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Abstract 

 

Objective: To present the functional and oncological mid-term results of laparoscopic 

cryoablation of renal masses using third generation ultrathin (17-gauge[G]) cryoprobes.

Patients and methods: Consecutive patients with small renal masses treated by cryoablation 

from September 2003 to September 2008 were prospectively evaluated. The cryoablation was 

performed using multiple third generation 17-G cryoprobes after intraoperative mass biopsy. 

Data on serum creatinine measurements and cross sectional imaging (computed tomography/

magnetic resonance imaging) were regularly collected according to a previously determined 

protocol. Follow-up was censored in October 2009. 

Renal function analysis was based on estimated glomerular filtration rate (eGFR) at 1 year 

compared with baseline. Residual (or persistent tumor) and recurrence were defined as the 

presence of residual enhancement at first follow-up and ‘de novo’ enhancement of a non-

enhancing cryolesion at any time during follow-up. 

Survival data were analyzed using the Kaplan–Meier method. Best estimates for the overall 

survival (OS), recurrence-free survival (RFS), cancer-specific survival (CSS) and metastatic-free 

survival (MFS) were made for patients with renal cell carcinoma (RCC) and for patients with RCC 

or non-diagnostic biopsy.

Results: A total of 92 patients (100 tumors; mean size 2.5 ± 0.8 cm) were treated in 95 sessions. 

The mean follow-up was 30.2 ±16.6 months (Mean values are ±SD) 

Intraoperative biopsy showed RCC in 51 patients (53.7%), benign lesion in 23 patients (24.2%) 

and was non-diagnostic in 21 patients (22.1%). Three tumor persistences and four radiological 

recurrences were detected. 

The estimated mean RFS time and 3-year OS and RFS in patients with RCC exclusively were 47.8 

(95% confidence interval [CI]: 44.1–51.1) months, 86.1% (95% CI: 71.2–93.6) and 91.8% (95% 

CI: 6.3–97.3), respectively. The figures were slightly higher in the group of patients with RCC or 

unknown pathology. The actual CSS and MFS rates were 100%. Renal function was preserved in 

84.5% of patients with normal preoperative eGFR. Baseline eGFR was the only predictor of renal 

insufficiency development at 1-year follow-up.

Conclusion: Laparoscopic cryoablation with multiple ultrathin cryoprobes is oncologically and 

functionally effective at mid-term follow-up.
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INTRODUCTION

The recently published AUA guidelines on the management of clinical T1 renal masses 

consider thermal ablation to be a treatment option in healthy patients with T1a or T1b 

clinical masses, although in these groups it can be a suboptimal treatment. In patients 

with a T1a clinical mass with major comorbidities and increased surgical risk, however, 

thermal ablation is recommended [1]. Cryoablation has evolved over the years as 

a result of the implementation of intracavitary ultrasound and the development of 

different generation probes. First generation cryoprobes used liquid nitrogen as a 

freezing agent, while second generation incorporated the Joule–Thomson effect, argon 

as a freezing gas and the possibility of thaw using helium. Third generation cryoablation 

is characterized by ultrathin (1.47-mm/17-gauge [G]) cryoprobes [2]. These ultrathin 

cryoprobes are easily introduced into the kidney, minimize bleeding from the puncture 

tract and reduce the risk of renal fracture [3]. Although different ice ball sizes are 

available, the ablation zone achieved is smaller and therefore multiple cryoprobes [4], 

acting synergistically, need to be inserted [5]. The clinical safety of ultrathin cryoprobes 

is proven [6] but concerns about their efficacy might still exist. 

Mid- and long-term results for laparoscopic renal cryoablation (LRC) of small renal 

masses (SRMs) are scarce and mostly retrospective and, in the majority of series, 

large caliber cryoprobes were used [7–11]. In the present study we show mid-term, 

oncological and functional results for patients treated exclusively with third generation 

17-G cryoprobes.

 

PATIENTS AND METHODS

Consecutive patients with solid, contrast-enhancing SRMs suspicious for RCC were 

treated by cryoablation from September 2003 to September 2008. follow-up was 

censored in October 2009. The indication for ablation was based on clinical tumor size 

(T1a), comorbidity and

surgical risk. A prospective dataset collection included baseline patient and tumor 

characteristics, procedural data, complications, and follow-up assessment. The patients’ 

preoperative physical status was assessed using the American Society of Anesthesiology 

(ASA) score. Comorbidity was assessed using the Charlson Comorbidity Index (CCI) and 

the Charlson-Age Comorbidity Index [12,13]. The surgical protocol has
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been described previously [6]. The surgical approach (transperitoneal/retroperitoneal 

laparoscopic or open), depended on tumor location, history of previous renal or 

abdominal surgery and on anesthetic limitations. Real-time laparoscopic ultrasound 

was used to identify and confirm the tumor size. Intraoperative core tumor biopsies 

were obtained before ablation from the 5th case onwards. An argon-based cryosystem 

with 17-G cryoprobes (Seednet Gold System TM, Galil, Tel Aviv, Israel) was used in all 

cases. The number and type of cryoprobes placed (Ice SeedNet® or IceRod®), with in 

vitro −40°C isotherms of 17 mm× 8 mm and 34 mm× 14.5 mm, respectively, depended 

on tumor size and probe availability. To ensure temperatures of −40°C in the centre 

and at least 5 mm outside the periphery of the tumor, ‘Ice seeds’ were placed at a 

maximum of 8 mm apart. ‘Icerods’, available from 2006 in Europe, were only used in 

patients with tumors >30 mm in diameter and were placed 20 mm apart. In both cases, 

needles were placed at the periphery of the tumor. When necessary, a central needle 

was placed to cover the whole tumor volume. The tip of the needle was advanced a 

few mm beyond the deepest margin of the tumor. Intraoperative biopsy was considered 

nondiagnostic in the absence of tumor cells, if the cells were inconclusive for diagnosis 

and if only necrosis or normal renal parenchyma were present in the sample. 

Postoperative follow-up included cross sectional imaging (CT or MRI) at 3-month 

intervals in the first year, 6-monthly in the following two years, and yearly thereafter. A 

chest X-ray was performed yearly. Serum creatinine levels were measured on the same 

day of the imaging study. The cryolesions were evaluated for enhancement and their 

maximum diameter recorded. A residual tumor was defined as remaining enhancement 

at first cross sectional imaging control (3 months); rim or small focal enhancement 

were not considered to be a residual tumor, unless the area increased on subsequent 

imaging studies. Tumor recurrence was defined as newly developed enhancement after 

a period of lack of enhancement. Suspicion of residual or recurrent tumor warranted 

biopsy and/or retreatment. Continuous variables were tested for normality (Shapiro–

Wilk W-test). Normal distributions are given as mean ± SD. Ordinal and not normally 

distributed continuous variables are given as median (range) values. Renal function 

analysis was based on serum creatinine and estimated GFR (eGFR) values. eGFR was 

calculated using the Chronic Kidney Disease Epidemiology Collaboration formula [14]. 

Chronic kidney disease (CKD) was defined according to the National Kidney
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Foundation’s Kidney Disease Outcomes Quality Initiative guidelines (non- or mild CKD: 

eGFR >60 mL/min/1.73 m2; moderate CKD: eGFR =30–59 mL/min/1.73 m2; severe 

CKD: eGFR = 15–29 mL/min/1.73 m2; kidney failure: eGFR <15 mL/min/1.73 m2)[15]. 

Serum creatinine and eGFR baseline values were compared with those at 1-year follow-

up using a paired t-test after achieving normality of the differences with logarithmic 

transformation of the respective raw data when necessary. Repeated measures ANOVA 

with Bonferroni post hoc adjustment and repeated measures analysis of covariance 

(ANCOVA) models were used for multiple comparisons. Patient baseline characteristics 

(age, sex, tumor size, eGFR at baseline and presence of functional mono kidney) were 

tested with univariate and multivariate binary logistic regression analysis to identify 

potential predictors of renal insufficiency development after cryoablation. Survival data 

were analyzed per patient, using the Kaplan–Meier method. Best estimates for overall 

survival (OS), (local) recurrence-free survival (RFS), cancer-specific survival (CSS) and 

metastatic- free survival (MFS) were calculated based on the actual follow-up period 

of the study after excluding cases with residual tumor. CIs of all estimated values were 

set at 95% and P ≤0.05 (two-tailed) was considered to indicate statistical significance. 

The data were analyzed using SPSS 15.0 (SPSS, Chicago, IL, USA) and Stata/SE 8.0 for 

Windows (Stata Co, College Station, TX, USA).

RESULTS

A total of 92 patients (100 SRMs), with at least 1-year follow-up, or who died during 

the first year, were included in the study. Baseline patient and tumor characteristics 

and procedural data are shown in Table 1. There was a positive correlation between 

the maximum tumor diameter and the number of ‘ice seeds’ used (P <0.001), but there 

was no correlation between the number of ‘ice rods’ and maximum tumor diameter 

(P = 0.369). The mean follow-up period was 30.2 ± 16.5 months. Seven patients died 

from causes other than RCC at a median period of 10.5 (0.6–40.4) months. Of the 92 

patients, three (3.3%), showed residual tumor at first radiological control giving an 

immediate success rate of 97%. All three residual tumors were of unknown pathology 

(non-diagnostic biopsy) and received additional treatment (radical nephrectomy, partial 

nephrectomy and radiofrequency ablation [RFA]). RCC was subsequently confirmed in 

all cases (Table 2).



TABLE 1 Patient characteristics at baseline and tumor and procedural data

Patient baseline characteristics

 No. of patients 92

 Median (range) age, years  68,9 (38,8–91,3) 

 Sex, males (%)/females (%)  58 (63)/34 (37) 

 Race, African-Americans/all others  1/91 

 Median body mass index, kg/m2  26,2 (17,0–39,1) 

 Median (range) CCI score  1 (0–7) 

 Median (range) Charlson-Age Comorbidity Index score  4 (0–11) 

 Median (range) ASA score  2 (1–3) 

 ASA 1, n (%)  13 (14,1) 

 ASA 2, n (%)  53 (57,6) 

 ASA 3, n (%)  26 (28,3) 

 Median (range) serum creatinine level, µmol/L  78 (37–172) 

 Median (range) eGFR, mL/min/1,73 m2  79 (30–112) 

 Patients with renal insufficiency (%)*  22 (23,9) 

 Patients with a functional monokidney (%)  7 (7,6) 

 Patients with unilateral tumor (%)/bilateral tumor (%)  89 (96,7)/3 (3,3) 

 Patients with multiple tumors (%)  5 (5,4) 

    Same kidney (%)/both kidneys (%)  2 (2,3)/3 (3,1) 

Tumor characteristics

 No. of tumors 100

 Mean tumor size, cm  2,5 ± 0,8 

 Perioperative biopsy result, per tumor  

   RCC (%)  51 (53,7) 

   Benign tumors (%)  23 (24,2) 

   Oncocytomas 20

   Angiomyolipomas 3

   Non-diagnostic (%)  21 (22,1) 

   Unavailable (no biopsy) 5

Procedural characteristics

 No. of procedures 95

 Open†  

   Retroperitoneal (%)  2 (2,1) 

   Transperitoneal (%)  1 (1,0) 

 Laparoscopic  

  Retroperitoneal (%)  28 (29,5) 

  Transperitoneal (%)  64 (67,4) 

 Type of needle  

  ‘Ice seeds’ (%)  76 (80) 

  ‘Ice rods’ (%)  9 (20) 

 Median (range) no. of needles  

  ‘Ice seeds’  5 (3–8) 

  ‘Ice rods’  3 (2–4) 

Mean values are given as ± SD. *eGFR <60 mL/min/1.73 m2. †1 case elective because of previous lumbotomy 
and solitary kidney, 1 case during esophagus resection, 1 case conversion due to adherences.
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Radiological recurrence was found in four patients (4.3%) at a median time of 23 (6–37) 

months. Recurrences occurred exclusively in patients with documented RCC. They were 

retreated with percutaneous RFA, radical nephrectomy or partial nephrectomy.

Pathology confirmed RCC in the patient treated with RFA and 1.5 cm RCC foci in two 

more patients. In the fourth case only one 3-mm, non-vital RCC focus inside a blood 

vessel was found. Re-treated patients did not present abnormal enhancement areas 

in subsequent follow-up (Table 2). The estimated mean survival was 67.7 (95% CI: 

63.3–72.1), 66.3 (95% CI: 60.8–71.7) and 45.0 (95% CI: 40.3–49.6) months in the whole 

cohort, in patients with documented RCC or unknown tumor pathology (74 patients, 77 

tumors) and in patients with documented RCC (48 patients, 51 tumors), respectively. 

After excluding cases with residual tumor, the estimated mean RFS time in the total 

population, in patients with documented RCC or unknown tumor pathology and in 

patients with documented RCC was 69.8 (95% CI: 66.0–73.6), 68.9 (95% CI: 64.3–73.6) 

and 47.8 (95% CI: 44.1–51.5) months, respectively. The estimated 3-year OS and RFS 

of patients with RCC was 86.1% (95% CI: 71.2–93.6) and 91.8% (95% CI: 76.3–97.3) 

months, respectively (Figs 1,2). The estimated 3-year OS and RFS of patients with RCC 

or unknown tumor pathology was 90.4% (95% CI: 79.6–95.7) and, 94.4% (95% CI: 83.4–

98.2) months (Figs 1,2), respectively. The actual CSS and MFS was 100% since none of 

the seven patients died from an RCC-related cause and none developed metastases 

during follow-up. Paired serum creatinine (and eGFR) values before cryoablation and 

at 1-year after cryoablation were available for 73 patients. Based on baseline eGFR, 

58 out of 73 (79.5%) were classified as non- or mild CKD and 15 (20.5%) as moderate 

CKD patients. The median serum creatinine level in these 73 patients was 78 (37–172) 

μmol/L before cryoablation and 83 (45–250) μmol/L at 1-year after cryoablation. A 

significant mean postoperative increase in serum creatinine level of 10.2% (95% CI: 

6.8%-13.6%; P <0.001) was detected. The respective median eGFR values were 82 

(32–112) mL/min/1.73 m2 at baseline, and 73 (20–106) mL/min/1.73 m2 at 1 year. A 

significant ( P <0.001) mean postoperative decrease of 7 mL/min/1.73 m2 (95% CI: 5–9) 

was detected. This decrease was clinically translated into three distinct subgroups of 

patients (Fig. 3): (i) those who developed ‘de novo’ moderate CKD (eGFR: 57 (38–59) 

mL/min/1.73 m2; n=9/58; 15.5%); (ii) those who maintained renal sufficiency or mild 
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Figure 1 Kaplan–Meier estimates of OS for patients with RCC exclusively 
(red line) and for patients with RCC or non-diagnostic biopsy (black line)

Figure 2 Kaplan–Meier estimates of RFS for patients with RCC exclusively 
(red line) and for patents with RCC or non-diagnostic biopsy (black line)
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Figure 3 Evolution of the mean eGFR at 1 year after cryoablation 
compared with baseline eGFR. Data from 73 patients with serum 
creatinine measurements at baseline and 1 year after cryoablation. 
Renal function according to the five categories of the Kidney Disease 
Outcomes Quality Initiative (KDOQI) [15]

TABLE 2 Description of the primary tumor characteristics of those patients who presented with a persistent 
tumor (primary failure) or recurrent tumor

Patient Time, 
mo*

Size of 
initial 
tumor, 
cm

Side Location Endo-/
exofitic 
(%)

Biopsy  
initial 
tumor

Retreatment Second 
pathology

Solitary 
kidney

Persistent tumors

1 3 3,3 Right Upper 75/25 ND Nephrectomy Clear-cell RCC, 
30 mm

No

2 3 1,6 Left Middle 60/40 ND LPN Clear-cell RCC 
15 mm

No

3 3 3,5 Right Upper 100/0 ND RFA Clear-cell RCC 
(biopsy)

Yes

Recurrent tumors

1 37 3,8 Left Mid 50/50% RCC OPN Clear-cell RCC 
16 mm

Yes

2 6 3,5 Left upper 50/50% RCC Percutaneous 
RFA

RCC Yes

3 24 4,5 Right lower 25/75% RCC OPN Clear-cell RCC 
3 mm

No

4 22 3,1 Right mid 50/50% RCC Nephrectomy Clear-cell RCC 
15 mm

No

*Time to diagnosis of tumor recurrence or length of tumor persistence. ND: non-diagnostic;  LPN: 
Laparoscopic partial nephrectomy; OPN: Open partial nephrectomy.
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TABLE 3 Predictors of renal insufficiency, identified by a multivariate logistic regression model, at 1 
year after cryoablation 

Variable Regression 
coefficient 

Standard error Odds ratio 95% CI  P 

Age, years  0.111 0.085 1.117 0.945–1.321 0.195 

Sex* −0.768 1.400 0.464 0.030–7.212 0.583 

Tumor size, cm −0.891 0.960 0.410 0.063–2.692 0.353 

eGFR −0.163 0.058 0.850 0.759–0.951 0.005 

Monokidney†  3.516 2.231 33.637 0.425–2663.671 0.115 

Constant (b0) a 6.125 1315.952 0.241 

*Reference category: male. †Reference category: no mono kidney. Hosmer and Lemeshow test: P= 
0.854 

CKD (eGFR: 86 (62–106) mL/min/1.73 m2; n=49/58; 84.5%); (iii) those who remained 

insufficient (eGFR: 42 (20–52) mL/min/1.73 m2; n=15/73; 20.5%). Two of the third 

group of patients progressed to severe CKD, although no renal replacement was 

required. The decrease in postoperative eGFR was significant within subgroups (P 

<0.001) and the decreases differed significantly between subgroups (P <0.001). The 

latter differences became insignificant when tested in an ANCOVA model adjusting 

for age, sex, tumor size and presence of a solitary kidney. The eGFR at baseline was 

the only significant predictor of renal insufficiency development after surgery, in both 

univariate and multivariate logistic regression models (Table 3).

DISCUSSION

The recent AUA guidelines clearly define the role and limitations of thermal ablation 

in the treatment of clinical T1a and T1b masses. Caution is recommended because 

the local recurrence rate is higher than after surgery, success measurement is not yet 

well defined and surgical salvage, when necessary, may be difficult [1]. High short-

term success rates have been reported for LRC, mostly with second or third generation 

cryoprobes or with a combination of both types [16]. Reports on mid-term oncological 

and functional results with third generation ultrathin probes are limited [7–11]. 

Currently, only one peer review publication supports long-term (5 years) oncological 

efficacy in a relatively large group of patients treated with second-generation 

cryoprobes [17]. The definition of success in ablative techniques is almost exclusively 

based on radiological criteria and cryoablation

seems to be a safe technique [18,19]. Nevertheless, a clear distinction between
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incomplete ablation (primary failure/ persistence) and recurrence has not yet been 

made, leading to wide variation in results. Residual disease at 3 months is encountered 

in 0 to 6% of the series on LRC with second and/or third generation cryoprobes [8–

11,17]. In the present series, 3% of the tumors showed persistent enhancement at the 

first radiological follow-up and these were, therefore, incompletely treated. This fact 

underlines the need for early cross-sectional imaging control. All three tumors were 

initially treated laparoscopically and the perioperative biopsy could not detect RCC. 

Further treatment documented the presence of a RCC in all three cases, supporting 

the need for follow-up of of those tumors that have non-diagnostic biopsy or unknown 

histology. During follow-up, four patients (four tumors) with documented RCC, 

presented ‘de novo’ enhancement at the cryolesion site.

Radiological enhancement in the previously non-enhancing ablated zone and growth 

during follow-up, defined as a local recurrence, appear in 3.7 to 13.5% of patients 

in those series with mid- and long-term follow-up [8,10,11,17]. In the present 

series, biopsy was not performed as all four patients fulfilled recurrence criteria [18] 

and justified a new interventional treatment, even in the absence of histological 

confirmation. Whether biopsy could have avoided surgery in the only patient where a 

cluster of non-vital RCC was found inside a vessel remains uncertain. A positive biopsy 

in non-enhancing cryoablated lesions has not been described, but no information exists 

on the accuracy of a negative biopsy after cryoablation in an enhancing mass [19]. It is 

our policy that a strong radiological suspicion prompts intervention after cryoablation, 

even in the presence of a negative biopsy. Further attempts to define anatomically or 

procedurally reliable risk factors for recurrence were impossible because of the low 

recurrence rate. The estimated 3-year OS and RFS was calculated in the sub-population 

of patients with biopsy-documented RCC and in the subpopulation of patients with 

biopsy documented RCC or tumors with nondiagnostic biopsy. This was because we 

assumed that some subjects with a ‘nondiagnostic’ biopsy still harbored RCC, as was 

the case in the three patients with residual enhancement. Corresponding values for 

the second sub-population may overestimate OS and RFS, because of the presence 

of patients with a benign lesion, but it is equally true that values for the first sub-

population underestimate OS and RFS because some patients with cancer are missed. 

Consequently, the actual figures lie somewhere between the aforementioned 
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estimates. As in other series, OS was lower than RFS [17]. In the present series no 

patients died of cancer or developed evident metastasis during follow-up. This reflects 

either a careful staging at baseline or the slow progression course of the disease. Death 

by competing causes was noted, as expected in an elderly population with known 

morbidity. We do acknowledge that an argument for active surveillance can be inferred 

from those data, although no prospective series has yet proven that this policy offers 

the same results in terms of OS and CSS. Patients deemed to be candidates for active 

surveillance are generally older than in our series [20]. An additional point of concern 

is the preservation of renal function. Most statements on cryoablation functional safety 

are based on serum creatinine levels after cryoablation. However, serum creatinine 

level is not a good indicator of renal function and it is influenced by factors such as 

race, sex and body mass index [15]. Although a direct serum creatinine clearance 

measurement was not regularly performed in our population, there was enough 

information to calculate eGFR before and after cryoablation, according to a recently 

validated formula [14]. Despite the limitations, this approach reflects more precisely 

the changes in renal function than a simple serum creatinine level measurement. 

According to eGFR more patients than previously suspected were deemed to have renal 

insufficiency, which might have affected ASA adscription and CCI score [11,12]. The 

mean postoperative decrease in eGFR (7 mL/min/1.73 m2; 95% CI: 5–9) was statistically 

significant but hardly clinically relevant in our series. From those with eGFR ≥60 mL/

min/1.73m2 at baseline, 15% were rendered moderately insufficient and only 13.3% of 

the preoperatively moderate CKD patients progressed to severe CKD. Although these 

data are consistent with published results [17,21], a progressive deterioration of renal 

function in the long-term cannot be ruled out. Not surprisingly, eGFR level at baseline 

was the only statistically significant predictor of renal insufficiency development after 

cryoablation, both in univariate and multivariate logistic regression models (i.e. patients 

with lower eGFR were found to be at a greater risk for renal insufficiency). Our data 

suggest that the comorbid conditions already present at the moment of the ablation 

may be more important than the renal damage caused by the cryoablation. The main 

limitations of the present study include the estimates used to assess renal function 

outcomes, the absence of 1-year serum creatinine measurements in all the initially 

treated patients and the presence of non-diagnostic biopsy in 22% of the tumors. 
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A true GFR was not included in the prospective study and could have been 

cumbersome to assess in all patients. With respect to the second point, after excluding 

those re-treated or deceased during the first year, some patients had renal function 

assessed by their general practitioner or referring specialist. We chose to include only 

those assessments performed in our central laboratory to minimize variations in range 

and measurement. Although high, the non-diagnostic biopsy rate in our series does not 

exceed the reported figures in the literature for LRC (0 to 30%) [6,10,11,22–25]. This 

fact is justified by the small size of the tumors, the strictness of our diagnostic criteria 

and the inter-observer variability among pathologists [26,27]. To overcome false 

conclusions in oncological terms, a separate analysis according to the diagnostic biopsy 

category was presented. In conclusion, LRC of SRMs has a low primary failure rate. The 

estimated 3-year OS and RFS were 86.1% and 91.8% for patients with documented 

RCC. These figures improve slightly when patients with non-diagnostic biopsy are taken 

into consideration. All failures or recurrences were salvaged by thermal ablation, partial 

or radical nephrectomy resulting in an actual CSS and MFS of 100%. Few patients with 

normal eGFR developed moderate renal insufficiency at 1-year. Baseline eGFR was the 

only predictor of postoperative renal insufficiency development.
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