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where are we now?
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abstract
Purpose of review. To review the most recent literature concerning renal mass biopsy 
with special consideration to three points: variation in results related to the standard 
used as comparison, biopsy in SRM (up to 4 cm in diameter) and the case for non-
diagnostic biopsy.      
recent findings. The overall rate of failed and indeterminate biopsies shows a trend 
for improvement. However, selection bias and the lack of a uniform index test for 
comparison preclude a definitive statement. Fine needle aspiration may equal results 
of CB but its role in the diagnostic algorithm is not yet defined. In vivo accuracy 
decreases in SRM with the same limitations exposed for the overall literature on renal 
mass biopsy. 

When non-diagnostic biopsies are considered there is a need for standardization 
of the nomenclature in order to compare results. Re-biopsies or surgery after a non-
diagnostic biopsy shows malignity, in most to 75% of the cases of RCC.      
summary. There is a trend in increasing interest and accuracy on the subject of PNB of 
renal masses as well as a decreasing trend in the rate of non-diagnostic biopsies. In the 
SRM, most likely to be benign, a diagnostic PNB may have a definitive role. However 
the higher rate of non-diagnostic results in this population calls for prospective studies 
with standard definitions and when possible homogenous index test to properly assess 
the diagnostic performance of the biopsy.

M. Pilar Laguna, Intan Kümmerlin, Jorge Rioja and Jean de la Rosette 

Department of Urology, Academic Medical Center, University of Amsterdam, 
Amsterdam, The Netherlands. 

Published in Current Opinion in Urology, 2009



10 

Biopsies and Cytological Punctures 137

IntroDuctIon
Preoperative diagnostics of RCC rely on cross-sectional imaging: four- phase CT-scan 
and MRI. The radiology literature is replete with detailed descriptions, allowing 
radiologist to classify the majority of cystic masses as benign or malignant. When a 
renal mass has imaging characteristics of malignancy, a diagnosis can be rendered with 
such confidence that, as long as the tumour is resectable, surgery is advised.

Biopsy has not been “a must” in the diagnostic algorithm of the renal masses and 
it has traditionally been reserved for dubious cases to either exclude or confirm origin 
in metastatic disease. This fact is nicely illustrated in two recent surveys on the current 
practice regarding the use of PNB as a diagnostic tool in renal masses. A national UK 
survey on the use of preoperative biopsy in indeterminate renal masses shows that 43% 
of the consultants never use biopsy in the preoperative diagnostic setting, 34% always 
use it and 23% only in selected cases [1].  Major reasons argued by the responders were 
the presence of false negative results and they believe that a biopsy will not change the 
management. Among urologists interested in endo-urology, 56% never obtain renal 
biopsies in a preoperative setting and 42% only obtain them in rare cases [2]. 

However, increasing insight into the disorder and changes in the clinical presentation 
of kidney tumours as well as changes in the surgical and systemic treatment of the RCC 
justify a renewed interest in the PNB as diagnostic tool [3-5]. 

Biopsy of a renal mass is primary a diagnostic test and consequently has to be 
rigorously evaluated [6]. The performance of a diagnostic test in terms of sensitivity, 
specificity and accuracy should be assessed, strictly speaking, in a comparative manner 
with the index tests. If the aim is to determine biology (malignant or benign), subtype 
and grade of the tumour, the best and only index test for a fair comparison is the 
pathological diagnosis of the surgical specimen. Furthermore a diagnostic test is 
only of value if it prompts changes in management or his results drive the choice of 
therapeutic policies.        

We hereby review the most recent literature concerning renal mass biopsy with 
special consideration to three points: variation in results related to the standard 
used as comparison, biopsy in SRM (up to 4 cm of diameter) and the case for non-
diagnostic biopsy.

bIoPsy oF rEnal massEs: ImProvED DIaGnostIc 
accuracy? 
Besides the numerous nonstructured reviews on the subject, when analyzing the 
diagnostic performance of the PNB in renal masses, we have to refer to the excellent 
meta-analysis published in January 2008 by Lane et al. [7]. Furthermore some recent 
articles not included in that review will be mentioned.  
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Percutaneous core renal biopsy
The above mentioned meta-analysis on imaging guided PNB, compiles a total of 37 
articles, including 32 clinical studies (in vivo biopsies) and 5 studies on in-bench 
biopsies. Only for the latter a 100% of histological confirmation by means of surgical 
specimen is available. Results are chronologically divided in two periods: before 2001 
and from 2001 onwards. For the purposes of the analysis the 2.474 renal mass biopsies 
before 2001, were reassessed and the accuracy of the test accordingly calculated. 
Definitions on failed (“inability to obtain sufficient amount of tissue for diagnosis”) 
and indeterminate biopsy (“no definitive diagnosis possible using the available tissue”) 
were provided. Accuracy was calculated based on the number of successful biopsies. 

Accuracy in distinguishing benign from malignant tumours of 88.9% was revealed 
for all series published before 2001, and of 96% for those from 2001 onwards. Those 
figures suggest an improvement in the performance of the biopsy as a diagnostic test. 
However, different reference standards or index tests have been used in the different 
articles included in this review. Among the reference standards used to compare the 
results of the biopsy were the histo-pathological analysis of the surgical specimen 
as well as clinical or radiological follow-up in the absence of confirmative surgery. 
During the period before 2001, excluding those ex vivo biopsies studies, surgery was 
performed in overall 49.5% of the cases previously biopsied while from 2001 onwards 
this figure increased to 54%. Because a selection bias was most likely driving the 
choice of the index test, it is difficult to affirm whether this improvement in accuracy 
is marginal and of clinical relevance.  As the absence of radiological growth does not 
preclude the presence of malignancy [8], accuracy may have been overestimated in 
those series in which the index tests applied was radiological stabilization or absence 
of clinical progression. 

Overall accuracy of PNB in those studies in which biopsy was performed in bench 
and consequently a pathological specimen was always available as an index test was 
between 76% and 100% before 2001 and of 88% (range 76%-100%) for those studies 
after 2001, both slightly lower than the improved accuracy figure after 2001. Those 
results again suggest that accuracy may be slightly overestimated in the clinical series. 

As interesting as the data on accuracy is, the proper definition of the nondiagnostic 
biopsies provided raises a critical appraisal. Biopsy failure is defined as the absence of 
tissue for diagnosis; indeterminate biopsy as the impossibility to define the biology 
of the cells present in the sample and inaccurate biopsy as the sum of false positive 
and negatives. Both biopsy failure and indeterminate pathology rates decreased in 
the modern period in the in vivo studies from an average of 8.9% to 5.2% and from 
5.5% to 3.8% respectively. In the period before 2001 two ex vivo studies, with a very 
low rate of failed biopsy and a moderate rate of indeterminate disorder were included 
in the overall rate, which reinforces an even more prominent trend in improvement. 
Once the ex vivo studies before and after 2001 are compared, no improvement in the 
rate of biopsy failures or indeterminate pathology is seen. Furthermore the advocated 
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improvement may also be modulated by the distinct number of biopsies included in 
the two periods in the in vivo studies (2.218 before 2001 and 362 from 2001 onwards).

It is worth mentioning some recent articles published after the above review. 
Schmidbauer et al [9], performed preoperative CT-guided PNB in a series of 78 non 
cystic tumours, more than half of them ≤ 4 cm. CB did not provide enough material 
for analysis in 3% of cases. Reference standard was the surgical specimen in all cases 
and consequently accuracy could be assessed without any bias. A sensitivity of 95%, 
specificity and PPV of 100% and an excellent NPV of 83% were reported for the 
preoperative biopsies.  

One additional series [10] aimed to assess diagnostic accuracy and impact of the 
PNB in the management of renal masses. Masses with indeterminate radiological 
characteristics were included in this retrospective study. Seventy CB were performed 
in 66 patients by means of US guidance in all but 4 cases. The biopsy was diagnostic 
in 87% of cases and non-diagnostic in 13%. The authors did not find any difference 
in long term outcomes between indeterminate masses diagnosed as RCC by imaging 
guided biopsy and those RCC diagnosed by cross sectional imaging alone. 

The meta-analysis also shows that imaging guided biopsy has an overall accuracy 
of 94% in identifying histological subtypes [7]. Fuhrman nuclear grade was correctly 
determined in 70% to 85% of the cases [11,12] irrespective of the tiers used. In all 
discordant cases the grade recorded at biopsy was within 1 grade of the one assigned 
at the surgical specimen. Discrepancies are most likely due to the well known 
heterogeneity of the RCC.  Those figures are confirmed in the most recent studies [9]. 

Accuracy of PNB can also be subjected to inter-observer and intra-observer 
variability. Kümmerlin et al performed in bench CB with an automatic 18G needle, in 
62 specimens after PN or RN [13]. Five pathologists blinded to the definitive diagnostic 
assessed twice the HE-stained biopsies. Between 8% and 16% of the samples were 
judged inadequate for diagnosis and in 0% to 8% of the cases the pathologist could 
not discriminate between malignant or benign tumour. Accuracy ranged from 77% 
to 90% with a diagnostic yield varying between 84% and 92%. Histological subtype 
was correctly identified in 64% to 81% of the CB. Interobserver agreement was fair to 
perfect and intraobserver agreement was substantial. Pathological subtype was highly 
reproducible with the exception of cRCC.

Percutaneous Fine needle aspiration or cytological puncture 
FNA of the kidney may be an excellent diagnostic tool when used in the appropriate 
setting. It has been advocated that FNA is easier to perform, has lower morbidity and 
may result in higher accuracy than PNB.

Nevertheless reports on FNA for renal masses regarding diagnostic accuracy and 
applicability are contradictory [14-16]. FNA is usually performed under radiologic 
guidance and its accuracy in distinguishing benign from malignant lesions ranges from 
73%-94% [17].  
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Accuracy and reproducibility of FNA was studied by 5 pathologists without special 
training in renal cytology by the Amsterdam group [18]. FNA samples were assessed 
twice with a 6 months interval and without any training in between. The number of 
non-diagnostic and non-conclusive FNA ranged from 5-14% in the first round with a 
trend to improve to 3-8% in the second round. Overall accuracy varied between 73% to 
89% and 71% to 91% for the first and second round, respectively. Sensitivity (72%-97%) 
and positive predictive value (93%- 100%) to classify a malignant tumour were high 
in both rounds. This study strongly suggests a potential role of FNA in the diagnostic 
work up of renal tumours although its value in subtype classification was limited.

Schmidbauer et al also studied the value of FNA in 44 cases [9]. The sample was 
inadequate for diagnosis in 11% of the cases. Sensitivity, Specificity and PPV were high 
although PNV was lower than for the CB. Those authors abandoned the practice of 
FNA because of the higher percentage of inadequate sampling when compared with 
CB. Other authors find even higher rates of inadequate sampling (20%) and a very low 
specificity and PNV (14% respectively) [19]. 

The controversy on the value of FNA is not yet solved and justifies why at the 
present time, if biopsy is indicated, 90% of the urologists prefer histology CB over 
cytological pucture [2].

bIoPsy oF small rEnal massEs
Defining the performance of the diagnostic biopsy in SRM is of outmost importance. 
Histological diagnosis remains a matter of concern in SRM mostly due to the higher 
percentage of benign masses when compared with the overall population with 
renal tumours but also because SRM are increasingly diagnosed in older and fragile 
population. In those patients an accurate diagnostic biopsy may have prognostic 
implications and definitely lead to changes in the management depending on age and 
co-morbidity.

The number of studies regarding the value of the biopsy in the SRM is still scarce 
as the subject has just gained interest in the last years. Most of those studies are 
retrospective and hindered by the lack of histological confirmation. The latter however 
has to be accepted as a limitation derived from the clinical characteristics of the 
population and will be difficult to overcome even in prospective studies.

In general biopsy sensitivity decreases and failure rate increases as the mass 
decreases.  Lechevallier et al reported a biopsy failure rate of 37% (11 out of 30) in 
tumours ≤ 3 cm versus 9% (4 out of 43) in tumours larger than 3 cm (p= 0.006). Median 
tumour size in the failed biopsies was 3.0 cm vs. 4.8 cm in successful biopsies (p=0.03) 
[20]. Rybicki et al confirmed these figures reporting highest sensitivity (97%) and NPV 
(89%) in 42 masses of 4-6 cm vs. sensitivity and NPV of 84% and 60% respectively in 
the 31 masses between 1 to 3 cm [21]. However in their series these differences did not 
reach statistical significance. 
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Larger tumour size and solid pattern were significant predictors of a diagnostic 
result in a retrospective series with OD (95% CI) of 6.0 and 5.9 respectively [25].

Due to the interest and low number of articles on the subject of SRM, all of them 
are included in our review [11, 18, 22-26].  Series including SRM in a substantial 
percentage but not exclusively will be discussed separately [9, 20, 27,28]. 

Table 1 displays the results of PNB in SRM for those series including exclusively 
masses ≤ 4 cm but in the series of Shanon that included masses less than 5 cm [26]. 

As expected in those SRM, histological confirmation is obtained in 20% to 78% of 
cases, a lower percentage than in the general series on renal mass biopsy [7]. 

Non-diagnostic biopsies, either because of technical failure or inconclusive/
indeterminate disorder, do exist in all studies and this figure seems to be higher than 
in general series [7]. In the in vivo studies overall rate of non-diagnostic/failed biopsy 
is 9%-37%. In the in bench study, in which a visual control of the mass was present the 
range is narrower. Although the evidence is low, in the absence of comparative series 
it seems reasonable to accept that the rate of non-diagnostic biopsies is higher in SRM. 

Accuracy for the diagnostic of carcinoma is high but may be subjected to individual 
variability as for the non-diagnostic rate [13-18]. Furthermore the biopsy technique 
may also influence accuracy. Wunderlich et al demonstrated that in masses lesser than 
4 cm the accuracy of a central biopsy is 83.3% and of a peripheral core is of 75%. 
Accuracy increases to 96.7% when both, a central and a peripheral biopsy are taken.  

Table 1. Results of biopsy in SRM.  Size : * mean, ** median. ♦ All samples evaluated by 5 pathologists; 
only first round considered.

authors
type
study 

size
(cm)

Guidance/
type of 
biopsy 

no. of 
biopsies

Pathology 
confirmed

non 
diagnostic/ 
failed accuracy

changed 
management

Neuzillet 
[11] P 2.8 * CT

CB 88 70.4%

Insufficient 3 
(3.4%)
Inconclusive 5 
(5.6%)

90%
47.8%

Rybikowsky 
[22] R ≤ 4 CT 66 78% 12  (18% ) Cancer 91%

Benign 57% 6.3%

Thuiller  
[23] R 2.47 *CB 53 60% 12 (23%) Sensitivity 96%

Specificity 100% 25%

Wang  
[24] R 2.7 * 60% CT

40% US 110 34% 9 (9.1%) 100% NA

Volpe  
[25] R 2.4 **

US 45%
CT 11%
US/CT 44% 
CB

100 20% 16 (16%) 84% diagnostic 
yield NA

Shanon  
[26] R < 5

2.9 **
CT 
CB 222 59%  51 (22%) 100% biology

98% subtype 34%

Kümmerlin
♦ P ≤ 4 

3.5 **
In Bench
FNAC 30 100%  2 to 5 (7% to 

17%)

Cancer 67% -93%
Benign 33%-100%
Overall 67% -87%

NA
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Two biopsies, one peripheral and another central should be recommended. In case of a 
single CB this study supports the performance of a central biopsy [12].  Neuzillet et al 
[11] reported a low percentage of insufficient biopsies after taking two peripheral cores. 
These authors recommend to place the tip of the needle 0.1 cm outside of the tumour 
to avoid displacement of the tumour.   

The biopsy incidence of malignant lesions ranges from 53% to 75% and benign from 
10% to 31% [11,24,25] confirming the figures offered by PN in case of small masses 
[28].  Differences in incidence rate among the different studies may be attributable to 
population (mass) heterogeneity as well as to selection bias because of the retrospective 
nature of some studies. 

Subtype determination is possible in those SRM biopsies in up to 93% of the 
malignant masses although IHC may be necessary in a considerable number of cases 
for a correct identification of the different RCCs [25]. Grading is also possible in 68% 
of the biopsies [25]. Concordance in subtyping between biopsy and surgical specimens 
is high, in the range of 90.7% to 100% although the number of operated tumours from 
which these data is gathered is low [22,25]. As for studies in larger masses concordance 
for Fuhrman grade is in general lower than for sub-type (60% to 100%) [22, 23, 25].  

In SRM the change in the therapeutic approach prompted by the preoperative 
biopsy, accounts for 6.3% to 47.8% of the cases [11, 22, 23, 26]. Once again comparison 
among series is hindered by the lack of uniformity in what “changes in management” 
actually means. Although it seems obvious that surgery is spared in case of a benign 
biopsy or metastatic lesion, changes in technique (e.g. PN instead of RN) are more 
likely driven by the size and location of the mass rather than by the results of the 
biopsy. Also in patients with the diagnosis of malignancy who did not undergo surgery 
because of co-morbidity or advanced age, the biopsy could have been spared. 

At least four additional studies including only partially small masses present similar 
diagnostic accuracy and incidence rates of malignant and benign lesions [9, 20, 27, 28]. 

Lechevallier et al [20] in a series of 73 biopsies with 41% of the tumours included 
smaller than 3.0 cm found a 21% of with insufficient material for diagnosis. Their 
accuracy in histopathology was 89% and in Fuhrman grade determination 78%. 

Lebret et al [27] reported on a retrospective study of 119 biopsies in 106 small or 
equivocal renal masses. In their setting this figure represents 25% of all masses treated 
in a 6 years period.  Mean tumour size was 33 mm  and 70% of the masses were  ≤ 4 cm. 
Percutaneous CT-guided biopsy provided sufficient material for diagnosis in all cases. 
Nevertheless still 21% of the biopsies were inconclusive. Mean size of the inconclusive 
biopsies was 22 mm and that of the conclusive biopsies was 33 mm although non 
statistically significant. In their hands biopsy results altered clinical treatment in 30.4% 
of the cases which did not undergo surgery or had a non-renal malignancy. However 
when surgery was required biopsies did not influence the choice between PN and RN.  
Surgery was performed in 64 cases showing a correlation of 86% for histological type 
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and of 46% for the 4-tiers Fuhrman grade. Concordance in grade improved to 74% when 
lesions were classified as low grade (Fuhrman 1 or 2) and high grade (Fuhrman 3 or 4). 

Reichelt et al [28] performed US guided PNB in 30 homogeneous non-cystic 
masses. For a relatively small tumours mean tumour size of 29 mm (+/- 11.3 mm) and 
a high percentage of benign tumours diagnosed (26.7%) the rate of failed biopsies was 
16.7% (n=5) and overall accuracy calculated at 83%. As the number of histological 
confirmation in this series reaches 80% overall accuracy seems highly consistent.     

thE ProblEm (anD thE FatE) oF thE non- 
DIaGnostIc bIoPsIEs
Reluctance in performing biopsy in case of a renal mass may be justified in case of a 
large solid mass with proven contrast enhancing, due to the higher PPV and NPV of 
the cross sectional imaging. Conversely the biological results discussed above support 
a rationale for a prospective assessment of the accuracy of the PNB in the SRM. 

As mentioned in the introduction section the assessment of a diagnostic test is 
a difficult task requiring strict definitions. In this review it became evident that in 
spite of the accuracy of re-assessment by Lane et al [7], there is still a variation in 
how accuracy is calculated and overall definitions of a non-diagnostic biopsy vary 
widely in the literature [7]. Furthermore a critical evaluation of those re-biopsies or 
surgeries performed after a non-diagnostic biopsy shows ultimately a high percentage 
of malignancies, most of them RCC. Only after clarification of this matter will the real 
performance of the test be critically assessed and its role in clinical practice properly 
framed.          

There are two main sources of non-diagnostic biopsies for both, CB or FNAC [29]:
»» Failed»biopsy: insufficient cellular material to make a diagnosis.
»» Inconclusive»biopsy»or»indeterminate»pathology: when the pathologist cannot make 
a biological diagnosis, including those cases in which the available material is not 
sufficient for IHC.

In the review of Lane et al the rate of biopsy failure ranges from 0% - 22% (average 
8.9%) in the studies published before 2001 and from 0% to 18% (average 5.2%) in the 
studies from 2001 onwards. The rate of indeterminate pathology ranges from 0% to 36% 
(average of 5.5% including ex vivo studies) and 0% to 7.7% (average 3.8% excluding ex 
vivo studies) for before and after 2001 respectively. An improving trend seems evident 
when comparing both time frames although no statistics were available [7].  

Reasons for the overall decrease in the rate of failed and indeterminate biopsies may 
be a more reliable technique (e.g. completed learning curve, better radiological guidance, 
higher quality biopsy needles, use of coaxial techniques, and better logistics in case of 
FNAC) and increasing availability and knowledge of IHC. As a matter of fact IHC may be 
needed in up to 50% of the CB to reach a conclusive diagnostic of RCC [25].         
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Possible causes of a failed biopsy are: erroneous sampling, evidenced by the presence 
of normal kidney or other type of cells than tumour and technical issues related to the 
displacement of the mass or excessive penetration of the needle during firing. Possible 
causes of indeterminate pathology are tissue handling (e.g. exceeding morcellation) 
and the inherent morphology of renal tumours (e.g. necrosis, pseudofibrotic capsule, 
cellular heterogeneity). 

Individual variations among pathologists do not only influence the rate of 
indeterminate or inconclusive biopsies but also the estimation of the amount of 
material sufficient for diagnosis. This has been elegantly illustrated in three ex vivo 
series. The rate of biopsy failure was 0% in the study of Dechet et al but indeterminate 
pathology biopsy for the two pathologists involved was 11% and 17% [30]. More 
recently Kümmerlin et al assessed the in bench inter and intra variability of 5 dedicated 
pathologists regarding CB and FNAC [13,18]. Samples containing normal kidney 
parenchyma, blood, necrotic tissue and insufficient tissue to make a diagnosis were 
considered inadequate (= failed/ non diagnostic) and those containing sufficient 
tumoural tissue but in which pathologist could not decide between malignant or 
benign were regarded as non-conclusive (= indeterminate).  For the CB the rate of non-
diagnostic biopsies ranged from 8% to 16% and the rate of non-conclusive ranged from 
0% to 8% [13]. For the FNAC the rate of non-diagnostic and non-conclusive biopsies 
ranged from 5% to 14% [18]. This rate range was 7% to 17% when masses ≤ 4 cm were 
separately analyzed [18].        

In addition to individual diagnostic rate variations, the classification of the biopsies 
as diagnostic or not is conflictive in some series. As such, biopsies containing normal 
kidney or fibrous tissue only are considered diagnostic and classed among the benign 
result in some cases [24] while in others are considered as indeterminate.       

Recently Shannon et al [26] described a strict and adequate definition of a non-
diagnostic biopsy. This definition supports and completes criteria followed in previous 
series [9, 13, 18, 25, 27].

Whether failed or indeterminate a biopsy»should»be»considered»non-diagnostic when:
 » There is insufficient material for analysis
 » Sample contains only normal renal parenchyma
 » Sample contains only fat or fibro-fatty connective tissue
 » Sample contains only necrotic tissue or blood clot
 » Sample contains only inflammatory or fibrotic tissue.

Very frequently non-diagnostic biopsies contain normal renal parenchyma.  
Neither non-diagnostic nor indeterminate biopsies should be considered as a benign 
lesion. Otherwise the literature shows that a very high percentage of the repeated biopsy 
or surgeries performed after a non-diagnostic biopsy are ultimately malignancies. 
The fate of these non-diagnostic or indeterminate biopsies submitted to surgery or 
re-biopsy, in the most recent series, is depicted in Table 2. In the consulted series 
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46.4% of the non-diagnostic biopsies were re-biopsied or the masses directly managed 
by surgery. More than ¾ of those operated or re-biopsied, and ultimately 1/3 of the 
initially non diagnostic biopsies) were proven malignant, most of them RCC. However 
a selection bias, mainly clinical suspicion, in those cases submitted to re-biopsy or 
surgery may not be ruled out.   

table 2 Outcome of the re-biopsy or surgery in non-diagnostic biopsies. * specified as carcinomas in the 
original article.

no. of 
biopsies

non-diagnostic
biopsies

re-biopsy /surgery malignancy

Lechevallier [20] 73 15 failed 4 re-biopsy
3 surgery

3RCC
3RCC

Neuzillet [11] 88 3 failed
5 inconclusive

2 surgery
3 surgery

2 RCC
3 RCC

Lebret [27] 119 25 inconclusive 12 re-biopsy
3  surgery

10 RCC + 1 metastasis 
2 RCC *

Shanon [26] 235 50 non diagnostic 12 re-biopsy
10 surgery

5 RCC + 1 TCC
7 RCC + 1 TCC

Wang [24] 110 10 indeterminate 2 surgery 2 RCC

Volpe [25] 100 16 non diagnostic 2 re-biopsy 1 RCC

Somani [9] 70  9 non diagnostic 1 re-biopsy
5 surgery

1 RCC
3 RCC

Reichelt [28] 30 5 failed 4 surgery 4 RCC

Schmidbauer [9] 78 2 2 not specified 2 RCC

Total 903 140 65 
(46.4% of the non- diagnostic )

 51 (78.5 % of the re-
biopsies or surgeries)

conclusIons
There is a trend in increasing accuracy of PNB of renal masses and a decreasing rate of 
non-diagnostic biopsies although the clinical significance is still unknown. In SRM in 
which a diagnostic PNB may have a definitive role, high accuracy has been shown but 
non-diagnostic rate are higher than in larger masses. Standard definitions concerning 
non-diagnostic biopsies and homogeneous index tests to properly assess the diagnostic 
performance of the biopsy are urgently needed.
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