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Abstract: Background/Objectives: The diagnostic approach to prostate cancer (PCa) has
evolved from systematic biopsies to imaging-guided strategies that improve detection of
clinically significant PCa (csPCa) while reducing overdiagnosis. Multiparametric magnetic
resonance imaging (mpMRI) has emerged as the gold standard for pre-biopsy evaluation,
while micro-ultrasound (MicroUS) offers a promising alternative with real-time imaging
capabilities. Methods: We examined the principles, image interpretation frameworks
(Prostate Imaging Reporting and Data System (PI-RADS) and Prostate Risk Identification
using Micro UltraSound (PRI-MUS)), and clinical applications of mpMRI and MicroUS,
comparing their diagnostic accuracy in biopsy-naïve patients, repeat biopsy scenarios,
active surveillance, and staging. Results: mpMRI improves csPCa detection, reduces
unnecessary biopsies, and enhances risk stratification. Landmark studies such as PRE-
CISION (Prostate Evaluation for Clinically Important Disease: Sampling Using Image
Guidance or Not?) and PRIME (Prostate Imaging Using MRI±Contrast Enhancement) con-
firm its superiority over systematic biopsy. However, mpMRI remains resource-intensive,
with limitations in accessibility and interpretation variability. Conversely, MicroUS, with
its high-resolution real-time imaging, shows non-inferiority to mpMRI and potential ad-
vantages in magnetic resonance imaging (MRI)-ineligible patients. It improves lesion
visualization and biopsy targeting, with ongoing trials such as OPTIMUM (Optimization of
prostate biopsy—Micro-Ultrasound versus MRI) evaluating its standalone efficacy.
Conclusions: mpMRI and MicroUS are complementary modalities in PCa diagnosis. While
mpMRI remains the preferred imaging standard, MicroUS offers an alternative, particularly
in patients with MRI contraindications. Combining these techniques could enhance diag-
nostic accuracy, reduce unnecessary interventions, and refine active surveillance strategies.
Future research should focus on integrating both modalities into standardized diagnostic
pathways for a more individualized approach.

Keywords: prostate cancer; MRI; micro-ultrasound; PI-RADS; PRI-MUS; targeted biopsy;
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1. Introduction
The diagnostic landscape for prostate cancer (PCa) has evolved significantly, transi-

tioning from random systematic biopsies—long considered the gold standard—to more tar-
geted imaging-driven approaches. Multiparametric magnetic resonance imaging (mpMRI)
has emerged as the diagnostic gold standard for detecting clinically significant PCa (csPCa)
while minimizing overdiagnosis of clinically insignificant cases. Additionally, alternative
modalities like micro-ultrasound (MicroUS) have shown promise with diagnostic accuracy
comparable to mpMRI. Despite these advancements, challenges remain in fully integrating
these imaging technologies into standard clinical practice. Variability in accessibility, cost,
operator dependency, and the need for standardized interpretation limit their widespread
adoption. Furthermore, there is an ongoing need to refine patient selection criteria and
optimize the diagnostic workflow to balance sensitivity, specificity, and clinical utility. We
aim to summarize the evidence supporting these imaging tools and their roles in optimizing
the diagnostic workflow for PCa.

2. Magnetic Resonance Imaging (MRI)
Multiparametric MRI of the prostate includes various anatomical and functional imag-

ing parameters, each focusing on specific aspects of the prostate gland. MRI combines
T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), diffusion-weighted imag-
ing (DWI), and dynamic contrast-enhanced imaging (DCE). These sequences provide
high-resolution anatomical and functional details, distinguishing indolent from significant
cancer and supporting risk stratification and image-guided biopsies. T1WI is particularly
useful for identifying hemorrhages post-biopsy, while T2WI delineates prostate zonal
anatomy. T2WI offers precise anatomical details, differentiating the peripheral and transi-
tion zones. Prostate cancer typically appears hypointense due to high cellularity and low
water content, though conditions like prostatitis or post-biopsy hemorrhage may mimic
malignancy. DWI evaluates water diffusion, with cancerous tissue showing restricted
diffusion—hyperintense on high b-value images and hypointense on apparent diffusion
coefficient (ADC) maps. Optimal protocols include high b-values (1400–2000 s/mm2).
Quantitative analysis of apparent diffusion coefficient (ADC) values can further enhance
differentiation between aggressive and indolent tumors [1,2]. DCE uses gadolinium-based
contrast to assess tissue perfusion. PCa shows early contrast wash-in and wash-out patterns,
useful in ambiguous cases or recurrence evaluation despite debates about cost and gadolin-
ium safety [3,4]. Prostate Imaging Reporting and Data System (PI-RADS) assigns lesion
scores (1–5) based on the likelihood of csPCa. PI-RADS 4 and 5 often warrant biopsy,
while scores ≤2 usually do not. Although widely adopted, flexibility exists in applying
PI-RADS vs. the Likert scoring system [5]. Current updates to PI-RADS emphasize struc-
tured reporting, and integration with clinical parameters like PSA density as such does not
provide management recommendations. At present, PI-RADS v.2.1 (Figure 1) is widely
used, though some experienced radiologists prefer the subjective Likert scoring system,
emphasizing flexibility in considering additional parameters beyond the rigid PI-RADS
criteria [6–8]. Biparametric MRI (bpMRI) and mpMRI differ in the imaging techniques
used to evaluate the prostate. MpMRI employs three sequences—T2-weighted imaging,
diffusion-weighted imaging (apparent diffusion coefficient (ADC)), and dynamic contrast-
enhanced imaging—while bpMRI uses only the first two, omitting contrast agents. Studies
suggest that bpMRI is faster, cheaper, and safer than mpMRI while maintaining comparable
accuracy, sensitivity, and specificity for detecting csPCa [9–12]. However, mpMRI may
still be preferable in certain scenarios, such as in patients with PSA levels of 10–20 ng/mL,
and current guidelines generally recommend mpMRI for broader clinical use [13]. Further



Soc. Int. Urol. J. 2025, 6, 39 3 of 12

research, including the upcoming Prostate Imaging Using MRI±Contrast Enhancement
(PRIME) trial, will help clarify the best imaging approach for csPCa.

 

Figure 1. Prostate Imaging Reporting and Data System (PI-RADS) v2.1. T2WI represents T2-weighted
imaging and DWI represents diffusion-weighted imaging. DCE represents dynamic contrast-
enhanced imaging.

3. MRI PCa Diagnosis in Biopsy-Naïve Patients
Systematic transrectal ultrasound-guided (TRUS) biopsy has historically been shown

to underestimate the Gleason grade of prostate tumors, leading to inaccurate risk assess-
ment and suboptimal treatment decisions. Additionally, TRUS biopsy often detects a
higher proportion of low-risk, clinically insignificant PCa, contributing to overdiagnosis,
psychological burden, and potential overtreatment. In contrast, mpMRI has proven effec-
tive in diagnosing, localizing, risk-stratifying, and staging csPCa, including in patients
undergoing their first biopsy. Several studies highlight the advantages of mpMRI over
systematic biopsy. For example, Panebianco et al. [1] reported that 52% of men with a prior
negative TRUS biopsy were found to have csPCa on mpMRI-targeted biopsy. Similarly,
Haffner et al. [2] showed higher detection rates of csPCa in the MRI-targeted biopsy arm
(63%) compared to systematic biopsy (54%). Van der Leest’s 2018 multicenter study also
found that mpMRI-guided biopsy detected similar rates of csPCa (25% vs. 23% with sys-
tematic biopsy) while significantly reducing the detection of clinically insignificant PCa
(14% vs. 25%). However, this study noted that combining systematic and MRI-targeted
biopsies could have introduced bias in assessing each method independently [3]. More
recent high-quality evidence supports the use of mpMRI. The Prostate Evaluation for
Clinically Important Disease: Sampling Using Image Guidance or Not? (PRECISION) trial
demonstrated that mpMRI with targeted biopsy detected more csPCa (≥Gleason Grade
(GG)2) with fewer cores than standard systematic biopsy while reducing the detection of
clinically insignificant PCa [4]. Notably, over 25% of men in the mpMRI arm avoided a
biopsy altogether. Similarly, a Canadian randomized controlled trial found that 38% of
men in the mpMRI arm avoided biopsy due to negative MRI results (PI-RADS ≤ 2), while
csPCa detection was higher in the mpMRI arm (35% vs. 30% with systematic biopsy) and
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detection of clinically insignificant PCa was lower (10% vs. 22%) [5]. A follow-up study
confirmed no significant difference in csPCa detection between the arms, despite fewer
biopsies in the MRI group [6]. These findings, supported by multiple studies, have led
to guideline recommendations favoring mpMRI before biopsy. This approach improves
the detection and localization of csPCa, reduces unnecessary biopsies, and minimizes
overdiagnosis of low-risk PCa.

4. MRI PCa Diagnosis in Repeat Biopsy Settings
Detecting csPCa remains a key quality-of-care concern, with the diagnostic pathway

differing significantly from other solid organ cancers [7]. The current standard, TRUS
biopsy, relies on semi-random [8]. In this context, mpMRI has emerged as a valuable tool
for evaluating the risk of csPCa, particularly in men with elevated prostate-specific antigen
(PSA) levels or abnormal digital rectal exams. A Cochrane [9] review reported mpMRI’s
sensitivity for detecting csPCa (International Society of Urological Pathology (ISUP)
grade ≥ 2) at 0.91, though specificity was lower at 0.37. Detection rates for csPCa based
on PI-RADS scores increase with higher scores: 6% for PI-RADS 2, 12% for PI-RADS 3,
48% for PI-RADS 4, and 72% for PI-RADS 5. The Likert scoring system, based on subjec-
tive radiologist assessments, demonstrated high sensitivity (0.94) and specificity (0.77) for
prostate cancer diagnosis [10,11]. Grivas et al. [12] conducted a systematic review focusing
on detection rates of PCa and csPCa in patients with negative initial biopsies but positive
mpMRI findings. Their analysis revealed:

• For PI-RADS 3, csPCa detection ranged from 2.5% to 22%.
• For PI-RADS 4, csPCa detection ranged from 7.7% to 45%.
• For PI-RADS 5, csPCa detection reached up to 50%.

These findings suggest tailored follow-up strategies: monitoring with repeat mpMRI
and prostate-specific antigen (PSA) testing for PI-RADS 3 lesions, guiding biopsy decisions
with imaging for PI-RADS 4, and standard repeat biopsies for PI-RADS 5. This approach
underscores the importance of re-evaluating initial mpMRI results to optimize outcomes.
In addition to imaging, biomarkers offer potential for noninvasive risk assessment. While
biomarkers like the prostate health index and PCA3 were found to be less accurate and
cost-effective compared to imaging-based pathways, others, such as the 4-kallikrein panel,
show promise and are undergoing further validation [13].

5. MRI and Active Surveillance
mpMRI plays a pivotal role in selecting and monitoring active surveillance (AS)

candidates, offering high negative predictive value and reducing unnecessary biopsies. The
Prostate Cancer Radiological Estimation of Change in Sequential Evaluation (PRECISE)
score assesses progression risk during AS, though robust trials are needed to refine imaging
intervals and progression thresholds. Combining mpMRI with biomarkers like PSA velocity
enhances surveillance accuracy [14].

6. MRI and Staging
Precise locoregional staging of PCa at the time of diagnosis is crucial for optimizing

treatment strategies and avoiding both overtreatment and undertreatment. The TNM clas-
sification system is used to determine the extent of PCa spread. Currently, PCa staging is
primarily based on serum PSA levels, digital rectal examination (DRE), and Gleason score,
which can sometimes underestimate the true extent of disease. Extracapsular extension and
seminal vesicle invasion are associated with an increased risk of biochemical recurrence
following definitive treatment due to a greater likelihood of positive surgical margins and
lymph node metastases. The ability to accurately identify extraprostatic disease using
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mpMRI allows for more precise surgical planning, potentially reducing the incidence of
positive margins in final pathology. For patients with T3a disease, standard treatment
options include radical prostatectomy or brachytherapy. However, managing T3b disease
often necessitates a multimodal approach incorporating long-term androgen deprivation
therapy along with definitive treatment. The ability to localize seminal vesicle and re-
gional invasion with mpMRI facilitates tailored therapeutic decisions. A study involving
532 patients who underwent mpMRI prior to MRI-ultrasound fusion biopsy (MRUSFBx)
and radical prostatectomy demonstrated that incorporating mpMRI into clinical nomo-
grams improved the predictive accuracy for organ-confined disease, extraprostatic ex-
tension, seminal vesicle invasion, and lymph node involvement. A meta-analysis of
75 studies assessing the accuracy of mpMRI in PCa staging reported sensitivity and speci-
ficity values of 0.57 and 0.91 for detecting extraprostatic disease and 0.58 and 0.96 for
seminal vesicle invasion. These findings highlight mpMRI’s high specificity for locore-
gional staging, though a negative scan does not necessarily rule out extraprostatic disease.
Various scoring systems have been developed to assess the likelihood of extraprostatic
extension on mpMRI, including the European Society of Urogenital Radiology score, the
Likert scale, tumor contact length, and extraprostatic extension grade. A retrospective
study comparing these criteria emphasized the value of extraprostatic extension grade,
which integrates both quantitative and qualitative mpMRI parameters while being less
dependent on the radiologist’s experience. Additionally, recent research has identified
the capsular enhancement sign on DCE MRI as a highly specific marker for extraprostatic
extension. Further studies are needed to refine the most sensitive and specific parameters
for identifying extraprostatic spread. A hypointense signal on T2WI, restricted diffusion
on DWI, and early enhancement on DCE MRI may indicate seminal vesicle invasion and
infiltration of adjacent structures. However, the ability of mpMRI to detect nodal metas-
tases remains limited due to its restricted field of view compared to whole-body imaging
techniques. Relying solely on lymph node size to distinguish between malignant and
benign nodes can lead to both false positives (e.g., inflammatory lymphadenopathy) and
false negatives (e.g., micro metastases below the detection threshold). Traditionally, PCa
staging has included computed tomography (CT) and bone scintigraphy to assess nodal
and distant metastases. However, novel imaging techniques such as prostate-specific mem-
brane antigen positron emission tomography (PSMA PET) have demonstrated improved
accuracy. In a study of 764 men with intermediate- to high-risk PCa undergoing PSMA
PET before radical prostatectomy, the sensitivity and specificity for detecting pelvic nodal
metastases were 0.40 and 0.95, respectively. This suggests that PSMA PET provides high
specificity for detecting nodal disease, though small metastases may still go undetected,
meaning a negative scan does not entirely exclude nodal involvement. The role of MRI in
detecting local recurrence after radical prostatectomy is also being increasingly recognized.
Furthermore, functional MRI with diffusion and perfusion imaging has shown potential in
identifying local recurrence even at low PSA levels. This capability is clinically significant,
as early detection of recurrence can alter management strategies, particularly in the context
of salvage radiation therapy (SRT). MRI has been shown to outperform CT in delineating
local recurrences and defining target volumes for radiation therapy, potentially enabling
dose escalation while minimizing toxicity. Furthermore, dynamic contrast-enhanced (DCE)
MRI and DWI have been identified as effective tools in distinguishing between recurrent
tumor tissue and post-surgical fibrosis [15–22].

7. Benefits and Pitfalls of MRI
MRI’s superior tissue contrast improves csPCa detection, facilitates targeted biopsies,

and supports precise treatment planning (e.g., radiotherapy targeting). It also aids in
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surveillance and early recurrence detection. Its use in pre-biopsy settings can stratify
patients more effectively, reducing invasive procedures [23,24]. MRI is resource-intensive,
with access limitations due to cost, patient incompatibilities (e.g., implants, claustrophobia),
or interpretation variability. Overdiagnosis of insignificant lesions remains a concern,
highlighting the need for careful clinical judgment. Long-term benefits of MRI-guided
pathways require further validation [4,25,26].

8. Micro-Ultrasound
Conventional transrectal ultrasound (TRUS) of the prostate typically employs a

6–9 MHz curved linear endocavity transducer, which provides real-time imaging crucial
for procedures such as local nerve blocks and systematic biopsy guidance [27]. However,
while it can detect internal prostatic tissue, its sensitivity for targeted sampling is limited,
with an axial resolution of 210 µm insufficient to visualize the prostatic ductal architecture.
To address this limitation, a new MicroUS system was developed, offering a resolution of
70 µm—optimal for visualizing the prostate ducts, which average 100 µm in size. This sys-
tem allows imaging of the entire prostate while maintaining high sensitivity and specificity.
Clinical testing in patients undergoing radical prostatectomy demonstrated superior accu-
racy compared to conventional TRUS, with further validation by Pensa et al., showing that
MicroUS resolves approximately 95% of prostatic ducts compared to 15% with conventional
ultrasound. The success of MicroUS is attributed to advanced transducer designs featuring
densely packed elements with wide bandwidth, enabling improved penetration depth
and a full field of view while maintaining high resolution. Unlike traditional ultrasound,
MicroUS effectively visualizes tissue architecture across all prostate zones, including the
anterior, transition, and peripheral zones. New clinical interpretation protocols, such as the
PRI-MUS (Prostate Risk Identification using Micro-UltraSound) system, first described by
Ghai et al., have been developed to identify cancer-specific patterns on MicroUS, demon-
strating robust cancer detection across all prostate regions (Figure 2). This technology
represents a significant advancement in prostate imaging and cancer detection [28–32].
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9. MicroUS Image Interpretation and PRI-MUS Scoring
MicroUS enables high-resolution visualization of prostate tissue, offering imaging

detail comparable to low-magnification microscopy. This precision allows differentiation
of prostate zones (peripheral, transition, central, and anterior fibromuscular stroma) and
detection of PCa based on distinct acoustic features. Cancer, most found in the peripheral
zone (77%), transition zone (20%), and less frequently in the central zone (3%), arises as
dense, hypoechoic areas where benign ducts condense into tumor tissue [34,35].

The PRI-MUS protocol assigns risk scores to lesions based on acoustic patterns. In
practice, interpreting these patterns involves systematically examining the prostate zones:

1. Anterior Prostate: Anterior tumors lack ducts, have a hypoechoic stroma, and are
longer than tall. Larger lesions may show irregular borders or loss of surrounding fat.
Benign prostatic hyperplasia (BPH) nodules, in contrast, appear as taller-than-long
structures with smooth, hyperechoic capsules and occasional ducts or cysts.

2. Central Zone: Rarely affected by cancer (3%), this zone serves as a reference for
evaluating echogenicity. Identifying midline landmarks, such as the verumontanum,
helps differentiate normal ducts from cancerous areas.

3. Peripheral Zone: Large, visible ducts indicate no cancer (PRI-MUS 1). As ducts
shrink or disappear, the lesion progresses to PRI-MUS 2 or higher. A mixed or
mottled echogenic background suggests PRI-MUS 4, while a hypoechoic or isoechoic
background relative to the central zone suggests PRI-MUS 5. Larger cancers may
disrupt adjacent tissue or the prostate capsule.

Additional features, such as the “starry night” pattern caused by calcifications, can
mimic cancer but may also indicate benign conditions like prior inflammation or urethral
calcifications [31,32,36,37].

10. MicroUS and PCa Diagnosis in Biopsy-Naïve Patients
MicroUS offers real-time, high-resolution imaging (70 µm), enabling precise visual-

ization of prostate lesions and supporting both biopsy decisions and targeted sampling.
While most studies on MicroUS performance have included men preselected with mpMRI
(PI-RADS ≥ 3), the data highlight its potential as an adjunct to or alternative for mpMRI.
In a multicenter trial by Hofbauer et al., MicroUS demonstrated non-inferiority to mpMRI,
detecting 97% of csPCa in men with a PI-RADS ≥3 lesion undergoing biopsy. Similarly,
Lughezzani et al. reported high sensitivity (86.5%) and negative predictive value (71.4%)
for PRI-MUS scoring in an Italian cohort. Studies combining targeted biopsies guided
by MicroUS and mpMRI showed no additional csPCa detection from systematic biopsies,
indicating the effectiveness of these approaches together. Two meta-analyses involving
over 2800 men confirmed that MicroUS achieves cancer detection rates comparable to
mpMRI, including cases of repeat biopsy. Furthermore, Wiemer et al. found that MicroUS
identified an additional 17% of csPCa and 9% of high-risk cancers missed by mpMRI alone,
suggesting that MicroUS could reduce the need for systematic biopsies while maintaining
diagnostic accuracy. Notably, in men with PI-RADS 3 lesions, MicroUS helped avoid
unnecessary biopsies in 27% of cases without missing csPCa. The ongoing Optimization of
prostate biopsy - Micro-Ultrasound versus MRI (OPTIMUM) trial is evaluating MicroUS
as a standalone or complementary tool to mpMRI, with a primary goal of establishing its
non-inferiority in detecting csPCa. This trial will also explore its potential as a screening
tool and its ability to reduce unnecessary biopsies, aiming to surpass the 30% reduction
seen in the mpMRI pathway. Early results suggest that MicroUS could play a key role in
prostate cancer diagnostics, offering a real-time, high-resolution alternative or adjunct to
mpMRI while potentially improving biopsy precision and patient outcomes [27,38–42].
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11. Microus and PCa Diagnosis in Repeat Biopsy Settings
MicroUS effectively identifies residual lesions post-negative MRI-targeted biopsy, with

sensitivity (91.2%) and NPV (66.7%) exceeding mpMRI [43]. Emerging data suggest its
utility in guiding repeat biopsies and minimizing overdiagnosis. Visualization of prior
biopsy channels aids in targeting unsampled areas.

12. Microus and Active Surveillance
Active surveillance is now the preferred approach for managing men with low-risk

prostate cancer, with its adoption significantly increasing over the past decade. When
patients are carefully selected and monitored, prostate cancer metastases and mortality are
rare. For example, a study of 1818 men on AS reported only four prostate cancer-related
deaths, though the rates of definitive treatment reached 36% at five years and 48% at ten
years. MRI-guided prostate biopsy has become the standard for identifying men who may
require active treatment upfront and monitoring disease progression during AS. Emerging
evidence suggests that high-resolution MicroUS is a promising alternative. Studies have
shown that MicroUS detects clinically significant cancers (Gleason Grade Group ≥ 2) with
sensitivity rates of 94–97% for PRI-MUS ≥3 lesions, comparable to MRI. Additionally,
the concept of a “double negative” (negative findings on both MRI and MicroUS) has
demonstrated strong predictive value, with no upgrades to Gleason Grade Group ≥2 in
one study. To further validate MicroUS’s role in AS, ongoing trials like the MUSIC-AS study
are comparing its accuracy in detecting clinically significant cancers during confirmatory
biopsies [28,29,34,35,44–47].

13. Microus and Staging
Recent studies have evaluated the utility of MicroUS for local staging in men undergo-

ing radical prostatectomy, comparing pre-operative imaging to whole-mount pathology.
Key MicroUS features associated with non-organ-confined disease include:

• Visible breach of the prostate capsule;
• Capsular bulging;
• Obliteration of the prostatic–seminal vesicle angle;
• Presence of a hypoechoic halo;
• Capsular contact length ≥ 15 mm.

The likelihood of T3 disease increases with the number of these factors present. These
findings have been used to develop a nomogram for predicting extracapsular extension
(ECE) based on MicroUS imaging. However, MicroUS has limitations in staging pelvic
lymph nodes, bony structures, and detecting recurrence, areas where MRI remains supe-
rior [30–32].

14. Benefits and Pitfalls of MicroUS
MicroUS offers unique advantages and specific challenges in prostate imaging, making

it a valuable tool in certain clinical scenarios. Understanding these benefits and limitations
is crucial for effective use. MicroUS enables immediate identification of suspicious prostate
lesions during the same clinical visit, unlike other imaging technologies requiring separate
appointments. It has demonstrated diagnostic accuracy comparable to mpMRI in several
studies. MicroUS provides high-resolution visualization of the prostate and surrounding
structures, including the capsule, neurovascular bundles, facial planes, and ejaculatory
ducts. This level of detail aids in precise lesion localization and planning for focal therapy
or surgical procedures. Features like needle scars from prior biopsies are visible even
years after the procedure, offering additional diagnostic context [32,36–38,40,41,48]. Mi-
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croUS could be useful in several scenarios. For men unable to undergo mpMRI due to
contraindications (e.g., pacemakers, metal implants, impaired kidney function, or claustro-
phobia), MicroUS provides an alternative with high diagnostic accuracy, reducing reliance
on systematic biopsy. In cases where MRI results are inconclusive or negative but clinical
suspicion remains (e.g., elevated PSA or abnormal DRE), MicroUS offers independent
diagnostic insights. Studies suggest that MicroUS detects csPCa 47% more effectively than
conventional ultrasound in MRI-negative cases. MicroUS supports real-time guidance for
treatments like laser ablation, cryotherapy, High-Intensity Focused Ultrasound (HIFU),
and steam therapy. Its fast imaging of lesion borders and critical structures enhances
control over treatment margins, improving precision and safety. Although useful in clinical
practice, MicroUS faces several limitations. Operator-dependent variability, artifacts (e.g.,
calcifications), and limited field-of-view may challenge accuracy. Continued refinement of
protocols (e.g., PRI-MUS updates) is needed to standardize usage. A key consideration in
the adoption of MicroUS is the potential for inter-observer variability, as image interpreta-
tion is operator-dependent. Unlike MRI, which has standardized reporting systems such as
PI-RADS, MicroUS interpretation relies on the PRI-MUS protocol, which requires dedicated
training for consistent application. Studies suggest that proficiency improves with experi-
ence, and structured training programs can enhance diagnostic accuracy while minimizing
variability. Given that urologists, rather than radiologists, are often the primary users of
MicroUS for biopsy guidance, hands-on training and validation studies remain essential
to ensure reproducibility and reliability across different clinical settings. Further research
should explore standardization efforts and learning curves to optimize its integration into
routine practice. Studies to assess inter-reader variability and training requirements are
critical for broader adoption [31,32].

15. Conclusions
MRI and MicroUS represent complementary modalities for localized PCa diagnosis.

While mpMRI remains the gold standard, MicroUS offers a valuable, real-time alterna-
tive, particularly in patients contraindicated for MRI. Combining these technologies could
further optimize detection, reduce unnecessary interventions, and refine active surveil-
lance strategies. Future studies should aim to validate their integration in diagnostic
pathways and explore their long-term clinical benefits. These advancements promise a
more individualized, patient-centered approach to prostate cancer care.
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