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Abstract

Objectives The Prostate Imaging Quality (PI-QUAL) score is a new metric to evaluate the diagnostic quality of multiparametric

magnetic resonance imaging (MRI) of the prostate. This study assesses the impact of an intervention, namely a prostate MRI

quality training lecture, on the participant’s ability to apply PI-QUAL.

Methods Sixteen participants (radiologists, urologists, physicists, and computer scientists) of varying experience in reviewing

diagnostic prostate MRI all assessed the image quality of ten examinations from different vendors and machines. Then, they

attended a dedicated lecture followed by a hands-on workshop on MRI quality assessment using the PI-QUAL score. Five scans

assessed by the participants were evaluated in the workshop using the PI-QUAL score for teaching purposes. After the course, the

same participants evaluated the image quality of a new set of ten scans applying the PI-QUAL score. Results were assessed using

receiver operating characteristic analysis. The reference standard was the PI-QUAL score assessed by one of the developers of PI-

QUAL.

Results There was a significant improvement in average area under the curve for the evaluation of image quality from baseline

(0.59 [95 % confidence intervals: 0.50-0.66]) to post-teaching (0.96 [0.92—0.98]), an improvement of 0.37 [0.21-0.41] (p <

0.001).

Conclusions A teaching course (dedicated lecture + hands-on workshop) on PI-QUAL significantly improved the application of

this scoring system to assess the quality of prostate MRI examinations.

Key Points

* A significant improvement in the application of PI-QUAL for the assessment of prostate MR image quality was observed after
an educational intervention.

* Appropriate training on image quality can be delivered to those involved in the acquisition and interpretation of prostate MRI.

* Further investigation will be needed to understand the impact on improving the acquisition of high-quality diagnostic prostate
MR examinations.
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Abbreviations
AUC Area under the curve
CI Confidence intervals

COVID-19  Coronavirus disease 19
DICOM Digital Imaging and Communications in
Medicine
ESOR European School of Radiology
ESUI European association of urology Section
of Urologic Imaging
ESUR European Society of Urogenital Radiology
mpMRI Multiparametric magnetic resonance imaging
PI-QUAL  Prostate Imaging QUALity
PI-RADS  Prostate Imaging Reporting and Data System
ROC Receiver operating characteristic
Introduction

Prostate magnetic resonance imaging (MRI) examinations must
be of high quality to allow for accurate interpretations. Low
diagnostic quality examinations will increase uncertainty in
MRI decision-making [1]. Against this backdrop, the Prostate
Imaging Reporting and Data System (PI-RADS) standards
Versions 2.0 and 2.1 were developed to include a set of minimal
technical requirements for the acquisition of good-quality MRI
of the prostate [2, 3]. Additionally, two panels of experts have
advocated the creation of standardised quality criteria for the
evaluation of the image quality of prostate MRI [4, 5].

The Prostate Imaging Quality (PI-QUAL) score for pros-
tate MRI represents the first standardised scoring system that
evaluates image quality using objective technical criteria to-
gether with subjective visual criteria from the images [6].

PI-QUAL score of 1 means that all MR sequences are below
the minimum standard of diagnostic quality, a PI-QUAL score
of 3 indicates that the study is of sufficient diagnostic quality (as
at least two MR sequences taken together are of diagnostic

quality), and a PI-QUAL score of 5 implies that all sequences
are of optimal diagnostic quality (i.e., all clinically significant
lesions can be ruled in AND ruled out) (Table 1).

The importance of reader training and experience in pros-
tate MRI is both intuitive and evident from the literature [7, 8].
As the volume of prostate imaging grows, a larger and larger
number of examinations are being performed in centres all
over the world. Many sites are beginning for the first time,
without a lot of experience in this examination. Dedicated
imaging site and personnel efforts are required to ensure high
quality.

The first step in reviewing a prostate MR exam is a critical
review of its quality. In the current prostate cancer pathways,
many patients will be seen by physicians with a prior prostate
MR exam already performed elsewhere [9]. So, urologists,
oncologists, and others without formal radiology training
must be able to ascertain the overall quality of an exam and
the resulting diagnostic report. Some men may require a repeat
MR examination prior to deciding on treatment. Therefore,
the ability to evaluate the quality of prostate MR studies is a
crucial skill for clinicians treating prostate cancer.

The Nicholas Gourtsoyiannis Teaching Fellowship, estab-
lished by the European School of Radiology (ESOR), is aimed
at radiologists who wish to enhance their teaching and training
skills by delivering lectures and undertaking interactive work-
shops. For the year 2021, the fellowship has been awarded to
two separate projects on prostate MRI.

We report here the results from the second project, which
focussed on how an educational intervention can be used to
understand and apply the PI-QUAL score to evaluate the qual-
ity of prostate MRI images [6].

Our hypothesis was that dedicated training in assessing
image quality by using the PI-QUAL score would significant-
ly improve the ability of participants with different levels of
experience and training backgrounds in determining the ade-
quacy of the images.

Table 1  Assessment of the diagnostic quality of multiparametric MRI scans using the PI-QUAL score

PI-QUAL Criteria Clinical implications

score

1 All mpMRI sequences are below the minimum standard for diagnostic quality It is NOT possible to rule in all significant lesions *

2 Only one mpMRI sequence is of acceptable diagnostic quality Itis NOT possible to rule out all significant lesions *

3 At least two mpMRI sequences taken together are of acceptable diagnostic It is possible to rule in all significant lesions
quality It is NOT possible to rule out all significant lesions

4 Two or more mpMRI sequences are independently of optimal diagnostic quality It is possible to rule in all significant lesions

5 All mpMRI sequences are of optimal diagnostic quality It is possible to rule out all significant lesions

*Therefore, reports should not include PI-RADS or Likert scores

Legend. PI-QUAL Prostate Imaging QUALity; mpMRI multiparametric magnetic resonance imaging; PI-RADS Prostate Imaging Reporting and Data

System
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Materials and methods

The 2021 fellowship recipient (F.G.) is a Consultant
Radiologist with a particular interest in genitourinary imaging
and highly experienced in prostate MRI (i.e., reporting more
than 2,500 prostate MR scans per year), and who is also one of
the developers of the PI-QUAL score [6].

The second teaching fellowship took place at Harvard
Medical School/ Brigham and Women’s Hospital in Boston,
MA, USA (Fig. 1), between January 10 and January 16, 2022.

Setting and participants

Study participants with different levels of experience in prostate
MRI and training backgrounds (but all linked to the MR path-
way for the diagnosis of prostate cancer) were invited from the
departments of radiology and surgery/urology. The only pre-
requisites for participation were to have general knowledge of
the anatomy of the prostate on MRI and to have been exposed
to multiparametric MR images of the prostate before the course.

All participants were unaware of the specifics of the PI-
QUAL assessment procedure and how to apply it.

MR examinations

All MR examinations included T2-weighted, diffusion-
weighted, and dynamic contrast-enhanced sequences and it
is important to mention that they were not always fully com-
pliant with the PI-RADS recommendations (i.e., technical de-
tails), reflecting the heterogeneity of the conduct of prostate
MRI across different centres [9]. The scans had been perform-
ed between November 2018 and September 2021 without an
endorectal coil. All MR exams and images had been previous-
ly anonymised and uploaded onto a dedicated DICOM view-
er. All participants reviewed all sets of cases and were blinded
to the magnet vendor, field strength, and all clinical data.
Due to the institutional restrictions in place at the time of
the fellowship (following the rapid spread of the Omicron
variant of COVID-19), the teaching course was conducted
on-site in Boston, USA, but it was decided to hold the lecture

and the workshop also via a video-meeting platform to allow
the attendees to join the lecture and the workshop remotely.

Specific of the educational intervention:

Figure 2 shows the framework of each step of the teaching
fellowship during the week.

*  Day I and day 2 (pre-teaching case review)

In the two days prior to the lecture, the participants were
asked to go through a set of different MR scans of the prostate
independently. They filled a scoring sheet (Fig. 3) that was
specifically created for this project by the course
director (F.G.) in which they evaluated the quality of each of
the three sequences (i.e., T2-weighted imaging, diffusion-
weighted imaging and dynamic contrast-enhanced se-
quences). They were also asked to state if they would have
repeated the scan due to poor image quality. No further in-
structions or guidelines were given, and the participants relied
only on their previous knowledge in prostate MRI. Although
we kept track of time, participants were allowed to work at
their own pace to interpret the scans. The scoring sheets were
returned and collated before the lecture and the workshop.

*  Day 3 (lecture + hands-on workshop)
All participants attended the lecture (1 h), which was
followed by a Q and A session (30 min) in which they were

encouraged to ask questions to improve their understanding of
the subject.

Lecture framework

The lecture, whose title was: “Prostate MR and image quality:
it is time to improve,” consisted of two modules:

e Module 1-Prostate MRI: introduction to (i) the different
MR sequences, (ii) the anatomy of the prostate gland, and
(iii) the appearance of prostate cancer on MRI

“b“f;l, |

Fig. 1 Harvard Medical School (A, B) and main entrance of Brigham and Women’s Hospital (C, D) in Boston, Massachusetts, USA. The images were

taken during the teaching fellowship in January 2022
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Pre-teaching

case review

e Lecture

Post-teaching

* Q&A case review

* Hands-on workshop

10 different prostate MR scans -
evaluated independently

Tasks

A dedicated scoring sheet was filled -

(Fig. 3)

Lecture on image quality and the -

PI-QUAL score

Q & A session

10 new prostate MR scans

evaluated independently

The PI-QUAL scoring sheet was
filled (Fig. 4)

- Hands-on workshop (5 cases)

Fig. 2 Chronologic framework of the teaching fellowship

*  Module 2-Review of the currently available papers ad-
dressing the issue of prostate MRI quality and explanation
of the PI-QUAL score using a recently published primer
[10]

Hands-on workshop framework

The workshop, whose title was: “The PI-QUAL score: from
theory to practice,” was carried out after the lecture and in-
cluded hands-on training to familiarise the participants with
the PI-QUAL scoring system. During the workshop, which
lasted for approximately 1 h, five scans from the pre-training
cohort were reviewed and discussed collegially. The partici-
pants were taught how to evaluate image quality and assess
the PI-QUAL score using the dedicated scoring sheet (Fig. 4)
and the PI-QUAL primer. [10]

*  Day 4 and day 5 (post-teaching case review)

All participants were asked to evaluate independently the
image quality of a new set of 10 cases using the PI-QUAL
scoring sheet. At the end of the workshop, their results were
collated for analysis.

Clinical cohort and reference standard

All patients included in this study gave written informed con-
sent to have their images used for research and teaching pur-
poses. No Institutional Review Board approval was needed
for this study, as the scans were from different MR systems
and MR vendors at different centres and were randomly se-
lected by a research assistant not involved in the study and
with no clinical background.

@ Springer

The quality assessment given by the course director
was used as the reference standard for the evaluation of
the participants’ performance before and after the
course.

Statistical analysis

The primary outcome was the change in the average area
under the curve (AUC) for detection of suboptimal and opti-
mal image quality (stratified by PI-QUAL 1-3 vs PI-QUAL 4-
5) before and after teaching.

The pre-teaching scores given in the dedicated scoring
sheet (i.e., inadequate image quality vs adequate image qual-
ity) were dichotomised into PI-QUAL 1-3 vs PI-QUAL 4-5.

Receiver operating characteristic (ROC) curves were based
on generalised linear mixed models with participant and case
ID taken as random effects. This approach generalises the
Obuchowski-Rockette method [11] and is described by Liu
et al [12].

For each ROC curve and AUC value, 95% confidence
intervals (Cls) were computed by conditional bootstrap re-
sampling (B = 50,000 samples).

Exact p values were computed by permutation methods to
avoid any distributional assumption or asymptotic approxima-
tion and considered significant when < 0.05.

All statistical analyses were performed in R v. 4.1.3 (R
Foundation for Statistical Computing).

Results

A total of sixteen participants completed the study. A total of
twenty scans from twenty different patients were included.
The image analysis sessions consisted of 10 cases in the pre-
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Reporting radiologist (or other):

Level of experience (circle as appropriate): Registrar / Fellow / Consultant / Other (............ )
Months/years of experience in prostate MRI:
Number of prostate MR scans per year reported (if applicable):

Image quality assessment

Scan number:

Please assess the image quality for each sequence (circle as appropriate) and state the
reason of your evaluation in the text box:

T2-weighted imaging (T2-WI)

Adequate

Inadequate

Diffusion-weighted imaging (DWI)

Adequate

Inadequate

Dynamic contrast enhanced (DCE)

Adequate

Inadequate

Would you feel confident in ruling in / ruling out the presence of prostate cancer? Yes No

Would you have repeated the scan? Yes No

Fig. 3 Scoring sheet for pre-teaching scans
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‘ Scan & site number: ‘ @ PRECISION

Prostate Imaging QUALity control (PI-QUAL) scoring sheet

e — L

- All mpMRI sequences are below the minimum standard of diagnostic quality
It is NOT possible to rule in all significant lesions §
— Only one mpMRI is of acceptable di ic quality It is NOT possible to rule out all significant lesions §
At least two mpMRI seq taken her are of di ic quality It is possible to rule in all significant lesions
It is NOT possible to rule out all significant lesions
— Two or more mpMRI areind dently of di ic quality
It is possible to rule in all significant lesions
All mpMRI are of optimal di ic quality ) o ) g. o B
It is possible to rule out all significant lesions

§ Therefore reports should not include PI-RADS or Likert scores

Please (\/) if present: (note: ‘adequate’ means compliant with the technical specifications reported in PI-RADS v. 2 guidelines) *

T2-WI

Technical parameters

Axial plane

Sagittal or coronal plane

DWI

Technical parameters

Axial plane matching T2-WI
Adequate field of view

DCE

Technical parameters

Axial plane matching T2-WI
Adequate field of view

Adequate in-plane resolution

Adequate in-plane resolution
Adequate slice thickness

Adequate field of view

in- i Adequate slice thickness
Adequatelinzplanelresolution q.u I . . Pre-contrast T1-WI available
Adequate slice thickness Multiple [>2] b values acquired Fat suppression/subtraction

Z-axis correctly positioned High b value (synthesised or acquired) Adequate temporal resolution [< 10 sec]

Adequate total observation rate [> 2min]

Visual assessment Visual assessment

Visual assessment
Adequate ADC map

Absence of artefacts (e.g. rectal air)

Capsule clearly delineated
Seminal vesicles clearly delineated Capsular vessels clearly delineated
Vessels in the Alcock’s canal clearly delineated

Absence of artefacts (e.g. movement)

Ejaculatory ducts clearly delineated
Neurovascular bundles clearly delineated
Sphincter muscle clearly delineated
Absence of artefacts (e.g. movement)

Is DCE of diagnostic quality?

|:| Yes
I:‘ No

Is DWI of diagnostic quality?

I:‘ Yes
|:| No

Is T2-WI of diagnostic quality?

D Yes
D No

PI-QUAL score: Comments:

oOogoogo

Date:

Reporting Radiologist:

Signed:

I * Weinreb JC, et al. PI-RADS Prostate Imaging - Reporting and Data System: 2015, Version 2. Eur Urol 2016;69:16-40.
Imaging Quality (PI-QUAL): A New Quality Control Scoring System
for Multiparametric Magnetic Resonance Imaging of the Prostate from
the PRECISION trial. Eur Urol Oncol (2020); 3(5):615-619.

Fig. 4 PI-QUAL scoring sheet for post-teaching scans. Reprinted with
permission from Elsevier from Giganti F, Allen C, Emberton M, Moore
CM, Kasivisvanathan V, for the PRECISION study group. Prostate
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and 10 cases in the post-intervention groups. Table 2 shows
the list of participants with their background and their level of
experience in prostate MRI.

The MR examinations were diverse in vendor and field
strength: 8/20 (40%) patients were scanned on Siemens®, 6/
20 (30%) on General Electric®, and 6/20 (30%) on Philips®
scanners.

Eleven out of twenty studies (55%) were conducted on a
1.5 T and 9/20 (45%) studies were conducted on a 3 T system.

Table 3 shows the MR vendors and systems, magnets and
PI-QUAL scores (according to the reference standard) for
each scan in the pre- and post-teaching cohorts.

PI-QUAL score

In the pre-teaching cohort, 5/10 (50%) scans were scored PI-
QUAL 2, one (10%) scan was scored PI-QUAL 3, 3/10 (30%)
scans were scored PI-QUAL 4, and for only one (10%) scan
all sequences were of optimal diagnostic quality (i.e., PI-
QUAL 5), according to the reference standard reported in each
PI-QUAL scoring sheet (Supplementary Table 1).

In the post-teaching cohort, 2/10 (20%) scans were scored
PI-QUAL 1, one (10%) scan was scored PI-QUAL 2, 5/10
(50%) scans were scored PI-QUAL 4, and 2/10 (20%) scans
were scored PI-QUAL 5, according to the reference standard
reported in each PI-QUAL scoring sheet (Supplementary
Table 2).

Accuracy in evaluating image quality before and after
teaching

There was a significant improvement in the average AUC for
the evaluation of image quality (suboptimal vs optimal) from
pre-teaching (0.59; [0.50-0.66]) to post-teaching (0.96 [0.92-
0.98]), an improvement of 0.37 [0.21-0.41] (p < 0.001). The
ROC curves presented in Fig. 5a summarise the average ac-
curacy levels in evaluating image quality (stratified by PI-
QUAL 1-3 vs PI-QUAL 4-5) before and after the teaching
course.

We also evaluated the AUC in the assessment of image
quality stratified by experience before and after teaching.
Given the different background of the participants, this was
stratified as non-experienced participants (i.e., < 100 prostate
MR scans seen before the course) and experienced partici-
pants (i.e., > 100 prostate MR scans seen before the course).

For non-experienced participants, the pre-teaching
AUC was 0.62 [0.47-0.76] and the post-teaching AUC
was 0.93 [0.86-0.98], a difference of 0.31 [0.20-0.38] (p
< 0.001).

For experienced participants, the pre-teaching AUC was
0.57 [0.47-0.67] and the post-teaching AUC was 0.98 [0.95-
0.99], a difference of 0.41 [0.30-0.50] (p < 0.001).

The ROC curves shown in Fig. 5b (pre-teaching) and 5c
(post-teaching) are a visual representation of these findings.

The PI-QUAL scores given by each participant after the
course are presented in Table 4 and two examples of prostate

Table 2 List of participants with
their background and their level
of experience in prostate MRI

Participant Background

Experience in prostate
MRI (years)

Number of prostate MR scans
seen per year

interpretation
Radiologist, MD

Urologist, MD

O© 00 9 O L A W N —

e W SO G
AN AW N = O

Physicist, PhD

Computer scientist, PhD

30 1,500
1,000
100
<10
100
200
<10
200
300
100
<10
<10
100
<10
100
100

[\
(=]

'—‘OOO;OONM\OOUIV—‘OUI

Legend. MD medical doctor; PhD doctor of philosophy; MRI magnetic resonance imaging; MR magnetic

reésonance
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Table 3  List of MR vendors and systems, magnets, and PI-QUAL
scores (according to the reference standard) for each scan in the pre-
and post-teaching cohorts

MR vendor and system  Magnet (T)  PI-QUAL score
Pre-teaching
Scan 1 Siemens Skyra 3 4
Scan 2 Siemens Verio 3 3
Scan 3 Siemens Avanto 1.5 4
Scan 4 Philips Intera 1.5 2
Scan 5 Philips Ingenia 1.5 4
Scan 6 GE Signa 1.5 2
Scan 7 Siemens Skyra 3 2
Scan 8 Siemens Skyra 3 2
Scan 9 Siemens Verio 3 4
Scan 10 Siemens Prisma 3 5
Post-teaching
Scan 1 GE Optima 1.5 4
Scan 2 Philips Ingenia 3 4
Scan 3 Philips Ingenia 3 4
Scan 4 GE Signa 1.5 4
Scan 5 GE Optima 1.5 1
Scan 6 Philips Ingenia 1.5 4
Scan 7 Siemens Sola 1.5 5
Scan 8 GE Optima 1.5 2
Scan 9 GE Optima 1.5 1
Scan 10 Philips Ingenia 3 5

Legend. MR magnetic resonance; T Tesla; PI-QUAL Prostate Image
Quality

MR examinations (one from the pre-teaching cohort and one
from the post-teaching cohort) with their corresponding PI-
QUAL scores (according to the reference standard) are pre-
sented in Fig. 6.

Discussion

In our study, we have shown that a dedicated teaching course
on the application of PI-QUAL to evaluate the quality of pros-
tate MRI is useful for radiologists and non-radiologists with
different clinical background and levels of expertise in pros-
tate MRI, ranging from radiologists with more than 30 years
of prostate MR reporting to urologists and computer scientists
who had seen only a few prostate MR exams before the
course.

Our overall goal of providing an intervention to educate a
diverse audience has been shown to be successful.

PI-QUAL can be understood and applied by participants
and we hope, be an important contribution when used in the
clinic to assess the overall value of prostate MRI.

In particular, the participants’ average accuracy in evaluat-
ing image quality (suboptimal vs optimal) significantly in-
creased after a didactic lecture and a hands-on workshop.

Numerous efforts have been made to improve MR image
quality in different organs other than the prostate, including
the heart [13], liver [14], brain [15], and breast [16], as radi-
ologists should become familiar with the requirements for
good-quality MRI and strive to meet the expected standards
to enhance patient quality and safety.

It has already been shown that dedicated teaching courses
improve readers’ performances in MRI [17, 18]. The wide-
spread use of this technique in prostate cancer has resulted in
high variability of image quality for each sequence and clini-
cal decisions can be compromised if the scans are not acquired
at the highest standard [3].

A consensus report by the European Society of Urogenital
Radiology (ESUR) and the European Association of Urology
- Section of Urologic Imaging (ESUI) has pointed out the vast
inconsistency in the conduction of prostate MRI [4].

In this pilot study, the study participants who evaluated the
image quality had different backgrounds and different levels

=) =) QA A Ll.eseesscccsssan s
=l B A ——— 5 21 s Z1cC o eeemaaamemmTTITiIITz
A —— — B e - Sl
- .2 —_—
/ '/-, ’¢ '7 'r —— -
0 4 & » e .
> | > | S J
° | /7 o s =] I
| % - |
| ’ I
o |1 Va o = AUC:059 o | . — AUC:0.62 o | .
2°7 . 1050 - 0.66] > /7 . 0a7-076) | z° I —  AUC:0.93
H g H / s [0.86 - 0.98]
2 | Y AUC: 0.96 E / . AUC: 0.57 = |
3 ! Vi 0.92-0.58) 5 s [047-0671 | 5 1 - o AUC:098
RS 5 L / I [0.95-0.99]
=] 0 S / o I
N /v |
I i /. |
~ .
s / S /., S |
Y 7 /7
1./ o = Preteaching I —  Non-experienced | —— Non-experienced
24 Post-teaching s ) - = Experienced 2 | - = Experienced
T T T T 4 T T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 06 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Fig. 5 Average area under the curve (AUC) for the evaluation of image
quality (suboptimal vs optimal) in the pre-teaching (blue, dash-dotted
line) and post-teaching (red, dashed line) cohorts, with shaded areas and
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square brackets representing the 95% confidence intervals (A). AUCs for
the evaluation of image quality stratified by experience (i.e., < or > than
100 prostate MR scans evaluated) before (B) and after (C) teaching
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Table 4 PI-QUAL scores given by each participant for each scan after teaching, and reference standard

Scan 1 Scan 2 Scan 3 Scan 4 Scan 5 Scan 6 Scan 7 Scan 8 Scan 9 Scan 10
PI-QUAL reader 1 4 4 4 4 1 4 5 2 3 5
PI-QUAL reader 2 4 4 4 5 1 4 2 1 1 4
PI-QUAL reader 3 4 4 4 4 1 4 5 1 1 4
PI-QUAL reader 4 5 4 1 4 2 4 4 1 1 4
PI-QUAL reader 5 4 4 3 4 1 3 3 1 2 4
PI-QUAL reader 6 4 4 2 2 1 4 4 2 2 4
PI-QUAL reader 7 5 4 1 2 1 4 4 2 1 5
PI-QUAL reader 8 4 4 3 3 1 4 5 2 1 5
PI-QUAL reader 9 3 4 4 3 2 4 5 1 3 5
PI-QUAL reader 10 1 4 3 4 2 5 5 1 2 5
PI-QUAL reader 11 4 5 2 1 1 4 5 2 1 4
PI-QUAL reader 12 4 4 4 4 1 4 5 1 1 4
PI-QUAL reader 13 4 4 4 4 2 4 4 3 2 4
PI-QUAL reader 14 4 4 4 4 1 4 4 2 2 5
PI-QUAL reader 15 4 4 3 4 1 3 4 1 3 5
PI-QUAL reader 16 4 4 1 4 1 4 5 1 2 4
PI-QUAL reference standard 4 4 4 4 1 4 5 2 1 5

Legend. PI-QUAL Prostate Imaging Quality. In boldface are cases concordant with the reference standard

of experience in prostate MRI as reported in Table 2. The
participants ranged from very experienced radiologists (i.e.,
reporting more than 1,500 prostate MR scans) scans to other
expert clinicians (i.e., urologists) or physicists/computer sci-
entists/engineers with very little experience.

All participants achieved very high and significant ac-
curacy levels in the evaluation of image quality after the
course, both overall and when split according to their ex-
perience (with the highest values for the experienced
participants).

Fig. 6 Two cases of prostate MRI from the two cohorts (pre- and post-
teaching). The first case (A axial T2-weighted imaging; B diffusion-
weighted imaging (high b value: 1,000 s/mm?); C apparent diffusion
coefficient map; D dynamic-contrast enhanced sequences) is from the
pre-teaching cohort and the reference standard was PI-QUAL 2, as only
T2-Wl is of sufficient diagnostic quality. Only 7/16 participants gave the
correct PI-QUAL score for this scan, with 1/16 giving a PI-QUAL score

of 3, 3/16 a PI-QUAL score of 4 and 5/16 a PI-QUAL score of 5. The
second case (E axial T2-weighted imaging; F diffusion-weighted imag-
ing (high b value: 2,000 s/mm?); G apparent diffusion coefficient map; H
dynamic-contrast enhanced sequences) is from the post-teaching cohort
and the reference standard was PI-QUAL 5. All patients scored this scan
as of optimal diagnostic quality (i.e., PIFQUAL score 4 or 5; in detail: 9/
16 scored PI-QUAL 4 and 7/16 scored PI-QUAL 5)
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It is important to mention that MR examinations require
careful oversight and attention to detail by radiographers and
technologists. When starting out in many practices, it can be
challenging, as the experience may be lacking. Prostate MR
exams from non-academic centres can be variable and can be
of suboptimal imaging quality due to a lack of awareness of
the quality [9]. In contradistinction, quality is more consistent
in high-volume academic centres where there are dedicated
teams to oversee quality and radiologists are often involved
in clinical research activities relating to prostate cancer imag-
ing. Also, centres where there are large active biopsy
programmes will also have more consistent quality as they
often provide the MR images for MR-ultrasound fusion biop-
sy devices [9].

PI-QUAL is the first such effort to alert the MR imaging
community of the importance of prostate MR quality.
Therefore, the widespread understanding, awareness, applica-
tion, and validation of this approach is necessary for future
adoption [19-21], and the format of this course, with pre- and
post-teaching assessment of MR image quality, could be very
helpful to disseminate the use of the PI-QUAL score and
promote the awareness of the importance of image quality in
prostate MRI [22-27].

We believe that the results of our pilot study represent a
first step in the right direction, although we should point out
that the very high AUC after teaching does not reflect a true
experience in evaluating prostate MR images, as this is some-
thing that can be achieved only after viewing several prostate
MR scans.

This study has limitations; foremost is the small number of
participants and MR examinations, but as a pilot study, it
provided an impetus for more work with larger numbers.

In addition to this, the reference standard was based on the
scores given by a single reader, although highly experienced
in the evaluation of image quality by means of PI-QUAL.
Given the promising results in terms of inter-reader agreement
of PI-QUAL [1, 22, 27], future studies should include the
readings from at least two experts as a reference standard.

Another may be the limitation of “one test for all,” as we
noted that our participants are diverse, and it may be wise to
consider tailoring the PI-QUAL assessment to fit the experi-
ence and needs of the different groups. Clearly, radiologists
will assess a study with a view to interpretation, whereas urol-
ogists will assess quality to determine how valid is the result.
We believe that future courses like this should be encouraged.

It should be noted that the PI-QUAL primer [10] was con-
ceived to be used both by clinicians (whose main task is to rule
in and rule out the presence of clinically significant prostate
cancer, and to target the lesions at biopsy) and by physicists,
computer scientists, and radiographers who are involved in the
acquisition of adequate prostate MR images at different levels
(i.e., from setting up the machine to positioning the patient and
injecting intravenous contrast at the right time and speed).

@ Springer

It is crucial to reduce the variability in the conduction and
quality of prostate MRI so that clinicians can be confident to
use it in the prostate diagnosis and treatment pathways, and
although there is plenty of useful teaching material on prostate
MRI for self-learning available online, the results from our pilot
study reiterate the importance of dedicated hands-on training
courses for the evaluation of prostate MR image quality.

In conclusion, we believe that a combination of simulta-
neous lectures and practical workshops can educate and im-
prove the application of PI-QUAL for prostate MRI.

Also, we hope that our initial results from this teaching
fellowship, along with those from the other experience [28],
represent fertile ground for the widespread use of such courses
for other initiatives and that this paper could act as a source of
inspiration for future applicants.
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