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Chapter 5

aBsTraCT

Purpose 

To evaluate the diagnostic feasibility and reproducibility of immediate postcryoablation 

biopsies of small renal masses.

materials and methods

Between December 2006 and July 2007, 21 intraoperative pre- and postcryoablation (18G 

core) biopsies of renal masses were obtained. Evaluation of the biopsies by the institutional 

uropathologist was followed by a blind assessment by two other uropathologists. Tumour 

subtype and Fuhrman grade were determined by the three pathologists, while biopsy 

timing (before or after cryoablation) was only assessed by the two blinded pathologists. The 

diagnostic yield of the pre- and postcryoablation biopsies and interobserver agreement 

were calculated.

results 

The mean size of the 21 cryoablated tumours was 2.8 cm. No significant bleeding occurred 

after any biopsy. Of the precryoablation biopsies 75 – 81% was correctly labeled as ‘precryo’, 

and 48% of the postcryoablation biopsies as ‘postcryo’. The diagnostic yield of the three 

pathologists for precryo biopsies ranged between 67% and 71%, and for postcryo biopsies 

between 48 and 71% (not statistically different). When combining both types of biopsies 

the overall diagnostic yield was 81% for all pathologists. The interobserver agreement was 

‘almost perfect’ (kappa = 0.902) for precryo biopsies, and ‘substantial’ (kappa = 0.514) for 

postcryo biopsies. 

Conclusion 

This study shows that it is feasible to obtain histopathological diagnoses from 

postcryoablation biopsies with a diagnostic yield and interobserver agreement similar to 

precryoablation biopsies. 
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inTroDuCTion

Laparoscopic assisted cryoablation (LAC) is currently recognized as a feasible and safe 

treatment option for small renal tumours [1]. After ablative procedures, however, there 

is no surgical specimen available and therefore the diagnosis relies solely on core biopsy 

samples or fine needle aspiration (FNA). Pathological confirmation is important since 

approximately 23% of renal tumours smaller than 4 cm are benign [2] and will not require 

further follow up. Furthermore, recent research suggests that major subtypes of renal cell 

carcinoma (RCC) have a different clinical course [3] and diagnosis may provide important 

prognostic information. 

A biopsy is usually taken intraoperatively before cryoablation commences. Problems 

with intraoperative biopsies of small masses are nondiagnostic sampling and the possibility 

of an intraoperative complication. Nondiagnostic biopsies - when only non-tumour tissue 

is sampled - are common for most series of cryoablated renal masses [4]. Risks involved 

in taking an intraoperative biopsy are tumour seeding and haemorrhage [5]. Seeding has 

only been reported incidentally after radiologically guided tumour biopsies, but the added 

potential risk due to the use of CO2 during the laparoscopic procedure is a point of concern 

[6]. Furthermore, bleeding can hinder the correct placement of the cryoprobes, and even 

a minimal precryoablation puncture site can be the origin of a postcryoablation capsular 

tearing or tumour fracture. 

Biopsies performed immediately after cryoablation may reduce these risks, is 

tumour morphology still recognizable after cryoablation, and can a correct and reliable 

histopathological diagnosis be made? The aim of the current study is to assess the 

diagnostic feasibility of immediate postcryoablation biopsies and their reproducibility. 

maTerials anD meThoDs

Between December 2006 and July 2007 pre- and immediate postprocedural biopsies 

were obtained in those patients treated by LAC or open cryoablation of an enhancing solid 

or mixed solid/cystic renal mass suspect for malignancy on cross sectional imaging. An 

argon-based cryosystem was used with 1.47 mm cryoprobes (type SeedNet® or IceRods®, 

Seednet Gold System™, Galil, Tel Aviv, Israel). 

After dissection of the perirenal fat, real-time laparoscopic ultrasound was used to 

identify the tumour. Under direct vision percutaneous ‘precryo’ core biopsies were taken 

from the renal mass using an 18G core biopsy system (Topnotch™, Boston Scientific, USA). 

The number of biopsies taken ranged between one and four, depending on whether the 

surgeon judged the tissue core as being sufficient for pathological assessment and avoiding 
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significant bleeding. Based on the work of Wünderlich et al.7 we tried to at least take two 

biopsies; one from the centre and one from the periphery of the tumour. Next, cryoprobes 

were placed and a double freeze-thaw cycle was performed (lasting 8 – 10 minutes) 

under intra-abdominal ultrasound guidance and using two thermosensors to check 

temperatures. Our aim was to let the iceball engulf the complete tumour plus 0.5 – 1 cm 

of healthy renal tissue, and lower temperatures in the rim of the tumour to at least -20°C. 

Following termination of the cryoablation, thawing of at least the superficial ice-layer, and 

removal of the cryoprobes, one to four percutaneous ‘postcryo’ biopsies were taken in the 

same way as the precryo biopsies..

All precryo biopsies of one tumour were processed separately from the postcryo 

biopsies, and were put onto separate slides. Each set of biopsies was routinely fixed in 

4% buffered formalin, embedded in paraffin and stained using hematoxilin and eosin 

(H&E). A biopsy was regarded diagnostic if sufficient tumour tissue could be identified 

to make a diagnosis. Those samples containing normal kidney tissue, connective tissue, 

blood, necrotic tissue or insufficient tumour tissue to make a diagnosis were considered 

nondiagnostic.

The institutional uropathologist (A) evaluated all biopsies according to standard 

criteria;8 pre- and postcryo biopsies of one tumour were evaluated simultaneously. 

Additional immunohistochemical (IHC) staining could be performed to reach a final 

diagnosis.

In a second phase, two uropathologists (B and C), blinded to the moment when the 

biopsy was taken (pre- or postcryoablation) and to the initial diagnosis of the uropathologist 

A, evaluated all sets of biopsies independently from each other. For this purpose all H&E 

slides of each tumour were provided. The pre- and postcryoablation biopsy sets were 

randomly ordered to avoid recognition by chance. Assessment included tumour type and 

subtype according to the same criteria used by uropathologist A, Fuhrman grade in cases of 

clear cell and papillary RCC. Further assessment included their opinion on when biopsies 

were taken: pre- or immediately postcryoablation. 

statistical analysis

Analyses were conducted using the statistical software package SPSS® version 14.0. 

To evaluate differences in diagnostic yield of the pre- and postcryoablation biopsies per 

pathologist the McNemar test for repeated measures was used. To determine a significant 

difference in diagnostic yield between pathologists the Pearson Chi Square test was 

performed. In all cases, the level of significance (p) was set at 5% (p < 0.05). 

To evaluate the measure of agreement between the biopsy diagnoses (divided 

into: malignant, benign and nondiagnostic) of the three uropathologists, we used the 
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generalized kappa statistic. The following interpretation of the kappa statistic was used: 

0.00-0.20, fair; 0.21-0.45, moderate; 0.46-0.75, substantial; 0.76-0.99, almost perfect; and 

1.00, perfect [9]. 

resulTs

Twenty patients with 21 renal tumours were treated with cryosurgery during the 

study period. Table 1 shows the patient and tumour characteristics. In each case lethal 

temperatures and complete engulfment of the tumour by the iceball was achieved. No 

complication occurred during any of the procedures, specifically no significant bleeding 

occurred after any of the biopsies. Table 2 shows the diagnoses made by the three 

pathologists and whether the biopsies were correctly labelled as pre- or postcryo by 

pathologists B and C. 

Pathologist A, evaluating the pre- and postcryoablation biopsy simultaneously, noted 

a degree of cellular and nuclear degeneration in the postcryo biopsies, particularly nuclear 

shrinking with hyperchromasia and eosinophilic granular damage of the cytoplasm, 

compared to the precryo biopsies. The severity of these postcryoablation changes varied 

from biopsy to biopsy. Figure 1 shows an illustrative example of the pre- and postcryo 

biopsies of a clear cell RCC. 

Eighty-one percent (17/21) of the precryoablation biopsies were correctly labeled as 

‘precryo’ by pathologist B, and 76% (16/21) by pathologist C. Forty-eight percent (10/21) of 

the ‘postcryo’ biopsies were labeled correctly by both pathologists. 

Differences in diagnostic yield between pre- and postcryoablation biopsies were not 

statistically significant for any of the pathologists. There was also no significant difference 

in diagnostic yield between pathologists. Diagnostic yield increased when pre- and 

postcryo biopsies were combined (table 3). 

The interobserver agreement regarding tumour type for the precryo biopsies was 

‘almost perfect’ (kappa = 0.902; 95% CI 0.713 – 1.090), and ‘substantial’ (kappa = 0.514; 95% 

CI 0.296 – 0.732) for postcryo biopsies. 

Grade assessment was only aimed at those papillary and clear cell RCCs. Grade 

was provided by pathologists in 75 – 100% and in 64 – 82% of the suitable pre- and 

postcryoablation samples respectively (table 4). The small number of cases precluded any 

statistical analysis. 
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Table 1 Patient and tumour characteristics

Patients 20

- ♂ : ♀
- Age (yrs), median (range)
- Approach:

LAC
Open*

16 : 4
69 (43 – 86)

19
1

Tumours 21

- Size (cm), median (range)
- Side:

left
right

- Location
lower pole
mid segment
upper pole

- Exophytic part (%), median (range)**

3.0 (1.0 – 4.5)

9
12

4
11
6

50 (0 – 90)

* In one case an open cryoablation was performed because of previous abdominal interventions and 
anaesthetic concerns.
** The exophytic part of a tumour is the part that extends beyond the normal delineation of the kidney as 
measured on cross section imaging.

figure 1 Pre- and postcryoablation biopsies

Pre- (left) and postcryoablation biopsy (right) of a clear cell renal tumour (20x). Besides some nuclear 
degeneration in the postcryoablation biopsy the tumour subtype is still recognizable. 
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Table 2 Histopathological diagnoses per tumour for the three pathologists

Pathologist a Pathologist B (blinded) Pathologist C (blinded)

Tumour Pre PosT Pre PosT Pre PosT

1 Onc Onc Onc* pRCCII gII-III Onc* Onc

2 ccRCC gII ccRCC gII ccRCC gI* RCC* ccRCC gI* RCC

3 ccRCC gII Nd ccRCC gI* Nd* ccRCC gI Nd

4 Nd Nd Nd Nd Nd Nd*

5 Nd Nd Nd Nd Nd* Nd*

6 ccRCC gII-III ccRCC gII-III RCC * Nd Nd Nd

7 ccRCC gII ccRCC gII ccRCC gI-II* ccRCC gI ccRCC gII* ccRCC gII

8 AML AML AML* Nd AML* Nd

9 ccRCC gI-II ccRCC gI-II Nd* ccRCC gI* ccRCC* ccRCC*

10 ccRCC gI ccRCC gI RCC Nd ccRCC gI* Nd

11 Nd Nd Nd Nd* Nd Nd*

12 Nd ccRCC gI Nd* ccRCC gI* Nd* ccRCC gI*

13 ccRCC gII ccRCC ccRCC gI* Nd* ccRCC gI* ccRCC gI-II*

14 Onc Onc Onc* Onc Onc* Onc

15 Onc Nd Onc * RCC gI-II* Onc* ccRCC gI*

16 Nd Nd Nd * Nd* Nd* ccRCC*

17 Nd ccRCC gII Nd RCC* Nd RCC

18 ccRCC gII ccRCC II ccRCC gI* ccRCC gI* ccRCC gII* ccRCC gI*

19 Onc Onc Onc* Nd Onc* Nd

20 ccRCC gI ccRCC gII chRCC* ccRCC gII ccRCC gII* ccRCC gII

21 pRCC gII ccRCC pRCCI  gI* Nd pRCCI  gI* ccRCC gI*

RCC: renal cell cancer; ccRCC: clear cell RCC; pRCC/pRCCI/pRCCII: papillary RCC, type I or II; chRCC: 
chromofobe RCC; onc: oncocytoma; AML: angiomyolipoma; Nd: non-diagnostic. 
The roman numbers behind the RCCs indicate the Fuhrman grade (g); if no roman number is stated, 
the pathologist did not provide a grade. The asterisks (*) indicate a biopsy correctly labelled as ‘pre’- or 
‘postcryoablation’. 
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Table 3 Diagnostic yield

Pathologist a Pathologist B Pathologist C p*

Precryo 15/21 (71%) 14/21 (67%) 14/21 (67%) 0.929

Postcryo 15/21 (71%) 10/21 (48%) 13/21 (62%) 0.284

p** 1.000 0.344 1.000

Pre + post together 17/21 (81%) 17/21 (81%) 17/21 (81%) 1.000

The diagnostic yield is given per pathologist for the precryo and postcryo biopsies, and when the independent 
results are combined. 
p* : level of significance (Chi Square) for the difference in diagnostic yield between pathologists. 
p** : level of significance (McNemar) for the difference in diagnostic yield between pre- and postcryo 
biopsies per pathologist.

Table 4 Fuhrman grading

Pathologist a Pathologist B Pathologist C

Precryo 10/10 (100 %) 6/8 (75 %) 8/9 (89 %)

Postcryo 9/11 (82 %) 7/9 (78 %) 7/11 (64 %)

The number of times and percentages in which the pathologists were able to determine the Fuhrman grade 
of clear cell and papillary RCCs before and after cryoablation.

DisCussion

The histopathological diagnosis of a tumour treated by cryoablation relies on core 

biopsies or FNA. In spite of recent series showing a high diagnostic yield for FNA [10], 

the urological community is still more acquainted and feels more comfortable with core 

biopsies as a reliable method [5]. In our setting, core biopsies are standard protocol for LAC 

and open cryoablation.

A haemorrhage after percutaneous renal biopsies is not infrequent, although clinical 

consequences are minimal [11]. Theoretically this risk should be lower during laparoscopy 

since haemostasis can be achieved under direct vision [12]. In the current series small 

bleeding was frequently observed at the biopsy puncture sites, but no significant bleeding 

occurred after any pre- or postcryoablation biopsy. No cases of tumour seeding were noted 

in our series, although follow up is relatively short for such assessment. 

Lambert et al. also studied the histological accuracy of pre- and postcryo biopsies [13]. 

Firstly they tested the feasibility of postcryoablation biopsies in a porcine model. Although 

the quality of the specimens deteriorated after cryoablation, the classic renal architecture 

remained recognizable. A subsequent clinical pilot study confirmed that diagnosis could 

be made in 70% of postcryoablation biopsies of renal tumours. 
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Chen et al recently did a similar study, but they analyzed the effects on histological 

interpretation when biopsies are taken between the first and second freeze cycle [14]. In 

eleven tumours they also found no significant difference between pre- and post-first freeze 

biopsies in microscopic characteristics and diagnostic yield.

In the present study 52% of the postcryo biopsies were erroneously identified as 

precryoablation by the blinded uropathologists, and pathologist A described a varying 

degree of cellular and nuclear degeneration in postcryoablation biopsies. This both 

confirms that in most cases cryoablation does not cause obvious histological damage. 

The question is whether in the remaining 48% diagnosis is impaired by the cryoablation, 

whether a higher percentage of these biopsies is nondiagnostic, and whether the results 

are reproducible. 

Main difference between the current series and the previously reported by Lambert 

et al [13]  is our lower diagnostic yield, in spite of the higher number of core biopsies taken 

in our study. The existence of nondiagnostic biopsy sampling of renal masses is well 

known; this is irrespective of the modality of guidance [11,15] and even occurs when taken 

in bench [7,16]. As we used the same gauge biopsy needle as Lambert et al [13], differences 

in diagnostic yield may respond to tumour size variations, skills in biopsy technique, or 

variability in diagnostic requirements among pathologists [16].

In our series the two blinded uropathologists had a slightly lower diagnostic yield for 

the postcryo biopsies. In spite of the lack of statistical significance, we can not dismiss 

the fact that the difference in diagnostic yield of pathologist B could have been of clinical 

relevance; based on precryo biopsies four more patients would have had a diagnosis 

compared to postcryo biopsies. Pathologist A, investigating the pre- and postcryoablation 

biopsies simultaneously, had a slightly higher diagnostic yield for both pre- and postcryo 

biopsies. This can be explained by the fact that the information gathered from the precryo 

biopsy may influence the evaluation of the postcryo biopsy of the same tumour, and vice 

versa. However, when combining pre- and postcryoablation diagnostic biopsies, the three 

uropathologists reached the same diagnostic yield. This can be attributed to the increased 

number of tissue cores available for each tumour. 

Because of the expected (small) changes in tumour architecture due to the 

cryoablation we also assessed whether this influenced interobserver agreement. Studies 

on interobserver variability for histopathological diagnosis of RCC are scarce. Ficarra et al. 

looked at the concordance for different subtypes of RCC at initial diagnosis and after slide 

revision [17]. Although the results were significantly affected by the year of treatment with 

different subtype classifications being introduced through the years, the concordance was 

‘substantial’ for the 121 most recent cases (between 1997 and 2000). Kümmerlin et al found 

that the interobserver agreement was ‘fair’ to ‘almost perfect’ for 62 in-bench biopsies of 
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renal masses depending on subtype [16]. In the current study the interobserver agreement 

is better for pre- than for postcryoablation biopsies, although both are in the range of 

the aforementioned studies. Disagreement was mostly due to nondiagnostic biopsies; 

the difference between benign and malignant tumours was agreed upon in all but two 

cases; tumours number 1 and 15. Possibly, these tumours show features of both RCC and 

oncocytoma, in which case IHC staining might have been useful [18]. 

Only pathologist A had the possibility of using immunohistochemical staining; the 

two other pathologists evaluated only H&E slides. We chose this approach for several 

reasons. Firstly, in only 12 of the 21 tumours IHC was possible; in the other nine not 

enough tissue was available. Secondly, there is no consensus about a standardized panel 

of IHC stains that should be performed. Lastly, overlapping morphological features occur 

in only a minority of cases, so we do not think the absence of IHC staining had a major 

influence on the diagnostic ability of the two blinded pathologists. 

Several studies have shown that the Fuhrman nuclear grade of RCCs may provide 

significant prognostic information, however, its interobserver reproducibility is only 

moderate [19]. This is due to the heterogeneity of tumours concerning grade, and especially 

difficult when based on the small amount of tissue in a biopsy [19]. In our series, there does 

not seem to be an apparent difference in the ability to grade pre- and postcryoablation 

biopsies. 

A limitation to our study is that the number of biopsies taken was not recorded or 

standardized. There may exist a correlation between this number of taken biopsies and the 

number of (non)diagnostic biopsies, although such analysis would probably need a larger 

series. Since biopsy attempts can yield e.g. mainly blood, our criterion was not the number 

of biopsies but the amount of tissue obtained. 

We also have to acknowledge that the number of cases included in the present series 

is small. However, our results confirm those of the previous series on this topic [13,14], and 

open the possibility to a more extended research. 

ConClusions

The current study shows that in the immediate phase cryoablation does not significantly 

alter histological architecture. The diagnostic yield of pre- and postcryoablation biopsies 

did not differ statistically significant, although nondiagnostic biopsies remain a problem. 

The interobserver agreement for postcryo biopsies was substantial, while it was almost 

perfect for precryo biopsies. Together these results confirm that postcryoablation biopsies 

can be used in clinical practise, although more research is needed before precryoablation 

biopsies should be abandoned. The ideal approach could be a fresh assessment of the 

precryoablation biopsies, with postcryo-sampling in case they are nondiagnostic. 
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