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Abstract

Prostate magnetic resonance imaging (MRI) of high diagnostic quality is a key determinant for either detection or
exclusion of prostate cancer. Adequate high spatial resolution on T2-weighted imaging, good diffusion-weighted
imaging and dynamic contrast-enhanced sequences of high signal-to-noise ratio are the prerequisite for a high-qual-
ity MRI study of the prostate. The Prostate Imaging Quality (PI-QUAL) score was created to assess the diagnostic qual-
ity of a scan against a set of objective criteria as per Prostate Imaging-Reporting and Data System recommendations,
together with criteria obtained from the image. The PI-QUAL score is a 1-to-5 scale where a score of 1 indicates that all
MR sequences (T2-weighted imaging, diffusion-weighted imaging and dynamic contrast-enhanced sequences) are
below the minimum standard of diagnostic quality, a score of 3 means that the scan is of sufficient diagnostic quality,
and a score of 5 implies that all three sequences are of optimal diagnostic quality. The purpose of this educational
review is to provide a practical guide to assess the quality of prostate MRI using PI-QUAL and to familiarise the radiolo-
gist and all those involved in prostate MRI with this scoring system. A variety of images are also presented to demon-

strate the difference between suboptimal and good prostate MR scans.
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Key points

+ PI-QUAL represents the first available scoring sys-
tem to assess prostate MRI quality.

« PI-QUAL reinforces clinicians’ confidence in prostate
MRI to determine patient care.

+ PI-QUAL is the basis for future work and will
undergo further refinements.

Background

The evolution and rapid diffusion of prostate magnetic
resonance imaging (MRI) has inevitably led to variability
in vendor and scan quality among imaging centres across
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the world, with the high risk of generating images of sub-
optimal diagnostic quality [1-3].

We know that low diagnostic quality for some prostate
MR images can reduce accuracy of prostate MRI, and
limit confidence in the technique [4, 5]. In an attempt to
address this, the Prostate Imaging Reporting and Data
System (PI-RADS) standards for reporting set out the
minimal technical requirements for the acquisition of
multiparametric magnetic MRI (mpMRI) of the prostate
throughout all updates since 2012 [6—8] (Table 1).

Growing evidence that the quality of prostate MRI
influences the rate of detection clinically significant pros-
tate cancer has resulted in the publication of a number
of studies addressing this topic [9-20]. In addition, two
panels of experts [21, 22] have stressed the importance to
establish quality criteria for the technical acquisition of
mpMRI of the prostate.

A first attempt to address this topic has been the pub-
lication of the Prostate Imaging Quality (PI-QUAL)
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Table 1 Technical requirements for multiparametric prostate MRI according to PI-RADS v. 2.1 guidelines

Imaging Slice FOV In-plane dimension  Specific recommendations
planes thickness
T2wimaging Sameusedfor 3 mm 12-20 cm? <0.7mm Axial plane: At least one 3D axial as an
DWI and DCE (phase) x <04 mm either straight additional adjunct to 2D
(frequency) axial to the orthogonal acquisitions
patient or in plane (sagit-
an oblique tal and/or
axial plane coronal)
matching the
long axis of
the prostate
No gap
DWI Same used for <4mm 16-22 cm <25mm (phaseand  Low b value: Intermedi- High b value
T2w imaging frequency) 50-100 s/ ate b value:
and DCE mm? 800-1000 s/
mm?
No gap Dedicated
(>1400s/
mm?)
Synthesised
(from other b
values)
DCE Same used for 3 mm No specific <2 mm (phase and Temporal reso-  GBCA: Fat suppression
T2w imaging recommendations® frequency) lution<15s 0.1 mmol/kg
and DWI
No gap Injection rate:
2-3cc/s
Observation
rate > 2 min

T2w imaging T2-weighted imaging, DWI diffusion-weighted imaging, DCE dynamic contrast enhanced, FOV field of view, GBCA gadolinium-based contrast agent

2To encompass the entire prostate gland and seminal vesicles

scoring system [23] from the multi-centre PRECISION
trial [24].

The purpose of this educational review is to provide a
practical guide to assess the quality of prostate MRI scans
using the PI-QUAL score and to familiarise the radiolo-
gist and all those involved in prostate MRI with this dedi-
cated scoring system.

In detail, we will cover each step that should be fol-
lowed to assess imaging quality in a proper manner
according to PI-QUAL. We will do so by providing exam-
ples of images of suboptimal versus adequate diagnostic
quality.

At present, PI-QUAL represents the only available
scoring system for evaluating the quality of prostate
mpMRI scans so that the generalisability of results from
multiple studies can be assessed.

Although there are some limitations (for example,
we did not investigate how the quality of the dominant
sequence should be weighted in the final assessment of
the score), we believe that the results obtained from the
widespread use of PI-QUAL will help the future iterations
of this scoring system, which could include the extraction

of objective quality metrics from the images (e.g. artificial
intelligence models for scoring image quality).

While this guide is primarily intended for radiologists
and trainees who are not very familiar with prostate MRI,
this primer may be also useful for experienced radiolo-
gists working in academic/tertiary referral centres for
prostate MRI in order to assess whether the quality of the
scans performed outside of their institution is adequate
or whether the scan should be repeated, before tak-
ing any clinical decisions (e.g. defer biopsy, MR-derived
biopsy targets, treatment vs active surveillance).

The PI-QUAL score
Since its publication in June 2020, the PI-QUAL score
[23] has attracted some attention and comment [25, 26].

This scoring system has been created to assess the qual-
ity of mpMRI of the prostate against both a set of objec-
tive technical criteria (PI-RADS v. 2.0) [7] together with a
set of subjective criteria from the MR images.

PI-QUAL is based on a 1-to-5 scale that indicates the
adequacy of the diagnostic quality of a scan, where 1
indicates that all sequences [i.e. T2-weighted imaging
(T2w imaging), diffusion-weighted imaging (DWI) and
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dynamic contrast enhanced (DCE) sequences] are below
the minimum standard of diagnostic quality, 3 implies
that the scan is of sufficient diagnostic quality, and 5
means that all three sequences are of optimal diagnostic
quality. In particular, a PI-QUAL score >4 means that
the quality of the MR is high, and all clinically significant
lesions can be ruled in and out (Table 2).

The original document outlining the PI-QUAL score
includes a dedicated scoring sheet that incorporates the
technical parameters and the visual evaluation to be
checked for each single MR sequence before assessing
the PI-QUAL score (Fig. 1).

Before discussing each single item included in the PI-
QUAL scoring sheet, some basic concepts need to be
mentioned in order to understand the problems that
could affect image quality in prostate MRI:

+ Field of view (FOV): determines the amount of cov-
erage of the object of interest that we have in each
plane.

o DPixel: the smallest 2D element in an image with
dimensions along two directions, phase encoding
and frequency encoding. The pixel size determines
the trade-off between resolution and signal-to-noise
ratio (SNR): increasing pixel size reduces resolution
and increases SNR for a given scan time (Fig. 2).

+ Voxel: the 3D volume element whose dimensions are
given by the pixel together with the slice thickness
(i.e. the measurement along the third axis).

+ Image Matrix defines the number of rows and col-
umns in the image, corresponding to the frequency
and phase encoding directions.

o In-plane (spatial) resolution: determined by the pixel
size (FOV/matrix). For the same matrix the image
resolution will be inversely proportional to the FOV.
Reducing FOV will therefore increase resolution but
will also reduce the image SNR unless other parame-
ters are altered to compensate (Fig. 3). Wrap artefact
can occur due to aliasing (i.e. the structures that lie
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beyond the edges of the FOV are projected onto the
other side of the image).

o Slice thickness: is an important factor for the resolu-
tion of the images and is strictly linked to the slice
increment. The slices should be contiguous but are
often obtained with a slice gap in order to increase
the SNR. The gap is often 10% of the slice thickness
and there will be no information from the missed
section, so anatomical information or objects might
not be included in the scan.

o Artefacts: these are image features caused by a variety
of factors that can be related to patients (e.g. motion,
rectal air or metallic implants) or MR scanners (e.g.
hardware or software). Each artefact has a charac-
teristic appearance that can be easily identified with
experience.

We will now discuss each item of the original PI-QUAL
scoring sheet for each sequence (T2w imaging, DWI and
DCE) making reference to the latest version of the PI-
RADS guidelines (v. 2.1) [8] for this primer and include
relevant images of suboptimal versus optimal quality
when necessary to show the reader how to assess imaging
quality in a proper manner.

As outlined in the PI-RADS v. 2.1 recommendations
[8], the fundamental advantage of 3 T compared with
1.5 T lies in an increased SNR, which increases linearly
with the static magnetic field. This may be exploited to
increase spatial resolution, temporal resolution or both.

Although artefacts related to susceptibility, and signal
heterogeneity can also increase at 3 T, current 3 T scan-
ners can address these issues in a variety of ways and the
difference is often not marked.

Other factors can affect image quality besides magnetic
field strength, and both 1.5 T and 3 T can provide ade-
quate and reliable diagnostic examinations when acqui-
sition parameters are well optimised. However, some of
the PI-RADS recommendations are difficult to be met at

Table 2 Assessment of the diagnostic quality of multiparametric MRI scans using the PI-QUAL score

PI-QUAL score  Criteria

Clinical implications

1 All mpMRI sequences are below the minimum standard for diagnostic quality

Itis 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 diagnostic quality Itis possible to rule in all significant lesions

Itis NOT possible to rule out all significant lesions
4 Two or more mpMRI sequences are independently of diagnostic quality It is possible to rule in all significant lesions
5 All mpMRI sequences are of optimal diagnostic quality Itis possible to rule out all significant lesions

PI-QUAL Prostate Imaging Quality, mpMRI multiparametric magnetic resonance imaging, PI-RADS Prostate Imaging Reporting and Data System

Reprinted with permission from Giganti et al. [23]

@Therefore, reports should not include PI-RADS or Likert scores
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‘ Scan & site number: ‘ @ PRECISION

Prostate Imaging QUALIty control (PI-QUAL) scoring sheet

e S

1 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 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 are ind: dently of di ic quality
Iti ibl rule in all significant lesion:
All mpMRI EreloreRAmaId] ic quality t:s possib etoruleina 5|g- i |.ca t esuo. s
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 DWI DCE

Technical parameters Technical parameters Technical parameters

Axial plane matching T2-WI
Adequate field of view

Axial plane Axial plane matching T2-WI

Sagittal or coronal plane Adequate field of view

Adequate in-plane resolution

Adequate in-plane resolution
Adequate slice thickness

Adequate field of view

Adequate in-plane resolution
Adequate slice thickness

Z-axis correctly positioned

Visual assessment

Capsule clearly delineated

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

Is T2-WI of diagnostic quality?

] Yes
l:‘ No

PI-QUAL score:

Date:
Reporting Radiologist:

Signed:

Adequate slice thickness
Multiple [> 2] b values acquired
High b value (synthesised or acquired)

Visual assessment

Adequate ADC map

Absence of artefacts (e.g. rectal air)

Is DWI of diagnostic quality?

|:| Yes
] o

Comments:

Pre-contrast T1-WI available
Fat suppression/subtraction
Adequate temporal resolution [< 10 sec]
Adequate total observation rate [> 2min]

Visual assessment

Capsular vessels clearly delineated

Vessels in the Alcock’s canal clearly delineated

Absence of artefacts (e.g. movement)

Is DCE of diagnostic quality?

|:] Yes
|:| No

Oooogg

* Weinreb JC, et al. PI-RADS Prostate Imaging - Reporting and Data System: 2015, Version 2. Eur Urol 2016;69:16-40.

Fig. 1 Scoring sheet for assessing the quality of multiparametric magnetic resonance imaging using the PI-QUAL score. T2-WI T2-weighted imaging, DWI
diffusion-weighted imaging, DCE dynamic contrast enhanced, ADC apparent diffusion coefficient. Reprinted with permission from Giganti et al. [23]
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Fig. 2 An example of the same image with different pixel sizes.
Increasing pixel size from (a) to (b) reduces the image resolution

1.5 T and most members of the PI-RADS Steering Com-
mittee recommend 3 T for prostate MRI, although in the
presence of implanted devices (e.g. metallic hip prosthe-
sis), 1.5 T scanners may sometimes produce a more diag-
nostic image because of reduced artefact.

In addition to this, the use of coils can impact image
quality. We know that endorectal coils increase SNR
in the prostate at any magnetic field strength and this
may be particularly valuable for inherently lower SNR
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sequences, such as DWI. However, a misplaced endo-
rectal coil can cause severe artefacts that can impair the
ability to correctly identify prostate cancer in the poste-
rior gland. Moreover, the PI-RADS v. 2.1 recommenda-
tions clearly state that there are many other technical
factors that influence SNR (e.g. receiver bandwidth, coil
design, efficiency of the radiofrequency chain), and some
1.5 T scanners that employ a high number of external
phased array coil elements and radiofrequency channels
(i.e.>16) may achieve adequate SNR without an endo-
rectal coil.

T2-weighted imaging

T2w imaging is useful to study the anatomy of the pros-
tate and surrounding structures and is the dominant
sequence for the transition zone.

Prostate cancer is hypointense on T2w imaging.

There has been a lot of interest in the use of 3D axial
acquisitions as an adjunct to 2D acquisitions. If acquired
using isotropic voxels, 3D acquisitions may be particu-
larly useful for a detailed visualisation of the anatomy and
for the segmentation before MRI-fusion biopsies. How-
ever, it should be acknowledged that, in some cases, the
contrast resolution and the in-plane resolution can be
inferior to 2D T2w imaging.

o Axial, sagittal and coronal planes
The axial T2w imaging depicts the prostate zonal anat-

omy and its relationship to the urethra and is useful to
evaluate extra-prostatic extension. The evaluation on

Fig. 3 Axial (a), coronal (b) and sagittal (c) T2-weighted magnetic resonance imaging acquisitions of the same patient. Each acquisition was 4 min
long, but the pixel size varied for each plane. The pixel size was 0.60 x 0.60 mm in (a), 0.67 x 0.67 mm in (b) and 0.80 x 0.80 mm in (c). This image
shows that as the pixel size goes up, there is less noise but also that sharpness is reduced
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T2w imaging is based both on signal intensity and mor-
phology (e.g. encapsulation).

The urethra, verumontanum and the levator ani can
be seen in their long axes on the coronal acquisition. The
sagittal plane can be used to establish the relationship
between the bladder, prostate and rectum.

According to the PI-RADS v. 2.1 recommendations
[8], T2-weighted images should always be obtained in
the axial plane (either straight axial to the patient or in
an oblique axial plane matching the long axis of the pros-
tate) and a minimum of one additional orthogonal plane
(i.e. sagittal and/or coronal), as shown in Fig. 4.

The acquisition of at least two planes facilitates the
assessment of the morphology of anatomical structures
and lesions (e.g. encapsulation) that could otherwise be
limited by volume averaging if using a single plane, and
it is also helpful to assess the degree of extraprostatic
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extension (e.g. seminal vesicle involvement) when
present.

+ Field of view: the FOV of T2w imaging should range
from 12 to 20 cm to encompass the entire prostate
gland and seminal vesicles (Fig. 5).

o In-plane resolution: the in-plane dimensions on T2w
imaging should be <0.7 mm (for phase) x <0.4 mm
(for frequency) (Fig. 6)

+ Slice thickness: the slice thickness for T2w imaging
should be 3 mm with no gap.

o Z-axis: with the patient supine in the MR scanner,
the z-axis begins from the patient’s feet to head, the
y-axis from dorsal to ventral and the x-axis from left
to right. By convention, the direction of the main
magnetic field is designated to be the z-axis. The
position of the axial plane can vary between institu-

Fig. 5 T2-weighted axial images of a suboptimal (41 x 42 cm) (a)
guidelines
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Fig. 6 T2-weighted axial images of suboptimal (a) and optimal (b) in-plane resolution

tions (e.g. perpendicular to the MR table/patient,
orthogonal to the rectum or in an oblique axial plane
matching the long axis of the prostate) (Fig. 7).

» Anatomical structures

The delineation of anatomical structures on T2w imaging
scans can be used as an objective marker of scan quality.

Figure 8 shows the five anatomical structures (i.e. cap-
sule, neurovascular bundles, seminal vesicles, ejaculatory
ducts and the external sphincter) mentioned in the visual
assessment of the PI-QUAL scoring sheet. Clear visuali-
sation of these structures is needed for the T2-weighted
scans to be used to identify tumours within the prostate
and for staging.

o Artefacts: the most common artefacts on T2w imag-
ing are caused by patient’s movement and by metallic
implants, as shown in Fig. 9.

Diffusion-weighted imaging
DWI reflects the random motion of water molecules
(Brownian motion) and is a key component of prostate
mpMRL It should include an apparent diffusion coeffi-
cient (ADC) map extrapolated by multiple b values and a
separate high b value diffusion-weighted acquisition.
Areas of restricted diffusion due to the high cellular-
ity (as in prostate cancer) are hyperintense on the high b
value and hypointense on the ADC map acquisition.

Fig. 7 Sagittal T2-weighted acquisitions showing different positions of the axial plane: perpendicular to the MR table/patient (a), orthogonal to the
rectum and posterior aspect of the prostate (b) or to the long axis of the prostate (c)
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< el 2 \' L]
Fig. 8 Axial (a—c) and coronal (d) T2-weighted images of good quality showing the prostatic capsule (a, arrow), the neurovascular bundle (a,

arrowhead), the seminal vesicles (b, asterisks), the ejaculatory ducts (c, arrows) and the external sphincter (d, arrows), as mentioned in the visual
assessment of the PI-QUAL scoring sheet

Fig. 9 Axial T2-weighted images showing artefacts from movement (a) and metallic implants in the right hip (b)
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« Field of view: the FOV of DWI should range from 16 o Multiple b values
to 22 cm (Fig. 10).

+ In-plane resolution: the in-plane dimensions on DWI  Multiple b values should be acquired, but if only two can
should be <2.5 mm both for phase and frequency) be obtained due to time or scanner constraints, it is rec-
(Fig. 11). ommended to use one low (preferably 50-100 s/mm?)

o Slice thickness: the slice thickness for DWI should and one intermediate b value (800—1000 s/mm?).
be <4 mm with no gap.

Fig. 11 DWI of suboptimal (a, b) and optimal (c, d) in-plane resolution for the high b sequence (a, ¢) and ADC map (b, d), respectively
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ADC map ona 1.5T MR system in e and f, respectively

Fig. 12 DWI at different b values (0-150-500-1000 s/mm?) in a-d, respectively. Dedicated high b sequence (b= 1400 s/mm?) and corresponding

Fig. 13 ADC maps of suboptimal (a) and optimal (b) quality

The maximum b value to calculate the ADC is recom-
mended to be <1000 s/mm? to avoid diffusion kurtosis
effect (Fig. 12).

+ High b value sequence

High b value images can be obtained directly by acquiring
a high b value sequence (> 1400 s/mm?, requiring addi-
tional scan time) or calculated (i.e. synthesised) from the
low and intermediate b value images to create the ADC
map (this approach is less prone to artefacts because
there is no need of longer echo times that are required
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Fig. 15 DCE of a suboptimal (36 x 40 cm) (a) and optimal (22 x 20 cm, encompassing the entire prostate gland and seminal vesicles—not shown)
(b) field of view according to the PI-RADS v. 2.1 guidelines. Note the left inguinal hernia containing bowel loops in a

for the high b value acquisition) [8]. The choice between
a dedicated or synthesised high b value is still a matter of
debate. It should be also mentioned that as the b value
increases, the SNR decreases, so that the magnetic field
strength and software used play an important role on
DWI (Fig. 12).

o Adequate ADC map

The ADC map computes ADC values on a pixel-by-pixel
basis using data from raw data sets obtained with differ-
ent b values. Higher ADC values (i.e. low restriction of
the diffusion) are hyperintense, while lower ADC values
(i-e. high restriction of the diffusion) are hypointense on
the ADC map.

Examples of poor- and good-quality ADC maps are
presented in Fig. 13.
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(Gleason 4+ 3 at targeted biopsy)

Fig. 16 DCE of suboptimal (a) and optimal (b) in-plane resolution. The arrow in (b) indicates an enhancing lesion in the right peripheral zone

(arrows) in keeping with post-biopsy haemorrhage

Fig. 17 Pre-contrast non-fat suppressed (a) and fat-suppressed (b) T1-weighted images showing a hyperintense focus in the right anterior horn

o Artefacts: the most common artefacts on DWI are
caused by metallic implants and rectal air, as shown
in Fig. 14.

Dynamic contrast-enhanced sequences

DCE-MRI refers to the rapid serial acquisition of
T1-weighted gradient echo scans before, during and after
the intravenous administration of a low molecular weight
gadolinium-based contrast agent. Prostate cancer shows
early enhancement and early washout due to increased
vascularity and angiogenesis, and the use of contrast
is particularly useful when T2w imaging and DWI are
equivocal or degraded by artefacts.

.

.

Field of view: according to PI-RADS v. 2.1 guide-
lines [8], the FOV for DCE sequences should
encompass the entire prostate gland and seminal
vesicles but should not be too large; otherwise, the
spatial resolution could be impaired (Fig. 15).
In-plane resolution: the in-plane dimensions on
DCE should be<2 mm both for phase and fre-
quency (Fig. 16).

Slice thickness: the slice thickness for DCE should
be 3 mm with no gap and should match the posi-
tion of the T2-weighted axial scans.

Pre-contrast T1-W1I available
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Fig. 18 Three sequential DCE acquisitions with a temporal resolution of 30 s (i.e. 30 s between each acquisition). In this case it would be impossible
to depict any focal early enhancement, which is characteristic of prostate cancer, in particular between a and b

Fig. 20 DCE images of adequate diagnostic quality showing the capsular vessels (a, arrow) and the vessels in the Alcock’s canal (b, arrowhead)
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Fig. 22 Axial T2w imaging (a), DWI with a b value of 150 s/mm? (b), ADC map (c) and DCE acquisition (d) of a study that was given a PI-QUAL score
of 1. All MR sequences are below the minimum standard of diagnostic quality as per PI-RADS v.2.1 technical recommendations. In particular, T2w
imaging and DWI (a-c) show motion artefacts, no high b value has been acquired (b), the field of view is too large on DWI (21 x 35 cm, in b, ¢) and
on DCE sequences (21 x 33 cm in d), and there is no fat suppression of DCE sequences (d)
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Targeted biopsy revealed Gleason 3 44 disease

Fig. 23 Axial T2w imaging (a), high b value (b), ADC map (c) and DCE acquisition (d) of a study that was given a PI-QUAL score of 2. Only T2w
imaging (a) is of acceptable diagnostic quality (although the slice thickness is 3.5 mm). The in-plane resolution (including the ADC map) and the
slice thickness (5 mm) of DWI and the in-plane resolution and slice thickness (3.5 mm) of DCE sequences are below the minimum standard of
diagnostic quality as per PI-RADS v.2.1 technical recommendations. The arrows indicate a lesion in the left peripheral zone between 5 and 6 oclock.

Pre-contrast T1-W1I is of utmost importance to rule out
post-biopsy changes (e.g. haemorrhage), which impact
adversely the quality of prostate MRI, especially for
staging. These are seen as hyperintense areas in the
pre-contrast T1 acquisitions. The PI-RADS guidelines
recommend an interval of at least 6 weeks (or longer)
after biopsy before performing the scan (Fig. 17). It is
essential that this sequence is assessed for diagnostic
quality prior to the injection of gadolinium and the ini-
tial images of a fat-suppressed dynamic study can rep-
resent a valid alternative to a dedicated pre-contrast
T1 acquisition, reducing the total duration of the MR
study.

It should be also noted that mpMRI is increasingly
being performed in biopsy-naive patients and therefore
post-biopsy artefacts are now becoming less common.

o Temporal resolution

The temporal resolution provides information on the
distance of time between the acquisitions of two images
of the same area. The higher the temporal resolu-
tion, the shorter the acquisition of DCE images. DCE
sequences of the prostate MR are generally acquired
continuously for several minutes in order to detect
early enhancing lesions in comparison with background
prostatic tissue.

As per PI-RADS v. 2.1 guidelines [8], temporal reso-
lution should be <15 s in order to depict focal early
enhancement and early washout, which is characteris-
tic of prostate cancer as previously mentioned (Fig. 18).

There is a balance between spatial and temporal
resolution, and it is essential that this is balanced to
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Fig. 24 Axial (@) and coronal (b) T2w imaging, high b value (c), ADC map (d) and pre-contrast (e) and DCE acquisitions (f) of a study that was given
a PI-QUAL score of 3. At least two MR sequences taken together are of diagnostic quality: although T2w imaging is of good diagnostic quality, some
parameters are not compliant with the PI-RADS v.2.1 technical recommendations such as the field of view for DWI (23 x 31 cm in ¢, d—please note
that the DWI images here are magnified) and the temporal resolution (17 s) of DCE sequences. The arrows indicate a lesion (Likert 4/5) in the left
peripheral zone between 4 and 5 oclock. Targeted biopsy revealed Gleason 3 +4 disease

produce scans that allow visualisation of early focal
enhancement with good plane resolution.

» Fat suppression

The PI-RADS v. 2.1 guidelines [8] recommend fat-
suppression techniques, as the visual assessment of
enhancement is improved (especially in the pres-
ence of post-biopsy artefacts that are hyperintense on
T1-weighted imaging) and the capsule is better defined.
Signal from adipose tissue can be suppressed using
different techniques, which include saturation, short
tau inversion recovery (STIR) sequences or the Dixon
technique. Examples of non-suppressed and suppressed
T1-weighted images are presented in Fig. 19.

o Capsular vessels and pudendal artery

The visualisation of small blood vessels near the prostate
can be used as an objective marker of scan quality. Vari-
ous blood vessels can be used for this: prostate capsular
vessels and the Alcock’s (or pudendal) canal (in which
the internal pudendal artery, internal pudendal veins and
the pudendal nerve pass). These are assessed on the PI-
QUAL scoring sheet, as shown in Fig. 20.

o Artefact: the most common artefacts on DCE are
caused by metallic implants, poor fat suppression
and patient’s movement, as shown in Fig. 21.

We will now present five different sets of images, one for
each PI-QUAL score.

o PI-QUAL I: acase of PI-QUAL 1 is shown in Fig. 22.
o PI-QUAL 2: a case of PI-QUAL 2 is shown in Fig. 23.
o PI-QUAL 3: a case of PI-QUAL 3 is shown in Fig. 24.
o PI-QUAL 4: a case of PI-QUAL 4 is shown in Fig. 25.
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Fig. 25 Axial (@) and coronal (b) T2w imaging, high b value (c), ADC map (d) and pre-contrast (e) and DCE acquisitions (f) of a study that was given
a PI-QUAL score of 4 because the temporal resolution (17 s) of DCE sequences is not compliant with the PI-RADS v. 2.1 technical recommendations,
but overall, two or more MR sequences are independently of diagnostic quality. The arrows indicate a lesion (Likert 4/5) in the left peripheral zone at
midgland. Targeted biopsy revealed Gleason 4+ 3 disease

o PI-QUAL 5: a case of PI-QUAL 5 is shown in Fig. 26.

Conclusions

Adherence to the technical parameters of mpMRI as out-
lined in the PI-RADS v. 2.1 guidelines [8] is the starting
point to improve the quality of prostate MRI.

It is important to understand that a scan performed
according to these guidelines may still not be of adequate
diagnostic quality. This is usually due to the presence of
artefacts or due to poor signal-to-noise ratio (sometimes
due to a pressure to reduce scan acquisition time).

In addition to this, the use of rectal enemas, specific
dietary restrictions and the administration of anti-spas-
modic agents have been shown to improve the quality of
prostate MRI as they reduce artefacts due to rectal dis-
tension and bowel motility [10, 27, 28].

Newer MR acquisition techniques can be used to
improve this (e.g. parallel imaging and motion reduc-
tion techniques), and it is of utmost importance to work
with MR physicists and radiographers to obtain a set of
sequences of the best diagnostic quality for each type
of machine. Further studies on what is most important
in the technical guidelines for prostate mpMRI are war-
ranted, and these include the creation of a sequence
bank for sharing best practice to improve mpMRI qual-
ity along with the use of automated methods (e.g. artifi-
cial intelligence) [26].

The first version of PI-QUAL is the start of identi-
fying a framework for the assessment of prostate MR
quality, but we anticipate that further refinement and
prospective validation will be carried out in due course.
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Fig. 26 Axial (a) and coronal (b) T2w imaging, high b value (c), ADC map (d) and pre-contrast (e) and DCE acquisitions (f) of a study that was given
a PI-QUAL score of 5. All MR sequences are of optimal diagnostic quality and fully compliant with PI-RADS v. 2.1 technical recommendations. The
arrows indicate a lesion ( Likert 4/5) in the left peripheral zone at 5 o'clock. Targeted biopsy revealed Gleason 344 disease
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