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ABSTRACT

Context: Thermal ablation of small renal tumors is an established treatment modality 

in selected cases. Many groups have published their experiences. However, a major 

drawback of most of the previously published reviews and meta-analyses is their 

retrospective nature, the heterogeneity of included studies, and the limitations of a 

short-term oncologic follow-up. For those reasons, firm conclusions are still lacking.

Objective: To assess the best combination of ablation technique and approach in those 

renal tumors deemed suitable for ablation.

Evidence acquisition: A PubMed search was performed (up to December 2010) of the 

world literature on thermal ablation of renal tumors. To assess oncologic outcomes, 

we selected reports with a minimum follow-up of 36 months and with appropriately 

documented pathologic results specifying the number of biopsy proven renal cell 

carcinomas (RCCs). To assess perioperative complications we selected series with 

substantial caseloads of at least 70 cases and comparative series among techniques.

Evidence synthesis: All long-term series of thermal ablation for small renal masses 

show a recurrence-free survival (RFS) of 84–94% with a cancer-specific survival (CSS) of 

89–100%. Some cases with previous (partial) nephrectomy for RCC are included in the 

series with lowest RFS and CSS. No distinct differences exist between radiofrequency 

ablation (RFA) and cryoablation (CA). Initial failure and overall complication rates 

are higher for the percutaneous approach compared with laparoscopy. The major 

complication rate is slightly lower, ultimate survival is comparable, and length of stay 

and patient convalescence are favorable for the percutaneous approach, regardless of 

the modality.

Conclusions: Low-quality evidence shows that CA or RFA modalities have a low major-

complication rate, preserve renal function, and provide acceptable, oncologic, long-

term outcomes. The percutaneous approach has a high rate of initial failure, but seems 

to be less costly.
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INTRODUCTION

Thermal ablation (TA) seems to play a definitive role in the treatment of small 

renal masses (SRM) [1]. Numerous series have reported preliminary results, albeit 

in a retrospective manner. To date, there is no single, randomized, controlled trial 

comparing TA treatments/techniques among each other or with partial nephrectomy 

(PN). Ultimately, a randomized comparison will require large cohorts in each arm 

and significant funding and resources to lead to definitive conclusions. Alternative 

conclusions with lower levels of evidence may be extracted from a thorough revision 

of the available retrospective and prospective series. However, critical analysis and 

criteria selection are prerequisites to reach valid conclusions.

Several comprehensive reviews and meta-analyses on the subject have been 

published in recent years [2–5]. While bias is  unavoidable in  the former, quality is 

sometimes questionable in some of the latter, mainly due to the heterogeneity of the 

included patients.

Currently, TA is based on cryotherapy or radiofrequency technology. Two approaches 

fulfill the requisites for a minimally invasive treatment: percutaneous and 

laparoscopic. An open approach is no more than anecdotal and raises reasonable 

doubts about its minimal invasive character.

Indications for TA have been previously defined [1,6] and complications have been 

prospectively documented [7]. Short-term oncologic and functional results are 

acceptable, although the former are inferior to those of PN.

The objective of this review is to assess the best combination of ablation technique 

and approach in those renal tumors deemed suitable for ablation.

EVIDENCE ACQUISITION 

Strict selection criteria drove our methodology. To assess oncologic outcomes, we 

analyzed only reports with a minimum follow-up of 36 mo and with appropriately 

documented pathologic results specifying the number of biopsy-proven renal cell 

carcinomas (RCCs). To assess perioperative complications we selected series with 

substantial caseloads of at least 70 cases and comparative series among techniques.
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EVIDENCE SYNTHESIS 

There is a large amount of data available on TA of renal tumors. Among all published 

studies there is no single one that fulfills the high level required to facilitate a sound 

conclusion based on our objective. More recently however, some observational albeit 

well conducted studies, according to our selection criteria, have been published.

Oncologic outcomes 

To compare ablative techniques with PN, long-term oncologic follow-up series are 

required. Several long-term follow-up series have emerged recently for radiofrequency 

ablation (RFA) and, to our knowledge, only two long-term series on cryoablation (CA) 

(Table 1). Once oncologic follow- up is assessed, documented pathology is necessary 

because, in the size range of the tumors treated by TA, a relatively high rate of benign 

tumors are encountered. The fact that nondiagnostic or unperformed biopsies may 

account for a considerable proportion of the treated tumors in percutaneous or 

laparoscopic TA series [2] further complicates the analysis of the series. Only follow-

up of those proven RCCs will provide an adequate framework to assess oncologic 

outcomes [8–12]. 

Table 1 displays the characteristics of those series with adequate long-term follow-up 

of RCC treated by TA. For the purposes of this review, a previously published series on 

laparoscopic CA (LCA) [13] has been updated, including only those RCC survivors with a 

minimum follow-up of 36 mo (median: 48 mo, range: 36–63 mo). Although the number 

of cases is  still  limited, the considerable follow-up gives support to truly assess 

recurrence-free survival (RFS) (81–94%), as well as metastasis-free survival (MFS) and 

cancer-specific survival (CSS) (both 89–100%).

Operative outcomes and complications 

The current gold standard treatment for SRM is PN [1,6]. Due to its minimally invasive 

character and thus a lower complication rate than PN, TA is an option reserved for 

patients considered unfit for conventional surgery. With the limitations of comparing 

observational studies, the recent American Urological Association (AUA) guidelines 

on T1 tumors show a significantly higher complication rate for laparoscopic PN (LPN) 

(9.0%), but complications between open PN (OPN) (6.3%) and CA (4.9%) or RFA (6.0%) 

are similar [1]. When assessing what is the best ablative treatment for a renal mass, 
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one should split the question between approach (surgical or percutaneous) and 

modality (CA or RFA) to determine which is associated with the lowest complication 

rate. Several groups reported their experiences including complications during 

and after renal tumor ablation and others have reviewed the subject [4,14,15]. A 

straightforward comparison is severely hindered by the lack of standardized reporting

of complications and the fact that approaches and modalities are used in all possible 

combinations, leading to inevitable fusion of approach-specific with modality-specific 

complications and vice versa.

Approach: laparoscopic versus percutaneous 

Hui et al published in 2008 a meta-analysis comparing percutaneous and surgical renal 

tumor ablation, including complication rates [14]. They reported a major complication 

rate (including blood transfusion, surgery, or interventional radiologic procedure) of 

3.1% in the percutaneous group and 7.4% in the surgical group, a statistically significant

TABLE 1  Oncologic outcomes of renal tumor ablation in series with >36 mo follow-up and in 
cases of proven renal cell carcinoma (RCC)

Authors Ablation 
type

No. of 
cases

Median FU 
mo (range)

Local 
recur. 

n

RFS 
%

Time to local 
recurrence 
mo (range)

MFS 
%

CSS 
%

Tracy [8] RFA   
(P,L,O)

53* 53 (36-90) 5 91 15 (6-24) 96 99

Levinson [9] RFA (P) 18* 62 (41-80) 3 81 17 (7-31) 100 100

McDougal 
[10]

RFA (P) 20 55 (48-72) 1 94 Not reported 100 100

Davol [11] CA (L,O) 32 64 (36-110) 5 84 12 (3-22) 97 100

Aron [12] CA (L) 55 95 (60-133) 7 87 24 (6-58) 89 89

AMC series 
(update of 
Beemster et 
al. [13])

CA (L) 30 48 (36-63) 3 90 22 (6-31) 100 100

RFS = recurrence-free survival; MFS = distant metastasis-free survival; CSS = cancer-specific survival; RFA = radiofrequency 
ablation; CA = cryoablation; P = percutaneous approach; L = laparoscopic-assisted approach; O = open approach; AMC = 
Academic Medical Centre, University of Amsterdam. * Previous renal cell carcinoma excluded.
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TABLE 2 Complication rate reported in single-centre comparative studies on CA

Laparoscopic Percutaneous

Mues/Landman [15] 3.1%* 2%*

Derweesh [17] 14.7% 26.9%

Hinshaw [18] 5%* 0*

Finley [16] 38.9% 11.1% 

Tsivian [19] 14%  
8.3%*

21% 
0.8%*

Bandi [20] 14% 20%

Sidana [21] 27% 
7.6%*

38%  
5.0%*

* Major complications

TABLE 3 Complication rate reported in single-centre comparative studies on RFA

Laparoscopic complication rate % 
(no. cases)

Percutaneous complication rate, % 
(no. cases)

Park et al. [22] 17.9% (39) 
7.7%*

10.9% (55) 
0* 

*Major complications

difference. However, as stressed above, this conclusion should be interpreted carefully. 

The surgical group included series of open ablations and, as recognized by the authors, 

what has been reported in one group as a minor complication might not be reported 

in other groups. As the authors mentioned in the discussion, many other differences 

may play a role in this outcome, such as treatment modality (RFA and CA are included 

in both approaches), tumor size, use of general anesthesia, type of guidance, and 

statistics. They concluded that significantly more percutaneous treatments showed 

initial treatment failure compared with surgical procedures (13% vs 6%), although 

eventually both treatment modalities reach a good success rate (92% for percutaneous, 

95% for surgical ablation) in the short term. Naturally, chance of  complications 

is  higher in  two different treatment sessions compared with a single session and 

retreatment rate also contributes to a higher patient morbidity. Unfortunately, this 

could not be taken into account in the above-mentioned comparison. Tables 2 and 

3 show an overview of single-centre comparative studies between laparoscopic and 

percutaneous CA and RFA [15–22]. There is a trend towards a major complication rate 
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TABLE 4 Rate of initial failures reported in single-centre comparative studies of percutaneous 
versus laparoscopic cryoablation (CA)

Laparoscopic CA % Percutaneous CA %

Mues [15] 1.0 9.1

Derweesh [17] 2.9 11.5

Hinshaw [18] 6.7 10.0

Finley [16] 4.2 5.3

TABLE 5 Complication rates of renal tumor ablation reported in large series

Authors Ablation type Tumors/procedures, no 
(no. patients)

Tumor size in cm. 
(range)

Complications 
%

Schmit [23] PCA 110 tumors (108) 4.1 (3.0 – 8.3) 16 
8*

Atwell [24] PCA 113 procedures (110) 3.3 (1.5 – 7.3) 6.2

Tsivian[19] PCA 140 tumors (123) 2.2 (1.7 – 2.9) 21.1 
0.8*

Tsivian [19] LCA 79 tumors (72) 2.0 (1.6 – 2.5) 13.9 
8.3*

Aron** [12] LCA 80 patients 2.3 (0.9 – 5.0) 10*

Hegarty [25] LCA 164 procedures (161) 2.5 (1.0 – 5.0) 6.7 
1.8*

Laguna**[7] LCA 148 procedures (144) 2.6 (1.0-5.6) 15.5 
4*

Hegarty [25] PRFA 82 procedures (72) 2.5 (0.9 – 4.5) 9.8 
0*

Breen [26] PRFA 105 procedures (97) 3.2 (1.1 – 6.8) 2.9

Zagoria [27] PRFA 125 tumors (104) 2.7 (0.6 – 8.8) 8

Gervais [28] PRFA 100 tumors (85) 3.2 (1.1 – 8.9) 11

PCA = percutaneous cryoablation; LCA = laparoscopic cryoablation;  
PRFA = percutaneous radiofrequency ablation. * Major complications. ** Data prospectively 
accrued, otherwise retrospective, or not reported.

with the laparoscopic approach, while the overall complication rate seems similar. As 

selection and reporting bias cannot be excluded in any of these series, doubts remain 

about the possible significance of this trend.

By its nature, the laparoscopic approach is more complicated than the percutaneous, 

but not all SRM are properly accessed by a percutaneous approach. Conversely, the 

rate of initial failure seems to be higher in the percutaneous groups (Table 4).  

The complication rate in larger, observational, non-comparative series is reported in
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Table 5. A broad range of complication rates is observed, reflecting mostly the lack of a 

standard definition: most of the series are retrospective (or  not reported) [7,12,19,23–

28]. A recent multi-centre prospective study on perioperative morbidity after LCA 

showed that 78.5% of the reported complications were low grade (Clavien grade 1 or 

2). In a multivariate analysis, female gender, tumor size >3.4 cm,  and presence of a 

cardiac condition were independent predictors of complication occurrence [7].

Modality: cryoablation versus radiofrequency ablation 

The destructive zone in CA is predictable and very well visualized by imaging modalities 

such as computed tomography or intra-abdominal ultrasound [29]. This advantage 

theoretically might result in a lower number of complications. Because RFA lesions 

are unpredictable in size and shape and correlation with imaging findings is relatively 

imprecise, a higher number of complications might be expected [25]. However, this is 

not supported by the available literature. Gulur et al. [30] performed a recent review of 

the literature comparing percutaneous CA and RFA (PCA/PRFA) and LCA. They showed 

an intraoperative major complication rate of 4% in the LCA group (11 of 241) compared 

with a single major complication (anesthetic) in the 530 percutaneous sessions. Major 

and minor postoperative complications were comparable among the three groups: 

between 4% and 7%. Moreover, the authors concluded that the initial failure rate was 

higher in the percutaneous group (7.5% and 12% for PCA and PRFA, respectively) than 

the LCA group (<3%). Gontero et al [4] recently provided an overview of the literature 

showing comparable complication rates for PCA and PRFA. 

In conclusion, we can say that definitive statements are difficult to make due to lack 

of appropriate comparative literature. It seems justified to conclude that, albeit lower 

than LPN, laparoscopic ablative interventions show a slightly higher complication rate 

(at the expense of the approach, not of the technology) compared with percutaneous 

ablations, and that there are no reported statistically significant differences between 

complications after CA or RFA, although, theoretically, CA has some advantages 

concerning real-time monitoring of the ablated lesion [29] and a lower injurious effect 

on adjacent structures compared with RFA lesions[31]. However, when considering 

patient morbidity, the retreatment rate, which is higher with the percutaneous 

approach than the laparoscopic approach, should be taken into account.
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Functional outcomes 

For obvious reasons, the amount of healthy renal tissue that is removed in the 

course of renal tumor extirpation should be minimized and, therefore, PN is currently 

accepted in the AUA and European Association of Urology guidelines for T1a renal 

tumors [1,6]. Sparing healthy nephrons reduces the chance of developing renal 

insufficiency which, on its own, is not only associated with a remarkably higher quality 

of life, but shows less cardiovascular morbidity and mortality in the absence of renal 

insufficiency, according to reports [32]. Raman et al compared renal function in solitary 

kidneys after RFA (both LRFA and PRFA) and OPN [33]. They found a significantly 

favorable estimated glomerular filtration rate (eGFR) in patients 12 months after RFA 

compared with OPN (a 10.4% vs. 24.5%  decline, respectively). Beemster et al reported 

in  their series of 92  patients treated by  LCA (7.6% solitary kidneys) a comparable 

decline of 10.9% at 1 yr., the most important risk factor being a lower preoperative 

eGFR [13]. Recent reviews show that both RFA and CA are extremely effective in 

preserving renal function and that most likely there are no differences in functional 

outcomes between the two [15,34].

Convalescence 

Length of stay and use of analgesics frequently are the parameters used to 

assess patients’ recovery after ablation therapy. There are clear indications that 

a percutaneous approach is associated with shorter length of stay and less use of 

analgesics [16,17,20]. A single report shows no differences in pain control requirements 

between PCA and PRFA [20]; however, this is opposed by others [35].

Costs 

Several groups [36–39] have assessed costs involved with the different treatment 

modalities for renal tumors. Percutaneous procedures involved fewer costs than 

laparoscopic procedures. The most important cost-reducing factor was the reduction 

in length of hospital stay followed by the reduction in operating-room costs. No single-

centre direct comparisons between the costs of CA and RFA have been published and, 

therefore, comparing expenses between both groups is difficult. However, from the 

above-mentioned studies, no large differences between CA and RFA are to be expected
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(i.e. in case of the same treatment approach). Self-explanatory procedural costs may 

vary between different countries and centres and, therefore, external validation of such 

studies is troublesome.

Salvage surgery after recurrence 

In case of tumor recurrence after ablation, the most frequently used therapy is re-

ablation of the tumor [2]. If re-ablation is not feasible, conventional salvage surgery 

should be performed. Two groups have published their experience with salvage 

(partial) nephrectomy after primary TA [40,41]. Both groups conclude that post-

ablation salvage surgery was more problematic than primary renal surgery in terms 

of complications, operative time, and blood loss due to substantial perinephric 

fibrosis. Data on salvage surgery are scarce and do not enable determination that any 

of the approaches (laparoscopic or percutaneous) may increase the difficulties and 

complications of salvage surgery. Our series on LCA illustrates the whole spectrum of 

retreatment after primary failure or recurrence with three residual tumors salvaged by 

a radical nephrectomy (n = 1), LPN (n = 1), and PRFA (n = 1); and four local recurrences 

retreated by three OPNs and one PRFA.

CONCLUSIONS 

Despite the large body of literature on TA, evidence is still lacking, with few series 

reporting adequate oncologic follow-up or standardized complication assessment. For 

those RCC treated by TA and followed >3 yr, excellent RFS rates have been reported in 

the range of 81% to 91% and they do not seem to differ between distinct TA modalities. 

Metastases seldom appear and CSS approaches 100%. Whether this is due to the TA or 

the natural course of the small RCCs is unknown. The percutaneous approach, however, 

has a higher primary failure requiring subsequent re-ablation. There is a trend toward 

a lower complication rate with the percutaneous approach. The clinical significance 

is uncertain as severe biases are encountered in most of the series. Currently it is 

impossible to determine if the different TA technologies are responsible for this trend. 

The percutaneous approach shows consistently shorter hospitals stays and lower costs, 

although there is a wide variation in the costs of any of the nephron-sparing modalities 

compared among the different hospitals. Lastly, functional outcomes in terms of eGFR 

suggest that TA preserves renal function in a high percentage of patients. 
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In the absence of recommendation or guidelines on decision making in TA, choices of 

technology and technique should be driven by tumor and patient characteristics rather 

than availability or preferences.
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