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Abstract

The Prostate Imaging Reporting and Data System version 2 (PI-RADS v2) was developed
with a consensus-based process using a combination of published data, and expert
observations and opinions. In the short time since its release, numerous studies have
validated the value of PI-RADS v2 but, as expected, have also identified a number of
ambiguities and limitations, some of which have been documented in the literature with
potential solutions offered. To address these issues, the PI-RADS Steering Committee,
again using a consensus-based process, has recommended several modifications to PI-
RADS v2, maintaining the framework of assigning scores to individual sequences and
using these scores to derive an overall assessment category. This updated version,
described in this article, is termed PI-RADS v2.1. It is anticipated that the adoption of
these PI-RADS v2.1 modifications will improve inter-reader variability and simplify PI-
RADS assessment of prostate magnetic resonance imaging even further. Research on the
value and limitations on all components of PI-RADS v2.1 is strongly encouraged.
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1. Introduction

Multiparametric magnetic resonance imaging (mpMRI) is
increasingly being utilized for the detection and risk
stratification of clinically significant prostate cancer (csPCa)
[1,2], and there are continued requirements to standardize
techniques and train radiologists in its optimal application
[3]. To address these requirements, the American College of
Radiology, European Society of Urogenital Radiology
(ESUR), and AdMeTech Foundation convened an interna-
tional expert panel to develop the Prostate Imaging
Reporting and Data System version 2 (PI-RADS v2) [4]. PI-
RADS v2 is designed to standardize image acquisition
techniques and interpretation of prostate MRI, which is
critical for management, communication, comparative
research involving multiple institutions, and quality assur-
ance for multicenter trials. PI-RADS v2 has received rapid
and broad international acceptance among radiologists and
urologists, and is widely utilized in daily practice and
research [5]. Indeed, recent studies have documented the
impact of PI-RADS v2 on the detection of csPCa [6–10]. To
ensure that radiologists can be properly trained in PI-RADS
v2, educational courses are offered by various organiza-
tions.

PI-RADS v2 was developed with a consensus-based
process using a combination of published data, and expert
observations and opinions. After 3 yr of development, it was
released on-line (https://www.acr.org/Quality-Safety/
Resources/PIRADS) in late 2014 and published in early
2016 [11,12]. Subsequently, numerous studies have validat-
ed the value of PI-RADS v2, but, as expected, they have also
shown some inconsistencies and limitations. For example,
interobserver agreement has only been good to moderate
[13,14], and a number of specific assessment criteria have
been identified, which require clarification or adjustment
[15]. Furthermore, certain technical issues concerning the
acquisition of mpMRI data would benefit from updating and
refinement.

To address these issues, the PI-RADS Steering Committee,
again using a consensus-based process, has recommended
several modifications to PI-RADS v2, maintaining the
framework of assigning scores to individual sequences
and using these scores to derive an overall assessment
category. Given the restricted scope of these updates, the
updated version, described below, is termed PI-RADS v2.1.

2. Revisions in image data acquisition

Revisions in technical parameters for image acquisition of
mpMRI data incorporated into PI-RADS v2.1 include the
following specifications.

2.1. Technical specifications of T2-weighted acquisition

In the technical specification for PI-RADS v2, it stated that
“multiplanar (axial, coronal, and sagittal) T2-weighted
(T2W) images are usually obtained.” Since evaluation of
T2 signal intensity and morphology, including lesion
encapsulation, plays important roles in PI-RADS
Please cite this article in press as: Turkbey B, et al. Prostate Ima
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assessment, and this evaluation can be limited by partial
volume averaging when viewing in only one plane, PI-RADS
v2.1 states that “T2W 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 prostate)
and a minimum of one additional orthogonal plane (i.e.,
sagittal and/or coronal).”

2.2. Technical specifications of diffusion-weighted image

acquisition

For the generation of apparent diffusion coefficient (ADC)
maps, PI-RADS v2 advised the use of a low b value
between 50 and 100 s/mm2 to avoid contamination of the
measured diffusion signal by “perfusion” effects. While
this “perfusion contamination” seemed to be important
when PI-RADS v2 was written, the use of a minimum b
value of 50–100 s/mm2 was found to be technically more
challenging than the use of a minimum b value of 0 s/
mm2 for some magnetic resonance (MR) systems, and it
is likely that perfusion effects do not substantively
impact clinical interpretation of diffusion-weighted
imaging (DWI).

Diffusion kurtosis effect occurs when using b values
>1000 s/mm2 and may impact calculation of ADC values.
Hence, PI-RADS v2.1 recommends that the highest b value
used to calculate ADC is �1000 s/mm2 [16].

Thus, in PI-RADS v2.1, technical specification for DWI has
been revised: “For ADC map calculation, it is recommended
to use one low b-value set at 0–100 sec/mm2 (preferably
50–100 sec/mm2) and one intermediate b-value set at 800–
1000sec/mm2. A high b-value (> = 1,400 sec/mm2) is also
mandatory and preferably should be obtained from a
separate acquisition or calculated from the low and
intermediate b-value images”.

2.3. Technical specifications of dynamic contrast enhanced MRI

acquisition

PI-RADS v2 suggested a temporal resolution of �10 s (<7 s
preferred). However, subsequent investigations have not
shown any added diagnostic benefit from such high
temporal resolution imaging [17,18], and it could potentially
result in important compromises in image quality, including
spatial resolution. The technical specifications have there-
fore been changed in PI-RADS v2.1 to advise a temporal
resolution of �15 s. However, a more rapid temporal
resolution may be selected if sufficient spatial resolution
is maintained and overall image quality is guaranteed.

In addition, PI-RADS v2 indicated that dynamic contrast
enhanced (DCE) MRI could be performed using either two-
dimensional (2D) or two-dimensional (3D) acquisition.
Recognizing the widespread availability of 3D DCE
sequences on current systems and expert consensus that
3D acquisitions have signal-to-noise ratio (SNR) advantages
compared with 2D acquisitions for DCE, this has been
updated in PI-RADS v2.1 to state that “while both 2D or 3D
T1 W gradient echo (GRE) sequences have been used, 3D
T1 W GRE is preferred.”
ging Reporting and Data System Version 2.1: 2019 Update of
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3. Clarifications in interpretation criteria

Modifications in interpretation criteria of mpMRI data
incorporated into PI-RADS v2.1 include assessment of
lesions in the central zone (CZ) and the anterior fibromus-
cular stroma (AFMS), evaluation of the transition zone (TZ),
revision of criteria for DWI scores 2 and 3, and clarification
of the distinction between positive and negative enhance-
ment on DCE MRI.

3.1. Assessment of lesions in the CZ and AFMS

PI-RADS v2 provided assessment criteria for findings in the
peripheral zone (PZ) and TZ, which together account for
most csPCa cases. If there are no abnormal findings in the CZ
or AFMS, it stated that the CZ and AFMS should not be
reported separately. However, lesions are occasionally
encountered, which appear to originate in the CZ or involve
the AFMS, and warrant special consideration.

PI-RADS v2.1 modifications are as follows.

3.1.1. Central zone

The normal CZ is usually visible on T2W and ADC images as
bilaterally symmetric low-signal-intensity tissue encircling
the ejaculatory ducts from the prostatic base to the
verumontanum [19]. It is symmetrically, mildly hyperin-
tense on high b-value DWI, and it demonstrates neither
early enhancement nor asymmetrically increased signal
intensity on high b-value DWI (Fig. 1). PCa originating in the
CZ is uncommon, and most of these arise in either the
adjacent PZ or the adjacent TZ, and extend into the CZ. Focal
Fig. 1 – Normal central zone. (A) Axial T2-weighted image shows symmetric ho
ducts (arrowheads) at the prostate base. (B) Coronal T2-weighted image shows
distribution extending from the base to the level of verumontanum (arrowhea
hypointense signal corresponding to (A) (arrow). (D) Diffusion-weighted image
to (A) and (B) (arrow). (E) Early dynamic contrast enhanced image shows no en
RADS = 1, DW MRI PI-RADS = 1, DCE MRI PI-RADS = negative, PI-RADS assessmen
contrast enhanced; DW = diffusion weighted; MRI = magnetic resonance imagin
weighted.
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early enhancement and/or asymmetry between the right
and left CZs on T2W, ADC, or high b-value images is a finding
that may indicate the presence of PCa (Fig. 2). However,
asymmetry in size alone may be a normal variant, especially
in the setting of benign prostatic hyperplasia (BPH) in the
TZ, which may deform, displace, or cause asymmetry of the
CZ.

Occasionally, the normal CZ may appear as a discrete
nodule in the midline above the level of the verumonta-
num; a symmetric signal on ADC/DW images and/or lack of
early contrast enhancement may help differentiate benign
from malignant tissue.

3.1.2. Anterior fibromuscular stroma

The normal AFMS shows bilaterally symmetric shape (“cres-
centic”) and symmetric low signal intensity (similar to that of
obturator or pelvic floor muscles) on T2W, ADC, and high b-
value DWI without early enhancement (Fig. 3). Abnormalities
with increased T2W signal intensity relative to the pelvic
muscles, high signal intensity on high b-value DWI, low signal
on ADC compared with adjacent pelvis muscle signal intensity
(and hence relatively lower signal on ADC than normal AFMS),
asymmetric enlargement or focal mass, and early enhance-
ment may all be helpful in detecting PCa that has extended into
the AFMS (Fig. 4) [20]. Since PCa does not originate in the AFMS,
when reporting a suspicious lesion in the AFMS, criteria for
either the PZ or the TZ should be applied, depending on the
zone from which the lesion appears most likely to be
originating [21]. It is understood that the zone of origin is
not always certain—an inevitable limitation of PI-RADS
assessment methodology.
mogeneous hypointense signal (arrows) surrounding the ejaculatory
 symmetric homogeneous hypointense signal (arrows) in a cone-shaped
d) in the mid gland. (C) ADC map axial image shows symmetric mildly

 (b = 1400) shows symmetric mildly hyperintense signal corresponding
hancement in the region of the central zone (arrow). T2W MRI PI-
t category = 1. ADC = apparent diffusion coefficient; DCE = dynamic
g; PI-RADS = Prostate Imaging Reporting and Data System; T2W = T2
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Fig. 2 – Central zone prostate cancer. MRI performed at 1.5 T with endorectal coil in a 59-yr-old man with prostate cancer (radical prostatectomy
adenocarcinoma showing Gleason 4 + 3 prostate cancer in the left base with extraprostatic extension and left seminal vesicle invasion). (A–C) Coronal
T2-weighted images show an asymmetric T2 moderately hypointense signal involving the left base with extension into the left seminal vesicle (arrow).
(D) Axial T2-weighted image shows asymmetric T2 moderately hypointense signal (arrow) in the left central zone surrounding the left ejaculatory duct
(arrowhead). (E) Axial T2-weighted image shows asymmetric thickening of the wall of the left seminal vesicle (arrow). (F) Axial diffusion-weighted
image for b = 1000 s/mm2 shows an asymmetric hyperintense signal in the left central zone. (G) Axial dynamic contrast-enhanced image shows early
intense asymmetric enhancement corresponding to signal abnormalities on T2W and DWI images. T2W MRI PI-RADS = 5, DW MRI PI-RADS = 5, DCE MRI
PI-RADS = positive, PI-RADS assessment category = 5. DCE = dynamic contrast enhanced; DW = diffusion weighted; DWI = diffusion-weighted imaging;
MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; T2W = T2 weighted.

Fig. 3 – Normal anterior fibromuscular stroma (AFMS), which is composed of vertically oriented smooth muscle bundles continuous with the bladder
smooth muscle and covers the anterior surface of the prostate as a nonglandular layer. (A) Axial T2-weighted image shows a symmetric markedly
hypointense signal along the anterior aspect of the prostate, typical of normal AFMS (arrows). (B) ADC map axial image shows normal signal (similar
to that of the background prostate) along the AFMS, which is typical of normal AFMS (arrows). (C) Diffusion-weighted image (b = 2000) shows normal
hypointense signal (similar to that of the background prostate) along the AFMS (arrows). (D) Early dynamic contrast enhanced image shows lack of
enhancement along the AFMS (arrows). T2W MRI PI-RADS = 1, DW MRI PI-RADS = 1, DCE MRI PI-RADS = negative, overall PI-RADS = 1. ADC = apparent
diffusion coefficient; DCE = dynamic contrast enhanced; DW = diffusion weighted; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging
Reporting and Data System; T2W = T2 weighted.
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Fig. 4 – Prostate cancer appearing to involve the anterior fibromuscular stroma and thus scored using transition zone criteria. A 68-yr-old man with
PSA 4.1 ng/ml and Gleason score 3 + 4 prostate cancer confirmed on MRI-guided targeted biopsy. (A) Axial T2-weighted image shows a lenticular
homogeneous moderately T2 hypointense nodule (arrows) appearing to involve the anterior fibromuscular stroma with extraprostatic extension. (B)
ADC map image shows focal hypointense signal corresponding to (A) (arrows). (C) Diffusion-weighted image (b = 2000) shows a markedly hyperintense
signal (arrows) corresponding to (A) and (B). (D) Early dynamic contrast enhanced image shows avid enhancement within the anterior lesion (arrows).
T2W MRI PI-RADS = 5, DW MRI PI-RADS = 5, DCE MRI PI-RADS = positive, PI-RADS assessment category = 5. ADC = apparent diffusion coefficient;
DCE = dynamic contrast enhanced; DW = diffusion weighted; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data
System; PSA = prostate-specific antigen; T2W = T2 weighted.
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3.2. Evaluation of the TZ

BPH is a histologic diagnosis showing glandular and stromal
hyperplasia, and it manifests as a varying number of
hyperplastic nodules and intervening tissue in the TZ in
almost all men undergoing MRI for the assessment of PCa.
Often, it is challenging on MRI to determine which, if any,
findings in such a background should be scored and
assigned a PI-RADS assessment category. PI-RADS v2.1
advises that the shape and margin features of TZ findings
should be assessed in at least two planes on T2W MRI using
the following criteria.

3.2.1. What to score in the TZ

Focal lesions, nodules, or regions in the TZ with features
known to be associated with malignancy on T2W or DWI
and those that differ from the predominant imaging
characteristics of the background should be scored. For
example, a lesion/region between nodules with more
restricted diffusion than the background or a nodule with
clearly more restricted diffusion than the background (on
high b-value images and ADC maps) should be scored. A
focal lesion that is different from other (background)
nodules in having obscured margins, lenticular shape, or
invasive behavior on T2W images, even if without differing
restricted diffusion compared with the background, should
also be scored.
Please cite this article in press as: Turkbey B, et al. Prostate Ima
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Other findings should not be scored. For example, if there is
restricted diffusion in multiple similar-appearing  nodules
scattered throughout the TZ, thus making restricted diffusion
a feature of the background, these should not be scored.

3.2.2. How to score in the TZ

The T2W score is the dominant factor that determines the PI-
RADS assessment category in the TZ, and a T2W score of
1 indicates a normal appearance of the TZ. In PI-RADS v2,
typical BPH nodules (round, circumscribed, and completely or
almost completelyencapsulated onT2W) were assigned a T2W
score of 2, and thus a PI-RADS assessment category of
2. However, since MRI findings of age-related BPH are present
in the TZ in almost all men undergoing prostate mpMRI for the
assessment of csPCa [22], and typical BPH nodules are highly
unlikely to harbor csPCa [23], findings of BPH alone are
considered a normal variant in PI-RADS v2.1 and should be
assigned a T2W score of 1 (Fig. 5). These types of nodules do not
have to be reported separately. Since every MRI examination
should be assigned a PI-RADS assessment category of 1–5,
when there are no findings with a PI-RADS assessment
category of >1, the overall PI-RADS assessment category for the
MRI examination should be reported as PI-RADS 1: clinically
significant cancer is highly unlikely.

When circumscribed nodules in the TZ are incompletely
or almost completely encapsulated, in PI-RADS v2.1, these
atypical nodules are assigned a T2W score of 2.
ging Reporting and Data System Version 2.1: 2019 Update of
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Fig. 5 – Transition zone with typical benign prostatic hyperplasia-related changes. (A) Axial T2-weighted image shows completely encapsulated
“typical” nodules creating the “organized chaos” pattern. (B) ADC map image shows no focal lesion with low signal intensity below the background.
(C) Diffusion-weighted image (b = 2000) shows no lesion with a markedly hyperintense signal above the background. (D) Early dynamic contrast
enhanced image shows avid enhancement within the typical BPH nodules. T2W MRI PI-RADS = 1, DW MRI PI-RADS = 1, DCE MRI PI-RADS = negative, PI-
RADS assessment category = 1. ADC = apparent diffusion coefficient; BPH = benign prostatic hyperplasia; DCE = dynamic contrast enhanced;
DW = diffusion weighted; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; T2W = T2 weighted.
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Although the T2W score is the dominant factor that
determines the PI-RADS assessment category in the TZ,
restricted diffusion is also a feature of malignancy. In PI-
RADS v2, DWI had no formal role in the differentiation of
lesions in the TZ receiving PI-RADS assessment categories of
2 versus 3. However, occasionally, atypical nodules in the TZ
may contain cancer, and DWI may be helpful in identifying
them. In order to reflect the increased likelihood of PCa
associated with high DWI scores in atypical TZ nodules, in
PI-RADS v2.1, DWI features have been incorporated into
scoring and determination of PI-RADS assessment catego-
ries for atypical TZ nodules. Thus, atypical TZ nodules (a
T2W score of 2) are upgraded to PI-RADS assessment
category 3 if they have a DWI score of �4 (ie, with markedly
restricted diffusion; Fig. 6).

Mildly/moderately restricted diffusion is commonly
encountered in mostly encapsulated and unencapsulated
lesions in the TZ. Such lesions may represent areas of
stromal hyperplasia and should not be upgraded on the
basis of mildly/moderately restricted diffusion. Therefore,
findings with a T2W score of 1 or 2 should not be upgraded
to a PI-RADS assessment category of 2 or 3, respectively,
based on a DWI score of 3 (ie, mildly/moderately restricted
diffusion; Figs. 7 and 8).

In PI-RADS v2.1, the scoring of T2W for the TZ is modified
as follows:
Please cite this article in press as: Turkbey B, et al. Prostate Ima
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1: A normal appearing TZ (rare) or a round, completely
encapsulated nodule (“typical nodule”)
2: A mostly encapsulated nodule or a homogeneous
circumscribed nodule without encapsulation (“atypical
nodule”) or a homogeneous mildly hypointense area
between nodules
3: No change from PI-RADS v2 (heterogeneous signal
intensity with obscured margins, including others that
do not qualify as 2, 4, or 5)
4: No change from PI-RADS v2 (lenticular or noncircum-
scribed, homogeneous, moderately hypointense, and
<1.5 cm in the greatest dimension)
5: No change from PI-RADS v2 (same as 4, but �1.5 cm in
the greatest dimension or definite extraprostatic exten-
sion/invasive behavior).

Modification of the overall scoring schema for the TZ is
shown in Table 1.

3.3. Revision of the criteria for DWI scores 2 and 3

PI-RADS v2 had problematic definitions for scores 2 and
3 for DWI. Score 2 on DWI included indistinct hypointense
lesions on ADC. However, such lesions also commonly have
a corresponding indistinct hyperintense appearance on
high b-value DWI. Moreover, the meaning of the term
ging Reporting and Data System Version 2.1: 2019 Update of
 (2019), https://doi.org/10.1016/j.eururo.2019.02.033
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Fig. 6 – Transition zone with an atypical nodule. (A) Axial T2-weighted image shows a homogeneous T2 hypointense mostly encapsulated nodule
(arrow). (B) ADC map image shows a focal lesion with a markedly hypointense signal below the background corresponding to the lesion seen in (A)
(arrow). (C) Diffusion-weighted image (b = 1500) shows a focal lesion with a markedly hyperintense signal above the background (arrow)
corresponding to the lesion seen in (A) and (B). (D) Early dynamic contrast enhanced image shows avid enhancement within the nodule (arrow). T2W
MRI PI-RADS = 2, DW MRI PI-RADS = 4, DCE MRI PI-RADS = positive, PI-RADS assessment category = 3. ADC = apparent diffusion coefficient;
DCE = dynamic contrast enhanced; DW = diffusion weighted; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data
System; T2W = T2 weighted.

Fig. 7 – Schematic diagram of features of nodules in the TZ and their corresponding scores. Assessment of nodule shape and margins should be done
in at least two planes. Oval or spherical shape and cystic change are acceptable features within nodules. TZ = transition zone.
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Fig. 8 – Schematic diagram of PI-RADS v2.1 scoring for TZ that incorporates DWI for the determination of assessment category for a partially
encapsulated or circumscribed, uncapsulated nodule with clearly restricted diffusion (DWI score 4 or 5) is scored a 3 (dotted lines indicate the region
of a near isointense lesion where the borders are indistinct or difficult to define because of the near isointensity). ADC = apparent diffusion coefficient;
DWI = diffusion-weighted imaging; PI-RADS v2.1 = Prostate Imaging Reporting and Data System version 2.1; TZ = transition zone.

Table 1 – PI-RADS v2.1 assessment for TZ

T2 DWI DCE Overall

1 Any Any 1
2 �3 Any 2

�4 Any 3
3 �4 Any 3

5 Any 4
4 Any Any 4
5 Any Any 5

DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; PI-
RADS v2.1 = Prostate Imaging Reporting and Data System version 2.1;
TZ = transition zone.
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“indistinct” in the definition for DWI score 2, in comparison
with the term “focal” in the criteria for DWI scores 3–5, was
unclear. For DWI score 3, PI-RADS v2 definition was “focal
mildly/moderately hypointense on ADC and isointense/
mildly hyperintense on high b-value DWI,” whereas for DWI
score 4, the definition was “focal markedly hypointense on
ADC and markedly hyperintense on high b-value DWI;
<1.5 cm in greatest dimension.” These criteria suggested
that a lesion could be markedly positive on both ADC and
high b-value DWI, but not on just one of the image sets,
leading to uncertainty and variable interpretation regarding
DWI scores 3 and 4.

For PI-RADS v2.1, scoring of DWI in all zones is revised as
follows:

1: No change from PI-RADS v2
2: Linear/wedge-shaped hypointense on ADC and/or
linear/wedge-shaped hyperintense on high b-value DWI
3: Focal (discrete and different from the background)
hypointense on ADC and/or focal hyperintense on high b-
value DWI; may be markedly hypointense on ADC or
markedly hyperintense on high b-value DWI, but not
both
Please cite this article in press as: Turkbey B, et al. Prostate Ima
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4: No change from PI-RADS v2
5: No change from PI-RADS v2

In the PI-RADS v2.1 document, under “caveats for DWI”,
the term “marked” is defined as “a more pronounced signal
change than any other focus in the same zone.” These
changes provide a more detailed definition for DWI score
3 and should reduce overcalling indeterminate lesions as
category 4.

3.4. Clarification of the distinction between positive and

negative enhancement on DCE MRI

In PI-RADS v2, the features that constituted a negative DCE
score and assessment of widespread multifocal enhance-
ment are unclear.

In PI-RADS v2.1, the criteria for a positive score on DCE are
unchanged for PI-RADS v2: “focal, and; earlier than or
contemporaneously with enhancement of adjacent normal
prostatic tissues, and; corresponds to suspicious finding on
T2W and/or DWI”.

However, the criteria for a negative score on DCE in PI-
RADS v2.1 have been modified: “no early or contempora-
neous enhancement; or diffuse multifocal enhancement
NOT corresponding to a focal finding on T2W and/or DWI.”

It is anticipated that this change will decrease inter-
reader variation in DCE MRI interpretations and reduce
overcalls.

4. Role of DCE MRI

In PI-RADS v2, DCE MRI was a required component of
mpMRI examinations undertaken for the detection of csPCa
[4], although it had a very limited role and was used only
when positive to elevate a finding in the PZ with a T2W
score of 3–4. It did not have any formal role in scoring or
ging Reporting and Data System Version 2.1: 2019 Update of
 (2019), https://doi.org/10.1016/j.eururo.2019.02.033
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assessment category of findings in the TZ. However,
experience has shown that, in some instances, DCE may
assist in the detection of csPCa in both the PZ and the TZ
[11,12], and in clinical practice, some have viewed DCE as a
“safety-net” or “back-up” sequence, especially when DWI is
degraded by artifacts or inadequate SNR.

Given the limited role of DCE, there is growing interest in
performing prostate MRI without DCE, a procedure termed
“biparametric MRI” (bpMRI). A number of recent studies
have reported data that support the value of bpMRI for the
detection of csPCa in biopsy-naïve men [24–28] and those
with a prior negative biopsy [29].

The PI-RADS Steering Committee supports continued
research concerning the performance of bpMRI in various
clinical scenarios and acknowledges the potential benefits,
including (1) elimination of adverse events and gadolinium
retention that have been associated with some gadolinium-
based contrast agents, (2) shortened examination time, and
(3) reduced costs, possibly resulting in increased accessi-
bility and utilization of MRI for biopsy-naïve men with
suspected PCa.

However, the PI-RADS Steering Committee also has a
concern. In some studies, DCE MRI has been reported to
improve the sensitivity of prostate mpMRI [11,12,29]. Al-
though most of the bpMRI studies are prospective, they
were performed using different methodologies at single
institutions with only one or two readers. It is possible that
the performance of bpMRI will be degraded in multi-
institutional clinical trials with multiple readers, and while
further research is required, at this time there may be an
increase in the frequency of missed csPCa cases if bpMRI
were to receive widespread clinical adoption. Furthermore,
as described above, DCE in practice has been a “safety-net”
or “back-up” sequence, especially when either T2W or DWI
is degraded by artifacts or inadequate SNR, a situation that is
not uncommon on some MRI scanners when performing
prostate MRI without an endorectal coil. Thus, it is
important to perform further research, before DCE is
deemed unnecessary for assessment of treatment-naïve
prostate patients. DCE remains essential in the assessment
Fig. 9 – Suggested measurements for ellipsoid formula when calculating prosta
AP diameter should be measured on midsagittal T2W MRI, whereas (B) maxim
AP = anteroposterior; MRI = magnetic resonance imaging; T2W = T2 weighted.
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of local recurrence following prior treatment, a setting in
which current PI-RADS assessment criteria do not apply.

The PI-RADS Steering Committee encourages multicen-
ter prospective studies, employing multiple readers and
addressing relative biopsy yields of csPCa and indolent PCa
of mpMRI-directed biopsy prompted by both approaches,
with transrectal ultrasound (TRUS)-guided biopsy compar-
isons to see whether the documented advantages of
mpMRI-directed biopsy are retained by bpMRI [28,30].

For now, the committee suggests that bpMRI be reserved
for select clinical indications and makes the following
recommendations regarding when mpMRI is preferred over
bpMRI usage:

1. Multiparametric MRI is still preferred in men where the
balance between under- and overdiagnosis favors the
clinical priority of not missing any significant cancer.
These patients include those with prior negative biopsies
with unexplained raised prostate-specific antigen (PSA)
values, and those in active surveillance who are being
evaluated for fast PSA doubling times or changing
clinical/pathologic status.

2. For men who have previously undergone a bpMRI
examination that did not show findings suspicious for
csPCa and those who remain at persistent suspicion of
harboring disease, the clinical priority for subsequent
MRI scans is to not miss csPCa; thus, the preferred
reimaging option is mpMRI.

3. Prior prostate interventions (TRUS/transrectal resection
of the prostate/BPH therapy, radiotherapy, focal therapy,
or embolization) and drug/hormonal therapies (testos-
terone, 5-alpha reductase, etc.) that are known to change
prostate morphology should be evaluated with mpMRI,
at a suitable time after the surgical intervention, for
disease detection and localization.

4. Biopsy-naïve men with a strong family history, known
genetic predispositions, elevated urinary genomic
scores, and higher than average risk calculator scores
for csPCa should have mpMRI.
te volume at MRI. (A) Maximum longitudinal diameter and maximum
um transverse diameter should be measured on axial T2W MRI.
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5. Men with a hip implant or other considerations that can
be expected to yield degraded DWI should have mpMRI.

5. Implications of bpMRI for PI-RADS assessment
categories

When bpMRI is performed and DCE data are not obtained,
TZ assessment remains unchanged. The PI-RADS assess-
ment category for a finding in the PZ remains primarily
Fig. 10 – Sector map diagram for version 2.1: the segmentation model used in 

seminal vesicles, and one for the membranous urethra (total 41). Each of the r
apex is subdivided into three sections: anterior (a), posterior medial (pm), and
the prostate base, midgland, and apex is subdivided into two sections: anterio
right and left sections at the prostate base, midgland, and apex. The seminal v
an idealized prostate. Since the prior version, in addition to two new sectors a
ducts, angulation of the proximal urethra, and overall proportions of the glan
and their corresponding MRI images, most prostates have anatomical compon
enlarged TZ, and CZ may not be easily identifiable. In such instances, a diagram
marked to indicate the location of the findings in addition to the written repo
MRI = magnetic resonance imaging; PI-RADS v2.1 = Prostate Imaging Reporting
modified by David A. Rini, MFA, CMI, FAMI, Associate Professor in the Departm
on previously published figures by Villers et al. (Curr Opin Urol 2009;19:274–82
correlation to the normal histology of the prostate by McNeal JE (Am J Surg Pa
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based on the DWI score, and the lesions that receive a score
of 3 on DWI will not be upgraded. The proportion of men
with PI-RADS assessment category 3 will likely increase and
the proportion with PI-RADS assessment category 4 will
reduce, and in so doing change the likelihood of csPCa in
these PI-RADS categories, which will require additional
documentation and subsequently pathway modifications
for both biopsy-naïve men and men with prior negative
biopsy [31].
PI-RADS v2.1 employs 38 sectors/regions for the prostate, two for the
ight and left peripheral zones (PZs) at the prostate base, midgland, and

 posterior lateral (pl). Each of the right and left transition zones (TZs) at
r (a) and posterior (p). The anterior fibromuscular stroma is divided into
esicles are divided into right and left sections. The sector map illustrates
t the base, there have been adjustments to the location of ejaculatory
d to match between the coronal, sagittal, and axial images. In patients
ents that are enlarged or atrophied, and the PZ may be obscured by an

 is used as an approximation of the gland and a sector map can be
rt. AFS = anterior fibromuscular stroma; CZ = central zone;

 and Data System version 2.1. Note. The prostate sector diagram was
ent of Art as Applied to Medicine at the Johns Hopkins University, based
) and Dickinson et al. (Eur Urol 2011;59:477–94) with anatomical
thol 1988 Aug;12:619–33).
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6. Clarification in measurement of the prostate
volume

PI-RADS v2 recommended to routinely report the prostate
volume based on MRI, using manual or automated segmenta-
tion or calculations using ellipsoid formulation ([maximum
anteroposterior {AP} diameter] � [maximum transverse dia-
meter] � [maximum longitudinal diameter] � 0.52). Recent
studies have demonstrated a need for reliable prostate volume
assessments on MRI when the MRI volume is used to derive
serum PSA density (reported in ng/ml2) measured using the
following formula: serum PSA/prostate volume [32,33]. PI-
RADS v2.1 aims to ensure that a uniform approach is used to
calculate prostate volume when using the ellipsoid formula-
tion. PI-RADS v2.1 recommends that the maximum AP and
longitudinal diameters are placed on the midsagittal T2W
image, while the maximum transverse diameter is placed on
the axial T2W image (Fig. 9).

7. Revisions in the sector map

The sector map of PI-RADS v2 document has been in use
since its release. The segmentation model used in PI-RADS
v2 was adapted from a European consensus meeting and the
ESUR Prostate MRI guidelines 2012 [34]. The map illustrated
an idealized “normal prostate” and employed 39 sectors/
regions: 36 for the prostate, two for the seminal vesicles,
and one for the membranous urethra. In PI-RADS v2.1, the
revised sector map contains two additional sectors in the
base PZ: right and left posterior PZ medial, as depicted in
Fig. 10. With this revision, there are now 38 prostate sectors,
plus two for the seminal vesicles and one for the
membranous urethra, amounting to a total 41 sectors. In
addition, some other minor improvements were made in
order to better match age-related anatomy (eg, angulated
urethra) and the image acquisition planes.

8. Summary

In the few years since its publication, PI-RADS v2 has
achieved important goals for standardization of image
acquisition and interpretation of prostate MRI, with
worldwide acceptance in academic and community set-
tings. Furthermore, PI-RADS v2 has been incorporated into
various PCa guidelines from professional medical organiza-
tions and used in the majority of research publications from
all medical specialties that assess prostate mpMRI. Experi-
ence using PI-RADS v2 has identified a number of
ambiguities and limitations, some of which have been
documented in the literature with potential solutions
offered. The PI-RADS Steering Committee has considered
such issues and addressed them in PI-RADS v2.1. It is
anticipated that the adoption of these PI-RADS v2.1
modifications will improve inter-reader variability and
simplify PI-RADS assessment of prostate MRI even further.
As previously indicated, continued evolution and develop-
ment of PI-RADS into a version 3 is anticipated as further
clinical experience and investigative data are accrued.
Please cite this article in press as: Turkbey B, et al. Prostate Ima
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Research on the value and limitations on all components of
PI-RADS v2.1 is strongly encouraged.
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