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INTRODUCTION
New imaging technologies, such as 
multiparametric magnetic resonance 
imaging (MRI), have improved our 
ability to detect and characterize 
prostate cancer lesions.1,2 The cur-
rent Canadian Urological Association 
(CUA) and European Association of 
Urology (EAU) guidelines recom-
mend that for biopsy-naive men with 
a negative MRI (Prostate Imaging 
Reporting & Data System [PI-RADS] 
score ≤2), prostate biopsy can be 
avoided for low-risk men.3,4 Despite 
the improvements afforded by MRI, 
it can miss 15% or more of clinically 
significant prostate cancer (csPCa), 
defined as Gleason grade group ≥2.5

To address this diagnostic gap, 
high-resolution micro-ultrasound 
(microUS) can be used. MicroUS 
is an advancement from traditional 
ultrasound methods and offers 
the ability to visualize prostate tis-
sue with more detail, leading to 
improved identification and localiza-
tion of suspicious lesions.6-9 MicroUS 
has a higher frequency of ultrasound 
waves at 29 MHz, compared to 
standard ultrasound in the 6 MHz 
range, allowing differentiation of 
minute structural variations within 
the prostate.10 MicroUS employs 
the Prostate Risk Identification using 
Micro-Ultrasound (PRI-MUS) scor-
ing system, which, like the PI-RADS 
scoring system, employs a Likert 
scale ranging from 1–5. Lesions 
rated ≥3 on this scale are indicative 
of a heightened risk for prostate can-
cer.11 Exact Imaging has developed 
a formal training course for novice 
urologists seeking to implement this 
technology in their practice.12

INTRODUCTION: Despite a negative magnetic resonance imaging (MRI), some patients 
may still harbor clinically significant prostate cancer (csPCa, Gleason grade group ≥2). High-
resolution micro-ultrasound (microUS) is a novel imaging technology that could visualize 
csPCa that is missed by MRI. 

METHODS: This retrospective review included 1011 consecutive patients biopsied between 
September 2021 and July 2023 in Alberta, Canada. Among them were 103 biopsy-naive 
patients with negative MRI (Prostate Imaging Reporting & Data System [PI-RADS] ≤2) under-
going microUS-informed prostate biopsy (n=56) scored using Prostate Risk Identification 
Using Micro-ultrasound (PRI-MUS) or standard transrectal ultrasound prostate biopsy (n=47). 
The primary outcome was detection rate of csPCa stratified by biopsy technique and PRI-
MUS score.

RESULTS: MicroUS biopsy identified csPCa in 14/56 (25%) compared to standard biopsy 
in 8/47 (17%) (p=0.33). Patients with lesions PRI-MUS ≥3 had csPCa detected at a higher 
rate compared to patients with PRI-MUS ≤2 (42% vs. 16%, p=0.03). The csPCa detection 
rate was significantly different comparing patients with prostate-specific antigen (PSA) density 
<0.15 and PRI-MUS ≤2 compared to patients with PSA density ≥0.15 and PRI-MUS ≥3 (14% 
vs. 60%, p=0.02). 

CONCLUSIONS: MicroUS may aid in the detection of csPCa for patients with negative MRI. 
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The primary objective of this study was to determine 
the benefit of using microUS-informed prostate biopsy 
for patients with negative MRI for the detection of csPCa. 

METHODS
This retrospective review was performed looking at 
1011 consecutive patients biopsied by a single urolo-
gist between September 2021 and July 2023 at a single 
center in Alberta, Canada. In total, there were 103 
biopsy-naive patients with clinical suspicion of prostate 
cancer who underwent a prostate biopsy with nega-
tive MRI. Fifty-six patients underwent combined MRI/
microUS-guided transrectal biopsy using the ExactVu 
MRI/microUS fusion device (Exact Imaging, Markham, 
Canada) scored at the time of biopsy by the urologist 
using the PRI-MUS protocol. The urologist has com-
pleted the formal microUS mastery course provided by 
Exact Imaging. A further 47 patients underwent standard 
transrectal ultrasound (TRUS)-guided biopsy. Pre-biopsy 
MRI was scored using the PI-RADS version 2.1 score, 
and a score of ≤2 was considered negative. All patients 
underwent a 12-core systematic transrectal prostate 
biopsy, with additional targeted cores taken from any 
prostate lesions scored PRI-MUS ≥3. Human research 
ethics approval was obtained (HREBA.CC-21-0388). 

Baseline patient characteristics, including age, ethni-
city, family history of prostate cancer, prostate-specific 
antigen (PSA), prostate volume, digital rectal exam 
(DRE), and PSA density were determined using retro-
spective chart review of our provincial electronic health 
records system. Mean values and standard deviations 
are reported for continuous variables and categorical 
variables are reported as frequencies (%). The primary 
outcome was the detection of csPCa between the two 
groups. Statistical analyses were performed using the 
Chi-squared test, Fisher’s exact test, and Student t-test 

where appropriate. A two-sided p-value of <0.05 was 
considered significant.

RESULTS
A total of 103 biopsy-naive patients with negative MRI 
(PI-RADS ≤2) underwent prostate biopsy, with 56 
undergoing microUS biopsy and 47 undergoing TRUS 
biopsy. There was no significant difference between 
the two groups for age, ethnicity, family history of pros-
tate cancer, abnormal DRE, PSA, or prostate volume  
(Table 1). Fewer men undergoing microUS had a PSA 
density <0.15 (54% vs. 83%, p<0.01).

There was no difference in overall csPCa detec-
tion rates between microUS and TRUS biopsies (25% 
vs. 17%, p=0.33) (Figure 1). csPCa was detected at a 
higher rate in men with PR-MUS ≥3 lesions compared 
to men with PRI-MUS ≤2 (42% vs. 16%, p=0.03). csPCa 
was detected in 8/19 patients with PRI-MUS ≥3 lesions, 
with 5/8 (62.5%) detected by targeted biopsies and 6/8 
(75%) detected by systematic biopsy. 

A subgroup analysis was performed stratifying men 
by PSA density. For PSA density <0.15, the overall 
detection rate was 10/69 (14%), with 5/30 (17%) for 

█  A negative MRI can miss 15% or more of 
clinically significant prostate cancers.

█  Patients with PRI-MUS ≥3 and negative 
MRI had clinically significant prostate cancer 
detected at a rate of 42%.

█  Micro-ultrasound can improve the detection 
rate of clinically significant prostate cancers for 
patients with negative MRI.

KEY MESSAGES

Table 1. Baseline patient, imaging, and biopsy characteristics

microUS (n=56) TRUS (n=47) p 

Age, mean (SD) 61.4 (7.2) 61.9 (7.8) 0.77

Ethnicity, (%)
Asian
Black
Caucasian
Hispanic
Indigenous
Unknown

8 (14)
2 (4)
43 (77)
0 (0)
2 (4)
1 (2)

7 (15)
4 (9)
32 (68)
0 (0)
3 (6)
1 (2)

0.78

Family history of prostate cancer, n (%) 16 (29) 10 (21) 0.40

Abnormal DRE (%) 5 (9) 6 (13) 0.53

PSA (ng/mL), median (IQR) 7.3 (5.9–8.4) 6.8 (5.0–9.3) 0.33

Prostate volume (cc), median (IQR) 51.5 (38.9–68.9) 69 (50.5–82.0) 0.33

PSA density (ng/mL/cc), (%)
<0.15
≥0.15

30 (54)
26 (46)

39 (83)
8 (17)

<0.01

PRI-MUS score, (%)
≤2
3
4
5

37 (66)
4 (7)
3 (5)
12 (21)

N/A

N/A

DRE digital rectal exam; IQR: interquartile range; PRI-MUS: prostate risk identification 
using micro-ultrasound score; PSA: prostate-specific antigen; SD: standard deviation; 
TRUS: transrectal ultrasound biopsy.
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microUS biopsy and 5/39 (13%) for standard biopsy. 
For PSA density ≥0.15, the overall detection rate was 
12/34 (35%), with 9/26 (35%) for microUS biopsy and 
3/8 (38%) for standard biopsy. There was a significant 
difference between the overall detection rates when 
stratified by PSA density (14% vs. 35%, p=0.02). PRI-
MUS ≤2 had a detection of 3/21 (14%) and 3/16 (19%) 
and PRI-MUS≥3 was 2/9 (22%) and 6/10 (60%) for 
PSA density <0.15 and ≥0.15, respectively (Figure 2). 
The csPCa rate for PSA density of <0.15 and PRI-MUS 
≤2 is significantly different from PSA density ≥0.15 and 
PRI-MUS ≥3 (14% vs. 60%, p=0.02). 

DISCUSSION
The present study shows that for patients undergoing 
prostate biopsy with negative MRI, the rate of detection 
of csPCa by standard TRUS biopsy was 17% and for 
microUS-informed prostate biopsy was 25%. The rate 
of detection of csPCa was increased to 42% for patients 
with a lesion PRI-MUS ≥3 compared to a detection 
rate of 16% for patients with PRI-MUS ≤2. There was a 
significant difference between the rates of csPCa when 
stratified by PSA density (14% vs. 35%). The differ-
ence was larger for patients with PSA density ≥0.15, 
with 60% of patients with PRI-MUS ≥3 detecting csPCa 
compared to 19% for PRI-MUS ≤2, which is similar to 
the rates of csPCa detected with PSA density <0.15. 
MicroUS did not have as large of an effect for patients 
with PSA density <0.15, with 14% csPCa detection for 
PRIMUS ≤2 compared to 22% for PRIMUS ≥3.

A recent study by Avolio et al found similar rates 
of csPCa for patients with negative MRI undergoing 
microUS-informed prostate biopsy (27% [34/125] 
compared to 25% [14/56]).13 The Avolio study popu-
lation showed a lower rate of negative microUS when 
compared to our study (22% [28/125] vs. 66% [37/56] 
having PRI-MUS ≤2). They further show lower rates 
of csPCa for negative microUS at 3.6% (1/28) when 
compared to this study showing 16% (6/37). This could 
be partially explained by differences in baseline charac-
teristics, such as PSA density, although we would need 
further trials to elicit the true rates. 

The current CUA and EAU guidelines recommend 
that for negative MRI, a biopsy can be omitted for low-
risk patients. This study found that even for PSA density 
of <0.15, 17% and 13% of patients were diagnosed with 
csPCa and would have had their diagnosis delayed by 
omitting biopsy.3,4 These results highlight the synergistic 
effect of microUS and MRI for the detection of csPCa, 
with increase rates of detection of csPCa when using 
a microUS biopsy, even with negative MRI.

Limitations
There are several limitations of this study, including its 
retrospective, single-site design. The sample size of this 
study was limited and only includes patients who were 
referred for biopsy despite negative MRI. Furthermore, 
the microUS group had a larger percentage of patients 
with PSA density >0.15, who are at a higher risk of 
csPCa. Further studies are necessary to better address 
this question, which the ongoing Optimization of 
Prostate Biopsy–Micro-Ultrasound vs. MRI (OPTIMUM) 
trial may help provide.14

Figure 1. Detection rates of Gleason grade group ≥2 prostate cancer for MRI-negative patients undergoing transrectal microUS 
or standard transrectal ultrasound biopsy. GG: Gleason grade group; microUS: micro-ultrasound; MRI: magnetic resonance imaging; 
PRI-MUS: Prostate Risk Identification using Micro-ultrasound Score; PI-RADS v2.1: Prostate Imaging, Reporting, and Data System; 
TRUS: transrectal ultrasound.

Figure 2. Detection rates of Gleason grade group ≥2 prostate cancer for MRI-negative patients undergoing microUS biopsy strati-
fied by PSA density and PRI-MUS score. GG: Gleason grade group; PRI-MUS: Prostate Risk Identification using Micro-ultrasound 
Score; PSA: prostate-specific antigen.
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CONCLUSIONS
MicroUS-informed prostate biopsy could be a use-
ful adjunct for helping detect csPCa in the setting of 
a negative MRI and underscores high rates of csPCa 
detected despite negative MRI.
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