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In the olden days, availability of radiological diagnostic imaging studies was scarce. As 

a result, a renal tumor was most frequently diagnosed through clinical symptoms like 

hematuria, abdominal pain a palpable abdominal mass or paraneoplastic symptoms, 

resulting in the nickname the ‘internist’s tumor’. At discovery those renal tumors were 

likely to be relatively large and often in an advanced stage, leaving no option except 

surgical removal of the complete affected kidney. This procedure was first described 

by Robson in 1963[1] and current clinical guidelines still suggest that the only curative 

treatment modality for renal cancer is surgery[2;3]. Nevertheless other aspects of the 

current medical practice regarding renal cancer have changed tremendously. 

1 THE SMALL RENAL MASS 

In the current medical practice there is a vast increase of availability and use of 

radiological imaging modalities compared to the olden days[4]. Due to the increased 

use of radiological imaging studies, renal tumors are nowadays more likely to be 

discovered incidentally being asymptomatic and still relatively small. A recent study 

based on data from the United States cancer registry SEER (Surveillance, Epidemiology 

and End Results) showed that from 1991 to 2006 39% of all registered renal tumors 

were less than 4 cm in diameter compared to 28% in the period between 1975 and 

1990[5]. In the current TNM-criteria this 4 cm cutoff is the upper limit of classified 

T1a tumors[6] and this category of tumors is currently widely regarded as ‘small renal 

mass’ (SRM). This alteration has several consequences. First, the decreased average 

tumor size does not necessarily require removal of the complete kidney and more 

tumors are potentially eligible for nephron sparing surgery. This enables preservation 

of healthy nephrons that are unaffected by tumor and are still contributing to the renal 

function. Since a lower renal function (expressed as estimated glomerular filtration rate 

or eGFR) is an independent risk factor for several negative aspects including death[7], 

there is an absolute necessity to perform nephron sparing surgery in cases where 

this is feasible. The guidelines of the European Association of Urology (EAU) and the 

American Urological Association (AUA) recommend performing a partial nephrectomy 

(when feasible) in case of a T1 renal tumor (< 7 cm)[2;3]. Removing a part of the kidney 

implies in most cases that the renal artery or its segmentary branches of the affected 

kidney need to be clamped in order to establish a blood-free surgical environment. 
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This temporary ischemia causes to a certain extent inevitable damage to the 

remaining kidney tissue leading to a decline of renal function[8;9]. Therefore a 

partial nephrectomy is not the best treatment option for those patients who already 

suffer from a mild or severely impaired renal function[10]. Furthermore a partial 

nephrectomy is considered as a technically difficult urological surgical procedure 

and certainly performing a laparoscopic partial nephrectomy is reserved for skilled 

urological surgeons with an advanced laparoscopic expertise. As a result still the 

majority of T1 and even T1a renal tumors is treated with a radical nephrectomy despite 

the recommendation in the guidelines[11;12]. Robot-assisted laparoscopic partial 

nephrectomy seems to ease the technical procedure but availability is subjected to 

social and budgetary factors.

Second, it has been demonstrated that with a decreasing renal tumor size, the chance 

of a benign tumor or low-aggressive carcinoma increases[13;14]. When looking at 

the pathology of excised small renal mass (SRM, < 4 cm) it becomes clear that 23% 

of surgically treated SRM appears to be benign[3;13]. Therefore, while for the larger 

and more aggressive tumors surgery is the only curative option, a large part of smaller 

tumors is actually overtreated. Furthermore, since the majority of renal tumors is 

discovered as an incidental finding on diagnostic imaging focused on other organs, 

there are relatively more tumors discovered in patients with comorbidities, and 

frequently of older age[15;16]. This has huge implications for the treatment strategy, 

since patients might be unfit for surgery and there is a high chance of death from 

competing causes[17].

Ergo, the field of renal tumor treatment has changed dramatically compared to the 

olden days and this requires other measurements in terms of both tumor diagnostics 

and treatment.

2 CURRENT STATUS OF RENAL MASS DIAGNOSTICS 

2.1 Radiological evaluation 

Ultrasonography (US), computed tomography (CT) and magnetic resonance imaging 

(MRI) are currently available imaging modalities to detect and evaluate renal masses.  

Ultrasonography is widely available and harmless to patients making it a useful 

diagnostic modality. However the sensitivity of US for detection of renal masses is
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lower compared to CT and decreases with smaller tumor size[18], with the detection 

rate between US and CT not being equal until the lesion measures 3.5 cm.  

Therefore, a contrast-enhanced CT-scan is the reference standard for assessment of 

(small) renal mass in the current clinical guidelines[2;3]. A small renal mass is suspect 

for solid tumor in the presence of contrast enhancement as a sign of vascularization, 

with contrast enhancement being defined as an increase of >10 Hounsfield units 

between unenhanced and contrast-enhanced images[19]. However since normal 

renal parenchyma is vividly enhanced physiologically, pseudo-enhancement of small 

renal masses can occur simulating an enhancing tumor, and therefore there are 

some pitfalls when assessing small renal masses by CT[20]. MRI has long been the 

alternative when CT-imaging is contraindicated or in case of inconclusive findings on 

CT[20]. Due to good sensitivity and specificity for detecting renal masses combined 

with the lack of ionizing radiation and a nephrotoxic contrast agent, MRI is a good 

imaging modality for renal tumor detection although drawbacks as availability and 

costs hamper it from being the modality of first choice. After detecting a renal mass 

suspect for solid tumor, there is a challenge to differentiate benign masses from 

those that are malignant given the fact that almost 25% of renal masses < 4 cm 

appears to be benign[13].  

Although different renal tumors types bear different radiological features, histological 

characterization of renal masses by radiological means is proven to be very difficult, 

with only macroscopically seen fat being pathognomonic for angiomyolipoma[20] 

and as a result current practice does not include histological differentiation of (small) 

renal masses by radiological means[21]. 

2.2 Renal tumor biopsies 

In most visceral tumors other than renal tumors, performing a biopsy of the tumor to 

obtain a tissue sample for pathological confirmation of the tumor biology forms one of 

the main components of the diagnostic process, but historically this was not the case 

for renal tumors. The fear of tract seeding of malignant cells, the risk of complications 

such as hemorrhage and the high a-priori likelihood of a malignant tumor led to an 

abstentious policy towards performing a renal mass biopsy (RMB). However technical 

developments and increased knowledge resulted in a renewed interest in RMB[22]. 
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First of all, performing tumor biopsies using a coaxial needle minimizes the risk of 

tract seeding and as a result there have not been reports of tract seeding incidents 

since 1994[22;23]. Furthermore complication rates are very low in recent reports 

with a minor complication rate of less than 5% and major complications being almost 

anecdotal[22;23]. 

In general, those who perform RMB use a histological (core) biopsy rather than 

a cytological puncture (or fine needle aspiration, FNA) since most reports show 

advantageous results for the former[23]. In recent studies, the diagnostic accuracy of a 

histological core biopsy of renal tumors is considered good with 90% accuracy to detect 

a malignancy reported in most series[22;23]. Although the number of false-negative 

results is low, there is discussion on the value of a benign biopsy result. Overlapping 

morphological characteristics and hybrid tumors exist such as overlap between benign 

oncocytoma and chromophobe RCC[24] and the co-existence of benign oncocytoma 

with RCC[25] in one tumor.  

Apart from histological subtype, given its prognostic significance the nuclear grade of a 

renal tumor is important when evaluating the biological potential of a renal tumor[26]. 

Performance of RMB to determine the nuclear grade (in terms of Fuhrman grade I-IV) is 

reported to be less accurate with a reported accuracy ranging from 76-94% which does 

increase to 76-100% in some series when the Fuhrman grades are dichotomized into 

low-grade and high-grade[23]. In an effort to eliminate both issues, recent advances in 

the field of molecular analysis, gene expression, and fluorescence in situ hybridization 

have led to the development of an ‘enhanced RMB’ showing promising results in 

terms of determination of the nuclear grade and differentiation between overlapping 

features of oncocytic tumors[22]. 

Apart from the aforementioned issues, currently one major drawback of performing 

RMB is the number of non-diagnostic results. A non-diagnostic biopsy result implies 

that the result of a biopsy contains insufficient material for analysis, or contains only 

normal renal parenchyma, only fat or fibro-fatty connective tissue, only necrotic tissue 

or a blood clot or only inflammatory or fibrotic tissue[27]. A recent report shows a non-

diagnostic rate of 20% in the RMB-studies performed in SRM’s from 2000 onwards and 

this is reproduced in their own patient population[28]. When the non-diagnostic cases 

were re-biopsied, 66% showed a malignancy while again approximately 20% of cases 
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resulted in a non-diagnostic biopsy indicating that with current techniques this rate of 

non-diagnostic results is apparently inevitable. Furthermore this study confirms that 

a non-diagnostic biopsy result should not be regarded as a proof of no cancer, which 

was already demonstrated in earlier surgical series with the majority of non-diagnostic 

tumors being malignant tumors upon surgical extirpation[27;28]. 

In conclusion, currently one of the major issues regarding RMB is the number of non-

diagnostic biopsy results and in the frame of a diagnostic setting with AS or for follow-

up purposes after renal tumor ablation. This number should be minimized in order to 

integrate RMB in the diagnostic workup of newly discovered SRM’s in general and given 

their new treatment options in particular. 

3 CURRENT STATUS OF RENAL MASS TREATMENT

As mentioned earlier, partial nephrectomy accounts for a substantial number of renal 

tumor surgeries[29]. However currently there are several less invasive treatment 

options available which are potential suitable options when a SRM is newly discovered, 

with active surveillance and ablation therapies being the most important ones. 

3.1 Active surveillance 
As mentioned earlier, the chance that older patients will die from a newly discovered 

SRM or suffer from its symptoms is relatively low[17]. Therefore more urologists opt 

(in close deliberation with the patient) for an active surveillance (AS) management 

in which regular follow-up of the tumor is performed. In case of tumor growth, 

improvement of the patient’s medical condition or because of the choice of physician 

or patient prompts a delayed intervention [30]. Nevertheless there is clear evidence 

that there are SRM’s that do progress locally or even metastasize[31;32]. This 

demonstrates that although AS might be a good management option in selected cases, 

the real challenge is to determine which tumor is a candidate for this strategy and for 

which tumors it is contra-indicated. With current imaging techniques it is impossible to 

predict the biological potential of renal tumors. Both growing and non-growing tumors 

on surveillance appeared to be a malignant tumor in more than 80% of cases[33]. 

Therefore, in order to obtain information on the biology of a renal tumor histological 

information is needed and as a result performing a renal mass biopsy might be of
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additional value before opting for an AS-management. 

3.2 Tumor ablation 

Recently, thermal ablation therapies are included in the armamentarium of treatment 

modalities for localized, small renal tumors. While radio frequency ablation (RFA) 

converts radio frequent waves into heat resulting in tissue destruction, cryoablation 

uses cold to achieve the same goal. The beneficial effects of cold on tumors are 

known for a long time and in several fields of medicine freezing malignant cells 

is common practice such as treatment for cervical dysplasia or skin tumors. With 

the development of cryoablation-needles and intra-abdominal ultrasonography, 

cryosurgery became an interesting treatment modality for visceral tumors resulting 

in an initial clinical series of renal tumor cryoablation being described in 1998[34;35]. 

The mechanism to reach the freezing temperatures necessary for cryotherapy is based 

on the Joule-Thompson effect, which is a physical effect describing the temperature 

change of pressurized gas or liquid when it is forced through an insulated valve 

resulting in expansion. At room temperature, all gases except hydrogen, helium and 

neon cool upon expansion by the Joule–Thomson process[36].

Currently, the major guidelines recommend ablation therapy of renal tumors to 

treat patients with small tumors and/or significant comorbidity who are unfit for 

conventional surgery[2;3]. A recent report demonstrates that the contribution of 

ablative therapies is rising, with 4% of renal tumors in the size range of 2-4 cm being 

treated by ablation in 2004 compared to 9% in 2008[29]. However there are some 

drawbacks of the therapy that prevent thermal ablation from being adopted as a 

treatment option of first choice. Given the relatively short time since implementation 

of the therapy, long-term follow-up data are still lacking making firm comparison of 

treatment efficacy with other forms of NSS difficult. Current data suggests that renal 

tumor ablation is effective in terms of oncological efficacy with cancer specific survival 

rates being equal to those of PN[12], despite the higher local recurrence rate[37]. This 

higher recurrence rate is most likely explained by the fact that the tumor is eliminated 

in situ rather than extirpated, enabling possible residual malignant cells to develop 

into  a recurrent malignant tumor over time. This implies that a stringent follow-up 

policy is imperative following renal tumor ablation with at least a contrast-enhanced CT
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or MRI performed annually in order to trace a recurrence as early as possible. In the 

undesired case of a recurrence, given its minimal invasive nature a re-ablation is both 

feasible and effective and therefore the effectiveness of thermal ablation should be 

assessed after all treatments when assessing its efficacy[12].  

Since the tumor is not extirpated, there is no specimen for histopathological 

assessment revealing the tumor biology unless a biopsy is taken. Given the 

considerable number of benign and low-aggressive tumors associated with SRM’s, 

information on the tumor biology is essential to tailor the follow-up policy.  

With the rising trend of AS and ablation to treat renal tumors the necessity 

of performing renal tumor biopsy is rising at the same time. This asks for new 

developments to further improve the performance of renal tumor biopsies and 

eliminate negative aspects and drawbacks of performing renal tumor biopsy on a 

regular basis. 

4 OBJECTIVES OF THIS THESIS 

In current medical practice there is a vast increase of discovered renal tumors with the 

majority being small, asymptomatic and low-aggressive or even benign. As a result new 

less invasive treatment strategies have emerged such as active surveillance and tumor 

ablation. Histological information revealing the biology of the tumor is essential for 

diagnostic and prognostic purposes, and the renal mass biopsy, previously regarded as 

obsolete, is currently the instrument to obtain such information. Although the accuracy 

of RMB is acceptable, the high rate of non-diagnostic biopsy results is hindering 

routine use of RMB in the diagnostic process. Therefore the current biopsy technique 

should be optimized and reinforced by new technological aids in order to allow RMB 

to be used as a standard diagnostic method. Furthermore the mandatory long-term 

follow-up after renal tumor ablation using CT/MRI-scans is one of the drawbacks of the 

therapy. An alternative imaging modality such as contrast-enhanced ultrasound (CEUS) 

for this application would be highly desirable.  

In this thesis we try to optimize the diagnostic performance of RMB and assess the 

efficacy of thermal ablation of renal tumors together with the initial efforts to optimize 

the follow-up methodology after ablation treatment. 
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5. OUTLINE OF THIS THESIS 

The altered presentation of renal tumors has changed the attitude towards a renal 

tumor dramatically. As a result new treatment modalities have been introduced into 

the armamentarium of the urologist. One of the upcoming modalities is thermal 

ablation which is currently recommended for treatment of small renal tumors in 

patients that are unfit for conventional surgery. The lack of long-term follow-up data 

is one of the reasons preventing thermal ablation from being a first choice treatment 

modality. Therefore we assessed in chapter 2 the mid-term oncologic and functional 

outcomes of 100 cryoablations performed in our centre. Since the majority of earlier 

studies reporting the efficacy of thermal ablation are based on short- and intermediate-

term results and are heterogeneous with respect to ablation modality and surgical 

approach, we sought to summarize in chapter 3 the evidence of the efficacy of renal 

tumor ablation therapy in terms of oncologic outcome and complication/re-treatment 

rate based on mid/long- term results and categorized for ablation modality and surgical 

approach in order to make a fair comparison among the studies.  

Since renal mass biopsies gained renewed interest, we provided an overview of the 

most important aspects of renal mass biopsy in chapter 4, including accuracy results, 

nomenclature, biopsy technique and complications.  

As far as clinical implementation of RMB is concerned, the diagnostic yield and the 

non-diagnostic biopsy rate is a major issue. As most commonly histological core 

biopsies are performed for renal tumor sampling, we assessed in chapter 5 the added 

value in terms of diagnostic yield when core biopsies are combined by cytological 

punctures in optimized conditions performing the biopsies in bench and using five 

different pathologists to evaluate the inter-observer variability. In chapter 6 we 

assessed whether there were any conditions related to a non-diagnostic biopsy result 

in our own practice where we performed biopsies preceding a laparoscopic renal 

cryoablation.  

Moreover, as it was striking us that there was a clear increase of publications in the 

recent years on renal mass biopsies, we have assessed the actual penetration of renal 

mass biopsy in the general urologist’s practice with an electronic survey, as reported in 

chapter 7.  

Optical diagnostic techniques use the interaction of light and tissue to provide real-

time histological information of tissues in different organs, however the potential of
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such technique has only been explored briefly in the field of renal tumors. Therefore 

we initially performed an ex-vivo pilot study to assess the potential of Optical 

Coherence Tomography (OCT) to differentiate renal tumors from normal renal tissue, 

as reported in chapter 8. Driven by the positive results of this study we continued the 

investigations resulting in the in-vivo study reported in chapter 9.  

Finally, in chapter 10 we assessed the potential of the radiation-free and 

non-nephrotoxic contrast agent imaging technique CEUS (contrast enhanced 

ultrasonography) to depict enhancement of a cryolesion following laparoscopic 

cryoablation of renal tumors.
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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



Laparoscopic renal cryoablation: mid-term results

35

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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ABSTRACT

Context: Thermal ablation of small renal tumors is an established treatment modality 

in selected cases. Many groups have published their experiences. However, a major 

drawback of most of the previously published reviews and meta-analyses is their 

retrospective nature, the heterogeneity of included studies, and the limitations of a 

short-term oncologic follow-up. For those reasons, firm conclusions are still lacking.

Objective: To assess the best combination of ablation technique and approach in those 

renal tumors deemed suitable for ablation.

Evidence acquisition: A PubMed search was performed (up to December 2010) of the 

world literature on thermal ablation of renal tumors. To assess oncologic outcomes, 

we selected reports with a minimum follow-up of 36 months and with appropriately 

documented pathologic results specifying the number of biopsy proven renal cell 

carcinomas (RCCs). To assess perioperative complications we selected series with 

substantial caseloads of at least 70 cases and comparative series among techniques.

Evidence synthesis: All long-term series of thermal ablation for small renal masses 

show a recurrence-free survival (RFS) of 84–94% with a cancer-specific survival (CSS) of 

89–100%. Some cases with previous (partial) nephrectomy for RCC are included in the 

series with lowest RFS and CSS. No distinct differences exist between radiofrequency 

ablation (RFA) and cryoablation (CA). Initial failure and overall complication rates 

are higher for the percutaneous approach compared with laparoscopy. The major 

complication rate is slightly lower, ultimate survival is comparable, and length of stay 

and patient convalescence are favorable for the percutaneous approach, regardless of 

the modality.

Conclusions: Low-quality evidence shows that CA or RFA modalities have a low major-

complication rate, preserve renal function, and provide acceptable, oncologic, long-

term outcomes. The percutaneous approach has a high rate of initial failure, but seems 

to be less costly.
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INTRODUCTION

Thermal ablation (TA) seems to play a definitive role in the treatment of small 

renal masses (SRM) [1]. Numerous series have reported preliminary results, albeit 

in a retrospective manner. To date, there is no single, randomized, controlled trial 

comparing TA treatments/techniques among each other or with partial nephrectomy 

(PN). Ultimately, a randomized comparison will require large cohorts in each arm 

and significant funding and resources to lead to definitive conclusions. Alternative 

conclusions with lower levels of evidence may be extracted from a thorough revision 

of the available retrospective and prospective series. However, critical analysis and 

criteria selection are prerequisites to reach valid conclusions.

Several comprehensive reviews and meta-analyses on the subject have been 

published in recent years [2–5]. While bias is  unavoidable in  the former, quality is 

sometimes questionable in some of the latter, mainly due to the heterogeneity of the 

included patients.

Currently, TA is based on cryotherapy or radiofrequency technology. Two approaches 

fulfill the requisites for a minimally invasive treatment: percutaneous and 

laparoscopic. An open approach is no more than anecdotal and raises reasonable 

doubts about its minimal invasive character.

Indications for TA have been previously defined [1,6] and complications have been 

prospectively documented [7]. Short-term oncologic and functional results are 

acceptable, although the former are inferior to those of PN.

The objective of this review is to assess the best combination of ablation technique 

and approach in those renal tumors deemed suitable for ablation.

EVIDENCE ACQUISITION 

Strict selection criteria drove our methodology. To assess oncologic outcomes, we 

analyzed only reports with a minimum follow-up of 36 mo and with appropriately 

documented pathologic results specifying the number of biopsy-proven renal cell 

carcinomas (RCCs). To assess perioperative complications we selected series with 

substantial caseloads of at least 70 cases and comparative series among techniques.



Chapter 2

44

EVIDENCE SYNTHESIS 

There is a large amount of data available on TA of renal tumors. Among all published 

studies there is no single one that fulfills the high level required to facilitate a sound 

conclusion based on our objective. More recently however, some observational albeit 

well conducted studies, according to our selection criteria, have been published.

Oncologic outcomes 

To compare ablative techniques with PN, long-term oncologic follow-up series are 

required. Several long-term follow-up series have emerged recently for radiofrequency 

ablation (RFA) and, to our knowledge, only two long-term series on cryoablation (CA) 

(Table 1). Once oncologic follow- up is assessed, documented pathology is necessary 

because, in the size range of the tumors treated by TA, a relatively high rate of benign 

tumors are encountered. The fact that nondiagnostic or unperformed biopsies may 

account for a considerable proportion of the treated tumors in percutaneous or 

laparoscopic TA series [2] further complicates the analysis of the series. Only follow-

up of those proven RCCs will provide an adequate framework to assess oncologic 

outcomes [8–12]. 

Table 1 displays the characteristics of those series with adequate long-term follow-up 

of RCC treated by TA. For the purposes of this review, a previously published series on 

laparoscopic CA (LCA) [13] has been updated, including only those RCC survivors with a 

minimum follow-up of 36 mo (median: 48 mo, range: 36–63 mo). Although the number 

of cases is  still  limited, the considerable follow-up gives support to truly assess 

recurrence-free survival (RFS) (81–94%), as well as metastasis-free survival (MFS) and 

cancer-specific survival (CSS) (both 89–100%).

Operative outcomes and complications 

The current gold standard treatment for SRM is PN [1,6]. Due to its minimally invasive 

character and thus a lower complication rate than PN, TA is an option reserved for 

patients considered unfit for conventional surgery. With the limitations of comparing 

observational studies, the recent American Urological Association (AUA) guidelines 

on T1 tumors show a significantly higher complication rate for laparoscopic PN (LPN) 

(9.0%), but complications between open PN (OPN) (6.3%) and CA (4.9%) or RFA (6.0%) 

are similar [1]. When assessing what is the best ablative treatment for a renal mass, 



Focal Therapy in Renal Cell Carcinoma

45

one should split the question between approach (surgical or percutaneous) and 

modality (CA or RFA) to determine which is associated with the lowest complication 

rate. Several groups reported their experiences including complications during 

and after renal tumor ablation and others have reviewed the subject [4,14,15]. A 

straightforward comparison is severely hindered by the lack of standardized reporting

of complications and the fact that approaches and modalities are used in all possible 

combinations, leading to inevitable fusion of approach-specific with modality-specific 

complications and vice versa.

Approach: laparoscopic versus percutaneous 

Hui et al published in 2008 a meta-analysis comparing percutaneous and surgical renal 

tumor ablation, including complication rates [14]. They reported a major complication 

rate (including blood transfusion, surgery, or interventional radiologic procedure) of 

3.1% in the percutaneous group and 7.4% in the surgical group, a statistically significant

TABLE 1  Oncologic outcomes of renal tumor ablation in series with >36 mo follow-up and in 
cases of proven renal cell carcinoma (RCC)

Authors Ablation 
type

No. of 
cases

Median FU 
mo (range)

Local 
recur. 

n

RFS 
%

Time to local 
recurrence 
mo (range)

MFS 
%

CSS 
%

Tracy [8] RFA   
(P,L,O)

53* 53 (36-90) 5 91 15 (6-24) 96 99

Levinson [9] RFA (P) 18* 62 (41-80) 3 81 17 (7-31) 100 100

McDougal 
[10]

RFA (P) 20 55 (48-72) 1 94 Not reported 100 100

Davol [11] CA (L,O) 32 64 (36-110) 5 84 12 (3-22) 97 100

Aron [12] CA (L) 55 95 (60-133) 7 87 24 (6-58) 89 89

AMC series 
(update of 
Beemster et 
al. [13])

CA (L) 30 48 (36-63) 3 90 22 (6-31) 100 100

RFS = recurrence-free survival; MFS = distant metastasis-free survival; CSS = cancer-specific survival; RFA = radiofrequency 
ablation; CA = cryoablation; P = percutaneous approach; L = laparoscopic-assisted approach; O = open approach; AMC = 
Academic Medical Centre, University of Amsterdam. * Previous renal cell carcinoma excluded.
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TABLE 2 Complication rate reported in single-centre comparative studies on CA

Laparoscopic Percutaneous

Mues/Landman [15] 3.1%* 2%*

Derweesh [17] 14.7% 26.9%

Hinshaw [18] 5%* 0*

Finley [16] 38.9% 11.1% 

Tsivian [19] 14%  
8.3%*

21% 
0.8%*

Bandi [20] 14% 20%

Sidana [21] 27% 
7.6%*

38%  
5.0%*

* Major complications

TABLE 3 Complication rate reported in single-centre comparative studies on RFA

Laparoscopic complication rate % 
(no. cases)

Percutaneous complication rate, % 
(no. cases)

Park et al. [22] 17.9% (39) 
7.7%*

10.9% (55) 
0* 

*Major complications

difference. However, as stressed above, this conclusion should be interpreted carefully. 

The surgical group included series of open ablations and, as recognized by the authors, 

what has been reported in one group as a minor complication might not be reported 

in other groups. As the authors mentioned in the discussion, many other differences 

may play a role in this outcome, such as treatment modality (RFA and CA are included 

in both approaches), tumor size, use of general anesthesia, type of guidance, and 

statistics. They concluded that significantly more percutaneous treatments showed 

initial treatment failure compared with surgical procedures (13% vs 6%), although 

eventually both treatment modalities reach a good success rate (92% for percutaneous, 

95% for surgical ablation) in the short term. Naturally, chance of  complications 

is  higher in  two different treatment sessions compared with a single session and 

retreatment rate also contributes to a higher patient morbidity. Unfortunately, this 

could not be taken into account in the above-mentioned comparison. Tables 2 and 

3 show an overview of single-centre comparative studies between laparoscopic and 

percutaneous CA and RFA [15–22]. There is a trend towards a major complication rate 
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TABLE 4 Rate of initial failures reported in single-centre comparative studies of percutaneous 
versus laparoscopic cryoablation (CA)

Laparoscopic CA % Percutaneous CA %

Mues [15] 1.0 9.1

Derweesh [17] 2.9 11.5

Hinshaw [18] 6.7 10.0

Finley [16] 4.2 5.3

TABLE 5 Complication rates of renal tumor ablation reported in large series

Authors Ablation type Tumors/procedures, no 
(no. patients)

Tumor size in cm. 
(range)

Complications 
%

Schmit [23] PCA 110 tumors (108) 4.1 (3.0 – 8.3) 16 
8*

Atwell [24] PCA 113 procedures (110) 3.3 (1.5 – 7.3) 6.2

Tsivian[19] PCA 140 tumors (123) 2.2 (1.7 – 2.9) 21.1 
0.8*

Tsivian [19] LCA 79 tumors (72) 2.0 (1.6 – 2.5) 13.9 
8.3*

Aron** [12] LCA 80 patients 2.3 (0.9 – 5.0) 10*

Hegarty [25] LCA 164 procedures (161) 2.5 (1.0 – 5.0) 6.7 
1.8*

Laguna**[7] LCA 148 procedures (144) 2.6 (1.0-5.6) 15.5 
4*

Hegarty [25] PRFA 82 procedures (72) 2.5 (0.9 – 4.5) 9.8 
0*

Breen [26] PRFA 105 procedures (97) 3.2 (1.1 – 6.8) 2.9

Zagoria [27] PRFA 125 tumors (104) 2.7 (0.6 – 8.8) 8

Gervais [28] PRFA 100 tumors (85) 3.2 (1.1 – 8.9) 11

PCA = percutaneous cryoablation; LCA = laparoscopic cryoablation;  
PRFA = percutaneous radiofrequency ablation. * Major complications. ** Data prospectively 
accrued, otherwise retrospective, or not reported.

with the laparoscopic approach, while the overall complication rate seems similar. As 

selection and reporting bias cannot be excluded in any of these series, doubts remain 

about the possible significance of this trend.

By its nature, the laparoscopic approach is more complicated than the percutaneous, 

but not all SRM are properly accessed by a percutaneous approach. Conversely, the 

rate of initial failure seems to be higher in the percutaneous groups (Table 4).  

The complication rate in larger, observational, non-comparative series is reported in
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Table 5. A broad range of complication rates is observed, reflecting mostly the lack of a 

standard definition: most of the series are retrospective (or  not reported) [7,12,19,23–

28]. A recent multi-centre prospective study on perioperative morbidity after LCA 

showed that 78.5% of the reported complications were low grade (Clavien grade 1 or 

2). In a multivariate analysis, female gender, tumor size >3.4 cm,  and presence of a 

cardiac condition were independent predictors of complication occurrence [7].

Modality: cryoablation versus radiofrequency ablation 

The destructive zone in CA is predictable and very well visualized by imaging modalities 

such as computed tomography or intra-abdominal ultrasound [29]. This advantage 

theoretically might result in a lower number of complications. Because RFA lesions 

are unpredictable in size and shape and correlation with imaging findings is relatively 

imprecise, a higher number of complications might be expected [25]. However, this is 

not supported by the available literature. Gulur et al. [30] performed a recent review of 

the literature comparing percutaneous CA and RFA (PCA/PRFA) and LCA. They showed 

an intraoperative major complication rate of 4% in the LCA group (11 of 241) compared 

with a single major complication (anesthetic) in the 530 percutaneous sessions. Major 

and minor postoperative complications were comparable among the three groups: 

between 4% and 7%. Moreover, the authors concluded that the initial failure rate was 

higher in the percutaneous group (7.5% and 12% for PCA and PRFA, respectively) than 

the LCA group (<3%). Gontero et al [4] recently provided an overview of the literature 

showing comparable complication rates for PCA and PRFA. 

In conclusion, we can say that definitive statements are difficult to make due to lack 

of appropriate comparative literature. It seems justified to conclude that, albeit lower 

than LPN, laparoscopic ablative interventions show a slightly higher complication rate 

(at the expense of the approach, not of the technology) compared with percutaneous 

ablations, and that there are no reported statistically significant differences between 

complications after CA or RFA, although, theoretically, CA has some advantages 

concerning real-time monitoring of the ablated lesion [29] and a lower injurious effect 

on adjacent structures compared with RFA lesions[31]. However, when considering 

patient morbidity, the retreatment rate, which is higher with the percutaneous 

approach than the laparoscopic approach, should be taken into account.
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Functional outcomes 

For obvious reasons, the amount of healthy renal tissue that is removed in the 

course of renal tumor extirpation should be minimized and, therefore, PN is currently 

accepted in the AUA and European Association of Urology guidelines for T1a renal 

tumors [1,6]. Sparing healthy nephrons reduces the chance of developing renal 

insufficiency which, on its own, is not only associated with a remarkably higher quality 

of life, but shows less cardiovascular morbidity and mortality in the absence of renal 

insufficiency, according to reports [32]. Raman et al compared renal function in solitary 

kidneys after RFA (both LRFA and PRFA) and OPN [33]. They found a significantly 

favorable estimated glomerular filtration rate (eGFR) in patients 12 months after RFA 

compared with OPN (a 10.4% vs. 24.5%  decline, respectively). Beemster et al reported 

in  their series of 92  patients treated by  LCA (7.6% solitary kidneys) a comparable 

decline of 10.9% at 1 yr., the most important risk factor being a lower preoperative 

eGFR [13]. Recent reviews show that both RFA and CA are extremely effective in 

preserving renal function and that most likely there are no differences in functional 

outcomes between the two [15,34].

Convalescence 

Length of stay and use of analgesics frequently are the parameters used to 

assess patients’ recovery after ablation therapy. There are clear indications that 

a percutaneous approach is associated with shorter length of stay and less use of 

analgesics [16,17,20]. A single report shows no differences in pain control requirements 

between PCA and PRFA [20]; however, this is opposed by others [35].

Costs 

Several groups [36–39] have assessed costs involved with the different treatment 

modalities for renal tumors. Percutaneous procedures involved fewer costs than 

laparoscopic procedures. The most important cost-reducing factor was the reduction 

in length of hospital stay followed by the reduction in operating-room costs. No single-

centre direct comparisons between the costs of CA and RFA have been published and, 

therefore, comparing expenses between both groups is difficult. However, from the 

above-mentioned studies, no large differences between CA and RFA are to be expected
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(i.e. in case of the same treatment approach). Self-explanatory procedural costs may 

vary between different countries and centres and, therefore, external validation of such 

studies is troublesome.

Salvage surgery after recurrence 

In case of tumor recurrence after ablation, the most frequently used therapy is re-

ablation of the tumor [2]. If re-ablation is not feasible, conventional salvage surgery 

should be performed. Two groups have published their experience with salvage 

(partial) nephrectomy after primary TA [40,41]. Both groups conclude that post-

ablation salvage surgery was more problematic than primary renal surgery in terms 

of complications, operative time, and blood loss due to substantial perinephric 

fibrosis. Data on salvage surgery are scarce and do not enable determination that any 

of the approaches (laparoscopic or percutaneous) may increase the difficulties and 

complications of salvage surgery. Our series on LCA illustrates the whole spectrum of 

retreatment after primary failure or recurrence with three residual tumors salvaged by 

a radical nephrectomy (n = 1), LPN (n = 1), and PRFA (n = 1); and four local recurrences 

retreated by three OPNs and one PRFA.

CONCLUSIONS 

Despite the large body of literature on TA, evidence is still lacking, with few series 

reporting adequate oncologic follow-up or standardized complication assessment. For 

those RCC treated by TA and followed >3 yr, excellent RFS rates have been reported in 

the range of 81% to 91% and they do not seem to differ between distinct TA modalities. 

Metastases seldom appear and CSS approaches 100%. Whether this is due to the TA or 

the natural course of the small RCCs is unknown. The percutaneous approach, however, 

has a higher primary failure requiring subsequent re-ablation. There is a trend toward 

a lower complication rate with the percutaneous approach. The clinical significance 

is uncertain as severe biases are encountered in most of the series. Currently it is 

impossible to determine if the different TA technologies are responsible for this trend. 

The percutaneous approach shows consistently shorter hospitals stays and lower costs, 

although there is a wide variation in the costs of any of the nephron-sparing modalities 

compared among the different hospitals. Lastly, functional outcomes in terms of eGFR 

suggest that TA preserves renal function in a high percentage of patients. 
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In the absence of recommendation or guidelines on decision making in TA, choices of 

technology and technique should be driven by tumor and patient characteristics rather 

than availability or preferences.
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Introduction

Unlike for other solid tumors, biopsy has not played an important role in the diagnosis 

of renal tumors and it was not included in diagnostic algorithms [1, 2]. Classically, a 

biopsy was indicated in those cases where there was a reasonable clinical doubt as 

to the origin of the tumor (primary renal or metastases of other cancers) or when 

the differential diagnosis was between a renal cell carcinoma and other causes of a 

renal mass (e.g. lymphoma or infection). However, in the most recent version of the 

American Urological Association (AUA) guidelines, biopsies are also recommended in 

patients with a wide range of treatment options varying from observation to surgery 

[1]. Another indication for a renal mass biopsy is the presence of metastatic disease, 

where there is a role for targeted therapy such as immunotherapy or angiogenesis 

inhibitors. Studies have shown that the determination of renal cell carcinoma (RCC) 

subtype is of vital importance since there are different treatment strategies for clear-

cell RCC and nonclear cell RCC [3]. 

Surveys among urologists show that the majority do not perform a renal mass biopsy 

even in cases of indeterminate lesions [4, 5]. The main reasons given for this were 

the presence of false negative results and that biopsy in most cases will not change 

management. A major concern was the low predictive negative value of the biopsy. 

The post-test probability of a diagnosis of RCC in cases with a negative renal mass 

biopsy has been estimated at 18% [6]. A recent comprehensive review shows that 

in approximately three-quarters of cases with nondiagnostic biopsies, malignancy is 

diagnosed at re-biopsy or surgery [7]. 

Currently, due to the profuse use of abdominal imaging, up to 70% of kidney tumors 

are accidentally discovered before symptoms arise [8, 9]. The mean size of tumors 

that are operated on has steadily decreased in the last two decades [10–12] and the 

absolute number of small renal masses (≤ 4cm) diagnosed has increased, although 

their relative impact on the total number of tumors is still unknown. Additionally, 

pathologic assessment of small renal masses has evolved and the classical cut-off of 3 

cm to distinguish a renal carcinoma from a benign adenoma is no longer valid. While 

20 years ago every renal mass smaller than 3 cm was considered as benign, with 

increasing knowledge, identification of the different types of RCC and broad application 

of immunohistochemistry (IHC) techniques, it is known that a high percentage of
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these small renal masses are carcinomas [13]. The real problem does not arise in the 

differential diagnosis of large renal masses, where cross-sectional imaging has been 

proven to have a high accuracy, but in the proper assessment and differentiation of 

the small renal masses [13, 14]. Doubts remain about the aggressiveness of small renal 

masses. In an autopsy study between 1984 and 1995 it was demonstrated that 47% 

of all renal tumors was not clinically known. The stages of the nonclinically diagnosed 

tumors were mainly of T1 and T2 [9]. Another autopsy study showed a decrease in 

the size of nonclinically discovered renal tumors found at autopsy from 4.63 to 1.65 

cm between 1955–1960 and 1991–2001, respectively [15]. Surgical contemporary 

series show a benign tumor incidence of 20–30% among small renal masses and 

this incidence is inversely proportional to size [13, 14, 16]. A definitive cut-off for 

aggressiveness can be established at the 3 cm diameter. While bias cannot be ruled out 

in the surgical series, mainly from the inclusion of cysts with different Bosniak grades, 

the percentage of benign masses in this size range is too high to justify an intervention 

without histologic confirmation of malignancy or a reasonable doubt that the mass is 

benign. However, interventional policies based on surgical excellence might not be 

Figure 1 (A) Diagnostic and (B) nondiagnostic (fibrin) core biopsy of a renal tumor
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ideal for the evaluation of the potential use of a test in the wider medical community.

Furthermore, partial nephrectomy, which should be considered the gold standard for 

small renal masses, is unfortunately underused [17], leading to overtreatment of small 

benign masses [18]. At the other extreme of the management spectrum, ablation or 

surveillance, small renal masses deserve to be biopsied for diagnosis and follow-up 

purposes. 

Biopsy nomenclature 

Before reviewing the results of renal mass biopsy, it is necessary to critically assess 

the nomenclature. The accuracy of a diagnostic test is measured by its sensitivity 

and specificity. Strictly speaking, only those studies with histologic confirmation on a 

surgical specimen can give accurate figures for these. Basically, when a renal tumor is 

evaluated, a biopsy can deliver one of two results: diagnostic (benign or malignant) or 

nondiagnostic (Figure 1).

When the biopsy is diagnostic, other characteristics such as histopathologic type and 

grade can also be assessed. There are different reasons for a nondiagnostic biopsy 

(Table 1). Conceptually a failed biopsy means that there is no tumor tissue available for 

assessment in the biopsy specimen, although other types of tissue might be present in 

the sample. The reason for a failed biopsy could be a technical failure of the puncture 

method (e.g. misfire or malfunctioning of the biopsy gun) or an incorrect sampling. 

Incorrect sampling is sometimes unavoidable due to the nature of the renal tumors: 

these may contain necrotic and fibrotic tissue, or be mixed in nature with solid and 

cystic components. Also, the presence of normal renal tissue implicates that the 

sampling is incorrect as very few renal masses are composed of normal renal tissue. 

The presence of fibrotic, inflammatory, fatty or necrotic tissue in the specimen will 

mean that a diagnosis cannot be made from it. 

In indeterminate (or inconclusive) biopsies, tumor tissue is present in the biopsy 

specimen but it is impossible to determine the biology of the cells. In this case, IHC 

techniques may be of help if enough tissue is available. Definitions in the literature are 

confusing and a certain overlap between failed, incorrect sampling and indeterminate 

biopsies is unavoidable. Diagnostic yield is the rate at which biopsies establish a 

diagnosis. Diagnostic biopsies can also give false results, both positive and negative, 
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and the sum of these is the rate of inaccurate biopsies. Accuracy is then calculated 

from the total number of diagnostic biopsies.

Besides the technical failures and the indeterminate biopsies, benign nontumoral 

conditions (e.g. normal renal parenchyma) found in the biopsy specimen will be 

classed as diagnostic by some and nondiagnostic by others. Variations in results are 

conditioned by the lack of standardization of the taxonomy but also by the well-

proven interobserver variability among pathologist. Interobserver variability may be 

responsible for an up to 11% difference in the rate of nondiagnostic biopsy, both for 

core biopsy (CB) and fine needle aspiration (FNA) [6, 19–21].

Renal biopsy technique

There are two aspects when considering the technique of percutaneous renal biopsy: 

the type of image guidance and the type of biopsy performed [CB or cytologic 

aspiration (FNA)]. 

Image guidance

Most renal biopsies are performed percutaneously and are supported by image 

guidance using computed tomography (CT) or ultrasound. The biopsies are normally 

performed under local anesthesia in an outpatient setting. When performing biopsies 

during surgery or ex vivo, direct vision can be used. Compared with ex vivo renal mass 

biopsies, recent studies with imaging-guided percutaneous renal mass biopsies have 

shown better outcomes in terms of failed or indeterminate biopsies [22]. The outcomes 

of biopsies performed using ultrasound, CT or magnetic resonance imaging (MRI) are 

similar and therefore the choice between the radiologic modalities should be made on 

Table 1 Nomenclature of the nondiagnostic biopsies based on the sample 
findings, and reasons leading to a nondiagnostic result.

Nomenclature Tissue in the sample Reasons 

Failed biopsy Absence of tumor cells 
(other types of tissue 
may be present)

Technical failure (e.g. misfiring) 
Erroneous sampling  
(e.g. normal kidney, fibrosis, fat, 
inflammation, necrosis, blood)

Indeterminate 
(inconclusive) 
biopsy 

Impossibility to 
differentiate benign 
from malignant cells

Insufficient cells  
Morphologic overlap 
Cellular heterogeneity
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other grounds [23–26]. MRI-guided biopsy is not widespread as it entails the use of the 

more costly nonferromagnetic needles [23].

Ultrasound

Ultrasound guidance appears to have several advantages: it is generally available 

and less costly, results in less radiation, most urologists can perform it themselves, 

provides real-time and multiplanar imaging, and the device is portable. However, not 

all lesions can be visualized on ultrasound and anatomic structures, such as the ribs, 

and gas can obscure visibility. Finally, performing ultrasound-guided renal biopsies 

requires a significant learning curve. Visualization of the needle tip on ultrasound can 

be improved by several methods [27]. Biopsies can be performed using a guide or 

“freehand.” 

Computed tomography (Figure 2)

Advantages of CT guidance are that most renal tumors can be identified after contrast 

injection and that the puncture of intratumoral changes can be avoided to optimize 

the results of the biopsy (e.g. hemorrhagic zones that can result in necrosis). Adjacent 

organs can be optimally identified and the technique is easier to master. These 

advantages are even more significant in obese patients. However, real-time CT imaging 

is potentially hazardous for the investigator and patient due to radiation exposure. It 

is possible due to manipulation of the needle that the biopsy is performed outside the 

selected target, resulting in false-negative of nondiagnostic biopsies.

Type of biopsy 

Fine needle aspiration

FNA or cytologic aspiration is performed under image guidance. When the patient 

is properly positioned, the most suitable needle path is chosen. A guiding cannula is 

advanced onto the tumor surface and the needle is passed through the cannula into 

the tumor, trying to avoid possible necrotic areas. The cannula is used to avoid direct 

contact between the tumor and surrounding retroperitoneal tissue, decreasing the risk 

of tract seeding [27, 28]. The needle is then moved back and forth within the tumor to 

collect the cells. Traditionally, negative pressure with a syringe is applied on the needle 

in order to collect more cells. Another method that does not use negative pressure is 

Zajelda’s fine needle capillary technique. This tends to reduce the amount of blood in
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Figure 2 CT-guided biopsy of a renal mass in the right kidney (patient in the prone position).

the sample, but may result in fewer cellular smears [23]. If a CB and FNA are to be 

performed in the same session, the FNA should be performed first, to reduce the 

amount of blood in the cytologic specimen [23]. The aspirate is placed on slides and 

smeared directly. An on-site cytotechnologist can immediately determine the quality 

of the specimen, which should increase the rate of diagnostic FNAs and subsequent 

CBs since correct needle placement is ensured [23]. Cytologic examination can provide 

cytologic detail that is sometimes superior to that seen in CBs (Figure 3 and 4). FNA 

samples can be used to prepare cell blocks which are helpful to identify specific histo-

architectural features and to perform IHC studies. A recent study has shown excellent 

results with an improved agar microscopy which comprises processing the aspirate 

of FNA by centrifuging it in agar. This technique results in concentrated cell blocks 

composed of fragments and loose cells that are suitable for slicing and subsequent 

histologic interpretation with IHC [29]. Additional testing, such as flow cytometry, 

fluorescent in situ hybridization (FISH), apoptosis assays, and picrosius red F3BA 

staining, are also possible with FNA [23].
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Core biopsy

A CB is performed with a hollow needle, allowing it to remove small but solid samples 

of tissue suitable for fixation and histologic examination (Figure 3). The needle has 

a cutting edge that allows tissue samples larger than 1 cm in length to be removed. 

Thicker needles than for FNAs are used (17G or 18G). The risk of complications does 

not increase with the use of these needles [25, 30–39]. Usually, 18G or 17G needles 

are used with an automatic biopsy gun to obtain tissue samples of 15–22 mm in length. 

The quality of the core should be checked at the time of the biopsy, in order to repeat 

it if there are doubts about its quality. 

Technical considerations

There are technical considerations with both FNA and CB to improve the quality of 

the sampling and to maximize the results. The choice of radiologic imaging depends 

on tumor location, size, access feasibility, visibility and individual preference. Imaging 

is used to avoid areas suggestive of pathologic necrosis or cystic areas. The same 

considerations apply to the choice of biopsy type, FNA or CB. In general higher accuracy 

has been shown for CB, although experienced groups achieve the same results with 

FNA [40]. The ideal is to perform both types of biopsy during the same procedure.  

Larger needles (see figure 5) have shown better results in terms of sample quality, 

and there is no increased risk for complications when comparing 18G to 22G needles 

[23, 25, 29, 36–39). Most recently, Breda et al. compared the ex vivo performance of 

three distinct needles (14G, 18G, and 20G) in a blinded study [41]. One core biopsy 

was obtained with each needle from 31 tumors. Biopsies were analyzed by H&E and a 

standard IHC panel. All the biopsies performed with the 14G and 18G needles provided 

sufficient tissue for diagnosis, whereas the technical failure rate for the 20G needle was 

14%. Sensitivity to distinguish between benign and malignant tumor was high for the 

three needle calibers, but specificity was lower for the 20G needle. Histologic accuracy 

was 92%, 97% and 81% for 14G, 18G, and 20G needles, respectively (see table 2). 

Grade accuracy was consistently low for the three needles and in the range 40–56%.
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Figure 4 Fine needle aspiration biopsy samples (Giemsa staining) of different subtypes of 
RCC and oncocytoma: (A) clear cell; (B) papillary; (C) chromophobe; (D) oncocytoma.

Figure 3 Histopathologic core biopsy samples (H&E staining) of different subtypes of 
renal cell carcinoma and oncocytoma: (A) clear cell; (B) papillary; (C) chromophobe; 
(D) oncocytoma.
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Figure 5 Core biopsy needles: (A) manual 14G needle; (B) semi-automatic 16G needle; (C) full 
automatic 18G needle. (D) Needle tips of the 14G, 16G, and 18G biopsy needles (top to bottom). All 
cores obtained are between 18 and 20 mm in length. 

These authors concluded that at least one core biopsy with an 18G needle offers the 

highest accuracy in histologic diagnosis [41]. The change to thicker needles could be at 

least partly responsible for the increasing accuracy and decreasing failure rate of the 

biopsies [22].

Different type of needles are available to perform a CB. Automatic Tru-cut needles are 

easier to manage than the original manual Tru-cut needles.  

There are no studies in the literature comparing the results for different number of 

samples. However, the number of CBs advised in the literature is at least two [22, 23, 

33]. For FNA, as many passes as necessary should be performed to ensure a diagnostic 

smear. As mentioned above, ideally the cytologist should prepare the smear directly 

after puncturing (“on site”) and examine it immediately to ensure the presence of cells 

and to give the opportunity to repeat the cytologic aspiration if necessary. In both CB 

and FNA it is recommended to use a cannula that is wider than the biopsy needle to be 



Table 2 Results of ex vivo biopsies. Pathologic surgical specimen available in all cases. 

Mean or 
median 
tumor size 
[cm range)]

Number 
of 
tumors

Accuracy 
(biology) 

Nondiagnostic 
biopsies*

Accuracy 
RCC type 

Accuracy 
RCC grade

Nurmi et al. 
(1984) [55]

– 150 100% 2% – 76%a

Dechet et al. 
(1999) [21]b

4.6 (1–18) 106 Overall 76–80%  
Sens 77–84%  
Spec 60–73% 
PPV 94–96%       
NPV 69–73%

11–17% NA NA

Dechet et al. 
(2003) [6]b

NR 100 Overall 72–77%  
Sens 81–83%  
Spec 33–60% 

20–21% NA NA

Wunderlich 
et al. (2005) 
[42]c

4.97 (2–20) 50 98% (diagnostic  
yield) 

2% 70%j 83%j

Barocas et 
al. (2006) 
[30]

5.3 (1.1–
15.5)

77 Overall 90%          
Sens 87–100%d   
Spec 96.5– 96.5%d         
PPV 96.4–96.9%d     
 NPV 87.5–100%d 

4% 90% –

Barocas et 
al. (2007) 
[31]

4.5 (1.3–
11.3)

36 69–79%e 14% (H&E) 87% NA

Kummerlin 
et al. (2008) 
[19]f

5.5 (2–12) 62 Overall 77–90%    
Sens 79–100%  
Spec 100%           
PPV 100%                 
NPV 29–100%

8–19% NA NA

Kummerlin 
et al. (2009) 
[20]g

5.5 (2–12) 66 Overall 73–91%  
Sens 72–97%h     
Spec 63–100%h 

PPV 93–100%h          
NPV 24–75%h

3–14% NA NA

Breda et al. 
2010 [41]i

6.3 (0.8–17) 31 Sens 96–100%  
Spec 67–75% 
PPV 96%            
NPV 75–100%

0% (14G needle) 
0%(18G needle)    
16% (20G needle)

92% (14G)       
97% (18G)       
81% (20G)

48% (14G)  
40% (18G) 
56% (20G)

* Nondiagnostic biopsies includes failed biopsies and indeterminate biopsies.  
a Grade as low, intermediate and high. 
b Two pathologists independently evaluated all samples. 
c Five core biopsies per tumor. 
d Addition of molecular diagnosis increased sensitivity and NPV. 
e By adding FISH to conventional H&E staining. 
f Core biopsy evaluated independently by five pathologists. 
g FNA evaluated independently by five pathologists. 
h For malignant tumors. 
I Three different biopsy needle calibers compared (14G, 18G, and 20G).  
NA, not assessed; NR, not reported; PPV, positive predictive value; NPV, negative predictive value. 
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used. This cannula is advanced under imaging onto the surface of the tumor and and 

remains stable during the whole procedure. The biopsy needle is advanced through 

the cannula, which allows a number of passes or biopsies to be performed without the 

risk of contamination or seeding, and avoids manipulation of the chosen tract. Tumor 

size does affect the results of the biopsy. Since larger tumors more frequently have 

central necrosis, it is recommended to perform a peripheral and a central biopsy in 

tumors smaller than 4 cm and two peripheral biopsies for tumors larger than 4 cm 

[42]. Although bleeding complications are rare (see below), coagulation abnormalities 

should be corrected prior to biopsy, anticoagulants should be stopped when possible, 

and some hours of rest are recommended after biopsy. CBs are best preserved in 

formalin until fixation and analysis.

COMPLICATIONS 

Potential complications of percutaneous renal biopsies are bleeding, tumor seeding 

along the needle tract, arteriovenous fistula, infection, and pneumothorax. There is 

enough evidence to affirm that minor complications are infrequent, occurring in less 

than 5% of all biopsies performed for renal masses. Catastrophic complications are 

extremely rare and mortality has not been described in the recent literature [22]. The 

most frequent complication is hemorrhage [22, 43, 44]. There are controversial reports 

on the correlation between needle size and rate of complications [39, 45, 46]. The 

correlation is highest when 15G needles are compared with 21G needles; however, as 

mentioned above there is no significant difference in complication rate when 18G and 

21G needles are compared [46]. 

The most feared complication of renal biopsies is tumor seeding. However, in all recent 

series (from 1994 onwards) of renal tumor biopsy, no cases of tract seeding have been 

reported. This might be explained by the widespread use of a guiding cannula for renal 

biopsy [23, 47]. Urothelial carcinomas have a higher tendency to seed along the tract 

than RCCs. Therefore, when urothelial carcinoma is suspected, a percutaneous biopsy 

for diagnostic purposes is not recommended [47, 48]. Other complications occur very 

rarely. An arteriovenous fistula should be considered in cases of persistent bleeding 

[49]. When the renal biopsy is performed by a posterior approach, pneumothorax has 

been reported in 14–29% of cases, although clinically significant pneumothorax
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is uncommon (<1%) [44, 48]. To further minimize the risk of a pneumothorax, the 

puncture should be performed in expiration and the needle should be positioned 

subcostally. Some upper pole tumors can be punctured using the paravertebral 

approach, which involves the injection of saline in the paravertebral space to displace 

the pleura laterally [50]. There is no evidence that a renal mass biopsy can complicate a 

subsequent partial or radical nephrectomy [39, 51, 52].

RESULTS

From the 1970s onwards, many studies have been performed on the diagnostic 

accuracy of renal mass biopsy. Early studies focused on cytologic aspiration with 

Chiba needles, but the incorporation of automatic fine CB needles minimized trauma 

and allowed core samples to be obtained that were easier to analyze. In 2008 Lane 

et al. published an extensive review on the subject [22]. They divided the studies 

chronologically between those conducted before and from 2001 onwards. Before 2001, 

27 studies were considered, in two of which “ex vivo” tumor biopsy was performed. 

After 2001, seven clinical studies and three ex vivo studies were considered. An overall 

diagnostic accuracy of 88.9% was reported for the earlier period (including ex vivo 

biopsies) and a 96% clinical accuracy (excluding ex vivo biopsies) for the later period. 

Although no statistical comparison was available, these figures suggest an improving 

trend in the diagnostic performance of the biopsy. Whether a 7% difference in accuracy 

is of clinical significance remains unknown, but it is worthwhile. Furthermore, false-

negative and -positive rates both decreased between periods. Accuracy of the biopsy 

was calculated based on the number of successful biopsies. Biopsy failures defined 

as “the inability to obtain an amount of tissue sufficient for diagnosis” were excluded 

from the accuracy assessment. Consequently, in clinical practice, the physician has 

to be aware that diagnostic yield is different from accuracy, as the biopsy failures 

accounted still for 9% and 5.2% for the periods before 2001 and from 2001 onwards, 

respectively. Indeterminate biopsies were included in the accuracy assessment in the 

review. However, an indeterminate biopsy is in fact a nondiagnostic biopsy. The sum of 

technical failures plus indeterminate biopsies (“no definitive diagnosis possible using 

the available techniques”) was 19% and 10% in the respective periods. In summary, 

biopsy has a high accuracy in the modern era, but nondiagnostic biopsies still account 
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for an overall 10% in general series irrespective of the tumor size. 

When considering these results, some limitations of the review, most of which were 

pointed out by the authors, must be mentioned. First, the studies included in this 

review compared the biopsy results to numerous different gold standards. These index 

tests varied from pathologic examination of the specimen after surgical excision to 

radiologic follow-up of nonextirpated tumors [7]. For example, in the period before 

2001, surgery and consequently surgical specimen available for comparison was noted 

in only 49.5% of the cases previously biopsied, excluding the ex vivo biopsy studies for 

which a surgical specimen was obviously available in all cases. The number of cases 

with surgical specimen available for comparison increased to 54% in the second study 

period. Together with the recent knowledge that the lack of radiologic growth does 

not necessarily mean absence of malignancy [53], this means that the results of the 

biopsies were compared to a strict index test in only half of the cases. Second, the 

percentage of pathologically confirmed renal carcinomas was 70.5% before 2001 and 

82% from 2001 onwards, which could suggest that selection criteria based on imaging 

could have improved over time. Third, heterogeneity among series in both periods 

in terms of selection criteria,technical issues (e.g. needle used, histopathologic type 

of biopsy), and the different number of cases included precludes sound statistical 

comparison.   

All the above mentioned reasons may be sources of bias in the interpretation of the 

analysis, and overestimation of the biopsy accuracy cannot not be ruled out, but 

neither can the improving trend be denied. In an attempt to clarify the results, we 

further examined those series where pathologic confirmation was obtained in the 

form of a surgical specimen in 100% of cases, whether ex vivo or in the clinical setting, 

including with a preoperative percutaneous biopsy. Results of biopsy of small renal 

masses are also considered separately, as results from general series may not be 

extrapolatable to these masses. 

Ex vivo biopsies 

Several studies have evaluated the accuracy of the ex vivo (in bench) biopsy for the 

diagnosis of renal tumors [6, 20, 21, 30, 31, 41, 42, 54, 55]. The accuracy of surgical 

excision (nephrectomy or partial nephrectomy) biopsies taken under direct vision were 
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compared to the definitive pathology of the surgical specimen in 100% of the cases. In 

most of the studies pathologists evaluating the biopsy were blinded to the definitive 

histopathologic results. Ex vivo CBs were sufficiently accurate to be able to differentiate 

between a malignant and a benign renal mass (Table 2). Overall accuracy varied from 

72% to 90%, and was not lower for FNAs [20]. The rate of nondiagnostic biopsies varied 

from 2% to 20% with a trend to be higher than in the modern percutaneous biopsy 

studies [22]. Using the same nomenclature as in the article by Lane et al. [22] is used, 

Kummerlin et al. described a rate of failed biopsies (called nondiagnostic) between 8% 

and 16% for the five pathologists involved in the study, and a rate of indeterminate 

biopsies (called nonconclusive) between 0% and 8% [19]. This fact may be explained 

by the lack of visualization of the entire tumor, as can occur during imaging or in the 

absence of needle stabilization during percutaneous puncture. Subtype differentiation 

between oncocytoma and chromophobe RCC remains problematic (see Figures 3 and 

4). Kummerlin et al. found a good overall accuracy for ex vivo FNA in differentiating 

between malignant and benign masses [18, 20]. However, again there was a substantial 

interobserver variation regarding the subtype differentiation other than for clear-cell 

RCC. 

When interpreting the results of in-bench biopsy studies, it has to be taken into 

account that this ex vivo setting is only partially comparable to clinical practice, where 

percutaneous biopsies will be the standard. 

Percutaneous biopsy compared with 100% surgical specimens

The number of studies on the accuracy of percutaneous renal mass biopsy based on 

100% comparison of the preoperative samples with the surgical specimen is very low. 

Before 2001 only three such studies were identified in the review of Lane et al. [56–

58). In these studies accuracy for the diagnosis of RCC varied from 40% to 94%; the rate 

of biopsy failures varied from 0% to 22% and the rate of indeterminate biopsies from 

4.3% to 36%. False positives were almost nonexistent (0–2.2%), but false negatives 

accounted for 0–24%. These results are clearly insufficient to justify the systematic use 

of percutaneous biopsy in the diagnostic setting. However, comparison with modern 

data is precluded as different needles, mostly 21G and 22G, were used and in two of 

those studies biopsy was guided by old ultrasound devices. After 2001, only three 
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Table 3 Modern series on percutaneous renal mass biopsy with pathological confirmation (surgical 
specimen) in all cases

Tumors Mean 
tumor 
size in cm 
(range)

Guidance 
/needle 

Type 
biopsy/ 
no. of 
samples

Non 
diagnostic 
biopsies*

Accuracy Accuracy 
histologic 
type

Accuracy  
grade

Schmidbauer  
(2008) [60] 

78 3.9  
(0.8–9)

CT/18G CB/2–3 3% Sens 95%  
Spec 100% 
PPV 100%      
NPV 81%

91% 76% 

Blumenfeld  
(2010) [54] 

81 5.3  
(1–17)

US–
CT/18G 

CB/>2 3% NR 88% 43% 

Sofikerim  
(2010) [59] 

42 6.4  
(2.5– 14)

US/18G CB/2 7%a 90% (biology)  
Sens 91%  
Spec 60% 
PPV 94%         
NPV 50% 

77.5% 51.5% 

*Nondiagnostic biopsy includes failed and indeterminate biopsies.  
a Nondiagnostic rate lowered to 4.7% after repeated biopsy. 
CT, computed tomography; US, ultrasound; CB, core biopsy; NR, not reported. 

more reports are available in the literature in which the percutaneous renal mass 

biopsy has been compared in all cases with the surgical specimen [54, 59, 60] (Table 

3).The sensitivity of percutaneous core biopsy to detect malignancy proven at surgical 

specimen varies from 91.4% to 93.5% and the negative predictive value from 50% to 

81.3%. The rate of nondiagnostic biopsies was very low in these three modern studies, 

in the range of 2.4–7.1%, although in some cases a repeat biopsy was necessary to 

reach a diagnosis. Correct RCC subtype determination varied from 77.5% to 91% 

and correct Fuhrman nuclear grade from 51.5% to 76%, with the grade mainly being 

underestimated on CB.

Biopsy in small renal mass 

The performance of renal mass biopsies in small renal masses (SRMs; ≤4cm) is of 

utmost importance for a number of reasons. There is a high percentage of benign 

masses among the small renal tumors [13, 61], radiologic distinction between 

malignant and benign may be extremely difficult in this size range [14], and in spite 

of the low biologic potential of small RCC, some will be of high grade [16, 18]. The 

clinical scenario becomes even more complicated as a considerable number of those 

SRMs are accidentally found in older patients with comorbidity. Especially in SRMs, a 

preoperative histologic diagnosis may lead to a change in management.
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In general, the sensitivity of renal biopsy in SRM is lower when compared with general 

series on renal biopsy (including all tumor sizes). The biopsy failure rate increases in 

SRMs. A rate of biopsy failure as high as 37% has been reported in renal masses smaller 

than 3 cm versus 9% in tumors larger than 3 cm [52]. 

Table 4 gives an overview of published studies on biopsies in SRM. As expected, biopsy 

results for SRMs are less accurate than in larger masses, with histologic confirmation by 

means of surgical specimen in 30–78% of cases [22]. The rate of nondiagnostic biopsies 

is also higher in SRM, either because of technical failure or because of indeterminate 

results. It was demonstrated that when the result of a biopsy is malignant, subtype 

Table 4 Results of biopsies in small renal masses. All included studies are on masses ≤ 4 cm 
with the exception of Shannon et al. [66] (table modified from Laguna et al. [7]).

Tumor 
size 
(cm)

Imaging 
guide

No. of 
tumors

ND 
biopsy*  

Pathologic 
confirmation**

Accuracy

Neuzillet  
(2004) [51]

2.8a CT 88 9% 70.4% 90%

Rybikowski  
(2008) [63]

≤ 4 CT 66 18% 78% 91% for malignant  
57% for benign 

Thuillier  
(2008) [64]

2.5a NS 53 23% 60% Sensibility 96% 
Specificity 100%

Wang  
(2008) [65]

2.7a CT/US 110 9% 34% 100%

Volpe  
(2008) [62]

2.4b CT/US 100 16% 20% 84%

Shannon  
(2008) [66]

2.9b  

(< 5)
CT 222 22% 59% 100% for biology 

98% for subtype

Kummerlin  
(2009) [20]

3.5b In 
benchc 

30 7–17%c 100% Overall accuracy 
67–87%c

(67–93% for malignant 
and 33–100% for 
benign)c

*Includes failed and indeterminate biopsies.  
**Cases with surgical specimen available.  
a Mean size. 
b Median size. 
c Five pathologists’ independent results. 
CT, Computed tomography; US, ultrasound; NS, not specified. 
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determination is possible in 93% of the biopsies; however, IHC is necessary in a 

substantial number of cases. Concordance with the surgical specimen is high (91–

100%) [62, 63]. Fuhrman nuclear grade was correct in 68%, with a lower concordance 

than for subtype (60–100%), as was the case in larger renal masses [62–64].

Accuracy for histology and grade

Kidney tumors are known to show intratumoral heterogeneity and therefore 

subtype identification can be misleading when biopsies are assessed. However, in 

the modern series an overall accuracy of 94% in identifying the correct histologic 

subtype was reported [22]. Similar results for grade accuracy have been reported 

for SRMs, although IHC was necessary in most cases [62].One of the major problems 

in differentiating subtypes of RCC is the distinction between oncocytoma and 

chromophobe RCC, since hybrid tumors containing areas of benign oncocytoma 

and malignant chromophobe RCC exist [60]. This issue remains a challenge for the 

pathologist, especially when limited tissue is available, as is the case with biopsies. 

New auxiliary techniques, such as genetic profiling, polymerase chain reaction (PCR), 

and FISH are under development to distinguish chromophobe RCC, oncocytomas, and 

other subtypes of RCC with more accuracy [32, 33, 67, 68]. Heterogeneity of renal 

tumors is also hindering correct determination of Fuhrman’s nuclear grade by biopsy. 

In two large recent series, Fuhrman’s nuclear grade was correctly determined in 70% 

[51] and 83% [42] respectively. In all the discordant cases, the actual grade found in 

postoperative pathology was within one grade of the grade found at biopsy. A higher 

accuracy (76–100%) is obtained when the nuclear grade of tumors is grouped into “low 

grade” (Fuhrman I–II) and “‘high grade” (Fuhrman III–IV) [51, 52].

Biopsy during thermal ablation

When performing thermal ablation of small renal tumors, such as cryoablation (CA) 

or radiofrequency ablation (RFA), information on the pathology of the ablated mass 

can only be gained through biopsy of the tumor, since the specimen is not extirpated. 

This information has not only diagnostic purposes but may impact follow-up policy. 

An additional use of biopsies in the frame of ablation therapy is in determining the 

presence of residual tumor. Two recent meta-analysis have compared CA with RFA [69] 

and percutaneous ablation with surgical ablation, including laparoscopy [70]. 
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Biopsy of the mass was performed in 82.3% of the CA, in 62.2% of the RFA, in 84% 

of the percutaneous procedures and in 88 % of the surgically assisted ablations [69, 

70]. Overall, between 54% and 64% of the biopsies confirmed RCC, 12.7% showed 

benign pathology and 33.5% had unknown of undetermined pathology [69]. With the 

limitations derived from the lack of well-designed comparative studies it becomes 

evident that biopsy of the tumors is widely adopted during ablation treatments but 

in the case of RFA where still 40% of the patients are treated without information 

on tumor biology. The rate of nondiagnostic biopsy varies from 0% to 23% in those 

series of percutaneous ablation [71–74] and from 0% to 30% when tumor biopsy 

is performed during laparoscopic ablation [75–80]. These figures are similar to the 

nondiagnostic rates described for SRMs (see Table 4) as the tumors treated by ablation 

are in this size range. At least during laparoscopy-assisted ablation, modification of 

the biopsy technique, by activating the firing mechanism of the biopsy gun externally 

to the target tissue, led to a higher diagnostic yield in a small clinical series [77]. The 

criteria classifying a biopsy as nondiagnostic or benign varies between groups, which 

may explain the broad range of nondiagnostic or benign results. As an example, 

normal renal tissue, fibrotic tissue or necrotic tissue are distinctly classed as benign 

by some and nondiagnostic by others [78, 80]. In fact, the stricter the nondiagnostic 

criteria are, the higher the nondiagnostic rate of the biopsy. Tumor biopsies can also 

be taken immediately after ablation to minimize risk of bleeding or tract seeding. In 

this situation, the pathologist can identify RCC architecture both after RFA and CA and 

the diagnostic yield of the pre-ablation and immediate post-ablation biopsies is not 

statistically different [81–83].

Success after ablation therapy is mainly determined using cross-sectional imaging with 

contrast. Lack of contrast enhancement indicates absence of tumor recurrence [84]. 

However, the presence of viable tumors in the ablated area is not completely ruled 

out by the lack of enhancement on CT or MRI [85]. Therefore, some centers have 

performed an additional post-ablation biopsy to assess the success of the ablation. A 

study on the correlation of radiographic imaging and histopathology showed that in 

24% of patients treated by RFA, the 6-month post-ablation biopsy showed viable renal 

cancer cells even though there were no signs of radiologic enhancement at that
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time [86]. The 6-months post-cryoablation biopsy was consistently negative in all 

non-enhancing masses. Therefore, the sensitivity of nodular enhancement at 6 

months after RFA to detect a positive biopsy was only 38.4%, with a specificity of 

91.3%. The results for cryoablation were superior, with a sensitivity and specificity of 

77.8% and 95.1%, respectively. In contrast, a study on RFA lesion biopsy more than 1 

year after ablation showed no vital lesion [87]. It is therefore advisable to use NADH 

or other oxidative stress stains when assessing biopsy after ablation [88]. 

Additional pathologic methods

RCC subtyping was originally performed using a light microscope and standard H&E 

staining. The diagnostic accuracy in differentiating benign from malignant renal mass 

is substantial, but for determining RCC subtypes the accuracy is lower, since complex 

and overlapping morphologic features exist. As described earlier, this results in the 

interobserver and intraobserver variability of subtyping [19, 20].For a long time 

research to improve subtyping of renal tumors had no priority since there were no 

clinical consequences. However, there has been interest in subtype determination 

of RCC following the incorporation in clinical practice of targeted therapies. Correct 

determination of RCC subtype can be of capital importance since paradigms for 

specific RCC subtypes may not apply to other subtypes. Therefore, a more accurate 

differentiation of RCC subtypes is desirable. Differences among RCC subtypes at 

the DNA or RNA and the protein level have been explored in order to improve 

the accuracy of subtype differentiation. Although different subtypes of RCC show 

overlapping histologic features they are biologically distinct. This is obvious when 

the cytogenetic abnormalities of different subtypes are observed: different subtypes 

have characteristic abnormalities, such as chromosome 3p aberrations in clear-cell 

RCC and trisomy 17 in chromophobe RCC [89]. These characteristic differences imply 

that the different subtypes are distinguishable by mapping this genetic expression. 

One method to perform a molecular gene profiling analysis is DNA microarray. 

This has shown differences in gene expression profiles between subtypes of RCC 

and therefore it differentiates between the histologic subtypes of RCC [90–92]. By 

analyzing the mRNA expression ratios of different genes in different subtypes of RCC, 

the individual subtypes can be differentiated: high CA9 expression in clear-cell RCC, 
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AMACR in papillary RCC, and CLCNKB in chromophobe RCC and oncocytoma [93] 

which facilitates a molecular diagnostic algorithm. It has been demonstrated that renal 

masses can be accurately classified on CBs using a combination of histopathology 

and molecular gene profiling analysis [30].In order to obtain sufficient material for 

investigation, the genetic material harvested with percutaneous biopsy should be 

amplified by PCR [23, 30]. Another auxiliary technique for subtype differentiation is 

IHC, which localizes specific antigens or proteins in a tissue sample by binding the 

antigens with labeled antibodies. The formed antigen–antibody complex can be 

visualized by (fluorescent) staining and therefore the presence of the antigen can be 

demonstrated. Several antigens have been found to be useful as a marker for subtype 

determination of RCC, and they are currently used in combination with histologic 

investigation to improve the diagnostic accuracy. It is likely that in the near future these 

techniques will contribute more to the diagnostic process [94–96].

Conclusions and recommendations

There is an increasing interest and trend to incorporate the percutaneous biopsy of 

a renal mass into the diagnostic algorithm of small renal tumors, when treatment 

depends on histologic subtype determination, and for ablative procedures. CB is more 

commonly performed than FNA. Complications are rare and mostly of low grade. 

Modern series on percutaneous biopsy of renal masses show a high accuracy and a 

lower rate of failed or undetermined biopsies than older series. Although still scarce, 

those recent series with pathologic confirmation by means of surgical specimen 

support these encouraging results. The accuracy of histologic subtype determination 

in the biopsy specimen may be up to 94% and of Furman’s grade up to 70%. Oncocytic 

features may overlap with those of chromophobe RCC.  

However, when considering a percutaneous biopsy in an SRM, there needs to be an 

awareness that accuracy will be inferior to that reported in general series. The overall 

rate of nondiagnostic biopsy, either failed or inconclusive, is still high in the SRM.   

Biopsies are not consistently performed during ablation therapy. When performed, the 

literature shows a similar rate of nondiagnostic biopsies as in the case of SRM. Biopsy 

immediately performed after ablation leads to the same diagnostic yield as before 

ablation as architectural structure is still recognizable. Current percutaneous renal



Chapter 3

78

biopsy is recommended when there is a suspicion of nonprimary RCC, when an 

infectious cause is suspected, during ablation therapy, to decide on treatment of SRMs, 

for therapeutic purposes in metastatic RCC, and for documentation and follow-up 

purposes when a RCC is submitted to active surveillance.  
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ABSTRACT

Purpose: Non-diagnostic results still hinder routine use of Core biopsy (CB) and Fine 

Needle Aspiration (FNA) in the diagnostic process of renal tumours. Furthermore 

substantial interobserver variability has been reported. We assessed the added value 

of combining the results of CB and FNA by five pathologists in the ex-vivo diagnosis of 

renal mass.

Methods: Two ex-vivo core biopsies were taken followed by two FNA passes from 

extirpated tumours. All samples were evaluated by five blinded pathologists. A 

consensus diagnosis of the surgical specimen was the index for comparison. For each 

pathologist the number of non-diagnostic (non-conclusive or undetermined biology 

and failed biopsies), correct and incorrect scored cases of each technique were 

assessed.  

When a non-diagnostic CB or FNA had a correct diagnostic counterpart, this was 

considered as of added value. 

Results: Of the 57 assessed tumours 53 were malignant. CB was non-diagnostic in 4-10 

cases (7%-17.5%). FNA established the correct diagnosis in 1-7 of these cases. FNA 

was non-diagnostic in 2-6 cases (3.5%-10.5%) and the counterpart CB established the 

correct diagnosis in 1-6 of these cases. 

For the 5 pathologists accuracy of CB and FNA varied between 82.5% to 93% and 89.5% 

to 96.5% respectively. Combination of both types of biopsy resulted in 55-57 correct 

results (accuracy 96.5%-100%), i.e. an increase of accuracy of 3.5%-14%.  

Conclusion: Combining the result of CB and FNA in renal mass biopsy leads to a higher 

diagnostic accuracy. Recommendations on which technique used should be adapted to 

local expertise and logistic possibilities. 
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Introduction 

Most renal tumours are incidental findings discovered by cross sectional or ultrasound 

imaging and these imaging techniques are also the current pre-operative “gold 

standard” to determine the characteristics of the renal tumour. However most studies 

have also shown that differentiating benign from malignant renal mass based on 

radiological features is difficult, and subtype differentiation of renal cell carcinoma 

(RCC) is highly uncertain[1].

In contrast with suspected malignancies in other organs, pre-operative biopsy to 

confirm the pathology has not been widely adopted in renal tumours. Fear of potential 

tract seeding and low accuracy of the test were the most important caveats. However 

tract seeding has not been reported since 1994 and the accuracy of renal tumour 

biopsy is reaching 90% and higher in some setups [2,1]. Main indications for biopsy in 

renal masses are clinical T1 masses, suspicion of metastasis from other primary cancer 

or infectious disease and before systemic targeted therapy. 

The majority of the published studies deal with the results of core biopsies (CB or 

Tru-cut biopsies). Fine needle aspiration (FNA) is less frequently reported, although 

some studies show similar accuracy compared to CB[1]. Survey studies show that if 

indicated, the majority of practicing physicians prefers core biopsy (CB) over FNA. Both 

techniques have their specific advantages and disadvantages. Histological core biopsy is 

thought to preserve the architecture of the tumour and facilitates the performance of 

ancillary tests and immunohistochemistry, possibly benefitting accuracy. On the other 

hand it is more likely to harvest cells that lead to a diagnosis when multiple passes are 

made through the tumour, as is done when taking an FNA[3,4,5,6]. 

Very few studies have assessed the diagnostic accuracy of a combination of CB and FNA 

(e.g. Wood et al.[7]) or the superiority of one technique over the other. Therefore the 

clinical question remains, when performing a renal mass biopsy, which technique is the 

first choice[8]. The aim of the present study is to assess the accuracy of combining both 

techniques and the added value of either of the techniques. 

Material and methods

Fifty-seven consecutively extirpated renal masses were included in this prospective 

study. Since no direct intervention was made in these patients, informed consent
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was not mandatory. Immediately after surgery, the fresh specimen was studied at the 

pathology laboratory. First one urologist performed under direct vision two CBs from 

the periphery of the tumour with an automatic 18-gauge core biopsy system (Boston 

Scientific®). The CBs were fixed in formalin, paraffin embedded and haematoxylin-and-

eosin (HE)-stained. Subsequently the same urologist performed fine needle aspirations 

of the tumour using a 22-gauge needle. After each of two passes, two smears were 

stained for Giemsa and two for Papanicolaou. After FNAs and CBs were performed, 

the surgical specimen was processed according to the guidelines of the Uropathology 

Working Group (European Society of Pathology)[9] and the European Working Group of 

Uropathology of the European Association of Urology. 

All samples were evaluated by five pathologists blinded for the definitive diagnosis 

and in an independent manner. The pathologists classified the biopsies and smears 

according to the latest WHO criteria. Samples containing only normal kidney 

parenchyma, blood, necrotic tissue or insufficient tumour tissue to make a definitive 

diagnosis (according to the individual pathologist’s assessment) were classified as non-

diagnostic. Samples in which the pathologist could not decide between malignant or 

benign were classified as non-conclusive. Because no diagnosis could be made in these 

samples, for the purposes of this article they will also be considered non-diagnostic. 

After the blind evaluation of the FNAs and CBs was completed the five pathologists 

reached consensus on the surgical specimen at the multihead-microscope. The 

specimen diagnosis was considered the standard reference to assess the diagnostic

Table 1 Construction of the index test (CB + FNA)

TEST 1 TEST 2 INDEX TEST 

M M M

M B M

M ND M

ND ND ND

B ND B

B B B

M = Malignancy, B = Benign tumour, ND = non-diagnostic result
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accuracy of each of the techniques and the combination of both. Three of the 

pathologists worked in an academic reference centre and two in community 

hospitals. All pathologists had experience with Uropathology, renal CBs and general 

cytology. 

The standard reference and the results of the CB and FNA were classified as 

malignant, benign or a non-diagnostic result. Results were considered accurate when 

it was diagnostic and the diagnosis corresponded with the result of the standard 

reference in terms of a benign or malignant mass. Subsequently we considered 

the two biopsy techniques together as (one single) index test. A case with one or 

both outcomes malignant was considered as a positive index test, consequently a 

case with both outcomes being benign and/or non-diagnostic was considered as a 

negative index test (see table 1). We analysed the number of correct outcomes of the 

index test, i.e. a positive index test with a positive reference standard or a negative 

index test with a negative reference standard outcome.

Table 2 Patient data 

Number of tumors 57

Mean age (years) (SD) 61.9 (13.2)

Mean tumor size in cm (SD) 5.4 (2.6)

Gender (%)
Male 36 (63.2)

Female 21 (36.8)

Side (%)

Left 22 (38.6)

Right 32 (56.1)

Not known 3 (5.3)

Operation (%)
Radical nephrectomy 39 (68.4)

Partial nephrectomy 18 (31.6)

Pathological diagnosis of surgical 
specimen (%)

Clear cell RCC 43 (75.4)

Chromophobe RCC 4 (7.0)

Papillary RCC 3 (5.3)

Renal oncocytoma 2 (3.5)

Angiomyolipoma 2 (3.5)

RCC unclassified 1 (1.8)

Urothelial carcinoma 2 (3.5)

SD = Standard deviation, RCC= renal cell carcinoma
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Results 

Patient data are presented in table 2. Of the 57 renal masses, four tumours (7.0%) were 

benign and 53 (93.0%) were malignant.  

For the different pathologists, CB was incorrect or non-diagnostic in 6 to 11 cases 

(10,5% - 19,3%) with FNA leading to the correct diagnosis in 0 to 10 of these cases (0-

17,5%) 

FNA was incorrect or non-diagnostic in 4 to 16 cases (7,0% - 28,1%) with CB leading to 

the correct diagnosis in 2 to 10 of these cases (3,5% - 17,5%). 

Pathologist 1 had 10 (17,5%) non-diagnostic CBs and 6 (10,5%) non-diagnostic FNAs.  

CB was concordant with the reference standard in 47 cases (82,5%), FNA in 46 cases 

(80,7%). When combining CB and FNA there was concordance in 54 cases leading to an 

accuracy of the combined biopsy of 94,7%.  

Pathologist 2 had 6 (10,5%) non-diagnostic CBs and 3 (5,3%) non-diagnostic FNAs.  

CB was concordant with the reference standard in 51 cases (89,5%), FNA in 51 cases 

(89,5%). When combining CB and FNA there was concordance in 56 cases leading to an 

accuracy of the combined biopsy of 98,2%.  

Pathologist 3 had 4 (7%) non-diagnostic CBs and 3 (5,3%) non-diagnostic FNAs. There 

were 2 cases with a non-diagnostic result for both CB and FNA (reference standard: 

clear cell RCC and chromophobe RCC respectively). CB was concordant with the 

reference standard in 51 cases (89,5%), FNA in 41 cases (71,9%). When combining CB 

and FNA there was concordance in 51 cases leading to an accuracy of the combined 

biopsy of 89,5%.  

Pathologist 4 had 8 (14,1%) non-diagnostic CBs and 2 (3,5%) non-diagnostic FNAs.  

CB was concordant with the reference standard in 46 cases (80,7%), FNA in 53 cases 

(93,0%). When combining CB and FNA there was concordance in 56 cases leading to an 

accuracy of the combined biopsy of 98,2%.  

Pathologist 5 had 8 (14,1%) non-diagnostic CBs and 3 (5,3%) non-diagnostic FNAs. 

There was 1 case with a non-diagnostic result for both CB and FNA (reference standard: 

chromophobe RCC). CB was concordant with the reference standard in 49 cases 

(86,0%), FNA in 53 cases (93,0%). When combining CB and FNA there was concordance 

in 55 cases leading to an accuracy of the combined biopsy of 96,5%.  
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In summary, the accuracy of CB to detect a malignant tumour ranged from 80.7% to 

89.5% for the different pathologists and the accuracy of FNA ranged from 71.9% to 

93.0%. When both techniques were combined the accuracy ranged from 89.5% to 

98.2% (table 3 and figure 1). 

Table 3 Accuracy for CB, FNA and CB+FNA combined 

Pathologist Correct CB (%) Correct FNA (%) Correct CB+FNA (%)

1 47/57 (82.5 %) 46/57 (80.7 %) 54/57 (94.7 %)

2 51/57 (89.5 %) 51/57 (89.5 %) 56/57 (98.2 %)

3 51/57 (89.5 %) 41/57 (71.9 %) 51/57 (89.5 %)

4 46/57 (80.7 %) 53/57 (93.0 %) 56/57 (98.2 %)

5 49/57 (86.0 %) 53/57 (93.0 %) 55/57 (96.5 %)

Discussion 

Renal mass biopsy as a diagnostic tool has gained renewed interest among urologists 

due to changes in a number of involved fields. First the incidence of incidentally 

discovered SRM increased significantly in the era of widely accessible imaging 

modalities and since it is recognised that these SRMs represent a heterogeneous group 

of both benign and malignant pathological conditions with only a minority bearing 

high-grade tumours[10] Simultaneously advances in surgical management have been 

made facilitating less aggressive treatment modalities for less aggressive tumours, such 

as thermal ablation of even active surveillance[11]. Nowadays pathologists have access 

to techniques such as immunohistochemistry and molecular diagnostics to determine 

biopsy tissue with higher accuracy[12]. 

In previous studies the accuracy of CB[13,14] and FNA have been assessed individually, 

however no recommendation to perform the one or the other was given[8]. Since both 

techniques have different advantages and disadvantages we think one technique can 

be complementary to the other. 

In this study we assessed the added value of CB on FNA and vice versa in determining 

the biology of a renal mass by five different pathologists. The consulted pathologists 

were practicing at the time of the study in different hospitals varying from academic 



Chapter 4

92

Figure 1 Correct 
cases per pathologist 
per technique

centres to community hospitals and therefore we covered a wide clinical spectrum and 

integrated the inter-observer variability which is demonstrated to be substantial by 

Kümmerlin et al. [13,14].

In our setting the overall accuracy of CB and FNA is comparable to figures reported in 

the recent literature[2,1] with the accuracy of CB ranging from 80,7% to 89,5% between 

the different pathologists and the accuracy of FNA from 71,9% to 93,0%. However in this 

study no immunohistochemistry has been used, which most likely would have improved 

the figures. 

The second aim of this study was to demonstrate the superiority of CB over FNA or vice 

versa. However we found comparable accuracy figures for both CB and FNA (80,7% to 

89,5% for CB and and 71,9% to 93,0% for FNA). Since accuracy figures of both techniques 

are approaching each other it is hard to proclaim either to be superior or complementary. 

What type of biopsy to perform depends on the local (logistical) situation. When striving 

for the highest accuracy and minimizing the risk of non-diagnostic biopsy results, it is 

recommended to use both biopsy techniques. However when the given setting has 

a known high accuracy of one of the two techniques, performing this one only one is 

recommended in order to save time and resources. We recognise some limitations of this 

study. First, the biopsies were taken in an ex-vivo setting. Clinical application of biopsies 

will be an in-vivo (percutaneous) setting presumably leading to lower accuracy figures. 
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However a comprehensive recent review comparing accuracy figures of ex-vivo- and 

clinical biopsy studies showed comparable if not better results of percutaneous biopsies 

in a clinical setting[2] and therefore a direct extrapolation of the ex-vivo results might be 

expected. Secondly the mean tumour size in the current study is larger than in SRM in 

which biopsy might have major application. However the mean tumour size in our series 

represents the contemporary mean size at surgery including T1b renal masses, 10% 

of which may still be benign [10] justifying biopsy in this range of tumour size as well. 

Furthermore case selection was not based on clinical premises as the present study was 

designed to assess the additional value of either of the biopsy techniques over a single 

biopsy. Thirdly due to the ex-vivo nature of the study an additional risk of complications 

related to the extra biopsies performed cannot be ruled out. However large series in the 

modern literature of CB and FNA reported very few or no major complications, and minor 

complications such as post-biopsy bleeding are very uncommon and almost never of 

clinical significance [15,6,7,16].

Lastly additional biopsy will lead to increased costs in the clinical setting. In our ex-

vivo setting the additional FNA biopsy would have represented an incremental cost of 

247% (core biopsy analysis €85.49 compared to €299.47 for analysing an FNA, including 

€187.17 for on-site analysis by a pathology analyst). Ultimately a proper cost-benefit 

analysis including in-vivo procedural costs, costs of complications and cost benefit in 

terms of preventing unnecessary surgical interventions should be done before definitive 

inclusion of additional biopsies in the diagnostic algorithm. 

CONCLUSION 

Accuracy of CB and FNA are high in this ex-vivo setting and adding the results of CB to 

FNA and vice versa resulted in an accuracy ranging from 89,5 – 98,2% for the different 

pathologists. Whether to perform both CB and FNA depends on the performance of CB 

and FNA solely and on the logistical possibilities in the particular setting. Both techniques 

should be performed when striving for minimal non-diagnostic and maximal accurate 

results. 
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ABSTRACT

Introduction: The histopathological diagnosis of small renal mass (SRM) treated with 

cryoablation relies on pre- or intraoperative biopsies. Since a considerable number of 

these SRM are benign, accurate diagnosis has prognostic and follow-up implications. 

Main problem in SRM is the high rate of non-diagnostic biopsies. 

Purpose: To assess whether certain tumour and biopsy characteristics are correlated 

with a diagnostic biopsy outcome.

Methods: One hundred tumours smaller than 4.5 cm in 94 patients were treated with 

laparoscopic cryoablation. After dissection of the perirenal fat and identification of the 

tumour by intra-abdominal ultrasound, one or more biopsies were obtained before 

freezing. Using the Student-t/Mann Whitney U-test the following parameters were 

evaluated for predicting biopsy outcome: tumour size, location and exophytic part of 

the tumour, size of the biopsy needle, the number of biopsies taken and presence of 

non-enhancing areas compatible with necrosis inside the tumours. Correlations among 

parameters were assessed using a Spearman correlation or Kruskal-Wallis test.

Results: 22 biopsies (22%) were non-diagnostic and consisted of normal kidney tissue, 

connective tissue, fat, fibrosis, necrosis and/or blood. There were no significant 

differences in parameters between the diagnostic and non-diagnostic group. There 

was a positive correlation between tumour size and number of biopsies (p=0.029) and 

between the presence of non-enhancing areas and both size (p<0.001) and the number 

of biopsies taken (p<0.001).

Conclusion: No statistical significant correlation was found between biopsy outcome 

and tumour- or biopsy characteristics. More biopsies were taken in larger tumours, and 

larger tumours contained more non-enhancing areas suspect for necrosis.
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INTRODUCTION

Renal cryosurgery is a treatment option for small renal masses (SRM) in which the 

tumour is ablated in situ by lethal freezing injury. Consequently, there is no surgical 

specimen for pathological examination and therefore the histopathological diagnosis 

relies exclusively on biopsies. A large study has shown that 23% of operated renal 

tumours smaller than 4 cm turn out to be benign and even when cancer is present in 

these tumours a considerable percentage is of low grade[1]. Preoperative diagnosis 

can be obtained by performing a percutaneous core biopsy or fine needle aspiration, 

however concerns about e.g. the accuracy have prevented their routine use[2-4]. Of 

percutaneous core biopsies up to 21% are non-diagnostic[4], and reports on intra-

operative biopsies taken before cryoablation show a similar range of non-diagnostic 

biopsy outcome[5-8]. Non-diagnostic biopsies are usually due to either an insufficient 

amount of tissue or erroneous sampling of necrotic/fibrotic areas or normal kidney 

tissue[4]. 

Since determination of treatment success after cryoablation is mainly based on cross-

sectional imaging, obtaining a histopathological diagnosis should be warranted in 

order to withhold patients with a benign tumour from an intense follow up. Moreover 

it has been demonstrated that a vast amount of non-diagnostic biopsies appears to 

be false negative in small renal mass[9]. This study evaluated whether tumour and 

biopsy characteristics can predict biopsy outcome in a series of patients treated with 

laparoscopic renal cryoablation in our centre. 

METHODS 

We identified consecutive patients treated with laparoscopic cryoablation between 

July 2004 and May 2010 for one or more solid enhancing SRM that underwent 

an intraoperative biopsy prior to freezing. The cryoablation was done using a 3rd 

generation argon-based system with 1.47 mm (17G) cryoprobes (type SeedNet® or 

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

After mobilization of the kidney and dissection of the peritumoural fat, real-time 

laparoscopic ultrasound (US) was used to identify and measure the size of the tumour. 

Percutaneous biopsies were taken under laparoscopic vision using a 16 or 18 gauge 

core biopsy system (18G Topnotch™ and TruPath™, Boston Scientific, USA and 16G
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Quick-Core® Biopsy Needle, Cook Medical, Denmark) without the use of a guiding 

sheath. To ensure an accurate position of the needle the tumour was first penetrated 

for 1 or 2 mm before the biopsy gun was fired. The number of biopsies taken was 

determined by the number of shots needed to obtain a proper core of tissue as 

identified visually by the surgeon. All biopsies were fixed in formalin, embedded in 

paraffin and stained using haematoxylin and eosin (H&E). All biopsies were viewed 

and multidisciplinary discussed by specialized GU-pathologists. Pathology reports 

were retrieved from the hospital computer system and results were marked in a 

database as either diagnostic or non-diagnostic. Biopsies were considered diagnostic 

when a definitive diagnosis of benign or malignant tumour was possible. A biopsy 

was considered non-diagnostic if no tumour cells were present in the biopsy tissue, or 

insufficient tumour cells were present to differentiate between a benign and malignant 

tumour. The histopathological diagnosis was determined according to the WHO 2004 

classification[10]. If necessary, additional immunohistochemical staining was done at 

the discretion of the pathologist. 

The following tumour and biopsy characteristics were evaluated for their influence on 

biopsy outcome: 

1. Tumour size; the maximum diameter as measured on preoperative computerized 

tomography (CT) or magnetic resonance imaging (MRI).

2. The exophytic part of the tumour; the percentage tumour protruding outside  

the surface of the kidney as measured on CT or MRI.

3. Tumour location; the location of the tumour epicentre was recorded as upper,  

middle or lower pole of the kidney, assessed on the preoperative CT or MRI.

4. The presence of non-enhancing areas compatible with necrosis inside the tumours  

on preoperative CT or MRI (categorised as present of absent). 

5. The number of biopsies taken (i.e. number of shots, see above).

6. The size of the biopsy needle (16 or 18 gauge).

7. The quality of the biopsies (after preparation for pathological assessment). 

In order to assess the quality of the biopsies the slides used for microscopical 

investigation by the pathologist were retrieved from our clinics pathological archive
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Figure 1 A solid tumor (A) with a good quality biopsy specimen consisting of a compact core (C). 
Below, a tumor with nonenhancing areas suggestive for necrosis (B) with a poor quality biopsy 
specimen consisting of multiple short fragments (D).

and scored by two investigators (KB and MH) according to the following standards (also 

see figure 1): 

• Good: One or more compact cores > 10 mm in length 

• Intermediate: One or multiple fragments between 5 and 10 mm 

• Poor: multiple or solitary, separate fragments smaller than 5 mm. 

To evaluate differences in tumour- and biopsy characteristics between diagnostic and 

non-diagnostic biopsy outcome we used the Student t-test or in case of a skewed 

distribution the Mann Whitney U-test for numerical parameters and the chi-square test 

for the categorical parameters. 

To analyse correlations between individual parameters we performed a Spearman’s 

correlation for numerical and ordinal parameters and the Kruskal-Wallis test for 

numerical vs. multicategorical parameters. For all analyses the level of significance was 

set at 5%.
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Table 1 Characteristics of patients and tumors

Patients 94

Tumours 100

Patients with multiple tumours 5

Side of tumour L / R 49 / 51

Diagnostic biopsy outcome 78 (78%)

    RCC 56 (72%)

    Oncocytoma 20 (26%)

    Angiomyolipoma  2 (3%)

Non-diagnostic biopsy outcome 22 (22%)

    Normal renal tissue   7 (32%)

    Fibrous tissue or sclerosis    8 (36%)

    (chronic) Infection   3 (14%)

    Fat tissue   2 (9%)

    Necrosis or blood   2 (9%)

Mean tumour size (SD) (cm) 2.58 (0.77)

   No. of tumours 1.0 - 1.9 cm 23 (23%)

   No. of tumours 2.0 – 2.9 cm 38 (38%)

   No. of tumours 3.0 - 3.9 cm 36 (36%)

   No. of tumours 4.0 – 4.5 cm 3  (3%)

Exophytic part of tumours

   No of tumours  0-24 % exo 18 (18%)

   No of tumours 25-49 % exo 14 (14%)

   No of tumours 50-74 % exo 54 (54%)

   No of tumours 75-99 % exo 14 (14%)

Tumour location

   Upper pole 33 (33%)

   Middle pole 41 (41%)

   Lower pole 26 (26%)

Mean no. of biopsies taken (SD) 2.68 (1.00)

   1 4  (4%)

   2 47 (47%)

   3 30 (30%)

   4 9  (9%)

   5 4  (4%)

   (missing data) 6  (6%)

Biopsy needle size 16G / 18G 17 / 83

SD = standard deviation; G= gauge
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RESULTS

A total number of 100 tumours in 94 patients were identified. The mean age of the 

57 (61.3%) men and 36 women was 67 years (range 38-91). In five patients multiple 

tumours were treated. Characteristics of the tumours and the biopsy results are shown 

in table 1. Our series showed 22 non-diagnostic biopsies (22%). In 47% of tumours 

immunohistochemistry was used to differentiate benign from malignant tumours and/

or to further distinguish subtypes of RCC. 

Table 2 shows comparison of different variables (radiological and procedural) between 

the groups of diagnostic and non-diagnostic biopsy results. There was no statistically 

significant difference between the groups of diagnostic and non-diagnostic biopsies. 

There was a positive correlation between tumour size and the number of biopsies 

(Spearman r = .191, p-value = .029), between tumour size and exophytic part of the 

tumour (Spearman r = .209, p-value = .018) and between the size of the biopsy needle

Table 2 Differences between diagnostic and nondiagnostic biopsies for different parameters

Parameter Diagnostic 
biopsies (n=78)

Non-diagnostic 
biopsies (n=22)

P value

Mean tumour size (SD) 2.61 (0.76) cm 2.52 (0.81) cm 0.64 (t-test)

Median exophytic part (IQR) 50% (20-60) 50% (30–60) 0.85 (MWU test)

Median number of biopsies (IQR) 2 (2-3) 3 (2-3) 0.39 (MWU test)

Tumour location 
Upper pole (n=33) 
Mid pole (n=41) 
Lower pole (n=26)

 
26 (79%) 
33 (80%) 
19 (73%)

 
7 (21%) 
8 (20%) 
7 (27%)

 
0.77 (chi-square)

Size of biopsy needle 
16G (n=17) 
18G (n=83)

 
13 (76%) 
65 (78%)

 
4 (24%) 
18 (22%)

 
0.87 (chi-square)

Quality of biopsies 
Good (n=22) 
Intermediate (n= 30) 
Poor (n=42) 
NA (n=6)

 
15 (68%) 
25 (83%) 
32 (76%) 
-

 
7 (32%) 
5 (17%) 
10 (24%) 
-

 
0.32 (chi-square)

Non-enhancing regions within 
tumour 
Present (n=58) 
Absent (n=39) 
NA (n=3)

 
 
47 (81%) 
28 (72%) 
-

 
 
11 (19%) 
11 (28%) 
-

0.36 (chi-square)

*For six biopsies, the original specimen was not available, and therefore the quality could 
not be assessed. SD= standard deviation; IQR = interquartile range; MWU= Mann-Whitney U.



Chapter 5

102

and the quality of the biopsy (Spearman r = .342, p-value = <0.001). Furthermore 

central non-enhancing regions were significantly more present in larger tumours with a 

mean tumour size of 2.11 cm for tumours without non-enhancing intratumoural areas 

and 2.88 cm for tumours with this feature (Student t-test, p-value < 0.001) and more 

biopsies were taken when non-enhancing areas were present in the tumour (Spearman 

r = .227, p-value < 0.001).

DISCUSSION

In our series on laparoscopic cryoablation of small renal masses, 22% of intra-

operatively taken biopsies were non-diagnostic. This is within the range reported in 

other studies on renal cryoablation although figures vary widely with 6% to 32% for 

laparoscopic cryoablation and 11% to 23% for percutaneous cryoablation[6;7;11-18]. 

The wide range can be caused by different reasons as tumour characteristics, 

procedural details, variation in the definition of a diagnostic biopsy, intraobserver 

variability[19;20] and inherent pathological diagnostic difficulties in RCC. In the 

present study, a diagnostic biopsy was strictly defined by tissue that would explain a 

renal mass on an imaging study, such as carcinoma or benign renal tumours. In some 

studies, biopsies consisting of normal renal tissue are also categorized as a diagnostic 

biopsy. However, we strongly believe that the presence of normal renal tissue usually 

implies a sampling error since theoretically renal masses are not composed of normal 

renal tissue. In other studies the presence of fibrosis and necrotic tissue is regarded 

as a sign of tumour and categorized as a diagnostic biopsy. We also regarded this as 

non-diagnostic because of the absence of tumour cells and therefore the inability to 

determine a definitive diagnosis.

When comparing the ranges of non-diagnostic biopsies between laparoscopic and 

percutaneous cryoablation series it is remarkable that these numbers differ so little; one 

would expect that the laparoscopic vision would be an advantage in obtaining a biopsy 

and therefore the non-diagnostic biopsy rate would be lower. However we experienced 

that with the biopsy needle suspending freely in the abdominal or retroperitoneal cavity 

during laparoscopy it is difficult to aim the exact location of the biopsy, something that is 

not encountered when the biopsy is taken percutaneously. Perhaps the use of a guiding 

sheath during laparoscopy could be helpful and improve biopsy results.
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In the present study none of the studied parameters on radiological tumour 

characteristics, on biopsy needle size, number of biopsies, or quality of biopsies was 

found to influence the percentage of non-diagnostic biopsies significantly. 

The size of the tumour (all tumours in our study were ≤ 4.5 cm) did not influence 

biopsy outcome. However Wunderlich and colleagues did find tumour size to affect 

biopsy outcome when including larger sized tumours[21]. In their series 250 ex-vivo 

biopsies were taken from 50 tumours (range 2 – 20 cm), 1 central and 4 peripheral 

biopsies from each tumour. For the 30 tumours smaller than 4 cm, 16.7% of the central 

biopsies and 25% of the peripheral biopsies consisted of necrosis and/or fibrosis as a 

result of which the tumour biology (benign or malignant) was indefinable. For the 20 

tumours larger than 4 cm this was the case for 30% of the central biopsies and 32.8% 

of peripheral biopsies. In our study the percentage of biopsies (all our biopsies were 

taken centrally) containing mostly necrosis and/or fibrosis was 10% (see table 1). 

We found that significantly more biopsies were taken in larger tumours. In our setting 

the number of biopsies depended on the macroscopic appearance of the obtained 

biopsy assessed by the surgeon (i.e. the biopsy gun was fired until a proper core of 

tissue was yielded). Furthermore there was a positive correlation (p = < 0.001) between 

tumour size and the presence of intratumoural non-enhancing areas on imaging 

suggestive for necrosis. This is compatible with the conclusion of Wunderlich et al. that 

larger tumours result in a higher amount of non-diagnostic biopsies especially when 

taken centrally from the tumour, as was done in our series. 

After dissection of the perirenal fat, an exophytic tumour protruding from the kidney 

surface is more easily recognizable than a predominantly intrarenal tumour. We 

expected that under laparoscopic vision it might be easier to take a diagnostic biopsy 

from a more exophytic tumour than from a less exophytic tumour. However, this is 

not demonstrated by our results. A possible explanation is the use of intra-abdominal 

ultrasound; in this way even scarcely exophytic tumours can also easily be identified 

intra-operatively provided they are not isoechoic[22]. Furthermore we found tumour 

size to be correlated with a larger exophytic part of the tumour which is expected since 

large tumours are more likely to deform the kidney surface. 

Laparoscopically, the upper pole is usually more difficult to reach with a biopsy needle 

than the middle and lower pole; the reason why we included this parameter into our 
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study. Nonetheless, our analysis shows that this did not significantly influence the 

biopsy outcome.

Breda et al. compared the accuracy of three different sized biopsy needles in a 

prospective, ex-vivo study[23]. Their study shows that 100% of the biopsies obtained 

with the 14- and 18G biopsy needles were diagnostic, while this number decreased to 

84% with the 20G needle. The histological accuracy of the 14-, 18, and 20G needles 

was 92%, 97% and 81% respectively. They therefore advise to use an 18G biopsy needle 

as a minimum size. This was the case in our centre where intraoperative biopsies were 

performed with an 18G needle. Proven safety of larger size needles[24] together with 

an interim analysis of our results prompted us to use a 16G needle in an attempt to 

improve our diagnostic rate. Therefore we were able to assess potential advantages of 

a larger calibre needle in an in-vivo setting. Needle size did not turn out in a statistical 

significant increase in the rate of diagnostic biopsies, but larger needle size positively 

influenced the quality of the biopsies. In concordance with this, Hruby et al. found 

that larger calibre needles (12-14 gauge vs. 16-20 gauge) resulted in improved tissue 

specimens in terms of width and number of glomeruli and vessels captured in a porcine 

model[25]. To our knowledge there is no standardized way to score the quality of a 

biopsy. We based our scoring system on the length and number of (fragmented) cores 

after preparation for pathological assessment. According to our definition, a total of 42 

biopsies were of poor quality (32 of the diagnostic biopsies (76%) and 10 of the non-

diagnostic biopsies (24%)). Apparently, the macroscopic appearance of the biopsies 

says little about the microscopic appearance and the ability of the pathologist to make 

the diagnosis. 

Main limitation of this ‘ad hoc’ study is the retrospective collection of some of the 

variables and the lack of randomisation. Consequently the number of biopsies and 

the needle size reflect clinical practice and as mentioned the attempt of improving 

diagnostic results. The sample size might seem insufficient to show any statistical 

significant difference in an observational study, however indications to perform 

laparoscopic renal cryoablation are limited. A randomized controlled trial shall 

definitively answer the question although a big sample would be necessary to adjust 

for the number of core biopsies related to tumour size and biopsy needle calibre. 
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A certain percentage of non-diagnostic biopsies is ultimately unavoidable and inherent 

to the sampling of small renal masses.  

Efforts should be made to improve the diagnostic rate in ablation of SRM since 

decreasing the non-diagnostic rate has significant impact on follow up, health care 

costs, and patient apprehension. 

CONCLUSIONS

In our setting 22% of intraoperative biopsies are non-diagnostic during laparoscopic 

cryoablation. Radiological tumour characteristics (tumour size, exophytic part, tumour 

location or non-enhancing parts in the tumour) or the number of biopsies taken, 

the size of the biopsy needle or the quality of the biopsies did not predict the biopsy 

outcome.
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ABSTRACT

Introduction: The vast increase in recent publications on renal mass biopsy (RMB) 

suggests an increased interest in the subject. 

Objective: To assess the use of RMB in the current urological practice, including related 

factors such as indications and patterns in practice. 

Methods: The link to a web-based questionnaire (www.surveymonkey.com) was sent 

to all registered e-mail addresses (1854) of members of the Endourological Society 

in December 2010. The questionnaire contained 6 epidemiological questions, 10 

regarding patterns of practice, one regarding the influence of literature and one on 

future techniques. Chi-square test (for trends) was used to assess statistical significant 

differences among categorical answers. 

Results: In total 190 responders completed the survey of which 73% indicated to 

perform RMB “never” or “rarely” compared to 9% performing RMB in 25-100% of 

cases. 13% of responders reported never to take a RMB. Of the latter, significantly 

lesser practice in university hospitals (6% vs. 20-30%, p=0.003). 

Main indications to perform RMB are still tumors in solitary/transplant kidneys and in 

metastatic disease. Lack of influence on clinical management and risk of false negatives 

were the main reasons not to perform biopsies. 61% prefers histological biopsies 

compared to 8% preferring cytological aspiration, 31% indicated to combine both 

techniques. Other tissue differentiation techniques (Optical Coherence Tomography, 

Raman-spectroscopy) are unknown for 65% of urologists 

Conclusion: RMB is not yet applied widely in the urological practice, with academic 

urologists performing RMB less infrequently. Core biopsies are still preferred, although 

combined with cytological punctures by a considerable number of responders. 
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INTRODUCTION

Traditionally renal tumours were managed based on radiological characteristics. 

Sampling of the renal tumor by biopsy was not considered except in case of suspicion 

of metastasis from other primary cancers, infectious disease or metastatic disease. 

However a considerable amount of new discovered renal tumours is small (≤ 4 cm of 

maximal diameter). Up to 20% of these small renal masses (SRM) appear to be benign 

and 60% are low grade RCCs [1]. Although EAU and AUA guidelines do not support 

the systematic diagnostic use of RMB in suspicion of RCC, they advise this practice in 

specific situations (e.g. before ablation or to guide the choice of therapy in metastatic 

RCC)[2;3]. Furthermore a renewed interest in the subject becomes apparent from the 

increasing literature around the subject (157 publications in the period 1991 to 2001 

and 333 from 2001 to 2011 (Pubmed search; all hits revealed using MeSH-term “Renal 

cell carcinoma” and “biopsy” in title/abstract). Recently numerous publications and 

several reviews on renal mass biopsies (RMB) have shown a good accuracy and low 

complication rates[4-8]. 

Nevertheless increased literature diffusion may not necessarily reflect changes in 

clinical practice since new diagnostic methods require occasionally several years 

before they are fully implemented in current practice [9]. In the previous decade, two 

surveys exploring the role of RMB in the medical practice [10;11] showed that RMB 

was scarcely performed. The primary objective of the current study is to assess the use 

of renal mass biopsy in the current urological practice. Secondary objective is to assess 

related factors such as indications and patterns in practice.

METHODS

An electronic survey was generated (www.surveymonkey.com) and distributed through 

the office of the Endourological society by e-mail blast (see appendix 1). Three e-mails 

(one initial and two reminders) containing a link to the electronic survey were sent 

between November 4th and December 8th 2010 to all known e-mail addresses of the 

Endourological Society members (1854 individuals). 

The questionnaire contained 6 epidemiological questions, 10 questions regarding 

patterns of practice, one question regarding the influence of literature revival on the 

subject and one question on new diagnostic techniques. The question types used were
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multiple choice and rating scale questions. Based on previous answers non-applicable 

questions were automatically omitted.

Statistical analysis

Analysis was performed based on the result overviews provided by the Surveymonkey-

website. Subsequent statistical analysis was carried out in close collaboration with the 

biostatistical department of our institution and using Predictive Analytics SoftWare 

(PASW) 18.0.2. The Pearson chi-square test was applied on cross tables to assess 

unequal distribution of answers between the different groups of responders. To assess 

differences between specific groups of responders individually, the cross tables were

Table 1 Demographic details of the respondents

Region of practice

  North – America 57%

  Europe 19%

  Asia 11%

  Middle East + N. Africa 6%

  South-America 5%

  Australia 5%

  Sub-Saharan Africa <1%

Type of practice

  University Hospital 57%

  Non-univ. training hospital 15%

  Non-univ. non-training hospital 10%

  Private practice 17%

  Other 1%

Profession:

  Urologist 97%

  Urology resident 2%

  Other 1%

Number of hospital beds; median (range) 500 (15–2600)

subdivided in 2 x n tables. When applicable (i.e. ordinal variables) the chi-square test 

for trends was performed to demonstrate a linear trend between variables. For all tests 

a p-value less than 0.05 was considered statistical significant.  

To prevent confusing figures, responses (in percentages) on indications for and reasons 

to refrain from performing RMB were grouped in “most important” (first and
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second most important indications), “least important” (the last two least important 

indications) and the reactions in between these categories as “median”. GraphPad 

Prism 5.01 for Windows was used to create the figures.

Table 2 Responses on patterns in practice

 “Do you perform renal mass biopsy?”

Never 13%

In rare cases 60%

In up to 25% of cases 18%

In up to 50% of cases 4%

In up to 75% of cases 3%

In 100% of cases 2%

“What type of biopsy do you perform?”

  Histological biopsy (core biopsy) 61%

  Cytological puncture (FNA) 8%

  Both histological and cytological puncture 31%

  Other <1%

“Who performs the biopsy?”

  Radiologist 78%

  Urologist 21%

  Pathologist <1%

  Other 0

Core biopsy: Type of needle

  Manual needle 25%

  Automatic firing gun 75%

Core biopsy: needle size

  14G 9%

  16G 25%

  18G 62%

  20G 2%

  Other <1%

FNA: needle size

  18G 43%

  20G 33%

  22G 24%
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RESULTS 

In total 190 of the 1854 individuals responded resulting in a response rate of 10.2%. 

Demographic data 

Demographic data is displayed in table 1. Responders were urologists with a median of 

10 years since registration (0-45). The majority of the responders practiced in North-

America (57%) and 72% in training hospitals (57% university- and 15% non-university 

training hospitals). 87% of responders practiced in either North-America, Europe or 

Asia.

Patterns in practice. 

The majority of responders (73%) never or rarely take biopsies and only 9% of the 

responders take biopsies in more than 25% of cases (Table 2). 

Of the responders that indicated to perform RMB, 61% performs only histological 

(core) biopsies whereas 31% performs both histological biopsy and cytological 

punctures (Table 2).  

Biopsies are mainly performed by radiologists and with a 18 G needle (78% and 62%  

respectively) and CT-scan is the guidance modality of preference (62%), followed by 

ultrasound (37%). 78% reported never to use MRI for guidance. Table 3a shows the 

distribution of biopsy rate over the different types of practice. Pearson chi-square 

shows an unequal distribution over the different types of practice (p<0.001). 

Subdividing the results in 4x2 cross tables shows that there are differences in the

Table 3a Biopsy frequency vs. type of practice Table 3b Biopsy frequency vs. 
region of practice

University Non-univ. 
training 
hosp.

Non-
training 
hospital

Private 
practice

North-
America

Europe Asia

Never 6% 20% 30% 20% 13% 14% 19%

Rare 67% 53% 30% 63% 53% 55% 71%

25-75% of 
cases

26% 20% 35% 17% 32% 25% 10%

100% of 
cases

1% 7% 5% 0 2% 6% 0
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rate of biopsy performance between all the hospital types with the exception of 

non-universitary training hospital vs private practice (universitary hospital vs. non-

universitary training hospital ( p=0.001), universitary hospital vs. non-training hospital 

(p<0.001), universitary hospital vs. private practice (p<0.001), non-universitary training 

hospital vs. non-training hospital (p=0.008), non-training hospital vs.private practice 

(p< 0.001) and non-universitary training hospital vs. private practice ( p=0.263 ).  

In all the 4x2 cross tables there were no significant differences for the chi-square 

test for trend (universitary hospital vs. non-universitary training hospital (p=0.406), 

universitary hospital vs. non-training hospital (p=0.571), universitary hospital vs. private 

practice (p=0.052), non-universitary training hospital vs. non-training hospital (p= 

0.869), non-universitary training hospital vs. private practice (p=0.360), non-training 

hospital vs. private practice (p=0.309)). However there was a significant difference in 

the rate of “never perform biopsy” between those responders practicing in university 

hospitals compared to the other types of practice (6% vs. 20-30%, chi-square test p= 

0.003). 

The distribution of biopsy rate frequency per continent is displayed in table 3b. Chi-

square test showed an unequal distribution of biopsy rate over the regions (p < 0.001). 

When distributions were subdivided by 4x2 cross tables, no difference was found 

between North-America and Europe (p=0.402), however the biopsy rate in Asia differed 

significantly from the two western regions (Chi-square test for trends p < 0.001 for 

North-America and p=0.002 for Europe respectively).

Table 4 Influence of the recent literature in the attitude of respondents towards RMB and 
current familiarity with investigational diagnostic techniques on renal tumors. 

“Changed attitude towards biopsy by recent literature?”

  No, not at all 51%

  Yes, in all renal tumors 12%

  Yes, in small renal tumors (<4 cm) 37%

“Do you see future possibilities for Optical Coherence Tomography or Raman 
spectroscopy?”

  Yes 23%

  No 12%

  I am not familiar with these techniques 65%
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Figure 1a Indications to perform renal mass 
biopsies. The answers have been grouped in 3 
categories as explained in methods section. 

Figure 1b Indications to refrain from renal mass 
biopsies. The answers have been grouped in 3 
categories as explained in methods section. 

Changing attitudes toward biopsy based on the recent literature and knowledge 

of developmental imaging techniques with potential as a substitute of the 

histopathological biopsy are showed in table 4.

Indications for RMB 

Indications to either perform or to refrain from RMB are best displayed in figure 1.

DISCUSSION  

Our electronic survey distributed to members of the Endourological Society 

demonstrates that only a minority of urologists takes RMB regularly. 

Patterns in practice  

Results on biopsy diffusion should be compared with previous surveys [10;11]. Data on 

clinical practice type, years in practice and hospital size (number of beds) in our survey 

were comparable with the Kummerlin et al. survey.

Nevertheless North-American urologists were more prevalent in the current survey 

while there was a majority of European responders in the 2005-survey held during 

the World Congress of Endourology in Amsterdam, the Netherlands (57% NA and 

19% European in the current vs. 16% NA and 45% European in the 2005 survey)[11]. 

Comparison of such characteristics with the survey of Khan et al. is hindered since the 

presentation of questions was different[10]. 
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The number of responders that “never take a RMB” decreased from 56% - 43% in 2005 

(both previous surveys were conducted in 2005) to 13% in the current survey with a 

linear trend to increasing penetration in clinical practice (table 5). Nevertheless the real 

impact of RMB in the diagnostic process of renal masses remains low with only 9% of 

the responders taking biopsies in at least 50% of cases. These figures do not reflect the 

significant growth of publications in the last years. The discrepancy between literature 

diffusion and effective implementation in clinical practice is a well-known phenomenon 

and rather than physicians alone the organization of care, resources, leadership and 

social environment are the main causes delaying implementation[9]. 

The type of practice does not seem to influence the frequency in performing a biopsy. 

Comparison of the different types showed differences among all of them except 

between non-universitary and private practice. While these data suggest a difference 

in the biopsy frequency between universitary hospitals and all other types of practice, 

a trend could not been proven towards higher frequency in any of the practice types 

in the current survey. Nevertheless there was a significant difference in the rate of 

responders that “never” perform a biopsy between the university hospitals and the 

non-university hospitals. This figure may indicate that biopsy police is more liberal in 

university settings were the influence of recent literature or study purposes are higher 

than in private or non-training sectors.

Histological biopsy (CB) is preferred over cytological aspiration (FNA) although 1/3 

of the responders combine both. Overall 40% of the responders use FNA, a fair 

increase with respect to the 2005 survey[11] (table 5). This might be explained by 

encouraging reports on FNA accuracy in determining biology and subtype and high 

interobserver concordance as well as implementation of ancillary cytopathological 

techniques[4;8;12;13]. Furthermore combination of both types of biopsies improves 

the accuracy of the test including subtype and grade[14-16]. The majority of the 

biopsies are taken by radiologists and in most than half of the cases the 18G needle is 

referred over other calibres.

Rationale for biopsy 

For almost 40% of the responders the main reason to perform a biopsy is a solitary 

kidney followed by tumor in transplant kidney, metastatic RCC, bilateral tumor or 
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presence of co-morbidity and tumor categorized as SRM. These figures fully reproduce 

the results of a previous survey where the presence of a tumor in a solitary kidney or 

bilateral tumors were the most important indications to perform a biopsy[10]. While 

no overall changes in attitude could be recorded, the present survey underscores that 

biopsy is increasingly considered in case of metastatic RCC, from 29% of responders 

taking a biopsy in 2007 to 65% indicating in the current survey that this is the most/

moderate important reason. However as far as this indication is concerned the 

physician has to be aware that a high accuracy in subtype determination is needed as 

this will drive the choice of systemic therapy (13). The recent reported lower accuracy 

of the RMB in those large and heterogeneous metastatic renal masses may hinder the 

usefulness of RMB in this particular setting[17].

The presence of a SRM was not among the most important reasons to perform a 

biopsy in our survey. Around 50% of the responders indicated that a small tumor size 

was one of the least important reasons. Although surgical series consistently show 

that the probability of a benign lesion increases with decreasing tumor size[1;18;19], 

implementation of partial nephrectomy obviates the need for a mandatory pre-

operative biopsy as tissue will be available for pathological diagnosis. Conversely, a 

diagnosis can only be established by means of a biopsy when ablation therapy or active 

surveillance is the strategy of choice. When considering the still limited penetration of 

the last two policies it is understable that 80% of the responders in the current survey 

identified the lack of change in management as the most important reason to “not to 

perform a RMB”.

Still the risk of false negative results was the second most important reason not to 

biopsy. There is for this rationale an apparent contradiction with the recent literature. 

Recent reviews and original articles show that false negative results are almost 

sporadic[4;5;20]. Although accuracy of RMB has been rising still a shortcoming is the 

highly variable definition of accuracy. Influence on clinical management can only be 

expected when the diagnostic test provides a high accuracy and in the case of a biopsy 

erroneous sampling or failed biopsies should be included in the calculation of overall 

accuracy as the test did not support the diagnostic objectives.
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Limitations 

The response rate in our survey might be considered as a major limitation. Several 

factors can explain the lower response rate compared to the 64% [10] and 22.2% 

[11] of the previous surveys. Firstly, the current survey was sent to all the e-mail 

addresses of members of the Endourological Society (EUS), regardless of their field 

of interest or their type of practice. It is likely to assume that members of the EUS 

not involved in treatment of renal tumors are less willing to respond to the current 

survey. Furthermore it is possible that a part of the e-mail addresses was outdated 

and therefore the message never reached those recipients. Lastly it is well known 

that postal or locally distributed surveys such as the previous two generate a higher 

response rate compared to a web-based survey with e-mail announcements[21].

However when compared to other surveys, the current study is standing out due 

to the fact that it is fully focussed on RMB and contains a comprehensive set of 

questions addressing multiple aspects of the matter. Furthermore it was distributed 

by a professional society with an own target population and preparation and 

implementation of the study was done completely independent without any support 

from third parties such as commercial companies. Before distribution a pilot version 

of the study was tested by several senior and junior urologists both in the Netherlands 

and in the USA for ease of use and linguistics. 

CONCLUSION

Despite the relatively low response rate when comparing with other studies, the 

current survey suggests that there is a significant decrease in the rate of responders 

indicating “never to take biopsy”. However the real impact of RMB in the pre-operative 

workup of renal masses remains still low . Main reasons to perform RMB did not 

change mainly apart from a clear increase in the rate of responders taking biopsy in 

case of metastatic RCC. SRM alone is not considered an important reason to perform 

RMB. The use of FNA has increased in the last years, particularly in combination with 

core biopsy. 
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ABSTRACT

Objective: To avoid unnecessary surgical treatment of small renal masses (SRM, ≤ 

four cm), a more accurate diagnostic method would be desirable since radiological 

differentiation between malignant and benign is difficult and nondiagnostic biopsies 

account from nine to 37%. 

Optical Coherence Tomography (OCT) measures backscattered light vs. depth, with 

an attenuation coefficient (µt) that may vary among different histological types. We 

hypothesise that quantitative measurements of µt using OCT can differentiate between 

normal renal parenchyma and RCC.

Materials and Methods: Both normal and tumour renal tissues (RCC) were harvested 

after partial- or radical nephrectomy. Analysis of µt was based on difference of: 

1. µt between normal and tumour tissue across all patients  

2. µt between normal and tumour tissue within individual patients 

Results: Tissue samples of 18 patients were measured of which four were excluded 

(UCC, oncocytoma and benign lesion without normal tissue available). Of the remaining 

14 patients, eight contributed with both normal and RCC tissue and six with only 

normal or RCC tissue.

Independent observation showed a significant difference between the median µt of 

normal renal tissue (4.95 mm-1) and the median µt of RCC (8.86 mm-1). 

No statistically significant difference was found when comparing the difference in µt 

between normal renal parenchyma and RCC within individual patients.

Conclusion: There is a significant difference in µt between normal and RCC tissue 

across all patients. These results overpower the lack of significant difference within 

individuals, encouraging further research and suggesting a possible role for OCT in the 

diagnostic workup of renal masses.
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INTRODUCTION 

Data from the American Cancer Society show a 70% increase in incidence of kidney 

and renal pelvis cancer between 2000 and 2008 (31200 versus 54390 patients, 

respectively).[1] A significant part of this increase in renal cancer is attributed to the 

incidental discovery of small renal masses (≤ four cm), because of higher availability of 

abdominal imaging techniques such as CT or MRI-scans.[2;3]A disadvantage of these 

imaging techniques is that often benign renal masses cannot be distinguished from 

malignant masses and therefore up to 20% - 30% of extirpated renal masses smaller 

than 4 cm appear to be benign on histopathological examination.[4] Although recent 

studies proclaim renal biopsy to be an accurate diagnostic tool in the evaluation 

of renal masses[5;6], still non diagnostic biopsies exist, which consequently leaves 

room for diagnostic improvement[7]. Furthermore, accurate biopsies are of utmost 

importance when evaluating the nature of a renal mass during an ablative treatment or 

in assessing the status of margins in the course of a partial nephrectomy. 

Optical coherence tomography (OCT) is the optical equivalent of B-mode ultrasound 

imaging. Instead of back-reflected sound waves, OCT images are based on back-

scattered light. Depth-resolved detection of the back-scattered light results in high 

resolution cross-sectional images with a maximal image depth of 1.5-2 mm.

The maximal imaging depth is due to the loss of signal by scattering and absorption of 

light within the tissue. This attenuation of OCT signal is directly related to the optical 

properties of the tissue. Consequently, the attenuation coefficient (µt), describing 

the decay of detected light intensity with depth, can be quantified using OCT by 

using Beers law[8]. Recent studies demonstrate that quantitative measurement of µt 

using OCT indeed is sensitive for changes of optical properties in tissue, as depicted 

in analysis of atherosclerotic plaque components[9;10], as a method to distinguish 

apoptosis and necrosis in human fibroblasts[11] and in thin optical phantom layers[12]. 

Because malignant renal tissue displays larger and irregularly shaped nuclei compared 

to normal tissue[13], light scattering is expected to be larger, resulting in both changes 

in morphological appearance in an OCT image and in changes in µt. 

OCT can visualize real-time pathological changes in living kidney of rats both ex vivo[14] 

and in vivo[15;16]. However, neither of these studies investigated OCT in its ability to 

distinguish malignant from benign renal tissue in patients with Renal Cell Carcinoma
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(RCC). Whereas optical spectroscopy has already been evaluated in several studies with 

promising results in distinguishing benign from malignant renal tumours[17-19], until 

date only one non-peer review promising report on the field of RCC is available. In that 

report OCT was able to detect structural abnormalities adjacent to and on the capsule 

of nine histological confirmed renal cell carcinomas [20]. 

In order to assess the feasibility of OCT we assess in this pilot study the ex-vivo ability 

of OCT to distinguish malignant renal tissue from normal renal parenchyma in patients 

with RCC based on the attenuation coefficients of these tissue types.

MATERIALS & METHODS 

Data collection & sample preparation 

From March to July 2009 consecutive patients scheduled for nephrectomy (because 

of tumour or other causes) or partial nephrectomy because of tumour were enrolled 

in the study. Inclusion was based on informed consent and conjoint availability of the 

department of Pathology and of OCT equipment at the department of Biomedical 

Engineering & Physics (BMEP) at time of surgery. Immediately after surgical excision 

the specimen was transferred to the Pathology department. There, the specimen 

was prepared by a pathologist and, if not compromising the procedures for standard 

clinical care, a random sample (one-two cm3) of macroscopic tumour tissue as well as 

a random sample (one-two cm3) of macroscopically normal looking renal parenchyma 

were harvested and preserved in saline. Without any delay the samples were 

transferred to the department of BMEP for OCT analysis.

OCT analysis 

From each tissue sample, one investigator (DMdB) obtained two or three OCT-images, 

depending on the amount of available tissue (i.e. in total five to six images per 

patient.). The tissue samples were imaged with a commercially available 50 kHz swept 

source OCT system (Santec Inner Vision 2000; 10 µm axial resolution, 11 µm lateral 

resolution, with light with a wavelength around 1300 nm). The OCT-images were stored 

in order to be analysed at later date. To obtain a quantitative analysis of the OCT-

images, the decrease of light intensity per millimetre (attenuation coefficient or ‘µt’, in 

mm-1) of the tissue was determined (fig. 1) as described before, taking into account the 

apparatus function[21] and the point spread function[8] of the OCT system. When 
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renal capsula was present in a specimen, the attenuation coefficient was measured 

below the level of the capsula. When performing the analysis, the investigator was 

blinded for tissue type and definitive pathology of the tissue samples.

Statistical analysis 

Standard pathological report was considered as the gold standard for comparison. All 

data were collected in a SPSS 16.0.1. database and analysed in cooperation with the 

Biostatistics department of our clinic.  

In our analysis we looked at: 

1. difference of attenuation coefficient between normal renal parenchyma and RCC 

tumour tissue across all patients, treating each tissue sample as an independent 

observation. The determined µt are presented as median and interquartile range (IQR).

2. difference of attenuation coefficient between normal renal parenchyma and RCC 

tumour tissue within individual patients, taking possible dependencies between tissues 

from the same patient into account.

For both analyses, the data were not normally distributed and therefore the Mann-

Whitney-U test was used in the comparison of normal renal parenchyma with RCC 

tissue across patients and the Wilcoxon Signed Ranks test in the comparison within the 

individual patient. For both tests differences were considered statistically significant if

Figure 1 Optical coherence tomography image of a normal renal tissue sample (A) and renal cell 
carcinoma (RCC) tissue (B) with a region of interest selected. Below in the graph the attenuation within 
this region of interest is plotted with the attenuation coefficient fitted, which in this case is 6.39 and 14.10 
mm-1, respectively.
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Table 1 Demographic and Pathological Data
Number of patients 14
Mean patient age, years 57.5
Male : female 11:3
Patients with RCC and normal tissue 8
Patients with only normal kidney tissue 5
Patients with only RCC tissue 1

Pathology:
   Clear cell 3
   Papillary 4
   Chromophobe 2
   Oncocytoma 1
   Clear cell + chromophobe 1
   Transitional cell carcinoma 1
   Benign 2

Since more than one OCT image was recorded from each patient, multiple values of µt 

were available per patient for both normal and tumour tissue (eight patients), or either 

normal or tumour tissue (14 patients). We therefore calculated the mean µt +/- SD 

for each patient and then grouped these values according to the pathology report. In 

total 59 OCT images were analyzed. The accuracy of individual µt determinations was 

derived from the fit statistics. In all cases, the 95% confidence interval on µt was

the two-sided P-value was < 0.05.

RESULTS

In total 26 specimens of 18 patients were measured. Four patients were excluded 

because of definitive pathological diagnosis of transitional cell carcinoma TCC (n=2), 

oncocytoma (n=1) or a benign lesion (n=1) without suitable normal renal parenchyma 

to contribute to the control group. From the remaining 14 patients, eight patients 

contributed with both tumour (RCC) and normal renal parenchyma.  

The other six patients contributed either with normal renal parenchyma (n=5) or 

tumour (RCC) tissue (n=1). Table 1 describes demographic and pathological data of 

patients included in the study.
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Figure 3 Attenuation coefficients (µt) of normal and tumor tissue per individual patient. Bars 
display the 95% confidence interval. Relative large error bars are because of small sample size 
(n=2 or n=3) per patient per tissue type

Figure 2 Attenuation coefficient of normal tissue versus tumor (RCC) tissue. Bars 
indicate the 95% confidence interval.

smaller than 1.34 mm-1.

Group comparison: Normal tissue vs. RCC tissue 

We collected nine cases in the RCC group and 13 in the normal renal parenchyma 

group. The median µt of the normal tissue group was 4.95 mm-1 (IQR 4.05 – 5.68) 

compared to 8.86 mm-1 (IQR 5.09 – 11.65) of RCC tissue group (see Fig. 2). A statistically 

significant difference was seen when comparing the median attenuation coefficient of 

normal renal parenchyma and of RCC tissue (Mann-Whitney-U test, p-value = 0.030).
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Individual patient comparison 

Furthermore, in the eight patients with both normal renal parenchyma and RCC 

tumour tissue, we compared their mean µt of normal renal parenchyma with their 

mean µt of RCC tissue (i.e. patients as their own control). Figure 3 displays the 

outcomes per patient. No statistically significant difference was found between the 

mean µt of normal and RCC tumour tissue (Wilcoxon Signed Ranks Test, p-value = 

0.069).

DISCUSSION

Optical Coherence Tomography (OCT) is a non-invasive imaging technique that 

allows high quality, three-dimensional imaging using optical scattering of biological 

tissues. The technique showed its power in an experimental setting[9] and is 

currently clinically used in different medical fields as ophthalmology, cardiology and 

gastroenterology[22-24].

The method provides tissue morphology images at micrometer scale resolution 

representing a non-invasive, real time, in situ “optical biopsy”. In urology most of 

the reports on OCT focus on bladder and prostate carcinomas. In vivo sensitivity and 

specificity of 97.5% and 97.9% respectively have been reported for OCT in combination 

with fluorescence in the diagnosis of bladder urothelial cell carcinoma[25]. Even 

though OCT has shown to visualise real-time pathological changes in living kidney 

of rats[15;16], to date only one report is available showing OCT was able to detect 

structural abnormalities adjacent to and on the capsule of nine histological confirmed 

renal cell carcinomas[20].

As depicted in figure 1, the structural information in OCT images can be similar for 

normal and tumour tissue, which makes diagnosis based on structural appearance 

challenging. The strength of OCT is that in addition to providing a structural image, 

quantitative measurements of the optical properties of tissues, such as the amount of 

light attenuation by scattering and absorption, are feasible. We hypothesized that OCT 

can distinguish normal from malignant renal tissue based on expected differences in 

the attenuation coefficient (µt): the larger and irregularly shaped nuclei that are more 

abundant in malignant tissue compared to normal renal parenchyma are expected to 

produce a larger degree of scattering. 
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Our study shows a significantly higher OCT attenuation coefficient in RCC tissue than 

in normal renal parenchyma (p= 0.03) when all patients are grouped together (figure 

2). Others already have shown, using optical reflectance spectroscopy both solely 

and in combination with fluorescence imaging[17;18], that the optical reflectance 

differs between renal tumour tissue and normal renal parenchyma. Furthermore this 

difference is also evident when comparing RCCs with oncocytomas[19], suggesting 

that optical spectroscopy does not only distinguish between normal and tumour 

tissue but also between malignant and benign tumours. In the latter study, the optical 

characteristics of tumour surface were identical to core tumour tissue, suggesting 

possible application in endoscopic measurements without the need for core biopsies 

to be performed[19]. However, absolute and highly localized measurements of optical 

properties are not possible using these techniques. OCT based techniques such as 

presented in this and other studies[26] can be the bridge between spectroscopic 

measurements and our present results. In our study, RCC tissue showed in six out of 

eight patients a higher attenuation coefficient than normal renal parenchyma. In the 

remaining two patients this observation was reversed (see fig. 3). One of these two 

patients was known with renal insufficiency and the renal parenchyma corresponded 

to an end–stage kidney. Indeed, differences in OCT images between normal and 

ischemic renal parenchyma exist[15] and this may have jeopardized the results in this 

case as well. Other reasons for the lack of difference may be the scarcity of the sample 

and the relative heterogeneity of the normal renal parenchyma in this sub-cohort. 

We recognize the limitations of the present study. First, measurements were conducted 

ex-vivo, and therefore tissue perfusion was absent and the specimens were stored in 

saline. Secondly uneven samples were used for comparison between non-tumour renal 

parenchyma and RCC tissue and for the in-patient comparison. Although either non-

tumour and tumour tissue were available in all patients, harvesting of both without 

potential compromise of the standard pathological assessment was not possible in all 

cases. 

Pilot ex vivo studies as the one hereby presented need to be confirmed and do not 

always preclude successful clinical results. These preliminary results are the first step in 

the assessment of OCT as a tool in the diagnostic process of renal mass evaluation and 

have justified the embarkment of a prospective in vivo study to assess possible
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OCT differences between normal renal parenchyma and renal tumours, and ultimately 

differentiation between benign and malignant renal masses.

As statistical difference implies a range, overlap could be expected between normal 

renal parenchyma and benign and malignant renal tumours. Predictive value of a 

certain attenuation coefficient, and consequent establishment of cut-offs to distinguish 

between benign and malignant tissue will be necessary. As far as clinical utilities of OCT 

are concerned, if results are confirmed in vivo, OCT may be a useful tool in assessing 

surgical margins after partial nephrectomy and eventually development of ultrathin 

OCT probes may lead to the replacement of the percutaneous needle biopsy by a 

percutaneous “optical biopsy” without the need for puncturing the tumor.

We therefore conclude that ex vivo OCT attenuation coefficients were different 

between renal parenchyma and RCC tissue with RCC tissue showing a significant higher 

attenuation coefficient when all patients were grouped together per tissue type. 

Comparison within patients did not show statistically significant differences. However 

a larger and homogenous sample might be necessary to lead to definitive conclusions. 

Based on these results we do not reject our hypothesis and we will continue with in-

vivo OCT analysis and eventually assess the potential of OCT to differentiate between 

benign and malignant renal tumours.
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ABSTRACT

Objective: To determine the ability of optical coherence tomography (OCT) in 

differentiating human renal tumors in an in-vivo setting by assessing differences in 

attenuation coefficient (μOCT; mm-1) as a quantitative measurement. 

Methods: Consecutive patients undergoing nephrectomy (partial/radical) or 

cryoablation for an enhancing solid renal tumor were included in our center between 

September 2010 and May 2011. In-vivo OCT-images and attenuation-coefficients 

were obtained from renal tumor and normal parenchyma. Ex-vivo OCT-images of 

internal tissue were obtained after longitudinal dissection of the extirpated specimen. 

Attenuation-coefficients of the OCT-images were compared between normal renal 

parenchyma vs. renal tumors (grouped per tissue-type and per individual patient); and 

between OCT-images recorded from tissue surface vs. internal (sub-capsular) tissue.

Results: In-vivo OCT was performed in 16 cases (11 RCC, 3 benign tumors, 1 non-

diagnostic biopsy and 1 not-accessible tumor). Median attenuation-coefficient of 

normal renal parenchyma was 5.0 mm-1 vs. 8.2mm-1 for tumor tissue (p<0.001) with 

normal parenchyma differing significantly from malignant tumor (9.2 mm-1, p<0.001) 

and non-significantly from benign tumor (7.0 mm-1, p=0.050). Benign tumors differed 

from that of malignant tumors (p=0.139). 

Using patients as their own control, attenuation-coefficients of normal renal 

parenchyma differed significantly from malignant tumor (p<0.001) and non-

significantly from benign tumor (p=0.109). Assessed in 10 patients, no significant 

difference between attenuation-coefficient of tumor surface vs. attenuation-coefficient 

of internal tumor was seen (8.5 vs. 9.7  mm-1 respectively, p=0.260).

Conclusion: In this first in-vivo study on OCT for differentiation of renal tumors in humans 

the attenuation-coefficients (as a quantitative assessment) differed significantly between 

normal renal parenchyma and malignant tumor. Tumor surface and internal tumor did 

not differ significantly suggesting that superficial OCT attenuation-coefficient reliably 

assess tissue composition inside the tumor. These results justify further research on OCT 

for various clinical applications in the diagnosis of renal tumors. 
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INTRODUCTION

The incidence of kidney and renal pelvis cancer is still rising, but a fast and reliable 

minimally invasive diagnostic method to establish a pre-operative diagnosis of renal 

tumors is not readily available. In contrast to malignancies in most other organs, the 

high number of non-diagnostic results following renal tumor biopsy currently prevents 

general use of pre-operative biopsies in the diagnostic workup of (small) renal tumors. 

In a recent ex-vivo pilot study we showed that Optical Coherence Tomography (OCT) 

successfully distinguished normal renal parenchyma from malignant renal tumors, 

based on the optical properties extracted from the OCT images[1]. OCT is the optical 

equivalent of B-mode ultrasonography. Whereas ultrasonography is based on the 

intensity of time delayed reflected sound pulses, OCT is based on the intensity of 

back reflected light. The intensity in both modalities is mapped to a spatial coordinate 

in the imaged specimen. OCT provides micrometer-scale resolution, cross-sectional 

images up to a depth of about 2 mm in renal tissue. Owing to this high resolution, 

OCT is usually visually correlated to structural information in histological images and 

therefore bear the potential to be the optical equivalent of normal biopsy (see figure 1) 

[2]. The imaging depth is limited by scattering of light by organelles and other cellular 

structures as the light penetrates the tissue, which hinders reflections to return to the 

receiver. This attenuation of the OCT signal can be observed in images by decreased 

signal from larger depth and can be quantified by measuring the decay of signal 

intensity per unit depth using Lambert-Beer’s law after careful calibration of the OCT 

system, resulting in an attenuation coefficient (μOCT, mm-1 )[3]. Because malignant tissue 

displays an increased number, larger and more irregularly shaped nuclei with a higher 

Figure 1 Example of an OCT-image (A) of renal tissue with the corresponding histology as seen 
by microscopy (B). The comparable size of the blood vessels (black holes on OCT, white holes on 
microscopy) demonstrates the similar order of resolution magnitude of both techniques. 
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refractive index and more active mitochondria, the attenuation of light is expected to 

be higher compared to normal and benign tissue. We hypothesize that by OCT signal 

analysis, measurable differences in µOCT between tissue types can be assessed[4;5].

This pilot study is to our knowledge the first to assess the ability of OCT to differentiate 

renal tumor tissue from normal renal parenchyma in an in-vivo setting in humans. 

Furthermore, we aim to assess whether benign tumors can be differentiated from 

malignant tumors and whether superficial imaging by OCT is representative for the 

tissue located below the renal capsule, given the limited penetration depth of the 

technique. 

METHODS

From October 2010 to May 2011, consecutive patients scheduled for nephrectomy 

(radical or partial) or laparoscopic cryoablation (for a solid enhancing renal mass 

suspect for renal cell carcinoma), were eligible for the study. Inclusion was based on 

informed consent approval by the patient and availability of the OCT-device at time of 

surgery. Institutional Review Board (IRB) approval for this study was acquired.

The commercially available Santec Innervision 2000 OCT system used for this study 

acquired X images per second of 2 mm by 4 mm with 9 µm (depth) by 20 (lateral) 

µm resolution. The system was interfaced with a rotating sample arm probe that was 

developed in our institute for this study. The outer diameter of the probe was 2.3 mm 

and is therefore applicable with most common surgical trocars and endoscopes. The 

imaging direction of the probe is perpendicular to its axis of rotation (i.e. “sideways 

looking”). Prior to OCT imaging, the system response vs. depth was carefully calibrated 

as described by Faber et al.[3].

In-vivo measurements

Surgery was performed without deviation of the clinical protocol of the department. 

In case of a radical nephrectomy, a small window was made in Gerota’s fascia at the 

confluence of the tumor and normal renal tissue in order to provide access to the 

tumor surface. The in-vivo OCT-probe was inserted in an optically transparent endo-

ultrasound cover under sterile conditions (see figure 2). After access to the tumor and 

normal renal parenchyma was provided, the surgeon (MPL) placed the tip of the OCT-

probe in contact with the normal renal parenchyma and the tumor. Five OCT-images
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Figure 2 The in-vivo OCT-
probe covered in a sterile 
endo-ultrasound cover 
used to obtain images 
from a renal tumor during 
laparoscopic surgery. 

were recorded and stored, labeled for patient ID and type of tissue. In case of a 

laparoscopic approach, the covered OCT-probe was introduced in the abdominal cavity 

through one of the trocars. By using the laparoscopic instruments, the tip of the probe 

was placed in contact with the kidney and tumor in a similar fashion as during open 

surgery and OCT-imaging was performed as described above (figure 2). The overall 

image acquisition process took approx. 5 minutes after which the normal surgical 

procedure continued.

Ex-vivo measurements 

After extirpation, the specimen was transferred to the department of Pathology where 

the surface of the specimen was inked and cut longitudinal through the tumor to 

provide access to the tumor internal tissue (see figure 3). Then, internal (sub-capsular) 

areas of both tumor and normal parenchyma were imaged 5 times each by OCT, 

analogous to the in-vivo procedure. 

Figure 3 Renal tumor longitudinally 
dissected in order to perform ex-
vivo OCT-imaging of the internal 
tumor tissue. 
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Quantitative analysis 

The attenuation-coefficient (µOCT) was determined by one investigator (DMdB) who was 

blinded for pathology, by selecting a region of interest (ROI) in the OCT image. In short, 

an average OCT signal vs. depth was calculated (figure 4). By using the depth-dependent 

response of the OCT system from the calibration measurement, the μOCT of the ROI was 

determined by curve fitting of Beers law.

Statistical analysis. 

From the five OCT-images per tissue type per patient, the mean attenuation-coefficient 

was stored in a PASW 18.0.2 database and combined with clinical parameters and 

demographic data of the corresponding patient. The standard pathological report as 

issued for clinical purposes was considered as the gold standard for tissue classification.

Statistical analysis was based on: 

1) The difference of μOCT of normal tissue vs. μOCT of tumors, including sub-comparison 

of: normal tissue vs. malignant tumor (1a); normal tissue vs. benign tumor (1b); and 

malignant tumor vs. benign tumor (1c), all using a Mann Whitney U test (MWU) due 

to non-normal distribution. 

2) The difference of μOCT of normal tissue vs. the μOCT of tumor per patient (e.g. patients 

as their own control), subdivided in: normal tissue vs. malignant tumor (2a) and

Figure 4 OCT-images of normal and malignant tumor tissue and the quantitative analysis 
procedure. First, a region of interest (ROI) is selected in the OCT-image indicated with the 
vertical blue lines. Second, the OCT signal vs. depth within this ROI is plotted in a graph. Finally, 
a mathematical model describing is fitted to this graph (transparent blue line) yielding the 
attenuation-coefficient (µoct) for both normal and tumor tissue. A steep slope will result in a high 
attenuation-coefficient. 
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  normal tissue vs. benign tumor (2b), using a Wilcoxon Signed Ranks test (WSR) 

because of not normally distributed paired measurements.

3)  The difference of μOCT obtained from tumor surface vs. internal tumor obtained 

after extirpation, using a WSR-test.

For all tests differences were considered statistically significant if the two-sided p-value 

was <0.05. 

RESULTS 

From all cases that underwent radical nephrectomy (RN) or nephron sparing surgery 

(NSS, partial nephrectomy or laparoscopic cryoablation) in our department in the study 

period, 16 cases were included and underwent per-operative in-vivo OCT imaging. 

Overall, 3 tumors were benign (1 oncocytoma, 1 leiomyoma, 1 benign cyst) and in one 

case no definitive pathological diagnosis of the tumor could be made (non-diagnostic 

biopsy result during laparoscopic cryoablation). In one case, the tumor could not be 

imaged during laparoscopy due to dense perirenal fat. Further details of the tumors 

and patients are shown in table 1. For each OCT-image the μOCT is determined as shown 

in figure 4. 

Table 1 Demographic data of patients and pathology of the 16 tumors

Mean age (years) 62.6 (30-81)
Mean tumor size (cm) 4.3 (1,7 – 11,0)
Male:female 11:5
Pathology
  Clear cell RCC 9
  Papillary RCC 2 
  Chromophobe 1
  Benign 3
  Non-diagnostic (biopsy during LCA) 1
RCC: Renal Cell Carcinoma 
LCA: Laparoscopic Cryoablation
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Figure 5 Boxplot showing the median 
attenuation-coefficient (µoct) and IQR’s 
of in-vivo acquired OCT-images of the 
different tissue types. Normal µoct=5.0 
mm-1 (4.3-5.4), Benign µoct=7.0 mm-1 
(6.7-N.A.), Malignant µoct=9.2 mm-1 (7.4-
9.9). The circle displays an outlier (pt. 16, 
chromophobe RCC). 

Figure 6 Attenuation-coefficients of in-vivo acquired OCT-images of normal- and tumor tissue 
displayed per individual patient. Pts 4, 10 and 11 had a benign tumor (oncocytoma, benign cystic 
lesion and leiomyoma respectively). Pt. 8 had a non-diagnostic biopsy result. In pt. 12 the tumor 
was not accessible and pt. 16 had a chromophobe RCC

Analysis 1: In-vivo comparison of normal renal parenchyma vs. tumor (per group). 

The tumor with a non-diagnostic biopsy result was excluded from this analysis, 

resulting in inclusion of μOCT of 16 normal, 3 benign and 11 malignant OCT-images. 

Median μOCT of normal renal parenchyma was lower (5.0 mm-1) compared to tumor 

tissue (8.2mm-1), p<0.001. Among the 3 groups, (1a) median μOCT of normal tissue (5.0 

mm-1) was lower than that of malignant tumor (9.2 mm-1), p<0.001. (1b) Median μOCT of 

normal tissue (5.0 mm-1) was lower than that of benign tumor (7.0 mm-1), p=0.050.
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(1c) Median μOCT of benign tumor (7.0 mm-1) was lower than that of malignant tumor 

(9.2 mm-1), p=0.139. The last two comparisons failed to reach statistical significance. 

The results are depicted in figure 5. 

Analysis 2: In-vivo comparison of normal renal parenchyma vs. tumor (per patient).  

Two cases were excluded from this analysis (non-diagnostic biopsy and the case 

without a tumor measurement), resulting in 14 patients with a μOCT of both normal 

tissue and the tumor. The results are depicted in figure 6.

(2a)The median μOCT of normal renal parenchyma (5.0 mm-1) was lower than that of 

malignant tumor (9.2 mm-1), p<0.001. 

(2b)Median μOCT of normal renal parenchyma (5.4 mm-1) was lower than that of benign 

tumor (7.0 mm-1), p=0.109. 

Analysis 3: Comparison of superficial and internal recorded OCT-images 

Three cryoablation cases were excluded (no OCT imaging possible because no tumor 

was extirpated) from this analysis. Three other cases were excluded because pathology 

could not be processed immediately after extirpation. In the remaining 10 patients, 

no significant differences were observed between superficial and internal μOCT for both 

normal (5.0 and 5.8, respectively, p=0.169) and tumor tissue (8.5 and 9.0 respectively, 

p=0.260). The results are depicted in figure 7.

Figure 7 Boxplot showing the median attenuation-coefficient (µoct) and IQR’s of superficially and 
internal (sub-capsular) acquired OCT-images for normal renal parenchyma and tumors. Normal 
Superficial µoct=5.0 mm-1 (4.2-5.4), Normal Internal µoct=5.8 mm-1 (3.8-7.8), Tumor Superficial 
µoct=8.5 mm-1 (7.4-9.5), Tumor Internal µoct=9.0 mm-1 (7.6-14.4).The circle displays an outlier. 
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DISCUSSION

In this study we report the first results of in-vivo performed OCT in renal tumors. Using 

quantitative assessment of the OCT-images a statistical significant difference between 

normal renal parenchyma and malignant renal tissue was established, proving the 

ability of OCT to differentiate in-vivo normal and malignant renal tissue in real-time 

without violation of the tissue. 

In order to overcome obstacles in the diagnostic process of renal tumors mentioned in 

the introduction, optical techniques are likely to be of additional value as they are light-

based and therefore harmless to human tissue, providing real-time information and 

are suitable for  miniaturization enabling integration with existing clinical procedures 

and instruments. Optical Coherence Tomography [2;6] is of specific interest because 

it provides a ‘functional optical biopsy’: cross sectional images that can be correlated 

to histopathology in combination with quantification of optical properties that can be 

related to tissue physiology and cellular organization. Publications on OCT in kidneys 

are scarce. In addition to ex-vivo studies demonstrating that renal microstructures can 

be visualized by OCT in order to assess ischemic damage as an indicator of transplant 

kidney viability[7;8] , we demonstrated the ability of OCT to differentiate normal and 

malignant renal tissue by quantitative OCT-assessment in an ex-vivo pilot study[1]. 

Shortly thereafter, Linehan et al.[9] described microstructural differences of several 

renal tumors in ex-vivo acquired OCT images which allowed differentiation of 

several tumor types (e.g. AML and TCC). Unfortunately, clear cell-RCC and other 

renal cell carcinoma subtypes showed a heterogeneous appearance in the images, 

which precludes distinction of RCC from normal renal parenchyma based on the 

images alone. In a very recent ex-vivo multi-observer qualitative study Lee et al. 

demonstrated that OCT combined with confocal microscopy could differentiate normal 

from neoplastic renal tissue with a high sensitivity and specificity. Furthermore they 

observed a marked decrease of imaging depth in tumor tissue caused by a higher 

degree of scattering, which is fully compatible with our hypothesis[10]. 

Translation of these promising ex-vivo results to clinical measurements has never been 

proven and is not straightforward due to a variety of factors involved[11]. In more 

detail, the availability of suitable OCT probes is limited. We therefore developed our
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own prototype imaging probe for this study. The present probe configuration allowed 

2-dimensional imaging with a small field of view which compromises image-based 

interpretation and comparison between tissue sites but did not hamper the ability to 

extract μOCT. 

Moreover, most ex-vivo results were obtained in the center of the tumor (specimen) 

whereas in an in-vivo setting only superficial measurements can be obtained. We 

therefore assessed whether superficial OCT-imaging of tissue is representative for 

tissue which lays deeper. Comparison of μOCT obtained from tissue surface with internal 

(sub-capsular) areas after longitudinal dissection of the extirpated specimen showed 

no significant differences. This representativeness of superficial assessment using 

optical diagnostic tools with a limited penetration depth is also suggested by Bensalah 

et al. using Optical Reflectance Spectroscopy[12]. Interestingly, the spread in μoct values 

is higher for internal tissues, which we attribute to inhomogeneity of the central tumor.

The current in-vivo study demonstrates a statistically significant difference between 

µOCT for normal and malignant renal tissue, albeit still in a modest sample population. 

The small number of benign tumors precluded conclusions on OCT’s ability to 

differentiate benign from malignant tumors and normal tissue. Since the percentage 

(19%, 3 out of 16 extirpated tumors) is compatible with reports in the literature[13;14], 

this limitation is hard to avoid in this primary phase of clinical research. Moreover, 

the biology of the benign tumors varied widely which makes interpretation of the 

determined μOCT challenging for these cases. 

In spite of this limitation the current preliminary data on the ability of OCT to 

differentiate between malignant and normal renal tissue as well as the recently showed 

synergistic effect between OCT and Raman spectroscopy reinforce the pursuit of the 

investigation in quantitative OCT measurements in renal tumors. The ultimate goal 

should be to identify discriminatory cut-offs in the attenuation-coefficients between 

malignant and benign tumors.

If the diagnostic value of OCT is confirmed, the thin currently available OCT-probes can 

be integrated with biopsy needles enabling the incorporation of OCT into the diagnostic 

algorithm of renal tumors complementing or substituting percutaneous or operative 

biopsies. Furthermore OCT could be used in the assessment of renal parenchyma 

margins after partial nephrectomy preventing frozen-section analysis.
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CONCLUSION  

OCT provides high-resolution non-invasive cross sectional images suitable for 

quantitative analysis. This phase-I study showed that OCT can be safely employed 

in humans. A significant difference between attenuation-coefficients of normal 

renal parenchyma and malignant renal tissue was found, proving the ability of OCT 

to distinguish malignant and normal renal tissue. Expansion of the population and 

validation of the results is needed in order to assess OCT as a clinically valuable new 

diagnostic tool. 
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ABSTRACT  

Purpose: Stringent radiological follow-up is essential after renal tumor ablation. 

Drawbacks of post-ablation follow-up (FU) by contrast-enhanced Computed Tomography 

(CECT) are the associated ionizing radiation and nephrotoxic contrast-agent. Contrast-

enhanced ultrasound (CEUS) has shown potential to demonstrate microvasculature 

without using neither ionizing radiation nor toxic contrast-agent.  

We assessed the concordance of enhancement patterns of CEUS and CECT/MRI in 

cryolesion assessment after laparoscopic renal cryoablation (LCA).

Methods: From 01/2006-01/2009 a CEUS was performed before and after LCA (3 

and 12 months ) in addition to regular CECT/MRI. Using an enhancement-score (0=no 

enhancement, 1=rim enhancement, 2=diffuse enhancement, 3=localized enhancement, 

4=no enhancement defect) the cryolesion was assessed by both modalities and 

concordance of enhancement-score was assessed.

Results: In total 45 tumors were included (29 biopsy proven RCC, mean size 2.66 cm). 

One cryoablation failed resulting in a non-enhancing cryolesion apart from the persisting 

renal tumor. There were no post-ablation recurrences during the study period.  

Pre-LRC: Both modalities were available in 26 cases. In 20/26 there was concordance of 

enhancement-score (77%, all cases score 3 or 4).  

3m: Both modalities were available in 32 cases. Enhancement-score corresponded in 

23/32 cases (72%). 7 cases showed enhancement on CECT/MRI (‘1’in six cases, ’4’in 

one case) with enhancement-score ‘0’on CEUS. 2 cases showed enhancement on CEUS 

without enhancement on CECT/MRI (specificity 92%,NPV 77%). Except one case all 

enhancement resolved on subsequent imaging.  

12m:Both modalities available in 21 tumors. Enhancement-score corresponded in 19/21 

cases (91%). 2 cases showed enhancement on CEUS without enhancement on CECT/MRI 

(specificity 90%, NPV 100%).

Conclusion: This pilot study shows that CEUS is a safe imaging technique with high 

concordance of enhancement-score between CEUS and CECT/MRI. While cross-sectional 

imaging seems sensible to demonstrate successful ablation at first FU, CEUS might be 

used to diminish the burden of contrast-enhanced cross-sectional imaging in the long-

term FU. 
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INTRODUCTION

Due to its minimal invasive nature combined with good intermediate- and long-term 

oncological results[1], cryoablation (CA) has gained a role as a treatment option in 

selected small renal masses[2;3]. As the tumor is eliminated rather than extirpated, 

there is at least hypothetically a chance that a recurrent tumor evolves from as little 

as one single malignant cell that survived the thermal ablation. Therefore a thorough 

follow-up is of capital importance to evaluate the success and to trace any potential 

recurrence as early as possible to simplify eventual re-treatment. Currently this 

follow-up relies on contrast enhanced imaging with CT-scans as the modality of choice 

and MRI as an alternative in case of iodine based contrast allergy or renal function 

impairment[4]. The cornerstone of radiological follow up is the absence of contrast 

enhancement in the ablated lesion, a premise that seems to exclude the presence of 

vital tissue after cryoablation[5]. 

Unfortunately, the routine use of CT-scans in the follow-up has several major 

drawbacks, including the unavoidable ionizing radiation and the nephrotoxicity of 

the iodine-based contrast agent. This potential toxicity will have higher impact in 

younger patients and those with an already impaired renal function. MRI as follow-up 

alternative is costly and requires use of a nephrotoxic contrast-agent as well, albeit less 

toxic than iodine-based contrast[6-8]. 

Recently contrast-enhanced ultrasound (CEUS) has emerged as a diagnostic tool in 

several fields in medicine, in cardiology and liver tumor-diagnostics in particular[9]. 

CEUS is based on ultrasonography and uses stabilized microbubbles to improve 

the echogenicity of blood flow. CEUS can provide real-time information on the 

enhancement properties of tissue under study without using ionizing radiation or 

nephrotoxic contrast agent. This represents a major advantage over contrast CT/MRI-

scans. 

Reports on CEUS as a potential diagnostic method for evaluation of radiofrequency 

ablation (RFA) of kidney tumors showed promising results[10;11]. However very little is 

known on the value of CEUS to evaluate the cryoablated kidney tumors[12].  

The primary objective of this study was to assess the concordance of enhancement 

patterns of CEUS-scans and CT/MRI-scans (gold standard) in the follow-up after CA.
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METHODS

Patients 

From January 2006 to March 2009, a prospective study on CEUS on patients 

treated by laparoscopic CA (LCA) of a renal tumor was conducted in our centre. The 

local Institutional Review Board (IRB) approved the study. Patient selection, the 

interventional procedure and follow-up protocol have been described earlier[13]. After 

obtaining informed consent, CEUS was performed in addition to the clinical protocol 

at three points in time (before LCA and at 3 and 12 months after ablation). Interval 

between CT/MRI-scan and CEUS-imaging was maximally 10 days. In the frame of an 

investigational study patients were able to refuse participation in the study at any point 

in time and to join the study after LCA.

Collection of imaging studies: CT/MRI-scan 

Pre-ablation CT- and MRI-scans were performed either in the radiology department of 

our institution or in case of referrals (48%) the images were integrated in our hospital 

computer system. CT-scans in our institution were performed using a Philips 4-slice 

MX8000 or 64-slice Brilliance CT-scanner (Philips Healthcare, Best, the Netherlands). 

For contrast enhancement Ultravist 300 (Bayer Pharma AG, Leverkusen, Germany) 

was injected at a rate of 4ml/s and a total maximum of 120 ml. Pre-operative CT-

scans consisted of a four-phase abdominal 3 mm CT-scan (unenhanced, arterial scan 

at 45 seconds, venous phase at 115 seconds, delayed phase at 10 minutes after 

injection of contrast) and follow-up scans were performed according to a predefined 

scanning protocol developed in collaboration with the department of Radiology of 

our institution consisting of a triple-phase 3 mm scan (unenhanced, arterial and 

venous phase). In case of a contra-indication for contrast-enhanced CT-scanning (e.g. 

intolerance of iodine-based contrast or a serum creatinine >130 µmol/L), a contrast-

enhanced MRI was performed using a Siemens Avanto 1.5 Tesla MRI-scanner (Siemens 

AG Healthcare Sector, Erlangen, Germany) with 16-channel body array coils. Standard 

protocol consisted of T2-trufi coronal and transversal series with fat suppression, a 

contrast-enhanced T1-fl2d sequence in and out of phase, T2-haste (transversal and 

coronal), T1 vibe transversal with both unenhanced and dynamic series (at 30 seconds, 

60 seconds and 15 minutes with 3 mm slices). Images were acquired during breath
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hold in inspiration and using Gadovist® 1.0 (Bayer Pharma AG, Leverkusen, Germany) 

for contrast enhancement.

Collection of imaging studies: CEUS 

For all CEUS imaging a Siemens ‘ACUSON Sequoia’ ultrasonography device with 

Contrast Pulse Sequence (CPS) imaging was used[14]. CEUS was carried out in an out-

patient setting by a urologist or urology researcher with experience in performing renal 

ultrasonography.  

After preparation of the patient including placement of a venous cannula in the 

antecubital vein, grayscale ultrasonography was used to localize the renal mass 

or cryolesion. After slow intravenous injection of 2.4 ml of CEUS contrast agent 

SonoVue® (Bracco, Milan, Italy), the contrast-enhanced images showing the renal 

mass or cryolesion were recorded using CPS imaging. When necessary, an additional 

injection of 2.4 ml of SonoVue® was administered to extend the time available for CEUS 

investigation. All recorded cineloops were stored for offline evaluation. All cineloops 

and on-screen display functions were encrypted to enable blinded evaluation of the 

images after censoring the study.

Assessment of images 

In order to assess the images we utilized the descriptive enhancement-score previously 

developed at our institution (see discussion) [12]. The score consists of a scale from 

0 to 4 were “0” represents no enhancement at all, “1” represents presence of a 

tiny peripheral rim enhancement, “2” represents weak diffuse enhancement, “3” 

represents nodular enhancement and “4” represents absence of an enhancement 

defect in the lesion. All CEUS-scans were assessed by an investigator blinded for the CT/

MRI-scans and the clinical results. 

For the reference test the original clinical radiological report was retrieved and 

converted to a enhancement-score. After determination of the degree of enhancement 

using the score, the data were subsequently entered in a Predictive Analytics 

SoftWare (PASW) 18.0.2. database and merged with clinical and procedural data of the 

corresponding patients. 

Analysis of results 

For the comparative analyses, cases with a missing study at a given time point (pre-



Chapter 9

156

Table 1 Characteristics of patients and tumors

Cases (tumors) N 45 (45)

Age at treatment Mean (SD) 67.4 (11.4)

Male gender N (%) 34 (76%)

Tumor size in cm Mean (SD) 2.66 (0.78)

Tumor side L:R 16:29

Charlson-index Median 1

Charlson age-adjusted Median 3

eGFR (by CKD-EPI) Median (range) 85 (37-108)

Biopsy results N (%) 29 RCC (64%) 
4 oncocytoma (9%)  
1 AML (2%) 
11 non-diagnostic* (24%)

*Biopsies without tumor cells or with insufficient tumor cells hindering differentiation 
between a benign and malignant tumor were classified as non-diagnostic. 

ablation and at 3- or 12 months after ablation) were excluded for analysis at that 

particular time point. 

Concordance of enhancement-score between cross-sectional imaging and CEUS was 

assessed. Furthermore accuracy of CEUS with respect to the regular follow up cross-

sectional imaging was calculated using contingency tables. For the latter purpose we 

dichotomized the enhancement-scores with “0” being considered as negative and ≥ 1 

being considered as positive.  

The statistical setup of the analysis and the analysis itself were performed in close 

collaboration with the Department of Biostatistics of our centre. Quantification 

was based on percentage agreement without correction for chance agreement and 

specificity, sensitivity, negative predictive value (NPV) and positive predictive value 

(PPV) were calculated. Data were reported in adherence to the STROBE guidelines 

(STrengthening the Reporting of OBservational studies in Epidemiology)[15].

Table 2 Contingency table at 3 months follow-up

CT/MRI scan Total

Enhancement No 
enhancement

CEUS Enhancement 0     2 2

No enhancement 7 23 30

Total 7 25 32
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Figure 1a: Contrast-enhanced 
ultrasound (CEUS) image (left) 
using Contrast Pulse Sequence 
(CPS) for a contrast-only image 
of a 3.2 cm renal cell carcinoma. 
This tumor was scored 4 on 
the P/E score. Right shows 
the corresponding greyscale 
ultrasound image. 

Figure 1b: Pre-cryoablation CT-
scan (venous phase) of the tumor 
showing a 3 cm enhancing tumor 
in the right kidney. This tumor 
was scored as 4 on the P/E score.

Figure 2a: Contrast-enhanced ultrasound 
image (left) 3 months after cryoablation of 
the tumor showed in figure 1. The perfusion 
defect (arrow) shows a cryolesion without 
signs of residual enhancement (P/E score 0).

Figure 2b: Three months post-ablation CT-
scan (venous phase) of the same patient 
showing the non-enhancing cryolesion 
(arrow) in the right kidney (P/E score 0). 
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RESULTS

In total 45 cases (45 tumors) were included in the study with the characteristics being 

described in table 1. In one patient the ablation missed the tumor resulting in one 

unsuccessful cryoablation, all other patients underwent treatment successfully with no 

persistent or recurrent disease at 3 or 12 months follow-up. There were no procedure 

related complications or adverse reactions due to administration of the SonoVue®.  

In total 129 conventional cross sectional scans (121 CT; 95%) and 115 CEUS-scans were 

collected. 

Figure 3: Unenhanced (a) and arterial phase (b) of a CT-scan performed three-months after 
cryoablation showing the cryolesion in the left kidney with an enhancing area (arrow). This was 
considered P/E score 1.

Figure 4: CEUS-image 3 months after cryoablation showing rim enhancement in the cryolesion 
(arrow). This was considered P/E score 1.
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Table 3 Contingency table at 12 months follow-up

CT/MRI scan Total

Enhancement No 
enhancement

CEUS Enhancement 0      2 2

No enhancement 0 19 19

Total 0 21 21

Pre LRC:  

In 26 tumors pre-ablation scans on both modalities were present. All cases presented 

with a enhancement-score 3 or 4 on both the CT/MRI and CEUS; in 20 of 26 cases (77%) 

these scores were concordant (see figure 1).

3m FU:  

At 3 months after treatment both CT/MRI and CEUS scans were available in 32 cases. 

There was a concordance of enhancement-score in 23 cases (72%) (see figure 2). In 7 

of 32 (22%) cases there was enhancement on CT/MRI without enhancement on the 

corresponding CEUS. In the single tumor where the cryoablation missed the tumor 

there was enhancement of the tumor on CT/MRI (score 4) with a CEUS interpreted as 

score 0 (see discussion). In the 6 other cases the enhancement on the CT/MRI-scan 

concerned slight rim enhancement (score 1). These 7 cases were considered false 

negatives (see figure 3).  

In 2 cases (6%) there were signs of enhancement on the CEUS (all score 1) without 

enhancement on the corresponding CT-scan. These cases were considered as false 

positives (figure 4). The contingency table (table 2) shows a specificity and negative 

predictive value (NPV) of 92% and 77% respectively. 

12m FU: 

In 21 tumors both modalities were present at twelve months after ablation. The 

enhancement-scores of CT/MRI and CEUS were concordant in 19 cases (91%). All CT/

MRI-scans were negative for enhancement resulting in no false negative CEUS. In 2 

cases (10 %) there were signs of enhancement on the CEUS (all enhancement-score 

1) without enhancement on CT. These cases were considered as false positives. The 

contingency table (table 3) shows a specificity and NPV of 90% and 100% respectively.
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DISCUSSION

Our study compares in a prospective longitudinal manner CEUS enhancement scores 

with conventional contrast enhanced cross-sectional imaging in a cohort of renal 

masses treated by laparoscopic cryoablation. At diagnosis all renal masses showed 

enhancement on both the CT/MRI and CEUS with an absolute concordance in terms of 

enhancement-score in 77% of cases. During follow up absolute concordance in terms 

of enhancement-score was 72% and 91% at 3 and 12 months respectively. There were 

no adverse reactions due to the SonoVue® or other aspects of the CEUS demonstrating 

that CEUS is feasible, safe and well tolerated.

The need for regular follow-up with contrast enhanced CT or MRI represents a major 

disadvantage of renal ablation. A multiphase scan of the abdomen delivers a median 

radiation dose of 31 (range: 6-90) mSv resulting in one radiation-induced malignancy 

for every 660-700 of such scans in a 60-year old patient[7]. Furthermore most of 

them are older and have co-morbidities, including an impaired renal function. In this 

setting iodine contrast is potentially toxic and may worsen the impaired renal function 

and potentially even lead to contrast-induced acute kidney injury[16]. Therefore, CT-

scanning is far from ideal to perform long-term follow-up after cryoablation. However 

several aspects prevent MRI from being the ultimate alternative for CT-scanning, such 

as the high costs and lower availability. Furthermore, since the MRI contrast-agent 

gadolinium may cause nephrogenic systemic fibrosis (NSF) in patients with a GFR < 30 

ml/min/1.73m2, performing an MRI in patients with severe renal impairment is also 

contra-indicated[17]. CEUS-imaging requires an intravenous injection of microscopic 

gas bubbles and availability of an ultrasound device equipped with specific software. 

The contrast images provide real-time information of the enhancement pattern of the 

tissue while it is harmless for the kidney regardless of the renal function. The technique 

has shown its power in the detection and evaluation of tumors in other organs such 

as the liver and it is possible that CEUS will replace the CT-angiogram to evaluate the 

function and endoleakage of vascular endoprostheses[18]. Recently several reports 

have been published showing promising results of CEUS in the follow-up after RFA of 

renal tumors[11]. While extrapolation of these studies to cases ablated by cryotherapy 

is likely, no studies have explored the subject apart from a feasibility study[12].

Using an enhancement score previously described[12] CEUS replicated the results of 
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the CT during follow-up of small renal masses after cryoablation. At three months (first 

control in our setting) CEUS had a specificity of 92% and a NPV of 77% when compared 

with CT/MRI which increased to 90% and 100% respectively at 12 months. 

There was one persistent tumor at 3 months in our series which was not detected on 

CEUS. This tumor was a small 1.2 cm tumor that was missed during the cryoablation 

resulting in a cryolesion located caudal of the tumor with the tumor being untouched. 

As the CEUS-investigator was blinded for clinical results while assessing the CEUS-scans, 

the cryolesion caudal of the tumor was interpreted as a cryolesion without signs of 

residual enhancement and the small tumor more cranially was overlooked. 

Tumor persistence and recurrence occur in a low percentage of cases in all cryoablation 

series, however a long-term follow-up is of capital importance after cryoablation 

since recurrences may occur as late as after 58 months[1;13]. Based on our results, 

CEUS might substitute some of the repetitive cross-sectional imaging tests performed 

during this long-term regimen of follow-up. However being focused on absence of 

enhancement in the cryolesion, other abnormalities in the kidney or the abdomen 

might be overlooked which was also the case in our series with a persistent tumor 

located completely outside of the cryolesion. In a similar study comparing CT/MRI 

with CEUS after RFA, CEUS failed to detect a persistent tumor at 6 weeks in 3 of 14 

cases compared to 0 with CT/MRI[11]. Therefore it seems sensible to perform a 

cross-sectional study as first follow-up study after ablation to demonstrate successful 

ablation. For the subsequent long-term follow-up CEUS might be used to show absence 

of enhancement in the successfully ablated tumor, alternated by regular CT/MRI to 

detect abnormalities in other abdominal structures including the contralateral kidney. 

At least two points deserve further comments, with the first one being related to 

the lack of radiological and clinical recurrences in our series. In fair strictness we 

considered as positives those cases with enhancement-score ≥ 1 at three and twelve 

months in both the index and the investigational test. However clinical studies 

demonstrate that a tiny peripheral (rim) enhancement in cross sectional imaging is 

present at the first evaluation in up to 26% of the cases and resolves later on[19;20]. 

Clinically the cases with rim enhancement on cross sectional imaging were not 

considered as a radiological persistence but as a finding deserving further cross 

sectional evaluation. In our series as well the rim enhancement disappeared later on
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in all cases when assessed by cross sectional imaging. Negative cross sectional imaging 

has proven to correctly demonstrate the absence of tumor persistence or recurrence 

after cryoablation when verified by tumor biopsy[5].

The second issue is the appropriateness of the enhancement-score used. There are no 

standardized scores to assess enhancement patterns in renal tumors and even less for 

post-ablation assessment. We therefore used a home-designed visual and easy to use 

enhancement score with rather grades patterns of enhancement instead of intensity[12] 

and applied it retrospectively to CT and MRI. The absence of other scores precludes any 

comparison at the present time.  

We acknowledge that technological developments currently enable raw CEUS-data to be 

used for the calculation of Time Intensity Curves (TIC) and several quantitative perfusion 

parameters[21]. We did not perform such calculations in this pilot-study since for our 

clinical question assessment of the entire cryolesion on CEUS is required rather than a 

TIC which is based on a single-plane CEUS-image. Secondly similar calculations cannot be 

performed for CT/MRI-images, which was considered the gold standard for comparison in 

this study. 

To our best knowledge no reports on cost-effectiveness of CEUS after cryoablation 

of small renal masses have been published which is natural given the premature 

status of CEUS in this field. Although such economical assessments are highly setting-

dependent, one report showed a significant saving of costs when CEUS was used for the 

characterization of focal liver tumors compared to CT/MRI and comparable results might 

be expected in the case of the long-term follow-up after renal cryoablation[22]. 

While limitations inherent to ultrasound such as operator dependency and patient 

dependent factors cannot be overcome by CEUS and its use in renal masses is not yet 

approved by the FDA[23] we postulate that CEUS might have a role in decreasing the 

cross-sectional imaging burden of the follow-up schemes after cryoablation, although a 

study showing its ability to detect recurrences would further validate this.

CONCLUSION  

Contrast-enhanced ultrasound (CEUS) is a safe imaging modality with a high specificity 

and NPV in the follow-up of cryoablated renal masses. The absence of recurrent tumors 

in this series hinders firm conclusions on sensitivity and PPV. While cross-sectional
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imaging should be used to demonstrate a successful cryoablation at first follow-up after 

ablation, clinical implementation of CEUS for further follow-up of the cryolesion can 

decrease the number of CT/MRI-scans performed during follow-up. 
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The present thesis discusses a number of topics that are intimately imbricated. 

The common denominator among them is the changing scenario of renal tumor 

presentation compared to the 1990s[1]. This well documented phenomenon is 

characterized by an increasing detection of small renal masses (SRM) which calls for 

more accurate pre-operative diagnostics on account of the high number of benign 

tumors and low-aggressive malignancies in this size range[2]. Together with the 

introduction and widespread use of ablation in SRMs it makes the subject the ideal 

field for implementation.  

The research in this thesis is organized in three parts. In part II we sought to explore the 

oncological and functional efficacy of renal tumor ablation both in our own experience 

and by reviewing the available literature. In part III we focused on different aspects 

of the renal mass biopsy (RMB), including a recapitulation of the available literature 

on RMB-performance, assessment of the penetration of RMB in the global urological 

practice and exploration of the potential to improve RMB-accuracy with conventional 

pathology methods. Part IV of this thesis focuses on experimental research with novel 

diagnostic techniques to improve the diagnostic rate of RMB and a novel follow-up 

modality for post-renal cryoablation follow-up. 

Part II: renal tumor ablation 

In chapter 1 we demonstrated that laparoscopic renal cryoablation (LRC) is a safe 

and effective treatment modality for small renal masses (SRMs) in selected cases 

albeit based on intermediate-term results with a mean follow-up (FU) of 30 months. 

The oncologic efficacy of renal tumor ablation was further confirmed by an up-to-

date overview of the available long-term (> 36 months FU) series in the literature in 

chapter 2. By only including cases with biopsy proven renal cell carcinoma (RCC) and by 

stratifying results per ablation type and surgical approach, limitations of earlier reviews 

such as the heterogeneity of analyzed data are overcome. Cryoablation and RFA 

showed good oncological results, a low complication rate and excellent renal function 

preservation, although still randomized studies are lacking and all available data is 

limited to observational studies of low quality. In a recent comprehensive overview 

published in 2012, Caddedu et al. confirm that long-term results of renal tumor 

ablation are still scarce hindering firm conclusions on the efficacy of the therapy[3]. 
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However, despite a higher recurrence rate for ablative therapies, the cancer-specific 

survival (in the end the most important patient outcome) seems comparable to that of 

partial nephrectomy, although it remains unclear if the effects of the indolent nature of 

SRMs and the lack of long-term results could change this favorable outcome.  

A critical look on renal ablative therapy studies reveals two major issues:  the number 

of RMBs with a non-diagnostic result and the need for a strict post-ablation follow-up 

schedule using contrast-enhanced CT- and/or MRI-scans. The non-diagnostic rate of 

RMB is a striking problem in today’s urological practice[4]. While in earlier days a pre- 

or peroperative RMB was considered both obsolete and useless since all renal tumors 

were treated by radical or partial nephrectomy (when feasible), the current alteration 

in both clinical presentation and treatment options for renal tumors calls for a re-

definition of the role of RMB in the context of renal tumors.

Part III: Improving current biopsy techniques 

The basic principles and the state-of-art results of RMB performance are summarized 

in chapter 3. In general the accuracy of RMB is high when the surgical specimen is 

taken as reference standard and  recent reviews show mean accuracy figures of 96% 

in all tumor sizes[5] and 93% in SRM[6]. However the varying definition of ‘accuracy’ 

among authors as well as the definition of the standard reference is hindering a 

straightforward comparison of studies as was concluded by other authors[4]. In 

addition, chapter 3 demonstrates the aforementioned high non-diagnostic rate, with 

almost 20% of RMB resulting in a non-diagnostic result both in SRM and in larger 

tumors.  

When looking at the type of biopsy used in those series, it becomes clear that core 

biopsies (CB) are preferred over fine needle aspirations (FNA), although both types 

might result in similar accuracy depending on local expertise[7] . Following our 

previous ex-vivo studies[8;9] we sought to demonstrate the potential benefit in 

improved diagnostic yield and accuracy of renal mass biopsy by combining CB with a 

FNA as described in chapter 4.  By using in-bench RMB the biopsy circumstances were 

optimized and by using five individual pathologists for biopsy assessment the earlier 

demonstrated inter-observer variability for biopsy results was overcome[8]. Given the 

fact that both biopsy techniques use different technical and pathological principles
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we hypothesized that they  might be complimentary. In addition to the fact that even 

with optimized circumstances and in relatively large tumors (median 5.4 cm) the five 

pathologists had a non-diagnostic rate ranging from 3.5% to 17.5%, we demonstrated 

that CB and FNA had comparable accuracy numbers independently. When both 

techniques were combined, the diagnostic yield and accuracy was higher for all 

pathologists suggesting that performing both techniques is beneficial and results in 

less non-diagnostic results. A similar message was published by Parks et al. suggesting 

that FNA and CB are indeed complimentary, with FNA being more likely to obtain a 

diagnosis as such, while the information on histological architecture provided by the 

CB enables subclassification of tumors to a greater extent[7]. Thus, ideally CB and FNA 

should be combined to achieve maximal diagnostic rate  and accuracy. Nevertheless we 

recognize that in order for this combination to be implemented in the clinical practice 

other factors such as infrastructure or budgetary aspects play a considerable role. 

Our results are supported, as described in chapter 6, by a global survey. The potential 

of FNA is clearly acknowledged by urologists given the high number of responders 

that indicated to perform both CB and FNA (31%). The increasing trend to use FNA 

is obvious when this figure is compared to the minority of responders using FNA in a 

comparable survey conducted in 2005 (10%)[10].  Another major finding of our survey 

was the low number of urologists that perform RMB in general. From the responders, 

73%  reported “never” or “rarely” to take an RMB, which suggests that RMB has 

not yet penetrated the daily urological practice, especially in the non-academic 

setting (with 20-30% vs. 6% of academic urologists taking a biopsy “never”). Main 

reasons to refrain from taking RMB were the assumed lack of influence on the clinical 

management and the potential of false negative results, although false negative biopsy 

results are sporadic according to modern clinical studies[5;11;12]. A drawback of this 

survey was the response rate of 10% (190 individuals). However when looking at all 

available other electronic surveys distributed among all members of the Endourological 

society in 2011, our response rate is exceeding that of the other surveys (127 – 160)

individuals[13;14]. This repeatedly low response rate is most likely explained by the 

inaccuracy of e-mail reachability and the survey being focused on a particular sub-

group within a large population, resulting in a majority being not interested in the 

survey who therefore refrained from responding. In chapter 5, characteristics of renal
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tumors biopsied during laparoscopic pre-ablation and the biopsy procedure were 

collected in order to assess whether certain factors influence the likelihood of a 

nondiagnostic biopsy result in this particular setting. While the nondiagnostic rate of 

22% is comparable to figures recently published[4], no factors were found to be related 

to the occurrence of a nondiagnostic result. This suggests that a nondiagnostic result 

is a matter of technical sampling error rather than a drawback of certain tumor or 

procedural characteristics[4]. Apparently there is nothing intrinsic to the tumors that 

leads to a nondiagnostic result and this further strengthens the concept that in order 

to reduce the number of nondiagnostic biopsies, the aim for improvement lies in the 

actual sampling of tissue. 

Part IV: Novel diagnostic techniques  

Optical diagnostic techniques provide histological information based on the interaction 

of light with the tissue under study. The various types of optical diagnostic techniques 

use different principals leading to different output configurations[15]. Optical 

Coherence Tomography (OCT) is unique in the fact that it provides an image of the 

studied tissue, based on the backscattered light intensity in a couple of millimeters 

depth of the tissue. OCT was developed for ophthalmologic use and is currently 

standard-of-care in ophthalmologic imaging[16]. The technique is rapidly becoming 

the standard intravascular imaging method in interventional cardiology[17]. In short, 

different tissue structures result in a different degree of ineffective scattering. This 

leads to a different attenuation of light as it goes deeper into the tissue, resulting in a 

distinct OCT signal per tissue type. This enables identification of different tissue types, 

such as malignant and non-malignant tissue[18].  

We hypothesized that the larger and irregularly shaped cellular structures in malignant 

tissue (such as nuclei and mitochondria) cause a higher degree of ineffective scattering, 

leading to a higher attenuation of light per millimeter tissue depth compared to 

normal renal tissue. By this, OCT can hypothetically differentiate malignant from 

non-malignant renal tissue. In our institution a model was developed to quantify the 

light intensity in an OCT-image resulting in an attenuation coefficient or µOCT, enabling 

quantitative comparison of different tissue types using OCT[19]. 

To assess the proof of principle an ex-vivo study was performed initially comparing
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renal tumor samples with normal renal tissue samples both harvested after surgical 

extirpation of a renal tumor. The results described in chapter 7 show a higher 

attenuation-coefficient for malignant renal tissue compared to normal renal tissue. 

Although these results supported our hypothesis, potential “in-vivo” influencing factors 

such as blood flow and presence of hemoglobin were obviously missed. Therefore an 

“in vivo” study was conducted to assess the ability to differentiate normal renal tissue 

from renal tumors by performing intra-operative OCT imaging before tumor excision. 

As described in chapter 8, a significantly higher attenuation-coefficient was found for 

renal tumors compared to normal renal tissue. Being a pilot study, the small size of our 

cohort precluded a possible difference in attenuation coefficient between malignant 

and benign tumors. Furthermore to overcome the low depth of penetration of OCT, 

images acquired from the tissue surface where compared to images from the core 

of the tumor in the laboratory. Attenuation coefficients were comparable in this last 

experiment, suggesting that despite the limited penetration depth of the OCT signal 

superficial tissue imaging is representative for centrally located tumor tissue.  

These results show that real-time histological information can be obtained from renal 

tissue without the need for tissue perforation. It appears to be a possible to distinguish 

between malignant and normal renal tissue, both in-vitro and in-vivo, albeit in a pilot 

study setting.  

Our report was the first publication on in-vivo OCT for renal tumor differentiation. To 

our best knowledge other publications on the subject are scarce and limited to ex-vivo 

experiments. Linehan et al. assessed the potential of qualitative OCT to differentiate 

subtypes of renal tumors in an ex-vivo setting[20]. They were able to distinguish normal 

renal tissue from angiomyolipoma and urothelial carcinoma, but the heterogeneous 

appearance precluded identification of different RCC subtypes. The authors suggested 

an ultra-high resolution OCT might be necessary to accomplish this. This was done by 

Lee et al. who integrated OCT with Optical Coherence Microscopy (OCM) to obtain 

the ultra-high resolution images of ex-vivo renal tissue, by which they could indeed 

differentiate RCC from normal renal tissue with a sensitivity and specificity of 88% and 

100% respectively[21].  

As mentioned earlier there are different types of optical diagnostic techniques and 

several groups have explored their potential for renal tumor diagnostics. 
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All aspects and up-to-date results are summarized in a recent review[22] showing 

that both Optical Reflectance Spectroscopy (ORS) and Raman spectroscopy (RS) have 

shown good results with respect to renal tumor differentiation, albeit in initial pilot 

studies and mostly ex-vivo[20;23;24]. Nevertheless it is clear that the results, although 

preliminary, point in the same direction showing promising results, suggesting that 

optical diagnostic techniques might play a definitive role as a diagnostic method for 

renal tumors. 

Post-ablation follow-up 

Apart from establishing a pathological diagnosis through an RMB, a capital issue 

regarding renal tumor ablation is the long-term follow-up management that ensures 

the early diagnosis of potential recurrent disease. Despite the reported recurrence 

rates are low. Suggesting a good oncological efficacy, a strict post-ablation follow-up 

policy is still considered essential and current schedules include contrast-enhanced 

cross sectional imaging: CT- and MRI-scans[25]. Associated drawbacks of these 

modalities are ionizing radiation, nephrotoxicity of the contrast agent and costs. 

Contrast-enhanced ultrasound (CEUS) is a novel imaging modality expanding its 

application in several medical fields[26]. The technique employs a conventional 

ultrasound device fitted with specific software and a harmless contrast-agent 

consisting of microscopic gas bubbles. The ability to monitor post-cryoablation lesions 

by CEUS has not been explored earlier, although favorable initial results are shown 

for monitoring post-RFA lesions by CEUS[27;28]. In a pilot study in post-cryoablation 

lesions chapter 9 we described a high concordance between CEUS and the standard 

modalities in terms of post-cryoablation lesion assessment appearance. A major 

limitation of the study was the absence of radiological recurrences in our cohort of 

46 patients, which again confirms the high oncologic efficacy of renal cryoablation 

although consequently the sensitivity and positive predictive value (PPV) of the index 

test (CEUS) could not be assessed. 

Future perspectives

In the oncoming years it is to be expected that urologists will deal with an increasing 

number of SRM in both the younger and the ageing population. This serendipitous 

diagnosis will lead to more minimally invasive procedures. Judicious counseling and
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the choice between active surveillance and active treatment will be more challenging 

in the elderly and sick. Two factors will play a decisive role: decreasing morbidity 

of minimally invasive surgery and avoiding unnecessary treatment in benign renal 

masses. Almost 15 years after the first clinical series of renal cryoablation[29;30], 

observational long-term follow-up results are emerging[3]. When considering the 

fact that patients counseled for ablation are not candidates for radical or partial 

nephrectomy (mostly because of high surgical risk), the aforementioned results are 

highly satisfactory and support the full implementation of ablation techniques in 

the future. Nevertheless the trend to liberalize tumor ablation should be carefully 

balanced with life expectancy in the elder and with the radiological burden of the 

follow-up in the younger. 

In this thesis, initial steps have been taken to overcome major hindering factors 

associated with renal tumor ablation: the possibility of reducing  the rate of 

nondiagnostic biopsy results and the assessment of a harmless follow-up modality after 

cryoablation. 

Optical diagnostic techniques such as OCT and Raman spectroscopy developed over 

the last years from experimental hyper-modern gadgets to commercially available 

and medically approved devices with disposable probes for use in several organs. 

Anticipating on validation of the initial results presented in this thesis, implementation 

of OCT is revolutionary because at present it is impossible to obtain histopathological 

information in real-time without removal of the tissue. With respect to RMB, by 

advancing an OCT probe through the coaxial outer needle, the tip of the biopsy needle 

can be positioned in a location showing renal tumor tissue as determined by real-time 

feedback of the OCT-image without the need for tumor perforation. This may reduce 

the likelihood of a nondiagnostic biopsy result. In a best case scenario the conventional 

biopsy and subsequent pathological analysis might even be replaced by an ‘optical 

biopsy’ by OCT, saving both the risk of complications, costs and time as the ‘biopsy’ 

result is available instantly, without the need for a pathological assessment.   

CEUS is an imaging modality that has demonstrated potential in several diagnostic 

purposes. In this thesis the initial experience in the follow-up of cryoablated lesions are 

described. It is likely that these positive results may be reproduced and validated in a
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larger series. If the efficacy is confirmed, CEUS can certainly lessen one of the current 

disadvantages of performing renal cryoablation. Enabling follow-up using an ultrasound 

device, without the need for ionizing radiation or a nephrotoxic contrast-agent 

will decrease the toxicity of follow-up and improve the cost-effectiveness of renal 

cryoablation.

In conclusion, with the “new“ renal tumor profile at presentation, the current and 

future medical practice regarding renal mass biopsy bears new perspectives. Novel 

non- or minimal-invasive treatment modalities urge for the need of a diagnostic renal 

tumor biopsy, which is not sufficiently accurate with current biopsy methods. Optical 

diagnostic methods may improve this diagnostic biopsy rate in the near future, while 

an imaging modality usable for the inevitable long-term follow-up after renal tumor 

ablation without harmful negative aspects such as CEUS might eventually improve the 

follow up after renal ablation.
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Dit proefschrift behandelt een aantal thema's die nauw met elkaar verbonden 

zijn. De gemeenschappelijke noemer is het veranderde spectrum van niertumor 

presentatie ten opzichte van de de jaren ‘90 van de vorige eeuw[1]. Dit fenomeen 

wordt gekenmerkt door een toegenomen opsporing van kleine niertumoren (Small 

Renal Mass, SRM) wat gezien het grote aantal goedaardige tumoren en laag-agressieve 

maligniteiten in deze grootte-categorie vraagt om een meer nauwkeurige pre-

operatieve diagnostiek[2]. De combinatie van deze verandering met de introductie en 

het gebruik van thermale ablatie voor de behandeling van kleine niertumoren maken 

de diagnostiek van deze tumoren tot een onderwerp dat momenteel uitgebreid in de 

belangstelling staat binnen de urologische wetenschap.

Het onderzoek in dit proefschrift is onderverdeeld in drie delen. In deel II hebben 

we getracht de oncologische en functionele effectiviteit van niertumorablaties te 

exploreren, zowel in onze eigen ervaring alsmede door de beschikbare literatuur op 

een rij te zetten. In deel III hebben we ons gericht op verschillende aspecten van het 

niertumorbiopt (Renal Mass Biopsy, RMB), inclusief een kritische blik op de beschikbare 

literatuur over de resultaten, een inventarisatie van de penetratie van RMB in de 

wereldwijde urologische praktijk en een verkenning van het potentieel om RMB-

nauwkeurigheid te verbeteren met conventionele pathologische technieken. Deel IV 

van dit proefschrift richt zich op experimenteel onderzoek met nieuwe diagnostische 

technieken die mogelijk de diagnostische opbrengst van RMB kunnen verbeteren. 

Verder wordt een nieuwe beeldvormende techniek besproken die mogelijk ingezet kan 

worden als follow-up modaliteit na cryoablatie van niertumoren zonder nadelen van 

tegenwoordig gebruikte technieken. 

Deel II: niertumor ablatie  

In hoofdstuk 1 hebben wij aangetoond dat laparoscopische cryoablatie van kleine 

niertumoren een veilige en effectieve behandelmethode is voor dergelijke tumoren 

hoewel deze resultaten gebaseerd zijn op middellange termijn resultaten met een 

gemiddelde follow-up van 30 maanden. De (oncologische) effectiviteit van cryoablatie 

voor niertumoren is verder bevestigd door een up-to-date overzicht van de beschikbare 

lange-termijn (> 36 maanden follow-up) resultaten in de literatuur beschreven in 

hoofdstuk 2. Door alleen (middels biopsie) bewezen maligne tumoren te includeren en
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de resultaten te stratificeren per behandelingsmodaliteit en –benadering hebben we 

getracht beperkingen van eerdere reviews te overwinnen die met name te kampen 

hebben met heterogeniteit van de geïncludeerde literatuur. 

Cryoablatie en Radio-Frequentie Ablatie (RFA) toonden goede oncologische resultaten, 

een laag percentage complicaties en een uitstekend behoud van de nierfunctie, hoewel 

nog altijd gerandomiseerde studies ontbreken en alle beschikbare gegevens beperkt zijn 

tot observationele studies van lage kwaliteit. Een recent uitgebracht uitgebreid overzicht 

bevestigt dat de langetermijnresultaten van niertumorablatie nog altijd schaars zijn, 

hetgeen harde conclusies over de werkzaamheid van de therapie belemmert[3]. 

Echter een hogere recidiefkans na ablatie ten spijt, is de kanker-specifieke overleving 

(uiteindelijk het belangrijkste resultaat voor de patiënt) vergelijkbaar met die van een 

partiële nefrectomie, al blijft het onduidelijk wat het effect van de indolente aard van 

kleine niertumoren en het gebrek aan langetermijnresultaten op dit gunstige resultaat 

is.

Een kritische blik op studies omtrent niertumor ablaties onthult twee belangrijke 

kwesties: het aantal niertumorbiopten met een niet-diagnostisch resultaat en 

het noodzakelijke strikte follow-up schema middels contrast CT- of MRI-scans. De 

niet-diagnostische bioptresultaten zijn een belangrijk probleem in de urologische 

praktijk[4]. Terwijl in vrijwel alle andere solide tumoren een weefselbiopt als 

essentieel onderdeel van het diagnostisch proces wordt gezien, werd in het verleden 

het verrichten van niertumor biopten beschouwd als obsoleet en nutteloos, onder 

andere omdat alle niertumoren (indien operabel) werden behandeld middels een 

radicale nefrectomie. De huidige verandering van zowel de klinische presentatie als 

de behandelopties voor niertumoren hebben de rol van niertumorbiopten volledig 

veranderd. 

Deel III: Het verbeteren van de huidige biopsietechnieken 

De basisprincipes van niertumorbiopten en up-to-date resultaten van niertumor biopt 

studies zijn samengevat in hoofdstuk 3. Niertumorbiopten blijken in het algemeen een 

hoge betrouwbaarheid te hebben wanneer het chirurgische specimen als referentie 

wordt gebruikt. In recente studies wordt een accuratesse gevonden van 96% in alle 

tumorgroottes[5] en 93% in kleine niertumoren[6]. Een directe 
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vergelijking van studies wordt echter in de weg gestaan door de verschillende definities 

van “accuratesse” die door verschillende auteurs worden gehanteerd[4]. Tevens toont 

hoofdstuk 3 het eerdergenoemde fenomeen van niet-diagnostische niertumorbiopten. 

Bijna 20% van de biopten (genomen in zowel kleinere als grotere tumoren) leiden niet 

tot een diagnose, waarmee de ernst van dit probleem temeer duidelijk wordt. 

Wanneer de verschillende biopten-studies naast elkaar gelegd worden komt duidelijk 

naar voren dat histologische biopten (‘core biopsies’ of CB) de voorkeur hebben 

boven cytologische puncties middels dunne naald (‘fine needle aspiration’ of FNA). In 

navolging van eerdere ex-vivo studies van onze groep[7,8] hebben we gezocht naar 

de mogelijke voordelen in de vorm van minder niet-diagnostische resultaten en een 

betere accuratesse van niertumorbiopten door het combineren van CB met FNA, 

zoals is beschreven in hoofdstuk 4. Door de biopten buiten het lichaam van de patiënt 

te nemen (‘in-bench’ biopten) zijn de omstandigheden geoptimaliseerd en door vijf 

individuele pathologen de biopten te laten analyseren is de eerder aangetoonde 

inter-observer variabiliteit voor bioptresultaten ondervangen[7]. Gezien het feit dat 

beide technieken verschillende technische en pathologische principes gebruiken 

stelde onze hypothese dat beide technieken elkaar kunnen aanvullen wat mogelijk 

resulteert in een meer betrouwbaar resultaat. Naast het feit dat zelfs met deze 

optimale omstandigheden en relatief grote tumoren (mediane diameter 5,4 cm) de 

vijf pathologen een niet-diagnostisch biopt percentage hadden van 3,5% tot 17,5%, 

werd aangetoond dat CB en FNA individueel een vergelijkbare accuratesse hadden. 

Wanneer beide technieken werden gecombineerd was de diagnostische opbrengst 

en nauwkeurigheid hoger voor alle pathologen wat suggereert dat het combineren 

van beide technieken nuttig is. Een soortgelijke boodschap werd verkondigd door 

Parks et al., waarbij FNA eerder een diagnose als zodanig verkrijgt terwijl CB meer 

informatie op het gebied van de histologische architectuur kan verschaffen waarmee 

een sub-classificering van tumoren mogelijk is[9]. Idealiter zouden beide technieken 

moeten worden gecombineerd teneinde maximaal diagnostische en accurate 

biopten te verkrijgen. Echter we realiseren ons dat voor implementatie in de klinische 

praktijk andere factoren zoals infrastructurele- of budgettaire aspecten eveneens een 

belangrijke rol spelen. Desalniettemin hebben we, zoals beschreven in hoofdstuk 6, 
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met een wereldwijde enquête laten zien dat het potentieel van FNA duidelijk wordt 

erkend door urologen gezien het grote aantal urologen dat zowel CB als FNA (31%) 

uitvoert. Dit komt nog meer naar voren wanneer dit aantal wordt vergeleken met de 

minderheid van de respondenten die gebruik maakten van FNA in een vergelijkbare 

enquête uit 2005 (10%)[10]. Een andere belangrijke uitkomst van ons onderzoek was 

het lage aantal respondenten dat überhaupt niertumorbiopten uitvoert: 73% van 

de respondenten rapporteerde “nooit” of “zelden” niertumor biopten te verrichten, 

wat suggereert dat het nemen van niertumor biopten nog niet doorgedrongen is 

tot de dagelijkse praktijk van de uroloog, met name urologen werkzaam in een niet-

academische setting (met 20-30% tegen 6% van academische urologen die rapporteren 

“nooit” een niertumor biopt te nemen). De belangrijkste redenen om geen biopsie te 

verrichten waren het veronderstelde gebrek aan invloed op de klinische behandeling 

en potentiele fout-negatieve resultaten, welke echter zeer sporadisch voorkomen 

volgens moderne klinische studies[5,11,12]. Een beperking van deze enquête is de 

respons-rate van 10% (190 personen). Echter wanneer we alle elektronische enquêtes 

onder Endourological Society-leden uit 2011 vergelijken dan valt op dat deze alle te 

kampen hebben met een lage respons-rate (127 - 160 respondenten)[13;14]. Deze 

herhaaldelijk lage respons is te verklaren door de onnauwkeurigheid van e-mail 

bereikbaarheid en het feit dat de enquête gericht is op een bepaalde subgroep binnen 

een grote populatie, wat resulteert in een niet-geïnteresseerde meerderheid welke 

derhalve niet reageert.  

Zoals beschreven in hoofdstuk 5 hebben wij van laparoscopisch genomen niertumor 

biopten in het kader van een laparoscopische cryoablatie de tumor- en procedurele 

eigenschappen verzameld. Hierbij hebben we gekeken of bepaalde factoren de kans op 

een niet-diagnostisch bioptresultaat beïnvloeden. Terwijl het aantal niet-diagnostische 

biopten met 22% vergelijkbaar is met recent gepubliceerde cijfers[4] werden er 

geen factoren in verband gebracht met het voorkomen van een niet-diagnostisch 

resultaat. Dit suggereert dat een niet-diagnostisch biopt het resultaat is van foutieve 

sampling en dat er blijkbaar geen intrinsieke factor is die leidt tot een niet-diagnostisch 

bioptresultaat van een tumor. Dit versterkt de opvatting dat om het aantal niet-

diagnostische resultaten te verminderen de winst met name gezocht moet worden in 

verbeteren van de daadwerkelijke ‘sampling’ van het nierweefsel[4].
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Deel IV: Nieuwe diagnostische technieken

Optische diagnostische technieken verschaffen histologische informatie gebaseerd op 

de interactie van licht met het onderzochte weefsel. De verschillende typen maken 

gebruik van verschillende natuurkundige principes wat onder andere leidt tot een 

verschillende output configuratie[15]. Optische Coherentie Tomografie (OCT) is uniek 

in het feit dat het een afbeelding van het onderzochte weefsel verschaft. Deze is 

gebaseerd op de mate van verzwakking van lichtintensiteit gemeten per millimeter 

weefseldiepte. OCT is ontwikkeld voor oogheelkundig[16] gebruik en wordt momenteel 

ook veelvuldig toegepast binnen de interventie-cardiologie[17]. Basisprincipe van de 

techniek is het feit dat verschillende weefselstructuren resulteren in verschillende 

maten van ineffectieve verstrooiing van licht. Dit leidt tot een unieke mate van 

verzwakking per millimeter weefsel dat het licht penetreert, waardoor er een uniek 

OCT-signaal per weefseltype ontstaat. Dit maakt de identificatie van verschillende 

weefseltypen mogelijk middels OCT, bijvoorbeeld onderscheid tussen maligne en niet-

maligne weefsel[18].

Wij veronderstelden dat de grotere en onregelmatig gevormde cellulaire structuren 

in maligne weefsel (zoals celkernen en mitochondriën) een hogere ineffectieve 

verstrooiing van licht veroorzaken waardoor er een sterkere verzwakking van licht per 

millimeter weefseldiepte bestaat in vergelijking met normaal nierweefsel. Hierdoor kan 

OCT hypothetisch maligne nierweefsel onderscheiden van niet-maligne nierweefsel. 

Daarnaast is in onze instelling een model ontwikkeld om de lichtintensiteit in een OCT-

afbeelding te kwantificeren, wat resulteert in een ‘verzwakkingscoëfficiënt’ of ‘μOCT’. 

Hierdoor is een kwantitatieve vergelijking van de verschillende weefsels typen met 

behulp van OCT mogelijk[19].

Om het bovenstaande principe aan te tonen is in eerste instantie een ex-vivo studie 

uitgevoerd waarbij bij weefselmonsters van niertumoren en normaal nierweefsel 

(na chirurgische extirpatie van een niertumor) in het laboratorium middels OCT 

de verzwakkingscoëfficiënt is bepaald. De resultaten van dit onderzoek worden 

beschreven in hoofdstuk 7 en tonen een hogere verzwakkingscoëfficiënt voor de 

kwaadaardig nierweefsel vergeleken met normaal nierweefsel. Ondanks het feit dat 

deze resultaten onze hypothese ondersteunen zijn potentiële “in vivo” factoren
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van invloed, zoals bloedstroom en de aanwezigheid van hemoglobine, uiteraard niet 

meegenomen. Derhalve is vervolgens een “in-vivo” studie uitgevoerd om de potentie 

van OCT te onderzoeken om normaal niertumorweefsel te onderscheiden van normaal 

nierweefsel middels intra-operatief verrichte OCT-beelden tijdens niertumor-chirurgie. 

Zoals beschreven in hoofdstuk 8, was er een significant hogere verzwakkingscoëfficiënt 

voor niertumorweefsel vergeleken met normaal nierweefsel. De geringe grootte van 

het cohort in deze pilot-studie verhinderde een significant verschil in verzwakkings-

coëfficiënt tussen kwaadaardige en goedaardige niertumoren. Daarnaast is, gezien de 

matige penetratiediepte van OCT van slechts enkele millimeters, onderzocht of OCT-

beelden vervaardigd aan het oppervlak van weefsel representatief zijn voor weefsel 

dat dieper onder het oppervlak ligt. Verzwakkingscoëfficiënten waren vergelijkbaar 

in dit laatste experiment, wat suggereert dat ondanks de beperkte penetratiediepte 

oppervlakkige beeldvorming representatief is voor centraal gelegen tumorweefsel. 

Deze resultaten tonen dat histologische informatie van nierweefsel kan worden 

verkregen in ‘real-time’ zonder wegnemen of zelfs perforatie van het weefsel waarbij 

er in een pilot-study setting een onderscheid was tussen kwaadaardig en normaal 

nierweefsel, zowel in-vitro als in-vivo.  

Onze publicatie is het eerste rapport over in-vivo OCT voor niertumordifferentiatie. 

Naar ons beste weten zijn andere publicaties over het onderwerp schaars en beperkt 

tot ex-vivo experimenten. Linehan et al. hebben het potentieel van kwalitatieve 

OCT voor niertumor-subtype onderscheiding in een ex-vivo setting onderzocht[20]. 

Ze waren in staat om normaal nierweefsel te onderscheiden van angiomyolipomen 

en urotheelcarcinoom, maar de heterogene verschijning verhinderde identificatie 

van de verschillende RCC subtypes. De auteurs stellen dat ultra-hoge resolutie OCT 

noodzakelijk is om dit te verwezenlijken. Dit is uiteindelijk onderzocht door Lee et al. 

die OCT hebben geïntegreerd met Optical Coherence Microscopy (OCM) om ultra-

hoge resolutie OCT afbeeldingen te verkrijgen van nierweefsel in een ex-vivo setting, 

waarmee ze aangetoond hebben maligne niertumoren van normaal nierweefsel te 

kunnen onderscheiden met een sensitiviteit en specificiteit van respectievelijk 88% en 

100%[21]. Zoals eerder vermeld zijn er verschillende soorten optische diagnostische 

technieken en hun potentieel voor niertumor diagnostiek is door verschillende groepen 

onderzocht. Alle aspecten en up-to-date resultaten zijn samengevat in een recente
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review[22] waaruit blijkt dat zowel de optische reflectie spectroscopie (ORS) en Raman 

spectroscopie (RS) goede resultaten hebben laten zien met betrekking tot niertumor 

differentiatie, zij het in eerste pilot-studies en meestal ex-vivo[20, 23, 24]. Niettemin is 

duidelijk dat de (voorlopige) resultaten in dezelfde richting wijzen met veelbelovende 

resultaten, wat suggereert dat optische diagnostische technieken een belangrijke rol 

kunnen spelen als diagnostische methode op zich of als hulpmiddel voor het verhogen 

van de diagnostische accuratesse van niertumor biopten.

Post-ablatie follow-up

Naast het vaststellen van een pathologische diagnose door een niertumor biopt is 

een belangrijk nadeel van niertumorablatie de lange-termijn follow-up waarmee 

een eventueel recidief vroeg gediagnostiseerd kan worden. Ondanks het feit dat de 

gerapporteerde recidiefkans na cryoablatie laag is, duidend op een goede oncologische 

effectiviteit, is een strikt post-ablatie follow-up beleid nog altijd essentieel, waarbij 

volgens de huidige standaarden CT-en MRI-scans met contrast ingezet worden[25]. 

Geassocieerde nadelen van deze modaliteiten zijn ioniserende straling, nefrotoxiciteit 

van het contrastmiddel en de hoge kosten. Contrast-enhanced ultrasonografie (CEUS) 

is een nieuwe beeldvormende modaliteit met een toepasbaarheid die sterk uitbreidt 

binnen verschillende medische aandachtsgebieden[26]. De techniek maakt gebruik 

van een conventioneel echoapparaat welke is uitgerust met specifieke software en 

een onschadelijk contrastmiddel dat bestaat uit microscopisch kleine gasbellen. De 

mogelijkheid om na de cryo-ablatie laesies te controleren door CEUS is niet eerder 

onderzocht, hoewel er wel gunstige eerste resultaten zijn voor controle na RF-ablatie 

voor niertumoren[27; 28]. In een pilot-studie beschreven in hoofdstuk 9 hebben 

wij aangetoond dat er een grote overeenkomst is tussen de laesie na cryoablatie op 

CEUS-beelden vergeleken met de standaard modaliteiten CT en MRI. Een belangrijke 

beperking van de studie was de afwezigheid van recidief tumoren na cryoablatie in ons 

cohort van 46 patiënten. Naast opnieuw een bevestiging van de hoge oncologische 

effectiviteit van de cryoablatie voor niertumoren, konden hierdoor de sensitiviteit en 

de positief voorspellende waarde (PPV) van CEUS niet beoordeeld worden.
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Ondanks dat ik mij bewust ben van het feit dat deze pagina waarschijnlijk de meest 
gelezen pagina van dit boekwerk zal zijn, heeft dit mij niet ervan weerhouden het 
schrijven uit te stellen tot het allerlaatste moment: de dag voor het insturen van de 
uiteindelijke versie bij de drukker. Ik zou nu in paniek kunnen raken, echter terugkijkend 
op mijn promotietraject is dit geheel in stijl met vrijwel alle andere deadlines die de 
afgelopen 3 jaar de revue gepasseerd hebben. 

Aangezien een promotietraject een absolute teamprestatie is, is het bedanken van de 
medespelers een absolute vereiste, vandaar dat deze laatste pagina’s van dit boek ook 
zeer belangrijk zijn.

Professor de la Rosette, na een fantastisch college over het vergruizen van uw eigen 
nierstenen was mijn interesse als medisch student voor de urologie direct gewekt. U 
bent van essentiële waarde geweest bij de totstandkoming van dit boek. Uw kritische 
denken heeft de manuscripten altijd sterk verbeterd en in het geval van een afwijzing 
kwam u altijd met een oplossing op de proppen. Daarnaast was het niet mogelijk 
geweest binnen 3 jaar mijn promotie af te ronden zonder de spreekwoordelijke ‘zweep’ 
die op gepaste tijden erover heen gehaald werd, daarvoor ben ik u oprecht dankbaar. 

Dr. Laguna, een zeer groot deel van dit proefschrift is volledig te danken aan u. De 
eindeloze stroom ideeën die omgezet konden worden in artikelen en het tot in de 
details bestuderen van mijn manuscripten waarop ik altijd binnen no-time een zeer 
uitgebreide reactie kon verwachten, ongeacht het tijdstip of de tijdzone waarin u 
zich bevond, hebben dit boek gemaakt tot wat het is. Nooit heb ik mij niet gesteund 
gevoeld door u, of het nou tijdens wetenschappelijk overleg, op congres of bij een 
klinische bespreking in het ziekenhuis was. Ook voor uw onuitputbare kennis van alle 
aspecten van de urologie en de volledige overgave waarmee u zich op uw vak stort 
kan ik alleen maar respect hebben. Ik had mij geen betere dagelijks begeleider kunnen 
wensen. 

Beste Hessel, ik ben erg trots op het feit dat een van mijn copromotoren een Prof. Dr. 
Ir. is. Je bent een pure wetenschapper, zowel in de zin van wetenschappelijke normen 
en waarden als passie en enthousiasme, en op beide vlakken heb je mij zeer veel 
bijgebracht. Daarnaast heeft ook het ter beschikking stellen van jouw iMac in verband 
met de CEUS-studies me weten te overtuigen en ben ik inmiddels groot fan van de 
Apple store en tik ik dit momenteel op een MacBook Pro. Ook voor deze ‘bekering’ 
eeuwig dank. 

Dr. De Reijke, als opleider in het AMC bent u uiteraard essentieel geweest bij mijn 
succesvolle sollicitatie voor de opleiding, daarnaast heb ik me altijd 100% gesteund 
gevoeld bij het klinische werk dat ik verrichtte waarbij u altijd bereikbaar was voor 
overleg of uitleg. Ik hoop oprecht dat ik door u opgeleid kan worden wanneer ik voor 
de laatste 2 jaar van mijn opleiding naar het AMC terugkeer. Niet alleen voor alle te 
leren aspecten van de urologie maar ook voor een master class ‘multi-tasken’, 
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aangezien dit begrip door u een nieuwe dimensie gekregen heeft. 

Dr. Zondervan, beste Patricia, het meelopen als coassistent met jou als 3e jaars AIOS 
heeft grotendeels mijn keuze voor de urologie bepaald. Je hebt me doen inzien dat 
de urologie een extreem divers vak is waar bovendien alleen maar leuke mensen in 
werken. Ik ben dan ook erg blij dat je nu als  staflid in het AMC uitgerekend in het 
‘nier-team’ zit. Alle geluk in je verdere carrière en het leven, ik zal ze in het SLAZ niet 
teleurstellen.

De totstandkoming van veel artikelen in dit boek was uiteraard niet mogelijk geweest 
zonder de input van enkele zeer belangrijke co-auteurs. 

Martijn de Bruin, buiten de vele grappen en grollen om hebben we fantastisch 
samengewerkt, waarbij zelfs overleg op vrijdagmiddag/avond niet geschuwd werd ;). 
Ik ben zeer verheugd dat sinds het pionierswerk de relatie Urologie-OCT drastisch 
is uitgebreid en ik wens je alle geluk en succes met de voortgang en uiteraard het 
afronden van je eigen boekje.  
Dr. Dirk Faber en prof. Ton van Leeuwen, de momenten dat we overleg gepleegd 
hebben, heb ik als zeer aangenaam ervaren en ik dank jullie voor jullie geduld met mij 
als clinicus die soms ook wel de binnenbocht wilde nemen. Heel veel succes met het 
verder uitbreiden van de rol van OCT binnen de urologische kliniek, ik ben ontzettend 
trots dat ik aan dit onderzoek heb mogen meewerken.

Beste dr. van Delden, beste Otto, na mijn keuze coschap Radiologie in het AMC heb ik 
even zeer goed moeten nadenken over welk pad ik uiteindelijk ging bewandelen. Ik 
was dan ook zeer content dat ik binnen mijn promotie veel met uw afdeling en met 
name u persoonlijk heb kunnen samenwerken, zowel op het gebied van de percutane 
cryoablaties als de CEUS-studie. Heel veel dank daarvoor. 

Sonja van Rees Vellinga, weliswaar prijkt jouw naam niet op de auteurslijst, maar 
iedereen weet hoe onmisbaar jij bent geweest voor dit boekje. Met name in de laatste 
fase was jij het orakel aan wie ik alles kon vragen en zonder wie alles in de soep 
gelopen zou zijn. Dank ook voor de gezelligheid binnen het AMC en op de congressen, 
met of zonder Q en T. Ik wens je alle geluk en voorspoed toe.

Martine en Laura, altijd bereikbaar en bereid om te helpen met welk probleem dan 
ook. Jullie waren de sleutel tot een heleboel oplossingen, heel veel dank hiervoor. 
Uiteraard ook voor alle gesprekken, reisverhalen of wat voor gezelligheid dan ook. 

One of my favorite aspects of the department op Urology in the AMC is the 
international atmosphere, mainly caused by the clinical fellows who came from all 
around the world to spend a 1-2 year fellowship under supervision of professor De la 
Rosette. 

Dear Harris, Hiren, Daiji, Anas, Ernesto, Matias, Selcuk and Miguel, I highly appreciated 
your presence in the department. Given your vast experience I learned extremely much 
from you, both in terms of technical urological skills as well as career planning and also
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life in general. I hope to have the opportunity to visit all of you once in your 
hometowns, please do not forget that there is always a home waiting for you here in 
Amsterdam.  
Harris: working with you on what is now Chapter 1 in my first weeks as a PhD-student 
provided the best introduction in the world of urological science, it was a very valuable 
period for me. I wish you all the best with your PhD and career as an academic 
urologist.  
Hiren my friend! It was wonderful to have you as my neighbor, I enjoyed every single 
moment talking about clinical urology and/or latest car models. Our trip to Germany 
was awesome; I hope we’re able to hit the Indian highways soon as well! 

Daiji-san! It was fantastic to visit you in Tokyo and enjoy your great hospitality and 
showing us an insight in the life of a Japanese urologist. We had a great time, please 
come and visit us in return! 
Anas, Ernesto and Matias, my working days were so much more colored with the 
South-American / Mediterranean vibe resulting from your presence. Thanks for all the 
things you’ve learned me, I wish you all the best in life and work, you guys deserve it.

Alle AIOS en ANIOS die de afgelopen 3 jaar gepasseerd zijn wil ik bedanken voor 
de leuke tijd en vele dingen die ik van hen geleerd heb, waarbij ik me altijd een 
volwaardige collega gevoeld heb. Ik wens jullie alle geluk, en ik kan niet wachten tot ik 
naast jullie kan staan in de kliniek. 

Alice Bakker, de trial-poli zou ik onmogelijk succesvol hebben kunnen runnen 
zonder jouw onmisbare bijstand. De nauwkeurigheid waarmee je de verschillende 
studieprotocollen van binnen en buiten kende is lovenswaardig en de langdurige 
zoektocht naar een geschikte collega voor jou geeft aan hoe zwaar je taak is. Buiten dat 
was het ook altijd onwijs gezellig op de poli, ook niet onbelangrijk! Heel veel geluk en 
succes. 
Aan mijn voorgangster Evelyne Cauberg zou ik willen zeggen dat ik mij geen betere 
voorganger kon wensen toen ik als groen blaadje de G4-249 binnenkwam. Door 
je kundigheid, geduld en rust creëerde je de perfecte leeromgeving voor mij als 
beginnend onderzoeker. Ook je proefschrift heb ik veelvuldig opengeslagen de 
afgelopen tijd als voorbeeld-boekje, want als Evelyne het zo heeft gedaan, dan moet 
het wel goed zijn. 

Mijn lieve mede-onderzoekers (Miki, Martijn, Berrend, Mieke, Sabine en Willemien): 
toen ik startte was ik de 2e promovendus van de afdeling. Inmiddels zijn we uitgegroeid 
naar een fantastische club van 7 waarmee we een fantastische tijd hebben. Ik wens 
jullie onwijs veel succes, het onderzoek zal alleen maar beter en grootser worden dus 
ik hoop jullie snel een keer te zien shinen op een of ander wereldpodium.  
Miki en Martijn: het was fantastisch om jullie als roommates te hebben, waarbij de 
productiviteit na het aanschaffen van geluidsdichte koptelefoons significant omhoog 
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gegaan is. Lief en leed hebben we met elkaar kunnen delen waarbij er altijd 2 
paar luisterende oren waren en wanneer er backup nodig was voor klinisch- of 
onderzoekswerk stond er altijd iemand klaar. Heel veel succes met het afronden, als ik 
het kan kunnen jullie het ook. Ik wacht op jullie boekjes! 

Lieve Suthesh, Marije, Inge, Mathijs, Ronak, Charlotte, Jelle, Arthur, Jeroen en Tassili, 
met jullie in het APROVE-bestuur zitten was fantastisch! We hebben geweldige 
events gecreëerd waar veel mede-promovendi wat aan gehad hebben en zelf heb ik 
ontzettend veel geleerd qua organisatie en teamwork. Iedere vergadering voelde aan 
als een feestje, waarbij de onmetelijke gezelligheid aan de ‘vergadertafel’ mij doet 
hopen dat iedere bestuurlijke functie die ik in de toekomst mogelijk zal vervullen ook 
maar een beetje doet terugdenken aan mijn tijd bij APROVE. Heel veel succes met het 
verder uitbreiden van de activiteiten!

Lieve Maud, Pim, Job, Geert, Wouter, Menke, Ivo, Joy en Lisette, het was geweldig om 
met zo’n fantastisch team naar zo’n enorme climax als het SEOHS 2011 te werken, 
het feit dat het een monstersucces was komt daar nog bovenop. Veel geleerd, veel 
gedaan, veel gedronken, nooit vergeten, dat was mijn SEOHS 2011. Ik sluit me aan voor 
een reünie in Maastricht in 2021, wellicht is de restauranteigenaar daar mij t.z.t. wel 
vergeten…

Uiteraard wil ik al mijn vrienden bedanken voor het aanhoren van alle verhalen de 
afgelopen 3 jaar. Ik vrees dat de tijd van binnen 3 minuten reageren op een mailtje of 
Facebook-post voorbij is, maar wellicht komen er spannendere verhalen uit de kliniek 
voor in de plaats.  
Speciaal ‘word of thanks’ ben ik verschuldigd aan Emory en Thuc: jullie hebben me 
onwijs geholpen met het maken van dit boek zoals het er nu uitziet, zonder jullie hulp 
had het waarschijnlijk niet veel meer charme gehad dan een buurtkrantje. Ik hoop nog 
vele jaren te kunnen genieten van jullie grafische input en creativiteit, maar boven alles 
van de fantastische vriendschap, I love you guys!

Aan mijn schoonfamilie wil ik zeggen dat ik het fantastisch vind hoe ik opgenomen word 
door jullie en ik hoop nog veel meer leuke dingen met jullie te kunnen ondernemen. 
Hoggar: ik leerde je kennen als een beginnende puber, inmiddels begin je best te lijken 
op wat ik zou kunnen omschrijven als een man. Er is een hoop gebeurd de afgelopen 
jaren, maar het resultaat is dat wij dichter naar elkaar gegroeid zijn dus dat is gewoon 
mooi...Love you bro! 
Lieve Kronos, door jou te zien spelen word ik compleet rustig en realiseer ik me wat de 
ware zin van het leven is, dank daarvoor. 

Lieve pa en ma, met volledige overgave draag ik dit boek op aan jullie. Tot op de dag 
van vandaag hebben jullie altijd voor mij klaar gestaan en gezorgd dat ik niets tekort 
gekomen ben. Zonder deze steun zou ik nooit zo ver gekomen zijn, ik hoop dat we nog 
lang mogen genieten van wat de toekomst zal bieden. Ik houd van jullie. 
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Lieve Temo, het is maar goed dat ik de oudere broer ben en dus de meeste dingen als 
‘eerst’ gedaan heb aangezien jij waarschijnlijk de lat voor mij onbereikbaar hoog zou 
hebben gelegd. Ik heb heel veel respect voor hoe goed je bezig bent qua studie en 
eigenlijk alle andere aspecten in het leven, en ik vraag me af wanneer je me in gaat 
halen. Des te ouder we worden des te dichter we naar elkaar toe groeien en dat bevalt 
me uitstekend. Ik wens je onwijs veel succes met alles in je leven, ook al weet ik dat 
het sowieso wel goed komt.

Allerliefste Tassili, met geen mogelijkheid kan ik hier onder woorden brengen wat ik 
voel als ik over je denk. Mijn liefde voor jou is onmeetbaar en ik ben dolgelukkig dat 
we dit hebben kunnen beklinken op een paradijselijke dag vandaag exact 54 dagen 
geleden. Wat de toekomst ook brengen zal qua werk, carrière of wat dan ook, zolang 
we samen zijn is mijn leven compleet. Ik zal proberen jou net zo te steunen met het 
afronden van je promotie zoals jij voor mij klaar hebt gestaan en je verder ook alles te 
bieden wat je verlangt in het leven. Hou van jou!
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Kurdo Barwari was born to a Dutch cellist and an Iraqi-Kurdish diplomat on June 
13th, 1984 in Utrecht (The Netherlands) and grew up in Amsterdam. He obtained his 
Gymnasium degree in 2002 from the Vossius Gymnasium in Amsterdam and started 
his medical training at the University of Amsterdam, during which he followed clinical 
internships in St. Julians (Malta) and Brussels (Belgium). As a medical student Kurdo 
followed courses in International Relations (Political science) and Medical Law at the 
University of Amsterdam and was involved in several research projects in different 
medical fields. 

He received his medical degree ‘cum laude’ in May 2009 after elective internships 
in Radiology and Urology. He started his PhD-project that same year under the 
supervision of professor Jean J. de la Rosette, dr. M. Pilar Laguna and professor Hessel 
Wijkstra in the department of Urology of the Academic Medical Center (AMC) in 
Amsterdam, resulting in this thesis.  
Alongside his PhD-project Kurdo has been a board member of the Academic Medical 
Centre PhD student association ‘APROVE’ where he organized several well-respected 
events and symposia for fellow PhD-students. Furthermore he was a board member 
of ‘SEOHS 2011’ (Symposium Experimenteel Onderzoek Heelkundige Specialismen), a 
nation wide symposium focused on experimental research in surgical specialisms, held 
in 2011 in Amsterdam.

In January 2013 Kurdo will start his residency in Urology by a two year training in 
General Surgery in the St. Lucas Andreas Ziekenhuis in Amsterdam (supervisor: dr. B.C. 
Vrouenraets) followed by two years of (non-academic) urology in the Medisch Centrum 
Alkmaar (supervisor: dr. S.D. Bos) and finishing with two years of academic urology in 
the Academic Medical Centre in Amsterdam (supervisor: dr. Th. M. de Reijke).
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