
BJR

Cite this article as:
Giganti F, Kasivisvanathan V, Kirkham A, Punwani S, Emberton M, Moore CM,  et al. Prostate MRI quality: a critical review of the last 5 years 
and the role of the PI- QUAL score. Br J Radiol 2021; 94: 20210415.

© 2021 The Authors. Published by the British Institute of Radiology 
under the terms of the Creative Commons Attribution- NonCommercial 
4.0 Unported License http:// creativecommons. org/ licenses/ by- nc/ 4. 0/, 
which permits unrestricted non- commercial reuse, provided the original 
author and source are credited.

REVIEW ARTICLE

Prostate MRI quality: a critical review of the last 5 years 
and the role of the PI- QUAL score
1,2FRANCESCO GIGANTI, 2,3VEERU KASIVISVANATHAN, 1ALEX KIRKHAM, 1,4SHONIT PUNWANI, 
2,3MARK EMBERTON, 2,3CAROLINE M MOORE and 1CLARE ALLEN
1Department of Radiology, University College London Hospital NHS Foundation Trust, London, UK
2Division of Surgery & Interventional Science, University College London, London, UK
3Department of Urology, University College London Hospital NHS Foundation Trust, London, UK
4Centre for Medical Imaging, University College London, London, UK

Address correspondence to: Dr Francesco Giganti
E-mail:  f. giganti@ ucl. ac. uk

INTRODUCTION
Multiparametric magnetic resonance imaging (mpMRI) 
of the prostate is now an essential component in the diag-
nostic pathway of prostate cancer. It is also used in active 
surveillance, treatment planning and in the detection of 
recurrent local disease.1

MpMRI of the prostate is a 30 to 45 min scan that 
includes T2W images (T2- WI) in two/three planes, 
diffusion- weighted imaging (DWI) and dynamically 
contrast- enhanced (DCE) sequences. MR spectroscopy 
is no longer routinely performed according to the latest 
recommendations.2

Over the last 10 years, advances in mpMRI have enabled 
precise detection and characterisation of lesions suspicious 
for prostate cancer, with level one published evidence for 
its use in the detection of prostate cancer and targeting of 
biopsies.1 More importantly, it has been shown that a nega-
tive scan can be used to safely defer biopsy, with a negative 

predictive value for Gleason Grade Group ≥ 2 and Gleason 
Grade Group ≥ 3 of 91 and 97%, respectively.3 However, 
translating these results from centres with optimised scan 
quality into clinical practice has been problematic. The 
widespread use of mpMRI of the prostate has resulted 
in high variability of scan quality for each sequence, but 
particularly for the DWI and DCE sequences, and radiolo-
gist experience is a key component (i.e., inter reader agree-
ment is poorer for less experienced readers), with minimum 
requirements recently being proposed in the UK.4 This is 
often unrecognised, and the diagnostic accuracy of mpMRI 
of the prostate is assumed to be that of the published data 
when in practice this is not the case.

Clinicians who regularly request and perform mpMRI of 
the prostate are aware that this technique can be extremely 
useful during daily clinical practice but also recognise the 
problems from the variability of scan technique between 
centres. Prostate mpMRI is at critical point in its adop-
tion and MR quality at many sites is disappointingly poor.2 
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ABSTRACT

There is increasing interest in the use of multiparametric magnetic resonance imaging (mpMRI) in the prostate cancer 
pathway. The European Association of Urology (EAU) and the British Association of Urological Surgeons (BAUS) now 
advise mpMRI prior to biopsy, and the Prostate Imaging Reporting and Data System (PI- RADS) recommendations set 
out the minimal technical requirements for the acquisition of mpMRI of the prostate.
The widespread and swift adoption of this technique has led to variability in image quality. Suboptimal image acqui-
sition reduces the sensitivity and specificity of mpMRI for the detection and staging of clinically significant prostate 
cancer.
This critical review outlines the studies aimed at improving prostate MR quality that have been published over the last 5 
years. These span from the use of specific MR sequences, magnets and coils to patient preparation. The rates of adher-
ence of prostate mpMRI to technical standards in different cohorts across the world are also discussed.
Finally, we discuss the first standardised scoring system (i.e., Prostate Imaging Quality, PI- QUAL) that has been created 
to evaluate image quality, although further iterations of this score are expected in the future.
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Clinical decisions will be compromised as prostate MRI quality 
impacts on patient management, and clinicians will lose confi-
dence in the technique unless this can be improved.

Therefore, a standard for diagnostic scan quality is urgently 
required.

The first consensus meeting on prostate mpMRI was held in 
20115 and the panel of prostate cancer experts reached consensus 
on a number of areas related to the conduct, interpretation and 
reporting of mpMRI for the detection, localisation and charac-
terisation of prostate cancer.

A year later, the Prostate Imaging Reporting and Data System 
(PI- RADS) guidelines (v.1), which outlined the minimum tech-
nical requirements and standards for prostate mpMRI reporting, 
were published. 6

These guidelines were subsequently refined in 2015 (v.2)7 and in 
2019 (v.2.1).8 While maintaining the overall framework described 
in the previous version, PI- RADS v.2.1 includes revised imaging 
acquisition parameters and a revised scoring system. As far as 
technical details are concerned, PI- RADS v.2.1 clarifies that T2- WI 
should be obtained in the axial plane and in at least one additional 
orthogonal plane and that a high b- value (≥1,400 s/mm2) DWI 
should be always acquired. The minimum temporal resolution for 
DCE acquisitions has been decreased from ≤10 to ≤15 s.

In order to reduce the number of indeterminate lesions, subtle 
changes to the scoring of the transitional zone (scores 1 to 3) 
and an update to the scoring of lesions on DWI (scores 2 and 3 
for all zones) have been made in PI- RADS v.2.1 and some of the 
subjective definitions have been clarified (e.g., the term ‘marked’ 
has been changed to ‘a more pronounced signal change than any 
other focus in the same zone’).

In the recent years, there has been also interest in the evalua-
tion of inter reader agreement for PI- RADS v.2 and v.2.1 scoring 
systems with results showing substantial to excellent concor-
dance9,10 and in the comparison between biparametric MRI (i.e., 
without DCE acquisitions) and mpMRI, with some evidence11 
suggesting similar sensitivity (94%) and diagnostic accuracy 
(87%) for both techniques when comparing PI- RADS 1 and 2 
lesions vs PI- RADS 3, 4 and 5 lesions.

Table 1 shows the most recent technical requirements for a good 
quality prostate mpMRI according to the latest version (PI- RADS 
v.2.1). In addition to this, in 2018 a UK consensus meeting reit-
erated the importance of high- quality prostate MRI, especially 
when this technique is used to avoid biopsy.12

In the last 5 years, several questions have been raised about the 
best protocol that should be used to obtain prostate mpMRI of 
adequate diagnostic quality, with good spatial resolution and 
high signal- to- noise ratio for each sequence. This quest has been 
complicated by the number of differing machine vendors, the 
ages of the MR scanners and the differences between acquisition 
at 1.5 vs 3T.

The aim of our paper is to critically discuss the available literature 
over the last 5 years in order to i) report those studies which have 
tried to address the major controversies in prostate MRI quality 
and ii) provide the readers with an overview of current practice 
and what is still needed to be done to improve the quality of 
mpMRI of the prostate.

METHODS
Search strategy
We searched MEDLINE/PubMed for manuscripts published up 
to the 1st of April 2021.

As we know that mpMRI has improved over time and in order 
to provide updated data from the last 5 years, we excluded all 
papers published before 2016.

The search terms used were (prostate cancer OR prostate adeno-
carcinoma) AND (MRI quality OR magnetic resonance imaging 
quality).

Evidence synthesis
Overall, 890 publications were found, 377 of which published 
before 2016. Therefore, a total of 513 publications were evalu-
ated and if it was not clear from the abstract whether the paper 
might contain relevant data, the full paper was assessed. In total, 
42 papers were included in the final analysis. (Figure 1)

RESULTS
The quality of mpMRI sequences depends not only on the MR 
systems and scanning parameters utilised but also on patient- 
related factors, such as bowel peristalsis, rectal distension, the 
presence of hip metalwork and post- biopsy haemorrhage.

MR sequences
According to current PI- RADS v.2.1 recommendations8, T2- WI 
should be usually obtained with 2D rapid acquisition with fast- 
spin- echo or turbo- spin- echo sequences.

For DWI, free- breathing spin echo sequences combined with 
spectral fat saturation are recommended.

As far as DCE sequences are concerned, the assessment of the 
enhancement may be improved with fat suppression or subtrac-
tion techniques (especially in the presence of blood products 
that are hyperintense on pre- contrast- enhanced T1- weighted 
images).

We assessed 21 papers investigating the impact of specific 
MRI sequences on image quality, and the results are listed in 
Table 2.13–33

The majority of the studies (19/21; 90%) used 3T scanners, with 
only two (10%) studies using 1.5T systems (one of which using 
both magnets).

Only 5/21 (24%) studies used an endorectal coil (one of which 
comparing the findings with the coil turned on and then off).

http://birpublications.org/bjr
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Most of the studies (14/21; 67%) were retrospective, followed by 
6/21 (29%) prospective studies and by one paper (4%) describing 
two case reports.

The number of radiologists participating in the studies ranged 
from two (for 16/21 studies; 76%) to six (for 1/21 study; 5%), 
the majority of which (19/21; 90%) assessed the images 
independently.

As far as mpMRI sequences are concerned, 14/21 (67%) studies 
focussed on DWI, 6/21 (29%) on T2- WI and 1/21 (4%) on DCE 
sequences.

From the papers included in this section, it is clear that non- 
patient- related approaches, including post- processing tech-
niques such as reduced field of view sequences,24 dedicated 
sequences for the correction of artefacts26 or read- out segmented 
echo planar imaging sequences30 can improve image quality.

A general recommendation is that DWI and DCE acquisitions 
should always match T2- WI in order to have a synchronous view 
when assessing all three sequences side by side.

As far as DWI is concerned, diagonal DWI (i.e., a particular 
acquisition in which all three gradients are turned on simul-
taneously to maximum strength, enabling a shorter echo time 

Table 1. Minimal technical requirements for multiparametric prostate MRI according to the PI- RADS v.2.1 guidelines

T2- weighted imaging
(T2- WI)

Diffusion- weighted imaging
(DWI)

Dynamic contrast- 
enhanced

(DCE)
Imaging planes Same used for DWI and DCE Same used for T2- WI and DCE Same used for T2- WI and DWI

Slice thickness 3 mm, no gap ≤4 mm, no gap 3 mm, no gap

Field of view 12–20 cm a 16–22 cm 12–20 cm a

In- plane dimension ≤0.7 mm (phase) x ≤ 0.4 mm 
(frequency)

≤2.5 mm (phase and frequency) ≤2 mm (phase and frequency)

Specific recommendations

T2- WI acquisition Axial plane: either straight axial to 
the patient or in an oblique axial 

plane matching the long axis of the 
prostate

- -

  At least one additional orthogonal 
plane (sagittal and/or coronal)

- -

  3D axial as an adjunct to 2D 
acquisitions

- -

Low b- value - 0 (preferably 50)–100 sec/mm2 -

Intermediate b- value - 800–1000 sec/mm2 -

High b- value - • Dedicated (≥1,400 sec/mm2)
• Synthesised (from other b- values)

-

Temporal resolution - - ≤15 s

Total observation rate - - >2 min

Dose of GBCA - - 0.1 mmol/kg

Injection rate - - 2 - 3cc/s

Fat suppression/subtraction - - Recommended

Legend – T2- WI: T2- weighted imaging; DWI: diffusion- weighted imaging; DCE: dynamic contrast enhanced; GBCA: Gadolinium- based contrast 
agent
a to encompass the entire prostate gland and seminal vesicles

Figure 1. Flow diagram showing the outcome of the initial 
searches resulting in the full studies included in the review.

http://birpublications.org/bjr
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compared to conventional DWI acquisitions where the three 
gradients are switched on in three mutually perpendicular direc-
tions sequentially) has shown a substantial reduction in acqui-
sition time (30%) with equivalent image quality and tumour 
detection.19

A matter of particular interest is the role of computed vs 
acquired high b- value sequences, as mixed results have been 
published. Verma and colleagues13 reported that high b- value 
computed sequences demonstrated higher image quality and 
lesion conspicuity than acquired DWI. Jendoubi et al28 reported 
that computed high b- value (b = 2,000 s/mm2 and b = 2,500 
s/mm2) images had significant higher overall quality, better 
background signal suppression, better anatomic clarity and less 
distortion compared with acquired (b = 2,000 s/mm2) images 
(p < 0.001) with a significant impact on lesion conspicuity (p < 
0.001).

On the other hand, Kordbacheh and colleagues29 evaluated the 
impact of complex- averaging on image quality of acquired and 
calculated high b- values and found that although complex- 
averaging improved image quality of both acquired high b- value 
and calculated high b- value images (p < 0.001), the image quality 
was not different between the two sequences.

As far as T2- WI is concerned, three studies14,18,23 reported that 
3D images showed similar or higher image quality than 2D 
acquisitions and that there might be a better option when time 
saving is crucial.

In addition to this, Meier Schroers and colleagues27 have shown 
that revised Periodically Rotated Overlapping ParallEL Lines 
with Enhanced Reconstruction (PROPELLER) acquisitions 
(RevPROP) (i.e., a method to reduce motion artefacts) showed 
fewer artefacts and higher image quality (p < 0.001) than conven-
tional turbo spin echo sequences on T2- WI.

As far as DCE is concerned, a study by Iyama and colleagues16 
has shown that the Multiecho Dixon technique improved the 
homogeneity of fat suppression without degrading image quality.

Magnets and coils
According to current PI- RADS v.2.1 recommendations,8 an 
endorectal coil should be used to improve the signal- to- noise 
ratio with older 1.5T MR scanners and with larger patients, as 
the signal- to- noise ratio could be highly reduced hampering the 
diagnostic quality of the scan.

We assessed nine papers investigating the impact of MR magnets 
and coils on image quality, and the results are presented in 
Table 3.34–42

The majority of the studies (7/9; 78%) used 3T scanners, with 
only two (22%) papers using 1.5T scanners (one of which using 
both magnets).

Seven studies (78%) used an endorectal coil (two of which 
comparing the findings with and without).A
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Six studies out of nine (67%) were retrospective, and the number 
of radiologists ranged from two (for 8/9 studies; 89%) to six (for 
1/9 study; 11%), all but one39 assessing images independently.

We found mixed results, as a number of studies showed that 
the use of an endorectal coil improves image quality34,36 while 
other studies reported more artefacts on T2- WI but a superior 
zonal anatomy distinction on DWI with an endorectal coil39 or 
no significant differences in image quality with and without an 
endorectal coil.40

Interestingly, a study by Barth and colleagues35 showed compa-
rable image quality using a pelvic- phased array or an endorectal 
coil for T2- WI, but one of the radiologists of the study reported 
better image quality using the endorectal coil for DWI.

Another aspect that should be considered is that of patients with 
cardiac implantable electronic devices. Tanaka and colleagues38 
reported that patients with such devices can be safely studied on 
1.5T mpMRI under controlled conditions with acceptable image 
quality when MR parameters are optimised (while maintaining a 
specific absorption rate <1.5 W/kg).

It should be pointed out that unlike MR protocols that incor-
porate endorectal coils, the sole use of body coils can lead to 
susceptibility artefacts due to the presence of rectal air, and this 
is particularly evident at high b- values on DWI.

We know that prostate mpMRI at both 1.5T and 3T can provide 
adequate and reliable diagnostic examinations when acquisition 
parameters are optimised.

In addition to this, the increasing shift from 1.5T to 3T MR 
scanners has resulted in less examinations conducted with 
endorectal coils (that provide an increase in the signal- to- 
noise ratio) due to the inherent higher signal- to- noise ratio 
and superior spatial resolution of 3T scanners using body 
surface coils.

There are a number of disadvantages to the use of endorectal coils, 
such as patient discomfort, distortion of the prostate contour, 
increased acquisition time and cost, near- field flare artefacts in 
the peripheral zone, and the inducement of rectal wall spasm.43

Ullrich and colleagues37 compared image quality of 1.5T and 
3T MRI without endorectal coil in 63 consecutive patients. 
All patients received mpMRI on a 3T (T2- WI, DWI, DCE) 
and biparametric MRI (T2- WI, DWI) on a 1.5T scanner using 
body coils. Signal- to- noise ratio and contrast- to- noise ratio of 
T2- WI were similar at 1.5T and 3T, but significantly lower at 
1.5T (p < 0.01). Image quality (using a 5- point Likert scale) 
was significantly better at 3T for T2- WI and DWI (p < 0.01) 
but PI- RADS scores were comparable for both field strengths. 
Inter- reader agreement was excellent for image quality and 
PI- RADS scoring. The authors concluded that although image 
quality on 1.5T and 3T MR was different on DWI, the diag-
nostic performance (i.e., PI- RADS score) was similar with both 
magnets.A

ut
ho

r [
re

f]
Ye

ar
C

ou
nt

ry
M

R 
sy

st
em

En
do

re
ct

al
 

co
il

A
im

 o
f t

he
 

st
ud

y 
fo

r i
m

ag
e 

qu
al

ity
St

ud
y 

de
si

gn
Pa

tie
nt

s (
n)

Sc
al

e 
us

ed
 

to
 a

ss
es

s 
pr

os
ta

te
 

M
R 

qu
al

ity

In
te

r-
 re

ad
er

 
ag

re
em

en
t

(κ
 v

al
ue

)
K

ey
 m

es
sa

ge
s o

n 
im

ag
e 

qu
al

ity

St
oc

ke
r e

t a
l.42

20
21

Sw
itz

er
la

nd
3T

N
o

To
 e

va
lu

at
e 

th
e 

in
flu

en
ce

 o
f b

od
y-

 
ph

as
ed

 a
rr

ay
 re

ce
iv

e 
co

il 
se

t-
 up

s o
n 

sig
na

l- t
o-

 no
ise

 ra
tio

 
an

d 
im

ag
e 

qu
al

ity
.

Pr
os

pe
ct

iv
e

Tw
o 

ra
di

ol
og

ist
s 

in
de

pe
nd

en
tly

10
Li

ke
rt

 (1
 to

 5
)

-
Im

ag
e 

qu
al

ity
 w

as
 

sim
ila

r f
or

 d
iff

er
en

t 
bo

dy
- p

ha
se

d 
ar

ra
y 

re
ce

iv
e 

co
il 

se
t-

 up
s.

G
oo

d 
im

ag
e 

qu
al

ity
 

w
ith

 1
8-

 ch
an

ne
l 

bo
dy

- p
ha

se
d 

ar
ra

y 
re

ce
iv

e 
co

il 
se

t-
 up

.
Im

pr
ov

ed
 si

gn
al

- t
o-

 
no

ise
 ra

tio
 fo

r T
2-

 W
I 

w
ith

 a
 6

0-
 ch

an
ne

l 
bo

dy
- p

ha
se

d 
ar

ra
y 

re
ce

iv
e 

co
il 

se
tu

p.

Ta
b

le
 3

. (
C

o
nt

in
ue

d
)

http://birpublications.org/bjr


11 of 21 birpublications.org/bjr Br J Radiol;94:20210415

BJRProstate MRI quality and the PI- QUAL score

Patient preparation
According to current PI- RADS v.2.1 recommendations,8 the 
use of an antispasmodic agent may not be necessary in all 
patients. The incremental cost and potential for adverse drug 
reactions should be taken into consideration.

We assessed a total of eight studies focussing on the impact of 
patient preparation on image quality, and the results are listed in 
Table 4.44–51

All studies were conducted on 3T scanners without endorectal 
coils.

Most of the studies (5/6; 83%) were retrospective and the 
number of radiologists ranged from two (for 5/6 studies; 83%) 
to four (for 1/6 study; 17%), all assessing images independently.

Three studies45,46,50 investigated the effect of i.v. administra-
tion of spasmolytic agents on image quality. Four studies44,47–49 
investigated the effect of rectal distension, enema and dietary 
restrictions on image quality. One study51 compared all of these 
techniques.

An inverse correlation between image quality and increased 
rectal distension has been reported by Caglic and colleagues,44 
with a significant increase of artefacts on T2- WI and DWI with 
increasing rectal distension.

As far as motion- related artefacts due to peristalsis are 
concerned, a recent study by Schmidt and colleagues51 
compared the use of antispasmodic agents (i.e., hyoscine 
N- butylbromide) against microenema and dietary restriction. 
They found that microenema significantly improves both 
image quality of DWI and the overall impression of image 
quality (encompassing all aspects of the whole MRI exam, 
including T2- WI, DWI, and DCE sequences) while hyos-
cine N- butylbromide and dietary restrictions do not improve 
image quality.

A significant improvement of image quality using i.v. spasmo-
lytic agents45,46 has been observed in terms of anatomic details 
on T2- WI but not for the presence of artefacts on DWI.

Mixed results have been reported as far as the use of prepara-
tory enemas are concerned, with two studies47,49 showing that 
this approach improves image quality on DWI by decreasing 
rectal distension and distortion while another study by Coskun 
and colleagues48 showed that the use of a cleansing enema 
prior to prostate MRI has modest effects on DWI distortion 
and overall image quality.

It is clear that prostate MRI quality can be significantly 
degraded by motion- related (due to bowel peristalsis) and 
susceptibility- related (due to air/tissue interfaces) artefacts, 
which in turn reduces the ability to rule in and rule out clini-
cally significant disease.52

In order to overcome this issue, different methods including the 
administration of antispasmodic agents, rectal enemas or the use 
of small catheters to remove the air from the rectum have been 
proposed as potential ways to reduce such artefacts.

Although the current evidence suggests routine use of anti- 
peristaltic agents prior to prostate mpMRI to optimise image 
quality, current guidelines are contradictory.53

Rate of adherence to standard technical 
requirements
Four papers have evaluated the adherence of prostate mpMRI to 
minimum technical standards, as shown in Table 5.54–57

Two studies were conducted in the USA,54,57 one in the UK55 and 
one in Turkey.56

All studies included both 1.5T and 3T scanners and assessed the 
image quality and compliance against the technical standards 
as per PI- RADS v.2 guidelines,7 although one study55 did also 
test image quality making reference to a UK consensus paper on 
prostate MRI.12

All studies were retrospective, and one of them (25%) was carried 
out as a survey using a specific questionnaire that was sent to all 
radiology departments of tertiary referral hospitals in Turkey.56

An important aspect of mpMRI of the prostate is the compli-
ance with the minimum technical requirements recommended 
by national/international guidelines, although we know that 
this does not necessarily mean that a scan is of adequate diag-
nostic quality simply adhering to a set of pre- defined technical 
recommendations.

It is interesting to note that in the study by Esses and colleagues54 
in the USA, the rate of adherence to PI- RADS v.2 guidelines was 
significantly greater at 3T for some parameters on T2- WI and 
DWI, and similar findings were observed in the study by Coskun 
et al for T2- WI in Turkey.56 In both studies, the adherence to 
temporal resolution <10 s on DCE was low (31% in54 and 56% 
in56). It should be noted that the temporal resolution has been 
decreased to 15s in PI- RADS v.2.1 recommendations,8 and this 
means that the spatial resolution should be optimised and not 
compromised, especially since curve analysis and quantitative 
kinetic modelling are no longer recommended for routine clin-
ical use.

Another important aspect that should be taken into account is 
scanner age. Although this requires more investigation, Burn 
and colleagues55 have shown a significant difference in the 
quality of prostate MRI at a 7- year cut- off for scanner age and 
this is something that will need to be explicitly addressed in the 
next iteration of the PI- RADS recommendation.

DISCUSSION
From the evidence gathered in this review, we can reiterate that 
the quality of mpMRI must be high both at a ‘centre level’ (i.e., 
good quality images with up- to- date MR scanners and dedicated 
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radiologists/radiographers highly experienced in prostate 
mpMRI) and at a ‘patient level’ (i.e., patient- related artefacts 
such as rectal gas or movement should be minimised).

The available data published over the last five years and presented 
in this review are conflicting and with mixed conclusion in terms 
of MR sequences, patient preparation, magnet strengths and 
coils.

The main differences lie in the heterogeneity of the cohorts (e.g., 
dietary habits of different countries and cultures can influence 
rectal distension - and therefore image quality) and in the study 
conduct (e.g., different timing of an enema or different timing 
and route of antiperistaltic agents administration can affect 
image quality).

We know from a recent consensus report by the European 
Society of Urogenital Radiology (ESUR) and the European Asso-
ciation of Urology (EAU) Section of Urologic Imaging (ESUI) 
that there is still vast inconsistency in the conduct of prostate 
mpMRI.58 The panel of experts who outlined these recommen-
dations concluded that quality measures for prostate mpMRI 
have yet to be clearly defined, and they called for a standardised 
set of criteria for assessing image quality.

This is corroborated by the fact that each study mentioned in this 
work included a different subjective scoring system mostly based 
on a 1–5 Likert scale, although some studies comprised a simpli-
fied 1–314 or 1–445 (for artefacts) scale. This explains why mixed 
results in the inter- observer agreement have been reported in 
the studies, with DWI being the diagnostic sequence with the 
highest variability in terms of artefacts and overall image quality 
(as reported in Table 2).

What has emerged from this review is the high inconsistency and 
subjectivity in defining a scan of ‘poor’, ‘acceptable’ or ‘good’ diag-
nostic quality, and this is indeed due to the lack of standardised 
criteria for the assessment of image quality.

A first attempt to fill this void has been the recent publication 
of a dedicated scoring system from the multicentre randomised 
PRECISION trial,59 called Prostate Imaging Quality (PI- 
QUAL).60 (Table 6)

The PI- QUAL score is built on a 1–5 Likert scale derived by eval-
uating each mpMRI sequence against a defined set of objective 
quality criteria in line with the PI- RADS guidelines and also 
using a subjective assessment of the image.

A PI- QUAL score of 1 or 2 (Figure  2) means that it is not 
possible to rule in and rule out clinically significant prostate 
cancer, a PI- QUAL score of 3 (Figure 3) entails that it is possible 
to rule in but not to rule out clinically significant disease, while 
a PI- QUAL score of 4 or 5 (Figures  4 and 5) corresponds to 
high- quality mpMRI of the prostate and therefore it is possible 
both to rule in and to rule out clinically significant prostate 
cancer.60A
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It should be pointed out that the PI- QUAL score, in the same way 
as the PI- RADS score, assesses the images but it does not take 
into account clinical details such as Prostate Specific Antigen 
(PSA) or PSA density. Also, at present, the PI- QUAL score does 
not make any clear recommendation whether a scan should be 
repeated (e.g., if there is a clear PI- RADS 5 lesion that can still be 
seen with a poor- quality scan, or a PI- QUAL 3 scan in which it is 
not possible to rule out clinically significant prostate cancer, but 
the patient is of low clinical risk) or not.

It is important to stress that scans from non- specialist centres 
usually show suboptimal imaging quality due to a lack of 

awareness of the quality achieved in high- volume, academic 
centres and PI- QUAL represents the first effort to inform the 
radiological community of the importance of prostate MR 
quality. Therefore, the widespread adoption of this scoring 
system and its future iterations could help to drive improvements 
when the imaging quality is inadequate.

It is essential that we reduce the variability in the conduct and 
quality of mpMRI of the prostate so that clinicians can be confi-
dent to use it in the prostate diagnosis and treatment pathways.

Table 6. 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
It is NOT possible to rule in all significant lesionsa

 

It is NOT possible to rule out all significant lesionsa2 Only one mpMRI sequence is of acceptable diagnostic 
quality

3 At least two mpMRI sequences taken together are of 
diagnostic quality

It is possible to rule in all significant lesions
 

It is 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
 

It is possible to rule out all significant lesions5 All mpMRI sequences are of optimal diagnostic quality

PI- QUAL, Prostate Imaging QUALity; PI- RADS, Prostate Imaging Reporting and Data System; mpMRI, multiparametric magnetic resonance imaging.
Reprinted from Giganti F, Allen C, Emberton M, MooreCM, Kasivisvanathan V, for the PRECISION study group (2020) Prostate ImagingQuality (PI- 
QUAL): A New Quality Control S2588-9311(20)30085-7 (in press) doi:10.1016/j.euo.2020.06.007. Copyright (2020), with permission from Elsevier 
(https://euoncology.europeanurology.com).
aTherefore reports should not include PI- RADS or Likertscores

Figure 2. A 3T multiparametric MRI study of the prostate 
showing low spatial resolution on axial T2- WI (A), high b- 
value (b = 2,000 s/mm2) (B) and ADC map (C), and on DCE 
sequences (D). The overall image quality is suboptimal and 
only T2- WI is of acceptable diagnostic quality. The scan is 
scored PI- QUAL 2.

Figure 3. A 1.5T multiparametric MRI study of the prostate 
showing artefacts from rectal distension on axial T2- WI (A), 
high b- value (b = 1,400 s/mm2) (B) and ADC map (C), and 
on DCE sequences (D). There is a lesion in the left periph-
eral zone at 4 o’clock but only T2- WI and DCE sequences 
taken together are of sufficient diagnostic quality. The scan is 
scored PI- QUAL 3.

http://birpublications.org/bjr
https://euoncology.europeanurology.com)
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Further research on which criteria should be incorporated in the 
technical guidelines and the creation of a shared sequence bank 
for widespread improvement of mpMRI quality (including the 
use of automated methods) is strongly advocated.61,62

CONCLUSIONS
Increasing evidence on the importance of prostate MR quality 
has been accumulated since the publication of PI- RADS v.2 in 
2015.

There is compelling evidence to support the standardisation of 
prostate MRI quality using objective and pre- defined criteria and 
the PI- QUAL score is the first attempt to bridge this gap. The 
application of the PI- QUAL score (and its future iterations) in a 
‘real- world’ scenario and the assessment of its effect on patient- 
level outcomes with prospective trials are planned.
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Figure 4. A 1.5T multiparametric MRI study of the prostate 
showing minor artefacts from bowel peristalsis on axial T2- WI 
(A) but the image quality is adequate on high b- value (b = 
1,400 s/mm2) (B) and ADC map (C), and on DCE sequences 
(D). The scan is scored PI- QUAL 4.

Figure 5. A 3T multiparametric MRI study of the prostate of 
optimal diagnostic quality on axial (A) and coronal (B) T2- 
WI, on high b- value (b = 2,000 s/mm2) (C) and ADC map (D; 
note the clear differentiation between the transitional and 
peripheral zone), and on pre- (E) and post- (F) contrast DCE 
sequences. The scan is scored PI- QUAL 5.
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