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Introduction New technologies to improve quality of prostate biopsies are appearing in clinical practice.
We evaluate the performance of a micro-ultrasound device and the Prostate Risk Identification using 
MicroUltraSound (PRI-MUS) score in detecting clinically significant prostate cancer (csPCa).
Material and methods We retrospectively reviewed data of 139 biopsy- naïve patients with suspicion  
of prostate cancer, who underwent diagnostic MRI and micro-ultrasonography (microUS), followed  
by transrectal prostatic biopsy (systematic ±targeted) under local anesthetic. The main objective was  
to evaluate the performance of the Prostate Risk Identification using MicroUltraSound (PRI-MUS) score 
in detecting csPCa, defined as International Society of Urological Pathology (ISUP) ≥2.
Results Of all patients, 97 (70%) were found to have PCa, and 62 (45%) having csPCa.
Among 100 patients with positive microUS (PRI-MUS score ≥3), 23 (23%) had ncsPCa and 57 (57%) were 
diagnosed with csPCa (ISUP ≥2); and in 39 patients with negative microUS, 12 (31%) were diagnosed 
with ncsPCa and 5 (13%) with csPCa.
A PRI-MUS score ≥3 presented a sensitivity, specificity, positive predictive value and negative predictive 
value of 92%, 44%, 57% and 95%, respectively, for the detection of csPCa.
The PRI-MUS score had higher areas under the curve than Prostate Imaging Reporting & Data System 
(PI-RADS) both for targeted (AUC 0.801 vs 0.733) and systematic + targeted (AUC 0.776 vs 0.694) biop-
sies for csPCa detection.
Conclusions In our cohort, microUS performed well as a diagnostic tool through an easily implementable 
scale. MicroUS presented similar sensitivity and higher specificity than MRI in detecting csPCa. Further 
multicenter prospective studies may clarify its role in prostate cancer diagnosis.
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INTRODUCTION

Prostate cancer (PCa) is the second most common 
neoplasm in males and the fifth in terms of standard-
ized mortality by cancer [1].
In men with elevated total prostate-specific antigen 
(PSA), a common strategy is to follow with a mul-
tiparametric magnetic resonance imaging (mpMRI) 

and the utilization of a risk calculator to estimate 
the probability of clinically significant prostate can-
cer (csPCa); with subsequent prostate biopsy, if the 
clinical risk justifies it [2].
The widespread use of mpMRI for identification  
of suspicious lesions and better selection of pa-
tients who need to have a biopsy allowed the tradi-
tional technique to evolve, with a Prostate Imaging  
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All patients had a mpMRI, performed in the 6 months 
before biopsy, in different centers. Images were re-
ported by radiologists in accordance to PI-RADS v2.1 
system [5]. In case of classification discrepancy, in-
house radiologist review was carried out.

Prostatic biopsy technique

The microUS system used was the ExactVu™ (Exact 
Imaging, Markham, Canada) equipped with a 29 MHz  
EV29L linear probe allowing for fusion with mpMRI 
images. Transrectal free hand technique was used  
at all cases.
Biopsies were performed by one of three urologists 
with more than 10 years of prostatic biopsy expe-
rience, after receiving a standardized online and 
hands-on training with the new system.
The ultrasound probe was inserted into the rectum 
and the prostatic gland was screened for suspect ar-
eas by sweeping from one side to the other and classi-
fied according to the PRI-MUS score. Suspicious find-
ings included irregular shadowing, irregular prostate 
or peripheral zone border, heterogenous ‘cauliflower’ 
image, or mild heterogeneity or bright echoes in hy-
perechoic tissue [4]. Suspicious lesions identified on 
microUS were annotated and only then the pre-an-
notated mpMRI images were reviewed.
With a hand-held probe, 2–4 targeted cores were taken 
from regions of interest (PIRADS 3–5 and/or PRI-MUS 
3–5) and then 12 systematic cores were sampled (6 from 
each prostatic side). The operator noted the provenience 
of each core; and if from a suspicious zone if it was vis-
ible on mpMRI, microUS or both. mpMRI lesions were 
obtained by cognitive fusion, with further aid from rec-
ognition on microUS when they overlapped.

Histology

All biopsy cores were analyses separately. The his-
tological classification was performed by one of two 
experienced uropathologists, according to Interna-
tional Society of Urological Pathology (ISUP) stan-
dards [6], with csPCa being defined as any core with 
ISUP Grade Group ≥2.

Statistics

Descriptive statistics are reported using median and 
interquartile range (IQR).
Characteristics of patients with and without csPCa 
were compared using Chi-squared analysis or Fisher 
exact test for categorical variables and non-parametric 
Mann-Whitney U tests for continuous variables. Sta-
tistical significance in this study was set as p <0.05. 
All reported p values are two-sided.

Reporting & Data System (PI-RADS) score ≥3 thresh-
old for biopsy resulting in a reduction of the number 
of patients needing a biopsy of approximately 30%, 
while missing only 11% of ISUP (International So-
ciety of Urological Pathology) Grade ≥2 cancers [3], 
a good step for the reduction of overdiagnosis and 
overtreatment.
When performing a biopsy, micro-ultrasound (mi-
croUS) devices such as the ExactVu™ use very high 
frequencies of 29 MHz compared to the conventional 
8–12 MHz, providing 3 times better special resolution, 
which allows for the identification of subtle changes 
in ductal anatomy occuring in prostate cancer, while 
maintaining a suitable imaging depth allowing visu-
alization of the whole prostate and allowing to ac-
curately target regions of interest in real time [4]. 
This has allowed for the development and validation  
of the PRI-MUS (Prostate Risk Identification using 
MicroUltraSound) protocol, with a 5 level scoring 
system where higher scores correlate with higher 
csPCa probability [4]. In addition, the improved ul-
trasound image can also be fused with MRI images 
with an appropriate software, like the FusionVu™, 
allowing mpMRI-microUS fusion biopsies.
Since the technique, either transrectal or transperi-
neal, is the same as with conventional ultrasound, 
any clinician experienced in performing prostat-
ic biopsies will be able to use this device without 
any difficulty, only needing to get familiar with  
the PRI-MUS classification, in order to correctly 
identify an increased risk of csPCa [4].
Our main goal was to evaluate the performance  
of the PRI-MUS score in detecting csPCa, in a co-
hort of patients with significant probability of having 
csPCa, who underwent previous mpMRI.
Other goals were to compare patient-level results 
between mpMRI and microUS targeted biopsy, to de-
scribe the performance of different biopsy strategies, 
and to evaluate microUS negative predictive value 
on finding csPCa in PI-RADS 3 patients. 

MATERIAL AND METHODS

Population

We performed a retrospective study, including 139 
consecutive patients who underwent prostatic bi-
opsy for suspected PCa performed by one of three 
urologists of a high-volume tertiary center, from 
January 2021 to June 2022. Inclusion criteria in-
cluded being biopsy-naïve, a total PSA <20 ng/mL 
and having a mpMRI performed prior to the mi-
croUS and biopsy. Patients were excluded if they 
had any history of prostate cancer or prostate can-
cer related treatment.
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65 (47%) suspicious (PI-RADS 4) and 30 (22%) high-
ly suspicious (PI-RADS 5) evaluations.
In microUS, 39 (28%) of the evaluations were un-
suspicious (PRI-MUS 1–2), 48 (35%) equivocal (PRI-
MUS 3), 37 (27%) suspicious (PRI-MUS 4) and 15 
(11%) highly suspicious (PRI-MUS 5).

Prostate cancer and clinically significant prostate 
cancer detection

In the 139 patients, 97 (69.8%) were found to have 
PCa, with 62 (44.6%) having csPCa.
Among the 35 patients with ncsPCa (ISUP 1),  
7 (20%) had a negative MRI, 12 (34%) had a nega-
tive microUS, and 6 (17%) both images negative; 
17 (49%) had a PI-RADS score of 4–5, while only  
8 (23%) had a PRI-MUS score of 4–5.
Among the 39 patients with negative microUS,  
22 (56%) had no prostate cancer, 12 (31%) had  
ncsPCa (ISUP 1) and only 5 (13%) were diagnosed 
with csPCa (ISUP 3).
Between the 100 patients with positive microUS 
(PRI-MUS ≥3), 20 (20%) had no prostate cancer,  
23 (23%) had ncsPCa (ISUP 1) and 57 (57%) were 
diagnosed with csPCa (ISUP ≥2).
Thirteen patients (9%) had no suspected lesions both 
on mpMRI and microUS exams, but underwent biopsy 
due to suspicious digital rectal examination (n = 4)  
or high total PSA (n = 10), with only one (8%) of them 
having csPCa present on the randomized biopsy.

Sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and the area 
under the curve (AUC) for the receiver operator 
characteristics (ROC) curve were calculated for the 
PI-RADS and PRI-MUS classification systems.
For statistical analysis we used IBM® SPSS® v27 
software. The study has received approval from the 
Institutional Ethics’ Committee. All research was 
conducted respecting the latest version of Helsinki’s 
declaration. Patients signed an informed consent be-
fore undergoing the procedure.

RESULTS

Study sample

We identified 139 patients who met our inclusion cri-
teria.
Patients had a median age of 69 (IQR 64–73) years 
and a median PSA of 7.5 ng/mL (Table 1). Older age 
and abnormal digital rectal examination were asso-
ciated with a higher probability of csPCa (p = 0.002 
and p <0.001, respectively).
Median total PSA, presence of an anterior lesion  
and presence of family history were not statistically 
significantly different between patients with and 
without csPCa (p = 0.096, p = 0.34, p = 0.13; re-
spectively).
Regarding mpMRI, 17 (12%) patients had unsuspi-
cious (PI-RADS 1–2), 27 (19%) equivocal (PI-RADS 3),  

Table 1. Patients’ clinical characteristics 

Total Without csPCa With csPCa p*

N 139 77 62

Age, Median (IQR) 69 (64–73) 66 (62–71) 71 (68–74) 0.002

Total PSA (ng/mL), Median (IQR) 7.5 (5.5–10.9) 7.2 (5.3–9.4) 8.2 (5.5–12.2) 0.096

Suspicious DRE, n (%) 27 (19) 7 (9) 20 (32) <0.001

Family history, n (%) 27 (19) 11 (14) 16 (26) 0.13

Prostate volume (mL), Median (IQR) 47 (33–65) 53 (38–70) 40 (30–60) 0.059

Anterior lesion, n (%) 20 (14) 9 (12) 11 (18) 0.34

Number of targeted cores, Median (IQR) 3 (3–5) 3 (3–4) 4 (3–6) 0.03

PI-RADS score, n (%)
1–2
3
4
5

17 (12)
27 (19)
65 (47)
30 (22)

15 (19)
17 (22)
38 (49)

7 (9)

2 (3)
10 (16)
27 (44)
23 (37)

<0.001

PRI-MUS score, n (%)
1–2
3
4
5

39 (28)
48 (35)
37 (27)
15 (11)

34 (44)
27 (35)
16 (21)

0 (0)

5 (8)
21 (34)
21 (34)
15 (24)

<0.001

IQR – interquartile range (IQR); PSA – prostate-specific antigen; DRE – digital rectal examination;  csPCa – clinically significant prostate cancer; PI-RADS – Prostate Imaging 
Reporting & Data System; PRI-MUS – Prostate Risk Identification using MicroUltraSound
* p values for comparisons between patients with and without csPCa
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had a PRI-MUS 4 and 1 (4%) had a PRI-MUS 5 
score. Among patients with PI-RADS 3 score, 10/27 
(37%) had a biopsy proven csPCa, with 2 (7%)  
of them having a PRI-MUS <3.
This would mean the avoidance of biopsy among pa-
tients with PI-RADS 3 with a PRI-MUS <3 would 
result in 11 (41%) less biopsies while missing 2 (18%) 
of csPCa cases diagnosed.

Test characteristics

For the PRI-MUS classification, the ≥3 cut-off en-
tailed a higher sensitivity (92 vs 58%) and NPV  

Table 2. Performance characteristics of PI-RADS and PRI-MUS 
protocols in the detection of clinically significant prostate cancer  

Sensitivity Specificity PPV NPV

PI-RADS ≥3
60/62
97% 

(92–100)

15/77
19%  

(11–28)

60/122
49%  

(40–58)

15/17
88% 

(73–100)

PI-RADS ≥4
50/62
81%  

(71–90)

32/77
42%  

(31–53)

50/95
53%  

(43–63)

32/44
63%  

(60–86)

PRI-MUS ≥3
57/62
92%  

(85–99)

34/77
44%  

(33–55)

57/100
57%  

(47–67)

34/39
95% 

(87–100)

PRI-MUS ≥4
36/62
58%  

(46–70)

61/77
79%  

(70–88)

36/52
69%  

(57–82)

61/87
70% 

(60–80)

PI-RADS – Prostate Imaging Reporting & Data System; PRI-MUS – Prostate Risk 
Identification using MicroUltraSound; PPV  – positive predictive value;  
NPV – negative predictive value

Targeted biopsy comparison

One-hundred and fifty (150) equivocal or suspicious 
lesions were identified on mpMRI imaging of 122 pa-
tients; while 128 equivocal or suspicious lesions were 
found on the micro-US imaging of 103 patients.
Eighty-four (60%) patients had the same suspicious 
lesions identified in both mpMRI and microUS, while 
20 (14%) patients had different lesions identified  
in each imaging modality, 3 (2%) only had lesions 
identified on microUS, 18 (13%) only had lesions 
identified on mpMRI and 14 (10%) patients had no 
identified lesions.
When comparing targeted cores from mpMRI and 
microUS lesions, one hundred and twenty-six (91%) 
of the patients had a concordant ISUP. Comparing 
the mpMRI versus the microUS targeting only strat-
egies, the first would have resulted in 7 (5%) patients 
being upgraded, with 4 (3%) being newly detected 
PCa and 5 (4%) being newly detected cases of csPCa; 
and 6/97 (6%) PCa diagnosis being missed, 2/62 (3%) 
of them being of csPCa (Figure 1).
Among the 62 patients with biopsy proven csPCa, 
20 (32%) had a lower ISUP grade in systematic than 
microUS targeted cores, 22 (35%) had the same and 
19 (31%) had a higher one. Compared to systematic 
biopsy alone, targeted microUS biopsy core analy-
sis resulted in finding additional 9 cases of csPCa 
and 6 cases of high-risk PCa which were previ-
ously classified as low (n = 1) or intermediate risk  
(n = 5).
Among the 27 patients with PI-RADS 3, 11 (41%) had 
PRI-MUS 1 or 2, 13 (48%) had a PRI-MUS 3, 2 (7%)  

Figure 1. Results of prostate targeted biopsy, stratified by imaging results.
ISUP – International Society of Urological Pathology; PI-RADS – Prostate Imaging Reporting & Data System; PRI-MUS – Prostate Risk Identification using 
MicroUltraSound
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(95 vs 70%), but a lower specificity (44 vs 79%)  
and PPV (57 vs 69%) when compared with a ≥4 cut-off 
(Table 2). 
The rate of csPCa diagnosis on microUS targeted bi-
opsies alone for PRI-MUS 1/2, 3, 4 or 5 was of 2/39 
(5%), 15/47 (32%), 18/37 (49%) and 14/15 (93%), re-
spectively.
Figures 2 and 3 presents the ROC curves for overall 
and targeted biopsy csPCa detection.
The PRI-MUS classification had higher AUC than 
PI-RADS, both for targeted (AUC 0.801 vs 0.733) 
and for systematic + targeted (AUC 0.776 vs 0.694) 
biopsies in csPCa detection.

Different biopsy strategies

The results for our cohort per different biopsy strat-
egies are shown in Figure 4.
The analysis of cores from systematic biopsy + MRI 
target + microUS target identified 35 patients with 
ISUP 1 PCa and 62 patients with csPCa.
If only systematic biopsy + MRI targeted cores were 
obtained, 39 patients would be classified with ISUP 
1 PCa and 57 with csPCa, missing 5 (8.1%) cases  
of csPCa in the current cohort.
If only systematic biopsy + microUS targeted cores 
were obtained, 34 patients would be classified with 
ISUP 1 PCa and 61 with csPCa, missing 1 (1.6%) 
case of csPCa in the current cohort.

Performing MRI targeted biopsies alone would clas-
sify 23 patients with ISUP 1 PCa and 46 with csPCa, 
missing 16 (25.8%) cases of csPCa in the current co-
hort.
Performing microUS targeted biopsies alone would 
classify 18 patients with ISUP 1 PCa and 47 with 
csPCa, missing 15 (24.2%) cases of csPCa in the cur-
rent cohort.

DISCUSSION

Our results found that in a cohort of patients pro-
posed to perform prostate biopsy, microUS was able 
to identify the patients without csPCa in 57/62 (92%) 
cases and, as such, may be an option to select pa-
tients that may and may not need biopsy performed 
after suspicious clinical data and/or mpMRI results.
In our experience, due to its higher specificity, the 
addition of microUS as a diagnostic and biopsy guid-
ing method increased the AUC for csPCa detection 
versus PI-RADS classification only (AUC 0.776  
vs 0.694) for all cores csPCa detection, respectively. 
However, we recommend not to skip systematic bi-
opsy, since it could result in additional missed csPCa. 
Recent advances in prostate cancer pathways have 
tried to solve or at least ameliorate its overdiagnosis 
and overtreatment. Classically a patient with a high 
total PSA would undergo a randomized double sextant 
prostate biopsy with a conventional ultrasound probe.

Figure 2 and 3. Receiver operating characteristics curves of the ExactVu™ for the detections of clinically significant prostate can-
cer. Left, for overall biopsy detection [AUC PI-RADS 0.694 (0.607–0.782), PRI-MUS 0.776 (0.700–0.852)]; Right, for targeted biopsy 
detection [AUC PI-RADS 0.733 (0.646–0.819), PRI-MUS 0.801 (0.726–0.875)].
ExactVu™ – Exact Imaging, Markham, Canada; AUC – area under curve; ROC Curve – receiver operating characteristic curve; PI-RADS – Prostate Imaging 
Reporting & Data System; PRI-MUS – Prostate Risk Identification using MicroUltraSound
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ity may be reached within the first 20 to 40 cases 
and expert specificity after 40 to 90 cases [10], which  
in dedicated practices may be easy to reach.
One of the limitations of the classification was 
only being suited for the peripheral zone diagnosis.  
A further study [11] found that the PRI-MUS score 
could be applied also to transition and anterior 
zones, maintaining a good performance, however the  
PRI-MUS classification for anterior zone is slightly 
modified and its validation is yet to be determined.
During the last years some institutions [11–16] have 
reported their initial experiences, reporting sensitiv-
ities for csPCa from 65–100%, specificities between 
15-73%, positive predictive values 35–93% and nega-
tive predictive values of 31–100%. The range of val-
ues highlights that results can be operator-depen-
dent and affected by patients’ selection.
Klotz et al. [17] analyzed the performance of the Ex-
actVu™ system in detecting csPCa in 1040 patients 
from 11 centers in their initial experiences, with 
microUS showing a better sensitivity than mpMRI 
for predicting ISUP ≥2 PCa (94 vs 90%, p = 0.03), 
with non-inferior specificity (22 vs 22%, p <0.001 
for non-inferiority). In our experience both meth-
ods revealed sensitivities above 90%, with micro-ul-
trasound having a higher specificity [44% (CI 95%:  
33–55%) vs 19% (CI 95%: 11–28%); for PRI-MUS ≥3 
and PI-RADS ≥3, respectively].
In our previous experience [18], targeted biopsies 
presented higher rates of csPCa detection when bi-
opsy was performed with microUS using the tech-
nique described in this article than with the Artemis 
robotic arm fusion system with mpMRI fused images 
(38 vs 23%, p = 0.02), in similar patient populations.
In a recent multicenter trial [19] comparing csPCa 
detection between mpMRI and microUS, microUS 
targeted biopsy was non-inferior to mpMRI targeted 
biopsy, detecting 97% of cases of the latter (95% CI 
80–116%, p = 0.023). This is consistent with the re-
sults from our study, where microUS detected 57/62 
(with 39 negative results) and mpMRI 60/62 (with  
17 negative results) cases of csPCa.
Evaluating the role of the microUS as a stratification 
tool in 111 patients with a PI-RADS 3 score, Avolio 
et al. [20], reported that among 30 patients with-
out suspicious lesions (PRI-MUS 1–2), 25 (83.3%) 
had no PCa, 5 (16.7%) had ISUP 1 PCa and none 
(0%) had csPCa. These results support the role for 
the microUS as a stratification tool in the presence 
of an equivocal mpMRI. In our study, we had 11 pa-
tients with a PI-RADS 3 and PRI-MUS 2 scores, with  
2 (18%) of them having a csPCa that would have 
been missed by suppressing their biopsies.
We view microUS as a valuable technology, that  
is fast to learn and easy to implement, that may be 

The implementation of mpMRI for prostate cancer 
diagnosis has made possible for clinicians to reduce 
the number of patients undergoing biopsy and be-
ing diagnosed with non-clinically significant prostate 
cancer (ncsPCa) [3].
However, its clinical application may be hindered  
by the exam costs and availability, additional cost 
of acquiring fusion devices (even though those have 
been found to be cost effective) [7], the need for ad-
ditional radiologist training, only moderate interob-
server agreement [8], the longer procedure time 
before completing an adequate learning curve [9],  
or the potential toxicity of gadolinium.
The microUS systems are comparatively simpler  
to use and free from toxicities; although they may be 
less suited for active surveillance since image com-
parison would be more difficult.
With their real-time superior resolution, they may 
be suitable as (a) diagnostic tools on their own or (b) 
further refinement of the biopsy pathway as diagnos-
tic and targeting tool after mpMRI.
The PRI-MUS system has been validated as a diag-
nostic tool per se, achieving good performance in de-
tecting csPCa [4]. Although all urologists are famil-
iar with ultrasound guided biopsies, the recognition 
of microUS validated suspicious patterns may take 
some practice to get used to. Some studies have fo-
cused on this topic, with a multi-institutional study 
involving 9 clinicians who completed a pre-deter-
mined training program suggesting that with proper 
mentoring and advice from experts, expert sensitiv-

Figure 4. Report of different biopsy strategies’ results by ISUP 
grading.
ISUP – International Society of Urological Pathology; microUS – micro-ultra-
sonography; MRI – magnetic resonance imaging
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croUS had a very good sensitivity and negative pre-
dictive value in detecting clinically significant pros-
tate cancer, with acceptable specificity and positive 
predictive values; with better AUC than mpMRI.
In our population, the use of microUS for stratifica-
tion of patients with a PI-RADS 3 would have re-
duced biopsy numbers in this cohort by 40% while 
missing 18% of csPCa diagnosis.
With its good performance and some technical ad-
vantages over mpMRI, we believe microUS biopsy 
has great potential and may soon find a place as a di-
agnostic tool in addition to MRI or instead of mpMRI 
in regions where its availability is limited.
Further studies may also further expand its role  
in equivocal mpMRI results, patients with suspected 
prostate cancer and previous negative biopsies, local 
staging and active surveillance.
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useful in diagnosis (as a cheaper MRI replacement) 
and stratification (following MRI) due to maintain-
ing high sensitivity with better specificity in identify-
ing csPCa. Its role in active surveillance is less clear 
by now, as ultrasound obtained images are more dif-
ficult to compare. It will be interesting to see if these 
kinds of devices develop higher clinical adoption  
in the future and if our and other institutions’ re-
sults are reproducible in multicenter studies. In the 
future the addition of artificial intelligence visualiza-
tion tools may provide further guidance in recogniz-
ing areas of interest, which could prove an additional 
improvement.
Our study has certain limitations, those being: it has 
a small sample, from a small number of practicians, 
from a single center; not all patients had a single re-
gion of interest; no real gold standard was used (gold 
standard for comparison would be the specimen from 
radical prostatectomy); since mpMRI was performed 
first in all patients and was one of the main factors 
for deciding whether to pursue or not with a biopsy, 
we also were unable to compare in a real life scenario 
the test characteristics of mpMRI and microUS for 
csPCa detection.

CONCLUSIONS

In our single center study, the new biopsy system 
was easily implemented into the clinical routine. Mi-

References
1.	 Ferlay J, Soerjomataram I, Dikshit R, et al. 

Cancer incidence and mortality worldwide: 
sources, methods and major patterns  
in GLOBOCAN 2012. Int J Cancer. 2015; 
136: E359-E386.

2.	 Mottet N CP, vand den Bergh RCN, Briers E,  
et al. EAU EANM ESTRO ESUR ISUP SIOG 
Guidelines on Prostate Cancer. European 
Association of Urology 2022.

3.	 Drost FH, Osses DF, Nieboer D, et al. 
Prostate MRI, with or without MRI-
targeted biopsy, and systematic biopsy 
for detecting prostate cancer. Cochrane 
Database Syst Rev. 2019; 4: CD012663.

4.	 Ghai S, Eure G, Fradet V, et al. Assessing 
Cancer Risk on Novel 29 MHz Micro-
Ultrasound Images of the Prostate: 
Creation of the Micro-Ultrasound  
Protocol for Prostate Risk Identification.  
J Urol. 2016; 196: 562-569.

5.	 Weinreb JC BJ, Choyke PL, et al. PI-RADS  
Prostate Imaging-Reporting and Data 

System, v2.1. American College  
of Radiology; 2019. Available from:  
https://www.acr.org/-/media/ACR/Files/
RADS/Pi-RADS/PIRADS-V2-1.pdf.

6.	 van Leenders G, van der Kwast TH,  
Grignon DJ, et al. The 2019 International 
Society of Urological Pathology (ISUP) 
Consensus Conference on Grading  
of Prostatic Carcinoma. Am J Surg Pathol. 
2020; 44: e87-e99.

7.	 Barnett CL, Davenport MS, Montgomery JS,  
Wei JT, Montie JE, Denton BT. Cost-
effectiveness of magnetic resonance 
imaging and targeted fusion biopsy  
for early detection of prostate cancer.  
BJU Int. 2018; 122: 50-58.

8.	 Chen F, Cen S, Palmer S. Application 
of Prostate Imaging Reporting and 
Data System Version 2 (PI-RADS v2): 
Interobserver Agreement and Positive 
Predictive Value for Localization  
of Intermediate- and High-Grade Prostate 
Cancers on Multiparametric Magnetic 

Resonance Imaging. Acad Radiol. 2017;  
24: 1101-1106.

9.	 Halstuch D, Baniel J, Lifshitz D, Sela S, Ber Y,  
Margel D. Characterizing the learning 
curve of MRI-US fusion prostate biopsies. 
Prostate Cancer Prostatic Dis. 2019; 22: 
546-551.

10.	 Cash H, Hofbauer S, Shore N, et al. 
Prostate Cancer Detection by Novice 
Micro-Ultrasound Users Enrolled  
in a Training Program. Société 
Internationale d'Urologie Journal.  
2022; 3: 62-68.

11.	 Lughezzani G, Maffei D, Saita A, et al. 
Diagnostic Accuracy of Microultrasound 
in Patients with a Suspicion of Prostate 
Cancer at Magnetic Resonance Imaging:  
A Single-institutional Prospective Study. 
Eur Urol Focus. 2021; 7: 1019-1026.

12.	 Rodriguez Socarras ME, Gomez Rivas J, 
Cuadros Rivera V, et al. Prostate Mapping 
for Cancer Diagnosis: The Madrid Protocol. 



Central European Journal of Urology
32

Transperineal Prostate Biopsies Using 
Multiparametric Magnetic Resonance 
Imaging Fusion and Micro-Ultrasound 
Guided Biopsies. J Urol. 2020; 204: 726-
733.

13.	 Lughezzani G, Saita A, Lazzeri M, et al. 
Comparison of the Diagnostic Accuracy  
of Micro-ultrasound and Magnetic 
Resonance Imaging/Ultrasound Fusion 
Targeted Biopsies for the Diagnosis  
of Clinically Significant Prostate Cancer.  
Eur Urol Oncol. 2019; 2: 329-332.

14.	 Cornud F, Lefevre A, Flam T, et al.  
MRI-directed high-frequency (29MhZ) 
TRUS-guided biopsies: initial results  
of a single-center study. Eur Radiol. 2020; 
30: 4838-4846.

15.	 Abouassaly R, Klein EA, El-Shefai A, 
Stephenson A. Impact of using 29 MHz 

high-resolution micro-ultrasound  
in real-time targeting of transrectal 
prostate biopsies: initial experience.  
World J Urol. 2020; 38: 1201-1206.

16.	 Wiemer L, Hollenbach M, Heckmann R,  
et al. Evolution of Targeted Prostate  
Biopsy by Adding Micro-Ultrasound  
to the Magnetic Resonance Imaging 
Pathway. Eur Urol Focus. 2021; 7:  
1292-1299.

17.	 Klotz L, Lughezzani G, Maffei D, et al. 
Comparison of micro-ultrasound  
and multiparametric magnetic  
resonance imaging for prostate  
cancer: A multicenter, prospective  
analysis. Can Urol Assoc J. 2021;  
15: E11-E16.

18.	 Claros OR, Tourinho-Barbosa RR,  
Fregeville A, et al. Comparison of Initial 

Experience with Transrectal Magnetic 
Resonance Imaging Cognitive Guided 
Micro-Ultrasound Biopsies versus 
Established Transperineal Robotic 
Ultrasound Magnetic Resonance  
Imaging Fusion Biopsies for Prostate 
Cancer. J Urol. 2020; 203: 918-925.

19.	 Hofbauer SL, Luger F, Harland N, et al.  
A non-inferiority comparative analysis  
of micro-ultrasonography and  
MRI-targeted biopsy in men at risk  
of prostate cancer. BJU Int. 2022;  
129: 648-654.

20.	 Avolio PP, Lughezzani G, Paciotti M,  
et al. The use of 29 MHz transrectal  
micro-ultrasound to stratify the prostate 
cancer risk in patients with PI-RADS III 
lesions at multiparametric MRI:  
A single institutional analysis. Urol Oncol.  
2021; 39: 832e1-832e7. 


