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Structured micro-ultrasonography training improves
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Objective

To evaluate whether a structured 2-day micro-ultrasonography (microUS) training curriculum improves diagnostic
performance and management decisions for clinically significant prostate cancer (csPCa) detection in novice readers.

Subjects and Methods

A total of 20 participants with limited microUS experience completed the Mannheim Micro-Ultrasound Curriculum,
comprising didactic modules, supervised case interpretation, and 85 reference cases. Pre- and post-training performance was
assessed on a fixed, biopsy confirmed test set of 100 cases (50 csPCa confirmed on radical prostatectomy, 50 biopsy
negative). Each participant interpreted 10 randomised cases per timepoint, with no case assessed twice per reader and each
case being assessed once before and after training in each training session. The primary endpoint was change in
cohort-level accuracy for csPCa detection; secondary endpoints included sensitivity, specificity, predictive values, area under
the receiver operating characteristic curve (AUC), Prostate Risk Identification using microUS (PRI-MUS) performance, and
management recommendations. Mixed-effects models were applied as a robustness analysis.

Results

Training significantly improved pooled cohort level accuracy from 50.5% (95% confidence interval [CI] 43.4-57.6%) to
64.5% (95% CI 57.4-71.1%; P = 0.006), sensitivity from 70.0% (95% CI 60.0-78.8%) to 92.0% (95% CI 84.8-96.5%;

P = 0.001), and negative predictive value from 50.8% (95% CI 37.7-63.9%) to 82.2% (95% CI 67.9-92.0%; P = 0.001),
whereas specificity did not increase significantly (31.0% vs 37.0%; P = 0.46). The AUC for the overall subjective risk score
rose from 0.53 (95% CI 0.45-0.61) to 0.70 (95% CI 0.63-0.77; P = 0.002). Mixed-effects modelling confirmed a significant
training effect (odds ratio 2.13, 95% CI 1.20-3.79; P = 0.01), reproducible across two independent sessions. PRI-MUS
scoring improvements were not statistically significant. Overall decision correctness improved from 67% to 83%

(P = 0.001), with poor-quality decisions decreasing from 33% to 17%.

Conclusion

Structured image-based microUS training significantly improved cohort-level diagnostic performance and management
decisions in novice readers in a controlled reader-study. These findings support structured training and quality assurance
before independent clinical implementation of microUS.
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Introduction

Prostate cancer (PCa) is the second most commonly
diagnosed cancer in men worldwide [1,2]. Early detection is
critical for improving prognosis and survival outcomes [3]. In
men with clinical suspicion of PCa, multiparametric MRI
(mpMRI) is currently the standard imaging modality [2,4]. A
mpMRI enables sensitive detection of clinically significant
PCa (csPCa) [5,6], but limited availability and high
examination costs remain important barriers, particularly in
rural areas and lower-income settings [7-9].

Micro-ultrasonography (microUS) is an emerging imaging
modality that allows high-resolution assessment of prostatic
tissue and detection of csPCa. Recent evidence suggests that
microUS is non-inferior to mpMRI for the detection of csPCa
[10,11], and its clinical adoption is increasing. This highlights
the need to ensure consistent image quality and interpretation
as microUS use expands.

In contrast to mpMRI, where structured frameworks such as the
Prostate Imaging-Reporting and Data System (PI-RADS) for
lesion scoring and Prostate Imaging Quality (PI-QUAL) score for
image quality provide established guidance on acquisition,
reporting, and minimum quality standards [12—15], microUS has
not yet reached a comparable level of standardisation [16,17].
Formal requirements for operator training, structured reporting,
and quality assurance remain less clearly defined. As a result,
diagnostic performance depends heavily on individual operators,
and variability in acquisition and interpretation may limit
reproducibility and broader clinical implementation.

Several studies have begun to characterise the diagnostic
performance and learning curve of microUS, mostly in the
context of microUS-guided targeted biopsy using endpoints
such as csPCa detection rates, negative predictive value (NPV),
and biopsy quality metrics [16,18,19]. A structured training
programme reported by Cash et al. [18] showed that biopsy
performance improves with increasing microUS experience.
However, the proctoring approach proposed by Cash et al. [18]
relies on experience gained in live cases, which may lead to
suboptimal examinations early in the learning curve.

This study aimed to address this gap by evaluating a
structured 2-day microUS training programme. The primary
objective was to determine whether standardised training
improves cohort-level diagnostic performance and
management decisions on a biopsy-confirmed test dataset
using randomised pre- and post-training assessments.

Subjects and Methods
Ethics and Study Approval

This study was conducted using a prospectively maintained
microUS database approved by the institutional ethics
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committee (2023-645-AF 5) at Mannheim University
Medical Centre and the Intelligent Systems in Urology
Group at the German Cancer Research Centre (Deutsches
Krebsforschungszentrum [DKFZ]), Heidelberg, Germany. All
patients provided written informed consent for data use.
The reader study was approved separately by the
institutional ethics committee (vote 2024-653). The study
was registered in the German Clinical Trials Register
(DRKS00039253). Patients were recruited between January
2024 and July 2025.

Participants

A total of 20 participants (10 board-certified urologists,
seven urology residents, and three medical students)
completed the full 2-day training and both evaluation
timepoints across two identical training courses with 10
participants each. In all, 11 participants had no prior
microUS experience; the others had experience with
mpMRI-fusion biopsies but limited (<40 examinations)
microUS diagnostic exposure.

The MicroUS Examinations

The MicroUS sweeps were acquired using the ExactVu™
29-MHz system (Exact Imaging Inc., Markham, Canada) in
B-mode. Examinations were recorded as cine loops at

8-12 frames/s, up to the system’s 300-frame limit and stored
in Digital Imaging and Communications in Medicine
(DICOM) format. Individual sweeps typically comprised
150-250 frames depending on gland size.

During acquisition, the probe was rotated from the right
peripheral zone to the left at constant speed and pressure.
Each examination consisted of multiple standardised sweeps,
including at least one overview sweep at 50-mm depth to
ensure complete gland visualisation, as well as high-
magnification sweeps of the peripheral zone (base and apex).
Additional sweeps with increased gain and probe pressure
were performed to optimise visualisation of the transitional
zone.

Training Data

Cases used during training were not selected consecutively
but with focus on their didactic value. Examinations included
patients with negative prostate biopsy (25), and patients with
csPCa (International Society of Urological Pathology [ISUP]
Grade Group >1), where microUS was performed either prior
to biopsy (40) or radical prostatectomy (20). Biopsy results
and, where applicable, whole-mount radical prostatectomy
pathology (30) were discussed for each case. The dataset
included examples of benign changes, large tumours of the
peripheral and transitional zones, and challenging cases with
multifocal lesions or artefacts.
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Course Structure and Content

A structured 2-day microUS training programme was
developed (Fig. 1, Video S1) to standardise image acquisition,
interpretation, and decision-making for csPCa independent of
mpMRI. The course was delivered by a clinician with
extensive microUS experience (>1000 interpreted cases;
CM.H.A)).

Training consisted of a combination of didactic modules,
interactive teaching, and supervised case interpretation.
Teaching sessions were delivered in person. Cases were
presented in Medical Imaging Interaction Toolkit (MITK;

Fig. 1 Structure of the Mannheim Micro-Ultrasound Curriculum and reader-

DKFZ), using 2—4 standardised microUS cine-loops. After a
brief introduction to prostate anatomy, participants
completed a baseline evaluation. Training included didactic
sessions on the prostate risk identification using microUS
(PRI-MUS™) protocol as defined by Ghai et al. [20],
peripheral-zone assessment, microUS image optimisation, and
tumour detection in the transitional zone, each followed by
group-based case discussions with correlation to
histopathology. During training, all 85 curated cases (25
biopsy negative) were reviewed using a standardised workflow
of individual interpretation, group discussion, reference
standard disclosure, and expert-led resolution.

study design. Overview of the structured 2-day microUS training curriculum

and evaluation workflow. Partficipants completed baseline assessment on randomised cases from a fixed biopsy-verified test dataset before undergoing
structured didactic training and supervised case review using 85 curated fraining cases. After fraining, participants evaluated a second randomised set
of cases from the same test dataset, with no reader assessing the same case twice. The curriculum included modules on PRI-MUS assessment, image
acquisition and optimisation, and evaluation of peripheral- and transitional-zone tumours with increasing case complexity. PZ, peripheral zone; TZ,

fransition zone.

(- \
. ‘ . Risk Score  |!1H[H{HH{immjinn
fan
Naive Raters Baseline Rating Ve ™
(n=10) (n=10 per rater) Test-dataset
‘ (n=100)
4 o . M
Structured Training Intervention
1. Module « PRI-MUS: assessing risk in PZ € .. h Raanaosn::izr;eﬁon
o Standardized image acquisition Trammg'dataset
(n=20) for improved quality (n=85) R
2. Module « Challenges of TZ tumors, [ csPCa (n=60) ] [ csPCa (n=50) ]
assessment strategies
(n=20) o Low to medium difficulty [ i i = j
Neiganive Biopsy (0=25) ( Negative Biopsy (n=50) j
3. Module « Revision of PRI-MUS and
anterior risk assessment
(n =45) o Medium to high difficulty
Post-training
\ Randomization
( q csPCa D Q \
‘~‘ Risk Score [y A A
. . ‘ cincar O O 0O
- _’ Decision T;-::‘: mpMRI Fc:xup
Trained Raters Post-training Rating
(n=10) (n=10 per rater)
\S =,

632 © 2026 The Author(s). BJU International published by John Wiley & Sons Ltd on behalf of BJU International.

85US017 SUOLULIOD BAERID 3|edl dde auy Aq peuRA0B 818 SR VO (88N JO S3INJ J0} ARIQIT BUIUO 4811 UO (SUORIPUOD-PUE-SWULBILIOD" A3 1M ARR1q 1 BUIIUO//SANY) SUORIPUOD PUe SW L 3} 39S *[9202/TT/S0] U0 ARigiTauluo MM (Z4Xa) wniuwezsbunyasiosgesy seuasined Aq 0902 nla/TTTT OT/10p/ w0 M) Ariq1ieutiuosuno - Infg//sdny woiy pepeojumod ‘v ‘9202 XOTYr9yT



Evaluation

Test Data

A fixed test set of 100 cases (50 biopsy positive for csPCa, 50
biopsy negative) was used for evaluation. No test case
overlapped with training material.

To construct the test set, the microUS database was
consecutively screened for eligibility. Inclusion criteria were
mpMRI, biopsy indication at recruitment (PI-RADS score >3,
abnormal DRE, or PSA density >0.2 ng/mL/mL), and microUS
performed before biopsy. Previous biopsy status was not part of
case selection and may have been present in both
csPCa-positive and biopsy-negative patients. Biopsy consisted
of >12 systematic cores and three to six cores per mpMRI
target. For positive cases, only patients with csPCa (ISUP Grade
Group >1) on biopsy who subsequently underwent radical
prostatectomy with full histopathological evaluation at the
Mannheim University Medical Centre were included. In all, 31
examinations were excluded due to very poor image quality,
mainly caused by rectal gas artefacts, extensive calcifications, or
incomplete prostate visualisation due to suboptimal operator
technique or limited patient tolerance. Patient characteristics
are presented in Tables 1 and 2.

Table 1 Characteristics of the evaluation dataset.

Characteristic Negative biopsy

(n=50)

PSA level, ng/mL, median (IQR) 7.3 (5.4-10.8) 7.1 (4.9-12.8)
PI-RADS score category, n

2 1 4

3 3 25

4 29 16

5 17 5

Total 50 50

IQR, interquartile range.

Table 2 Pathological characteristics of csPCa-positive cases (n = 50).

Characteristic N (%)

Pathological tumour stage

pT2a 3 (6)
pT2c 39 (78)
pT3a 4 (8)
pT3b 4 (8)
ISUP Grade Group
ISUP 2 33 (66)
ISUP 3 15 (30)
ISUP 4 1)
ISUP 5 12

Tumour location

Peripheral zone (PZ) 23 (46)
Anterior (TZ + AFS) 10 (20)
Combined anterior/PZ involvement 17 (32)

Percentages may not sum to 100 owing fo rounding. AFS, anterior
fibromuscular stroma; pT, pathological tumour stage, PZ, peripheral
zone; TZ, transition zone.
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Assessment Protocol

Each participant interpreted 10 cases from the test dataset
before training and 10 different cases after training. Test cases
were distributed across participants such that within each
cohort of 10 readers all 100 test cases were evaluated exactly
once per timepoint. No participant evaluated the same case
twice. Within each batch of 10 cases, csPCa prevalence was
constrained to three to seven cases using a reproducible
randomisation seed. Readers were blinded to clinical and
histopathological data and were provided two to four
microUS sweeps per case.

For each case, readers completed an on-line survey indicating
the presence or absence of csPCa (yes/no) and assigning three
subjective 1-10 risk scores reflecting perceived likelihood of
csPCa and diagnostic confidence: an overall risk score, a
peripheral-zone risk score, and a transitional-zone risk score.
The broader 1-10 scale was chosen to allow more nuanced
risk stratification while maintaining the simplified three-tier
interpretation framework used during training. During
training, scores 1-3 indicated likely benign findings, 4-5
equivocal appearances, and >6 suspicious findings. Readers
also assigned a PRI-MUS score (1-5) to the most suspicious
lesion and provided a management recommendation (biopsy,
mpMRI, or PSA follow-up).

Decisions were evaluated using two frameworks: a binary
correctness model (biopsy for positive cases, follow-up or
mpMRI for negative cases) and a three-level quality model
classifying decisions as good (biopsy for positive cases or
follow-up for negative cases), acceptable (mpMRI), or poor
(biopsy for negative cases or follow-up for positive cases).

Statistical Analysis

The primary endpoint was the change in pooled accuracy for
csPCa detection. Secondary endpoints included sensitivity,
specificity, NPV, areas under the receiver operating
characteristic (ROC) curves (AUCs) for continuous risk
scores, PRI-MUS-based performance, and management
recommendations. Exploratory analyses assessed risk scores
dichotomised at >5, their combined use with PRI-MUS
(PRI-MUS score >3 or PRI-MUS score = 3 + overall risk
score >5), and zone-specific scores. Diagnostic performance
was analysed separately for pre- and post-training timepoints
using pooled reader ratings to estimate group-level
performance. The two training cohorts were pooled for
primary analysis because they underwent identical training
and evaluated the same test dataset. As cases were interpreted
by different readers at each timepoint and no reader assessed
the same case twice, analyses were performed at the pooled
cohort level rather than as paired within-reader comparisons.
Sensitivity, specificity, positive predictive value, NPV, and
accuracy were calculated with exact Clopper—Pearson 95%
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ClIs. Differences in binary outcomes and management
recommendations were tested using Fisher’s exact tests. ROC
curves were generated for continuous risk scores, and AUCs
with 95% CIs were estimated using the DeLong method. As a
pre-specified robustness analysis to account for potential
clustering by reader and case, mixed-effects logistic regression
with random intercepts for reader and case was performed.
This model assessed the robustness of the post-training effect
after accounting for clustering. Reproducibility was assessed
by comparing baseline performance and training effects
between the two independent sessions. An exploratory model
including reader role assessed whether the training effect
differed by professional background. Statistical significance
was defined as two-sided P < 0.05. As an exploratory
educational reader study, sample size was based on
participant availability and the number of curated training
and test cases.

Table 3 Diagnostic performance metrics before and affer training.

Metric

Binary rating (csPCa yes/no)

Accuracy Cohort level overall, % (95% CI)
Accuracy Reader level (n = 20), %, median (IQR)
Sensitivity Cohort level overall, % (95% CI)
Sensitivity Reader level (n = 20), %, median (IQR)
Specificity Cohort level overall, % (95% CI)
Specificity Reader level (n = 20), %, median (IQR)
NPV Cohort level overall, % (95% CI)
NPV Reader level (n = 18), %, median (IQR)
Overall risk score (positive if >5)
Accuracy Cohort level overall, % (95% CI)
Accuracy Reader level (n = 20), %, median (IQR)
Sensitivity Cohort level overall, % (95% CI)
Sensitivity Reader level (n = 20), %, median (IQR)
Specificity Cohort level overall, %, (95% ClI)
Specificity Reader level (n = 20), %, median (IQR)
NPV Cohort level overall, % (95% CI)
NPV Reader level (n = 18), %, median (IQR)
PRI-MUS score (positive if >3)
Accuracy Cohort level overall, % (95% CI)
Accuracy Reader level (n = 20), %, median (IQR)
Sensitivity Cohort level overall, % (95% CI)
Sensitivity Reader level (n = 20), %, median (IQR)
Specificity Cohort level overall, % (95% CI)
Specificity Reader level (n = 20), %, median (IQR)
NPV Cohort level overall, % (95% CI)
NPV Reader level (n = 17), %, median (IQR)

Results
Diagnostic Performance

Overall pooled accuracy increased from 50.5% (95% CI
43.4-57.6%) before training to 64.5% (95% CI 57.4-71.1%)
after training (P = 0.006). Pooled sensitivity for detecting
csPCa increased from 70.0% (95% CI 60.0-78.8%) before
training to 92.0% (95% CI 84.8-96.5%) after training

(P = 0.001). Specificity increased from 31.0% (95% CI
22.1-41.0%) to 37.0% (95% CI 27.6-47.2%), but this change
was not statistically significant (P = 0.46). Participants
labelled 65 cases as negative before training and 79 cases after
training with an increase in NPV from 50.8% (95% CI
37.7-63.9%) to 82.2% (95% CI 67.9-92.0%) (P = 0.001)
(Table 3). Using the predefined cut-offs (PRI-MUS score >3
and overall risk score >5), sensitivity increased significantly
after training.

Before training After training

P (for change)

Combined rule (PRI-MUS score >3 OR PRI-MUS score = 3 and overalll risk score >5)

Accuracy Cohort level overall, % (95% CI)
Accuracy Reader level (n = 20), %, median (IQR)
Sensitivity Cohort level overall, % (95% CI)
Sensitivity Reader level (n = 20), %, median (IQR)
Specificity Cohort level overall, % (95% CI)
Specificity Reader level (n = 20), %, median (IQR)
NPV Cohort level overall, % (95% CI)
NPV Reader level (n = 16), %, median (IQR)

50.5 (43.4-57.6) 64.5 (57.4-71.1) 0.006
50.0 (40.0-60.0) 70.0 (57.5-70.0) 0.015
70.0 (60.0-78.8) 92.0 (84.8-96.5) 0.001
69.0 (60.0-85.0) 100.0 (82.5-100.0) 0.002
31.0 (22.1-41.0) 37.0 (27.6-47.2) 0.46
36.7 (19.2-40.0) 40.0 (25.0-50.0) 0.28
50.8 (37.7-63.9) 82.2 (67.9-92.0) 0.001
50.0 (35.0-91.7) 100.0 (66.7-100.0) 0.03
52.5 (45.3-59.6) 64.5 (57.4-71.1) 0.02
50.0 (40.0-70.0) 70.0 (50.0-72.5) 0.04
60.0 (49.7-69.7) 89.0 (81.2-94.4) 0.001
60.0 (40.0-75.0) 100.0 (80.0-100.0) 0.001
45,0 (35.0-55.3) 40.0 (30.3-50.3) 057
40.0 (23.8-60.0) 41.4 (20.0-51.8) 0.64
52.9 (41.8-63.9) 78.4 (64.7-88.7) 0.003
50.0 (42.5-65.6) 100.0 (61.7-100.0) 0.007
50.0 (42.9-57.1) 52.5 (45.3-59.6) 0.69
50.0 (40.0-60.0) 50.0 (40.0-60.0) 0.65
47.0 (36.9-57.2) 67.0 (56.9-76.1) 0.006
41.4 (25.0-68.8) 63.3 (50.0-87.5) 0.03
53.0 (42.8-63.1) 38.0 (28.5-48.3) 0.05
60.0 (40.0-66.7) 40.0 (23.8-50.0) 0.05
50.0 (40.1-59.9) 53.5 (41.3-65.5) 0.76
50.0 (42.9-50.0) 50.0 (33.3-66.7) 0.82
49.5 (42.4-56.6) 57.0 (49.8-64.0) 0.16
50.0 (40.0-60.0) 50.0 (50.0-70.0) 0.19
53.0 (42.8-63.1) 84.0 (75.3-90.6) 0.001
55.0 (40.0-75.0) 100.0 (66.7-100.0) 0.001
46.0 (36.0-56.3) 30.0 (21.2-40.0) 0.03
50.0 (31.2-60.0) 25.0 (20.0-40.7) 0.05
49.5 (38.9-60.0) 65.2 (49.8-78.6) 0.1
50.0 (48.2-60.0) 66.7 (47.5-100.0) 0.02

Diagnostic performance is shown for binary csPCa classification, subjective risk score thresholds, PRFMUS score thresholds, and the combined

decision rule. Cohort-level analyses are presented with exact 956% Cls, whereas reader-level analyses are reported as median (IQR) across readers.
The P values represent comparisons between pre- and post-training performance. Combined rule defined as PRI-MUS score >3 or PRI-MUS score = 3
with overall risk score >5. IQR, interquartile range (quartile 1 to quartile 3).
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Mixed-effects modelling confirmed a significant post-training
effect (odds ratio 2.13, 95% CI 1.20-3.79; P = 0.01). Baseline
performance did not differ between sessions (P = 0.85), and
the training effect was similar across sessions (interaction

P = 0.41) (Table S1 and Fig. S1). An exploratory model
including reader role showed no significant interaction
between professional background and training effect

(P = 0.34).

Risk Scores and ROC Analyses

The overall risk score assigned by the participants achieved an
AUC of 0.531 (95% CI 0.451-0.611) before training and 0.701

Results of the Mannheim Microulirasound Curriculum

(95% CI 0.631-0.771) after training (P = 0.002). This
improvement was caused by a shift towards higher scores in
positive cases while the median score for negative cases
remained unchanged (Fig. S2). The peripheral zone risk score
achieved an AUC of 0.507 (95% CI 0.424-0.590) before
training and 0.672 (95% CI 0.597-0.746) after training

(P = 0.004). Performance of the anterior risk score showed a
similar improvement, with an AUC of 0.523 (95% CI
0.395-0.651) before training and 0.700 (95% CI 0.578-0.821)
after training, but this did not reach statistical significance

(P = 0.052). Even though all AUCs based on PRI-MUS scoring
improved, these changes were not statistically significant. All
graphs and results are presented in Fig. 2 and Table S2.

Fig. 2 The ROC curves for PRI-MUS and subjective risk scores before vs after training. The ROC curves for PRI-MUS and subjective risk scores before and
after completion of the Mannheim Micro-Ultfrasound Curriculum. Overall/global metrics were evaluated against csPCa status, peripheralzone metrics

against peripheralzone and mixed peripheral/anterior fumours, and anterior metrics against anterior fumours only. Shaded areas represent bootstrap
95% Cls. The AUC values and P values were calculated using the DeLong method.
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Management Recommendations

Following training, readers demonstrated a shift in
management strategy, with fewer follow-up recommendations
(46 vs 11) and increased use of mpMRI (59 vs 93), while
biopsy rates remained stable (95 vs 96). Overall binary
decision correctness improved significantly from 67% before

Table 4 Changes in management decisions before vs affer training.

Category Before training, After training,

% (n/N)

% (n/N)

Decision distribution

Follow-up 23.0 (46/200) 5.5 (11/200) NA

mMpPMRI 29.5 (59/200) 46.5 (93/200) NA

Biopsy 47.5 (95/200) 48.0 (96/200) NA
Decision correctness

Overall 67.0 (134/200) 83.0 (166/200) 0.001

Follow-up 54.3 (25/46) 0.9 (10/171) 0.04

mMpPMRI 100.0 (59/59) 100.0 (93/93) 1.00

Biopsy 52.6 (50/95) 65.6 (63/96) 0.08
Decision quality

Bad 33.0 (66/200) 17.0 (34/200) 0.001

Acceptable 29.5 (59/200) 46.5 (93/200)

Good 37.5 (75/200) 36.5 (73/200)

Decision distribution describes the proportion of follow-up, mpMRI, and
biopsy recommendations before and after training. Decision
correctness was evaluated using the pre-defined binary framework
described in the Methods section. Decision quality was categorised as
‘good’, ‘acceptable’, or ‘poor’ according fo the pre-defined
three-level framework. Binary comparisons were analysed using
Fisher’s exact tests; overall distribution of decision quality was analysed
using a global Fisher 2 x 3 test.

to 83% after training (P = 0.001). Correctness increased for
follow-up decisions (54% vs 91%, P = 0.04) and biopsies
(53% vs 66%, P = 0.08), while mpMRI recommendations
were classified as appropriate within the pre-defined
framework. Using the three-level quality framework, the
proportion of poor-quality decisions decreased significantly
(from 33% to 17%), with a corresponding increase in
acceptable decisions (P = 0.001). Further details on
management decisions are presented in Table 4 and Fig. 3.

Discussion

This study showed that a structured 2-day training programme
improved cohort-level performance in the assessment of
microUS images for csPCa in a controlled setting. Training
improved sensitivity and overall accuracy, indicating better
identification of clinically significant disease. While the
three-tiered subjective risk score of 1-10 showed a statistically
significant improvement in AUC, PRI-MUS scoring remained
challenging to apply effectively in this non-representative
cohort. This suggests that structured categorical scoring
systems may require greater experience and repeated case
exposure than broader subjective pattern recognition.

Importantly, mixed-effects modelling demonstrated that the
training effect was reproducible across the two independent
training sessions. Baseline performance did not differ between
cohorts, and the magnitude of improvement after training was
comparable, suggesting the observed effects were attributable
to the curriculum rather than cohort-specific differences.

Fig. 3 Distribution of management recommendations before and after training. Management recommendations before and after training categorised
according to the pre-defined three-level decision framework. ‘Good’ decisions included biopsy recommendations in csPCa-positive cases and follow-up
recommendations in biopsy-negative cases. '‘Bad’ decisions included biopsy recommendations in biopsy-negative cases and follow-up

recommendations in csPCa-positive cases. The mpMRI recommendations were categorised as ‘acceptable’ independent of pathology status. Points

represent proportions of all decisions; error bars indicate 95% Cls.
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Clinical decision-making after microUS remains an important
area of investigation, particularly as randomised trials
evaluating biopsy-avoidance strategies are ongoing. Although
biopsy rates remained stable before and after training, the
proportion of biopsied patients with csPCa increased from
52.6% to 65.6%. Following training, participants became more
cautious in assigning patients to PSA follow-up, with only
one inappropriate follow-up recommendation in a case with
csPCa. When unnecessary biopsies and inappropriate
follow-up assignments were considered together, the rate of
false decisions decreased from 33% to 17%. While these
simplified recommendations do not fully reflect real-world
clinical decision-making, where PSA kinetics, MRI findings,
and other patient-specific factors influence subsequent
diagnostic procedures, they suggest increased confidence and
more appropriate management within the controlled
framework of this study.

Despite recent publications demonstrating non-inferiority of
microUS to mpMRI in a biopsy-all strategy, adoption of
microUS as an imaging modality remains limited. The overall
guidance on its use remains heavily influenced by the
producer of the US system. This starkly contrasts with the
current status of mpMRI for PCa detection. While PRI-MUS
currently remains a pure imaging interpretation system,
PI-RADS has become a system for the acquisition,
interpretation and reporting of mpMRI [17]. Furthermore,
consensus conferences such as that organised through the
European Society of Urogenital Radiology (ESUR) and the
European Association of Urology Section of Urological
Imaging (ESUI) provide guidance for the education of
radiologists learning prostate mpMRI for cancer detection
[15]. The mpMRI training recommendations emphasise
structured education with supervised reporting and defined
experience thresholds, including interpretation of at least 100
supervised cases. Together with the PI-RADS and PI-QUAL
frameworks, these initiatives have improved consistency in
mpMRI interpretation.

To ensure widespread high-quality imaging with microUS, a
similar process as that of mpMRI will be necessary. Enabling
high-quality education in microUS interpretation and
providing a supervised format for novices before they start
independent reporting was the goal of this training study.
While the participants of this study have likely not reached
expert level, significant improvements in scoring and
decision-making were seen after the completion of the 85
example cases included in the training. While multiple studies
examining mpMRI learning curves exist, the only similar
study in microUS to date examines a structured training
programme by Cash et al. [18]. The four-stage training
programme includes six on-line learning modules and 1 h of
didactic instruction; trainees then undergo their first 10-15
live cases under supervision, followed by case reviews after
10, 20, 40, and 90 cases. The study showed statistically

Results of the Mannheim Microulirasound Curriculum

significant improvement in the detection of csPCa from 40%
to 57%. Specificity increased from 16% to 37% after 90 cases.
However, the examinations included patients who had
previously undergone mpMRI, with results available to the
participants, which could have biased the results. Under these
considerations, with nearly equal specificity and NPV, the
results of the examined curriculum appear highly promising.
By enabling structured image-based training before
independent clinical use, the curriculum offers a scalable and
less time-intensive alternative to prolonged one-to-one
proctoring during the early phase of learning microUS.

Among the findings, the study revealed that the subjective
overall risk score, taught using a structured three-tier system
(1-3 ‘likely benign’, 4-5 ‘equivocal’, >6 ‘suspicious’),
demonstrated a more pronounced improvement than PRI-
MUS scoring. AUC values for both the overall risk score and
the peripheral-zone score increased significantly from 0.531 to
0.701 and from 0.507 to 0.672, respectively. While the AUC
of PRI-MUS scoring also improved, changes were weaker and
not statistically significant. PRI-MUS scoring was taught using
curated examples closely aligned with the original definitions
by Ghai et al. [20]. The stronger improvement in subjective
risk scoring suggests that readers may first develop a broader
visual impression of malignant vs benign appearances before
they are able to reliably translate these findings into criteria-
based scoring systems such as PRI-MUS. Nonetheless,
repeated exposure to PRI-MUS scoring with targeted feedback
may help improve consistency in lesion classification. This
will be an important focus for future refinement of the
curriculum.

Our group previously proposed integrating transitional-zone
risk scoring into the PRI-MUS framework [17]. Although not
statistically significant due to the small number of
transitional-zone tumours, the observed AUC increase
suggests that dedicated training may improve detection of this
challenging group of tumours with less reliable definitions of
high-risk features.

Limitations

This study has several methodological aspects that should be
considered when interpreting the findings. First, the
evaluation design did not include repeated assessment of the
same cases by the same reader. Instead, different case subsets
were evaluated before and after training, such that analyses
reflected pooled cohort-level performance rather than paired
within-reader changes. However, this was a design choice
made to avoid a test—retest bias and while case-mix
differences might have played a role for the individual raters,
as all test-dataset cases were assessed only once per timepoint
in each training run, on a cohort level the same cases were
assessed before and after training.
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The study cohort was relatively small and heterogeneous,
which limits conclusions for any specific professional groups.
Although the exploratory interaction model did not show a
significant difference in post-training effect by professional
background, the inclusion of three medical students could limit
generalisability to routine clinical microUS users. In addition,
the test set was enriched for patients with PCa and consisted
exclusively of men already selected for biopsy via previous
mpMRI. Furthermore, examinations with very poor image
quality were excluded. This resulted in a higher prevalence of
csPCa and a more controlled imaging dataset than would be
expected in routine clinical practice, potentially leading to
over- or underestimation of diagnostic performance in lower-
prevalence settings. Finally, the study focused on blinded
interpretation of pre-acquired images and did not account for
real-time image acquisition or biopsy performance.

As a limitation to this study, however also possibly to
microUS in general, specificity remained low and did not
significantly improve. This finding should be interpreted in
the context of the study population, which consisted
exclusively of patients already selected for biopsy, most
commonly because of suspicious mpMRI findings.
Consequently, a low specificity would be expected even with
accurate image interpretation. Nevertheless, the persistently
low specificity after training also suggests that distinguishing
benign from suspicious microUS findings remains challenging
during early training and may require further experience.

A strength of the study is the use of a fixed, biopsy-validated
test dataset independent of the training cases, allowing a
controlled comparison across timepoints while minimising
bias related to prior case exposure.

Conclusions

The Mannheim Micro-Ultrasound Curriculum improved
microUS interpretation and management decisions among
inexperienced readers and reduced inappropriate management
recommendations after training. As clinical adoption of microUS
continues, dedicated training and quality assurance frameworks
will be essential for consistent clinical implementation.
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