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Chapter 3

aBsTraCT

Purpose 

To present a procedural analysis of the cryoablations performed in our department for 

small renal tumours and to try to identify clinical parameters or factors that influence the 

freezing rate during the procedure.

Patients and methods 

We collected all data from the procedures performed in our department until August 

2007. Based on the intraoperative biopsy result, we grouped the cases in two groups: 

renal-cell carcinoma (RCC) and benign. We calculated the freezing rate in both groups and 

compared them. Finally, we performed a univariate and multivariate analysis to identify 

clinical parameters that significantly influence the freezing rate.

results

A total of 70 cryoablations of small renal tumours in 67 patients were performed during 

this period. From these, 56 procedures met the inclusion criteria and were analyzed further. 

The RCC group consisted of 48 cases (39 RCC and 9 lesions with a nondiagnostic biopsy) 

while 8 formed the benign group. There was no difference in the freezing rate between 

these two groups. Preoperative creatinine levels above 120 IU, diabetes mellitus, American 

Society of Anaesthesiologists score 3, and location of the tumour at the lower pole were 

found to increase the freezing rate. The only factor that significantly decreased the freezing 

rate was the presence of chronic obstructive pulmonary disease. The multivariate analysis 

showed that the location of the tumour and diabetes mellitus influence more significantly 

the temperature v time graph.

Conclusions

The freezing rate during cryotherapy of small renal tumours is significantly influenced by 

various clinical factors, while there are no differences in the freezing rate of those proven 

small malignant tumours and the small benign lesions.

 



41

3

inTroDuCTion

Advances in imaging modalities and their routine use in clinical practice have led to 

a significant increase in the incidental detection of small renal tumours [1]. The greatest 

incidence of these renal masses occurs in patients older than 70 years [2], in whom multiple 

comorbidities may preclude major surgery. 

Minimally invasive nephron-sparing procedures, such as laparoscopic partial 

nephrectomy, and various energy-driven ablative procedures aim to reduce operative 

morbidity and achieve comparable cancer control. Given that laparoscopic partial 

nephrectomy is technically demanding with a long learning curve, interest has been 

shown in other minimally invasive procedures. Among the various renal-ablative 

procedures, cryotherapy is one of the best studied and clinically tested, with short-term 

and intermediate-term data supporting its safety and efficacy in the management of small 

localized renal tumours [3].

The pathophysiologic mechanisms of cellular destruction caused by cryotherapy in 

different time phases have been and still are a field of study [4,5]. Experimental renal series 

and most large clinical series in humans show that destruction is ensured by achieving 

cytotoxic freezing temperatures of -40°C [6], with a double freeze–thaw cycle and 1 to 3.1 

cm ice-ball extension beyond the tumour margin [7-9]. Factors that may influence the 

freezing rate during cryotherapy, however, have not been investigated.

The aim of this study is to present a procedural analysis of the cryoablations performed 

in our department for small renal tumours and to try to identify clinical parameters or 

factors that influence the freezing rate during the procedure.

Patients and methods

Clinical data of all patients who underwent cryoablation for small renal tumours in 

our department from September 2003 until August 2007 were prospectively collected and

evaluated. In addition, procedural data were collected for each case and were analyzed 

further. Only laparoscopic (transperitoneal or retroperitoneal) cryoablations with at least 

one thermosensor placed central into the tumour were included in this study, while open 

cryoablations were excluded. Other exclusion criteria were incomplete procedural data, 

cases with additional cryoneedle placement or changes (in the position of cryoneedles 

during the procedure) the use of IceRods™ for freezing, and evidence of persistent/

recurrent tumour on imaging follow-up until August 2007. 

Depending on the histologic findings from the intraoperative tumour biopsies 

performed, two groups were formed: group 1, including those with documented renal-cell 

carcinoma (RCC) or those with a nondiagnostic biopsy finding, and group 2, including 

those with benign documented lesions (oncocytomas or angiomyolipomas [AMLs]).
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Statistical method

Descriptive statistics were performed for all cases in both freezing phases of the 

procedure to show duration of freezing in minutes, and mean and median temperatures 

reached in the centre of the tumour and at the peripheral thermocouple.

The first freezing phase was selected for further analysis because the initial temperature 

during this phase was expected to be the same in all the cases (normal body temperature 

was considered 36°C). 

The cumulative rate of temperature decrease for the first freezing phase was shown 

by drawing a summary curve for each pair of variables (time, temperature). This was done 

with a scatter plot of time against temperature with standardized measures of initial 

temperature at 36°C and time when temperature reached -20°C, -40°C and -70°C. 

Comparison was made between the two groups (RCC= nondiagnostic and benign 

lesions) for statistical difference (p<0.05). Further analysis was then performed only for 

the RCC group. 

Thirteen different variables that were considered as independent influence factors 

for the relationship temperature υ time were first checked in a univariate linear regression 

analysis. Statistical analysis was based on the slope coefficient of the regression line using 

the 5% as level of significance. These variables were: age in years (≤59, 60–79, ≥80), sex 

(male, female), side of tumour (right, left), location of tumour (upper pole, lower pole, 

interpolar), size of tumour in cm of largest dimension (≤1.9, 2.0–2.9, ≥3.0), preoperative 

creatinine level in IU (≤79, 80–119, ≥120), American Society of Anaesthesiologists (ASA) 

score, presence of monokidney (yes, no), presence of cardiopathy (yes, no), diabetes mellitus 

(yes, no), chronic obstructive pulmonary disease (COPD) (yes, no), use of anticoagulants 

(yes, no), and presence of hypertension (yes, no).

The influence of the possible determinants was also tested in a multivariate regression 

model. The test that there is linear relationship in the study group between the dependent 

variable (temperature) and the independent variables is based on the ratio of the regression 

mean square to the residual mean square, known as overall regression F test. All statistical 

analysis was done with the SPSS™ (version 12.0) software package.

resulTs

A total of 70 cryoablations of small renal tumours in 67 patients were performed 

during this period. From these, 56 procedures met the inclusion criteria and were analyzed 

further. A transperitoneal approach was performed in 44 cases, and 12 were performed 

retroperitoneoscopically. Group 1 consisted of 48 cases (39 RCC and 9 lesions with a 

nondiagnostic biopsy finding). Group 2 consisted of 8 benign lesions (7 oncocytomas and 

1 AML). Mean number of needles was 5.3 (range 3–8).



43

3

The procedural characteristics of the two freezing phases for group 1 are shown in 

Table 1. The mean duration of the first freezing cycle was larger (8.84 min) than for the 

second, but the temperatures reached in the central thermocouples were almost the same 

for both freezing cycles (mean values of -58.78C and -57.958C, respectively, and median 

value of -70°C for both). The temperatures reached at the periphery of the tumours 

were higher than the central ones, with the second freezing cycle having relatively lower 

nadirs (median of -41.00°C υ -35.50°C in second and first cycle, respectively). Procedural 

characteristics of the two freezing-thaw cycles for benign lesions are displayed in Table 2.

The overall rates of the temperature decrease in the freezing phase of the first freezing 

cycle for both groups are shown in Figure 1. Looking only at the graph of the RCC group, 

we see that the rate of temperature decrease is larger until it reaches -40°C (steeper slope 

of the curve), and then the decrease continues in a smaller rate. When comparing both 

curves, the graph indicates that the rate of the temperature decrease for the RCC group 

is larger until it reaches -20°C, but afterward it becomes larger for the benign group. The 

difference, however, is not statistically significant (p>0.05). The smoother (local linear 

regression) is selected, using Normal kernel with the same bandwidth multipliers. 

Independent factors that were found to influence the rate of temperature decrease 

for the RCC group are shown in the univariate analysis (Table 3). Of these, preoperative 

creatinine levels above 120 IU, diabetes mellitus, ASA score 3, and location of the tumour 

at the lower pole are shown to increase the freezing rate (significantly larger negative slope 

coefficient). The only factor found that significantly decreases the freezing rate is the 

presence of COPD. 

In the multivariate analysis (Table 4), however, it is shown that the location of 

the tumour and diabetes mellitus contribute more significantly to the multiple linear 

regression model and influence the temperature v time graph, because they have a 

statistically significant larger absolute standardized coefficient. In this analysis, F was 

measured 26.204.

Table 1 Group 1 (RCC and non diagnostic lesions) characteristics of the first and second freezing cycles

Duration  
1st freezing 
cycle (min)

Central  
temperature  
1st cycle (ºC)

Peripheral 
temperature  
1st cycle (ºC)

Duration  
2nd freezing 
cycle (min)

Central  
temperature  
2nd cycle(ºC)

Peripheral 
temperature 
2nd cycle (ºC)

n
Valid 48 48 44 48 48 44

Missing 0 0 4 0 0 4

mean 8,84 -58,07 -34,17 7,49 -57,95 -36,93

median 10,00 -70,00 -35,50 7,00 -70,0 -41,000

std. Deviation 2,19 19,14 21,30 2,49 18,53 20,96
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Table 2 Characteristics of the first and second freezing cycles in group 2 (benign lesions)

Duration  
1st freezing  
cycle (min)

Central  
temperature  
1st cycle (ºC)

Peripheral  
temperature  
1st cycle (ºC)

Duration  
2nd freezing  
cycle (min)

Central  
temperature  
2nd cycle(ºC)

Peripheral  
temperature  
2nd cycle (ºC)

N
Valid 8 8 6 8 8 6

Missing 0 0 2 0 0 2

Mean 9.21 -62.14 -15.00 8.92 -59.83 -15.50

Median 9.85 -70,00 -10,50 6.90 -66.50 -12.50

Std. Deviation 3,21 14,32 17,64 3,79 12,45 23,17

figure 1 Temperature (oC) decline during the first freezing phase with time (min) for the RCC group and 
benign group. 

The slope of the curve for the RCC group seems steeper until it reaches -20 oC, but after -20 oC it is steeper 
for the benign group. The difference, however, is not statistically significant (p>0.05). The smoother (local 
linear regression) is selected, using Normal kernel with the same bandwidth multipliers. 
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Table 3 Univariate analysis for independent influence factors

slope coefficient (±95% Ci)

study group’s temperature decline rate -14.721    -16.304, -13.138)

independent Clinical factors n

Age (years)                     ≤59                     14 -14.628    (-17.817, -11.438)

                                         60-79                   29 -14.926    (-16.903, -12.949)

                                         ≥80                      5 -13.823    (-17.914, -9.732)

Gender                           Male                   31 -15.686    (-17.777, -13.591)

                                         Female                  17 -13.562    (-16.054, -11.070)

Side of tumour             Right                    23 -14.674    (-16.797, -12.554)

                                         Left                    25 -14.888    (-17.220, -12.556)

Location of tumour    Interpolar                 22 -13.769    (-15.808, -11.731)

                                         Lower pole             14 -18.208*    (-21.520, -14.839)

                                         Upper pole             12 -14.716    (-18.065, -11.367)

Size of tumour (cm)     ≤1.9                    10 -13.997    (-17.883, -10.112)

                                         2.0-2.9                  19 -16.173    (-19.020, -13.326)

                                          ≥3.0                    19 -14.387    (-16.610, -12.163)

Preop. Creatinine         ≤79                     27 -14.514    (-16.977, -12.050)

        (IU)                           80-119                  16 -14.568    (-16.843, -12.294) 

                                          ≥120                    5 -18.559*    (-21.903, -15.294)

ASA score                       1                        7 -13.584    (-17.468, -9.700)

                                         2                      23 -13.690    (-16.058, -11.322)

                                         3                      18 -17.638*    (-20.406, -14.870)

Monokidney                 No                     45 -14.705    (-16.406, -13.003)

                                         Yes                      3 -16.057    (-19.897, -12.217)

Cardiopathy                  No                     32 -14.304    (-16.447, -12.160)

                                         Yes                    16 -15.477    (-17.807, -13.148)

Diabetes mellitus        No                     45 -14.664    (-16.230, -13.009)

                                         Yes                      3 -39.470*    (-40.450, -38.490)

COPD                            No                     44 -14.967    (-16.570, -13.364)

                                        Yes                      4 -12.539*    (-15.765, -9.312)

Anti-coagulants          No                     38 -14.789    (-16.612, -12.966)

                                        Yes                    10 -14.520    (-17.806, -11.233)

Hypertension              No                     37 -14.360    (-16.208, -12.512)

                                        Yes                    11 -15.960    (-18.205, -13.640)

CI = confidence interval; ASA= American Society of Anaesthesiologists; COPD= Chronic Obstructive 
Pulmonary Disease
* Significant influence on freezing rate 
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Table 4 Multivariate analysis of factors influencing freezing phase

Unstandardized 
Coefficients

Standardized 
Coefficients

95% Confidence  
Interval for B

Collinearity  
Statistics

 B Beta Lower Bound
Upper 
Bound Tolerance VIF

(Constant) 61,106 12,878 109,335

Time -15,528 -,890 -17,151 -13,906 ,929 1,076

Gender -,007 -9,207 8,118 ,712 1,404-,544

Side -9,209 -,118 -18,292 1,126 ,593 1,687

Location -9,930 -,209* -15,855 -4,004 ,517 1,934

Tumour size 3,421 ,068 -2,547 9,390 ,564 1,772

Age 7,742 ,121 -,508 15,992 ,487 2,054

Creatinine -6,732 -,105 -14,735 1,271 ,511 1,957

ASA -3,778 -,070 -10,838 3,282 ,470 2,129

Monokidney 6,160 ,044 -9,030 21,350 ,693 1,443

Cardiopathy -3,702 -,046 -14,229 6,825 ,461 2,168

Diabetes -37,397 -,183* -61,380 -13,413 ,583 1,715

COPD 7,765 ,063 -7,072 22,603 ,551 1,816

Anticoag 9,395 ,096 -2,704 21,495 ,526 1,900

Hypertension 8,903 ,101 -1,478 19,284 ,579 1,726

VIF = variance inflation factor; ASA = American Society of Anaesthesiologist; COPD = chronic obstructive 
disease
*Statistically significant

DisCussion

There is a paucity of data regarding the actual freezing rate during cryoablation of 

small renal masses. In this study, we aimed to define clinical factors that may influence the 

freezing rate during the cryoablation of small renal tumours. On a theoretical basis, this 

could provide a better understanding of tumour biologic behaviour and cellular reaction 

under freezing as well as identify conditions that could optimize tumour necrosis. 

Although nadir temperatures were available for both freezing cycles and for both 

central and peripheral thermosensors, we selected to analyze the first freezing cycle of 

the cryoablation to provide more homogeneity to our study group. In this cycle, the initial 

temperature can be considered the same for all cases (body temperature), while empirically 

we knew that the initial temperature of the second phase varies from case to case. In fact, 

there was a variation in the baseline temperature at which the second cycle was initiated 

corresponding to the clinical variation inherent to this type of procedures. In addition, 
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we used the measurements of the central thermocouple to avoid any bias caused from 

possible variations in the distance tumour margin–thermocouple that do exist when 

using the peripheral ones (even though our effort was always to keep 0.5 cm distance from 

tumour margin). Furthermore, because the initial goal in this peripheral sensor was to 

achieve at least a temperature of -20°C, no other end point temperatures were defined for 

this thermosensor, precluding the drawing of a freezing curve. 

Tumours were divided according to histopathologic results to determine possible 

differences in the freezing rate. Because the rate of false negative may be high in those 

tumours [10] and malignancy cannot be excluded, we analyzed those with a nondiagnostic 

biopsy finding together with the proven RCCs. 

During the first freezing cycle, adequate temperatures compatible with cellular 

necrosis were achieved in the centre of the tumours after 5 minutes of freezing and in all 

cases within 10 minutes of freezing. Similar temperatures were achieved during the second 

freezing cycle but, as expected, more rapidly. Freezing rates in the centre of the tumour 

were similar irrespective of the histopathology of the lesion. A consistent lower freezing 

rate was found in the periphery of the benign masses. These data, however, should be 

regarded with caution; the number of benign masses was small and slight variations in the 

position of the peripheral thermosensor could lead to a considerably lower freezing rate, 

because the isotherms dramatically vary with increasing distance from the thin IceSeeds™.

The univariate analysis showed a number of factors that increase the freezing rate. 

Most of them, including the higher baseline creatinine level, the ASA 3, and the presence 

of diabetes mellitus, are consistent with a decreased vascular perfusion in the kidney and 

could entail a lower heat sinking effect and more rapid achievement of lower temperatures. 

In the univariate analysis, COPD had a negative effect on the freezing rate. There is no 

direct pathophysiologic explanation for this. 

When tested in a multivariate analysis, our findings suggest that diabetes mellitus and 

the location of the tumour in the lower pole are the most powerful factors that influence 

the rate of temperature decrease by accelerating the freezing process. While the influence 

of diabetes seems logical because of the changes in the renal microvasculature inherent 

to this illness, the reason why tumours of the lower pole have a more rapid freezing rate 

is less clear. In spite of the fact that polar arteries are more frequently encountered in the 

upper pole, there is no evidence that differences exist in the vascularisation of both renal 

poles. 

Because the exophytic percentage of the tumours was not included in our analysis, we 

cannot rule out that the anatomic characteristics of the tumours with respect to the renal 

parenchyma (exophytic or endophytic) may be responsible for differences in the freezing 

rate related to the tumour location. 
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Our analysis also shows that the freezing rate does not depend on the size of the 

tumour, which could be explained by the use of the proper number of cryoneedles and 

their correct placement. The independent clinical factor in the univariate-multivariate 

analysis that has the greatest influence and more than doubles the freezing rate is diabetes 

mellitus. 

There are, however, some limitations in our study. First, there is a relatively small 

number of cases for the relatively high number of clinical risk factors investigated in our 

study. This can underpower the present study or cause a possible bias in the analysis. 

Second, the possibility remains that a different statistical method, such as logistic 

regression analysis, could have led to different results. Although the curve of the plot in 

the temperature decrease graph is not a straight line, it is not too far from being linear, 

while in our linear regression analysis the F was measured 26.204, showing that there is 

linear statistical relationship between temperature and the 14 evaluated factors. In support 

of this, that the largest variance inflation factor in Table 4 is 2.168, indicating an accepted 

multiple linear model.

ConClusions 

The present study shows that the freezing rate during cryoablation of small renal 

tumours is influenced positively or negatively by various clinical factors. Preoperative 

creatinine levels above 120 IU, ASA score 3, diabetes mellitus, and location of the tumour 

at the lower pole are shown to increase the freezing rate (significantly larger negative 

slope coefficient) in the univariate analysis. The only factor that significantly decreases the 

freezing rate is the presence of COPD. Diabetes mellitus and location of the tumour show 

also statistically significant influence in the multivariate analysis. There are no differences 

in the freezing rate of those proven small malignant tumours and the small benign lesions.
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