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Abstract
Objectives To retrospectively evaluate diagnostic accuracy and complications of magnetic resonance imaging (MRI)-guided
biopsy of radiologically indeterminate solid renal masses (RM).
Methods Electronic records of all consecutive patients undergoing MRI-guided biopsy of solid RM (using free-breathing T2-
BLADE and BEAT-IRTTT sequences) between April 2014 and October 2018 were reviewed; 101 patients (69 men, 32 women;
median age 68 years; range 32–76) were included. Patient and RM characteristics, procedural details/complications, pathologic
diagnosis, and clinical management were recorded. Diagnostic accuracy was calculated on an intention-to-diagnose basis.
Diagnostic yield was also evaluated. Multi-variable analysis was performed for variables with p < .20, including patient age/
sex; RM size/location/contact with vascular pedicle, RENAL score, number and total length of biopsy samples, and biopsy tract
embolization, to determine factors associated with diagnostic samples, diagnostic accuracy, and complications.
Results Median RM size was 2.4 cm (range 1–8.4 cm). There were 86 (85%; 95%CI 77–91%) diagnostic and 15 (15%; 95%CI 9–
23%) non-diagnostic samples; 6/15 (40%) non-diagnostic biopsies were repeated with 50% malignancy rate. Sensitivity, specific-
ity, positive predictive value, negative predictive value, and diagnostic accuracy were 96% (95%CI 89–99%), 100% (95%CI 77–
100%), 100% (95%CI 95–100%), 82% (95%CI 57–96%), and 97% (95%CI 90–99%), respectively. Primary and secondary
diagnostic yields were 85% (95%CI 77–91%) and 91% (95%CI 84–96%), respectively. Seven (7%; 95%CI 1–10%) complications
were observed. No tested variables were associated with diagnostic samples, diagnostic accuracy, or complications.
Conclusions MRI-guided biopsy of solid RM is associated with high diagnostic accuracy and low complication rate. The
technique might be helpful for inaccessible tumors.
Key Points
•MRI-guided biopsy of radiologically indeterminate solid renal masses (RM) appears safe, with a low rate of minor self-limiting
hemorrhagic complications.

• Diagnostic accuracy and primary/secondary diagnostic yield are high and appear similar to reported estimates for US- and
CT-guided RM biopsy.

•MRI guidance may be particularly useful for RM with poor conspicuity on US and CT, for relatively inaccessible tumors (e.g.,
tumors requiring double-oblique steep-angled approaches), and for young patients or those with renal failure.
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Abbreviations
FN False Negative
FP False Positive
ISUP International Society of Urologic Pathologists
NPV Negative Predictive Value
PPV Positive Predictive Value
RCC Renal Cell Carcinoma
RM Renal Masses
TN True Negative
TP True Positive

Introduction

The incidence of solid renal masses (RM) has increased in the
last decades [1, 2]. The majority of the increase comprises small
(< 4 cm) localized RM, a minority of which are benign or of low
malignant potential [3, 4]. In these cases, imaging has limited
diagnostic accuracy [5], and biopsy is used to characterize radio-
logically indeterminate RM to avoid overtreatment [4, 6].

Ultrasound (US) and computed tomography (CT) are the
most common imaging modalities used to guide percutaneous
RM biopsy [7–19], given their easy availability on a large
scale, real-time imaging and no radiation exposure (US), and
large field of view (CT).

Recently, magnetic resonance imaging (MRI) has emerged as
an alternative imaging guidance modality offering superior con-
trast resolution, large field of view, and real-timemulti-planar 3D
imaging capabilities, without radiation exposure or need for con-
trast agent administration to identify the target [20, 21]. In par-
ticular, MRI guidance has been sporadically applied to percuta-
neous renal tumor ablation [21], and for a range of abdominal
biopsies [20, 22, 23] including RM in a small population [24].
However, no large data reporting on the diagnostic performance
and safety of MRI-guided RM biopsy are currently available.

In our institution, we have the opportunity to perform a
rather large number of MR-guided biopsies due to local pref-
erences and machine availability, which allows diagnostic
performance and safety analyses of MRI-guided RM biopsy
in a relatively large population. Accordingly, the aim of our
retrospective non-comparative study was to evaluate the diag-
nostic accuracy and safety of percutaneous MRI-guided biop-
sy in patients with radiologically indeterminate RM referred to
our interventional radiology department over a 4.5-year peri-
od. Although our study did not aim at advising for a system-
atic adoption of MR guidance instead of more established
modalities (i.e., US/CT), its results may contribute to clarify
whether: (a) MRI guidance may be considered a valid alter-
native to US/CT for RMbiopsy and (b) there are some specific

clinical scenarios that may particularly benefit from this rela-
tively unusual modality of guidance.

Materials and methods

This retrospective study was approved by the institutional
review board with permission to perform chart review and a
waiver of written informed consent.

Patient selection

All consecutive patients referred to our Department of
Interventional Radiology for percutaneous MRI-guided biop-
sy of radiologically indeterminate solid RM between April
2014 and October 2018 were identified by searching our ra-
diology information system (Xplore; EDL). Three keywords
were used (“MRI,” “biopsy,” and “kidney”) and 104 consec-
utive patients were identified. Three patients were excluded:
one undergoing peri-renal pseudo-mass biopsy (final diagno-
sis: Erdheim-Chester disease), and two without visible RM on
pre-procedural planning MRI sequences (one small suspected
renal metastasis in a cancer patient, which was not identified
on planning MRI probably due to lesion regression under
chemotherapy; and one obese (hindering US) patient with
renal insufficiency, who received MRI-guided renal paren-
chymal biopsy, and was erroneously selected by the radiology
information system search according to the three entered key-
words). Therefore, the final study population comprised 101
patients (69 (68%) men; 32 (32%) women; median age
68 years (range 32–76, inter-quartile ranges [IQR] 60–
76 years); 69 years for men (IQR 61–77 years) and 64 years
for women (IQR 56–72 years); p = .04)) (Fig. 1).

All study participants were referred for biopsy by a multi-
disciplinary tumor board involving oncologists, urologists, and
(diagnostic and interventional) radiologists on the basis of their
clinical history and previous cross-sectional imaging (i.e.,
contrast-enhanced CT or MRI showing RMwith predominantly
solid [> 50%] appearances and absence of internal macroscopic
fat to suggest benignity, thus being considered indeterminate and
referred for biopsy). The interventional radiologist taking part in
the tumor board decided the best suited imaging modality to
guide the biopsy. At our institution, MR-guided biopsy has be-
come the first-line procedure for tissue sampling of RM in non-
urgent cases since April 2014, due to the easy access we have to
an interventional MRI suite with a 1.5-T large-bore unit
(Magnetom Aera; Siemens; bore diameter 70 cm, length
140 cm) where one-third of the scanner time is dedicated for
interventions. Therefore, we reserve US and CT guidance for
patients with contra-indications to MRI (e.g., severe obesity
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[body mass index ≥ 35], known claustrophobia, non-MRI com-
patible indwelling devices), or for urgent biopsies where the
interventional MRI suite is unavailable at short notice (fully
booked for diagnostic/research scanning during two-thirds of
the scanner time). Accordingly, a majority of multidisciplinary
tumor board referrals (predominantly non-urgent cases) were
selected to undergo MR-guided biopsy; and a minority of pa-
tients presenting acutely and requiring urgent biopsy, or with
contra-indications to MRI, underwent US-/CT-guided biopsy,
excluding them from the study population.

Percutaneous MRI-guided renal mass biopsy

All procedures were performed by five interventional radiol-
ogists with ≥ 5 years’ experience in percutaneousMRI-guided
procedures (R.L.C., 5 years; J.C. and G.K., 6 years; and J.G.
and A.G., 11 years) on an inpatient basis under local anesthe-
sia. The integrated body coil was used without intravenous
contrast medium (Fig. 2). Free-breathing T2 BLADE se-
quences (TE/TR 178/3420 ms; flip angle 150°; 30 slices;
field-of-view 400 mm× 400 mm; reconstructed in-plane res-
olution 2 mm× 2 mm; slice thickness 4 mm; total acquisition
time 96 s) were used to localize RM (i.e., no diagnostic MRI
was performed on the day of the procedure) and to rule out
complications at the end of the procedure. Continuous MR-
fluoroscopic guidance, facilitated using a multiplanar real-
time free-breathing sequence (Video) (BEAT-IRTTT,
Siemens; TE/ TR 2.2/5.35 ms, flip angle 50°, field-of-view

400 mm × 400 mm, reconstructed in-plane resolution
1.8 mm× 1.8mm, slice thickness 4 mm, acquisition time per
slice 815 ms) and with continuous manual acquisition-plane
adjustment to simultaneously demonstrate the needle long-
axis and target lesion (Fig. 3), was used to administer local
anesthesia using a 22-G spinal needle (KIM-22; ITP); and
thereafter to advance a 16-G co-axial cannula (KIM-16; ITP)
inside the target RM. A semi-automatic 18-G needle (BIM-18;
ITP) was co-axially introduced to obtain one or more needle-
core samples depending on subjective operator evaluation of
sample adequacy in the absence of an on-site pathologist.
Samples were sent for pathological analysis performed by a
specialist genito-urinary pathologist (V.L., 15 years’ experi-
ence). Embolization of the biopsy tract was performed by
injection of a hemostatic matrix (Curaspon®; Curamedical)
through the co-axial cannula when bleeding was noted
through it [17]. Patients were admitted overnight to the urol-
ogy department and discharged the following day if well.

Data collection

Chart review was performed in consensus by two interven-
tional radiologists (L.L., 3 years’ experience; R.L.C., 5 years’
experience) blinded to imaging and procedural information at
the time of clinical/pathological data collection. Inter- and
intra-observer variabilities were not specifically assessed.

The following data were collected: patient characteristics
(age, sex, suspected extra-renal malignancy); RM

13 pa�ents excluded:
diagnos�c benign findings on the first biopsy 
AND absence of sufficient follow-up

o 6 suspected oncocytomas
o 3 suspected angiomyolipomas

non diagnos�c findings on the first biopsy AND 
absence of sufficient follow-up

o 4 non-malignant renal �ssue

n = 88 (88 RM)

Diagnos�c accuracy analysis

Pa�ents who received MR-guided RM biopsies
between April 2014 and October 2018 were 

iden�fied through the RIS by searching 3 keywords 
(“MRI, “biopsy” and “kidney”) 

n=104 (104 RM)

3 pa�ents excluded
1 pa�ent referred for biopsy of a perirenal
pseudo-mass (final diagnosis = Erdheim-Chester 
disease)
2 pa�ents showing no renal mass on pre-
opera�ve imaging

Study Popula�on 
n= 101 (101 RM)

Diagnos�c Yield & Safety analysis

Fig. 1 Flowchart illustrating
selection of study population.
RM, renal masses; RIS,
radiological information system
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characteristics (size, location, contact with the main vascular
pedicle, calculated RENAL score); procedural details (proce-
dure time, number of biopsy samples, total length of biopsy
sample, biopsy tract embolization, complications); pathologic
diagnosis (histopathology and surgical pathology if available);
and subsequent clinical management.

RM size was measured as the largest diameter on axial T2
BLADE planning sequences. RM location and RENAL score
were assessed according toKutikov andUzzo [25], and included
evaluation of side of renal involvement (left/right), location rel-
ative to pyelic axis (anterior/posterior) and renal polar lines
(above, below, or in-between), and whether lesions were
exophytic (> 50% volume projecting outside cortex), endophytic
(< 50% volume projecting outside cortex), or intra-parenchymal
(wholly within the kidney). Contact with the main vascular ped-
icle was defined as absence of the fat plane between the RM and
main branch renal vessels. Procedural time was calculated as the
interval between planning and post-procedural MRI sequences.
Complications were classified according to Clavien et al [26].

Biopsy samples were classified as non-diagnostic on the
basis of insufficient material for analysis, non-renal tissue, or

normal renal parenchyma [16]. Non-diagnostic samples were
considered negative for malignancy and included in diagnos-
tic accuracy calculations where appropriate. Diagnostic accu-
racy was determined using the following definitions: (a) true
positive (TP): malignant histopathology; (b) false positive
(FP): defined as zero based on TP definition and supported
byminimal FP rates described in prior studies [13, 18]; (c) true
negative (TN): benign/non-diagnostic histopathology and RM
stability/regression on minimum 12-month MRI follow-up;
(d) false negative (FN): benign histopathology and RM pro-
gression (e.g., RM increasing in size, metastatic spread) on
minimum 12-month MRI follow-up, or non-diagnostic sam-
ple with malignant histology on repeat biopsy.

Statistical analysis

Descriptive statistics were used to summarize patient and RM
characteristics, procedural details, pathologic results, and clin-
ical management. Categorical variables were expressed as
numbers and percentages. Continuous variables were
expressed as medians with interquartile ranges (IQR), and
analyzed using Wilcoxon’s test. Complications, sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), and accuracy were calculated using an
intention-to-diagnose analysis. Exact (Clopper-Pearson) 95%
confidence intervals (CI) were obtained. Primary and second-
ary diagnostic yields were also assessed.

The following data were analyzed to identify factors asso-
ciated with complications, diagnostic samples, and diagnostic
accuracy: patient age/sex; RM size; RM location (relative to
kidney side; renal parenchyma; pyelic axis; polar lines; and
contact with the main vascular pedicle); RENAL score; num-
ber and total length of biopsy samples; and biopsy tract
embolization.

Optimal cutoff values for RM size and total length of bi-
opsy sample were determined using the Youden method,

Fig. 3 A 69-year-old female with a 35-mm radiologically indeterminate
left upper pole RM, seen on coronal oblique MR fluoroscopy image (a).
b, c Static images from axial oblique and coronal oblique real-time MR
fluoroscopy sequences simultaneously demonstrate the needle long-axis

and target lesion. A double-oblique steep-angle approach was used to
avoid the costo-diaphragmatic recess and pleural margin (dotted line in
c). Biopsy was performed accurately and safely, with pathologic exami-
nation revealing a clear cell carcinoma

�Fig. 2 A 65-year-old female presenting with a 13-mm, radiologically
indeterminate, endophytic left renal mass. a Axial unenhanced CT
image demonstrates poor lesion conspicuity. Following contrast
administration, the lesion was transiently visible on (b, arrow) arterial
and (c, arrow) portal venous phase axial CT images. d B-Mode US
image demonstrates multiple hyperechoic pseudo-nodules (arrows); the
lesion seen on CT was not definitively identified. e Axial prone
unenhanced T2-weighted MRI and (f) real-time MR fluoroscopy
images clearly delineate the target-lesion (with overlaid planned needle
trajectory in e). g–i Placement of biopsy system in the renal mass (arrows)
under multi-planar MR-fluoroscopy guidance ((g) axial, (h) sagittal , and
(i) coronal planes). The histopathological examination of the biopsy
revealed a clear cell papillary renal cell carcinoma (ISUP grade 2) in
hematoxylin and eosin (j), with characteristic immunohistochemical
profile (negativity for α-methylacyl-CoA racemase/AMACR (k);
diffuse reactivity for cytokeratin 7 (l); and membranous cup-like
staining by carbonic anhydrase IX (m))
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based on ROC curves outlining the highest combination of
sensitivity and specificity for obtaining diagnostic samples
(Supplementary Fig. 1).

Odds ratios and p values were calculated using Fisher’s
exact test or a generalized linear model, as appropriate.
Variables with p value < .20 were tested in a multivariable
logistic regression model. P values < .05 were considered sta-
tistically significant. Statistical analysis was performed using
R v3.5.3 (R Foundation for Statistical Computing).

Results

Baseline patient characteristics

Patient and tumor characteristics are summarized in
Table 1. Indications for biopsy were differentiation be-

tween primary and secondary tumors in 3 patients with
known extra-renal malignancy (one melanoma, one lym-
phoma, and one neuroendocrine tumor), and characteri-
zation of symptomatic or incidentally detected solid RM
(in the remainder). Eleven (11/101; 11%) patients had
suspected metastatic disease. No patients had undergone
prior surgery or ablation.

Median RM size was 2.4 cm (range 1–8.4 cm; IQR 1.9–
3.0 cm); 7% (7/101) RM in non-surgical patients measured
> 4 cm. Optimal size cutoff for obtaining diagnostic samples
was 2.3 cm, with 39% (39/101) RM measuring < 2.3 cm, and
61% (62/101) ≥ 2.3 cm. Thirty-six percent (36/101) RM were
above the upper renal line, 50% (51/101) anterior to the
pyelic axis, 55% (56/101) intra-parenchymal or endophytic,
and 18% (18/101) contacted the main vascular pedicle.
Median RENAL score was 6 (range 4–12; IQR 4–7), with
37% (37/101) RM scoring 7–12 (moderate/high complexity).

Table 1 Patient and renal mass
characteristics Parameter Value (%)

Patient characteristics (n = 101)

No. of men 69 (68%)

No. of women 32 (32%)

Median age (years)

Entire group 68 (range 32–76; IQR 60–76)

Men 69 (IQR 61–77)

Women 64 (IQR 56–72)

< 65 years 41 (41%)

≥ 65 years 60 (59%)

Suspected metastatic disease 11 (11%)

Renal mass characteristics (n = 101)

Median size (cm) 2.4 (range 1–8.4; IQR 1.9–3.0)

< 2.3 cm 39 (39%)

≥ 2.3 cm 62 (61%)

Position

Right 54 (53%)

Left 47 (47%)

Exophytic 44 (45%)

Intraparenchymal 51 (50%)

Endophytic 5 (5%)

Anterior 51 (50%)

Posterior 50 (50%)

Above the upper renal line 36 (36%)

In-between polar lines 27 (26%)

Below the inferior renal line 38 (38%)

With contact with the main vascular pedicle 18 (18%)

Without contact with the main vascular pedicle 83 (82%)

Median RENAL score 6 (range 4–12; IQR 4–7)

4–6 64 (63%)

7–12 37 (37%)

IQR interquartile ranges
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Median procedure time was 41 min (range 20–70; IQR 35–
50). Amedian of 3 samples was obtained per procedure (range
1–6; IQR 2–3; < 3 samples in 34% [34/101] RM; ≥ 3 samples
in 66% [67/101] RM). Median total length of biopsy sample
was 2.4 cm (range 0.3–7.2 cm; IQR 13–38). Optimal cutoff
for obtaining diagnostic samples was 1.2 cm, with 16% (16/
101) samples measuring < 1.2 cm, and 84% (85/101)
≥ 1.2 cm. Biopsy tract embolization was performed in 53%
(54/101) RM.

Pathologic results and clinical management

Histopathological results and clinical management are sum-
marized in Table 2. There were 86/101 (85%; 95%CI 77–
91%) diagnostic and 15/101 (15%; 95%CI 9–23%) non-
diagnostic biopsies. After applying the uni- (Supplementary

Table 1) and multi-variable models, only female sex was as-
sociated with non-obtaining a diagnostic sample (OR, 0.2
[95%CI 0.1–0.8]; p = .02).

Among 86/101 diagnostic biopsies, 71/101 (70%; 95%CI
60–79%) were malignant and 15/101 (15%; 95%CI 9–23%)
benign. The most common malignancy was renal cell carci-
noma (RCC; n = 68). RCC subtyping was always possible,
and the International Society of Urologic Pathologists
(ISUP) grade [27] was available for 57/68 (84%) samples
(mean ISUP 2; median 2; range 1–4; IQR 2–2). Non-renal
tumors included two metastases and one lymphoma. The most
common benign tumor was oncocytoma (n = 11).

Of 71 patients with malignant biopsies, 21 (30%; all RCC;
ISUP grade available in 16/21 specimens; mean ISUP grade 2;
median 2; range 1–4; IQR 2–3) underwent surgical resection.
Histological concordance between biopsy and surgery was

Table 2 Pathologic results and clinical management

No. (%) (95%
CI) (n = 101)

Management Biopsy result
classification
(n = 88)

Diagnostic results 86 [85%]
(77–91%)

Malignant 71 [70%]
(60–79%)

• Surgery 21 [30%]
• Percutaneous cryoablation 45 [63%]
• Chemotherapy 3 [4%]
• Active surveillance 2 [3%]

71 [81%]
(71–88%)

TPClear cell renal
carcinoma

53 [52%]
(42–63%)

Papillary renal cell
carcinoma

12 [12%]
(6–20%)

Chromophobe renal
cell carcinoma

3 [3%]
(1–8%)

Metastasis 2 [2%]
(0–7%)

Lymphoma 1 [1%]
(0–5%)

Benign 15 [15%]
(9–23%)

Oncocytoma 11 [11%]
(6–19%)

6 cases did not complete 12-month follow-up [40%] 5 [6%]
(2–13%)
TN

Angiomyolipoma 4 [4%]
(1–10%)

3 cases did not complete 12-month follow-up [20%] 1 [1%]
(0–6%)
TN

Non-diagnostic
results

15 [15%]
(9–23%)

Non-malignant renal
parenchyma

12 [12%]
(6–20%)

• 4 lost to follow-up [27%]
• 3 stable at 12-month imaging follow-up [20%]
• 2 reported same pathologic result (unremarkable renal parenchyma) following repeat

MRI-guided biopsy [13%], stable at 12-month MRI follow-up
• 3 underwent repeat MRI-guided biopsy revealing clear cell RCC [20%]

5 [6%]
(2–13%)
TN
3 [3%]
(0–10%)
FN

Fibrotic tissue
without
malignancy

3 [3%]
(1–8%)

• 2 stable at 12-month imaging follow-up [13%]
• 1 underwent repeat MRI-guided biopsy revealing oncocytoma; stable at 12-month

imaging follow-up [7%]

3 [3%]
(0–10%)
TN

TP, true positive; TN, true negative; FN, false negative; RCC, renal cell carcinoma
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100% for malignancy and RCC subtype. Among the 12 (of
21) operated RM with available ISUP grade both on biopsy
and surgery, concordance was 33% (4/12), with 67% (8/12)
biopsies reporting ISUP grades one point lower than surgery.
A further 45 patients (63%) were treated with percutaneous
cryoablation, and 3 (4%) with chemotherapy. Only 2 patients
(3%) with melanoma and lymphoma, respectively, underwent
active surveillance (6–12 monthly MRI follow-up).

Among 15 patients with benign biopsies, 6 (40%) demon-
strated RM stability at 12-monthMRI follow-up, and 9 did not
complete the minimum 12-month follow-up. Of the 15 pa-
tients with non-diagnostic biopsies, 6 (40%) underwent repeat
MRI-guided biopsy demonstrating 3 clear cell RCC (50%
malignancy rate; all treated with cryoablation), 1 oncocytoma,
and 2 samples of normal renal parenchyma (identical to initial
biopsy; considered TN based on stability at 12-month MRI
follow-up). A further 5 patients demonstrated RM stability at
12-month MRI follow-up, and 4 were lost to follow-up.

Among 27 patients with benign or non-diagnostic biopsies
scheduled for 6–12monthlyMRI surveillance, 14 (52%) com-
pleted ≥ 12-month follow-up (median 14 months; range 12–
42; IQR 12–33), with all RM remaining stable.

Diagnostic accuracy

After excluding patients with diagnostic benign (n = 9) or non-
diagnostic (n = 4) findings on the first biopsy who had insuf-
ficient follow-up (Fig. 1), there were 71 TP (81%; 95%CI 71–
88%), 14 TN (16%; 95%CI 9–25%), 3 FN (3%; 95%CI 1–
10%), and no FP results (Table 2). Sensitivity, specificity,
PPV, NPV, and diagnostic accuracy were calculated using
an intention-to-diagnose analysis (Table 3). None of the tested
variables was associated with increased diagnostic accuracy
(Supplementary Table 2).

Primary and secondary (accounting for repeat biopsies)
diagnostic yields were 85% (86/101; 95%CI 77–91%) and
91% (92/101; 95%CI 84–96%), respectively.

Complications

Seven (7%; 95%CI 1–10%) grade 1 (i.e., any deviation from
normal postoperative course without need for pharmacologi-
cal, surgical, endoscopic, or radiological interventions in

accordance with Clavien et al [26]) complications were ob-
served, all being small self-limiting peri-renal hematomas on
post-procedural MRI sequences. These were managed conser-
vatively with routine overnight observation and intravenous
fluid administration; no additional hospitalization, transfu-
sion, or procedures were required. None of the tested variables
was associated with occurrence of complications
(Supplementary Table 3).

Discussion

MRI-guided RM biopsy demonstrated diagnostic sensitivity,
NPV, overall accuracy, and primary and secondary diagnostic
yields of 96%, 82%, 97%, 85%, and 91%, respectively. There
were 7% minor complications. None of the tested variables
was associated with diagnostic accuracy or complications,
probably due to low numbers of FN/non-diagnostic biopsies
and adverse events. Although female sex was statistically as-
sociated with obtaining diagnostic samples, this relationship is
of limited significance due to the resulting OR.

Our results are similar to previous estimates of sensitivity
(91–99.1%), NPV (50–100%), diagnostic accuracy (85.5–
97.1%), primary/secondary diagnostic yield (78–92.8%/
86.1–94%), and major/minor complications (0–0.9%/1.8–
20.3%) from series and meta-analyses of US-/CT-guided
RM biopsies [4, 11–17, 28–35].

We had anticipated that superior RM conspicuity and real-
time multi-planar imaging guidance granted byMRI guidance
would result in fewer non-diagnostic biopsies. However, our
non-diagnostic rate (15%) was similar to that of US/CT guid-
ance (7.2–22%) [4, 12–17, 29–34]. Prior studies have reported
associations between non-diagnostic biopsies and small RM
(< 2 cm), upper, anterior, and endophytic locations, longer
skin lesion distances, and cystic/non-enhancing tumors [4,
12, 13, 17, 31, 32]. Since in our study, 39% RM were small
(< 2.3 cm), 36% and 50% superiorly and anteriorly located,
respectively, and 55% endophytic, it is possible that these
factors may have compromised our diagnostic yield.
However, similar non-diagnostic rates have been widely re-
ported across literature [4, 12–14, 16, 17, 29–34], and it is
possible that these results occur secondary to tumor

Table 3 Contingency table reporting diagnostic results

Study confirmation
of malignancy

Study confirmation of absence
of malignancy

MRI-guided
Biopsy positive for malignancy

71 0 Positive predictive value 100% (71/71)

MRI-guided
Biopsy negative for malignancy

3 14 Negative predictive value 82% (14/17)

Sensitivity 96% (71/74) Specificity 100% (14/14) Diagnostic accuracy 97% (85/88)
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heterogeneity/fragmentation and difficulties in histopatholog-
ical analysis, rather than technical factors [32].

In terms of diagnostic accuracy, comparison between our
study and prior reports should be undertaken with caution due
to multiple confounding factors including heterogeneous
study definitions and analysis of non-diagnostic results [6,
14]. In fact, we treated non-diagnostic biopsies as negative
for malignancy and included them in diagnostic accuracy cal-
culations, since (a) it was unclear whether non-diagnostic bi-
opsies were related to the presence of underlying tumor, and
(b) clinical management resembles that of benign biopsies
undergoing imaging follow-up and/or repeat biopsy [29, 36].
Although this approach differs from many studies excluding
non-diagnostic biopsies from analysis [14], it was considered
appropriate for our series due to otherwise suboptimal sensi-
tivity for FN detection in the absence of surgical correlation
for benign biopsies, and given the limited ability of 12-month
MRI surveillance to detect significant interval growth of
biopsy-benign indolent RM. Excluding non-diagnostic results
with repeat malignancy-positive biopsies would reduce our
FN to zero, and fail to communicate the clinically suboptimal
NPV of RM biopsy observed herein and throughout literature
[14, 28, 30, 33, 34]. Further potential sources of study hetero-
geneity include our relatively low referral and selection bias
since a vast majority of patients with RM undergo MRI-
guided biopsy at our institution; and relatively high differen-
tial verification bias since, due to our increasing surveillance
and percutaneous cryoablation of RM, only 30% malignant
vs. 0% benign biopsies underwent surgery. Overall, given the
potentially significant heterogeneity between studies, further
direct comparative investigations are required to confirm
equivalent diagnostic accuracy between MRI- and CT-/US-
guided RM biopsy.

The most frequently reported complications of CT-/US-
guided RM biopsy are peri-renal hematomas (1.8–15%),
pain (1.2–5%), hematuria (~ 1%), hemorrhage (~ 0.4%),
and pneumothorax (~ 1%) (12, 14–17, 33). Our study’s mi-
nor peri-renal hematoma rate (7%) is similar to that reported
above, and likely reflects greater dependence of hemorrhagic
complications (and pain) on physical tumor sampling and
bleeding risk, rather than on imaging guidance modality.
In contradistinction, pneumothorax more convincingly may
depend on operator visualization of the pleura, and may
potentially correlate with imaging guidance modality. The
risk is greatest for anterior/superior RM, often requiring
double-oblique steep-angle approaches with needle trajecto-
ries adjacent to the pleural margin. Despite a significant
proportion of unfavorably located RM (36% above the up-
per renal line), we observed no pneumothoraces in our
study, in accordance with prior similar experiences reporting
very steep needle angulations [23, 24]. However, due to the
low number of reported events in literature, comparison with
US/CT studies is limited, and it remains unclear whether

MRI guidance is associated with lower pneumothorax rates
than US/CT guidance.

Given the apparently similar diagnostic performance and
complication rate among MRI and US/CT guidance for RM
biopsy, and considering the principal disadvantages (i.e.,
long procedure times; co-axial needle-related artifacts on
MR fluoroscopy obscuring small RM; relatively high cost;
limited availability; need for specialized radiographers) and
technical advantages (i.e., high contrast resolution; no need
for contrast medium; no radiation exposure; MR fluorosco-
py) of MRI guidance, one may figure out some specific
clinical scenarios which may particularly benefit from this
modality including:

(a) RM with poor US/CT conspicuity (e.g., small, iso-atten-
uating, endophytic tumors; obese patients).

(b) RM in young patients or those with renal failure, to avoid
radiation and contrast exposure.

(c) RM in challenging locations (e.g., adjacent to non-target
organs, requiring double-oblique steep-angle approaches,
located in the upper renal pole or highly mobile due to
respiratory motion); these may benefit from the large MRI
field of view and MR fluoroscopy allowing multi-planar
real-time needle navigation with compensation for respira-
tory motion. Although US, CT (with 30° gantry tilt), and
cone beam CT have been reported for these indications,
these techniques offer relatively limited needle-tip identifi-
cation and/or real-time needle guidance [9].

Our study has several limitations. Firstly, the retrospective
protocol precluded an US-/CT-guided control group, and the
low number of observed complications and non-diagnostic
samples limits statistical power to demonstrate associations
between variables. We also did not evaluate the effect of op-
erator experience on results, and inter-/intra-observer variabil-
ity was not assessed. Secondly, our study is subject to referral
and selection bias, since acutely presenting patients were ef-
fectively excluded due to scanner unavailability; however,
these represent a small minority of referrals only. Moreover,
there is differential verification bias because different refer-
ence tests were used for positive, negative, and non-
diagnostic biopsy results (surgery, 12-month imaging fol-
low-up, and repeat biopsy/12-month imaging follow-up, re-
spectively). This is unavoidable and commonly observed
throughout the literature [4, 16, 17, 29, 30], and reflects cur-
rent urologic practice in which fewer RM undergo surgery
(21% herein; 20–33% reported elsewhere [4, 12, 16, 17]),
and a majority are managed with ablation or imaging fol-
low-up, thereby obviating use of a single surgical reference
standard. Thirdly, our analysis of non-diagnostic biopsies, and
our TN and FN definitions, are open to interpretation. As
described, we included non-diagnostic results in our diagnos-
tic accuracy calculations to more accurately reflect our clinical
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practice. We considered non-diagnostic biopsies with 12-
month MRI stability as TN; however, these are technically
indeterminate, even when repeated and showing the same re-
sult [4, 12, 13, 16, 31, 32]. In practice, our FN results
depended entirely on repeat biopsies of non-diagnostic cases
because no patients with benign/non-diagnostic biopsies re-
ceived surgical confirmation, and 12-month MR follow-up
did not detect any cases of tumor progression. Our FN rate
is therefore likely underestimated because only 40% of non-
diagnostic cases underwent repeat biopsy; surgical correlation
was absent; 12-month imaging follow-up is insensitive for
tumor progression in slow-growing, rarely metastasizing RM
< 4 cm (93% of our cases) [2, 10, 18]; and a relatively high
proportion of patients did not complete 12-month imaging
follow-up (12.8% overall; 43.3% with benign or non-
diagnostic biopsies). Despite the above, our results are com-
parable with literature data [4, 12–14, 16, 17, 29–34], thus
suggesting that many of these limitations are intrinsic to this
type of study. Even accounting for our high attrition rate by
assuming that 9/13 (70%) incompletely followed up cases
were FN (higher than expected according to literature [14,
18, 28]), sensitivity, specificity, and accuracy would still be
85.6%, 100%, and 88.1% respectively, which remains broadly
similar to other published studies [14, 28].

In conclusion, MRI-guided biopsy of solid RM is safe with
high diagnostic accuracy and yield; it is an alternative to more
established modalities of imaging guidance for RM biopsy,
and may be particularly useful for inconspicuous and inacces-
sible lesions. Nevertheless, prospective comparative studies
are required to evaluate its potential role in the rapidly evolv-
ing management of this common clinical scenario.
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