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Abstract 

Background: Accurate diagnosis of prostate cancer (PCa) remains challenging. 
Traditional ultrasound-guided biopsy has limited sensitivity and a high false-negative 
rate. Although MRI-guided biopsy improves detection, it is limited by inter-reader 
variability, steep learning curve, high cost, and may still miss up to 15% of clinically 
significant cases. Micro-ultrasound (micro-US) is a novel imaging technique offering 
high-resolution, real-time guidance with diagnostic performance potentially 
comparable to multiparametric MRI (mpMRI). 

Objective: To systematically compare the diagnostic performance of micro-US-guided 
and mpMRI-targeted prostate biopsies in detecting clinically significant prostate 
cancer (csPCa). 

Methods: In accordance with PRISMA-DTA guidelines, a systematic review was 
registered in PROSPERO (CRD42024513987). Searches were conducted across 
PubMed, Scopus, the Cochrane Library, and grey literature sources up to April 30, 
2025. Studies involving men who underwent both biopsy methods were included. 
Data were extracted on detection rates, sensitivity, specificity, and predictive values 
for csPCa. Methodological quality was assessed using the QUADAS-2 tool. 

Results: A total of 4,689 patients were included across sixteen studies. Among 3,707 
patients with a positive micro-US (PRIMUS ≥ 3), 1,586 (42.8%) cases of clinically csPCa 
were detected. In comparison, among 3,813 patients with a positive mpMRI (PIRADS 
≥ 3), 1,449 (38%) cases of csPCa were identified. In nine studies, micro-US 
outperformed mpMRI. The sensitivity of micro-US ranged from 67% to 93.9%, while 
specificity ranged from 7.1% to 57%.  

Conclusions: Micro-US provides diagnostic accuracy comparable to mpMRI, with 
additional advantages in cost, accessibility, and ease of implementation. 

Keywords: prostate cancer, micro-ultrasound, multiparametric MRI, prostate biopsy, 
clinically significant prostate cancer, diagnostic accuracy, systematic review 
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Περίληψη 

Εισαγωγή: Η διάγνωση του καρκίνου του προστάτη (PCa) παραμένει απαιτητική. Η 
παραδοσιακή βιοψία έχει χαμηλή ευαισθησία και υψηλό ποσοστό ψευδώς 
αρνητικών αποτελεσμάτων. Αν και η MRI-καθοδηγούμενη βιοψία είναι πιο ακριβής, 
παρουσιάζει υψηλότερο κόστος, μεγαλύτερη πολυπλοκότητα και εξαρτάται σε 
μεγάλο βαθμό από την εμπειρία του εξεταστή. Ο μικρο-υπέρηχος (micro-US) 
αποτελεί μια νεότερη τεχνική απεικόνισης υψηλής ανάλυσης, με προοπτική να 
προσφέρει ανάλογη διαγνωστική ακρίβεια με την πολυπαραμετρική MRI (mpMRI). 

Στόχος: Η παρούσα μελέτη στοχεύει στη συστηματική σύγκριση της διαγνωστικής 
ακρίβειας της βιοψίας με micro-US και mpMRI για την ανίχνευση κλινικά σημαντικού 
καρκίνου του προστάτη (csPCa) 

Μέθοδος: Πραγματοποιήθηκε συστηματική ανασκόπηση σύμφωνα με τις οδηγίες 
PRISMA-DTA και καταχωρήθηκε στη βάση δεδομένων PROSPERO (CRD42024513987). 
Περιλήφθηκαν μελέτες στις οποίες οι ασθενείς υποβλήθηκαν και στις δύο τεχνικές 
έως τις 30/04/2025. Αξιολογήθηκαν δείκτες ευαισθησίας, ειδικότητας και 
ανίχνευσης. Η μεθοδολογική ποιότητα των μελετών εκτιμήθηκε με το εργαλείο 
QUADAS-2. 

Αποτελέσματα: Συνολικά 4.689 ασθενείς συμπεριλήφθηκαν σε δεκαέξι μελέτες. 
Μεταξύ 3.707 ασθενών που υποβλήθηκαν σε μικρο-υπερηχογράφημα (micro-US) με 
ταξινόμηση PRIMUS ≥ 3, ανιχνεύθηκαν 1.586 (42,8%) περιπτώσεις csPCa. Αντίστοιχα, 
μεταξύ 3.813 ασθενών με θετική mpMRI (PIRADS ≥ 3), ανιχνεύθηκαν 1.449 (38%) 
περιπτώσεις csPCa. Σε εννέα μελέτες, ο micro-US υπερίσχυσε της mpMRI. Η 
ευαισθησία του micro-US κυμάνθηκε από 67% έως 93,9%, ενώ η ειδικότητα 
κυμάνθηκε από 7,1% έως 57%. 

Συμπεράσματα: Ο micro-US προσφέρει συγκρίσιμη διαγνωστική ακρίβεια με την 
mpMRI, με πλεονεκτήματα το χαμηλότερο κόστος, την ευκολότερη διαθεσιμότητα  
και εφαρμογή. 

Λέξεις-κλειδιά: καρκίνος προστάτη, micro U/S, πολυπαραμετρική μαγνητική 
τομογραφία, βιοψία προστάτη, κλινικά σημαντικός καρκίνος προστάτη, διαγνωστική 
ακρίβεια, συστηματική ανασκόπηση
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1. Background 

1.1.  Prostate cancer incidence and screening methods 
Prostate cancer (PCa) is the most frequently diagnosed malignancy among 
men in Europe and represents the third leading cause of cancer-related 
mortality. In 2020 alone, approximately 1.4 million new cases were diagnosed 
worldwide, with over 375,000 related deaths, underscoring its significant 
global burden. These figures placed it as the fifth most common cause of 
cancer-related mortality in men (1). Geographical differences in prostate 
cancer incidence are strongly associated with the degree of PSA screening 
uptake, with countries such as those in North America and Western Europe 
showing higher detection rates due to widespread testing(2), compared to 
regions with limited screening uptake, including South-Central Asia and parts 
of Eastern Europe (3,4). Statistically, about 12.9% of men are expected to be 
diagnosed with the disease during their lifetime, and nearly 2.3% will 
eventually die from it. Most diagnoses occur at around the age of 67, and 
nearly 60% affect men aged 65 or older. Conversely, the disease is rare in those 
under the age of 40. In the United States alone, projections for 2025 indicate 
that 313,780 new cases will be reported, with 35,770 deaths anticipated  (5). 
Prostate cancer incidence shows considerable variation by race, with men of 
African descent experiencing notably higher rates (6). Despite significant 
reductions in mortality—over 50%—since the adoption of prostate-specific 
antigen (PSA) testing, racial disparities remain. Research has found that Black 
men are up to three times more likely than white men to die from prostate 
cancer, and among younger individuals, this gap can widen to more than four 
times. These disparities persist across different communities, even within the 
same state in the U.S. (7,8). 
Since PSA testing was introduced in clinical practice in 1987, the number of 
prostate cancer diagnoses has risen significantly (9). PSA is produced by the 
epithelial cells of the prostate and the main purpose of this kallikrein protein 
is to liquify semen and a small proportion is leaked into the circulation and gets 
detectable. While PSA is specific to the prostate, it is not exclusive to 
malignancy—elevated levels can be found in non-cancerous conditions such as 
benign prostatic hyperplasia (BPH), prostatitis, after ejaculation, or following 
urological procedures. Early implementation of PSA screening led to 
overdiagnosis and overtreatment, due in part to inconsistent screening 
practices and variable treatment decisions based on disease stage (10). 
Despite these shortcomings, PCa mortality rates were reduced by more than 
50%, albeit at the cost of excessive avoidable treatment and its associated side 
effects.  To improve diagnostic precision, PSA derivatives such as PSA density 
(PSAD) and PSA velocity (PSAV) have been introduced. PSA velocity, refers to 
the rate of change in PSA levels over time. A rapid increase in PSA (e.g., >0.75 
ng/mL/year) has been correlated with aggressive disease, although its utility 
remains limited by biological variability and measurement inconsistency(11). 
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PSA density, on the other hand, is calculated by dividing the PSA level by the 
prostate volume, typically measured via transrectal ultrasound or MRI. A 
higher PSAD—particularly above the commonly cited threshold of 0.15 
ng/mL/cm³—is associated with an increased probability of harboring csPCa. 
However, PSAD does not significantly improve the predictive accuracy of PSA 
alone, as ultrasound-based volume measurements can be imprecise, and the 
proportion of PSA-producing glandular tissue to non-producing stromal tissue 
varies between patients(12–15). Rather than serving as a primary diagnostic 
marker, PSAD is more useful for risk stratification in patients with confirmed 
PCa who are candidates for active surveillance (16).  
Prostate cancer screening remains a subject of ongoing debate due to the 
balance between early detection of aggressive disease and the potential harms 
of overdiagnosis. Traditional population-wide screening using total PSA 
thresholds (commonly >4.0 ng/mL) has demonstrated limited specificity and 
led to substantial detection of indolent tumors. Consequently, recent 
guidelines emphasize a more nuanced, risk-adapted approach that 
incorporates age, family history, ethnicity, PSA kinetics, and imaging findings 
(17). The impact of PSA screening on prostate cancer mortality has been 
primarily evaluated through two large-scale studies: the PLCO trial and the 
ERSPC trial. The PLCO trial, involving 76,693 men aged 55–74, compared 
annual screening to usual care but was criticized because over 90% of the 
control group had at least one PSA test, making it a comparison of routine vs. 
opportunistic screening (18,19). 
In contrast, the ERSPC and Göteborg studies (20,21) showed a significant 
reduction in prostate cancer deaths with PSA screening. The ERSPC trial 
reported a 21% reduction in disease-specific mortality, preventing one death 
per 781 men screened or per 27 cancers detected. After 20 years, this 
improved to one death prevented per 101 men screened or per 13 cancers 
detected (22). Recent analyses suggest that, accounting for study differences, 
the PLCO results may align with the ERSPC findings, supporting the benefit of 
PSA screening in reducing prostate cancer mortality (23). 
According to the EAU guidelines (17), PSA screening should be carefully 
considered, balancing the benefits of early cancer detection with the risk of 
overdiagnosis and overtreatment. PSA testing should only be performed after 
men have been informed about its possible advantages and drawbacks. An 
individualized, risk-adapted strategy is recommended for well-informed men 
with a life expectancy of at least 15 years. Early PSA testing is advised for men 
aged 50 or older, those aged 45 with a family history of prostate cancer or 
African descent, and men with BRCA2 mutations starting at age 40. For low-
risk individuals (PSA < 1 ng/mL at age 40 or < 2 ng/mL at age 60), follow-ups 
can be extended up to 8 years, while higher-risk individuals may require more 
frequent monitoring every 2 years.  
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1.2. Prostate biopsy in the diagnosis of PCa 

1.2.1. TRUS-Guided Biopsy in Prostate Cancer 
Diagnosis 

 
Until recent years, prostate cancer stood out as the only solid organ 
malignancy routinely diagnosed without the aid of targeted imaging, relying 
instead on non-directed tissue sampling in the hope of detecting malignancy 
by chance (17). Systematic transrectal ultrasound (TRUS)-guided prostate 
biopsy has long served as the standard diagnostic procedure for histological 
confirmation of prostate cancer (PCa). It is typically performed with 10 to 12 
cores sampled in a non-targeted manner, based on sextant or extended 
mapping schemes. However, its diagnostic performance is increasingly 
scrutinized, particularly for its inability to consistently identify clinically 
significant prostate cancer (csPCa).Despite widespread use, it is estimated that 
TRUS-guided biopsies are performed more than two million times annually 
across Europe and the United States (24–26). 
A major limitation of TRUS biopsy is its restricted sampling range thereby 
leading to high false-negative rates, estimated between 25% and 45% (27). In 
men with PSA levels between 4 and 10 ng/mL, the detection rate for prostate 
cancer using TRUS biopsy is approximately 40–45%. Moreover, up to 25% of 
prostate cancers are diagnosed following an initially negative biopsy, 
illustrating the method's suboptimal sensitivity. The false-negative rate is 
particularly concerning, ranging from 25% to as high as 45% in some studies. 
These diagnostic shortcomings are exacerbated in patients with larger 
prostate volumes, where lesions located in the anterior or apical regions are 
often inaccessible to conventional TRUS techniques (28). 
Technical constraints contribute significantly to missed diagnoses, with 
evidence indicates that conventional TRUS biopsy may miss many small-
volume lesions, limiting its effectiveness in early cancer detection. In response, 
extended biopsy protocols incorporating additional cores from the lateral 
peripheral and transition zones have been introduced to enhance cancer 
detection. However, despite these enhancements, detection rates have not 
improved substantially, and false-negative results still range between 16% and 
41% (28,29). 
Data from the PLCO (Prostate, Lung, Colorectal, and Ovarian) cancer screening 
trial underscore the limitations of this technique, with 43% of patients 
undergoing a repeat biopsy within three years due to persistently elevated PSA 
levels (30). Nonetheless, the long-term clinical consequences of missed 
cancers may be limited; after 13 years of follow-up, only 1.1% of men with an 
initially negative biopsy had died from prostate cancer, suggesting that many 
of the missed cases were likely indolent or low-risk (31). 
TRUS-guided biopsy is also associated with a notable complication profile. 
Patients may experience hematuria (22%), rectal bleeding (36%), and 
prolonged hematospermia (over 50%). The risk of urinary tract infections 
ranges from 0.5% to 6%, with sepsis occurring in 1–2% of cases (26,32,33). One 
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large-scale analysis involving over 10,000 biopsy procedures reported febrile 
urinary infections in 4.2% of patients, with hospitalization required in 0.8% of 
cases. Prostate volume greater than 40 mL and comorbid diabetes mellitus 
were identified as risk factors for post-procedural infection (34). 
Another key limitation of TRUS is its inability to reliably differentiate clinically 
significant prostate cancer (csPCa) from benign prostatic hyperplasia or other 
non-malignant conditions. The echogenic profile of prostate cancer can vary 
widely, with tumors appearing hyperechoic, isoechoic, or indistinguishable 
from surrounding benign tissue. At PSA levels below 10 ng/mL, only 30% of 
prostate cancers are detectable using TRUS imaging alone (35). 
A potential solution to the limitations of TRUS lies in the transperineal 
template mapping biopsy (TPMB) technique. This method involves systematic 
sampling of the entire prostate at 5 mm intervals through the perineum, 
offering nearly complete glandular coverage. TPMB has demonstrated high 
sensitivity (95%) and a similarly high negative predictive value, making it a 
valuable reference standard for prostate cancer detection. In addition, the 
transperineal approach minimizes infection risk by avoiding the rectal route, 
where a meta-analysis reported a 0.9% sepsis rate with TRUS biopsy versus 
0.1% with transperineal biopsy, and provides superior access to anterior and 
apical regions often missed by TRUS (26,36,37). 
Nevertheless, TPMB is associated with its own drawbacks. The procedure is 
resource-intensive, typically requiring general anesthesia due to the large 
number of cores extracted. It also carries an increased risk of urinary retention 
(5–10% in large prostates) and may lead to overdiagnosis of clinically 
insignificant cancers. For these reasons, TPMB is generally reserved for cases 
with persistently elevated PSA and prior negative biopsies, or when lesions are 
located in anterior regions of the prostate, which are less accessible with TRUS 
(38).  
 

1.2.2. mpMRI-Guided Prostate Biopsy 
In recent years, multiparametric magnetic resonance imaging (mpMRI) has 
revolutionized prostate cancer (PCa) diagnostics, introducing a more targeted 
and individualized approach to biopsy. Current guidelines now recommend the 
combination of mpMRI with systematic biopsy, particularly in biopsy-naïve 
men undergoing evaluation for localized PCa (17,39–41). 
mpMRI integrates both anatomical and functional imaging sequences—
specifically, T2-weighted imaging (T2W), diffusion-weighted imaging (DWI), 
and dynamic contrast-enhanced (DCE) sequences. Interpretation of mpMRI is 
standardized using the Prostate Imaging-Reporting and Data System (PI-RADS), 
currently in version 2.1 (42). PI-RADS assigns lesions a score from 1 (very low 
likelihood of clinically significant cancer) to 5 (very high likelihood). A PI-RADS 
score above 3 is generally considered an indication for biopsy in patients with 
elevated prostate-specific antigen (PSA) levels or abnormal digital rectal 
examination (DRE).  
The diagnostic superiority of mpMRI has been substantiated by major trials. 
The PROMIS trial (Prostate MR Imaging Study) provided pivotal evidence 
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supporting mpMRI as a triage test before biopsy. Involving 740 men with 
elevated PSA, positive family history, or abnormal DRE, the trial demonstrated 
that approximately 25% of patients could avoid biopsy based on negative 
mpMRI findings (PI-RADS <3). mpMRI exhibited a negative predictive value 
(NPV) of 82% for any prostate cancer and 98% for csPCa, outperforming the 
74% NPV associated with TRUS-guided biopsy (43).  
 
Beyond its diagnostic role, mpMRI also offers valuable information for local 
staging, such as lesion size, capsular involvement, and assessment of regional 
lymph nodes. Biopsies guided by mpMRI can be performed via three main 
approaches: 

1. In-bore MRI-guided biopsy, where the biopsy is conducted inside the 
MRI scanner using a rectal probe. 

2. MRI/ultrasound (US) fusion biopsy, which overlays mpMRI images onto 
real-time transrectal ultrasound images using dedicated software, 
offering greater precision and reduced operator dependency—though 
at higher cost. 

3. Cognitive fusion biopsy, a technique relying on the operator’s mental 
registration of MRI findings onto real-time ultrasound, which is cost-
effective but highly dependent on the clinician’s experience. 
 

However, a meta-analysis found no significant difference in csPCa detection 
between the three mpMRI-guided biopsy techniques (44). 
 
MRI/US fusion-guided biopsies have shown improved diagnostic performance 
compared to traditional TRUS-guided biopsies, with approximately 30% higher 
detection rates for csPCa and 17% fewer diagnoses of clinically insignificant 
cancers (45). These results are reinforced by the VISION meta-analysis, which 
pooled individual patient data from the PRECISION and PRECISE randomized 
trials. Involving 953 biopsy-naïve men, the study showed that mpMRI-targeted 
biopsy significantly increased csPCa detection (36.3% vs. 27.6%, p = 0.004) 
while reducing overdiagnosis of clinically insignificant cancer (9.6% vs. 21.9%, 
p < 0.001). Notably, 32.2% of men with negative MRI findings avoided biopsy 
altogether, underscoring the efficiency and patient-centered value of the 
mpMRI-based diagnostic pathway (46). 

Despite its transformative role in prostate cancer diagnostics, mpMRI presents 
several limitations. Its sensitivity, while generally high, varies widely (58–96%), 
and up to 16% of clinically significant prostate cancers (csPCa) may still be 
missed (47,48). Particularly challenging are cribriform Gleason 4 tumors, which 
often appear inconspicuous on MRI despite their aggressive behavior (49,50). 
The interpretation of PI-RADS 3 lesions remains ambiguous, requiring 
adjunctive tools such as PSA density for risk stratification, with evidence 
suggesting that biopsy may be avoided when PI-RADS 3 lesions coincide with a 
PSAD <0.15 ng/mL/cm³, although this requires careful clinical judgment 
(51,52). Moreover, although PI-RADS v2.1 upgrading rules have improved 
detection in transition zone (TZ) lesions, they may also increase false positives, 
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highlighting the need for individualized decision-making. According to a recent 
meta-analysis, lesions reclassified as PI-RADS “3+1” due to marked restricted 
diffusion demonstrate clinically significant prostate cancer (csPCa) detection 
rates as high as 37%, closely approximating the risk associated with PI-RADS 4 
lesions. Similarly, lesions upgraded to “2+1” exhibit a 13% csPCa detection 
rate, more than double that of unmodified PI-RADS 2 lesions. While this 
approach improves sensitivity, it may also increase false-positive rates, 
underscoring the need for tailored biopsy strategies when interpreting TZ 
findings (53). Operator dependency is another critical factor; diagnostic 
accuracy is significantly influenced by radiologist experience, with substantial 
interobserver variability (54,55). From a practical standpoint, mpMRI requires 
high-cost equipment, specialized training, and infrastructure that may not be 
widely available. Even when optimally applied, mpMRI-guided biopsy may 
underestimate tumor burden or fail to detect extracapsular extension, limiting 
its value in local staging(56). 

In summary, mpMRI represents a significant advancement in the diagnostic 
pathway for prostate cancer. When combined with biopsy, it improves 
detection of clinically meaningful disease while limiting unnecessary 
procedures. Nevertheless, its performance is dependent on reader expertise, 
technical quality, and lesion characteristics—factors that must be accounted 
for when integrating mpMRI into clinical decision-making. 

  

1.3. High-Resolution Micro-Ultrasound (micro-US): A 
Novel Imaging Modality in Prostate Cancer Diagnosis 

 
High-resolution micro-ultrasound (micro-US) is an emerging imaging 
technology developed by Exact Imaging (Toronto, Canada) designed to 
enhance prostate cancer (PCa) visualization and enable real-time targeted 
biopsy. Compared to conventional transrectal ultrasound (TRUS), micro-US 
offers markedly improved image resolution, potentially enabling the detection 
of subtle architectural changes in prostate tissue associated with malignancy. 
Operating at a frequency of 29 MHz—substantially higher than the 8–12 MHz 
range used in traditional ultrasound systems—micro-US achieves a 
significantly enhanced axial resolution of less than 70 µm, compared to 
approximately 200 µm with standard ultrasound. These improvements 
facilitate the identification of microanatomical alterations linked to high-grade 
tumors (57). 
Interpretation of micro-US findings is guided by the structured PRI-MUS score 
system, which categorizes lesion risk similarly to PI-RADS in multiparametric 
MRI (mpMRI). PRI-MUS assigns a score from 1 to 5, reflecting the probability 
that a given lesion represents clinically significant cancer (58). 
One of the key advantages of micro-US is the integration of imaging and biopsy 
into a single procedure, performed entirely by the urologist. This streamlined 
workflow reduces reliance on cross-specialty coordination and allows for 
immediate targeting of suspicious lesions. From a practical standpoint, micro-
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US systems share a similar physical footprint and cost profile with conventional 
ultrasound devices, making them more accessible than MRI-based modalities. 
Due to its integration ease and accessibility, micro-US presents a viable option 
for broader clinical deployment. 
Preliminary evidence supports the clinical utility of micro-US in prostate cancer 
diagnostics. Studies indicate that micro-US-guided prostate biopsy 
demonstrates higher sensitivity for detecting clinically significant prostate 
cancer (csPCa) than standard TRUS-guided biopsy (59). Emerging data suggest 
that micro-ultrasound may offer comparable csPCa detection rates to those 
achieved with mpMRI-guided biopsies (58). In a recent study by Lokeshwar et 
al., which compared four biopsy strategies—TRUS-only, MRI-TRUS fusion, 
microUS-only, and MRI-microUS fusion—in patients undergoing radical 
prostatectomy, the lowest Gleason upgrading rates were observed with MRI-
based techniques (13–15%), while TRUS and microUS alone showed higher 
rates (28–40%). Notably, combining microUS with MRI achieved performance 
similar to MRI-TRUS fusion, suggesting that microUS may enhance diagnostic 
concordance when used in fusion protocols (60) .Given its potential to 
combine the high-resolution imaging benefits of mpMRI with the convenience 
and immediacy of ultrasound, micro-US represents a promising diagnostic tool 
in the evaluation of suspected prostate cancer. In this context, the present 
systematic review and meta-analysis was conducted to evaluate the diagnostic 
accuracy of micro-US-guided prostate biopsy compared to mpMRI-targeted 
biopsy in detecting clinically significant prostate cancer. 

 

2. Materials and Methods 
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines were followed in this systematic review(61,62). The 
study's aims and methods were registered in a protocol on PROSPERO (ID: 
CRD42024513987). 

2.1. Search strategy  

A comprehensive systematic search was conducted across three major 
databases—PubMed, the Cochrane Library, and Scopus—from inception to 
April 30, 2025. The aim was to identify studies that directly compared the 
detection rates (DR) of high-resolution micro-ultrasound (micro-US)-guided 
and multiparametric MRI (mpMRI)-targeted prostate biopsy (PB) in the 
diagnosis of prostate cancer (PCa). To supplement the database search, 
additional grey literature sources were reviewed, including conference 
abstracts from leading urology journals and relevant trial information available 
on websites such as exactimaging.com. Reference lists of all included articles 
and related reviews were also manually screened to ensure completeness. All 
search activities were conducted by the author (KE). 
The PubMed search syntax was as follows: (((((prostat*) OR (prostatic 
neoplasms[MeSH Terms])) OR (prostatic disease[MeSH Terms])) AND ((biops*) 

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250



 

  
   8 

OR (biopsy[MeSH Terms]))) AND ((((((mpMRI) OR (multiparametric MRI)) OR 
(mp Magnetic Resonance Imaging)) OR (multiparametric magnetic resonance 
imaging)) OR (pMRI)) OR (multiparametric mri))) AND ((((((((micro ultrasound) 
OR (micro US)) OR (mUS)) OR (29Mhz)) OR (29 Mhz)) OR (EXACTVU)) OR (high 
resolution)) OR (high resolution TRUS)) 
Equivalent adaptations of this query were used for the Cochrane Library and 
Scopus databases. 

2.2. Inclusion and exclusion criteria  
We included diagnostic accuracy studies—either prospective or 
retrospective—in which all enrolled participants underwent both high-
resolution micro-ultrasound (micro-US) and multiparametric MRI (mpMRI)-
targeted prostate biopsies performed sequentially. Studies were excluded if 
they were single-arm, case reports, or focused exclusively on patients under 
active surveillance following a previous prostate cancer diagnosis. When 
multiple publications were identified with potentially overlapping cohorts, 
only the most recent or the most comprehensive full-text version was retained 
for analysis. 
 

2.3. Data Extraction and Quality Assessment  
All identified records were independently screened for eligibility by the author 
(KE). Data extraction was performed using a standardized Microsoft Excel 
spreadsheet designed in advance. For each eligible study, we recorded key 
information including study design, participant demographics, intervention 
details, and prostate cancer detection of each modality. In our analysis, micro-
ultrasound (micro-US)-guided prostate biopsy (PB) was considered the index 
test, while mpMRI-targeted PB functioned as the reference test. 
To assess the methodological rigor and risk of bias in the included studies, we 
used the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) 
tool (63).  
 
 

3. Results 

3.1. Study Selection 
The initial database search yielded a total of 187 records, including 102 from 
PubMed, 56 from Scopus, and 29 from the Cochrane Library. An additional 5 
records were identified through grey literature sources and targeted searches 
(e.g., Exact Imaging website). After removal of 62 duplicates, 125 unique 
records underwent title and abstract screening. Of these, 100 were excluded 
for not meeting the eligibility criteria, leaving 25 full-text articles assessed for 
eligibility. Eleven articles were subsequently excluded due to background 
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design (n=7), non-English full text (n=2), and non-comparative study design 
(n=2). Ultimately, 14 studies were included through database search and 2 
additional studies via grey literature, resulting in a total of 16 studies included 
in the systematic review. The PRISMA flow diagram detailing the selection 
process is presented in Figure 1 

Figure 1 PRISMA flow diagram 

 
 

3.2. Study Characteristics 
 

The 16 included studies were published between 2020 and 2025 and 
collectively enrolled 4,689 patients undergoing prostate biopsy. Thirteen 
studies were prospective in design, while three were retrospective. Most 
studies were conducted in North America and Europe and included either 
biopsy-naïve men or those with prior negative biopsy but ongoing clinical 
suspicion for prostate cancer (PCa). 
Across the included studies, the median participant age ranged from 61 to 70 
years, PSA levels varied between 5.39 and 8.6 ng/mL, and prostate volume 
ranged from 38 to 61.3 mL (Table 1). All studies performed a paired design, 
comparing micro-ultrasound (micro-US)-guided biopsy using the 29 MHz 
ExactVu™ platform and PRI-MUS scoring system with multiparametric MRI 
(mpMRI)-targeted biopsy using PI-RADS v2 or v2.1, via cognitive or software 
fusion guidance. 
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Study ID Year Country Design Biopsy 
Setting 

Sampl
e Size 

Age PSA 
(Median/IQR 

or Mean ± SD) 
 

Prostate 
Volume 

Rodríguez 
Socarrás 
et al (64) 

2020 Spain Prospective Mixed 194 62 (58 – 
68) 

6.5 (4.7 - 9.2) 58.1 
(36.6 - 
81.5) 

Abouassal
y et al (65) 

2020 USA Prospective Mixed 19 66 (59.5–
68.5) 

5.39 (4.13-
8.74) 

38 (24–
50) 

Klotz et al 
(58) 

2021 Multi-
national 

Prospective Mixed 1040 67 (61–
72) 

7.0 (5.1–10.0) 38 (28–
53) 

Wiemer et 
al (66) 

2021 Germany Prospective Mixed 159 70 (64–
74) 

7.59 (5.78– 
1.5) 

53 (35.5–
76.5) 

Ghai et al 
(67) 

2022 Canada Prospective Naïve 94 61 (57–
68) 

6.4 (5.1– 8.4) 48.5 
(34.5–
63.1) 

Hofbauer 
et al (68) 

2022 Germany 
/ Austria 

Prospective Mixed 203 66 (59–
70) 

6.5 (4.8– 9.3) 48 (37–
63) 

Dias et al 
(69) 

2023 France / 
Portugal 
/ Italy 

Retrospective Naïve 139 69 (64–
73) 

7.5 (5.5– 10.9) 47 (33–
65) 

García 
Rojo et al 
(70) 

2024 Spain Prospective Naïve 80 69.1 ± 
9.02 

7.66 ± 6.29 61.34 ± 
31.7 

Beatrici et 
al (71) 

2024 Italy Retrospective Prior 
negative 
biopsy 

304 66 (61–
71) 

8.6 (5.8 – 
11.5) 

52.6 

Dagnino 
et al (72) 

2024 Italy Retrospective Mixed 178 66 (61–
71) 

7 (5–9) 49 (35–
64) 

Avolio et 
al (73) 

2025 Italy Prospective Mixed 1423 65(59−71
)  

7 (5−9) 50(36−67
)  

Pickersgill 
et al (74) 

2025 USA Prospective Mixed 161 65.6 ± 
1.5  

7.6 ± 0.6 N/A 

Maffei et 
al (75) 

2020 Italy Prospective Naïve 504 64.8(SD7.
7) 

7.0 (5.0-9.5) 50 (IQR 
36-79) 

Lopez et al 
(76) 

2019 France Prospective Naïve 51 N/A N/A N/A 

Perez et al 
(77) 

2019 France Prospective Naïve 55 N/A 8.5 N/A 

Scuderi et 
al (78) 

2022 Italy Prospective Naïve 85 N/A N/A N/A 

Table 1 Study Characteristics 

 
 

3.3. Clinically Significant Prostate Cancer Detection 

Clinically significant prostate cancer (csPCa), generally defined as ISUP Grade 
Group ≥2 (Gleason score ≥3+4), was the primary outcome in all included 
studies. Among the total 4,689 patients, csPCa was detected in 1,866 cases 
(39.8%).  
 
Micro-US-guided biopsy identified 1,586 csPCa cases, with per-study detection 
rates ranging from 7% to 42.4%. In comparison, mpMRI-targeted biopsy 
detected 1,449 csPCa cases across the same cohort, with detection rates 
ranging from 10% to 43.1%. In 9 out of the 16 studies, micro-US demonstrated 
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a numerically higher detection rate than mpMRI for csPCa. Summary of the 
finding are presented in Table 2. 

Study ID csPCa 
(mpMRI) 

csPCa 
(micro-US) 

Total csPCa Detection 
Rate (%) 
(mpMRI) 

Detection 
Rate (%) 
(micro-US) 

Rodríguez 
Socarrás et al 
(64) 

55 47 81 28,4 24,2 

Abouassaly et 
al (65) 

3 4 5 15,8 21,1 

Klotz et al 
(58) 

371 386 411 35,7 37,1 

Wiemer et al 
(66) 

45 59 78 28,3 37,1 

Ghai et al (67) 37 33 38 39,4 35,1 
Hofbauer et al 
(68) 

60 58 79 29,6 28,6 

Dias et al (69) 60 57 62 43,2 41,0 
García Rojo et 
al (70) 

17 15 19 21,3 18,8 

Beatrici et al 
(71) 

44 52 57 14,5 17,1 

Dagnino et al 
(72) 

28 36 51 15,7 20,2 

Avolio et al 
(73) 

486 603 691 34,2 42,4 

Pickersgill et 
al (74) 

55 58 73 34,2 36,0 

Maffei et al 
(75) 

147 137 184 29,2 27,2 

Lopez et al 
(76) 

19 21 22 37,3 41,2 

Perez et al 
(77) 

13 14 15 23,6 25,5 

Scuderi et al 
(78) 

9 6 9 10,6 7,1 

Table 2 Clinically Significant Prostate Cancer Detection 

3.4. Sensitivity, Specificity, and Predictive Values 

The majority of studies provided diagnostic performance metrics. The 
sensitivity of micro-US for csPCa ranged from 67% to 99.7%, while mpMRI 
ranged from 54.9% to 100%. Specificity showed more variation: micro-US 
ranged from 7.1% to 57%, while mpMRI ranged from 2.4% to 58%. 
 
Positive Predictive Value (PPV) was comparable across modalities, generally 
between 15.8–63%. Negative Predictive Value (NPV) was higher for mpMRI in 
some studies, but micro-US also demonstrated NPVs above 80% in high-quality 
prospective studies (Table 3). 
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Study Sensitivity 
(%) 

(mpMRI) 

Sensitivity 
(%) 

(micro-
US) 

Specificity 
(%) 

(mpMRI) 

Specificity 
(%) 

(micro-
US) 

PPV 
(%) 

(mpM
RI) 

PPV 
(%) 

(micr
o-

US) 

NPV 
(%) 
(mp
MRI) 

NPV 
(%) 

(micr
o-

US) 
Rodríguez 
Socarrás et 
al (64) 

 
84.3 

 
99.7 18.8 23.1 40.7 62.3 64.5 99.2 

Abouassaly 
et al (65) 60 80 N/A N/A 15.8 21.1 N/A N/A 

Klotz et al 
(58) 90.3 93.9 21.6 21.9 42.9 44 77.3 84.7 

Wiemer et 
al (66) 57.7 75.6 N/A N/A 29.6 41.3 N/A N/A 

Ghai et al 
(67) 97.4 86.8 55.4 7.1 59.7 38.8 96.9 44.4 

Hofbauer et 
al (68) 75.9 73.4 N/A N/A 32.1 31 N/A N/A 

Dias et al 
(69) 96.8 91.9 19.5 44.2 49.2 57 88.2 87.2 

García Rojo 
et al (70) 89.5 78.9 N/A N/A 21.3 18.8 N/A N/A 

Beatrici et al 
(71) 77.2 91.2 36.4 32.0 21.9 23.6 87.4 94.0 

Dagnino et 
al (72) 54.9 70.6 2.4 N/A 18.4 20.2 11.5 N/A 

Avolio et al 
(73) 91 85 25 53 88 63 21 79 

Pickersgill et 
al (74) 75.3 79.5 58 39.8 59.8 52.3 73.9 70 

Maffei et al 
(75) 97.8 90.2 11.6 26.3 38.9 41.3 90.2 82.4 

Lopez et al 
(76) 86.3 95.4 N/A N/A  46.3 48.8 N/A N/A 

Perez et al 
(77) 86.7 93.3 40 27.5 35.1 32.6 88.9 91.7 

Scuderi et al 
(78) 100 67 57 57 47 38 100 81 

Table 3 Sensitivity, Specificity, and Predictive Values 

 

3.5. Anatomical Considerations and Lesion Localization 

Several studies emphasized that micro-US was particularly effective in 
detecting anterior or apical lesions, regions often missed by mpMRI or 
traditional TRUS. The improved spatial resolution of micro-US (axial <70 µm) 
was cited as a major technical advantage, facilitating better lesion delineation 
in challenging locations. 
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3.6. Study Quality 

A total of 13 studies were assessed for risk of bias and applicability using the 
QUADAS-2 tool. Most studies demonstrated low applicability concerns across 
all domains. However, risk of bias varied considerably, especially in patient 
selection, where 8 of 13 studies were judged at high risk, primarily due to 
inclusion of only MRI-positive patients or retrospective recruitment. 

The index test domain showed a mix of low and unclear risk, largely depending 
on whether the micro-ultrasound operators were blinded to mpMRI findings. 
Only three studies demonstrated high risk in the reference standard, typically 
due to lack of a gold-standard such as radical prostatectomy. Flow and timing 
were generally well managed, although two studies had unclear or high risk 
due to incomplete follow-up or partial verification. Summary of the findings 
are presented in Table 4. 

Study Patient 
Selection 

Index Test Reference 
Standard 

Flow & Timing 

Abouassaly et al 
(65) 

Low Unclear Low Unclear 

Klotz et al (58) High High High Unclear 
Wiemer et al (66) High Low Unclear Low 

Ghai et al (67) Low Low Low Low 
Hofbauer et al 
(68) 

High Low Unclear Low 

Dias et al (69) High Unclear Unclear Low 
García Rojo et al 
(70) 

High Low Unclear Low 

Beatrici et al (71) High Low Unclear Low 

Dagnino et al (72) High Low Unclear Low 

Avolio et al (73) Low Low Unclear Low 
Pickersgill et al 
(74) 

Low Low Unclear Low 

Rodríguez 
Socarrás et al 
(64) 

Low Low Unclear Low 

Scuderi et al (78) Low Unclear Unclear High 

             Table 4 Study Quality Assessment (QUADAS-2) 

4. Discussion  
This systematic review evaluated the current evidence comparing the 
diagnostic performance of micro-ultrasound (micro-US)-guided prostate 
biopsy to multiparametric MRI (mpMRI)-guided biopsy for the detection of 
clinically significant prostate cancer (csPCa). Our findings indicate that micro-
US-guided biopsy achieves csPCa detection rates broadly comparable to those 
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of mpMRI-targeted biopsy, suggesting that micro-US may serve as a promising 
alternative or adjunct in the diagnostic pathway for prostate cancer. 
 
The introduction of mpMRI has transformed prostate cancer diagnostics by 
enabling targeted biopsies and improving the detection of clinically significant 
disease while reducing overdiagnosis of indolent cancers (40,43). However, 
mpMRI is not without limitations: it is resource-intensive, costly, and subject 
to significant inter-reader variability and a steep learning curve (47,79). Even 
with expert interpretation, mpMRI may miss up to 15% of csPCa cases (48) 
Furthermore, the need for specialized radiological infrastructure and expertise 
can limit the accessibility and widespread adoption of mpMRI-guided biopsy, 
particularly in resource-constrained settings. 
 
In contrast, micro-US operates at 29 MHz, achieving sub-70 µm spatial 
resolution—much finer than conventional transrectal ultrasound (TRUS)—
enabling near-histologic visualization of prostatic architecture (57),(59). This 
technology is designed to address some of the limitations of both traditional 
TRUS and mpMRI, offering a potentially more accessible and cost-effective 
solution for targeted prostate biopsy. Several recent studies have reported 
that micro-US can achieve csPCa detection rates similar to those of mpMRI, 
with the added benefits of ease of integration into standard urological 
workflows and reduced procedural complexity (80). 
 
A notable strength of this review is the rigorous and systematic approach to 
literature identification and selection, ensuring a comprehensive and unbiased 
synthesis of the available evidence. By focusing on studies that directly 
compare micro-US and mpMRI-guided biopsy, this review provides clinically 
relevant insights into the relative diagnostic performance of these modalities. 
 
However, several limitations in the current evidence base must be 
acknowledged. Firstly, all studies utilized the ExactVu™ system from a single 
manufacturer (Exact Imaging), introducing potential for publication or 
sponsorship bias (81,81). Secondly, although most included studies were 
prospective, many were conducted in expert centers, and 8 of 13 assessed 
studies were judged at high risk of bias in patient selection. Blinding between 
modalities was inconsistently reported, and the reference standard varied. 
Third, heterogeneity in study design, patient selection and operator 
experience may have influenced the reported diagnostic performance. 

 
Our findings are consistent with recent prospective studies and systematic 
reviews, which have demonstrated that micro-US-guided biopsy can match the 
diagnostic accuracy of mpMRI-guided approaches for csPCa (80). Additionally, 
micro-US may offer a shorter learning curve and greater reproducibility, given 
its similarity to conventional ultrasound workflows and real-time imaging 
capabilities. However, the current evidence base remains limited, and direct 
head-to-head randomized controlled trials are needed to confirm these 
preliminary observations. 
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A pivotal advancement in the evaluation of micro-ultrasound is the recent 
publication of the first randomized controlled trial (RCT) directly comparing 
micro-US-guided biopsy to mpMRI-targeted biopsy in biopsy-naïve men. In this 
multicenter noninferiority trial by Kinnaird et al (82), conducted across 20 
centers in 8 countries, 802 men were enrolled, of whom 678 underwent 
biopsy. The primary outcome—detection of Gleason Grade Group ≥2 prostate 
cancer—was achieved in 47.1% of the microultrasound group and 42.6% of the 
MRI/conventional US fusion group. The difference of 3.52% (95% CI, −3.95% to 
10.92%) confirmed the noninferiority of microultrasound-guided biopsy 
(noninferiority P < .001). Notably, a subgroup combining micro ultrasound with 
MRI guidance showed similar diagnostic performance (46.9%), without 
superiority over standalone microultrasound. These results validate 
microultrasound as a noninferior alternative to MRI-guided biopsy for 
detecting clinically significant prostate cancer, particularly in biopsy-naïve 
men. Given its real-time imaging capability, lower cost, and integration into 
standard urological workflow, microultrasound may serve as a pragmatic first-
line option, especially in settings where MRI access is limited or cost-
prohibitive. 
 
Future research should focus on more large-scale, multicenter studies that 
reflect real-world clinical practice, including diverse patient populations and 
operator experience levels. Cost-effectiveness analyses and health technology 
assessments will be crucial to inform policy decisions and guideline updates. 
Additionally, the development and validation of alternative micro-ultrasound 
systems by other manufacturers would enhance the robustness and 
generalizability of the evidence. 
 

5. Conclusions 
 
In summary, micro-US-guided prostate biopsy appears to offer diagnostic 
performance for clinically significant prostate cancer detection comparable to 
that of mpMRI-guided biopsy, with potential advantages in accessibility, cost, 
and workflow integration. However, the current evidence is limited by the 
exclusive use of a single micro-ultrasound system (ExactVu™), highlighting the 
need for further independent studies and technological innovation. Until such 
data are available, mpMRI remains the reference standard, but micro-US 
represents a promising and practical alternative, especially in settings where 
mpMRI is not feasible or available. 
 
 
 
 
 
 

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250



 

  
   16 

Reference 
 
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021 Dec;71(3):209–49.  
2. Fleshner K, Carlsson SV, Roobol MJ. The effect of the USPSTF PSA screening 
recommendation on prostate cancer incidence patterns in the USA. Nat Rev Urol. 2017 
Jan;14(1):26–37.  
3. Haas GP, Delongchamps N, Brawley OW, Wang CY, de la Roza G. The worldwide 
epidemiology of prostate cancer: perspectives from autopsy studies. Can J Urol. 2008 
Feb;15(1):3866–71.  
4. Kimura T, Sato S, Takahashi H, Egawa S. Global Trends of Latent Prostate 
Cancer in Autopsy Studies. Cancers (Basel). 2021 Jan 19;13(2):359.  
5. Key Statistics for Prostate Cancer | Prostate Cancer Facts [Internet]. [cited 
2025 Mar 6]. Available from: https://www.cancer.org/cancer/types/prostate-
cancer/about/key-statistics.html 
6. Tan DSW, Mok TSK, Rebbeck TR. Cancer Genomics: Diversity and Disparity 
Across Ethnicity and Geography. J Clin Oncol. 2016 Jan 1;34(1):91–101.  
7. Kelly SP, Rosenberg PS, Anderson WF, Andreotti G, Younes N, Cleary SD, et al. 
Trends in the Incidence of Fatal Prostate Cancer in the United States by Race. Eur Urol. 
2017 Feb;71(2):195–201.  
8. Benjamins MR, Hunt BR, Raleigh SM, Hirschtick JL, Hughes MM. Racial 
Disparities in Prostate Cancer Mortality in the 50 Largest US Cities. Cancer Epidemiol. 
2016 Oct;44:125–31.  
9. Welch HG, Albertsen PC. Prostate cancer diagnosis and treatment after the 
introduction of prostate-specific antigen screening: 1986-2005. J Natl Cancer Inst. 
2009 Oct 7;101(19):1325–9.  
10. Kelly SP, Anderson WF, Rosenberg PS, Cook MB. Past, Current, and Future 
Incidence Rates and Burden of Metastatic Prostate Cancer in the United States. 
European Urology Focus. 2018 Jan 1;4(1):121–7.  
11. Heidenreich A. Identification of high-risk prostate cancer: role of prostate-
specific antigen, PSA doubling time, and PSA velocity. Eur Urol. 2008 Nov;54(5):976–
7; discussion 978-979.  
12. Seaman E, Whang M, Olsson CA, Katz A, Cooner WH, Benson MC. PSA density 
(PSAD). Role in patient evaluation and management. Urol Clin North Am. 1993 
Nov;20(4):653–63.  
13. Hamzaoui D, Montagne S, Granger B, Allera A, Ezziane M, Luzurier A, et al. 
Prostate volume prediction on MRI: tools, accuracy and variability. Eur Radiol. 2022 
Jul;32(7):4931–41.  
14. Choe S, Patel HD, Lanzotti N, Okabe Y, Rac G, Shea SM, et al. MRI vs Transrectal 
Ultrasound to Estimate Prostate Volume and PSAD: Impact on Prostate Cancer 
Detection. Urology. 2023 Jan;171:172–8.  
15. Yusim I, Krenawi M, Mazor E, Novack V, Mabjeesh NJ. The use of prostate 
specific antigen density to predict clinically significant prostate cancer. Sci Rep. 2020 
Nov 17;10(1):20015.  
16. Petrelli F, Vavassori I, Cabiddu M, Coinu A, Ghilardi M, Borgonovo K, et al. 

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250



 

  
   17 

Predictive Factors for Reclassification and Relapse in Prostate Cancer Eligible for Active 
Surveillance: A Systematic Review and Meta-analysis. Urology. 2016 Dec;91:136–42.  
17. Cornford P, Bergh RCN van den, Briers E, Broeck TV den, Brunckhorst O, 
Darraugh J, et al. EAU-EANM-ESTRO-ESUR-ISUP-SIOG Guidelines on Prostate Cancer—
2024 Update. Part I: Screening, Diagnosis, and Local Treatment with Curative Intent. 
European Urology. 2024 Aug 1;86(2):148–63.  
18. Andriole GL, Crawford ED, Grubb RL, Buys SS, Chia D, Church TR, et al. Prostate 
cancer screening in the randomized Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial: mortality results after 13 years of follow-up. J Natl Cancer Inst. 2012 
Jan 18;104(2):125–32.  
19. Shoag JE, Mittal S, Hu JC. Reevaluating PSA Testing Rates in the PLCO Trial. N 
Engl J Med. 2016 Dec 5;374(18):1795–6.  
20. Godtman RA, Kollberg KS, Pihl CG, Månsson M, Hugosson J. The Association 
Between Age, Prostate Cancer Risk, and Higher Gleason Score in a Long-term 
Screening Program: Results from the Göteborg-1 Prostate Cancer  Screening Trial. Eur 
Urol. 2022 Sep;82(3):311–7.  
21. Schröder FH, Hugosson J, Roobol MJ, Tammela TLJ, Zappa M, Nelen V, et al. 
Screening and prostate cancer mortality: results of the European Randomised Study 
of Screening for Prostate Cancer (ERSPC) at 13 years of follow-up. Lancet. 2014 Dec 
6;384(9959):2027–35.  
22. Osses DF, Remmers S, Schröder FH, van der Kwast T, Roobol MJ. Results of 
Prostate Cancer Screening in a Unique Cohort at 19yr of Follow-up. Eur Urol. 2019 
Mar;75(3):374–7.  
23. de Koning HJ, Gulati R, Moss SM, Hugosson J, Pinsky PF, Berg CD, et al. The 
efficacy of prostate-specific antigen screening: Impact of key components in the ERSPC 
and PLCO trials. Cancer. 2018 Mar 15;124(6):1197–206.  
24. Shoag JE, Nyame YA, Gulati R, Etzioni R, Hu JC. Reconsidering the Trade-offs of 
Prostate Cancer Screening. N Engl J Med. 2020 Jun 18;382(25):2465–8.  
25. Welch HG, Albertsen PC. Reconsidering Prostate Cancer Mortality - The Future 
of PSA Screening. N Engl J Med. 2020 Apr 16;382(16):1557–63.  
26. Borghesi M, Ahmed H, Nam R, Schaeffer E, Schiavina R, Taneja S, et al. 
Complications After Systematic, Random, and Image-guided Prostate Biopsy. Eur Urol. 
2017 Mar;71(3):353–65.  
27. Fleshner NE, Fair WR. Indications for transition zone biopsy in the detection of 
prostatic carcinoma. J Urol. 1997 Feb;157(2):556–8.  
28. Lecornet E, Ahmed HU, Hu Y, Moore CM, Nevoux P, Barratt D, et al. The 
accuracy of different biopsy strategies for the detection of clinically important 
prostate cancer: a computer simulation. J Urol. 2012 Sep;188(3):974–80.  
29. Bjurlin MA, Wysock JS, Taneja SS. Optimization of prostate biopsy: review of 
technique and complications. Urol Clin North Am. 2014 Dec;41(2):299–313.  
30. Pinsky PF, Crawford ED, Kramer BS, Andriole GL, Gelmann EP, Grubb R, et al. 
Repeat prostate biopsy in the prostate, lung, colorectal and ovarian cancer screening 
trial. BJU Int. 2007 Apr;99(4):775–9.  
31. Lewicki P, Shoag J, Golombos DM, Oromendia C, Ballman KV, Halpern JA, et al. 
Prognostic Significance of a Negative Prostate Biopsy: An Analysis of Subjects Enrolled 
in a Prostate Cancer Screening Trial. J Urol. 2017 Apr;197(4):1014–9.  
32. Lundström KJ, Drevin L, Carlsson S, Garmo H, Loeb S, Stattin P, et al. 

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250



 

  
   18 

Nationwide population based study of infections after transrectal ultrasound guided 
prostate biopsy. J Urol. 2014 Oct;192(4):1116–22.  
33. Wagenlehner FME, van Oostrum E, Tenke P, Tandogdu Z, Çek M, Grabe M, et 
al. Infective complications after prostate biopsy: outcome of the Global Prevalence 
Study of Infections in Urology (GPIU) 2010 and 2011, a prospective multinational 
multicentre prostate biopsy study. Eur Urol. 2013 Mar;63(3):521–7.  
34. Loeb S, van den Heuvel S, Zhu X, Bangma CH, Schröder FH, Roobol MJ. 
Infectious complications and hospital admissions after prostate biopsy in a European 
randomized trial. Eur Urol. 2012 Jun;61(6):1110–4.  
35. Harvey CJ, Pilcher J, Richenberg J, Patel U, Frauscher F. Applications of 
transrectal ultrasound in prostate cancer. Br J Radiol. 2012 Nov;85 Spec No 1(Spec Iss 
1):S3-17.  
36. Crawford ED, Rove KO, Barqawi AB, Maroni PD, Werahera PN, Baer CA, et al. 
Clinical-pathologic correlation between transperineal mapping biopsies of the 
prostate and three-dimensional reconstruction of prostatectomy specimens. 
Prostate. 2013 Dec;73(7):778–87.  
37. Bennett HY, Roberts MJ, Doi S a. R, Gardiner RA. The global burden of major 
infectious complications following prostate biopsy. Epidemiol Infect. 2016 
Jun;144(8):1784–91.  
38. Stefanova V, Buckley R, Flax S, Spevack L, Hajek D, Tunis A, et al. Transperineal 
Prostate Biopsies Using Local Anesthesia: Experience with 1,287 Patients. Prostate 
Cancer Detection Rate, Complications and Patient Tolerability. J Urol. 2019 
Jun;201(6):1121–6.  
39. Ahdoot M, Wilbur AR, Reese SE, Lebastchi AH, Mehralivand S, Gomella PT, et 
al. MRI-Targeted, Systematic, and Combined Biopsy for Prostate Cancer Diagnosis. N 
Engl J Med. 2020 Mar 5;382(10):917–28.  
40. Kasivisvanathan V, Rannikko AS, Borghi M, Panebianco V, Mynderse LA, 
Vaarala MH, et al. MRI-Targeted or Standard Biopsy for Prostate-Cancer Diagnosis. N 
Engl J Med. 2018 Dec 10;378(19):1767–77.  
41. Kasivisvanathan V, Stabile A, Neves JB, Giganti F, Valerio M, Shanmugabavan 
Y, et al. Magnetic Resonance Imaging-targeted Biopsy Versus Systematic Biopsy in the 
Detection of Prostate Cancer: A Systematic Review and Meta-analysis. Eur Urol. 2019 
Sep;76(3):284–303.  
42. Turkbey B, Rosenkrantz AB, Haider MA, Padhani AR, Villeirs G, Macura KJ, et 
al. Prostate Imaging Reporting and Data System Version 2.1: 2019 Update of Prostate 
Imaging Reporting and Data System Version 2. Eur Urol. 2019 Sep;76(3):340–51.  
43. Ahmed HU, El-Shater Bosaily A, Brown LC, Gabe R, Kaplan R, Parmar MK, et al. 
Diagnostic accuracy of multi-parametric MRI and TRUS biopsy in prostate cancer 
(PROMIS): a paired validating confirmatory study. Lancet. 2017 Feb 
25;389(10071):815–22.  
44. Wegelin O, van Melick HHE, Hooft L, Bosch JLHR, Reitsma HB, Barentsz JO, et 
al. Comparing Three Different Techniques for Magnetic Resonance Imaging-targeted 
Prostate Biopsies: A Systematic Review of In-bore versus Magnetic Resonance 
Imaging-transrectal Ultrasound fusion versus Cognitive Registration. Is There a 
Preferred Technique? Eur Urol. 2017 Apr;71(4):517–31.  
45. Siddiqui MM, Rais-Bahrami S, Turkbey B, George AK, Rothwax J, Shakir N, et al. 
Comparison of MR/ultrasound fusion-guided biopsy with ultrasound-guided biopsy 

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250



 

  
   19 

for the diagnosis of prostate cancer. JAMA. 2015 Jan 27;313(4):390–7.  
46. Kasivisvanathan V, Wai-Shun Chan V, Clement KD, Levis B, Ng A, Asif A, et al. 
VISION: An Individual Patient Data Meta-analysis of Randomised Trials Comparing 
Magnetic Resonance Imaging Targeted Biopsy with Standard Transrectal Ultrasound 
Guided Biopsy in the Detection of Prostate Cancer. European Urology. 2025 May 1 
;87(5):512–23. 
47. de Rooij M, Hamoen EHJ, Fütterer JJ, Barentsz JO, Rovers MM. Accuracy of 
multiparametric MRI for prostate cancer detection: a meta-analysis. AJR Am J 
Roentgenol. 2014 Feb;202(2):343–51.  
48. Moldovan PC, Van den Broeck T, Sylvester R, Marconi L, Bellmunt J, van den 
Bergh RCN, et al. What Is the Negative Predictive Value of Multiparametric Magnetic 
Resonance Imaging in Excluding Prostate Cancer at Biopsy? A Systematic Review and 
Meta-analysis from the European Association of Urology Prostate Cancer Guidelines 
Panel. Eur Urol. 2017 Aug;72(2):250–66.  
49. Iczkowski KA, Paner GP, Van der Kwast T. The New Realization About 
Cribriform Prostate Cancer. Adv Anat Pathol. 2018 Jan;25(1):31–7.  
50. Kweldam CF, Kümmerlin IP, Nieboer D, Verhoef EI, Steyerberg EW, van der 
Kwast TH, et al. Disease-specific survival of patients with invasive cribriform and 
intraductal prostate cancer at diagnostic biopsy. Mod Pathol. 2016 Jun;29(6):630–6.  
51. Lim CS, Abreu-Gomez J, Leblond MA, Carrion I, Vesprini D, Schieda N, et al. 
When to biopsy Prostate Imaging and Data Reporting System version 2 (PI-RADSv2) 
assessment category 3 lesions? Use of clinical and imaging variables to predict cancer 
diagnosis at targeted biopsy. Can Urol Assoc J. 2021 Apr;15(4):115–21.  
52. Rico L, Blas L, Vitagliano G, Contreras P, Rios Pita H, Ameri C. PI-RADS 3 lesions: 
Does the association of the lesion volume with the prostate-specific antigen density 
matter in the diagnosis of clinically significant prostate cancer? Urol Oncol. 2021 
Jul;39(7):431.e9-431.e13.  
53. Agrotis G, Pooch EP, Marsitopoulos K, Vlychou M, Benndorf M, Beets-Tan RGH, 
et al. Detection rates for prostate cancer using PI-RADS 2.1 upgrading rules in 
transition zone lesions align with risk assessment categories: a systematic review and 
meta-analysis. Eur Radiol. 2025 Apr 27;  
54. Sonn GA, Fan RE, Ghanouni P, Wang NN, Brooks JD, Loening AM, et al. Prostate 
Magnetic Resonance Imaging Interpretation Varies Substantially Across Radiologists. 
Eur Urol Focus. 2019 Jul;5(4):592–9.  
55. Valerio M, Donaldson I, Emberton M, Ehdaie B, Hadaschik BA, Marks LS, et al. 
Detection of Clinically Significant Prostate Cancer Using Magnetic Resonance Imaging-
Ultrasound Fusion Targeted Biopsy: A Systematic Review. Eur Urol. 2015 Jul;68(1):8–
19.  
56. de Rooij M, Hamoen EHJ, Witjes JA, Barentsz JO, Rovers MM. Accuracy of 
Magnetic Resonance Imaging for Local Staging of Prostate Cancer: A Diagnostic Meta-
analysis. Eur Urol. 2016 Aug;70(2):233–45.  
57. Laurence Klotz CM. Can high resolution micro-ultrasound replace MRI in the 
diagnosis of prostate cancer? Eur Urol Focus. 2020 Mar 15;6(2):419–23.  
58. Klotz L, Lughezzani G, Maffei D, Sánchez A, Pereira JG, Staerman F, et al. 
Comparison of micro-ultrasound and multiparametric magnetic resonance imaging for 
prostate cancer: A multicenter, prospective analysis. Can Urol Assoc J. 2021 
Jan;15(1):E11–6.  

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250



 

  
   20 

59. Pavlovich CP, Hyndman ME, Eure G, Ghai S, Caumartin Y, Herget E, et al. A 
multi-institutional randomized controlled trial comparing first-generation transrectal 
high-resolution micro-ultrasound with conventional frequency transrectal ultrasound 
for prostate biopsy. BJUI Compass. 2021 Mar;2(2):126–33.  
60. Lokeshwar SD, Choksi AU, Smani S, Kong V, Sundaresan V, Sutherland R, et al. 
Pathologic prostate cancer grade concordance among high-resolution micro-
ultrasound, systematic transrectal ultrasound and MRI fusion biopsy. Urol Oncol. 2025 
Dec;43(5):336.e13-336.e20.  
61. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009 Jul 21;6(7):e1000097.  
62. McInnes MDF, Moher D, Thombs BD, McGrath TA, Bossuyt PM, and the 
PRISMA-DTA Group, et al. Preferred Reporting Items for a Systematic Review and 
Meta-analysis of Diagnostic Test Accuracy Studies: The PRISMA-DTA Statement. 
JAMA. 2018 Jan 23;319(4):388–96.  
63. Whiting PF, Rutjes AWS, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. 
QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies. 
Ann Intern Med. 2011 Oct 18;155(8):529–36.  
64. Socarrás MER, Rivas JG, Rivera VC, Elbers JR, González LL, Mercado IM, et al. 
Prostate Mapping for Cancer Diagnosis: The Madrid Protocol. Transperineal Prostate 
Biopsies Using Multiparametric Magnetic Resonance Imaging Fusion and Micro-
Ultrasound Guided Biopsies. Journal of Urology. 2020;204(4):726–32.  
65. 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 Journal of Urology. 2020;38(5):1201–6.  
66. Wiemer L, Hollenbach M, Heckmann R, Kittner B, Plage H, Reimann M, et al. 
Evolution of Targeted Prostate Biopsy by Adding Micro-Ultrasound to the Magnetic 
Resonance Imaging Pathway. European Urology Focus. 2021;7(6):1292–9.  
67. Ghai S, Perlis N, Atallah C, Jokhu S, Corr K, Lajkosz K, et al. Comparison of Micro-
US and Multiparametric MRI for Prostate Cancer Detection in Biopsy-Naive Men. 
Radiology. 2022;305(2):390–8. 
68. Hofbauer SL, Luger F, Harland N, Plage H, Reimann M, Hollenbach M, et al. A 
non-inferiority comparative analysis of micro-ultrasonography and MRI-targeted 
biopsy in men at risk of prostate cancer. BJU International. 2022;129(5):648–54.  
69. Dias N, Colandrea G, Botelho F, Rodriguez-Sanchez L, Lanz C, Macek P, et al. 
Diagnostic accuracy and clinical utility of micro-ultrasound guided biopsies in patients 
with suspected prostate cancer. Central European Journal of Urology . 2023;76(1):25–
32.  
70. García Rojo E, García Gómez B, Sopeña Sutil R, Vallejo Arzayus D, Justo Quintas 
J, García Barreras S, et al. Comparison in Detection Rate of Clinically Significant 
Prostate Cancer Between Microultrasound-guided Prostate Biopsy (ExactVu) and 
Multiparametric Resonance Imaging-guided Prostate Biopsy (Koelis System). Urology. 
2024;183:163–9. 
71. Beatrici E, Frego N, Chiarelli G, Sordelli F, Mancon S, Saitta C, et al. A 
Comparative Evaluation of Multiparametric Magnetic Resonance Imaging and Micro-
Ultrasound for the Detection of Clinically Significant Prostate Cancer in Patients with 
Prior Negative Biopsies. Diagnostics (Basel). 2024 Mar 1;14(5):525.  

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250



 

  
   21 

72. Dagnino F, Avolio PP, Fasulo V, Piccolini A, Aljoulani M, Moretto S, et al. 
Clinically significant prostate cancer detection rate in biopsy-naïve patients with 
mpMRI and microultrasound topographically discordant lesions: A single-center 
retrospective analysis. Urol Oncol. 2024 Dec;42(12):447.e11-447.e16.  
73. Avolio PP, Piccolini A, Saitta C, Fasulo V, Maffei D, Moretto S, et al. Enhanced 
diagnostic accuracy of micro-ultrasound in prostate cancer detection: An updated 
series from a single-center prospective study. Urol Oncol. 2025 Apr 22;S1078-
1439(25)00117-6.  
74. Pickersgill NA, Alkazemi MH, Ostergar A, Joseph K, Vetter JM, Barashi NS, et al. 
Correlation of Prostate High-Resolution Microultrasound With Multiparametric 
Magnetic Resonance Imaging. Urology. 2025 Mar;197:33–9.  
75. Maffei D, Paciotti M, Regis F, Frego N, Diana P, Fasulo V, et al. PT420 - 
Diagnostic performance of micro-ultrasound prostate biopsies in patients undergoing 
mpMRI-fusion biopsies. European Urology Open Science. 2020 Jul 1;19:e2290. 
76. UROsource [Internet]. Available from: https://urosource.uroweb.org 
77. UROsource [Internet]. Available from: https://urosource.uroweb.org 
78. Scuderi SLA, Stabile A, Sorce G, De Angelis M, Pellegrino F, Barletta F, et al. 
A0748 - Comparative analyses of micro-ultrasound versus MRI-targeted biopsy for the 
diagnosis of clinically significant prostate cancer. Preliminary results from the 
prospective US-MIRROR Trial. European Urology. 2022 Feb 1;81:S1110.  
79. Moore CM, Kasivisvanathan V, Eggener S, Emberton M, Fütterer JJ, Gill IS, et 
al. Standards of reporting for MRI-targeted biopsy studies (START) of the prostate: 
recommendations from an International Working Group. Eur Urol. 2013 
Oct;64(4):544–52.  
80. Sountoulides P, Pyrgidis N, Polyzos SA, Mykoniatis I, Asouhidou E, Papatsoris 
A, et al. Micro-Ultrasound-Guided vs Multiparametric Magnetic Resonance Imaging-
Targeted Biopsy in the Detection of Prostate Cancer: A Systematic Review and Meta-
Analysis. Journal of Urology. 2021;205(5):1254–62.  
81. ExactVuTM - the world’s first 29 MHz micro-ultrasound system - Exact Imaging. 
Available from: https://www.exactimaging.com/ 
82. Kinnaird A, Luger F, Cash H, Ghai S, Urdaneta-Salegui LF, Pavlovich CP, et al. 
Microultrasonography-Guided vs MRI-Guided Biopsy for Prostate Cancer Diagnosis: 
The OPTIMUM Randomized Clinical Trial. JAMA. 2025 Mar 23  
 

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 07:47:52 EEST - 216.73.216.250


