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Introduction

Small renal masses are defined as renal neoplasms with the 
largest diameter less than 4 cm and they express T1a tumors 
in tumor, nodes, metastases (TNM) staging (1). Today, with 
the widespread use of cross-sectional imaging methods, the 
majority of renal masses are incidentally detected. As a result, 
the incidence of primary renal malignancies increases over the 
years (2). There is a wide range of options from active follow-
up to radical nephrectomy in the management of small renal 
masses. One of these options is ablation therapy. According to 
the American Urological Association (AUA) guidelines, the gold 
standard treatment for T1a renal masses is partial nephrectomy, 
and ablation therapies are offered as treatment options (3).

In this review, outcomes and comparisons of ablation therapies 
used in small renal masses are discussed together with current 
approaches and studies.

Patient Selection

As with all treatment options, the most important point in the 
planning of ablation therapy is the selection of the appropriate 
patient. Ablative therapies are a good option, especially in 
patients with contraindicated surgical treatment, patients with 
severe comorbidities, or those who do not consent surgery (4). 
In addition, it may be considered as a treatment method in 
patients with conditions such as solitary kidney, transplanted 
kidney, underlying renal failure, multiple renal tumors, and 
recurrent tumor in the nephrectomy bed (5).

Basic Information about Ablation Therapies

Ablation therapy in patients with small renal masses should 
be performed only in cases where the treatment of the whole 
lesion is technically feasible and renal biopsy is required before 
the procedure (6).

Tumor ablation is essentially the process of causing necrosis 
of tumor cells by energy transfer to the target with the help 
of imaging. These energy sources are roughly divided into 
thermal and non-thermal sources. Radiofrequency ablation 
(RFA) that provides high-temperature necrosis of tumor cells and 
cryotherapy method that provides freezing necrosis of the cells 
can be cited as examples of thermal ablation. Electroporation, 
which causes cell death by causing permanent pores in the cell 
membrane, is an example for non-thermal ablation (7,8).

Among the ablation therapies, thermal ablation methods are 
used more commonly and the most prominent methods are 
RFA and cryotherapy.

Ablation Methods

Radiofrequency Ablation

RFA is based on the generation of heat by means of an 
alternating electric current used at different frequencies and 
consequently cell death occurs in the exposed area (9). This 
alternating electric current is transferred to the tissue with the 
aid of a probe placed in the center of the target tissue, and these 
systems are generally monopolar.
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RFA-induced cellular damage is based on a time-temperature 
curve where less time is required at higher temperatures 
(9). In a study, cellular damage was shown to develop after 
60 minutes exposure to 45°C, 5 minutes exposure to 55°C, 
and 1-minute exposure to 70°C (10). When the temperature 
exceeds 60°C, the cell loses its intracellular buffering ability, 
thereby increasing intracellular calcium levels, resulting in 
cellular death. Subsequently, acidosis and coagulation necrosis 
develop with increasing local inflammation (11).

In thermal ablation, cellular damage develops in different phases 
according to temperature rise. At temperatures of 50-80°C, 
coagulation and cellular damage due to protein denaturation 
develops within seconds or minutes. Tissue ablation is observed 
with dehydration and vacuolization at temperatures above 
100°C, while carbonization and melting are finally observed in 
the tissue when 150-300°C is reached (9).

Although there is no definite consensus on this issue in the 
literature, it is stated that it is necessary to reach a temperature 
of at least 60°C for irreversible cellular damage and necrosis 
(9). In another publication, it is reported that at least 70°C 
temperature should be reached (4). It has also been reported 
that better and more effective cellular death can be achieved 
with two cycles of active ablation phase with a short-term 
cooling phase between them (12).

Cryoablation

Cryotherapy is another method of thermal ablation, which uses 
freezing temperatures instead of extremely high temperatures. 
It is known that the first modern cryotherapy probes worked 
with liquid nitrogen in the 1960s, followed by the more 
effective argon gas-based probes (4).

In animal models, tissue has been shown to be destroyed by 
cryoablation at temperatures between -19.4°C and -50°C. In 
cancer tissues, it is stated that the target temperature should be 
-40°C to ensure cellular death (4).

Larger areas of cellular necrosis have been reported to occur 
with multiple freezing and thawing cycles rather than a one-
time freezing. It is stated that the risk of bleeding increases if the 
duration of the freezing cycle is 5 minutes, and the risk of tumor 
breakage increases when it is 15 minutes. Therefore, it was 
concluded that the ideal period of freezing should be between 
8-10 minutes (13,14).

Similar to RFA, two cycles of freezing and thawing are applied in 
cryoablation to ensure that cellular death is more effective (4).

Application Methods in Ablation Therapies: Laparoscopic 
and Percutaneous Approaches

Ablation treatments can be performed by laparoscopic or 
percutaneous approach. The most important factor in choosing 
the method is the location of the tumor. Percutaneous approach 
is ideal for lateral and posterior tumors that are further away 
from vital organs. Laparoscopic method is more suitable for 
anterior tumors, especially because it allows dominating the 
surrounding anatomy (9). However, RFA is often performed 
with a percutaneous approach, whereas cryoablation is usually 
performed laparoscopically (4).

During percutaneous application of RFA, methods such as 
ultrasound, CT, CT fluoroscopy, MRI can be used for guiding 
and placement of the needle.

In a meta-analysis comparing percutaneous and surgical 
methods for renal tumor ablation, a total of 46 cases were 
included in the study, and 28 of them underwent percutaneous 
ablation. In 28 case series with percutaneous approach, RFA 
was reported as ablative therapy in 21 patients and cryotherapy 
was reported in only seven patients. Regarding 18 patients 
with surgical approach, only three patients underwent RFA and 
cryotherapy was performed in 15 cases (15).

According to many studies in the literature, when the 
percutaneous or laparoscopic thermal ablation procedures were 
compared, similar results were found at both primary endpoints. 
No significant difference was observed in primary efficacy, 
disease-specific survival and complication rates (16,17,18). 
In contrast, in a meta-analysis, the primary efficacy of the 
percutaneous approach was reported to be significantly lower 
than that of the surgical approach (87% vs 94%). There was no 
significant difference in secondary efficacy. In the same meta-
analysis, the rate of major complications was reported to be 
significantly lower in the percutaneous approach than in the 
surgical approach (3.1% vs 74%) (15).

Outcomes of Ablative Treatments

Currently, there are no randomized controlled trials comparing 
ablation and surgical treatments. Most of these publications 
are retrospective or observational studies. According to current 
guidelines, the gold standard in small renal masses is reported 
as partial nephrectomy (19). According to European guidelines, 
ablation therapies in small renal masses are recommended in 
cases where the patient is not suitable for surgical treatment 
and has a multifocal malignant tumor as mentioned above in 
the patient selection section (7,20).

According to a recent meta-analysis comparing treatments in 
renal tumors less than 7 cm, 5-year cancer-specific survival and 
metastasis-free survival were reported to be similar between 
partial nephrectomy and thermal ablation (21). In contrast, in 
another meta-analysis, laparoscopic cryoablation was compared 
with laparoscopic and robotic partial nephrectomy, where it 
was shown that there was a significantly higher risk of local 
recurrence and metastasis in the cryoablation group (22).

Ablation treatments have been reported to be less invasive, 
less associated with perioperative complications, cause less 
blood loss and shorter hospital stay than surgical treatments. 
In addition, renal function loss and the cost of the procedure 
are also reported to be less than surgery (4,7). In addition to 
these, ablation therapies are appealing treatment modalities in 
suitable patients with other advantages such as the fact that 
it is a procedure that usually requires a day or overnight stay 
and can be applied more safely than the surgery, especially in 
patients with high comorbidities.

There is no randomized controlled trial comparing ablation 
treatments and surgical treatments, nor is there a randomized 
controlled clinical trial comparing these two basic ablation 
methods. Most publications in the literature are retrospective 
and include a small number of patients. In the UK, both 
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cryotherapy and RFA are recommended for small renal masses 
according to NICE (National Institute for Health and Care 
Excellence) guidelines (23).

According to a meta-analysis in 2008, local recurrence was 
found to be higher in RFA compared to cryoablation and it 
was stated that the need for a second ablation was higher 
in RFA (24). Another meta-analysis involving 20 cryoablation 
and 11 RFA case series was published in 2012. In this meta-
analysis published by El Dib et al. (24), 457 patients undergoing 
cryoablation and 426 patients undergoing RFA were studied. 
The mean tumor size was 2.5 cm in the cryoablation group 
and 2.7 cm in the RFA group. Among the cryotherapy group, 
the surgical method was laparoscopic in 13 of the 20-case 
series, percutaneous in six and conventional in one. In 11 
studies in the RFA group, seven were reported to be performed 
percutaneously, one by laparoscopy, and three by both. In 
this meta-analysis, the clinical efficacy of cryotherapy in 457 
patients was found to be 89%. The clinical efficacy of RFA in 
426 patients was reported to be 90%. According to these data, 
similar oncologic and clinical outcomes have been reported in 
both treatment modalities (25). In a more recent observational 
study, cryotherapy has been reported to have superior outcomes 
compared to RFA in metastasis-free survival. In the same study, 
no significant difference was found between the two groups in 
local recurrence-free survival (26).

The rate of renal function preservation in the kidney after any 
surgical treatment is directly related to the remaining renal 
volume after the procedure. Since normal renal parenchymal 
loss is minimal in ablative therapies, long-term renal functions 
are better than surgical treatments (27). In a study comparing 
renal functions after cryoablation, RFA and partial nephrectomy, 
it was reported that both renal parenchymal volume and 
glomerular filtration rate decreased significantly in partial 
nephrectomy compared to ablation methods. In the same 
study, no difference was found between the two ablation 
methods (28).

The most common complications in ablative treatments are 
bleeding and post-ablation hemorrhage. Since radiofrequency 
ablation already involves high temperatures, hemorrhage is less 
common and hemorrhage occurs more often after cryotherapy. 
In addition, ureteral or renal pelvic injuries are rarely seen. 
If thermal ablation extends beyond the target tissue and 
reaches the collecting system, urine leakage may be observed. 
More rarely, bowel injury, seeding in the treatment tract and 
pneumothorax may be observed (risk <0.01%) (9). According 
to a meta-analysis, the complication rate was 19.9% in 
cryotherapy patients and 19% in the RFA group. It has been 
concluded that there are similar results between the two 
treatment methods in terms of complication rates (25).

Follow-up after Ablative Therapy

The success of the treatment after ablation is determined by 
radiological findings. The absence of contrast enhancement in 
tumor tissue and the cessation of tumor growth (MRI or CT) at 3 
months after the procedure are evaluated as successful ablation 
(29). According to the AUA guidelines, it is recommended that 
the patient be followed up by cross-sectional imaging at 3 and 
6 months after ablation and annually for 5 years thereafter (30).

Other Methods in Ablation Therapies

In addition to RFA and cryoablation, different ablation methods 
are available. Microwave ablation, high intensity focused 
ultrasound (HIFU) and irreversible electroporation are examples.

Microwave Ablation

Microwave ablation is based on high temperature production 
similar to RFA. With the help of probes, electromagnetic energy 
is transferred to the tumor tissue at frequencies between 900 
Mhz and 2.5 GHz and consequently high temperatures leading 
to coagulation necrosis and cell death are obtained (10). Results 
have been reported that microwave ablation can achieve higher 
temperatures, higher volume ablation and shorter treatment 
time than RFA (10).

There are several studies on the results of microwave ablation. 
In a study of the results of 12 patients who underwent 
percutaneous microwave ablation, no residual tumor or 
recurrence was reported during the median follow-up period 
of 11 months (31). In a randomized prospective study of 102 
patients, Guan et al. (31) compared microwave ablation and 
partial nephrectomy, and reported that estimated blood loss, 
complication and renal function loss were significantly better 
in microwave ablation. In another report, the results of 10 
patients who underwent laparoscopic microwave ablation were 
examined and a high recurrence rate of 38% was found (32).

Variable results with microwave ablation are available and larger, 
randomized controlled trials are needed.

HIFU (High Intensity Focused Ultrasound)

HIFU is based on high heat generation by sending high intensity 
ultrasound waves to the target tissue. As in other ablation 
methods, coagulation necrosis in tumor cells is created by this 
high energy in HIFU. The major advantage of HIFU over other 
methods is that it is completely noninvasive, but its oncologic 
results are not optimal (4).

Irreversible Electroporation

Unlike other ablation methods, irreversible electroporation is a 
non-thermal ablation method and no temperature is used for 
this procedure. Instead, electrical currents are sent to the cell 
membranes to form pores in the membrane. As a result, cell 
homeostasis deteriorates and cellular death occurs (10).

Muscle contractions and severe arrhythmias due to the energy 
currents applied in electroporation have been reported to 
increase concerns in this approach (27). There are few reports 
on the efficacy and safety of electroporation and large series of 
randomized trials are needed.

Conclusion

There are various ablation methods, including thermal and non-
thermal. Ablation therapies have been found to be preferred 
in the appropriate patient group because of their satisfactory 
oncologic outcomes, short hospital stay and low complication 
rates in small renal masses.
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