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Introduction
According to GLOBOCAN, renal cancer accounts 

for 2.2% of global cancer cases and 1.8% of deaths 
from cancer1. Up to 85% of primary malignant renal 
neoplasms are renal cell carcinomas (RCC), the most 
common type being clear-cell carcinoma2. In devel-
oped countries, the majority of RCC cases are detect-
ed incidentally3. The increase in RCC incidence over 
the past decades has partially been attributed to the 

increased utilization of abdominal imaging techniques 
including ultrasound (US), computed tomography 
(CT), and magnetic resonance imaging (MRI)4,5.

Small, low-grade tumors represent the majority of 
incidentally detected renal lesions6. Small renal mass 
(SRM) is defined as an asymptomatic renal tumor 
measuring less than 4 centimeters in diameter7. Thirty 
percent of SRMs are benign7. SRMs which are RCC 
correspond to TNM category T1a8. For T1 stage RCC, 
the treatment of choice is partial nephrectomy, which 
is preferable to radical nephrectomy due to the pre-
served kidney function, lower risk of cardiovascular 
disorder development, and better quality of life9. Al-
ternative therapy options for patients unsuitable for 
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SUMMARY – Although the gold standard in the management of kidney tumors is surgical treat-
ment, thermal ablation methods are a viable therapeutic option for patients with small (<4 cm) renal 
masses who are poor surgical candidates. The aim of this study was to compare the technical success, 
primary efficacy and complication rate of percutaneous radiofrequency and microwave ablation in the 
treatment of small renal masses. A retrospective analysis of consecutive patients with small renal masses 
treated with radiofrequency or microwave ablation between December 2017 and January 2022 was con-
ducted. Response to the ablative therapy was assessed on contrast-enhanced computed tomography ex-
amination after 3 months. Ablations of 44 kidney lesions were performed in 43 patients. Sixteen lesions 
were treated with radiofrequency and 28 with microwave ablation. Both methods were associated with 
high technical success (100%). Primary efficacy rates of radiofrequency and microwave ablation were 
81.3% and 89.3%, respectively. Ablation-related complications were noted only in the patients treated 
with microwave ablation (18.5%), all of them being low grade (Clavien-Dindo 1 and 2). Radiofrequency 
and microwave ablation exhibited comparable efficacy in the treatment of small renal masses. Microwave 
ablation was associated with a comparatively higher number of complications.
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surgery include tumor ablation techniques, active sur-
veillance, and watchful waiting9. The advantages of ab-
lation techniques over surgical treatment are minimal 
invasiveness, lower inherent operative risks, shorter 
procedure and hospital stay length10. Apart from pa-
tients with high postoperative morbidity risk, ablation 
techniques can also be considered in the treatment of 
patients with solitary kidney11,12, multifocal RCC (e.g., 
von Hippel-Lindau disease)13-15, and recurrent RCC16.

Radiofrequency ablation (RFA) and microwave ab-
lation (MWA) fall under the category of thermal abla-
tion techniques, making use of locally applied heat for 
destruction of tumorous tissue. Both methods can be 
performed laparoscopically and percutaneously. RFA 
is an established method for the treatment of renal tu-
mors, and MWA is a more recent method which was 
introduced a decade after RFA17. Although previous 
studies have demonstrated similar clinical outcomes of 
those techniques18,19, due to the small evidence base 
MWA is still considered an experimental method9.

Microwave ablation may have the advantages over 
RFA in terms of shorter ablation time and the ability 
to acquire higher temperatures while being less sensi-
tive to the type of tissue20. It is also less susceptible to 
the ‘heat sink’ effect, the phenomenon of temperature 
drop caused by perfusion of the large vessel adjacent 
to the target lesion, which limits the effectiveness of 
the ablation21. The proposed ability of MWA to create 

larger ablation zones compared to RFA20 was con-
firmed in an animal study22. According to prior re-
search, MWA is associated with less periprocedural 
pain than RFA23, thereby reducing the need of general 
anesthesia in some patients.

To date, there is a limited number of studies com-
paring the performance of RFA and MWA in the 
treatment of renal tumors. The objective of this study 
was to compare short-term outcomes of percutaneous 
RFA and MWA in the treatment of SRMs. The pri-
mary outcomes studied were technical success, prima-
ry efficacy, and complication rate.

Material and Methods
This retrospective study was granted approval by 

the institutional review board and the requirement for 
informed consent was waived. Radiology information 
system was reviewed to identify patients having under-
gone image-guided percutaneous ablation of known or 
suspected renal malignancy at our institution between 
December 2017 and January 2022. Patients in which 
biopsy of the tumor was not performed were excluded 
from the study, as well as the patients lost from fol-
low-up.

The procedures were indicated by the multidisci-
plinary tumor board consisting of urologists, pathol-
ogists, radiologists and oncologists. Informed consent 
was obtained from the patients prior to the procedure. 

Fig. 1. Microwave ablation: (a) non-contrast computed tomography (CT) scan showing a mass in the right kidney 
(arrow); (b) intraprocedural CT depicting the antenna positioned inside the tumor; (c) post-procedural CT showing the 
ablation zone with gas bubbles (arrow) and small retroperitoneal hemorrhage (arrowhead).



Pre-ablation CT scan was performed to assess the re-
lations between the tumor and surrounding structures, 
determine appropriate patient position during abla-
tion, and safe path of the electrode or antenna. The pa-
tients underwent standard preoperative anesthesiology 
evaluation.

All patients undergoing RFA and a small number 
of patients undergoing MWA were treated under gen-
eral anesthesia. A larger proportion of patients under-
going MWA were treated under combined local anes-
thesia and conscious sedation.

The ablations were performed by a single interven-
tional radiologist experienced in CT-guided interven-
tions. The procedures were performed under CT guid-
ance (Somatom Definition AS+ 128, Siemens, Er-
langen, Germany). In cases where kidney movement 
during respiration was pronounced, ablations were 
performed under CT fluoroscopy guidance (CTF) us-
ing the same CT device. Tumor biopsies were done ei-
ther in a separate act before ablation or concomitantly 
with ablation.

Microwave ablations were carried out using the 
EmprintTM Microwave Ablation System (Medtronic 
Inc., Boulder, Colorado, USA) with a single antenna 
and maximum power of 100 W. The time of ablation 
depended on tumor size and was adjusted according to 
the manufacturer’s recommendations. In some cases, 
overlapping ablations were performed to achieve the 
appropriate zone of ablation. CT images of MWA 
procedure are displayed in Figure 1.

Radiofrequency ablations were performed using 
the Starburst® SemiFlex electrode (Angiodynamics, 
New York, USA) and Sunburst XL 1500® generator 
(Angiodynamics, New York, USA). Pre-programmed 
procedure duration was 9 minutes. Ablation was re-
peated after electrode repositioning if a larger ablation 
zone was required.

Hydrodissection was done in patients with the 
tumor localized adjacently to bowel loops or neural 
structures by instilling 5% glucose solution in order to 
displace the aforementioned structures. Non-contrast 
CT was performed immediately after the ablation to 
evaluate the ablation zone and detect complications, 
which were categorized in accordance with the Cla-
vien-Dindo classification. Study outcomes were de-
fined according to the tumor ablation terminology 
standardization guidelines24. Technical success was de-
fined as completion of the planned ablation according 
to the protocol. Primary efficacy rate describes wheth-

er the tumor was effectively ablated, and was defined as 
the percentage of tumors that were successfully treat-
ed with the initial ablation. In this study, the primary 
efficacy rate was assessed on multiphase contrast-en-
hanced CT at the follow-up three months after the 
procedure. If there was absence of contrast enhance-
ment in the ablation zone, the ablation was considered 
successful. The follow-up also included physical exam-
ination and laboratory tests.

Statistical analysis was performed in Python (ver-
sion 3.8.10) using the SciPy package25. Two-tailed 
Fisher exact test and unpaired t-test were used, with 
the level of significance set at p<0.05.

Results
Image-guided percutaneous thermal ablation of 44 

renal tumors was performed in 43 patients. The mean 
age of the patients was 69 (range: 52-81) years. Thir-
teen (30.2%) patients were female, and 30 (69.8%) 
were male. In one patient, two tumors were treated 
during the same MWA procedure. Tumor character-
istics are summarized in Table 1. 

Sixteen (36.4%) tumors were treated with RFA, 
and 28 (63.6%) with MWA. In 35 (81.4%) patients, 
the indication for ablation was advanced age and/or 
comorbidities, and in 8 (18.6%) patients the indication 
was a tumor located in a solitary kidney.

All 27 (100%) MWA procedures and 14 (87.5%) 
RFA procedures were CT-guided. Two (12.5%) RFA 
procedures were CTF-guided. The mean procedure 
duration was 5.5 (range: 3-12) minutes for MWA and 
10.6 (range: 9-18) minutes for RFA. Hydrodissection 
was performed in 4 (9.3%) out of 43 procedures.

Out of 27 MWA procedures, 22 (81.5%) were per-
formed using a combination of conscious sedation and 
local anesthesia, and 5 (18.5%) were carried out under 
general anesthesia. All sixteen (100%) RFA procedures 
were performed under general anesthesia.

Biopsy of renal tumors was performed concom-
itantly with ablation in 34 (79.1%) patients, and 9 
(20.9%) patients underwent biopsy in a separate act.

Ablation-related complications were only observed 
in patients that underwent MWA, but the difference 
in complication rate between the groups of patients 
treated with RFA and MWA was not statistically 
significant (p=0.14). Five out of 27 (18.5%) patients 
treated with MWA developed perirenal hematomas, 
four (80%) of which corresponded to Clavien-Dindo 
grade 1, and one (20%) corresponded to Clavien-Din-
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do grade 2 complications. The patients were treated 
conservatively with a satisfactory outcome. Compli-
cations not related to the ablation were noted in four 
(9.3%) patients. Two (50%) patients developed urticar-
ia in response to intravenous contrast administration, 
and two (50%) patients suffered biopsy-related com-
plications of hemorrhage and pneumoretroperitone-

um, both Clavien-Dindo grade 1, which were treated 
conservatively with a good outcome. In those patients, 
ablation was carried out after it was determined that 
the complications were not life-threatening.

Technical success was achieved in 100% of the ab-
lations. At the follow-up after 3 months, the primary 
efficacy rate was 89.3% (25/28) in the tumors treated 
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Table 1. Characteristics of tumors treated with microwave ablation and radiofrequency ablation      

Microwave ablation Radiofrequency ablation
Number of tumors (n) 28 16

Mean diameter (cm) 2.4 
(range: 1.4-4)

2.6 
(range: 1.2-3.7)

Side (n, %) Left kidney 15 (53.6) 12 (75.0)
Right kidney 13 (46.4) 4 (25.0)

Localization (n, %)
Upper third 9 (32.1) 3 (18.8)
Middle third 13 (46.4) 9 (56.3)
Lower third 6 (21.4) 4 (25.0)

Histopathologic diagnosis (n, 
%)

Clear-cell RCC 13 (46.4) 13 (81.3)
Oncocytic tumor 7 (25.0) 2 (12.5)
Angiomyolipoma 2 (7.1) 1 (6.3)
Papillary RCC 1 (3.6)
Nondiagnostic 5 (17.9)

RCC = renal cell carcinom

Table 2. Microwave ablation and radiofrequency ablation outcomes      

Microwave ablation Radiofrequency ablation
Tumors treated (n) 28 16
Technical success (n, %) 28 (100) 16 (100)
Primary efficacy (n, %) 25 (89.3) 13 (81.3)

Patients treated (n) 27 16

Type of anesthesia (n, %) General 5 (18.5) 16 (100)
Local + analgosedation 22 (81.5) 0 (0)

Ablation related complications (n, %) 5 (18.5) 0 (0)

Mean procedure duration (min) 5.5 
(range: 3-12)

10.6 
(range: 9-18)

Mean hospital stay (days) 2.6 
(range: 1-7)

3.1 
(range: 1-10)



with MWA, and 81.3% (13/16) in the tumors treated 
with RFA. Difference in the primary efficacy rate was 
not statistically significant (p=0.65). Summary of the 
outcomes is presented in Table 2.

Four (66.7%) out of six residual tumors were locat-
ed in the middle third of the kidney and two (33.3%) 
were located in the upper third of the kidney. Histo-
pathologically, five (83.3%) out of six residual tumors 
were clear-cell renal carcinoma, and one (16.7%) was 
oncocytic tumor.

Among three patients with residual tumors initially 
treated with RFA, one (33.3%) was successfully treat-
ed with a single repeat RFA, and two (66.7%) patients 
underwent subsequent MWA. In one patient, com-
plete ablation was achieved after one MWA, and in 
the other patient after two ablations.

One (33.3%) out of three patients with residual 
tumor initially treated with MWA was subsequently 
treated with two additional MWA procedures, with 
satisfactory outcome after the second procedure, and 
one (33.3%) patient was treated surgically. In one 
(33.3%) patient with residual tumor after MWA, no 
decision on further treatment was made at the time of 
writing this manuscript.

There was no significant difference in the length of 
hospital stay between patients treated with RFA (M 
3.1, SD 2.5) and MWA (M 2.6, SD 1.5) (t(41)=0.84, 
p=0.41).

Discussion
The development of thermal ablation technologies 

has enabled new treatment strategies for renal tumors, 
which are increasingly being used in the treatment 
of patients unable to undergo surgery, patients with 
multiple renal tumors, or with the tumor located in 
a solitary kidney. In this study, we compared short-
term outcomes of two thermal ablation methods in 
the treatment of small renal masses, i.e., RFA, which 
is a well-established method, and MWA, an emerging 
method that is still considered experimental. Previous 
studies investigating RFA and MWA outcomes in 
the treatment of renal tumors are predominantly sin-
gle-arm studies. Only a few comparative studies have 
been conducted18,19.

According to the previous research, 70% of residual 
tumors treated with ablation are radiographically de-
tected in the first three months after the procedure26, 
which was the length of the follow-up in our study. 
Patient groups treated with RFA and MWA exhibited 

comparable short-term outcomes. Technical success 
was high (100%) in all RFA and MWA procedures, 
which is in concordance with the prior research18,27. 
The primary efficacy rate of 89.3% in the patients 
treated with MWA and 81.3% in the patients treated 
with RFA is similar to the previously reported short-
term follow-up results as well18,19.

The complication rates in the previous studies range 
from 0 to 17% for RFA18,19,28,29, and from 1.7 to 27% for 
MWA18,19,27,30,31. In this study, ablation-related compli-
cations were only observed in the patients treated with 
MWA (18.5%). All of those patients developed peri-
renal hematomas. It is important to emphasize that all 
complications were low-grade (Clavien-Dindo grade 
1 and 2), did not require surgical or radiological inter-
vention, and the patients recovered successfully. While 
the complication rates in this study fall within the 
range of the previously published results, it is worth 
noting the difference between the complication rates 
of RFA and MWA. Even though the difference was 
not statistically significant, the higher complication 
rate recorded in the patients treated with MWA could 
reflect the ability of MWA to create larger ablation 
zones and achieve higher temperatures20, resulting in 
more pronounced tissue destruction and hemorrhage. 
The second explanation might be a comparatively 
greater operators’ experience with RFA since MWA is 
a newer method and in our department, it was intro-
duced a few years after RFA.

Residual tumors were located in the upper and 
middle third of the kidney, which could be attribut-
ed to the limited accessibility during ablation due to 
the more complex anatomic relations. The majority 
of residual tumors were clear-cell RCC, and one was 
oncocytic tumor. Although previous research did not 
demonstrate a statistically significant association be-
tween malignant pathology and local tumor progres-
sion after ablation32, in this study we observed a higher 
proportion of RCC in residual tumors (83.3%) com-
pared to the proportion of RCC in all ablated tumors 
(61.4%). Considering the previously reported higher 
recurrence rate in tumors larger than 3 centimeters33, 
the failure of primary ablation in our study could be 
attributed to tumor size in three patients. In two pa-
tients initially treated with RFA, residual tumors were 
most likely a result of the ‘heat sink’ effect due to the 
proximity of vascular structures. The cause of the one 
remaining residual tumor initially treated with MWA 
is unknown. The guidelines point to salvage ablation as 
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the preferred treatment of recurrent disease following 
the failed thermal ablation9. Other treatment options 
include surveillance and surgical extirpation34. In this 
study, four patients with residual tumors were subse-
quently successfully treated with repeat ablation, and 
in one patient radical nephrectomy was performed. 
One patient with residual tumor after MWA is cur-
rently awaiting decision on further treatment.

While it is largely agreed that percutaneous biop-
sy of the tumor undergoing ablative treatment should 
be performed, timing of biopsy is a polarizing topic, 
with some authors claiming little benefit from the bi-
opsy performed separately from the ablation35, and 
others recommending it9. The latest European Asso-
ciation of Urology guidelines recommend perform-
ing the biopsy before, and not concomitantly with 
thermal ablation9. Performing ablation and biopsy in 
the same act has the advantages of avoiding multiple 
procedures and time saving, but the downside is that 
some benign lesions are unnecessarily treated as well. 
The majority of biopsies in our study were performed 
concomitantly with ablation (79.1%). The results of 
the histopathologic analysis in our study correspond 
to the previously published analysis of pathologic 
characteristics of SRMs, in which RCC accounts for 
the majority of biopsied lesions36. Angiomyolipomas 
accounted for 6.8% of all ablated lesions and were 
considered definitely benign. Although the ablation 
of benign renal tumors may be beneficial in selected 
patients for symptom control and preventing com-
plications such as mass effect and hemorrhage20, 
patients in this study did not fall into this category. 
Oncocytic tumors, which accounted for 20.5% of ab-
lated lesions in our study were considered lesions of 
unclear malignant potential since a small proportion 
of malignant renal tumors can contain oncocytic cells 
as well37. Biopsy was nondiagnostic in 11.4% of the 
lesions. A nondiagnostic biopsy should not be used 
to rule out the possibility of malignant lesion38, as a 
previous study has reported a proportion of 10.5% 
RCC in initially nondiagnostic lesions after the ab-
lation39. Biopsy was only performed when it could 
be carried out safely, with pre-procedural planning. 
Complications related to the biopsy were noted in 
two (4.7%) patients only. Both complications were 
low grade (Clavien-Dindo grade 1), which is in ac-
cordance with previous research40,41.

The mean procedure duration was shorter in the 
patients treated with MWA (5.5 minutes) compared 

to RFA (10.6 minutes), as was the mean length of hos-
pital stay (2.6 days for MWA and 3.1 days for RFA), 
which was not statistically significant. Interestingly, 
even though the complications were more frequent in 
the group of patients treated with MWA, their mean 
hospitalization time remained shorter compared to the 
patients treated with RFA.

The primary strength of this study is a comparative 
design. A single operator performing all ablations also 
improved the strength of the study, since the interop-
erator variability was avoided. The main study limita-
tions are retrospective design and small sample size, 
the latter contributing to the low power of the study, 
which may have been insufficient to show a statisti-
cally significant difference in the outcomes between 
patient groups treated with RFA and MWA. Another 
limitation of this study is selection bias, since the ab-
lation was performed only in patients unfit for surgery 
and patients with a solitary kidney.

The results of this study suggest that both RFA 
and MWA are effective in the treatment of SRMs in 
a selected group of patients, with comparable short-
term outcomes. Microwave ablation, which is a more 
recent method, yielded a slightly better efficacy rate 
but was also associated with a higher rate of low-grade 
complications. To confirm the equivalence of RFA and 
MWA in the treatment of small renal tumors, pro-
spective studies with a larger number of participants 
and longer follow-up are required.
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Sažetak

USPOREDBA KRATKOROČNIH ISHODA PERKUTANE RADIOFREKVENTNE I MIKROVALNE 
ABLACIJE U LIJEČENJU MALIH TUMORA BUBREGA

L. Grbanović, A. M. Alduk, N. Knežević, Ž. Kaštelan, T. Hudolin i M. Prutki

Iako je zlatni standard u liječenju tumora bubrega kirurško liječenje, metode termalne ablacije dobar su izbor za bole-
snike s malim (<4 cm) tumorima bubrega koji nisu kandidati za operativni zahvat. Cilj ovoga rada je usporediti tehnički us-
pjeh, odgovor na terapiju i učestalost komplikacija perkutane radiofrekventne i mikrovalne ablacije u liječenju malih tumora 
bubrega. Učinjena je retrospektivna analiza uzastopnih bolesnika s malim tumorima bubrega liječenih radiofrekventnom ili 
mikrovalnom ablacijom između prosinca 2017. i siječnja 2022. godine. Odgovor na terapiju procijenjen je na temelju pregleda 
kompjutoriziranom tomografijom 3 mjeseca nakon zahvata. Ablacijom su liječene 44 lezije kod 43 bolesnika, pri čemu je 
16 lezija liječeno radiofrekventnom, a 28 mikrovalnom ablacijom. Kod obje metode postignuta je visoka razina tehničkog 
uspjeha (100%). Potpun odgovor na terapiju zabilježen je kod 81,3% lezija liječenih radiofrekventnom i 89,3% lezija liječenih 
mikrovalnom ablacijom. Komplikacije vezane uz ablaciju zabilježene su samo kod bolesnika liječenih mikrovalnom ablacijom 
(18,5%), no sve su bile niskog gradusa (Clavien-Dindo 1 i 2). Radiofrekventna i mikrovalna ablacija podjednako su uspješne 
u liječenju malih tumora bubrega, pri čemu je mikrovalna ablacija povezana s usporedbeno većim brojem komplikacija.

Ključne riječi: Tumor bubrega; Termalna ablacija; Radiofrekventna ablacija; Mikrovalna ablacija


