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Abstract 

Renal biopsy is being increasingly proposed as a diagnostic tool to 
characterize small renal masses (SRM). Indeed, the wide adoption 
of imaging in the diagnostic workup of many diseases had led to 
a substantial increased incidence of SRM (diameter ≤4 cm). While 
modern ultrasound, computed tomography (CT) and magnetic reso-
nance imaging (MRI) techniques have high sensitivity for detecting 
SRM, none is able to accurately and reliably characterize them in 
terms of histological features. This is currently of key importance in 
guiding clinical decision-making in some situations, and in these 
cases renal biopsy should be considered. 

In this review, we aim to summarize the technique, diagnostic 
performance, and predicting factors of nondiagnostic biopsy, as 
well as the future perspectives. 

Introduction

The detection of renal masses has been constantly increasing 
in the past several years.1 The adoption of imaging within 
the diagnostic workup of patients with abdominal and/
or pelvic symptoms is the major reason for this increased 
incidence. At present, most renal masses are incidentally 
detected by means of imaging in the form of ultrasound (US), 
CT, and MRI. However, except for large typical angiomy-
olipoma, these tests alone cannot accurately characterize 
renal tumours, especially in the case of SRM — defined as 
all renal masses with a diameter < 4 cm; 40‒70% of  inci-
dentally discovered renal tumours are SRM.2

As a consequence, SRM management is challenging and 
percutaneous renal biopsy is being increasingly proposed 
for tissue sampling to allow better characterization. In the 
past, the acceptance of renal biopsy has been limited in 
light of concerns about safety, accuracy, and, ultimately, 
impact on clinical decision-making. There are currently a 

number of reasons for which characterization of SRM by 
renal biopsy would potentially be a step forward in our 
management. First, 20‒30% of SRM are benign and would 
not need active treatment if one would be able to accurately 
and reliably characterize them without extirpative surgery.3,4

Second, distinguishing the origin of renal tumour leads to 
obvious differences in management, whether the renal mass 
represents a primary malignancy or a secondary location of a 
distant malignancy. Third, in case of malignant renal tumour, 
distinguishing the histological subtype and aggressiveness 
might have an impact on treatment allocation. Partial 
nephrectomy is considered the gold standard for treatment 
of malignant SRM, although novel approaches are emerging 
in selected subgroups of patients. Active surveillance and 
ablation therapy, such as cryotherapy and radiofrequency, 
may represent valid alternatives in patients who are not fit 
or refuse surgery. In this review, we summarize the role 
of renal biopsy in SRM with particular focus on rationale, 
technique, diagnostic performance, and predicting factors of 
nondiagnostic biopsy, as well as future perspectives. 

Rationale for renal biopsy for small renal masses 

The rationale for renal biopsy is to provide a histological 
diagnosis in order to guide adequate management. Despite 
improvements in US, CT, and MRI, imaging alone is not suf-
ficient for characterizing SRM. The introduction of contrast-
enhanced US (CEUS) using injectable microbubbles has sub-
stantially improved the use of US in renal masses. A recent 
meta-analysis including 880 patients assessed the diagnostic 
accuracy of CEUS in distinguishing benign from malignant 
renal masses.5 The authors found a sensitivity and specificity 
of 0.88 (95 %C=0.85-0.90) and 0.80 (95 %CI=0.75-0.85), 
respectively. The area under the receiving operating char-
acteristic curve was 0.92. However, the use of US seems 
to be closely related to the size of the lesion, with small 
lesions being very difficult to diagnose and characterized.6

Therefore, in SRM the role of CEUS alone is limited. 
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Multiphasic multislice CT has been considered the stand-
ard imaging test for characterizing renal masses in the last 
three decades. A complete protocol includes unenhanced, 
arterial, nephrographic, and excretory phases. In one retro-
spective analysis, multiphasic CT had an accuracy of around 
80% for distinguishing renal clear-cell carcinoma from other 
renal cell carcinoma sub-types and oncocytoma.7 However, 
these findings need to be verified prospectively, and mul-
tiphasic CT alone cannot be used, at present, for determining 
histological subtype or aggressiveness of SRM. 

MRI performance is currently considered comparable to 
multiphasic CT for SRM characterization. MRI also has addi-
tional use in patients with SRM deemed indeterminate on US 
or multiphasic CT.8 The use of multiparametric MRI using 
functional sequences has further enhanced the role of MRI 
in renal masses assessment. Recently, multiparametric MRI 
has been used to distinguish renal cell carcinoma subtypes, 
as well as detect angiomyolipoma and oncocytoma. 

Novel imaging modalities might also play a role. Early 
data show that SPECT/CT has specificity of 95% and sensitiv-
ity of 83% for distinguishing oncocytic tumours from renal 
cell carcinoma variants.9

Finally, the use of positron-emission tomography (PET) 
with labelled antibodies to differentiate clear-cell carcino-
ma from others SRM has been reported in a phase I trial.10

The results showed a sensitivity and specificity of 94% and 
100%, respectively. 

Despite the evolution across imaging techniques, correct 
characterization cannot be reliably obtained with any one of 
these in SRM. When knowledge of histology might change 
management, renal biopsy should be contemplated. 

Renal biopsy technique

Modern percutaneous renal biopsy is a standardized proce-
dure with few complications reported.11 It is recommended 
to sample SRM with at least two in-target cores under US 
or CT guidance. While US has the advantage of real-time 
imaging guidance, CT is more useful for deeply located 
lesions. The procedure is performed in the outpatient set-
ting under local anaesthetic and with no antibiotic cover-
age. Using a coaxial technique or direct puncture with a 
17-Gauge cannula, 18-Gauge automatic or semi-automatic 
biopsy needles can be safely inserted for tissue sampling 
in a free-hand fashion. The advantage of the coaxial tech-
nique is that multiple needles can be inserted using only 
one needle tract for introducing the cannula. While it is 
not used systematically and cannot replace renal biopsy, 
fine-needle aspiration (FNA) may have an additional value 
in case of cystic lesions. 

In the past, one of the concerns limiting the spread of 
renal biopsy was the possibility of seeding in the biopsy 
trajectory. Although few cases have been reported in the 

literature,5,12  no cases of seeding have been reported when 
a coaxial technique is used.2,13-21

Complication rate of the procedure is low, at around 1%. 
Bleeding represents the most frequent complication, which 
usually results in a subcapsular or perinephric haematoma 
requiring no interventional treatment. 

Diagnostic performance 

A number of large series have recently assessed the diag-
nostic performance of renal biopsy in SRM (Table 1). Each 
series included a median of 105 patients (IQR 83‒150) with 
a median tumour volume of 33 mm (IQR 27‒40). When 
reported, a median of 89% of patients had solid lesions, 
with a minority of 11% presenting cystic lesions. The median 
rate of diagnostic renal biopsies was 86%, with a diagnosis 
of malignancy in a median of 79%. In other words, when 
performing biopsy, diagnosis could be obtained in over four 
patients out of five. Nondiagnostic biopsy is the result of 
either insufficient material to establish a diagnosis or the 
presence of normal renal parenchyma. This is not the same 
as absence of malignancy or presence of benign lesion, 
and additional characterization is needed, as nondiagnostic 
biopsy is usually the result of inaccurate sampling. Indeed, a 
recent study showed that repeat biopsy lead to a histologi-
cal diagnosis in 83.3% patients in which initial biopsy was 
nondiagnostic.20 It is important to note that most nondiag-
nostic biopsies occurred in patients presenting with cystic 
lesions, with a median of 29% nondiagnostic rate in this 
subgroup as compared to only 14% nondiagnostic biopsies 
in patients presenting solid lesions. 

Diagnostic accuracy of renal biopsy — defined as the 
sum of true positives and true negatives divided by the total 
number of patients undergoing biopsy — has been deter-
mined using nephrectomy specimen as the reference test. 
Biopsy accuracy has been calculated with respect to differ-
ent outcomes of interest, namely presence of malignancy, 
histological subtype, and Fuhrman grade. With respect to 
distinguishing malignant and benign lesions, the median 
accuracy of renal biopsy was excellent at 98%, with an IQR 
ranging between 91‒100%. The diagnostic accuracy of renal 
biopsy in determining histological subtype varied between 
87% and 97%, with a median of 92%. The ability to distin-
guish benign from malignant lesions and to determine the 
histological subtype of renal cell carcinoma is improved 
by using immunohistochemical and molecular techniques 
(Fig. 1). 

The diagnostic accuracy in determining the Fuhrman 
grade was lower, and varied between 58% and 74%, with 
a median of 72%. It is important to note that grade hetero-
geneity is a common feature in renal carcinoma and might 
be the reason for the discrepancy between biopsy and final 
pathology. A recent study showed grade heterogeneity in 
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more than 80% of SRM and the presence of low-grade in up 
to 40% of assigned high-grade tumour.22 Considering these 
findings, an upgrade in Fuhrman grade from biopsy samples 
to final pathology can be expected. However, in those stud-
ies in which Fuhrman grade was divided in a dichotomous 
manner — low (I and II) and high (III and IV) grade — the 
accuracy was significantly higher.15

Factors predicting nondiagnostic biopsy

It is important to observe that a number of tumour and 
patient characteristics have been shown to be reliable pre-
dictors of nondiagnostic biopsy. Tumour type seems to be a 
strong a reliable predictor in most series. In one study, the 
presence of a cystic lesion was the most important predictor 
of nondiagnostic biopsy, with an odds ratio (OR) of 13.9 
(95 %CI=3.78 – 50.7; p<0.0001).20 Some have therefore 
proposed to add FNA to biopsy in case of cystic lesions in 
order to decrease the likelihood of nondiagnostic biopsy.23 In 
one study including 199 complex renal cysts, the combina-
tion of FNA and renal biopsy allowed definitive diagnosis 
in 87.9% cases, a figure that is in line with median rate of 
diagnostic biopsy.24

Another important predictor is tumour size. The smaller 
the lesion, the more likely it is to have nondiagnostic biopsy. 
The relationship between size and rate of diagnostic biopsy 
was quantified in one study including 345 patients undergo-
ing renal biopsy.20 For every additional 1 cm in diameter, 
the OR for diagnostic biopsy was 3.11 (95 %C=1.54 – 6.28; 
p=0.002). Lack of radiological enhancement or enhance-
ment ≤20 HU also seems to be a significant predictor of 
nondiagnostic biopsy, with a rate of 42% in one series.25

Finally, patient characteristics measured by skin to tumour 
distance were associated with a higher rate of nondiagnostic 
biopsy, with a threshold set at 13 cm.25 Other characteris-
tics, such as appearance (endophytic vs. esophytic), position 
(anterior vs. posterior), polarity (upper vs. lower pole), image 
guidance (US vs. CT), needle size, and operator experience, 
have been evocated by some, although these are yet to be 
proved significant predictors. 

Future perspectives

In light of the positive diagnostic ratio (benefit/risk) of renal 
biopsy, the debate is around when to perform a biopsy and 
when it is not necessary to do so. The high diagnostic perform-
ance of renal biopsy (at least for differentiating malignant from 
benign lesions), the low morbidity, the impact on manage-
ment, as well as the presence of predictors of nondiagnostic 
biopsy should be discussed with patients before performing 
renal biopsy. While some high-volume institutions proposing 
minimally invasive and conservative approaches are offer-
ing renal biopsy systematically, most experts agree that renal T
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biopsy should be performed in those situations in which a 
renal biopsy could change management. First, in patients 
with known extrarenal primary malignancy presenting with 

SMR, percutaneous biopsy should be performed when diag-
nostic doubt exists between a primary renal malignancy and 
a secondary location (Fig. 2). Verification of tumour origin 

Fig. 1. Example of interest of immunohistochemistry in renal biopsy in order to distinguish oncocytoma (a-b) from 
cromophobe carcinoma (c-d). This distinction is of key importance to guide further management. Although both are 
eosinophilic tumours, oncocytoma cells usually show indistinct margins and cell nuclei may have nonhomogeneous shape 
and present large fibroedematous stroma (a). Cromophobe carcinoma cells usually present distinct margins, cells are 
smaller and nuclei are rounded (c). Both tumours express CK7, but the pattern is different. While oncocytoma show focal or 
limited expression in most cases (b), cromophobe carcinoma show intensive and extended CK7 expression (d).  

Fig 2. US guided biopsy in a 60-year-old woman with known anal carcinoma. (a) Staging abdominal CT scan shows a 2 
cm hypodense mass (red arrow) on the right lateral part of a horseshoe kidney; (b) Coronal reconstructions depicting the 
nodule on the same CT scan; (c) US guided biopsy performed with an 18 G needle (green arrow) revealed an epithelioid 
angiomyolipoma. 
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has obvious implications for oncological management in this 
context. Second, in case of undetermined lesions or suspicion 
of benign tumours — such as oncocytoma and angiomyolipo-
ma — biopsy is mandatory to characterize lesions and allow 
correct management (Figs. 3a, b). Third, patients consider-
ing ablative strategies or active surveillance should undergo 
renal biopsy upfront. This is essential for establishing disease-
specific risk, which cannot be extrapolated from imaging 
features, determining eligibility, and planning followup after 
treatment. Lack of tissue sampling at the outset of tissue-
preserving approaches may lead to incorrect management 
ranging from treatment of benign disease to undertreatment 
of aggressive disease. Fourth, patients undergoing ablative 
strategies should undergo further biopsy during follow up, 
although there is no consensus as to whether biopsy should 
be performed systematically or only in case of suspicion of 
recurrence on imaging (Fig. 3c).26

The indications of renal biopsy might be expanded in the 
near future, pending assessment of novel immunohistochem-
istry, cytogenetic, and molecular markers. These markers 
could help improve biopsy accuracy for histological subtype 
identification and for predicting disease-specific survival. For 
instance, extracting RNA and performing polymerase chain 
reaction (PCR) has been shown to considerably increase the 
diagnostic accuracy of renal biopsy in defining histologi-
cal subtypes.23Similar findings were observed when fluo-
rescence in situ hybridization (FISH) analysis was added to 
standard histological assessment. Some studies have equally 
shown that integrating cytogenetic information to existing 
prognostic factors could lead to a nomogram having an 
accuracy of 0.89 for predicting disease-specific survival.27

If these findings are confirmed, renal biopsy might be used 
more frequently to guide more personalized management.

Conclusion 

Renal biopsy is technically safe, has good diagnostic per-
formance with virtually no oncological risk. When knowl-
edge of histological features of SRM might drive manage-
ment, renal biopsy should be offered to all patients. The 
adoption in a clinical setting of novel markers might further 
expand the role of renal biopsy in SRM.
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