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Chapter 10
Discussion and future perspectives
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At the start of this PhD project in 2003, cryoablation was considered an ‘experimental’ 

treatment for small renal masses, and tumour ablative treatment was only performed in 

elderly patients, high-risk surgical candidates, and patients with impaired renal function or 

inherited forms of RCC. These initial cases showed that cryoablation has several advantages. 

For the surgeon, ablative therapies offer a less technically demanding minimally invasive 

alternative in the management of small renal masses compared with open or laparoscopic 

partial nephrectomy. For the patient, the advantages include a reduction in blood loss, 

shorter hospitalization, decreased postoperative pain, and a reduction in complication 

rates. This has lead to the introduction of cryoablation in the treatment algorithm of renal 

masses in both the European and American urological guidelines. 

The 2010 guidelines for RCC of the European Association of Urology (EAU) state 

“Patients with small tumours and/or significant co-morbidity who are unfit for surgery 

should be considered for an ablative approach, e.g. cryoablation or radiofrequency ablation 

(RFA)” [1]. 

The 2010 guidelines for T1 renal masses of the American Urological Association (AUA) 

[2] go one step further, and state that although partial or radical nephrectomy is the standard 

for T1 tumours (<7cm), cryoablation and RFA are ‘options’ in healthy patients. In addition, 

for patients with major comorbidities and/or increased surgical risk, cryoablation and RFA 

are a “recommendation” for T1a tumours (<4cm), and an “option” for T1b tumours (4-7cm). 

This thesis describes four aspects of renal cryoablation that needed further 

investigation in 2003: cryoprobe and thermosensor performance, histopathological 

diagnosis (biopsy results), clinical outcome, and follow up. 

10.1 Cryoprobe and thermosensor performance

When looking at cryoablation series in literature, the temperature reached during 

freeze cycles is almost never mentioned. Possibly, these centres do not even monitor 

intraoperative temperature. This might be because of the difficulty in truly mapping 

the temperature of the entire cryolesion and the ease of relying on the printed probe 

template supplied by the manufacturer [3]. However, as we and others [4] have shown that 

extrapolations of in vitro experiments to the in vivo situation have to be made with care 

(chapter 2). 

Even though there was a statistically significant difference between the performances 

of different cryoprobes, we hypothesize that this does not contribute to a clinically 

significant effect, especially since they are usually set up in a multiprobe configuration, 

which produces a more uniform isotherm than a single cryoprobe (chapter 2). 

Several studies have analysed correlations between patient/tumour characteristics 

and subsequent treatment failure. However, as far as we know no other studies have 
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reported on the effect of certain parameters on freeze rate or other intraoperative outcome 

measures as discussed in chapter 3. Of course, the most interesting question is whether 

such factors not only influence freeze rate and/or end-temperature, but also influence 

treatment outcome. For this, we need larger samples of recurrent or persistent disease 

data and longer follow up time. 

10.2 histopathological diagnosis

Non-diagnostic sampling is one of the most important problems in small renal masses 

(chapter 4). Although studies can contribute to finding the best biopsy technique, needle 

size, and optimum number of biopsies, a certain rate of non-diagnostic biopsies seem to be 

inherent to the nature of small renal masses. Additional or alternative methods of defining 

histology are necessary.

For laparoscopic cryoablation it is common to take intra-operative biopsies of the renal 

mass before freezing commences. We hypothesized that intraoperative postcryoablation 

biopsies might improve the ability of the pathologist to make a histopathological diagnosis. 

However, although a histological diagnosis was feasible and freezing effects were hardly 

noticeable, diagnostic accuracy did not improve (chapter 5). 

10.3 Clinical outcome

It would be helpful to be able to determine preoperatively which patients are the best 

candidates for cryoablation, i.e. who is at the lowest risk of complications and treatment 

failure. For proper patient and tumour selection, the following factors need to be addressed. 

10.3.1 Patient characteristics

Gender

Chapter 7 describes that the risk of a negative outcome is increased about twice for 

women. However, another study did not find a correlation between gender and risk of 

complications or failure to cure [5]. 

Comorbidity

Comorbidity is defined as any co-existing disease or condition that can affect the 

diagnosis, treatment, and prognosis for an index disease under study. Comorbidity is a 

negative prognostic factor for overall survival of patients with localized RCC, independent 

of age [6].  

In concordance with chapter 7, Vricella et al found a significant association between 

perioperative negative outcomes and the patients’ general comorbidity profile [7]. Our 
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study specifically attributed a higher risk to patients with a cardiac condition. However, a 

patient with a cardiac condition is not an ideal candidate for any surgical procedure. For 

this type of patient a percutaneous approach or active surveillance should be considered. 

Renal function

Patients undergoing partial or radical nephrectomy will have a 3-year probability 

of 20% and 65%, respectively, of developing chronic kidney disease (CKD) of any grade 

[8]. Therefore, a renal mass in a patient with renal insufficiency and/or a (functionally or 

anatomically) solitary kidney has an imperative indication for nephron sparing surgery to 

maximize renal function preservation [9]. 

Chapter 6 describes our functional results, showing that renal function was preserved 

in 84.5% of patients with normal preoperative eGFR. Analysis showed that baseline eGFR 

was the only predictor for developing renal insufficiency after 1 year of follow-up. In 

contrast to our results, Malcolm et al found a correlation between tumour size and the 

development of de novo CKD, in addition to the correlation with preoperative eGFR [10]. 

Turna et al compared the mean change in eGFR after LPN, LCA and RFA in a solitary 

kidney [11]. Although this study was non-randomized and selection bias may have skewed 

results, both ablation treatments offer renal function preservation that is equivalent to 

and possibly superior to PN. 

Quality of life

Many physicians (and possibly patients) still regard effects on QoL of minor 

importance when dealing with the treatment of cancer. However, the many treatment 

options for RCC have very individual side effect profiles which will in turn affect QoL in 

different ways. Research on the effects on QoL may enable healthcare professionals and 

their patients to choose the treatment based on their own, individual situation. 

The results of chapter 8 show that especially older patients and those with 

comorbidities experience a lower QoL during the first two weeks after surgery. In addition, 

older patients (>70 years) also experienced significantly more pain after surgery. 

10.3.2. Tumour characteristics

Tumour size

With increasing tumour size the risk of postoperative complications increases, and 

some suggest that cryoablation should be limited to tumours less than 3 cm in diameter 

[5,12]. Our own results show a 3.4-cm tumour cut-off predicts a negative outcome (chapter 

7). Sidana et al studied the complications occurring after percutaneous, laparoscopic 
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and open cryoablation, and found a 3.4-cm cut-off specifically for a higher chance of 

haemorrhage [5]. When treating larger tumours with a percutaneous approach the risk of 

postoperative complications may be lower [13]. Two reports noted that most complications 

during PCA are related to postoperative haemorrhages, which in turn is associated with an 

increased number of cryoprobes used for the ablation [7,14]. 

Tumour location

Tumour locations within the kidney can impose limitations on the ability to 

successfully and safely perform thermal ablative treatments. This is similar to the experience 

with partial nephrectomy, which is more difficult for central lesions. Endophytic tumours, 

especially those in close proximity to the renal hilum, are the most difficult to treat by 

cryoablation in terms of oncological efficacy [13,15,16]. This is probably due to difficulty 

with intraoperative targeting of endophytic tumours and the heat-sink phenomenon 

for tumours in close proximity of the renal hilum. In addition, hilar tumours are shown 

to cause significantly more haemorrhage compared with other tumour locations [17]. A 

recent article found that local failure was also significantly more common in upper pole 

tumours that were managed percutaneously [18]. In our multicentre study we did not find 

a correlation between tumour location and negative outcomes in the laparoscopic series 

(chapter 7). However, since our and other results are “hindered” by the low radiological 

recurrence rate (possibly due to the relative short follow up), this may alter in future. 

10.4 follow up

Surgical treatment of RCC by radical or partial nephrectomy provides well-established 

metrics for the definition of successful management. Pathological confirmation of RCC is 

obtained as well as margin status as an indicator of the completeness of excision. Thermal 

ablation therapies require alternative endpoints to measure treatment success. 

When first applying ablation therapies most hospitals performed numerous imaging 

studies during follow up since it was not known how and when residual or recurrent 

tumour would show itself. Performing three to four CT or MRI scans during the first year 

was no exception. These studies have lead to the two defining components of a successful 

ablation: loss of enhancement and decrease (or stabilization) in cryolesion size (chapter 9). 

However, (rim)enhancement in the first nine months after ablation is relatively common 

and usually disappears thereafter (chapter 9, [19]). Most studies show that residual tumour 

is discovered during the first year after ablation [20]. The timing of recurrent disease is more 

difficult to predict; longer follow up is needed for this. There is a need for clear consensus 

and evidence-based criteria for how or when post-treatment surveillance imaging should 

be performed. Furthermore, to be able to compare results between different institutions it 

is important that reporting standards are uniform [21]. 
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Routine posttreatment biopsy to define treatment success remains controversial. 

Weight et al [22] reported on the postablation biopsy outcomes in relatively large series 

of renal masses treated by either cryoablation or RFA, and compared them to the 

imaging results. Radiographic success after six months was 85% and 90% after RFA and 

LCA respectively; based on the biopsies this success was 64.8% after RFA and 93.8% after 

LCA. So the imaging results after cryoablation seem more reliable than those after RFA. 

Similarly, Gill et al performed postcryoablation biopsies in 63 patients, and found the only 

two with positive biopsies also had suspicious findings on the preceding MRI [23], so the 

additional value of these biopsies seems very limited after cryoablation.

10.5 Cryoablation vs other treatment options

To further define the position of cryoablation in the therapeutic armamentarium of 

small renal masses here a comparison of cryoablation with the other treatment options 

based on recent literature. When comparing different treatment options the following 

factors should be considered: oncological and functional outcome, complication rate, and 

secondly the costs and changes in quality of life after treatment. 

Cryoablation vs. partial nephrectomy

Partial nephrectomy (PN) is the gold standard for small renal masses. It is difficult 

to compare the outcomes of PN to cryoablation since no randomized controlled trials 

have been published. Furthermore, there is a significant selection bias in their application; 

a  meta-analysis showed that patients treated with partial nephrectomy are younger 

(60.1 years) and have larger tumours (3.4 cm on average) compared to patients treated 

with cryoablation (65.7 years, 2.6 cm) [24]. However, studies have shown an advantage of 

cryoablation over PN concerning blood loss, postoperative complications, operating time, 

renal function [11] and hospital stay [25,26]. Cryoablation also seems to have advantages 

when multiple tumours need to be treated, with patients treated by laparoscopic 

cryoablation (LCA) showing lower blood loss (125 vs. 200ml) and shorter hospital stay 

compared to the laparoscopic PN (LPN) group (52.3 vs. 90.0h)  [27]. 

Conversely, recent data suggest that surgical salvage of cryoablation-failures can be 

much more difficult than failures after LPN and that this is associated with significant 

complications [28]. This is possibly due to the fibrotic reaction within the perinephric 

space after cryoablation. However, the most common retreatment of cryoablation is 

repeated ablation. 
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Cryoablation vs. radiofrequency ablation

In contrast to cryoablation, RFA utilizes heat to ablate a tumour by transferring a 

high-frequency electrical current through needle electrodes into the target tissue. As one 

can see from the EAU and AUA guidelines, cryoablation and RFA are often mentioned 

together, and outcomes seem to be similar. Indeed, patients treated with RFA and 

cryoablation share similar demographics and selection criteria; however, there are some 

fundamental differences when comparing clinical results. 

Firstly, the approach; RFA is usually performed percutaneously, and cryoablation 

usually laparoscopically [24]. Most probably this has to do with the fact that the effect of the 

RFA cannot be made visible by intracorporeal ultrasound like the iceball in cryoablation. 

The type of physician applying the treatment also represents this difference in approach: 

laparoscopic approaches are performed by the urologist and percutaneous approaches by 

the interventional radiologist.

 Secondly, there is an increased occurrence of residual tumour and therefore 

number of retreatments after RFA (11.7%) compared to cryosurgery (4.6%) [24]. It is 

important to note, however, that the approach may be a relevant variable to consider here.  

When ablation studies were compared based only on approach, percutaneous studies 

had significantly higher incomplete ablation rates than laparoscopic studies (13% vs. 6% 

resp.) [29]. This pattern remains when percutaneous cryoablation studies are compared to 

laparoscopic cryoablation studies [17].

On the other hand, recent studies show that percutaneous RFA allows for a lower 

(major) complication rate and easier reablation than a laparoscopic approach, resulting in 

comparable final success rates after multiple ablations [28,30]. A literature review including 

755 patients treated with RFA of a small renal mass revealed a 86.9% success rate after one 

RFA session, and a final success rate (after a second or third session) of 93.8% [30].

A third distinctive difference when comparing the reports on RFA and cryoablation 

is the difference in known pathological results of the treated tumours. A meta-analysis 

showed that 42.8% of RFA series showed unknown or indeterminate pathology vs. 17.7% 

in cryoablation series [24]. Another meta-analysis, comparing surgical (i.e. laparoscopic 

or open procedure) to percutaneous renal tumour ablation (both RFA and cryoablation), 

shows that this may also be a consequence of the approach: biopsies were taken in 88% 

of surgical procedures, and 57% of percutaneous procedures [29]. In any case, the absence 

of known pathological results is a confounding factor when attempting to compare 

oncological outcomes. The category of tumours with unknown pathological results 

certainly includes a number of histologically benign lesions, thus, measures of treatment 

efficacy may be overestimated. 
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Overall, RFA and cryoablation are both well tolerated. Due to the difference in ablation 

technique one type of complication is rare in cryoablation and seen more common in 

RFA: injury to the collecting system leading to urinoma or ureteral strictures [31]. This 

is confirmed by experimental data where cryoinjury to the collecting system healed in a 

watertight manner without leading to urinary fistulas as opposed to RFA [32,33].

The true pros and cons of cryoablation and RFA will have to be investigated in 

randomized controlled trials. 

Cryoablation vs. active surveillance

Patients with incidentally discovered small renal lesions with a poor performance 

status are often excellent candidates for active surveillance. They require regular imaging 

follow up and defer invasive treatment unless or until their lesion demonstrates growth. 

A pooled analysis of small renal masses found a growth rate of 0.28cm per year, and if 

RCC, they have a very low rate of progression to metastatic disease during follow up and 

a low incidence of metastatic disease at presentation [34,35]. However, others have shown 

that in patients with localized RCC there is a small but significant risk of synchronous 

and metachronous metastatic disease and RCC-associated death [36]. A recent prospective 

study on active surveillance of 178 patients with 209 incidentally detected renal masses 

smaller than 4cm showed local tumour progression in 12% of patients and metastases 

in 1.1% (mean follow up 28 months) [37]. A major difficulty in most surveillance studies 

however is the lack of histopathological confirmation of malignancy.

Even if the risks of tumour progression are low, many patients are uncomfortable 

with the notion of leaving potentially malignant lesions untreated. They may experience 

significant anxiety and stress despite extensive physician counselling. In this patient 

population, renal ablation is a reasonable, less morbid option that offers patients the piece 

of mind of treatment while minimizing the risks. 

10.6 objectives for the future

Cryoprobe placement and intra-operative monitoring

Although the occurrence of residual tumours is low for cryoablation, it could be 

further lowered by precise cryoprobe placement, and more importantly, by better intra-

operative monitoring of the iceball and reached temperatures. 

Cryoprobe placement may be improved by real-time virtual ultrasonography. This 

technique allows the fusion of real-time ultrasound with preoperative CT-data allowing 

precise needle placement while reducing radiation exposure [38]. A promising method 

of intraoperative mapping of temperature is MR-thermometry [39]. These methods can 
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increase the accuracy of the clinical procedure, especially with the unpredictable heat-sink 

effect secondary to the random vascular distribution of the kidney [40]. 

In vitro and animal studies have been performed to try to improve the efficacy of local 

tumour destruction by combining cryoablation with other cell destructive therapies (i.e. 

chemo-, immuno- and antiangiogenic therapy) [41,42]. So far no clinical application has 

been shown in renal masses.

Additional or alternative methods of defining histology

For a long time a biopsy was not a ‘must’ in the diagnostic algorithm of renal masses. 

The indications for biopsy were dictated by local practice and investigative interest, or 

only performed to rule out metastasis of other malignancies, when a renal abcess was 

suspected or in the frame of metastatic disease to determine histological subtype. Beyond 

these indications they were not generally advocated mainly because of concerns about 

their accuracy [43]. 

There is an inverse relationship between tumour size and benign histology, thus 

smaller tumours are more likely to be benign [44]. Therefore, in patients receiving ablative 

treatment (indicated for tumours ≤4cm) the distinction between benign and malignant 

is especially important to reduce overtreatment and extensive radiographic follow up. 

Especially in the absence of final pathology a histological diagnosis prior to treatment is 

desirable and an increasing number of groups acknowledge this [43,45-47].

As stated earlier, non-diagnostic sampling when taking a biopsy is one of the most 

important problems in small renal masses and additional or alternative methods are 

necessary.

One of these methods could be optical coherence tomography (OCT). This technique 

allows 3-dimensional imaging using optical scattering of biological tissues; light directed at 

tissue is partially scattered back and partially absorbed depending on the optical properties 

of the tissue. This way a detailed image of the tissue can be obtained with a depth of 

1-2mm and a resolution of 10-30μm [48]. Although a preliminary ex-vivo study showed 

that distinguishing RCC from normal renal parenchyma is still difficult using OCT images 

[49], another report did show the ability of OCT to discriminate between the two by using 

the attenuation coefficient [50]. In vivo analysis will have to further investigate whether 

this technique can help the difficulty of determining histology of small renal masses.

A very interesting new development is that of molecular-specific optical contrast 

agents [51]. These agents consist of a ligand targeted to a known biomarker involved in 

carcinogenesis, which is conjugated to an optically active reporter. Optical imaging 

systems can then provide real-time visualisation of the histopathology on a subcellular to 

a whole organ level. For RCC most of this research is still experimental. 
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Patient selection

Many patients diagnosed with kidney cancer are >60 years and have multiple 

systemic diseases which may complicate surgical recovery [52]. Seeing the results regarding 

perioperative negative outcomes and QoL in older patients (especially those with 

comorbidities), they should be well counselled about advantages of active surveillance of 

small renal masses. At this point treatment of younger patients with cryoablation should 

be reserved as a secondary choice for highly motivated and well-informed individuals.

It has been repeatedly shown that ablation treatment is extremely effective in 

preserving renal function, so patients with already existing impaired renal function and/

or multiple renal masses remain ideal candidates. 

Laparoscopic vs. percutaneous

As mentioned above, most renal cryoablations are performed laparoscopically. As 

experience is gained, we will see a trend towards the percutaneous approach in an effort 

to be even more minimally invasive. This will also mean a transfer from the urologist to 

the interventional radiologist [53]. Collaboration between the two is recommended to 

combine the expertise of the radiologist with the imaging guided needle placement and 

the experience of the urologist in patient selection, post-procedure care and follow up.

In contrast to a laparoscopic cryoablation (LCA) a percutaneous cryoablation (PCA) 

can be performed in an outpatient setting under local anaesthesia and conscious sedation 

instead of under general anaesthesia. It has to be mentioned however, that although 

local anaesthesia leads to a shorter convalescence, general anaesthesia does provide more 

accurate needle position by decreasing patient movement and controlling respiration [54]. 

Furthermore, PCA seems to be less costly than the laparoscopic approach, mainly due 

to operating room expenses and long hospital stay in laparoscopic cryoablation [55,56]. 

However, a major drawback of all comparative cost studies is the different methodology, 

the small sample sizes, variations in costs included, and local factors (e.g. the costs for 

laparoscopy) making true comparisons extremely difficult. 

The optimal imaging method

Patients who opt for thermal ablation must understand the need for continued 

radiologic surveillance. The standard follow up of ablated tumours is done using serial 

cross-sectional imaging with CT or MRI. They both provide high resolution visualization 

of the cryolesion and, more importantly, of its blood flow (the enhancement). 

Optimal imaging of a renal tumour with CT requires represent a significant radiation 

exposure. Speculations are that the current use of CT may be responsible for up to 2% of 

cancers [57]. Furthermore, the nephtoxicity of iodinated contrast media is a problem in 
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patients with impaired renal function, and a certain percentage of people is allergic to 

contrast. 

MR imaging also has some limitations. It is contraindicated in patients with an 

implanted arthroprosthesis or pacemaker, and movement artefacts in poorly cooperating 

patients also limit its use. Moreover, major concerns have been raised regarding 

nephrogenic systemic fibrosis which may be associated with the use of gadolinium-based 

contrast agents in patients with chronic renal failure [58]. 

An inexpensive, readily available, non-nephrotoxic and non-invasive imaging 

technique with the ability to detect residual disease early after cryoablation would 

therefore be of great help. In this context, there may be a role for contrast-enhanced 

ultrasonography (CEUS). 

Ultrasound contrast agents consist of gas-filled microbubbles with a diameter smaller 

than a red blood cell which are injected intravenously [59]. In this way, real-time imaging 

of the (micro-)vasculature is possible. Since ablation treatments rely on the destruction of 

tumour-nourishing vessels (besides of course the tumour itself), CEUS makes it possible to 

assess the (absence of) perfusion in the ablated area. Follow up studies on CEUS after RFA 

show promising results [60-62]. In a feasibility study Wink et al [63] showed this technique 

can indeed be used to describe perfusion defects after cryoablation, and currently its 

potential role during follow up is under investigation. 
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