determining tumor size plays a pivotal role in select-
ing between PN for smaller tumors and RN for larger ones.
The feasibility of laparoscopic surgery depends on the avail-
able abdominal space, and for larger tumors, open surgery may
be imperative. Nevertheless, it is essential to acknowledge the
presence of selection bias stemming from the retrospective
nature of the included studies and the assessment of suitabil-
ity for laparoscopic surgery. Factors such as the study period
(2003 - 2017) and variations in surgical expertise across dif-
ferent medical centers contribute to the decision between LPN
and LRN. Additionally, considerations of tumor location and
complexity, evaluated through tools like the RENAL score
[24] and SARR scores [25], significantly influence the cho-
sen surgical approach, with more intricate tumors being less
amenable to PN. Despite included studies hinting at LRN po-
tentially being superior to LPN for large tumors, the evidence
is inconclusive, emphasizing the critical role of evaluating the
proficiency of the surgical center and the complexity of the
tumor for future analyses. Notably, limited reporting of tumor
complexity scores in a subset of studies in our meta-analysis
constrains subgroup analysis, underscoring the imperative for
further research that extends beyond tumor volume and en-
compasses various factors in the diagnosis and treatment of
large-volume renal tumors [26-28].

This study revealed that compared to LRN, LPN is associ-
ated with longer surgery times (P = 0.02) and increased blood
loss (P = 0.008). Subgroup analysis indicated higher rates of
both grade I - II (P = 0.31) and > grade III (P = 0.61) postop-
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erative complications in LPN. After heterogeneity testing and
sensitivity analysis, the more reliable conclusion was that the
rate of > grade III complications was higher with LPN than
with LRN. Compared to LRN, LPN requires more time in sev-
eral key steps (clamping renal vessels, excising renal tumors,
and suturing the renal incision), and these critical steps have
certain technical thresholds [29], resulting in a longer learn-
ing curve for LPN under similar conditions. However, with the
increasing maturity of laparoscopic techniques and the intro-
duction of surgical robots, both the learning curve and surgi-
cal time for LPN and LRN are gradually decreasing [30-32].
Common complications of LPN include renal incision bleed-
ing, acute kidney injury, urinary leakage, abdominal infection,
and urinary tract infection, with incidence rates ranging from
9% to 30% [33, 34]. Among these, complications such as in-
cision bleeding, acute kidney injury, and urinary leakage are
closely related to the critical steps of LPN. Improper handling
during surgery can lead to severe consequences, often requir-
ing secondary surgery or intensive care. Proficient mastery of
LPN surgical techniques, reducing the intraoperative warm is-
chemia time, and shortening the surgical time can significantly
prevent these complications [34, 35].

The greatest advantage of LPN over LRN lies in the pres-
ervation of renal units, which can reduce the risk of long-term
renal dysfunction and cardiovascular events in patients after
the operation [36, 37]. Our results reveal that the postopera-
tive eGFR in the LRN group decreased by an additional 13.85
mL/min (95% CI (10.05, 17.65), P < 0.00001) compared to
the LPN group. The number of cases with postoperative onset
of CKD was significantly smaller in the LPN group than in
the LRN group (OR: 0.23, 95% CI (0.10, 0.52), P = 0.0004).
Compared to RN, PN significantly preserves renal function
[37, 38] and reduces the risk of postoperative CKD [39].
Additionally, PN diminishes the risks of cardiovascular and
metabolic diseases by better preserving endocrine function.
Weight et al have reported that the renal function loss caused
by RN leads to a 25% increase in the risk of postoperative
cardiovascular disease-related mortality [40], and this risk is
particularly evident in elderly patients with renal tumors [41].
The foundation underlying the excellent protective effect of
PN on renal function is excellent surgical technique [42, 43].
In terms of PN surgery, intraoperative interruption of renal
blood flow poses potential risks of damage to healthy renal
units [44, 45]. Although it is generally recommended to limit
warm ischemia time within 20 - 30 min, there is no absolute
safe threshold, and each minute of warm ischemia can harm
renal function [46, 47]. Therefore, techniques such as selective
arterial clamping and bloodless clamping are recommended to
mitigate renal ischemia [48, 49], particularly advantageous for
large renal tumors. Our findings advocate for the efficacy of
LPN in preserving renal function in large tumors (> 4 cm),
emphasizing the importance of controlling ischemia time and
considering zero-ischemia techniques [50, 51].

We compared tumor recurrence rates, the OM, and the
CSM in oncological outcomes. We found that the tumor recur-
rence rate was similar in the LPN group (including local re-
currence and distant metastasis) than in the LRN group (OR:
1.06, 95% CI1 (0.42, 2.67)), but the difference between the two
groups was not statistically significant (P = 0.91). The OM
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was lower in the LPN group than in the LRN group (OR: 0.91
(0.24, 3.41), P = 0.89), and the CSM was significantly lower
in the LPN group than in the LRN group (OR: 0.40, 95% CI
(0.20, 0.79), P = 0.008). There has been a long-standing con-
troversy regarding the superiority or inferiority of PN and RN
in oncological outcomes. Despite the possibility of positive
surgical margins after PN, most studies suggest that positive
margins after PN do not increase the risk of local tumor recur-
rence or metastasis [52-54]. Tumor recurrence and metasta-
sis after PN are often associated with the higher pathological
grade of the tumor itself [55, 56], a factor similar to the risk
factors for recurrence and metastasis after RN [57]. Numer-
ous studies have been conducted on the postoperative survival
outcomes of renal tumors, especially large-volume renal tu-
mors. The propensity score-matched study by Simone et al
revealed no significant disparities between the two cohorts of
cT1-cT2NOMO renal tumor patients undergoing either mini-
mally invasive partial nephrectomy (MIPN) or minimally in-
vasive radical nephrectomy (MIRN), concerning metastasis-
free survival (P = 0.811), local recurrence-free survival (P =
0.283), overall survival (OS) (P = 0.419), and cancer-specific
survival (CSS) (P = 0.907) [58]. Saint Aubert et al found no
significant differences in OS, recurrence-free survival, and
recurrence-specific survival between patients with cT2-stage
renal tumors undergoing PN or RN [59]. Similarly, the find-
ings of Ristau et al also suggest that PN does not provide a
survival advantage over RN in patients with large-volume re-
nal tumors [60]. Conversely, the retrospective study by Jans-
sen et al found that the long-term OS and CSS of patients with
renal tumors > 7 cm were significantly longer in the PN group
than in the RN group [61]. In summary, regarding oncologi-
cal outcomes, we found no significant difference between the
LPN and LRN groups in terms of tumor recurrence rate and
OM. Conversely, the CSM was significantly better in the LPN
group than in the LRN group. However, due to the limited
number of included studies, there is a potential for bias in this
regard.

Our study has significant limitations. First, all included
studies were retrospective and of moderate overall quality,
which may introduce selection bias, confounding bias, and
observer bias. Second, we summarized and analyzed relevant
studies based on tumor size without considering the impact
of tumor complexity on the study results. In addition, due to
the lack of relevant data in the literature, we were unable to
conduct corresponding subgroup analyses. Third, the vari-
ability in the length of follow-up time limited the comparison
of oncological outcomes. Finally, for some outcomes, such as
intraoperative complications, the OM, and the CSM, only a
few studies provided the corresponding data, thus reducing the
credibility of the results.

Conclusions

In the treatment of localized, large renal tumors (cT1b-cT-
2NOMO), our study revealed that LPN entailed longer surgery
times and greater intraoperative blood loss compared to LRN,
with LPN exhibiting a higher rate of significant postoperative
complications. However, LPN demonstrated a distinct advan-
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tage in preserving renal function post-surgery. Tumor recur-
rence rates post-operation were similar between the two proce-
dures, and while overall mortality was comparable, CSM was
notably lower in the LPN group. However, these conclusions
are derived from a limited set of retrospective studies, suggest-
ing a moderate confidence level in these findings. There is a
call for future research with more robust designs and longer
follow-up to thoroughly assess the comparative outcomes of
these surgical methods for large renal tumors.
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