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Abstract

The technical requirements for the acquisition of multiparametric magnetic resonance imaging (mpMRI) of the
prostate have been clearly outlined in the Prostate Imaging Reporting and Data System (PI-RADS) guidelines, but
there is still huge variability in image quality among centres across the world. It has been difficult to quantify what
constitutes a good-quality image, and a first attempt to address this matter has been the publication of the
Prostate Imaging Quality (PI-QUAL) score and its dedicated scoring sheet. This score includes the assessment of
technical parameters that can be obtained from the DICOM files along with a visual evaluation of certain features
on prostate MRI (e.g., anatomical structures). We retrospectively analysed the image quality of 10 scans from
different vendors and magnets using a semiautomated dedicated PI-QUAL software program and compared the
time needed for assessing image quality using two methods (semiautomated assessment versus manual filling of
the scoring sheet). This semiautomated software is able to assess the technical parameters automatically, but the
visual assessment is still performed by the radiologist. There was a significant reduction in the reporting time of
prostate mpMRI quality according to PI-QUAL using the dedicated software program compared to manual filling (5
54" versus 7'59"; p = 0.005). A semiautomated PI-QUAL software program allows the radiologist to assess the
technical details related to the image quality of prostate mpMRI in a quick and reliable manner, allowing clinicians
to have more confidence that the quality of mpMRI of the prostate is sufficient to determine patient care.
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Key points e The application of this tool will help in the future
refinement of the PI-QUAL score.

e A semiautomated tool for prostate multiparametric
MRI (mpMRI) quality can be built using the
Prostate Imaging Quality (PI-QUAL) score.

e Our PI-QUAL software program allows a quick as-
sessment of the technical parameters of prostate

mpMRI

Background

Image quality plays a fundamental role in multipara-
metric magnetic resonance imaging (mpMRI) of the
prostate; it is essential that the images are of adequate
diagnostic quality in order to rule in and rule out clinic-
ally significant prostate cancer [1, 2]. In addition to the
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Prostate Imaging Reporting and Data System (PI-RADS)
guidelines v.2.1 [3], which outline the minimum tech-
nical requirements (Table 1) and standards for the con-
duct and reporting of mpMRI of the prostate, there have
been two important publications—one from the UK and
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Table 1 Minimal technical requirements for multiparametric prostate MRI according to the PI-RADS v. 2.1 guidelines

Axial T2-weighted imaging (T2-WI)

Imaging planes The same used for DWI and DCE

Slice thickness 3 mm, no gap

Field of view
vesicles)

In-plane
resolution

< 0.7mm (phase) x < 04 mm (frequency)

Specific recommendations

12-20 cm (to encompass the entire prostate gland and seminal

Diffusion- Dynamic contrast-enhanced
weighted (DCE)

imaging (DWI)

The same used The same used for T2-WI and DWI
for T2-WI and

DCE

< 4mm, no gap
16-22cm

3 mm, no gap

12-20cm (to encompass the
entire prostate gland and seminal
vesicles)

< 25mm (phase
and frequency)

< 2mm (phase and frequency)

T2-WI Axial plane: either straight axial to the patient or in an oblique axial - -
acquisition plane matching the long axis of the prostate. At least one additional

orthogonal plane (sagittal and/or coronal). Three-dimensional axial as

an adjunct to two-dimensional acquisitions
Low b value -

Intermediate b -
value

High b value -

Temporal -
resolution

Total -
observation
time

Dose of Gd- -
based contrast
agent

Injection rate

Fat suppression
and/or
subtraction

50-100 s/mm? -
800-1,000s/mm? -

Dedicated (= -
1,400 s/mm?)
Synthesised (from
other b values)

I
o
o

- > 2min

- 0.1 mmol/kg

- 2-3cc/s

- Recommended

one from the European Society of Urogenital Radiology
(ESUR)/EAU Section of Urologic Imaging (ESUI)—that
have stressed the importance of specific quality criteria
for the acquisition of prostate mpMRI [4, 5]. In this re-
gard, the recently proposed Prostate Imaging Quality
(PI-QUAL) score [6] represents the first attempt to ad-
dress this issue.

This scoring system aims to assess the image quality
against a set of predefined criteria (as per PI-RADS
guidelines) together with objective criteria obtained from
mpMRI of the prostate using a dedicated scoring sheet
(Fig. 1). It is based on a 1 to 5 scale where 1 means that
none of the three mpMRI sequences (i.e., T2-weighted
imaging, diffusion-weighted imaging and dynamic
contrast-enhanced sequences) has sufficient diagnostic
quality, while a score of 5 means that all of the se-
quences are of optimal diagnostic quality, and therefore,

it is possible to rule in and rule out clinically significant
prostate cancer.

As adequate image quality is the prerequisite for a
diagnostic scan, it is essential that tools that can help the
clinician evaluate the quality of a mpMRI study before
reporting are developed. When evaluating the image
quality, the manual extraction of technical parameters
(e.g, in-plane resolution, field of view or temporal reso-
lution) from the metadata of a mpMRI study requires a
significant amount of time, which adds to the time
needed for the visual assessment of the anatomical
structures and for manually filling in the PI-QUAL scor-
ing sheet.

We developed the dedicated PI-QUAL software pro-
gram that allows the radiologist to evaluate the quality of
mpMRI according to the PI-QUAL scoring sheet using a
semiautomated step-by-step workflow. A semiautomated
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| Scan & site number: | @ PRECISION

Prostate Imaging QUALIty control (PI-QUAL) scoring sheet

L e
re

All MR sequences are below the of di ic quality

It is NOT possible to rule in all significant lesions ¢
Only one MR sequence is of acceptable diagnostic quality It is NOT possible to rule out all significant lesions *

At least two taken her are of d quality It is possible to rule in all significant lesions
It is NOT possible to rule out all significant lesions

Two or more are ind dently of di ic quality
It is possible to rule in all significant lesions elsewhere

All sequences are of optimal diagnostic quall
q P gnosic quaiy It is possible to rule out all significant lesions elsewhere

§ Reports should not include PI-RADS or Likert scores

Please (V) if present *:

T2-WI DWI DCE
Axial plane Adequate field of view Adequate field of view
Sagittal plane Adeq in-plane resoluti Ad in.-plan.e resol
Coronal plane Adequate slice thickness Acequate sice 'h'Ck"efs

- Pre-contrast T1-WI available

Adequate field of view Multiple b values acquired Fat suppression/saturation
Adequate in-plane resolution Dedicated Wehii valle sequence Post-contrast T1-WI available
Adequate slice thickness ADC map of good quality Adequate temporal resolution
Z-axis correctly positioned Derived ADC map Adequate acquisition duration
Anatomical resolution Rectal air artefact Delineation of the capsular vessels
Capsule delineation Delineation of the vessels in the adductor canal

Inclusion of seminal vesicles

Inclusion of ejaculatory ducts
Neurovascular bundles clearly delineated
Sphincter muscle clearly delineated

Motion artefacts
Is T2-WI of diagnostic quality? Is DWI of diagnostic quality? Is DCE of diagnostic quality?
I:l Yes D Yes D Yes
O~ [ o O n
PI-QUAL score: 1 D Comments:
2 [0
s 0
« O
s [
Date:
Reporting Radiologist:

Signed:
* According to PI-RADS v. 2 guidelines (2015)

Fig. 1 Scoring sheet for assessing the quality of multiparametric magnetic resonance imaging using the PI-QUAL score. ADC, Apparent diffusion
coefficient; DCE, Dynamic contrast-enhanced; DWI, Diffusion-weighted imaging; T2-WI, T2-weighted imaging. Reprinted with permission from [6]
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workflow means that some of the steps (e.g, the quantita-
tive extraction of technical parameters from the metadata)
are performed by the software while other steps (e.g, the
qualitative assessment of specific anatomical structures)
are manually inserted by the radiologist.

In this technical note, we discuss this PI-QUAL soft-
ware program, which we have specifically developed with
the intent of assisting the radiologist in daily clinical
practice.

Methods
The PI-QUAL scoring sheet (Fig. 1) was created to
standardise the assessment of prostate mpMRI quality
and streamline the collection of data both for clinical
and research purposes.

All patients included in this report gave written in-
formed consent to have their images used for research
and teaching purposes.

PI-QUAL workflow

After a general window in which the radiologist is asked
to enter their name and the name of the scan site (if the
program is used for research purposes), the PI-QUAL
software automatically extrapolates the technical param-
eters of T2-weighted imaging, diffusion-weighted im-
aging and dynamic contrast-enhanced sequences from
the raw Digital Imaging and Communications in
Medicine (DICOM) images as outlined in the PI-QUAL
scoring sheet (Fig. 1) and checks their compliance
against the PI-RADS technical requirements. It should
be noted that the PI-QUAL software has been built
following PI-RADS v. 2.1 guidelines [1].

The radiologist then manually evaluates the scans for
the presence (or absence) of the items listed in the ‘vis-
ual assessment’ box of the scoring sheet. Finally, the
radiologist uses both results to state whether the images
for each sequence are of diagnostic quality.

In the final step, the operator inserts the PI-QUAL
score and has also the possibility to include additional
comments and relevant snapshots from the different se-
quences (Figs. 2, 3 and 4).

Technical aspects

When the DICOM data is imported, the software parses
the header and stores the elements of this information
in its metadata repository for the user’s reference when
browsing the patient list. The header contents of
DICOM datasets are also stored in the memory for re-
trieval in other software functions. The PI-QUAL work-
flow is configured to directly read the values of specific
tags embedded in the DICOM data from memory stor-
age, then the workflow returns the values of these tags
as variables for display to the user or for further manipu-
lation in the workflow.
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For example, the slice thickness of the axial T2-
weighted image is pulled from the DICOM tag, then the
workflow compares this value to the PI-QUAL mini-
mum standard value (as per PI-RADS v. 2.1 guidelines)
for slice thickness. The workflow displays a table to the
user that contains the image-specific value, the value of
the PI-QUAL minimum standard and a boolean pass
(yes)/fail (no) result when comparing the image-specific
value against the minimum standard value. The work-
flow gives the user the ability to adjust the pass (yes)/fail
(no) results for any DICOM-based technical parameters
and perform other visual-based assessments for the
image that cannot be directly derived from DICOM in-
formation (e.g., clear delineation of certain anatomical
structures).

Therefore, the overall quality scores are based upon
the radiologists’ interpretations of both the automatic
technical parameter results and the visual assessment ac-
cording to the PI-RADS v. 2.1 guidelines.

Image analysis
In this study, two specialist consultant radiologists (C.A.
and F.G. reporting more than 3,000 and 2,000 prostate
MRI scans per year, respectively) analysed in consensus
the image quality of 10 multiparametric scans (all with-
out endorectal coil) from different MRI systems and
vendors. First, they filled in the PI-QUAL scoring sheet
manually and then, after an interval of 8 weeks between
the two readings to avoid any recall bias, they re-
assessed the image quality using a dedicated PI-QUAL
software program (MIM® Symphony Dx v. 7.1.2 - Cleve-
land, OH, USA).

The time needed to assess the image quality for each
scan was recorded for both methods.

Statistical analysis

Data are presented as medians and interquartile ranges
(IQR) and were compared using a two-tailed Wilcoxon
test. All statistical analyses were performed by using
SPSS (version 27.0; SPSS, Chicago, IL, USA); p values
were considered to indicate a significant difference when
<0.05.

Results
Four out of 10 (40%) patients were scanned on a 1.5-T
scanner and 6/10 (60%) on a 3-T scanner. In detail, 7/10
(70%) scans were conducted on a Siemens platform
(three Skyra, two Verio, one Avanto, and one Prisma), 1/
10 (10%) on a General Electric platform (Signa) and 2/
10 (20%) on a Philips platform (one Ingenia and one
Intera).

There was a significant reduction in the reporting time
of prostate MR quality using the dedicated PI-QUAL
software program compared to the manual filling of the
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Name:

a ID:

MIM® 7.1.2

Prostate Imaging QUAL.ity control (PI-QUAL) scoring sheet

Final Results

PI-QUAL
Score Criteria Clinical Implications
All mpMRI sequences
1 are below the minimum
standard of diagnostic quality It is not possible to rule in all significant lesions
Only one mpMRiI It is not possible to rule out all significant lesions
2 sequence is of acceptable
diagnostic quality
3 seqﬁ:alr?cflesst ::Igewﬁgzlher It is possible to rule in all significant lesions
are of diagnostic quality It is not possible to rule out all significant lesions
Two or more mpMRI
4 sequences are independently
of diagnostic quality It is possible to rule in all significant lesions
It is possible to rule out all significant lesions
5 All mpMRI sequences are
of optimal diagnostic quality
PI-QUAL Score: 4
Report Date:
Study Date:
Reporting Radiologist:
This scan is scored PI-QUAL 4, as the slice
Comments: thickness of DWI is 5 mm (therefore not compliant with
PI-RADS v. 2.1 guidelines).

Fig. 2 Structured report obtained using the dedicated PI-QUAL software program

scoring sheet (5'54” [IQR 5'40"-6'40"] versus 7'59"
[IQR 726”829 "], respectively; p = 0.005).

Discussion
Our study suggests that the use of a semiautomated PI-
QUAL software program can be of help to accelerate the
assessment of image quality of mpMRI of the prostate.
There has been a lot of interest in the application of
artificial intelligence (AI) in radiology over the last few
years [7], and currently, there are at least 100 commer-
cially available software products [8]. As far as mpMRI
of the prostate is concerned, different Al tools have

been developed for a more efficient image interpret-
ation [9-13] but not for the assessment of image
quality, which is actually the prerequisite for a correct
and reliable image interpretation.

It should be made clear that at present, our PI-QUAL
tool is not based upon an Al algorithm, but it is simply
a semiautomated software program that combines hu-
man and machine steps. However, our PI-QUAL soft-
ware program could pave the way to the creation of a
fully automated Al application by using PI-QUAL evalu-
ations for a large subset of data to train a neural net-
work. This could help assess the image quality during
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the acquisition of the different prostate mpMRI se-

|Name:
J "D’ quences, for example, recommending a new scan acqui-
MIM®7.1.2 ey . . . .
sition if the quality is suboptimal.
rr— Since the PI-QUAL score is an aggregate over each
. DIcOM Resuts | Yo5 ] modality, two Al approaches would be possible for each
FEEpT— — oo z sequence. First, given an overall visual assessment, it has
Sagital or coronal plane Yes Yes 1 been shown to be possible to train an Al to mimic a hu-
Aoqusto fekd of iew 12-20em L L man grader with no additional information than the vis-
. i Frequency < 0.4 mm 0.4018 .
quate in-plane o 1 ual assessment score [14]. This assessment could replace
ase s 0.7 mm 0.4018
Adequate slice thickness 30mm 3 1 the entire “visual assessment” ranking for a sequence, or
Z-axs correcty pasitoned Yes Yes 1 it could be used only on the “absence of artefact” and
Visual Assessment

— “adequate ADC map” scores. The second method would
No=0 apply to the subscores concerning the delineation of

C le clearly delineated Ye 1 . . .
isenbinn hamsamsel = various anatomic sub-structures. If a dataset with seg-

Seminal vesicles clearly delineated Yes i . .

Ejaculatory ducts dlearly delineated Yes 1 mentations could be obtained, a network could be
bundies clearly dei Yes 1 trained both to segment the structure in question and
SPCIC inioce clrtly Comeat Yee L also to express confidence in the segmentation. The

Absence of artefacts (e.g. movement) Yes 1 1 hod 1d b . £ i £ simil
usual method would be to train a family of similar net-

works (e.g,, trained on different subsets of the image data

Name: . . 1. . .
& o or trained with a probabilistic dropout technique) and
e then compare the segmentations produced. It has been
D
e er—— shown that variance in the produced segmentations is a
Acquisition Parameter Minimum Standard | DICOM Result Y;::J gOOd Correlate fOI' the quahty Of the‘segmentatlon [15]'
T ——— ver A S Therefore, experiments would be devised to show that if
Adequate field of view 16-22.0m 2 1 the network is unable to confidently segment a struc-
R Frequency s25mm | 125 , ture, it is because the structure is not clearly delineated
Fhase =25 mm = in the image and the poor segmentation is not due to
Adequate slice thickness <4.0mm 5 0 .. . . .
e —— = ; ; limitations of the segmentation model. If so, this tech-
High b vakis (eynhasized or acquired) = 1200 2000 7 nique could be used to grade the clear delineation of
Visual Assessment various structures in the T2-weighted and dynamic
Acquisiti ini ogef contrast-enhanced sequences.
Adequate ADC map Yes 1 In addition, our PI-QUAL tool could contribute to the
Absence of artefacts (e.g. rectal ai) Yes ! creation of a cloud-based platform for multiple centres
Is DWI of diagnostic quality? (Yes=1,No=0) i ) . . . o
I et o= = R B with multiple readers, in order to facilitate the assessment
By e of the inter-reader variability of the PI-QUAL score and
I
Mo 712 also to promote the use of this scoring system (and its fu-
: ture iterations) for clinical and teaching purposes.
Technical Parameters S There are some limitations to our study. First and
Acquisition Parameter Minimum Standard | DICOM Result N’:;O fOremOSt, the small Sample SiZe (l’l — 10). SeCOnd, tWO ra-
Axial plane matching T2-WI Yes Yes 1 d 1 . t 1 d th . .
Aot o ol viow —_— = - iologists analysed the images in consensus, so we can-
| Froquency s20mm | 0.9375 1 not provide the inter-reader variability of the PI-QUAL
deq in-plane i . . . .
phawczomm | opems score in this cohort. However, this has been recently in-
Adequate slice thickness 3.0mm 3 1 . .
- : vestigated in another cohort, and the results have shown
re-contrast T1-WI available Yes N/A 1
Fat suppression/ subtraction ves NA 1 a strong reproducibility in the assessment of PI-QUAL
Adequate temporal resolution <15sec 0.0058 1 between two expert radiOlOgiStS [16].
Adequate total observation rate =2min 4.231 1 . e e
T In conclusion, our initial results demonstrate how a
Anquisilion Paromest i Stardard Yes=1 semiautomated program can be used to analyse the
Gapsular vessels clearly delineated ves 3 image quality of prostate mpMRI in a quicker and reli-
Vessels in the Alcock's canal clearly delineated Yes 1 able manner. An assessment Of image quahty Should be
Ab: f artefacts (e.g. t) Yo 1 . .
e — - performed prior to reporting mpMRI of the prostate so

that the clinician and patient can be confident in the
result. As stated in the original publication [2], the PI-
QUAL score will be refined in the future and an inter-
national group is currently working on the next version

Fig. 3 Structured report obtained using the dedicated PI-QUAL
software program
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T2-WI Ax Series

MIM® 7.1.2

Fig. 4 Structured report obtained using the dedicated PI-QUAL software program

T2-WI Cor Series

DCE Series

to see if this scoring system should be still based on a 5-
point scale or simplified into a 3-point scale. The appli-
cation of our tool will help in the future refinement of
the PI-QUAL score, and we plan periodic updates of the
software and, possibly, the creation of a fully automated
AT application.
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