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АННОТАЦИЯ
Обоснование. Рак предстательной железы занимает одну из лидирующих позиций в структуре онкологической 

заболеваемости среди мужчин. Актуальные на сегодняшний момент рекомендации PI-RADS формируют требования 
к протоколу магнитно-резонансной томографии, которые невозможно полностью реализовать на значительной части 
функционирующих томографов. В результате подход к выполнению исследования варьирует в разных медицинских 
организациях, что нередко негативно влияет на качество интерпретации изображения и диагностику целевой патоло-
гии.

Цель ― разработать оптимизированный для существующего парка магнитно-резонансных томографов протокол 
бипараметрической магнитно-резонансной томографии, потенциально эффективный для скрининга рака предстатель-
ной железы и раннего выявления новообразований. При этом протокол должен быть максимально приближен к ак-
туальным рекомендациям PI-RADS v2.1 и соответствовать требованиям к эффективности работы отделений лучевой 
диагностики.

Материалы и методы. Предварительный анализ полученных магнитно-резонансных изображений предстатель-
ной железы в медицинских организациях Департамента здравоохранения города Москвы показал отсутствие единого 
подхода к выполнению данного исследования. Методом итерационной корректировки параметров сканирования нами 
был настроен протокол, обеспечивающий приемлемое качество визуализации при максимально возможном соот-
ветствии требованиям PI-RADS. Для количественной оценки качества получаемых изображений применялся фантом 
для контроля магнитно-резонансной томографии, рекомендованный Американским обществом рентгенологов.

Результаты. Разработан оптимизированный бипараметрический протокол для томографа Excelart Vantage 1,5 Т, 
включающий Т2-взвешенные изображения в трёх плоскостях и диффузионно-взвешенные изображения общей дли-
тельностью менее 11 мин. При этом обеспечен высокий уровень детализации предстательной железы, а параметры 
качества изображения (неоднородность яркости, нелинейность, разрешающая способность и толщина выделяемого 
среза) соответствовали допустимым производителем диапазонам.

Заключение. Предложенный протокол позволяет эффективно оценивать состояние предстательной железы. Его 
внедрение в практику медицинских организаций может оказать значимое влияние на выявляемость рака предста-
тельной железы у населения. Следует отметить, что длительность протокола обеспечивает возможность его дополне-
ния практически любым набором импульсных последовательностей в зависимости от целей исследования.

Ключевые слова: рак предстательной железы; бипараметрическая магнитно-резонансная томография; 
стандартизация.
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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 biparametric 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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简评

论证。前列腺癌在男性癌症发病率结构中占据主导地位之一。目前的PI-RADS建议构成了

对磁共振成像协议的要求，无法在功能性断层扫描仪的大部分上完全实施。因此，各医疗机

构进行检查的方法各不相同，这往往对图像解读和目标病理诊断的质量产生负面影响。

目标是为现有的核磁共振成像开发一种用于诊断前列腺癌的双参数磁共振成像的优化方

案，允许潜在的有效筛查和早期发现肿瘤。同时，该协议应尽可能接近当前的PI-RADS v2.1

建议，并满足放射科效率的要求。

材料与方法。莫斯科市卫生管理局医疗机构对获得的前列腺磁共振图像进行的初步分析表

明，该研究的实施缺乏统一的方法。通过反复调整扫描参数，我们建立了一个协议，可提供

可接受的可视化质量，同时尽可能满足PI-RADS要求。为了量化所获得图像的质量，使用了

美国放射科医师协会推荐的磁共振成像控制体模。

结果。我们已为Excelart Vantage1.5 T断层扫描仪开发了一个优化的双参数协议，其中

包括三个平面的作加权像和弥散加权成像 ，总时间不到11分钟。同时，确保了高水平的前

列腺细节，图像质量参数（亮度不均匀性、非线性、分辨率和所选部分的厚度）对应于制造

商的可接受范围。

结论。拟议的协议可以对前列腺进行有效的评估。将其引入医疗机构的实践会对人群中前

列腺癌的可探测性 产生重大影响。应该指出的是，该协议的持续时间使得可以根据研究的

目标，补充几乎任何一套脉冲序列。

关键词：前列腺癌； 双参数磁共振成像； 标准化。
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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 

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 
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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 × 35 cm and 40 × 30 cm, 
respectively) (Figures 2 and 4). According to PI-RADS v2.1, 
the recommended field of view for DWI 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 

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 

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

a b c

Table 1. Pulse sequences used

Pulse sequence HO 1 HO 2 HO 3
T2 ax + (3) + (4) + (4)
T2 cor + (3) + (3) -
T2 sag + (3) + (4) + (5)
T1 ax + (3) + (4) -
T1 cor - - + (5)
T1 FS 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 35×30 30×35 40×30

Matrix 256×256 256×256 512×256

NAQ 1 1 1

Spacing between slices, mm 3,5 4,3 4,4

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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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.

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 40×32 37×30 30×30
Matrix 128×128 128×192 128×128
NAQ 2 2 2
Spacing between slices, mm 1,75 4,5 6
ETL, ms 56 72 60

Fig. 2. Healthcare organization 1 (HO 1): (a) T2-WI, axial projection (TR 5851, TE 120, FOV 35 × 30 cm, Matrix 256 × 256; (b, c) DWI and 
MCD (TR 6772, TE 80, FOV 40 × 32 cm, Matrix 128 × 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 × 25 cm, Matrix 256 × 256); (b, c) DWI and MCD (TR 9377, 
TE 80, FOV 37 × 30 cm, Matrix 128 × 192).

a b c

a b c
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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 × 30 cm, Matrix 512 × 256); (b, c) DWI and MCD (TR 8841, TE 100, FOV 30 × 30 cm, 
Matrix 128×128).

a b c

Table 4. Optimized scan settings

Pulse sequences, layer thickness 
(mm) Pre-set technical parameters Duration (min)

Т2 AX (3)

TR, ms 6400

2:25

TE, ms 126
FOV, cm 20×20
Matrix 512×512
NAQ 1

Spacing, mm 3,3
ETL, ms 13

Т2 SAG (3)

TR, ms 5000

2:25

TE, ms 100
FOV, cm 20×20
Matrix 512×512
NAQ 1

Spacing, mm 3,3
ETL, ms 9

T2 COR (3)

TR, ms 5000

2:25

TE, ms 100
FOV, cm 20×20
Matrix 512×512
NAQ 1

Spacing, mm 3,3
ETL, ms 9

DWI (b=1000)

TR, ms 6858

3:25

TE, ms 100
FOV, cm 30×30
Matrix 256×256
NAQ 5

Spacing, mm 3
ETL, ms 60

Т1 AX (5)

TR, ms 5,5

0:15
TE, ms 2,5

FOV, cm 25×27
Matrix 640×476
NAQ 1

Spacing, mm 2,5
Total scanning time (min) 10:55
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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 

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 3±1

Note. HO, healthcare organization.

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.

a b c
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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.

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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