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Abstract
Objectives  The standard therapy for small renal masses (SRMs) remains partial nephrectomy (PN), which is associated 
with relatively high morbidity and complication rate. Therefore, percutaneous radiofrequency ablation (PRFA) emerges 
as an alternative therapy. This study aimed to compare the efficacy, safety, and oncological outcomes of PRFA versus PN.
Methods  A multicenter non-inferiority study with retrospective analysis of 291 patients with SRMs (N0M0), who underwent 
PN or PRFA (2:1), recruited prospectively from two hospitals in the Andalusian Public Health System, Spain, between 2014 
and 2021. Comparisons of treatment features were evaluated using the t test, Wilcoxon-Mann–Whitney U test, chi-square 
test, Fisher test, and Cochran-Armitage trend test. Kaplan–Meier curves depicted overall survival (OS), local recurrence-free 
survival (LRFS), and metastasis-free survival (MFS) rates in the overall study population.
Results  A total of 291 consecutive patients were identified; 111 and 180 patients underwent PRFA and PN, respectively. 
Median follow-up time was 38 and 48 months, and mean hospitalization days were 1.04 and 3.57 days, respectively. The 
variables underpinned with high surgical risk were significantly increased in PRFA compared to those in PN (mean age was 
64.56 and 57.47 years, the solitary kidney presence was 12.6% and 5.6%, ASA score ≥ 3 was 36% and 14.5%, respectively). 
The rest of oncological outcomes were comparable amongst PRFA and PN. Patients undergoing PRFA did not improve OS, 
LRFS, and MFS compared to those undergoing PN. Limitations comprise retrospective design and limited statistical power.
Conclusion  PRFA for SMRs in high-risk patients is non-inferior in terms of oncological outcomes and safety compared to PN.
Clinical relevance statement  Our study has a direct clinical application as it proves that radiofrequency ablation is an effec-
tive and uncomplicated therapeutic option for patients with small renal masses.
Key Points 
•There are non-inferiority results in overall survival, local recurrence-free survival, and metastasis-free survival between 
PRFA and PN.
•Our two-center study showed that PRFA is non-inferior to PN in oncological outcomes.
•Contrast-enhanced power ultrasound-guided PRFA provides an effective therapy for T1 renal tumors.
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RCC​	� Renal cell carcinoma
RN	� Radical nephrectomy
SRMs	� Small renal masses

Introduction

Small renal masses (SRMs) encompass a broad spectrum of 
renal tumors with metastatic potential, ranging from benign to 
more aggressive tumors [1, 2] including renal cell carcinomas 
(RCCs). Indeed, RCC is the most frequent form of renal can-
cer, accounting for nearly 85% of renal cancers and about 2% 
of cancer diagnoses and deaths worldwide, and its incidence 
is estimated to be spreading globally [3]. Recent technical 
advances have enabled the widespread use of imaging and 
cancer detection, leading to increased incidental findings of 
SRMs [4]. Partial nephrectomy (PN) remains the gold standard 
option for the therapy of T1 RCC as it allows better preserva-
tion of renal function than radical nephrectomy. However, PN 
exhibits a surgical complication rate of as high as 20% [5].

Patients with RCC of advanced age and/or with comor-
bidities may display surgical complications [6]. In addition, 
renal function progressively decreases in patients with hered-
itary RCC after undergoing several partial surgeries, with 
the complexity of the operative procedure increasing with 
each new surgery [7]. Therefore, other procedures, such as 
radiofrequency ablation (RFA), are starting to be an effective 
therapeutic option for patients with T1a RCC who cannot 
undergo surgery [8, 9]. RFA procedure can be carried out 
using open, laparoscopic, and percutaneous methods [10]. 
Specifically, percutaneous radiofrequency ablation (PRFA) 
is a minimally invasive method in which solid tumors are 
destroyed by high-frequency radio waves directed from an 
electrode inserted with a needle through the skin into the 
tumor and subsequent coagulative necrosis [11]. The elec-
trode can be guided by computed tomography (CT), magnetic 
resonance imaging (MRI), and ultrasound [10].

The validity of RFA treatment has been previously reported 
for RCC demonstrating outstanding oncological outcomes [7, 
12]. Nevertheless, the superiority of RFA over PN as a treat-
ment for RCC remains controversial [13], and more studies 
with more data comparing RFA with PN are lacking. Thus, 
we conducted a multicenter non-inferiority study to compare 
these two procedures’ efficacy, safety, and oncological out-
comes for handling patients with T1 renal tumors.

Methods

Study design

This is a retrospective analysis of a prospectively main-
tained registry from June 2014 to June 2021 at two 

hospitals belonging to the Andalusian Public Health Sys-
tem (SSPA) in Spain.

The Research and Ethics Committees of both hospitals 
approved this study. In addition, the study complied with 
the Declaration of Helsinki. All patients were informed 
about the procedures, and all of them signed a written 
informed consent form.

Inclusion and exclusion criteria

Patient, clinical, and follow-up data were recorded. All the 
patients were older than 18 years. Prior to participation, all 
patients gave written informed consent. Eligible patients had 
radiologic imaging diagnoses of small renal mass (SRMs) 
including benign lesions and had extension study (chest-
abdomen CT) without evidence of distant metastasis dis-
ease. They were suitable to undergo radiofrequency or partial 
nephrectomy. In particular, patients who underwent radiofre-
quency had to be elderly (> 60 years) and have comorbidities, 
thus, with high surgical risk. Exclusion criteria were patients 
with radiological evidence of tumor extension beyond the 
kidney or vascular involvement, patients with metastatic dis-
ease at diagnosis, and patients who could not undergo any 
of these two surgical procedures. It should be noted that the 
patients with inconclusive biopsies in which the presence of 
a tumor was not confirmed on histology or they had a benign 
lesion was excluded from the TNM staging, the survival 
analysis, and analysis of histopathological results.

Study size

We calculated our sample size based on previous results from 
another similar study [14]. The calculation was based on 
Lachin and Foulkes [15] method implemented in the gsDe-
sign package in R [16, 17] (v4.0). A non-inferiority margin of 
7% was established based on clinical criteria and on previous 
results [14]. Due to recruitment capacity, an allocation ratio 
was established to 2 (PN 2:1 RFA). The Weibull distribution 
was assumed to calculate the median survival time of local 
recurrence. Hypothesized RFA/PN hazard ratio was 0.56 
(95% CI 0.1–3.1). A total study length of 132 months and an 
average follow-up of 40 months were assumed. Therefore, 
200 subjects are needed for the PN group and 100 for the 
RFA group to achieve non-inferiority, accepting an alpha risk 
of 0.05 and a beta risk of 0.3. The study is powered at 70% 
due to the reasonable sample size. A 5% dropout rate was 
anticipated for the total duration of the study.

Surgery: PN and percutaneous RFA

All patients were biopsied prior to surgery with a Tru-
Core™ II automated needle (Argon Medical Devices) and 
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cool-tip system (STARmed Co., Ltd.). The surgeon decided 
on the surgical approach based on the patient’s features and 
comorbidities and the location and size of the tumor. Thus, 
patients with high surgical risk, advanced age, or comor-
bidities were treated with RFA. Specifically, standardized 
procedures for performing percutaneous RFA under con-
trast-enhanced power ultrasound (CEPUS) guidance were 
established at both centers, similar to those previously 
described [18]. One surgeon for each center with more than 
5 years of experience conducted PRFA. All tumors were 
ablated for at least one cycle of up to 7–12 min. PNs were 
performed through three approaches: robotic-assisted, lapa-
roscopic, and open, similar to that described in [18]. Lapa-
roscopic PN was used to treat posterior tumors. PN were 
performed by four surgeons from each center, with more 
than 5 years of experience. Meanwhile, anterior tumors 
placed close to the adnexal organs or bowel were usually 
surged on laparoscopically. All the surgeries were carried 
out under general anesthesia.

Contrast‑enhanced ultrasonography and computed 
tomography

We used multiphase CT. The basal phase was acquired 
before injecting contrast, the corticomedullary phase at 
approximately 35 s after injection of intravenous Ultra-
vist® contrast (300 mg I/mL, 300/370; Bayer AG,) and 
the nephrographic phase 80–100 s after contrast injec-
tion. The image displaying the best tumor was chosen for 
fusion imaging. CT images were reconstructed to a sec-
tion thickness of 1.25 mm without gaps [19]. For CEPUS, 
harmonic microbubble-specific imaging with low acoustic 
ultrasonography pressure (2–4 MHz transducer; mechani-
cal index < 0.2; 12–13 frame rate/s) was performed [20]. 
CEPUS was carried out right after the initial ablation. 
Additional ablation and CEPUS were performed, focusing 
on the highly suspicious area.

Patient follow‑up

The standard method of patient follow-up for both groups 
was CT. However, patients who underwent RFA were exam-
ined with CEPUS to identify the ablated tumor’s contrast or 
non-contrast uptake 1 month after RFA. Magnetic resonance 
imaging (MRI) was only requested if there were doubts 
about other imaging tests (CT or CEPUS). Hence, as appro-
priate, RFA patient follow-up was performed by alternating 
CT and CEPUS [21] every 6 months during the first 3 years 
and every 12 months for the following years. According to 
the risk classification and follow-up algorithm of the Euro-
pean Association of Urology guidelines on RCC, patients 
treated with PN were followed up by contrast-enhanced CT 

every 6 months for the first 3 years and every 12 months 
thereafter [22]. In addition, renal function was tested at that 
time by simultaneously collecting serum creatinine (Cr) and 
estimated glomerular filtration rate (eGFR) values. We used 
the CKD-EPI method to analyze eGFR [23]. The lack of 
detection of contrast enhancement in the first postoperative 
test was considered a complete tumor ablation.

Clinical features, variables, and data acquisition

Data were obtained from the patient’s electronic medical 
record and peer-reviewed. We analyzed the following varia-
bles: clinic-pathological features, follow-up time of patients, 
follow-up tests (CT and CEPUS), renal function (Cr levels 
and eGFR), days of hospitalization, complications catego-
rized according to the Clavien-Dindo classification, overall 
survival (OS), local recurrence-free survival (LRFS), and 
metastasis-free survival (MFS).

The clinic-pathological variables included sex, age at 
diagnosis, presence of solitary kidney, tumor size, exo-
phytic growth, and histology. Exophytic tumors were 
categorized according to the degree to which the tumor 
protruded from the renal surface (≥ 50% or < 50%). In 
addition, the tumors were classified according to using the 
TNM staging system, which describes the size and spread 
of the primary tumor. The ASA score was also applied, 
which is a valuable tool in preparation for surgery, as it is 
an independent system for predicting risk, complications, 
and mortality in selected patients.

Statistical methods

We used the R software to carry out the statistical analysis. 
The Anderson–Darling test analyzed the normality of the 
distribution of continuous variables. Continuous quantitative 
variables following a normal distribution were represented 
by the mean and standard deviation (SD), while categorical 
variables were displayed as the number N (%). Furthermore, 
a comparison analysis was carried out. We used the t test 
or Wilcoxon-Mann–Whitney U test to compare normally or 
non-normally distributed quantitative variables. Meanwhile, 
categorical variables were compared using Pearson’s chi-
square test or Fisher’s exact test as appropriate. Finally, we 
used the Cochran-Armitage trend test for ordinal variables. 
OS, LRFS, and MFS were estimated using the Kaplan–Meier 
method, and comparison analysis was calculated using the 
log-rank test. A Cox proportional hazards model cannot be 
estimated since there are no recorded RFA deaths. In addi-
tion, a multivariate analysis was carried out to eliminate the 
effect of confounding variables that could modify the result 
such as malignant histology and tumor size. p value < 0.05 
was considered significant (see Supplementary Material).
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Results

The multicenter non-inferiority study comprised 308 
recruited patients. Only 291 were analyzed retrospectively 
due to dropout to follow-up or exclusion criteria. All data 
from these 291 patients with renal tumors (mean tumor size 
28.17 mm, median 25; range 4–80) undergoing PN (180) or 
PRFA (111) were collected.

Clinical data

The clinical features of all patients with renal tumors (RCC) 
included in this study are gathered in Table 1. A total of 
291 patients with T1a, T1b, or T2 RCC met the inclusion 
criteria and were retrospectively analyzed, of whom 180 
underwent PN and 111 underwent PRFA (PN 2:1 PRFA). 

Therefore, the final cohort of our study consisted of these 
291 patients. Patients treated with PRFA were signifi-
cantly elder (mean 62.5 years, range 33–84, p < 0.001) 
than patients who underwent PN (mean 57.47 years, range 
25–79, p < 0.001). There were no significant differences 
in gender (60.6% male for PN vs. 72.1% male for PRFA, 
p = 0.053). Patients who underwent PRFA displayed a sig-
nificantly greater preoperative risk (ASA ≥ 3) than patients 
in the PN group (36% vs. 14.5%, p < 0.001). Fourteen 
patients undergoing RFA (12.6%) had a solitary kidney, 
while in the case of PN, there were ten (5.6%).

Tumor features and clinical outcomes

The tumors were diagnosed radiologically and assessed by 
the multidisciplinary team of the urology departments of 
each hospital. Metastases to regional lymph node stages in 

Table 1   Descriptive statistics of clinicopathological variables. Features of patients. Tumor histopathology and pathological stage of the patients 
studied

PN, partial nephrectomy; PRFA, percutaneous radiofrequency ablation; ASA, American Society of Anesthesiologists; TNM, T category describes 
the primary tumor site and size, N category describes the regional lymph node involvement, M category describes the presence or otherwise of 
distant metastatic spread. Monorene: single kidney

Variables PRFA (N = 111; 
38.1%)

PN (N = 180; 61.9%) Total (N = 291; 100%) Statistical test/p value

Sex, N (%) Males 80 (72.1%) 109 (60.6%) 189 (64.9%) Pearson’s chi-squared 
test/p = 0.053)Females 31 (27.9%) 71 (39.4%) 102 (35.1%)

Age, mean (SD), years 64.56 (11) 57.47 (11.9) 60.18 (12.04) Two-sample t test 
(p < 0.001)

ASA score, N (%) 1 4 (3.6%) 12 (6.7%) 16 (5.5%) The Cochran-Armitage 
trend test/p < 0.0012 67 (60.4%) 142 (78.9%) 209 (71.8)

3 40 (36%) 25 (13.9%) 65 (22.3%)
4 0 1 (0.6%) 1 (0.3%)

Monorene, N (%) 14 (12.6%) 10 (5.6%) 24 (8.2%) Pearson’s chi-squared 
test/p = 0.045

Tumor size, mean (SD), mm 21.47 (8.48) 32.3 (14.39) 28.17 (13.52) The Wilcoxon rank-sum 
test/p < 0.001

Tumor side, N (%) Left 64 (57.7%) 95 (52.8%) 159 (54.6%) Pearson’s chi-squared 
test/p = 0.453Right 47 (42.3%) 85 (47.2%) 132 (45.4%)

Exophytic location No 51 (45.9%) 58 (32.2%) 109 (37.5%) Pearson’s chi-squared 
test/p = 0.026

Yes 60 (54.1%) 122 (67.8%) 182 (62.5%)
TNM staging, N (%) T1a 109 (98.2%) 140 (81.2%) 249 (88.3%) The Cochran-Armitage 

trend test/p < 0.001T1b 2 (1.8%) 29 (17%) 31 (11%)
T2 0 2 (1.2%) 2 (0.7%)

Histology, N (%) Clear cells 32 (29.1%) 105 (58.3%) 137 (47.2%) Fisher’s exact 
test/p < 0.001Papillary 20 (18.2%) 37 (20.6%) 57 (19.7%)

Chromophobe 9 (8.2%) 5 (2.8%) 14 (4.8%)
Oncocytoma 9 (8.2%) 5 (2.8%) 14 (4.8%)
Angiomyolipoma 2 (1.8%) 7 (3.9%) 9 (3.1%)
Eosinophilic cells 1 (0.9%) 2 (1.1%) 3 (1%)
Absence of neoplasia 17 (15.5%) 11 (6.1%) 28 (9.7%)
Inconclusive 15 (13.6%) 0 15 (5.1%)
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all the SRMs included in the study were N0 (no regional 
lymph node metastasis) and M0 (no distant metastasis). We 
found that the mean tumor size was significantly slighter 
in the RFA group than in the PN group (21.47, SD 8.48 vs. 
32.3, SD 14.39, mm, p < 0.001; Table 1). Significant differ-
ences were detected in tumor location. Exophytic growth 
was found in fewer patients undergoing RFA than those 
undergoing PN (54.1% vs. 67.8%, p = 0.026). In addition, 
significant differences were found in tumor histology and 
tumor stage. Particularly, pathological stages were 98.2% 
T1a and 1.8% T1b for RFA and 81.2% T1a, 17% T1b, and 
1.2% T2 for PN (p < 0.001; Table 1). Histopathological 
results exhibited clear cell RCC in 32 PRFA cases (29.1%) 
versus in 105 PN cases (58.3%), papillary RCC in 20 PRFA 
case (18.2%) versus in 37 PN cases (20.6%), chromophobe 
RCC in 9 PRFA cases (8.2%) versus in 5 PN cases (2.8%), 
oncocytoma RCC in 9 PRFA cases (8.2%) versus in 5 PN 
cases (2.8%), angiomyolipoma in 2 PRFA case (1.8%) ver-
sus in 7 PN cases (3.9%), eosinophilic cell RCC in 1 PRFA 
cases (0.9%) versus in 2 PN cases (1.1%), and absence of 
neoplasia in 17 PRFA cases (15.5%) versus in 11 PN cases 
(6.1%) (Table 1).

Renal function

The post-operative eGFR or Cr and change in eGFR or Cr 
peri-operatively of study patients undergoing RFA and PN 
are shown in Table 2. We found that renal function decreased 
in both procedures, although the decrease was more striking 
in patients who underwent PN than in those who underwent 
RFA. We found that the levels of creatinine/eGFR before and 
after surgery between the two groups were significantly dif-
ferent (p < 0.005, Table 2). However, there was no significant 
change in the renal function itself. In particular, we did not 
find any significant difference in the change in Cr pre- and 
postoperatively between treatments (mean RFA 0.064 vs. 
PN 0.079; p = 0.956). Likewise, the decrease in the change 
in eGFR pre- and postoperatively was not significantly dif-
ferent between treatments (mean RFA − 2.42 vs. PN − 3.8; 
p = 0.533).

Complications

In this study, we considered a Clavien grade I complica-
tion to be any postoperative deviation requiring analgesic 

Table 2   Descriptive statistics on patient follow-up outcomes and time, renal function, and surgical complications and hospitalization days

PN, partial nephrectomy; PRFA, percutaneous radiofrequency ablation; eGFR, estimated glomerular filtration rate; Cr, creatinine; ns, not significant

Variables PRFA (N = 111; 38.1%) PN (N = 180; 61.9%) Total (N = 291; 100%) Statistical test/p value

Preoperative Cr, mean (SD), mg/dL 1.07 (0.61) 0.92 (0.37) 0.98 (0.48) The Wilcoxon rank-sum 
test/p < 0.001

Postoperative Cr, mean (SD), mg/dL 1.13 (0.66) 0.98 (0.62) 1.05 (0.64) The Wilcoxon rank-sum 
test/p = 0.004

Change in Cr pre- and postoperatively, 
mean (SD), mg/dL

0.064 (0.234) 0.079 (0.412) 0.072 (0.339) The Mann–Whitney 
test/p = 0.956

Preoperative eGFR, mean (SD), mL/
min/1.73 m2

77.42 (22.99) 86.72 (19.42) 82.32 (21.64) The Welch two-sample t 
test/p = 0.001

Postoperative eGFR, mean (SD), mL/
min/1.73 m2

74.97 (24.82) 82.92 (21.01) 79.25 (23.14) The Welch two-sample t 
test/p = 0.011

Change in eGFR pre- and postopera-
tively, mean (SD), mL/min/1.73 m2

 − 2.42 (13.14)  − 3.79 (16.00)  − 3.133 (14.716) The Mann–Whitney 
test/p = 0.533

Follow-up time, median (range), 
months

38 (range, 12–109) 48 (range, 12–78) 44 (range, 12–109) The Wilcoxon rank-sum 
test/p < 0.001

ASA score, N (%) 1 4 (3.6%) 12 (6.7%) 16 (5.5%) The Cochran-Armitage trend 
test/p < 0.0012 67 (60.4%) 142 (78.9%) 209 (71.8)

3 40 (36%) 25 (13.9%) 65 (22.3%)
4 0 1 (0.6%) 1 (0.3%)

Clavien-Dindo complications, 
N (%)

1 107 (96.4%) 153 (85%) 260 (89.3%) ns
2 3 (2.7%) 15 (8.3%) 18 (6.2%) The Cochran-Armitage trend 

test/p = 0.0043 1 (0.9%) 10 (5.6%) 11 (3.7%)
4 0 1 (0.6%) 1 (0.3%)
5 0 1 (0.6%) 1 (0.3%)

Hospital stay, mean (SD), days 1.04 (0.2) 3.57 (3.06) 2.61 (2.70) The Wilcoxon rank-sum 
test/p < 0.001
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treatment. Therefore, we focused on Clavien 2 or 3, the 
most severe complications detected. Surgical complications 
according to Clavien-Dindo grade ≥ 2 were significantly 
lower in the RFA group compared to those in the PN group 
(Clavien-Dindo grade ≥ 2; 3.60% vs. 15.10%, p = 0.004; 
Table 2). The mean hospitalization time for RFA was 1.04 
(SD 0.2) days shorter than for PN (mean 3.57, SD 3.06 days, 
p < 0.001; Table 2).

Follow‑up outcomes

A successful surgical procedure was achieved on all 180 
tumors (100%) for PN. Specifically, PNs were performed 
through three approaches: robot-assisted (5.0%), laparo-
scopic (64.4%), and open (30.6%). The number of PRFAs 
performed in a single surgical procedure was 104 (93.7%). 
Patients with an incomplete ablation who underwent a sub-
sequent radical nephrectomy (RN) or a new PRFA were 1 
(16.7%) and 5 (83.3%), respectively, being significantly dif-
ferent (p = 0.021). We found that the follow-up time for the 
patients undergoing PRFA was significantly lower (median 
38, range, 12−109  months) than that in the PN group 
(median 48, range, 12−78 months, p < 0.001; Table 2).

Survival analysis

LRFS, MFS, and OS probabilities were calculated using 
Kaplan–Meier methods. Results were comparable between 
the two groups for all four endpoints (Fig. 1). Only one RCC-
related deaths were observed (RFA: 0, PN: 1). A total of 17 
deaths were observed (RFA: 6, PN: 11). Seven local recur-
rences were observed (RFA: 4, PN: 3). Six metastatic events 
were observed (RFA: 0, PN: 6). Proportional hazard was 
tested using the Therneau test. We estimated 95% confidence 
intervals (CIs) for each survival probability. No significant 
differences were detected between the two groups (PRFA vs. 
PN) in terms of LRFS (HR 0.9, 95% CI, 0.28–2.9, p = 0.86), 
MFS, and OS (HR 1.2, 95% CI, 0.42–3.1, p = 0.78). In addi-
tion, no significant differences were found in cancer-specific 
survival (CSS), but in this case, no deaths were recorded 
after RFA, and therefore, the Cox model and HR could not 
be estimated (Fig. 1A–C).

Fig. 1   Kaplan–Meier curves of patients who underwent RFA or 
PN for RCC treatment. A LRFS (local recurrence-free survival). B 
MFS (metastasis-free survival). C OS (overall survival). PN, partial 
nephrectomy; PRFA, percutaneous radiofrequency ablation. LRFS is 
defined as the percentage of patients without any tumor in the abla-
tion site, incomplete PN, or residual operated kidney. MFS was the 
proportion of patients without tumors anywhere in the body other 
than the healed kidney. Cancer-specific survival (CSS) was the pro-
portion of patients that did not die from RCC; OS was the ratio of 
patients that did not decrease for any reason

▸
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Discussion

Our early results support RFA as an alternative therapy in 
terms of OS, LRFS, and MFS with PRFA versus PN. Hence, 
we demonstrate that RFA is a feasible and safe treatment 
option for SMRs in high-risk patients with outcomes similar 
to PN. This is in line with what has been reported previously, 
where ablation was shown to be an effective therapy [24] 
and correlates with a generally low risk of complications 
[25-27] and specifically PRFA [8, 9]. Our statistical analyses 
displayed that age, ASA, presence of a single kidney, size, 
location, stage, histology of tumor, renal function (eGFR 
and Cr values), surgical complications, follow-up time, CT, 
CEPUS, and days of hospitalization were significantly dif-
ferent between the PRFA and PN groups (Tables 1 and 2 and 
Supplementary Table). However, no significant differences 
were found in OS, LRFS, and MFS.

Specifically, our study demonstrated a significant 
increase in age, ASA score, and presence of a single kidney 
in the PRFA group compared to those in PN, similar to what 
was previously reported in other studies [28]. This reflects 
that PRFA is suggested for aging patients and/or with 
underlying severe clinical comorbidities. In this regard, 
we also found significant differences in surgical compli-
cations according to the Clavien-Dindo classification with 
grades ≥ 2 between the RFA and PN groups (Table 2), being 
higher in PN patients. This concurs with previous studies, 
including metanalyses [11, 12, 26, 27]. It should be noted 
that the incidence of grade ≥ 4 or greater adverse events 
was very low and similar between the two groups. This 
lower number of complications after RFA would explain 
why these patients stayed fewer days in the hospital than 
patients undergoing PN (Table 2), as reported in other anal-
yses [12, 13, 29].

Patients with RCC often show reduced renal function. 
It is especially true when these patients are older or have 
associated comorbidities, as their renal function is already 
impaired. Therefore, preservation of this kidney’s function 
is critical in these cases to avoid the need for dialysis and 
maintain their life quality [12]. After surgery, renal func-
tion may be impaired, reflected in a rise in serum Cr and a 
decrease in eGFR. Previous studies have shown controver-
sial evidence on these two variables after PN and thermal 
ablation [26, 30]. In this regard, our results showed that 
eGFR and serum Cr levels were reduced and increased 
in patients with PRFA compared to those who underwent 
PN (Table 2). This suggests better preservation of renal 
function after PRFA. Comparable results were found in a 
recent study that also compared RFA versus PN [9, 31]. 
One of the advantages of percutaneous procedures is that 
the main renal artery does not need to be clamped, thus 
eliminating the warm ischemia time required by other sur-
gical methods [12].

In our study, we also found that the percentage of incon-
clusive biopsies or absence of neoplasia in the group of 
patients undergoing RFA was higher than in the PN group. 
Some studies would explain these results because the qual-
ity of biopsies obtained by percutaneous puncture would be 
lower than that of complete tumor analysis obtained in PN 
[32, 33]. Therefore, it is recommended that a biopsy of the 
renal mass is performed before the surgery [22].

The follow-up time for the patients undergoing PRFA was 
significantly lower than for the PN group. Radiological imag-
ing is playing an increasingly important role in the diagnosis 
of RCC, as well as in surveillance after RCC treatment. In 
particular, it is recommended that patients undergoing abla-
tion treatment be followed up with contrast-enhanced radio-
logical imaging (MRI or CT) to evaluate the occurrence of 
residual diseases and postoperative difficulties. The success 
of this procedure is quantified when CT attenuation occurs, 
as this means a reduction of the tumor in the perfusion zone. 
In our study, we found a significant reduction in the per-
centage of CT scans performed between the PRFA and NP 
groups (Supplementary Table), as previously reported [4, 12, 
34]. This makes sense since patients undergoing PRFA were 
also followed up with CEPUS, a new diagnostic ultrasound 
technology with contrast enhancers and specific analysis soft-
ware to show tissue blood perfusion [21]. The main novel-
ties of our study are that we compared the outcomes from 
CEPUS-guided PRFA [35, 36] under general anesthesia to 
the ones from PN, and we followed up with patients mainly 
with CEPUS in RFA and CT in PN at two different centers.

Regarding survival analysis in our study, no significant dif-
ferences were detected in LRFS, MFS, and OS between PRFA 
and PN groups. Previously, it was already determined that the 
LRFS was similar for patients undergoing percutaneous abla-
tion or PN [37]. LRFS and MFS were similar for both PN- and 
RFA-treated tumors in single-kidney patients [38] and in a 
comparative meta-analysis of RFA and PN [26, 27]. All these 
results indicate that in terms of survival, RFA is a feasible 
and safe treatment option for SRMs in high-risk patients with 
outcomes similar to PN. However, it is worth noting that the 
follow-up protocols were different between the two groups 
(PRFA and PN) which may lead to the comparison of LRFS 
and MFS being less reliable.

The main advantage of this study is that it is the first 
study with a reasonable number of patients and aims to 
compare patients undergoing CEPUS-guided PRFA and 
PN at two centers with experience in each procedure. 
Although the results are positive, this study had several 
limitations. Due to this retrospective study, selection bias 
in performing the procedures (PRFA or PN) could not be 
avoided, as well as other additional confounders, such as 
that the PN group may be favored due to the eligibility cri-
teria. Therefore, to address this, a randomized controlled 
trial would be needed in the future. However, despite the 
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selection bias, the results remain positive. In addition, our 
sample size and statistical power of 70% are hardly enough 
to determine non-inferiority or superiority. This could be 
solved by increasing the sample size.

The main conclusion of our study is that PRFA for 
SMRs in high-risk patients is non-inferior in terms of onco-
logical outcomes and safety compared to PN, meaning that 
PRFA proved to be equally effective and safe as PN. PRFA 
with the added benefit of being a minimally invasive pro-
cedure that may result in shorter hospital stays and fewer 
complications compared to PN. Hence, PRFA is an effec-
tive treatment option for SMRs. However, it is essential to 
note that the choice of treatment for each patient must be 
made on a case-by-case basis, considering factors such as 
tumor size, location, and patient preferences, as well as the 
experience and expertise of the treating physician.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00330-​023-​09779-7.
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