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Abstract
Objectives To evaluate the ability of high-frequency (29 MHz) transrectal micro-ultrasound (microUS) as a second-look examination after biparametric MRI (bp-MRI) and to reidentify focal lesions seen on diagnostic MRI and to detect new ones
Methods A total of 118 consecutive men (mean age, 66 ± 13 [SD] years; range, 49–93 years) with a mean prostate-specific
antigen level of 11 ± 19 (SD) ng/mL (range, 2–200 ng/mL) and at least one focal lesion (MRI+) with a score > 2 on bp-MRI were
included. Of these, 79/118 (66.9%) were biopsy-naïve and 102/118 (86.5%) had non-suspicious rectal examination. All patients
had MRI-directed microUS-guided biopsy using a 29-MHz transducer. All lesions visible on micro-ultrasound (microUS+) were
targeted without image fusion, which was only used for MRI+/microUS− lesions. Significant prostate cancer (sPCa) was defined
by a Gleason score ≥ 7 or a maximum cancer core length > 3 mm.
Results A total of 144 focal prostatic lesions were analyzed, including 114 (114/144, 79.2%) MRI+/microUS+ lesions, 13 MRI+/
microUS− lesions (13/144, 9%), and 17 MRI−/microUS+ lesions (17/144, 11.8%). Significant PCa was detected in 70 MRI+/
microUS+ lesions (70/114, 61.4%), in no MRI+/microUS− lesion (0/13, 0%), and in 4 MRI-/microUS+ lesions (4/17, 23.5%).
The sensitivity and specificity of microUS on a per-patient and a per-lesion basis were 100% (95% CI, 84.9–100%) and 22.8%
(95% CI, 12.5–35.8%) and 100% (95% CI, 85.1–100%) and 22.6% (95% CI, 12.3–36.2%), respectively.
Conclusion MicroUS, as a second-look examination, may show promise to localize targets detected on bp-MRI.
Key Points
• Used as a second-look examination, microUS-guided biopsies have a 100% detection rate of sCa originating in the PZ or lower
third of the TZ, without microUS-MRI image fusion.
• MicroUS results may provide additional information about lesions visible on MRI.
• MicroUS may provide the ability to detect small PZ lesions undetected by bp-MRI.
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Transrectal ultrasound
Transition zone

Materials and methods
Patients

Introduction
The PRECISION trial has demonstrated that a targeted biopsy
strategy, applied only in men with suspicious findings on
MRI, detected more significant prostate cancers (PCa) than
transrectal systematic biopsies [1]. These results suggest that
prostate MRI will increasingly be performed prior to biopsy
[2] and that a targeted-biopsy-only strategy, although
questioned by some authors [3, 4], may become the reference
standard [5–9].
Two approaches for transrectal targeted biopsy based on
MRI findings are available. In the first, the MRI findings are
superimposed on the real-time transrectal ultrasound (TRUS)
during biopsy, either cognitively or using a software-based
TRUS-MRI image-fusion system [10]. However, this fusionguided targeted biopsy (FTB) technique conveys, even in experienced hands, several limitations including motion of
patient/prostate during biopsy [11] and registration mismatch
inherent to the computational constraints of software-based
systems [12]. These limitations may lead to targeting errors,
especially for smaller and more anterior lesions (long axis
< 15 mm) [8].
The second approach to leverage MRI findings is in-bore
MRI-guided biopsy. This technique is accurate because the
same imaging modality is used to localize and sample the
lesion, which eliminates cross-modality registration errors
[13]. In addition, the use of robotic assistance shortens the
examination time compared to manual positioning [14]. Inbore MRI-guided biopsy is suitable for anterior lesions which
are rarely visible on conventional TRUS. In-bore guidance
suffers from a limited availability of interventional MRI, due
to the cost of the disposable materials and the required time in
the MRI room. It should thus be used only in selected indications [14].
To overcome the limitations of both MRI-TRUS image
fusion and in-bore MRI guidance would require a real-time,
accessible imaging modality with a higher resolution than
conventional TRUS. Micro-ultrasound (microUS) is a new
imaging modality, which uses a linear TRUS probe working
at high frequency (29 MHz). The acquired images have a
resolution of up to 70 μm and initial results are promising
[15–18].
The primary objective of this study was to evaluate the
value of high-frequency (29 MHz) microUS, as a secondlook examination, to visualize foci detected by MRI, and perform targeted TRUS-guided biopsies. The secondary objective was to determine if microUS could detect lesions not
visible on MRI.

This single-center study was approved by our Institutional
Review Board, and informed consent was waived. From
February to June 2019, 118 consecutive patients with an elevated or rising PSA level and at least one focal abnormality
with a biparametric MRI score > 2 were included. Clinical
characteristics of the 118 patients are presented in Table 1.

MRI protocol
MRI examinations were performed with a 1.5-T unit (Aera,
Siemens Healthineers) equipped with 64 radiofrequency/RF
receiver channels and a pelvic phased array coil with 60 elements. This setup provides a sufficient signal-to-noise ratio so
that an endorectal coil is not required [19]. MRI parameters of
our biparametric protocol are shown in Table 2. For the transition zone (TZ), the bp-MRI score was similar to the
multiparametric MRI score defined by PI-RADS v2, since
the dynamic contrast-enhanced (DCE) MRI sequence is not
typically used in this region. For the peripheral zone (PZ), the
diffusion-weighted imaging (DWI) score was calculated as
described elsewhere [20] by measuring the ratio of the mean
ADC value of foci to that of the rest of the prostate including
the PZ and the TZ. An ADC ratio ≥ 0.68 indicated mild restricted diffusion, and a bp-MRI score of 3 was assigned. In
patients with an ADC ratio < 0.68, a bp-MRI score of 4 was
assigned. High computed b values, 2000 and 4000 s/mm2 in
the vast majority of cases and occasionally 6000 s/mm2, calculated with a commercially available software (Olea Sphere,
Olea Medical) were used to optimally increase the conspicuity
of tumor foci originating in the PZ [20, 21] as well as in the
TZ, as reported previously [22]. MR images were displayed
on a workstation placed close to the TRUS screen for review
during the biopsy procedure.
Table 1

Clinical characteristics of the 118 patients

Naïve biopsy patients
Repeat biopsy patients
Previous negative biopsy
Active surveillance
Mean age (years)
Non-suspicious rectal examination
Mean PSA serum level (ng/mL)
Prostate volume (ellipsoid formula*, cm3)

79/118 (67%)
39/118 (33%)
32/39 (82%)
7/39 (18%)
66 ± 13 [49–93]
102/118 (86.5%)
11 ± 19 [2–200]
53 ± 26 [16–180]

Quantitative variables are expressed as means ± standard deviations;
numbers in brackets are ranges. Qualitative variables are expressed as
proportions; numbers in parentheses are percentages
*Width × height × length × Π/6
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Table 2 MRI protocol with a
pelvic phased array coil with 60
elements
T2-weighted
DWI

TR (ms)

TE (ms)

Slice
thickness (mm)

Matrix size

FOV

b values (s/mm2)

2810
4100

163
71

3
3

179 × 256
95 × 100

135 × 35
200 × 200

n.a.
50/500/1000*
2000/4000/6000**

FOV field of view, DWI diffusion-weighted imaging, n.a. not applicable
*Acquired b values for the ADC map
**Computed b values

High-frequency TRUS protocol
All patients underwent a high-frequency TRUS examination
with a 29-MHz linear transducer (ExactVu, Exact Imaging).
This device enables a real-time spatial resolution of 70 μm
which represents a threefold improvement in resolution compared with conventional 9–12-MHz TRUS probes. Higherfrequency ultrasound is normally associated with a decrease
in penetration and limited imaging depth. The ExactVu system incorporates a range of technological advances in both
transducer fabrication and image processing, which allows
the 29-MHz system to achieve an acceptable signal-to-noise
ratio at a depth of 5 cm, instead of the 3 cm normally associated with these frequencies. These advances produce ultrasonic crystals with an extremely wide bandwidth and high sensitivity which accounts for the inevitable downshift introduced
by biological tissues. Transmit pulse changes and softwarebased image filtering further improve penetration and maximum imaging depth. Imaging between 0 and 3 cm is still of
higher quality, coincident with the PZ in all prostates [16],
with progressive loss of lateral resolution and signal-to-noise
ratio between 3 and 5 cm.

Biopsy procedure
All prostate biopsies were performed by two senior radiologists (F.C., A.L.) with 25 and 10 years of experience,
respectively, in prostate MRI and TRUS-guided biopsies.
Before microUS, diagnostic MR images were reviewed by
the operator to re-localize and confirm the bp-MRI score of
the lesion. The prostate was scanned in the parasagittal
plane using microUS, and MRI findings in the sagittal
plane were matched. For any MRI lesions visible on
microUS, visually directed real-time microUS-guided
targeted biopsy was performed (Figs. 1 and 2). Any visible
homogenous or heterogenous hypoechoic focal lesion was
considered suspicious on microUS. Risk classification
scores, as proposed in the initial clinical report on
microUS [16], were not assigned as part of this study.
MRI+/microUS− lesions were biopsied using MRI-TRUS
image fusion. T2-weighted and DWI images were loaded
on the computer placed close to the TRUS equipment and

processed using an open-source DICOM viewer (Weasis).
A region of interest was placed on the lesion on T2weighted and/or DW images, and a straight line was drawn
parallel to the posterior aspect of the prostate on the sagittal
plane. Images were then transferred to the ExactVu system.
The probe was aligned along the midline (proximal and
distal urethra), and the FusionVu software was activated
to perform the reslicing necessary to make the MRI and
microUS imaging planes match. The MR images and
marked region of interest were displayed in a corner of
the TRUS screen, allowing for real-time synchronization
of the MRI and microUS volumes, but without MRI/
microUS image overlay (Fig. 3). Image fusion was used
when lesions were not visible or hardly visible on microUS
(Fig. 3). All procedures were performed under light conscious sedation. The median number of cores taken during
biopsy was 4 ± 2 (SD) (range, 2–10). Systematic biopsies
were not performed in every patient and the decision was at
the discretion of the operator.
Tumors were considered significant if there was any
Gleason grade 4 component or any sample possessed a maximum cancer core length > 3 mm for Gleason 3 + 3 tumors
according to University College London definition 1 [23]. The
sensitivity and specificity of microUS were calculated on a
per-lesion and per-patient basis, using the biopsy results as
the reference standard.

Statistical analysis
Statistical analysis was performed using SPSS software (version 20.0, IBM). Quantitative variables were expressed as
medians with first and third quartile and means ± SDs and
ranges. Qualitative variables were expressed as raw numbers,
proportions or frequency and percentages. Normality of distributions was assessed using histograms and the ShapiroWilk test. Comparisons were performed using the Student t
test and Fisher or chi-square test. Significance was set at
p < 0.05. The sensitivity and specificity of microUS to localize
an MRI-targeted sPCa were calculated along with their 95%
confidence intervals (CI) on a per-lesion and per-patient basis
using binomial proportions.

Eur Radiol
Fig. 1 Typical PZ bp-MRI score
4 lesion, left apex (arrow, a–c), in
a 67-year-old man with a PSA
level of 7 ng/mL. The corresponding image on microUS presents as a homogenous
hypoechoic nodule (arrow, d).
Targeted biopsy results: Gleason
score 4 + 3 tumor; maximum
cancer core length, 9 mm; 10%
cribriform pattern

Results
Overall, 144 lesions were analyzed in the 118 patients
(Table 3). The index lesion being a pathological definition,
not applicable to MRI, the primary lesion for each patient
was considered to be the lesion with the greatest long axis
measured in the cranio-caudal plane, given the sagittal scanning used for microUS. Of the 144 lesions, 114 lesions (114/
144, 79.2%) were visible on both MRI and microUS (MRI+/
Fig. 2 Active surveillance for a
Gleason 3 + 3 Ca detected by a set
of 12 systematic biopsies
(maximum cancer core length,
1 mm; left apex) in a 63-year-old
with a rising PSA (8 ng/mL). A
TZ apical focal area with restricted diffusion (arrows and red
cross, a–c) is visible on bp-MRI.
The corresponding hypoechoic
area on microUS matches the
MRI abnormality. Targeted biopsy results: Gleason 3 + 3 tumor;
maximum cancer core length,
5 mm. Active surveillance was
maintained

microUS+ lesions), 13 lesions (13/144, 9%) were visible on
MRI but not visible on microUS (MRI+/microUS− lesions),
and 17 lesions (17/144) were not visible on MRI and visible
on microUS (MRI−/microUS+ lesions).
Of the 114 MRI+/microUS+ lesions, histopathological
analysis from biopsy specimens showed significant PCa in
70 lesions (70/114; 61.4%). According to the bp-MRI score,
the cancer detection rate for sPCa was 21% (4/19), 63.9% (39/
61), and 79.4% (27/34) for bp-MRI scores 3, 4, and 5,
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Fig. 3 Right TZ apical lesion
with a bp-MRI score 5 (*, a–c) in
a 64-year-old man with a PSA
level of 8 ng/mL. The sagittal
MRI views (b, c) have the same
orientation as the microUS image
(d). The lesion was barely visible
on microUS. Image fusion was
used, and real-time synchronization of microUS and MRI allowed
to match with confidence the MRI
lesion (blue tag) and the microUS
lesion (arrows, d). Targeted biopsy results: Gleason score 3 + 4
tumor; maximum cancer core
length, 10 mm; 0% cribriform
pattern

respectively. Of the 24 TZ lesions involving the lower third of
the TZ and within the field of exploration of microUS, 12 (12/
24, 50%) were sPCa.
Of the 13 MRI+/ microUS− lesions (13/144, 9%), no sPCa
was diagnosed by image fusion targeted biopsy. Eight lesions
originated in the PZ (bp-MRI score 3, 4, and 5 in three, four,
and one case, respectively). Four out of the five TZ lesions did
not involve the apex (two in the midportion, one in the base,
and one in the anterior fibromuscular stroma). On MRI, the
mean size of these 13 lesions (12.6 mm ± 5.5 [SD]) was not
significantly different from that of the 114 lesions visible on
both modalities (p = 0.29) (Table 3).
Of the 17 MRI−/microUS+ lesions (17/144, 11.8%), four
(4/17, 23.5%) were significant PCa. Two corresponded to the
contralateral extension of the main lesion, not visible on MRI
(Fig. 4) and two to a remote nodule (one ipsilateral and one
contralateral) (Fig. 5). The mean cranio-caudal axis of these
four lesions was 8 ± 2 (SD) mm (range, 4–10 mm) (Fig. 6),
significantly smaller than that of the 114 tumors visible on
both imaging modalities (p < 0.0001) (Table 3).
Overall, the cancer detection rate achieved by a secondlook microUS-directed biopsy, performed after a biparametric
MRI showing a lesion with a score > 2, was 57.6% (83/144;
95% CI, 49.1–65.8%) for any cancer and 51.4% (74/144; 95%
CI, 42.9–59.8%) for sPCa. All 74 sPCa were visible on
microUS, yielding 100% sensitivity (95% CI, 84.9–100%)
and 22.8% specificity (95% CI, 12.5–35.8%) on a per-lesion
basis, and 100% sensitivity (95% CI, 85.1–100%) and 22.6%
specificity (95% CI, 12.3–36.2%) on a per-patient basis.

Discussion
In our study, all significant prostatic tumors visible on bpMRI could be reidentified by microUS, used as a secondlook imaging modality, given the known location of the
lesion on bp-MRI. No other ultrasound technology has
demonstrated such high sensitivity. The performance of
conventional second-look ultrasound to detect PZ lesions
was highlighted in previous reports [24–26]. Image fusion
greatly increased the visibility of MRI lesions during ultrasound, achieving a detection rate of up to 88% for lesions
originating in the PZ [26]. In one study [24], it was pointed
out that second-look TRUS during image fusion with elastic co-registration was useful to avoid targeting errors inherent to virtual biopsy guidance. Using microUS guidance, the lesion targeted during biopsy is directly visible.
The prostate is scanned in the sagittal plane with microUS,
and detected lesions, especially when they are subtle, can
be accurately matched with MRI findings displayed in the
same plane. Visual matching is thus more accurate than
during transrectal MRI-TRUS image fusion, in which
TRUS images of a conventional end-fire transducer are
acquired in an oblique plane and MR images are displayed
in the axial plane [11]. In our study, it can be assumed that
100% sensitivity was achieved thanks to the very high
spatial resolution of microUS and to the knowledge of
the location of the MRI lesion. This rate is close to the
sensitivity of 94% reported in the study by Lughezzani
et al [17], in a microUS series of 104 patients with a visible
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Table 3 Characteristics of the
144 lesions detected by microUS
and/or MRI

All lesions

MRI+/microUS+

MRI+/microUS−

MRI−/microUS+

n = 144

114 (79.2%)

13 (9%)

17 (11.8%)

12 (11–20)
14.1 ± 4.5 [8–27]

n.a.
n.a.
11 (9–12)
12.3 ± 5.5 [8–24]

8 (4.75–8.5)
8.1 ± 2.1 [4–12]

86/114 (75.4%)
24/114 (21.1%)
4/114 (3.5%)
70/114 (61.4%)
56/70 (80%)
12/70 (17%)
2/70 (3%)
5/114 (4.4%)
2/5 (40%)
3/5 (60%)
39/114 (34.2%)

7/13 (54%)
6/13 (46%)
0/13 (0%)
0/13 (0%)
0/13 (0%)
0/13 (0%)
0/13 (0%)
2/13 (15%)
0/2 (0%)
2/2 (100%)
11/13 (85%)

17/17 (100%)
0/17 (0%)
0/17 (0%)
4/17 (23.5%)
4/4 (100%)
0/4 (0%)
0/4 (0%)
2/17 (12%)
2/2 (100%)
0/2 (0%)
11/17 (65%)

19/114 (16.7%)
61/114 (53.5%)
34/114 (29.5%)

6/13 (46%)
6/13 (46%)
1/13 (8%)

Large-axis (mm)
MicroUS
Median (q1–q3)
Mean ± SD [range]
bp-MRI
Median (q1–q3)
Mean ± SD [range]
Zone of origin
PZ
TZ
CZ
Significant PCa
PZ
TZ
CZ
Nonsignificant PCa
PZ
TZ
Benign
bp-MRI score
3
4
5

13 (11–20)
14.2 ± 5.1 [8–25]

n.a.
n.a.

n.a.
n.a.
n.a.

Quantitative variables are expressed as medians (numbers in parentheses are first and third quartiles) and means ±
standard deviation [numbers in brackets are ranges]. Qualitative variables are expressed as raw numbers; numbers
in parentheses are percentages
PZ peripheral zone, TZ transition zone, CZ central zone, n.a. not applicable

Fig. 4 Hypointense area with restricted diffusion (*, a–c) in a 73-year-old
man with a PSA level of 33 ng/mL. MRI prostate volume is 110 cm3. The
lesion involves the right midportion and apex (17 mm) and was assumed
to originate in the PZ and thus assigned a score 5. On microUS (d), the
midportion of the PZ (*) did not show any focal lesion and the only

finding in the lower apex was cystic atrophy (arrow, d). Image fusionguided microUS biopsy of the apex and midportion revealed a single
microfocus (1 mm) Gleason score 3 + 3. The MRI focal lesion was assumed to correspond to benign TZ tissue and the micro-carcinoma to a
fortuitous diagnosis
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Fig. 5 Hypointense lesion with
restricted diffusion, visible on bpMRI and abutting the left central
zone (a, b) in a 64-year-old man
with a PSA level of 6 ng/mL. The
contralateral hypointense area
(white arrow and red cross)
showed no restricted diffusion.
MicroUS showed a left
hypoechoic nodule (arrows, d)
corresponding to the MRI lesion
and a contralateral hypoechoic
nodule (arrows, d). Both images
were Gleason score 3 + 4 tumors
with a maximum cancer core
length of 8 and 5 mm, respectively, with 15% grade 4 and 0%
cribriform pattern

lesion on mpMRI, whereas in the study by Ghai et al [16],
microUS was performed as the primary imaging modality
and yielded a lower sensitivity of 80%.
Conventional TRUS has a limited sensitivity to detect TZ
tumors, even if TRUS is performed after MRI, in which case
only some large-volume TZ tumors can be visualized [24]. We
found that in a second-look setting tumors involving the lower
third of the TZ, site of origin of most TZ tumors [27, 28],
could be detected with 100% sensitivity by microUS.
Indeed, the imaging depth of microUS is currently limited to
5 cm, which allows for best performance in the lower third of
the prostate, where the anterior-posterior axis of the prostate is
smaller than at the mid- or upper third portion. Thus, the very
high spatial resolution of microUS provides clear benefit to
detect TZ cancers within this region. The smallest TZ lesion of
our series had a large axis of 8 mm. Our preliminary results
thus show that TZ MRI-detected lesions with a cranio-caudal
axis greater than 7 mm and originating in the lower third of the
gland could be visualized by microUS with 100% sensitivity.
Fig. 6 Large lesion in the right PZ
area on bp-MRI (arrows, a, b) in a
66-year-old man with a PSA level
of 15 ng/mL. The lesion abuts the
central zone (*), whose physiological restricted diffusion is well
visible on the coronal view (*, b).
MicroUS shows the right lesion
corresponding to the MRI-visible
lesion (arrow, c) and a contralateral nodule (arrows, d), remotely
located from the main lesion, visible on MRI and not visible on bpMRI. Targeted biopsies revealed
that both lesions were Gleason
score 4 + 4 tumors

Our series also included 13 MRI+/microUS− prostatic lesions where image fusion software was used to guide the
biopsy. In the PZ, no clear reason could be found to explain
why the lesions were not visible on microUS. In the TZ, the
location of these lesions was atypical, outside of the lower and
anterior third of the TZ; this may explain why microUS failed
to detect these lesions. MRI-TRUS image fusion was necessary to target these microUS-invisible lesions. Interestingly,
no sPCa was detected in this group. These cases may be considered false-negative findings, related to a lack of accuracy of
the fusion system, but if larger series confirm that they are
true-negative findings, it may be possible to defer the currently recommended biopsy. Instead, these patients could be
followed with repeated PSA sampling, bp-MRI, and
microUS, at least for score 3 lesions.
The second objective of our study was to determine if
microUS could detect lesions not visible on MRI (MRI
−/microUS+ lesions). Our initial results include four smallsize, albeit significant, satellite MRI−/microUS + tumors,
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two of them remotely located from the index lesion. This
finding, noted in a recent article [15], highlights the potential
of microUS for detecting significant small-volume tumors in
patients with biologically suspected PCa, such as those with
PSA density > 0.15 and non-suspicious MRI. According to a
recent study by Panebianco et al [29], a 4-year follow-up of
men with a non-suspicious MRI showed that in approximately
5% significant PCa remains non-visible and could only be
detected by systematic biopsies [29]. Half of the tumors of
this series contained a Gleason grade 4 component with a
cribriform pattern, associated with poor prognosis [30].
Moreover, a study reported that only 26% of PZ and 20% of
TZ tumors with a GS >3 + 4, but a tumor volume < 0.5 mL,
were detected by multiparametric MRI [31]. To overcome this
limitation, immediate targeted biopsy may be considered in
patients with a biological suspicion of PCa and a positive
microUS in a setting of a non-suspicious multi- or bp-MRI.
Our study has several limitations. First, it is not a randomized trial of other MRI fusion techniques versus second-look
microUS, which would provide a higher level of evidence for
the superiority of the second-look approach. Second, given the
5-cm depth limitation of the transducer, the sensitivity of
microUS in the detection of lesions located in the TZ at the
level of the middle third and the base of the prostate, as well as
in the anterior stroma, remains to be demonstrated. Third, our
study is a single-center study with a limited number of patients
that does not allow definite conclusions to be drawn on whether MRI-directed high-frequency TRUS-guided biopsies can
replace TRUS-MRI image fusion-guided biopsies. Further
studies with more case material are needed to confirm our
preliminary results.
In conclusion, our early single-center experience shows that
microUS, used as a second-look examination with the knowledge of the location of the suspicious lesion on MRI, may show
promise for targeting biopsies of all PZ lesions and TZ lesions
originating in the lower third of the TZ. The value of microUS
and MRI/microUS image fusion for the upper portion of the TZ
and the anterior fibromuscular stroma, as well as the significance of discordant results between MRI and microUS findings, must be evaluated in a larger number of patients.
Funding information The authors state that this work has not received
any funding.
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