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AHHOTALUNA

06ocHosaHue. Pak npefcraTenbHON 3Kenesbl 3aHUMAeT OAHY U3 NMAMPYIOLLMX NO3ULMIA B CTPYKTYPE OHKOJIOTMYECKOM
3aboneBaeMoCTV cpeay MyKUMH. AKTyanbHble Ha CErofHSLUHMIA MOMEHT pekomeHgaumm PI-RADS dopmupytoT TpeboBaHms
K NMPOTOKOJTy MarHUTHO-Pe30HaHCHOM ToMorpaduu, KOTopble HEBO3MOXHO MOSTHOCTBIO Peanu30BaTh Ha 3HAYUTENBHOW YacTh
(yHKUMOHWpYIoLWMX ToMorpadoB. B pesynbrate NOAXoA K BbIMONHEHUIO UCCNELOBaHUSA BapbUpYeT B PasHbiX MeLULMHCKUX
OpraHM3aumsx, 4To HePeAKo HeraTUBHO BAMSET HA KAYECTBO MHTEPNpEeTaLmMM U300paxeHnsa U AMarHoCTUKY LienieBoi naToso-
rmm.

Llesny — paspaboTaTb ONTMMWU3WUPOBAHHBIN 1S CYLLECTBYIOLLEr0 MapKa MarHUTHO-Pe30HAHCHBIX TOMOrpadoB MpPOTOKON
BrnapamMeTpUYECKOi MarHUTHO-Pe30HaHCHOM ToMorpadmm, NoTeHUManbHo 3QhEKTUBHBIN [ CKPUHUHIA paKa npeAcTaTesib-
HOM ene3bl U paHHEro BbISBEHNUS HOBOOOpa3oBaHuiA. [lpy 3TOM NPOTOKON [oMMKeEH ObiTb MaKCUMaNbHO NPUBAMMKEH K aK-
TyanbHbIM pekomeHaaunam PI-RADS v2.1 u cootBeTcTBOBaThL TPeboBaHMAM K 3 deKTUBHOCTM paboTbl OTAENEHUI JTy4eBOi
AMarHoCTUKN.

Mamepuanel u Memodei. TpeaBapuTENbHBIN aHaNU3 NOJTyYEHHbIX MarHUTHO-PE30HaHCHBIX M306paXKeHuii npeacTaTenb-
HOM 3Kenie3bl B MeULIMHCKUX OpraHn3aumsx [lenaptameHTa 3apaBooxpaHeHus ropofa MocKBbI NoKasan oTcyTcTBUE eAMHOM0
noAxoza K BbIMOJIHEHWUKO JAHHOr0 UccnefoBaHus. MeTogoM UTepaLy oHHON KOPPEKTUPOBKY NapaMeTpoB CKaHUPOBaHUS HaMK
Bbln HacTpoeH NpoOTOKON, obecneynBaloLLMiA NPUEMNIEMOE KAYeCTBO BM3YaNn3aLuu MPU MaKCUManbHO BO3MOXHOM COOT-
BeTcTBUM TpeboBaHuaM PI-RADS. [1ns Konn4yecTBEHHOW OLEHKM KAuecTBa NoslyyaeMblX U30bpaeHuii npumeHsancs haHToM
LNS KOHTPO/SA MarHUTHO-pe30HaHCHOW TOMorpaguu, peKoMeH0BaHHbIA AMEpPUKAHCKUM 06LLEeCTBOM PEHTIEHOMOM0B.

Pe3ynbmamel. PaspaboTaH onTMMMU3MPOBaHHbIA GunapaMeTpuyeckuin npoToKon Anis ToMorpada Excelart Vantage 1,5 T,
BKJTHOYalOLLMI T2-B3BeLUeHHble U306paXKeHns B TPEX MAOCKOCTAX U AP dY3NOHHO-B3BELLEHHbIE M300paeHns 0bLien anm-
TenbHocTblo MeHee 11 MuH. [lpu 3TOM obecrnedeH BbICOKWM YPOBEHb [eTanu3auuy npefcTaTeNbHOM Xenesbl, a NapaMeTpbl
KauecTBa M300paeHns (HEOAHOPOAHOCTb APKOCTH, HENIMHENHOCTb, pa3peLLalollas CnocobHOCTb M TOMLLUMHA BbILENAEMOrO
Ccpesa) CO0TBETCTBOBANM LONYCTUMbIM NPOM3BOAUTENEM [MaNa3oHaM.

3axsoyeHue. TpeNoXKeHHbIA NPOTOKON N03BOASET IPGEKTUBHO OLLEHUBATbL COCTOSIHWE NMpeacTaTeNbHoW enesbl. Ero
BHE[IpEHNE B MPaKTUKY MeOMUMHCKUX OpraHW3auuii MOXKET OKasaTb 3HauMMOe BNIMSHWE Ha BbISIBNISEMOCTb paKa npefcra-
TeNbHOI Xene3bl y Hacenenus. Cneayet 0TMETUTb, YTO ANMTENBHOCTb NPOTOKO/A 06ecneyunBaeT BOIMOKHOCTb €ro A0MO0SHe-
HWSA NPaKTUYeCKM NoBbIM HabopOM UMNYNLCHBIX NOCNEeL0BATENILHOCTEN B 3aBUCMMOCTU OT LiENEeN UCCIef0BaHUA.

KnioueBble cnoBa: paK ﬂpe,ﬂ,CTaTEHbHOVI Xxenesbl; 6MﬂapaMeTpM'—lECKaﬂ MarHMTHO-pe30HaHCHaA TOMOI'paClJVIﬂ;
CTaHOapTn3auua.
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ABSTRACT

BACKGROUND: Prostate cancer is one of the most commonly diagnosed cancers in men worldwide. PI-RADS v2.1 contains
the requirements for the magnetic resonance imaging protocol, which cannot be fully implemented on a significant component
of functioning scanners. Consequently, magnetic resonance imaging approaches vary in different medical organizations and
often do not allow for a qualitative interpretation of images and diagnosis of the target pathology.

AIM: To develop a biparametric magnetic resonance imaging protocol optimized for the existing magnetic resonance
imaging scanners for the diagnosis of prostate cancer and to allow the screening and detection of neoplasms as early as
possible. Simultaneously, the protocol should fulfill the current PI-RADS v2.1 recommendations to the maximum possible
extent and meet the requirements of effective workflow in the radiology department.

MATERIALS AND METHODS: Preliminary analysis of prostate magnetic resonance imaging scanning in medical organizations
of the Moscow Health Care Department showed the absence of a unified approach. Using the iterative adjustment of scanning
parameters, we adjusted the protocol to ensure acceptable quality with maximum available compliance with PI-RADS v2.1.

To quantify the quality of the images, we used the magnetic resonance imaging phantom recommended by the American
College of Radiology.

RESULTS: The hiparametric protocol was developed for Excelart Vantage 1.5 T, including T2-weighted images in three
planes and diffusion-weighted images, which took less than 11 min. Moreover, the image quality parameters (intensity
inhomogeneity, nonlinearity, resolution, and slice thickness) were within the acceptable ranges recommended by the magnetic
resonance imaging manufacturer.

CONCLUSION: The prostate may be effectively evaluated using the proposed magnetic resonance imaging protocol.
Introducing it into practice could have a significant impact on the detection of prostate cancer in men. The entire duration of the
protocol provides a possibility to supplement it with any sequences, depending on the final purpose of investigation.

Keywords: prostate cancer; biparametric magnetic resonance imaging; standardization.
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BACKGROUND

Prostate cancer (PC) ranks second in the incidence of
malignant neoplasms among men [1]. Magnetic resonance
imaging (MRI) is one of the principal methods for diagnosing
PC. For the first time, Prostate Imaging Reporting and Data
System (PI-RADS) recommendations for evaluating the
results of multiparametric MRI (mpMRI) were published
in 2012 [2] and updated in 2015 [3]. The PI-RADS v.2
assessment system, however, was insufficiently perfect [4].
As a result, in 2019, a new version called PI-RADS v2.1
was released, which made it easier to assess and reduce
the variability in the interpretation of prostate mpMRI by
radiologists [5]. In recent years, biparametric MRI (bpMRI)
has gained interest due to its shorter scanning time, which
lowers the cost of the study, and its ability to avoid the
frequently unjustified injection of a contrast agent. Dynamic
contrast enhancement is not always decisive since it is
used to detect hypointense lesions on T2-weighted images
(T2-WI) and maps of the measured diffusion coefficient
(MDC). In addition, the use of a contrast agent has a number
of side effects, such as increased scanning time and cost
of the study [6].

Experience has shown that PI-RADS recommendations,
regardless of the aim of the study, cannot always be
observed for a number of reasons, including established
scanning protocols for a particular department of
radiation diagnostics, technical characteristics of MRI
scanners, their settings, and the personal preferences
of radiologists and clinicians of individual medical
organizations.

The study aimed to develop an accelerated (optimized)
bpMRI protocol for diagnostics of PC in healthcare organizations
of the Moscow City Healthcare Department (HO MHD) that
adhered as closely as possible to the recommendations of
PI-RADS v2.1. A protocol like this enables to reduce the
time of the study to optimize the work of departments. The
prostate scanning protocols can be standardized, subject
to further evidence of diagnostic accuracy comparable with
mpMRI. In the future, the introduction of artificial intelligence
should be considered to utilize the developed algorithms to
improve the quality of visualization and evaluate the results
of MRI of the pelvic organs in male patients.

MATERIALS AND METHODS

Stage 1 involves the evaluation of the existing
prostate scanning protocols in the HO MHD. The search
and analysis of the results was performed in the Unified
Radiological Information Service of the Automated Unified
Medical Information System of Moscow (URIS AUMIS)
for differences in the scanning technique and established
technical parameters. Metadata were obtained and analyzed
by uploading them from URIS AUMIS. The time interval
over which the search was performed in the respective
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HOs included 2019-2021. The search query included the
keywords “magnetic resonance imaging of the pelvic organs”,
“magnetic resonance imaging of the pelvic organs with
contrast”, “multiparametric magnetic resonance imaging of
the prostate”, and “biparametric magnetic resonance imaging
of the prostate”. The clinical cases were randomly selected
by the authors.

Then, also randomly, three healthcare organizations were
selected (HO 1, HO 2, and HO 3) with the most common MRI
model (Excelart Vantage 1.5 T, Toshiba, Japan), and optimized
protocols were established using a phantom simulating
the prostate [7]. The quality of imaging was evaluated
by a radiologist with more than 10 years of expertise
and colleagues who worked directly on this device while
scanning. From the standpoint of the process organization,
the studies were conducted in the traditional method, with
patients in the supine position and using a standard body coil.
All patients underwent the necessary preparation before the
study to reduce artifacts and reset.

After the formation of the protocol, which adhered as
closely as possible to the requirements of PI-RADS v2.1
[8] and satisfying radiologists, a quantitative assessment of
the quality of imaging was performed. For this purpose, the
phantom recommended by the American College of Radiology
was scanned using an optimized protocol, according to the
accepted technical control procedure [9] (Fig. 1). Based
on the obtained axial images of the phantom, the quality
parameters, namely, inhomogeneity, nonlinearity, resolution,
and thickness of the selected section slice, were calculated
(Table 5).

RESULTS

Evaluation of ongoing studies

When solving the problem, we discovered that different
MHD HOs use different scanning technique. For example,
in three HOs, the set of pulse sequences, in addition to
the necessary ones, varies significantly, which affects both
the completeness of diagnostic information and the total
scanning time (Table 1).

The same is true for the technical parameters of scanning.
Tables 2 and 3, using T2-WI and diffusion-weighted images
(DWIs) in axial view as examples, summarize the metadata
that present clearly the above differences.

As a result, it is expected that the images obtained
in different organizations will differ, as demonstrated in
Fig. 2-4.

Thus, in all presented HO MHD, the requirements
recommended by PI-RADS v2.1 for the presence of T2-
WI in the axial and at least one additional (sagittal and/or
coronal) views were met. In addition, it should be noted that
the recommended layer thickness for T2-WI in the axial view
should be no more than 3 mm, while in HO 2 and HO 3, it is
4 mm (Figures 3 and 4). The same is true for HO 1, where
the DWI slice thickness is 5 mm with the recommended



https://doi.org/10.17816/DD

TECHNICAL NOTES

Vol 3 (3) 2022

Digital Diagnostics

Fig. 1. Evaluation of visualization quality: (a) prostate phantom; (b) patient; (c) phantom of the American College of Radiology.

4 mm or less (Figure 2). An important factor is the field of
view; according to PI-RADS v2.1, field of view (FOV) values
for T2-WI should be 12-20 cm, while in HO 1 and HO 3, the
field of view is much larger (30 x 35 cm and 40 x 30 cm,
respectively) (Figures 2 and 4). According to PI-RADS v2.1,
the recommended field of view for DWl is 16—22 cm, although
none of the three HOs adhere to this standard. The fact of the
variability of the FOV values and the section slice thickness

Table 1. Pulse sequences used

inevitably affects the resolution and, as a result, the ability
to detect lesions.

Setting up an optimized protocol

From a technical perspective, the procedure for setting the
protocol parameters did not differ from the normal operation
of the applicator (e.g., when commissioning the equipment).
However, in this case, we focused on the parameters

Pulse sequence | HO 1 | HO 2 | HO 3

T2 ax +(3) + (&) + (&)
T2 cor +(3) +(3) -
T2 sag +(3) +(4) +(5)
T1 ax +(3) +(4) -
T1 cor - - +(5)
T1FS cor - - +(6)
T2 FS ax +(3) - +(4)
T2 FS cor +(3) - +(3)
DWI +(5) +(4) +(3)
ADC +(5) + (4) +(3)
Total scanning time, min 22 30 40
Note. “+", presence, the layer thickness in millimeters (mm) is indicated in brackets; “-", absence. HO, healthcare organization.
Table 2. Technical parameters as an example of T2-weighted images, axial view

Technical parameters HO 1 HO 2 HO 3
TR, ms 5851 6006 5082
TE, ms 120 75 75
FOV, cm 35x30 30x35 40x30
Matrix 256x256 256x256 512x256
NAQ 1 1 1
Spacing between slices, mm 35 4,3 I
ETL, ms 23 9 9

Note. Here and in Tables 3 and 4: TR, repetition time; TE, echo time; FOV, field of view; Matrix is a matrix; NAQ, number of data acquisitions; spacing
between slices is the distance between slices; ETL, echo train length. HO, healthcare organization.
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Table 3. Technical parameters as an example of diffusion-weighted images, axial view

Technical parameters | HO 1 HO 2 HO 3
TR, ms 6772 9377 8841
TE, ms 80 80 100
FOV, cm 40x32 37x30 30x30
Matrix 128x128 128x192 128x128
NAQ 2 2 2
Spacing between slices, mm 1,75 4,5 6
ETL, ms 56 72 60

recommended by PI-RADS v2.1. The parameters were
preliminarily adjusted on a phantom to minimize the impact
of MRI factors on the patient. Simultaneously, the values
of the parameters were chosen to be as close as possible
to them and iteratively adjusted to achieve a satisfactory
result (from the radiologist's standpoint) because of the
impossibility of accurately following the recommendations
for technical reasons. The resulting protocol is presented in
Table 4.

Notably, according to PI-RADS, T1-WI is not a mandatory
sequence for bpMRI. Its inclusion in the protocol is based
on the desire to provide an opportunity to assess both
secondary damage to the lymph nodes and bone structures
of the study area, and the presence of hemorrhagic
changes in the tissues of the gland and seminal vesicles.
The duration of T1-WI in the proposed configuration was

15 s, which does not significantly affect the total time of
the study.

Quality control

The traditional approach of assessing the technical
condition of an MRI involves scanning the phantom and
calculating the quantitative characteristics of image quality.
In this work, we used the standard control procedure for
the developed protocol [9]. Based on the obtained images,
the brightness inhomogeneity, resolution, nonlinearity, and
measured slice thickness were calculated (Table 5).

The tomograph characteristics in the manufacturer’s
documentation were taken as acceptable values. Notably,
the frequently used signal-to-noise ratio parameter in this
study was not determined because of the lack of a reference
value for the protocol developed.

Fig. 2. Healthcare organization 1 (HO 1): (a) T2-WI, axial projection (TR 5851, TE 120, FOV 35 x 30 cm, Matrix 256 x 256; (b, c¢) DWI and
MCD (TR 6772, TE 80, FOV 40 x 32 cm, Matrix 128 x 128).

Note. Here and in Figures 3-5: T2-WI, T2 weighted images; DWI, diffusion-weighted images; MDC, measured diffusion coefficient; TR,
repetition time; TE, echo time; FOV, field of view; Matrix is a matrix.

Fig. 3. Healthcare organization 2 (HO 2). In the peripheral zone on the right, a hypointense area adjacent to the capsule (arrows) is defined
on T2-WI and MCD map: (a) T2-WI, axial projection (TR 6006, TE 75, FOV 30 x 25 cm, Matrix 256 x 256); (b, ¢) DWI and MCD (TR 9377,

TE 80, FOV 37 x 30 cm, Matrix 128 x 192).

DAl https://doi.org/10.17816/DD108484
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Fig. 4. Healthcare organization 3 (HO 3). In the peripheral zone on the left, a hypointense lesion on T2-WI and MCD map is defined (arrows):
(a) T2-WI, axial projection (TR 5082, TE 75, FOV 40 x 30 cm, Matrix 512 x 256); (b, ¢) DWI and MCD (TR 8841, TE 100, FOV 30 x 30 cm,
Matrix 128x128).

Table 4. Optimized scan settings

Pulse sequenc(enslhl)a yer thickness Pre-set technical parameters Duration (min)
TR, ms 6400
TE, ms 126
FOV, cm 20x20
T2 AX (3) Matrix 512x512 2:25
NAQ 1
Spacing, mm 33
ETL, ms 13
TR, ms 5000
TE, ms 100
FOV, cm 20x20
T2 SAG (3) Matrix 512x512 2:25
NAQ 1
Spacing, mm 3,3
ETL, ms 9
TR, ms 5000
TE, ms 100
FOV, cm 20x20
T2 COR (3) Matrix 512x512 2:25
NAQ 1
Spacing, mm 3,3
ETL, ms 9
TR, ms 6858
TE, ms 100
FOV, cm 30x30
DWI (b=1000) Matrix 256x256 3:25
NAQ 5
Spacing, mm 3
ETL, ms 60
TR, ms 9,9
TE, ms 2,5
G FOV, cm 25427 015
G) Matrix 640x476
NAQ 1
Spacing, mm 25
Total scanning time (min) 10:55

DAl https://doi.org/10.17816/DD108484
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Table 5. Image quality control results

Parameter Defined value Assumed value

HO 1 HO 2 HO 3

Heterogeneity, % 9.44 5.9 4.8 <10
Resolution, mm 1.0 1.25 1.0 <1.5
Nonlinearity, % 0.1 0.4 0.2 <1
Slice thickness, mm 3.0 3.1 3.0 341

Note. HO, healthcare organization.

Clinical images

The resulting protocol provides a sufficiently high level of
visualization quality. Fig. 5 presents images obtained using
the optimized protocol. The total scanning time was less than
11 min.

DISCUSSION

PC is one of the major causes of death among men. For
instance, PC ranks second in the structure of mortality from
cancer in the USA [10] and third in European countries [11].
Despite the improvements in methods for diagnosing PC
and monitoring of prostate-specific antigen, the incidence in
Russia remains high [12]. Age, race (Negroid), and family
history are currently established risk factors for PC, with the
risk of the disease being higher in cases of PC diagnosed in
close relatives at an early age or in the presence of several
relatives with an established diagnosis [13].

BpMRI is a scanning protocol that includes only T2-WI
and DWI with MCD maps. All patients with PI-RADS of 3 or
higher and is suspected for malignancy are routinely biopsied
[14]. Moreover, since such lesions require further attention
(T2-WI and DWI are the main pulse sequences), the effect
of dynamic contrast enhancement may not be decisive. As a
result, bpMRI can be widely introduced into clinical practice.
The use of such a protocol as a rapid noninvasive test for
further routing of male patients in need of examination and
those at low risk of clinically significant PC seems possible.

T. Tamada et al. [6] showed that bpMRI is comparable
with mpMRI for the detection of clinically significant PC by

PI-RADS v2.1. However, it is worth noting that diagnostic
sensitivity was significantly higher with mpMRI than with
bpMRI, while specificity was significantly higher with bpMRI
than with mpMRI. Therefore, the use of bpMRI using the PI-
RADS v2.1 protocol can help to avoid unnecessary biopsies.
In their study, R.L. Sherrer et al. [14] showed that in patients
with negative results in diagnostics of clinically significant
PC by bpMRI, no tumor pathology was detected by mpMRI
either. It is fair to say that, although bpMRI in the work
by J.P. Zawaideh et al. [15] was comparable with mpMRI,
multiparametric study revealed fewer lesions classified as
PI-RADS 3 (8.3%) than bpMRI (17%), and fewer false positive
results (11.4% vs. 18.9%), which provides a higher specificity
(74% vs. 67%) of mpMRI.

For an adequate assessment of MR images by a
radiologist, a number of factors are required, namely,
proper patient preparation, the selection of a scanning mode
depending on the final purpose of the study, as well as the
selection of optimal scanning parameters. In addition, it is
worth noting that diagnostics can be difficult (due to severe
artifacts from intestinal motility or, e.g., hip implants) so
that the study cannot be evaluated by PI-RADS by definition.
Awareness of the patient’s history is also an important factor.
Clinical and laboratory data, with the analysis of MR images,
provide a more complete presentation of the patient's
condition.

Speaking of optimizing the work of departments, the
issues of acceleration of prostate scanning protocols are
also raised in the international literature. To reduce the
time and decrease the cost of the study, M. van der Leest

Fig. 5. Images obtained using the accelerated protocol of biparametric magnetic resonance imaging. Patient with prostate changes

consistent with PI-RADS 2: (a) T2-WI, axial view; (b, c) DWI and MCD.
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et al. [16] proposed a protocol containing only T2-WI, DWI,
and MDC for diagnostics of clinically significant pc. The
paper demonstrates that unnecessary biopsy was avoided in
47% of patients using the accelerated bpMRI protocol, while
conventional bpMRI and mpMRI protocols required biopsy in
49% of cases. The authors reported that accelerated bpMRI
can be performed in 8 min, reducing direct costs by more
than half (54%) compared with mpMRI and by 37% compared
with conventional bpMRI. The inter-expert agreement
planned by the study was 90% for rapid bpMRI and 93% for
conventional bpMRI [16]. Simultaneously, according to the
results of A. Stanzione et al. [17], the diagnostic accuracy
of the accelerated bpMRI protocol was the lowest (83%) in
contrast to the bpMRI and mpMRI protocols (86% and 87%,
respectively). The authors concluded that such a protocol is
not applicable for this purpose and demonstrated the results
that the interpretation of studies depends directly on the
experience of radiologists.

R. Engels et al. [8] conducted a large-scale analysis, which
resulted in the summation of the minimum recommended
technical parameters for mpMRI in the form of a table, where
the total scanning time on a biparametric protocol using
1.5-T tomographs was more than 13 min. In our study, we
managed to achieve shortening of the scanning protocol time,
for example, when using the recommended PI-RADS v2.1
pulse sequences for bpMRI, and the duration of our protocol
was 10 min 40 sec. We also proposed to use additionally
T1-WI in the axial projection with duration of 15 s, with the
total scanning time of 10 min 55 sec.

The protocol developed by us is the stage 1 of our work
on the feasibility of using MRI as a screening method for
PC. More evidence must confirm this hypothesis, which gives
further scope for future research. Only three clinical cases
from three different MHD HOs are presented, demonstrating
the heterogeneity of the prostate scanning protocols.
Simultaneously, note that the protocol was developed for one
MRI model (Excelart Vantage 1.5 T), for which the quality
parameters were calculated. The protocol, certainly, requires
adaptation and testing on other models of tomographs,
followed by evaluation of the results.

The protocol requires further study on the diagnostic
accuracy for the detection of PC, such as using textural analysis,
which is a subject of increased interest in diagnostics of PC [18],
to compare with the results of histopathological conclusions.
Therefore, the next step will be a statistical comparison of
findings obtained using standard prostate scanning protocols
for different HO MHD and an optimized protocol.
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The protocol should be subjected to further evaluation
of the total time expenditures and economic feasibility in
general.

CONCLUSION

The sets of pulse sequences depend directly on the
aim of the study, as well as the individual preferences of
radiologists and clinicians of particular HOs. The established,
“familiar” scanning protocols for a particular department of
radiation diagnostics because of the lack of standardized,
unified protocols pose a problem. The procedure in each
specific HO is performed according to different protocols
using a set of different pulse sequences and technical
characteristics, which influences, among other things,
on the study duration. This is because scanning that fully
meets the recommendations of PI-RADS v2.1 is not always
possible under the conditions of the HO MHD for diagnostics
of PC. We offer an optimized bpMRI protocol. The technical
characteristics of the proposed protocol are as close as
possible to the PI-RADS standards, while the scanning
time is less than 11 min, which can certainly be essential
in optimizing the work of radiology departments under high
load conditions.

A standardized protocol using acquired MR images has
the potential for further training and implementation of
artificial intelligence in male pelvic examination programs
through imaging techniques.
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