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Radiofrequency Ablation of Renal Tumors: Four-Year 
Follow-Up Results in 47 Patients
Soo Dong Kim, MD, PhD1, Seong Guk Yoon, MD, PhD2, Gyung Tak Sung, MD, PhD1

Departments of 1Urology and 2Radiology, Dong-A University College of Medicine, Busan 602-714, Korea

Objective: To retrospectively evaluate the intermediate results of radiofrequency ablation (RFA) of small renal masses 
(SRMs).
Materials and Methods: Percutaneous or laparoscopic RFA was performed on 48 renal tumors in 47 patients. The follow-up 
studies included a physical examination, chest radiography, creatinine level, and contrast-enhanced CT or MRI. To confirm 
the pathologic criteria of complete ablation, 35 patients underwent a follow-up biopsy. Recurrence was defined as contrast 
enhancement on imaging studies after 3 months, lesion growth at subsequent imaging, or viable cancer cells on follow-up 
biopsy.
Results: Technical success was achieved in 43 (89.6%) of 48 renal tumors. The mean tumor size was 2.3 cm and the mean 
follow-up period was 49.6 months. Repeated RFA was necessary in 5 tumors due to incomplete ablation. The overall 
complication rate was 35.8%, of which 96.2% were mild complications. Serum creatinine levels at 12 months after RFA did 
not differ from those before RFA (1.28 vs. 1.36 mg/dL). Four patients were found to have recurrence at various follow-up 
intervals, and distant metastasis was not found in any cases.
Conclusion: RFA appears to be a useful treatment for selected patients with SRMs. Our 4-year follow-up results disclose an 
excellent therapeutic outcome with RFA, while achieving effective local tumor control.
Index terms: Radiofrequency ablation; Kidney tumors; Minimally invasive surgical procedures
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INTRODUCTION

The incidences of small renal masses (SRMs) are 
increasing due to screening with sectional imaging for the 
evaluation of other abdominal conditions. Incidentally, 

discovered SRMs are typically at a low stage, slow growing, 
and are almost uniformly confined to the kidney at the 
initial diagnosis (1). For decades, radical nephrectomy 
(RN) was considered the ‘‘gold standard’’ of treatment 
for localized renal cell carcinoma. However, it has been 
reported that a significant number of patients who are 
rendered with a single kidney after RN, are under increased 
risk of developing chronic kidney disease (2, 3). Also, 
RN may certainly be over treating many of these SRMs. 
Recent advances in surgical techniques have brought the 
use of nephron-sparing (NS) surgery such as an open, 
laparoscopic, and robot-assisted laparoscopic partial 
nephrectomy. The American Urological Association’s 
guidelines for the management of SRMs have advocated 
the partial nephrectomy as the ‘‘New Gold Standard’’ for the 
treatment of SRMs (4). In recent years, many reports have 
demonstrated that these NS procedures have been shown 
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to confer equivalent oncologic and functional outcomes 
compared to RN for patients with renal tumors smaller 
than 4 cm (5-8). However, NS surgery is a technically 
challenging procedure that has been correlated with 
increased perioperative complications and patient morbidity 
(7). Therefore, investigations into in situ ablative methods 
have expanded considerably with the use of cryoablation 
(CA), radiofrequency ablation (RFA), high-intensity focused 
ultrasound, and microwave thermotherapy. These ablation 
technologies, including RFA, offer several benefits over the 
extirpative approach: 1) lower complication rate; 2) shorter 
convalescence; and 3) absence of an ischemic insult on the 
kidney (5, 7-13). The most attractive merit of the ablative 
technique would be to offer NS treatment to patients who 
are otherwise poor surgical candidates.

Radiofrequency ablation is a minimally invasive treatment 
that has been used for liver tumors. The first report of RFA 
for renal tumors was published in 1997 by Zlotta et al. (10). 
Since then, many reports have been published on RFA for 
renal tumors, and RFA has shown favorable outcomes in 
terms of local tumor control in addition to preserving renal 
function (11, 12, 14-16). We have been performing both 
percutaneous and laparoscopic RFA on select patients since 
August 2004 and have been following these patients with 

serial laboratory, imaging studies, and repeated biopsies 
of the ablated lesions. Herein, we report our experience 
with RFAs of SRMs in the management of 47 patients over a 
mean follow-up time of 49.6 months.

MATERIALS AND METHODS

Forty seven patients with 48 renal tumors were treated 
by either percutaneous or laparoscopic-assisted RFA 
from August 2004 to July 2010. All of the patients were 
followed for at least one year after the RFA procedures. All 
patients underwent preoperative imaging with contrast-
enhanced CT or MRI and were suspicious of renal cell 
carcinoma. Patient demographics and tumor characteristics 
are shown in Table 1. Reasons for undergoing RFA included 
coexistent morbidities, bilateral renal tumors, high surgical 
or anesthetic risks, religious observances and patient 
preference (Table 2). Informed consent to perform RFA was 
obtained from each patient after the surgeon reviewed 
the other treatment options as well as perioperative 
complications and morbidities associated with RFA.

In general, posterior and posterolateral tumors were 
treated percutaneously and anterior and medially placed 
tumors were treated by the laparoscopic approach. 
Percutaneous RFA was performed in a prone or modified 
lateral position based on tumor location. The patients 
were sedated intravenously with 3-5 mg of midazolam 
hydrochloride (Roche, Fontenaysous-Bois, France) and 100-
300 µg of fentanyl citrate (Hana Pharm.Co., Hwaseong, 
Korea). Local analgesia with 2% lidocaine (Huons, 
Hwaseong, Korea) was administered in combination with 
intravenous analgesia. The guidance methods used were 

Table 1. Patient Demographics and Tumor Characteristics 
of 47 Patients

Parameter Value
No. of patients (%)    47 (100)

Male    30 (60.4)
Female    17 (39.6)

Median age (yr) 56.9 (22.0-75.0)
Body mass index (kg/m2)    24 (18.45-30.98)
Median follow-up period (months) 49.6 (12-81)

Tumor Characteristics
Tumor diameter (cm)   2.3 (1.0-3.0)
Affected side (%)

Right    28 (59.6)
Left    18 (38.3)
Bilateral      1 (2.1)

Tumor location (%)
Upper    15 (32.0)
Middle    16 (33.0)
Lower    17 (35.0)
Exophytic    40 (83.3)
Intraparenchymal or central      8 (16.7)

Note.— No. = number

Table 2. Patient Comorbidities in 47 Patients
Comorbid Conditions n (%)

Severe cardiovascular disease 11 (23.3)
Refusal of surgery 10 (21.3)
A history of other cancer   8 (17.0)
Uncontrolled diabetes mellitus   5 (10.6)
Severe asthma 3 (6.4)
Single kidney 2 (4.3)
Bilateral renal tumor 2 (4.3)
Severe cerebrovascular disease 2 (4.3)
Chronic kidney disease 2 (4.3)
Jehovah’s witness 1 (2.1)
Thyroid disease 1 (2.1)
Total   47 (100.0)
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sonography and CT for the percutaneous approach. Based 
on the size and location of the tumor, some patients were 
required to perform overlapping ablations by repositioning 
the electrode to completely ablate the tumor. As our 
experiences increase, some of the anterior or medially 
placed tumors were selectively approached percutaneously. 
In these select tumors; position change and hydrodissection 
with dextrose 5% in water were used to displace bowel and 
adjacent structures to target the tumors.

For the laparoscopic-assisted approach, general anesthesia 
was conducted and the three- to four-port transperitoneal 
approach was used to perform laparoscopic-assisted RFA. 
A kidney surrounding tumor was exposed and the perirenal 
fat covering the tumor was removed and sent for pathology 
testing. A steerable laparoscopic ultrasound (US) probe 
was introduced to visualize the tumor size and location. 
The electrode probe was placed in the deepest part of the 
renal tumor under real-time laparoscopic US guidance. 
RFA was performed using a 200 W generator (Radionics, 
Burlington, MA, USA) and single (with one 2.0-3.0 cm tip) 
internally cooled electrodes (Radionics, Burlington, MA, 
USA) with an impedance-controlled pulsed current. The 
selection of the tip size was based on the tumor size and 
location. Ablation time was a maximum of 12 minutes for 
one cycle, and the ablation cycle was repeated if the target 
temperature achieved was suboptimal. A follow-up for each 
patient included a physical examination, chest radiography, 
creatinine measurement, and a contrast-enhanced CT or 
MRI. In the early period of the study, contrast-enhanced CT 
or MRI was obtained at 1 day, 1 week, 1 month, 3 months, 
6 months and at least bi-annually thereafter. After January 
2008, contrast-enhanced CT or MRI was obtained at 1 
month, 3 months, 6 months and bi-annually. To confirm 
the pathologic criteria of complete ablation, a follow-up 
biopsy was recommended at 6 months or 1-year follow-
up. In addition, a follow-up biopsy was performed on the 
lesion that had been suspected of growth at the previously 

ablated tumor on subsequent contrast-enhanced CT or MRI. 
If the tumor was enhanced within one month, this lesion 
was considered as an incomplete ablation and RFA was 
repeated. The ablation zone was defined by measuring the 
difference in the minimal contrast enhancement (i.e. < 20 
Housfield units for CT) as observed on a contrast-enhanced 
CT after the ablation. The benign periablation enhancement 
(halo sign) was defined as a thin, concentric, and uniform 
rim peripheral enhancement with smooth inner margins on 
contrast-enhanced CT. Technical success was defined as the 
complete ablation of tumor following the initial session 
or additional sessions within a month following RFA. 
Recurrence was deemed probable in cases where nodular or 
crescentic enhancement was seen on 3 months CT or MRI 
after confirmed non-enhancement of the initial RFA lesion. 
Complications were categorized into minor (Clavien Grade I 
& II) and major (Clavien Grade III, IV and V) complications.

Statistical analyses were performed using Fisher’s exact 
test on the outcome of RFA, and paired t test on the effects 
of RFA on renal function. For each analysis, a p value of less 
than 0.05 was considered statistically significant.

RESULTS

We summarized the results of RFA in Table 3. RFA was 
performed a total of 53 sessions in 48 tumors and technical 
success was achieved in 43 of 48 cases (89.6%). Mean 
age at the time of ablation was 56.9 years (range, 22-75 
years). Mean tumor size was 2.3 cm (range, 1.0-3.0 cm). 
Tumors were evenly distributed at the upper, middle and 
lower pole (upper, middle, lower: 32, 33, 35 %) of the 
kidney. The majority (n = 40) of the tumors were exophytic 
and 8 tumors (16.7%) were intraparenchymal or centrally 
located. Thirty six (75.0%) tumors underwent percutaneous 
RFA and 12 tumors (25%) underwent laparoscopic-assisted 
RFA. The mean procedure time was 92.7 min (range, 65-
140 min) for the percutaneous approach and 123.5 min 

Table 3. Results of RFA Procedures in 48 Tumors from 47 Patients
Percutaneous Laparoscopic Overall P

No. of tumors (pts)    36 (35)      12 (12)       48 (47)
Procedure time (min) 92.7 (65-140) 123.5 (75-160) 0.13
Incomplete ablation by initial RFA (%)     5 (13.9)        0 (0)   5/48 (10.4) 0.22
Technical success (%)    31 (86.1)      12 (100) 43/48 (89.6)
Complication (%)    15 (36.5)        4 (33.3) 19/53 (35.8) 0.56
Recurrence (%)      3 (8.5)        1 (8.3)         4 (8.3) 0.74

Note.— No. = number, RFA = radiofrequency ablation
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(range, 75-160 min) for the laparoscopic-assisted approach 
(p = 0.13). Incomplete tumor ablation was observed in 5 
of 36 tumors (13.9%) for the percutaneous approach, but 
all of the 12 tumors for the laparoscopic-assisted approach 
were successfully ablated following the first RFA session (p 
= 0.22). Technical success was achieved in 31 of 36 tumors 
(86.1%) for the percutaneous approach and in all of 12 
patients (100%) for the laparoscopic-assisted approach (Fig. 
1). The mean follow-up period was 49.6 months (range, 12-
81 months).

A total of 19 complications were noted in 17 
sessions, for an overall complication rate of 35.8%. 
Complications occurred in 15 of 41 tumors (36.5%) for 
the percutaneous approach and in 4 of 12 tumors (33.3%) 
for the laparoscopic-assisted approach (p = 0.56). Minor 
complications (Clavien I & II) occurred in 32.1% of 
the procedures and accounted for 94.8% of the overall 

complications. Major complications (Clavien ≥ III) occurred 
in 1.9% of the procedures and accounted for 5.2% of the 
overall complications. Complications included a perinephric 
hematoma in 11, gross hematuria in 1, perinephric fluid 
collection in 3, a mild thermal injury of the psoas muscle 
in 1, a bowel injury with mild hydronephrosis in 1, and a 
liver injury and a thermal injury of the pelvocalyceal system 
in 1. In one patient, a major complication (Clavien Grade 
III) occurred during laparoscopic-assisted RFA. Inadvertent 
bowel injury with mild hydronephrosis occurred in a patient 
who had a tumor in the anterior mid pole of the kidney. 
Since this patient underwent a subtotal radical gastrectomy 
three years prior to RFA and had severe adhesion, we 
decided to perform laparoscopic-assisted RFA. During the 
laparoscopic dissection of bowel adhesion, inadvertent 
thermal injury has occurred in a small bowel by monopolar 
hook cautery. After completion of RFA, the patient 
underwent emergent ileostomy diversion, and 4 months 
later, the ileostomy was reversed. Mild hydronephrosis was 
resolved within a month (Table 4).

In 48 tumors, secondary RFA session was necessary in 
5 tumors (10.4%) after the initial session due to irregular 
peripheral enhancement, indicating incomplete ablation in 
a one month follow-up contrast-enhanced CT. These tumors 
were initially treated by percutaneous RFA. Among the 5 
tumors for which RFA was necessary, 3 were located in the 
central area of the kidney. In another five tumors, benign 
periablation enhancement were observed, but subsequently 
resolved within 3 months of ablation. A pre-RFA biopsy 
was performed in eight tumors, which have shown other 
possible features of renal tumors on preoperative kidney 
CT. Five tumors were diagnosed as renal cell carcinoma 
(RCC) and three tumors had either fibrotic tissue or normal 
renal parenchyma on pathology (Table 5). These 3 tumors 
were included in the study because of probable radiological 
features of RCC and the possibility of false-negative results. 
In the forty remaining tumors, pre-RFA biopsy was not 

Fig. 1. Well ablated, small intraparenchymal renal cell 
carcinoma in 62-year-old male who underwent radiofrequency 
ablation (RFA).
A. Contrast-enhanced CT scan before RFA demonstrates 2.1 cm solid 
enhancing renal tumor located at upper pole posterior region of 
right kidney. B. One month follow-up contrast-enhanced CT scan 
demonstrates absence of periablation enhancement or residual contrast 
enhancement within tumor bed indicating technical success.

A B

Table 4. Complications That Occurred during and after 
Radiofrequency Ablation in 48 Renal Tumors
Clavien Grade n Complication

I 3 Perirenal fluid collection
1 Gross hematuria

11 Perirenal hematoma
1 Thermal injury of psoas muscle

1
Thermal injury of  

pelvocalyceal system
II 1 Thermal injury of liver

IIIa 0
IIIb 1 Bowel injury
IV 0
V 0

Total 19

Table 5. Results of Renal Tumor Biopsy
Pre-RFA Post-RFA

No. of tumors 8 35
Renal cell carcinoma 5 2
Fibrotic tissue 2 9
Necrotic tissue - 7
No tumor 1 17

Not performed 40 13
Note.— RFA = radiofrequency ablation, No. = number
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performed due to clear radiographic findings of renal cell 
carcinoma. To confirm the pathologic criteria of complete 
ablation, 35 tumors underwent a 6-month or 1-year follow-
up biopsy (Table 5). In the remaining 13 tumors, a post RFA 
biopsy was not performed due to patient refusal and the 
risk of bleeding.

Local tumor recurrence was observed in 4 patients (8.3%) 
at various follow-up intervals (6, 26, 30, 60 months). Tumor 
recurrence was observed in 3 of 35 patients (8.5%) for the 
percurtaneous approach and in 1 of 12 patients (8.3%) 
for the laparoscopic-assisted approach (p = 0.74). One 
patient had a viable renal tumor on a 6 months follow-up 
biopsy despite non-enhancement of the ablated lesion on a 
6-months follow-up CT. This patient successfully underwent 
repeated RFA and no signs of local recurrence were observed 
at the 27 months follow-up period. Another patient who 
had been treated by RFA for bilateral renal tumors was 
found to have a hyperechoic lesion of the left upper pole 
of the kidney on a 26 months follow-up US. A subsequent 
renal biopsy confirmed the recurrent tumor and the patient 
underwent radical nephrectomy. Another patient who had 
received successful RFA for a left low pole renal tumor 
developed a new cystic renal tumor with enhancement on 
the mid pole of the left kidney on a 30 months follow-
up CT. Repeated RFA was performed successfully and no 
recurrence has been observed for 11 months since the last 
RFA. Another patient with bilateral RCCs (left: 6 cm, right: 
3 cm) initially underwent right percutaneous RFA, followed 
by a left radical nephrectomy without any complications. 
On a 60 months follow-up CT, a recurrent renal tumor on 
the right upper pole was detected, and repeated RFA was 
performed successfully. No recurrence has been observed for 
6 months since the last RFA performed on this patient. 

The median creatinine levels before and after 12 months 
of RFA were 1.28 and 1.36 mg/dL, respectively (p = 
0.001). Additionally, in 8 patients with renal impairment 
preoperatively, serum creatinine levels 12 months after RFA 
did not differ from those before RFA (3.11 vs. 3.18 mg/dL; 
p = 0.583) (Table 6).

In our study, no distant metastasis was observed during 
the mean follow-up time of 49.6 months and all of the 
patients were still alive at the time of this writing.

DISCUSSION

For decades, radical nephrectomy was considered the 
gold standard treatment for localized RCC and was the only 
curative option. Recently, advanced radiologic imaging 
techniques have led to the increased incidence of small and 
localized renal tumors. Refinements in surgical techniques 
with better imaging modalities have resulted in an 
evolution of NS surgeries such as an open and laparoscopic 
partial nephrectomy (5-8). Despite the excellent results for 
the surgical excision, advancements in imaging technology 
have resulted in the increased use of more conservative, 
thermal ablative techniques as an alternative to surgical 
extirpation (17). Since more tumors are diagnosed in elderly 
patients with medical comorbidities, some patients may 
have renal insufficiency or other comorbidities that require 
a maximal nephron conserving approach. Since Zlotta et 
al. (10) initially described the clinical application of RFA 
in human RCC in 1997, many authors have been reporting 
favorable experiences on RFA for SRMs.

Several factors affect the outcome of RFA: tumor size 
and location; tissue impedance; ablation time; as well as 
the amount of energy delivered and surface area of the 
electrodes. First, tumor size is an important consideration 
for patient selection. Gervais et al. (11) reported in a 
multivariate analysis of 85 patients, who underwent 
percutaneous RFA, that small tumor size and the non-
central location of the tumor were independent significant 
predictors of complete necrosis after a single RFA session. 
Furthermore, Mylona et al. (18) reported a complete 
response of 85.7% for tumors less than 3 cm after the first 
RFA session, but reported a noticeably lower response rate 
with tumors greater than 5 cm in size. Tumors greater than 
3 cm were technically challenging to completely ablate 
on the initial attempt and required multiple overlapping 

Table 6. Creatinine Change before and after 12 Months of RFA
Creatinine (mg/dL) n (pts) Pre-RFA Post-RFA P

Overall 47 1.28 1.36 0.001
Laparoscopic 12 0.90 1.01 0.001
Percutaneous 35 1.41 1.48 0.014
Renal impairment*   8 3.11 3.18 0.583

Note.— *Single kidney; bilateral renal tumor; chronic kidney disease. RFA = radiofrequency ablation
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ablation techniques. Therefore, smaller renal tumors are 
ideal candidates to obtain complete responses for the first 
RFA session. In our study, all of the tumors were less than 
3 cm in size and 20 tumors were greater than 2.5 cm. 
In these patients, two sessions of RFA with overlapping 
techniques were performed for the complete ablation of the 
tumor.

Tumor location is another factor that may influence 
ablative outcome. It is reported that tumors adjacent to 
large vessels will suffer a ‘heat sink’, in which a regional 
vascular flow reduces the extent of the thermally induced 
coagulation (11, 19). By contrast, the ablative effect of 
exophytic tumors are higher, as they are easy to target 
with an RFA probe and because the insulating effect of 
surrounding perirenal fat allows for higher temperatures 
during RFA (11, 19). In our series, the tumors were 
evenly distributed in the upper, middle and lower pole of 
the kidney (upper, middle, lower: 32, 33, 35%). Tumors 
adjacent to the renal hilum were relatively difficult to 
completely ablate using the primary procedure compared 
to other tumors. Also, tumors located in the upper pole of 
the kidney tend to be more difficult to compare to those 
located in the middle or lower pole. This outcome may be 
due to the difficulty of needle insertion as the upper pole of 
the kidney is always covered by ribs, spleen, lung and liver. 
The location of the tumors such as exophytic or endophytic 
tumors, was not related to the outcome except when the 
tumor was endophytic in the medial central location. 
However, complete tumor ablation was achieved in all 
tumors after the second RFA session regardless of tumor 
location. Repeatability is clearly an advantage of RFA. A 
laparoscopy-assisted US guidance or open intraoperative 
RFA should be considered as a treatment option for patients 
with difficult access, such as multiple lesions in a solitary 
kidney, an intervening lung, parenchyma, bowel or thin 
patients with an anterior and medial lesion.

In five patients, we have utilized a position change 
and hydrodissection with dextrose 5% in water to protect 
adjacent structures before targeting the tumors. Twelve 
patients whose tumors were not in an ideal location for 
percutaneous approach were treated with a laparoscopy-
assisted US guided RFA to isolate the targeted tumors away 
from adjacent normal structures, such as liver, colon, spleen 
or psoas muscle. In our series, the percutaneous approach 
for RFA ablation showed a higher incomplete ablation rate 
(13.9%) compared with the laparoscopic approach after the 
initial RFA session. A secondary RFA session was performed 

successfully in 5 tumors with incomplete ablation within 
one month of percutaneous RFA.

The technical success rate of the initial RFA procedures 
has been reported to be from 90 to 100% (20). We defined 
technical success as the absence of enhancement inside 
the tumor as observed by contrast-enhanced CT or MRI, 
the criterion also used in several other reports (18-22). In 
our series, technical success was achieved in 43 of 48 renal 
tumors (89.6%), which is comparable with previous studies 
(18-22). The local recurrence rate varies from 0.0% to 
11.1% in cases where technical success has been possible 
at the initial RFA (11, 15, 23). Local tumor recurrence has 
occurred in 4 patients (8.5%) in our study. Three of 35 
patients (8.5%) recurred for the percutaneous approach and 
one of 12 patients (8.3%) recurred for the laparoscopic-
assisted approach. Each patient developed local recurrences 
after 6, 26, 30, and 60 months, respectively. This data 
illustrates the importance of long term follow-up of 
patients treated by RFA. Of the 4 patients who developed 
local recurrence, 3 had recurrences detected after 2 years 
of the initial RFA procedure. With a mean follow-up of 49.6 
months, no distant metastasis has been observed. Despite 
our favorable intermediate follow-up results, it may require 
a longer follow-up period to detect recurrence radiologically 
following RFA. Also, T1a renal masses are generally known 
to have low malignant potential. Therefore, it may take 
quite a while to have a metastatic extension from local 
recurrence following RFA.

Another important issue is the use of the post-ablation of 
tumor specimens to question the validity of a radiographic 
definition of ablative success.

The importance of the post-RFA biopsy was recently 
demonstrated by Weight et al. (24). In 6 of 13 patients who 
underwent post-RFA follow-up biopsy at 6 months, viable 
tumor cells were observed, where they would otherwise 
have no evidence of enhancement on follow-up CT or MRI. 
However, the same authors have not seen any viable tumor 
at the 6 months follow-up biopsy following cryoablation, 
and any contrast enhancement was obtained on a follow-
up CT. The authors concluded that after RFA, radiologic 
findings were not reliable and follow-up biopsies had an 
impact on further decision making. Thus, the authors 
recommended post RFA at a follow-up biopsy due to the 
significant risk of residual cancer cells without radiographic 
evidence. Also, Arima et al. examined the ablated tumor 
specimens removed 6 weeks after RFA and discovered 
that tumor specimens showed well-preserved cancer cells 
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under Hematoxylin and Eosin staining. However, almost 
all the cells were stained with terminal deoxynucleotidyl 
transferase-mediated 2’-deoxyuridine 5’-triphosphate nick 
end labeling (TUNEL), which is used to detect apoptosis 
(22). Since these studies have been reported, we have been 
performing follow-up biopsies after an initial RFA. Of the 
35 patients who underwent a 6-month or 1-year follow-
up biopsy, one patient was discovered to have recurrent 
tumor. This patient showed viable cancer cells on biopsy 
who otherwise demonstrated no evidence of enhancement 
on a 6 months follow-up CT. However, in a recent study, 
Tracy et al. (25) raised concerns by emphasizing that the 
majority of these studies have used traditional hematoxylin 
and eosin staining in evaluating post-treatment biopsies, 
which is inadequate for assessing cellular viability, because 
the heat fixation during RFA results in the preservation 
of the cellular architecture. To further address this issue, 
Raman and colleagues recently reported the biopsy data 
of radiologically negative lesions in 19 patients obtained 
more than 1 year after RFA. In this study, multiple core 
biopsies had consistently shown non-viable cells within RF 
treated lesions in all specimens (26). The authors concluded 
that the early-ablative biopsy may be unreliable. Thus, 
particularly for RFA, an early-ablative biopsy and staining 
may not accurately reflect cell death or viability. Because of 
these studies and the difficulties associated with obtaining 
routine post-ablative biopsies in patients who have no 
radiological evidence of recurrence, currently we do not 
recommend postablative biopsy for patients who have 
normal imaging studies (absence of contrast enhancement 
or growth) after RFA.

Complications of RFA can be divided as minor (Clavien 
Grade I or II) and major (Clavien Grade III, IV, V). The 
reported complications include a perinephric hematoma, 
gross hematuria, pyonephrosis, ureteral stricture, damage 
to adjacent organs, pain, and paresthesis (27, 28). In the 
present study, 19 complications occurred in 17 sessions for 
an overall complication rate of 35.8%. Most complications 
were managed conservatively, and just one patient required 
a repeat surgery.

According to several studies regarding preservation of 
renal function after RFA, there is minimal change in renal 
function before and after RFA. Reported mean serum 
creatinine change ranged from +0.06 to +0.24 mg/dL at 
24 months when compared with pre-RFA creatinine levels 
(29-32). In our series, the median creatinine levels of 47 
patients before and 12 months after RFA was 1.28 and 1.36 

mg/dL, respectively. Additionally, in 8 patients with renal 
impairment preoperatively, serum creatinine levels did not 
differ from those before RFA at 12 months after RFA (3.11 
vs. 3.18 mg/dL) (Table 6). 

Our study results are in accordance with those reported 
in the medical literature and supports the RFs of SRMs as a 
safe, effective, reproducible and well tolerated procedure for 
the treatment of stage T1 renal tumors. 

However, this study has some limitations. First, our 
series is considered a retrospective review despite a 4-year 
mean follow-up. Second, pre-RFA biopsy was not routinely 
performed in most cases, thus lacking histological proofs. 
As such, despite the intermediate follow-up report, the 
definitive success of oncological control remains unclear. In 
our early experience, pre-RFA renal biopsy was considered as 
a controversial procedure because of the risk of hemorrhage 
and tumor seeding (33). Also, we relied on the imaging 
characteristics of RCC on contrast-enhanced CT or MRI to 
make a clinical diagnosis. Therefore, a pre-RFA renal biopsy 
was performed in the patients, who have shown other 
possible features of the renal tumors on a preoperative 
kidney CT.

Recently, with the increased use of percutaneous ablative 
technologies to treat renal tumors, many investigators have 
addressed the important role of confirmatory preablative 
biopsy, as ablation lacks the histological analysis as 
afforded by surgical resection. Pathologic confirmation 
will provide an accurate treatment and follow-up plan, 
reduce over-estimation of the treatment effectiveness and 
minimize unnecessary follow-up. Therefore, currently we 
have included pre-RFA renal biopsy in our routine protocol.

Despite these limitations, 4-year mean follow-up results 
suggests an excellent therapeutic outcome with RFA in 
select patients with SRMs, while achieving effective local 
tumor control and preserving normal renal parenchyma. 
Nevertheless, long term follow-up should be performed to 
define durable efficacy after successful RFA.
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