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АННОТАЦИЯ
Обоснование. Проведение магнитно-резонансной томографии позволяет выявить клинически значимый рак предстательной 
железы, диагностировать экстракапсулярную экстензию, стадировать онкологический процесс. Протокол сканирования, вклю-
чающий только Т2-взвешенные и диффузионно-взвешенные изображения, представляет собой жизнеспособную альтернативу 
мультипараметрической магнитно-резонансной томографии при условии сохранения высокой диагностической точности теста. 
В недавних исследованиях диагностическая точность бипараметрической и мультипараметрической магнитно-резонансной то-
мографии в выявлении рака предстательной железы продемонстрировала незначительные различия. 
Цель ― сравнение диагностической точности бипараметрической и мультипараметрической магнитно-резонансной томо-
графии для выявления клинически значимого рака предстательной железы по системе PI-RADS v2.1 с использованием 
мультифокальной биопсии под контролем магнитно-резонансной томографии в качестве золотого стандарта. 
Материалы и методы. Данное исследование является ретроспективным. Мы изначально обработали записи историй бо-
лезни 126 пациентов. Критериями включения в исследование были наличие мультипараметрической магнитно-резонансной 
томографии по стандарту PI-RADS 2.1, клинической информации об уровнях свободного и связанного простатспецифиче-
ского антигена крови, мультифокальной биопсии предстательной железы при соблюдении временного интервала между 
магнитно-резонансной томографией и биопсией не более 14 дней. Три исследователя (врачи-рентгенологи с опытом работы 
менее 2 лет, от 2 до 5 лет, более 5 лет соответственно) независимо друг от друга оценивали бипараметрическую магнитно-
резонансную томографию предстательной железы на предмет наличия патологических очагов. Спустя 2 недели исследова-
тели оценивали датасет мультипараметрической магнитно-резонансной томографии предстательной железы. Каждый вы-
явленный очаг, начиная с категории PI-RADS 3, сопоставлялся с результатом мультифокальной фьюжн-биопсии. Результат 
биопсии представлялся в виде суммы значений по шкале Gleason, при этом к клинически значимым данным биопсии от-
носилась сумма Gleason 7 и выше. Опухолевыми очагами по данным магнитно-резонансной томографии считались находки, 
соответствующие критериям PI-RADS 4 и 5.
Результаты. Наилучшие показатели чувствительности и специфичности выявления очагов на магнитно-резонансной томогра-
фии предстательной железы  ― 62,5 и 74,6% соответственно. Наивысшая достигнутая диагностическая точность составила 
70,1%. Мультипараметрическая магнитно-резонансная томография обладает более высокими показателями специфичности 
выявления очагов предстательной железы при интерпретации рентгенологами с опытом работы менее 2 лет и более 5 лет.
Заключение. Как бипараметрическая, так и мультипараметрическая магнитно-резонансная томография предстательной 
железы продемонстрировала неоптимальные показатели диагностической точности. Имеется тенденция к улучшению чув-
ствительности и специфичности метода с увеличением опыта работы рентгенолога. Бипараметрические протоколы скани-
рования предстательной железы имеют безусловное экономическое преимущество перед мультипараметрическими за счёт 
отсутствия расходов на контрастное вещество и расходные материалы и значительного снижения времени загрузки МР-
сканера, однако их использование может привести к снижению диагностической точности метода. 

Ключевые слова: магнитно-резонансная томография; МРТ; рак предстательной железы, PI-RADS.
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ABSTRACT
BACKGROUND: Magnetic resonance imaging can detect clinically significant prostate cancer and diagnose extracapsular 
extension and cancer stage. A scanning protocol that includes only T2-weighted and diffusion-weighted images represents 
a viable alternative to multiparametric magnetic resonance imaging provided that the high diagnostic accuracy of the test is 
maintained. In recent studies, biparametric and multiparametric magnetic resonance imaging demonstrated slight differences 
in the diagnostic accuracy in detecting prostate cancer.
AIM: To compare the diagnostic accuracy of biparametric and multiparametric magnetic resonance imaging for the detection 
of clinically significant prostate cancer using PI-RADS v2.1 with magnetic resonance imaging-guided multifocal biopsy as the 
gold standard.
MATERIALS AND METHODS: This retrospective study initially processed the medical records of 126 patients. The inclusion 
criteria were as follows: presence of PI-RADS 2.1 multiparametric magnetic resonance imaging, clinical information on 
free and bound prostate-specific antigen blood levels, a multifocal prostate biopsy performed, and a time interval between 
magnetic resonance imaging and biopsy of no more than 14 days. Three investigators (radiologists with <2, 2–5, and >5 years of 
experience) independently evaluated biparametric magnetic resonance imaging of the prostate for the presence of pathological 
foci. After 2 weeks, the researchers evaluated the multiparametric magnetic resonance imaging dataset of the prostate. Each 
lesion detected, starting from PI-RADS category 3, was compared with the result of a multifocal fusion biopsy. The biopsy 
result was presented as a sum of Gleason scores, and a Gleason score of ≥7 was considered clinically relevant. According to 
magnetic resonance imaging data, findings meeting PI-RADS criteria 4 and 5 were considered tumor foci.
RESULTS: The best values of sensitivity and specificity of foci detection on magnetic resonance imaging of the prostate gland 
were 62.5% and 74.6%, respectively. The highest diagnostic accuracy achieved was 70.1%. Magnetic resonance imaging had 
higher specificity rates for detecting prostatic foci when interpreted by radiologists with 2 years and >5 years of experience.
CONCLUSION: Both biparametric and multiparametric magnetic resonance imaging of the prostate demonstrated suboptimal 
diagnostic accuracy. The sensitivity and specificity of the method tended to improve with increasing experience of the radiologist. 
Biparametric protocols of prostate scanning have a definite economic advantage over multiparametric protocols because of the 
absence of contrast agents and consumables and a significant decrease in magnetic resonance scanner loading time; however, 
their use can lead to a decrease in the diagnostic accuracy of the method.
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简评

论证。磁共振成像（MRI）允许发现有临床意义的前列腺癌、诊断囊外扩展并对癌症发展

进行分期。如果扫描协议仅包括T2加权和弥散加权图像，只要检查的诊断准确度保持较高

水平，其就能很好地替代多参数磁共振成像。在最近的研究中，双参数（bpMRI）和多参 

数（mpMRI）磁共振成像在检测前列腺癌方面的诊断准确度差别不大。 

该研究的目的是比较bpMRI和mpMRI在检测有临床意义的前列腺癌方面的诊断准确度。比较是

根据PI-RADS v2.1系统进行的，以MRI引导下的多点活检为金标准。  

材料和方法。本研究是一项回顾性研究。我们初步处理了126名患者的病史。纳入标准 

为：（1）符合PI-RADS 2.1标准的mpMRI；（2）血液中游离和结合前列腺特异性抗原水

平的临床信息；（3）前列腺多点活检。磁共振成像与活检之间的时间间隔不超过14天。

研究由三名放射科医生进行。医生的工作经验分别为2年以下、2至5年和5年以上。这些医 

生（研究人员）独立评估前列腺bpmRI 是否存在病灶。2周后，研究人员（这些医生）对前

列腺mpMRI 数据集进行了评估。从PI-RADS 3类别开始，将发现的每个病灶与多点融合活检

结果进行了比较。活检结果显示为Gleason评分值的总和。Gleason评分7分或更高被认为是

有临床意义的活检结果。磁共振成像显示的肿瘤灶被认为是符合PI-RADS标准4和5的结果。

结果。前列腺磁共振成像检测病灶的最佳灵敏度和特异度分别为62.5%和74.6%。诊断准确率

最高达到70.1%。由工作经验少于2年和多于5年的放射科医生进行mpMRI解读时，前列腺病灶

检测的特异度更高。

结论。前列腺的bpMRI和mpMRI都显示出不理想的诊断准确度。随着放射科医生经验的增加，

该方法的灵敏度和特异度有提高的趋势。与多参数协议相比，双参数前列腺扫描协议具有明

显的经济优势。这种优势是不需要造影剂和消耗品的费用，并大大减少磁共振扫描仪的装载

时间。不过，使用这种方法可能会降低诊断准确度。 

关键词：磁共振成像；MRI；前列腺癌；PI-RADS。
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BACKGROUND
Multiparametric magnetic resonance imaging (mpMRI), 

which includes T2-weighted imaging (T2WI), diffusion-
weighted imaging (DWI), and dynamic contrast enhancement 
(DCE) sequences, is critical in the clinical assessment of 
patients with high prostate-specific antigen (PSA) levels.

MRI can be used to diagnose clinically significant prostate 
cancer, detect extracapsular extension, and determine the 
disease stage. In 2019, the American College of Radiology 
and the European Association of Urology (European 
Symposium on Urogenital Radiology, ESUR) released the 
Prostate Imaging Reporting and Data System, version 2.1 
(PI-RADS v2.1) for standardizing MRI data acquisition and 
image interpretation [1].

Since 2020, the American Urological Association and 
European Association of Urology have recommended the 
use of mpMRI for biopsy-naïve men who were suspected of 
prostate cancer [2, 3]. A clinical study by O. Rouvière et al. [3] 
showed that 27% of men with high PSA levels could avoid an 
unnecessary biopsy using mpMRI. Since most men undergo 
PSA testing at least once in their lifetime, these guidelines have 
resulted in a marked increase in demand for prostate MRI.

Assigning a PI-RADS assessment category relegates the 
use of DCE imaging to a minor role because it is only used for 
the differential diagnosis between PI-RADS 3 and 4 lesions 
in the peripheral zone. In addition, the use of DCE poses a 
risk of nephrogenic systemic fibrosis in patients with renal 
insufficiency. Therefore, interest in parametric MRI (bpMRI) is 
growing, which is an abbreviated prostate MRI protocol that 
excludes DCE imaging [4–6].

Owing to its high diagnostic accuracy, the bpMRI protocol, 
a combination of T2WI and DWI sequences, is emerging as a 
viable alternative to mpMRI [7]. Recent studies have shown 
minor differences in the diagnostic accuracy between bpMRI 
and mpMRI for detecting prostate cancer [6]. Efforts to create 
a bpMRI protocol have been successful in demonstrating 
intensity nonuniformity, resolution, and nonlinearity 
comparable to those of mpMRI [8].

The growing interest in bpMRI has encouraged the PI-
RADS Steering Committee to issue a consensus statement 
calling for a higher-quality data before making evidence-
based recommendations on bpMRI as an initial diagnostic 
work-up [9].

The aim of this study was to compare the diagnostic 
accuracy of bpMRI with that of mpMRI in detecting 

clinically significant prostate cancer based on PI-RADS 
v2.1 using targeted MRI/transrectal ultrasound (TRUS) 
fusion-guided prostate biopsy (number of points) as the 
gold standard. 

The objectives of this study were to identify the 
sensitivity and specificity of mpMRI in comparison with 
bpMRI in diagnosing clinically significant prostate cancer (PI-
RADS ≥4). In addition, the study compared the sensitivity and 
specificity of mpMRI with those of bpMRI images assessed 
by radiologists with different levels of experience. Finally, the 
interobserver agreement between radiologists with different 
levels of experience in assessing mpMRI and bpMRI images 
was evaluated.

MATERIALS AND METHODS
Study Design

This was an observational, single-center, retrospective 
extrapolation study. 

Eligibility Criteria
Inclusion criteria: availability of a PI-RADS  2.1 mpMRI 

scan, clinical laboratory values of blood-free and bound PSA 
levels, and targeted MRI/TRUS fusion biopsy. Biopsy must be 
performed within 14 days after MRI. 

Noninclusion criteria: image artifacts on the prostate MRI 
scan or MR images not compliant with PI-RADS 2.1, absence 
of one or more clinical markers, and a time interval between 
mpMRI and biopsy of >14 days. 

Exclusion criteria: significant mpMRI artifacts, which 
precluded an adequate assessment, and uninformative 
biopsies. 

Following the above criteria, radiologists with <2 years or 
>5 years of experience excluded 19 patients from the sample, 
whereas those with  2–5  years of experience excluded 
23 patients. 

Study Site
Patients who underwent prostate MRI and TRUS fusion 

biopsy were recruited from the European Medical Center (a 
private medical institution). 

Study Duration
The study analyzed electronic medical records from 

January 1, 2022, to June 1, 2022.

List of Abbreviations
DWI: diffusion-weighted imaging 
DCE: dynamic contrast enhancement
MRI: magnetic resonance imaging
bpMRI: biparametric magnetic resonance imaging

mpMRI: multiparametric magnetic resonance imaging
T2WI: T2-weighted imaging 
SS-EPI: single-shot echo planar imaging 
TSE: turbo-spin echo
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Medical Intervention
The medical records of 126  patients were analyzed. 

Prostate mpMRI was performed using a Siemens Magnetom 
Aera 1.5Т 4G (Germany) with a body coil. The scanning 
protocol included the following set of pulse sequences 
(Table  1). After unloading and anonymization, several DCE 
images were removed from the mpMRI sequences, resulting 
in a dataset of bpMRI sequences. Three investigators 
(radiologists with <2  years of experience, 2  –5  years of 
experience, and >5  years of experience) independently 
evaluated prostate bpMRI sequences for pathological lesions. 
The lesion was assigned a score from 1 to 5 (as instructed in 
PI-RADS v2.1, DWI was used for peripheral zone lesions, and 
T2WI for transition zone lesions); then, an overall prostate 
PI-RADS v2.1 score was determined. The reference method 
was prostate histopathology based on targeted MRI/TRUS 
fusion biopsy. 

After 2 weeks, the investigators evaluated the prostate 
mpMRI dataset, which included a series of dynamic contrast 
enhancement images. MRI interpretation was conducted 
by investigators who were blinded to the biopsy results. 
According to PI-RADS  2.1 [1], early contrast enhancement 
allows for reliable differentiation between PI-RADS 3  and 
4 lesions localized in the peripheral zone.

Primary Outcome
The prostate lesion identified by bpMRT or mpMRI should 

be consistent with the histopathological findings. 

Outcome Reporting Method
The identified lesions were tabulated, specifying their 

zonal location based on the PI-RADS  2.1 sector map. The 
central zone and anterior fibromuscular stroma were 
excluded from the assessment. 

Each identified lesion of PI-RADS ≥3 was compared with 
the findings of targeted MRI/TRUS fusion biopsy. MRI/TRUS 

fusion biopsy overlays a prostate ultrasound on the saved 
prostate MR images (typically, axial T2WI). The biopsy sites 
were targeted and tracked on the obtained three-dimensional 
reconstruction of the prostate. 

The biopsy findings were presented as the total Gleason 
score [10]. A total Gleason score of ≥7 is considered clinically 
significant. PI-RADS 4 and 5 MR images were consistent with 
malignant lesions.

Ethics Review
This study was approved by the Local Ethics Committee 

of the European Medical Center (Minutes of the Meeting No. 1 
of April 24, 2023).

Statistical Analysis
For each dataset, the experts separately calculated the 

diagnostic power parameters, including the Youden index. 
Interobserver agreement between radiologists was estimated 
as percentages and Fleiss kappa.

Calculations were performed using R  software 
version 4.1.31 using irr2 and dpyr packages3.

RESULTS
Study Subjects (Participants)

Radiologists with <2 and >5 years of experience analyzed 
a total of 107 patient datasets, whereas radiologists with 
2–5 years of experience analyzed 103 patient datasets. 

Key Findings
The highest sensitivity and specificity of bpMRI for 

detecting pathological lesions in the prostate were 70.0% 
and 67.2%, respectively. The highest sensitivity and specificity 
of mpMRI for detecting pathological lesions in the prostate 
were 62.5% and 74.6%, respectively. No adverse events were 
reported.

ORIGINAL STUDY ARTICLES

Table 1. Prostate multiparametric magnetic resonance imaging protocol

Pulse sequence Slice 
orientation TE/TR, ms FOV, mm Pixel size, 

mm
Slice thickness/

overlap, mm
Estimated scanning 

time, min

T2WI TSE Sagittal 120/3800 250 × 250 1 × 1 3/0.3 2:26

T2WI TSE Axial 110/3938 180 × 180 0.45 × 0.6 2.5/0 3:33

DWI SS-EPI Axial 87/2425 160 × 160 1.25 × 1.32 3/0.3 6:50

T2WI TSE Coronal 110/2500 160 × 160 0.38 × 0.42 2.5/0 4:50

DCE-T1WI, temporal 
resolution of 15 s Axial 2.3/4.6 250 × 250 0.9 × 1 3/0 5:46

CE-T1WI Axial 1.3/2.3 400 × 350 1.6 × 1.7 4/0 0:21

Notes. CE, contrast enhancement; DCE, dynamic contrast enhancement.

1	 R Project for Statistical Computing. Available at: https://www.r-project.org/.
2	 irr: Various coefficients of interrater reliability and agreement. Available at: https://cran.r-project.org/web/packages/irr/index.html.
3	 dplyr: Grammar of data manipulation. Available at: https://github.com/tidyverse/dplyr.
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The number of prostate lesions detected by radiologists 
with different levels of experience is presented in Table  2. 
The diagnostic accuracy of the radiologists is presented 
in Tables  3 and 4 for the bpMRI and mpMRI sequences, 
respectively. The interobserver agreement values are shown 
in Tables 5 (unit fractions) and 6 (Fleiss kappa).

DISCUSSION
Summary of the Key Findings

The main finding of our study is that the diagnostic power 
of prostate MRI is low. The maximum diagnostic accuracy 
for lesion detection was 70.1%, with a sensitivity of ≤62.5% 
and specificity of ≤74.6%. Based on the obtained values, MRI 
cannot be considered a reliable method for early diagnosis 
because of its suboptimal sensitivity (Fig. 1). 

This study also showed that mpMRI improved the 
diagnostic power of the method by increasing specificity. 
This is true when interpreted by radiologists with <2 (77.6% 
with mpMRI vs. 70.2% with bpMRI) and >5 years (74.6% with 
mpMRI vs. 67.2% with bpMRI) of experience.

Discussion of the Key Findings
The results obtained are consistent with those published 

in the scientific literature worldwide. J. Wallström et al. [6] 
reported that the mpMRI scan identified one additional case 
compared with the bpMRI (84  vs. 83  cases, respectively). 
In a retrospective study by C.K.  Kuhl et al. [7], mpMRI 

detected an additional 10 out of a total of 329  cancers. 
In a prospective study by J.P.  Zawaideh et al. [11], bpMRI 
identified 116 cases, whereas mpMRI identified 117 cases. 
In meta-analyses, Z.  Kang [12] and X.K.  Niu [13] reported 
similar diagnostic accuracy of bpMRI and mpMRI in 
detecting prostate cancer. 

Our findings are inconsistent with those of the classical 
PROMIS study [14], which demonstrated high sensitivity 
(93%) but low specificity (41%) of MRI. However, this study 
considered PI-RADS 3 lesions to be positive MRI results. The 
histological criteria for clinically significant prostate cancer 
differed because Gleason 3 + 4 lesions were excluded. The 
suboptimal diagnostic accuracy of MRI may be due to the 
abnormal distribution of normal cases and pathologies in our 
sample.

The main difference in mpMRI is the inclusion of DCE 
in the scanning protocol. This study demonstrates that 
DCE enhances the specificity of detecting prostate lesions 
by radiologists with <2  years and those with >5  years of 
experience (Tables 2 and 3; Fig. 2). However, radiologists 
with 2–5  years of background paradoxically experienced 
a decrease in specificity when evaluating the mpMRI 
datasets. 

DCE imaging in prostate mpMRI has traditionally been 
limited by longer image acquisition times. This includes 
the time-consuming procedure of contrast administration, 
which involves preparing for the injection by catheterizing 
the patient. Longer analysis times for DCE images and 
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Table 2. Absolute and relative number of prostate lesions detected by radiologists with different levels of experience, n (%)

Level of experience, years Protocol True positive True negative False-positive False negative

<2 
bpMRI 19 (17.8) 47 (43.9) 20 (18.7) 21 (19.6)

mpMRI 19 (17.8) 52 (48.6) 15 (14.0) 21 (19.6)

2–5 
bpMRI 31 (29.8) 23 (22.1) 42 (40.4) 8 (7.7)

mpMRI 32 (30.8) 19 (18.3) 46 (44.2) 7 (6.7)

≥5 
bpMRI 28 (26.2) 45 (42.1) 22 (20.6) 12 (11.2)

mpMRI 25 (23.4) 50 (46.7) 17 (15.9) 15 (14.0)

Notes. bpMRI/mpMRI, biparametric/multiparametric magnetic resonance imaging.

Table 3. Comparison of the PI-RADS 2.1 diagnostic criteria for prostate lesions using biparametric magnetic resonance imaging by 
radiologists with different levels of experience

Level of 
experience, years Sensitivity Specificity Accuracy 

Prognostic value 
Youden index 

Positive Negative

<2 47.5 
(31.5–63.9)

70.2 
(57.7–80.7)

61.7 
(51.8–70.9)

48.7 
(36.8–60.8)

69.1 
(61.6–75.8) 0.177

2–5 79.5 
(63.5–90.7)

35.4 
(23.9–48.2)

51.9 
(41.9–61.8)

42.5 
(36.7–48.4)

74.2 
(58.8–85.3) 0.149

≥5 70.0 
(53.5–83.4)

67.2 
(54.6–78.2)

68.2 
(58.5–76.9)

56.0 
(46.1–65.5)

79.0 
(69.4–86.1) 0.372

Notes. The values are presented as the median (Me) and 95% confidence interval (95% CI). 
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higher software requirements are also important factors. 
However, DCE helped increase the diagnostic accuracy 
(66.4% vs. 61.7% for a radiologist with <2  years of 
experience and 70.1% vs. 68.2% for a radiologist with 
>5 years of experience).

The use of bpMRI is also supported by concerns over the 
long-term safety of gadolinium-based contrast agents. Small 
amounts of gadolinium may be retained in the brain and other 
tissues. Although newer macrocyclic contrast agents have 
not been reported to cause adverse effects in clinical practice 

for patients with normal renal function, MRI contrast agents 
should be used only when they provide significant diagnostic 
value [15], as demonstrated in this study.

As previously mentioned, DCE as part of mpMRI is used 
to distinguish between PI-RADS  3 and 4  lesions located in 
the peripheral zone of the prostate. Based on the Epstein 
criteria, a clinically insignificant cancer is defined as a 
Gleason score of ≤6, being organ-limited (TNM stage of <T3), 
and having a volume of <0.5 cm3, which must be confirmed 
histopathologically [16]. The same definition was used in 
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Table 4. Comparison of the PI-RADS 2.1 diagnostic criteria for prostate lesions using multiparametric magnetic resonance imaging by 
radiologists with different levels of experience

Level of 
experience, years Sensitivity Specificity Accuracy 

Prognostic value
Youden index 

Positive Negative

<2 47.5
(31.5–63.9)

77.6
(65.8–86.9)

66.4
(56.6–75.2)

37.4
(28.2–47.3)

55.9
(42.2–68.8) 0.251

2–5 82.1
(66.5–92.5)

28.2
(18.6–41.8)

49.0
(39.1–59.0)

41.0
(35.9–46.3)

73.1
(55.7–85.4) 0.113

≥5 62.5
(45.8–77.3)

74.6
(62.5–84.5)

70.1
(60.5–78.6)

59.5
(47.8–70.3)

76.9
(68.6–83.6) 0.371

Notes. The values are presented as the median (Me) and 95% confidence interval (95% CI). 

Table 5. Interobserver agreement between radiologists (unit fractions)

Protocol

Level
of experience

bpMRI,
<2 years

mpMRI, 
<2 years

bpMRI,
>5 years

mpMRI,
>5 years

bpMRI, 
2–5 years

mpMRI, 
2–5 years

bpMRI, <2 years 1 0.798 0.558 0.673 0.413 0.356

mpMRI, <2 years 1 0.654 0.817 0.356 0.298

bpMRI, >5 years 1 0.808 0.442 0.452

mpMRI, >5 years 1 0.413 0.357

bpMRI, 2–5 years 1 0.904

mpMRI, 2–5 years 1

Notes. bpMRI/mpMRI: biparametric/multiparametric magnetic resonance imaging.

Table 6. Interobserver Agreement Between Radiologists (Fleiss’s kappa)

Protocol

Level 
of experience

bpMRI,
<2 years

mpMRI,
<2 years

bpMRI,
>5 years

mpMRI,
>5 years

bpMRI, 
2–5 years

mpMRI, 
2–5 years

bpMRI, <2 years 1 0.669 0.318 0.482 0.195 0.136

mpMRI, <2 years 1 0.446 0.693 0.129 0.087

bpMRI, >5 years 1 0.699 0.206 0.229

mpMRI, >5 years 1 0.194 0.165

bpMRI, 2–5 years 1 0.846

mpMRI, 2–5 years 1

Notes. bpMRI/mpMRI, biparametric/multiparametric magnetic resonance imaging.
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Fig. 1. An example of a false-positive result of parametric magnetic resonance imaging: (a) T2-weighted image in the axial plane: in the 
lateral posterior segment of the peripheral zone of the left lobe in the middle part of the prostate, a low-signal lesion consistent with 
the diffusion restriction zone is observed; (b) apparent diffusion coefficient map. This lesion was judged by the radiologist as PI-RADS 5. 
Fusion biopsy showed no signs of tumor growth in the prostate tissue.

Fig. 2. An example of upgrading the PI-RADS category after 
dynamic contrast enhancement imaging: (a) a T2-weighted image 
in the axial plane: a low-signal lesion consistent with the diffusion 
restriction zone is detected in the lateral posterior segment of 
the peripheral zone of the right lobe in the middle part of the 
prostate; (b) an apparent diffusion coefficient map: this lesion was 
characterized as PI-RADS 3 in bpMRI; however, with the dynamic 
contrast enhancement sequence (c), the lesion shows early contrast 
enhancement, indicating PI-RADS 4.

a b

a

c

b
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PI-RADS v2.1 [1]. Identifying clinically insignificant tumors is 
crucial for active follow-up.

This study differs from those by the authors mentioned 
above [6, 7] in that it reports a decrease in the number of 
false-positive prostate tumors with DCE. As a result, this 

method had a higher positive prognostic value. J.P. Zawaideh 
et al. [11] obtained similar results. 

If a lesion of the PI-RADS ≥3 is detected, DCE will not 
alter the approach to scheduling a prostate biopsy. It is 
important to consider that transrectal biopsy is an invasive 
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procedure that carries the risk of infection and requires 
hospitalization [17].

Limitations
This study has significant limitations. The retrospective 

design of the study required the selection of patients who 
underwent fusion biopsy. Therefore, the distribution of normal 
cases and pathologies in our sample did not correlate with 
that of the general population. Sequential viewing of both 
bpMRI and mpMRI datasets by radiologists, even after the 
2-week washout period, did not eliminate bias. The limited 
number of participating radiologists in the study prevented us 
from making a definitive conclusion about the consistency of 
their evaluations.

The interobserver agreement among experts with <2 
and >5  years of work experience was moderate. However, 
the results were more consistent with the use of mpMRI. 
The literature presents varying data on the influence of 
radiologists’ experience on the diagnostic quality of both 
protocols. For instance, E.D.  Campli et al. [18] found no 
significant effect, whereas M. Gatti et al. [19] demonstrated 
that radiologists with little experience evaluated bpMRI with 
less accuracy. 

CONCLUSION
Regardless of the protocol used, prostate MRI demonstrated 

suboptimal diagnostic power. Although parametric prostate 
scanning protocols may have economic benefits over 
multiparametric ones because of the absence of costs for 
contrast agents and consumables and a significant reduction 

in the loading time of the MR scanner, their use may lead to a 
decrease in the diagnostic accuracy of the method. 

The observed trend of increased sensitivity and specificity 
of the method with a higher level of radiologist experience 
highlights the importance of training in the interpretation of 
prostate MRI based on PI-RADS. 

A prospective study is necessary to confirm the role of 
bpMRI in the early diagnosis of prostate cancer.
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Структурные изменения серого вещества 
при вариантах первичной прогрессирующей афазии
Д.Р. Ахмадуллина, Р.Н. Коновалов, Ю.А. Шпилюкова, Е.Ю. Федотова
Научный центр неврологии, Москва, Российская Федерация

АННОТАЦИЯ
Обоснование. Первичная прогрессирующая афазия — редкое нейродегенеративное заболевание, гетерогенность ко-
торого значительно усложняет его диагностику. Воксель-ориентированная морфометрия позволяет объективно оце-
нить поражение серого вещества головного мозга и определить паттерны атрофии, характерные для каждого из ва-
риантов заболевания, что может улучшить его диагностику, а также использоваться в изучении патогенеза.
Цель — выявить паттерны атрофии при каждом из вариантов первичной прогрессирующей афазии в сравнении с кон-
трольной группой.
Материалы и методы. В основную группу были включены пациенты с диагнозом одного из вариантов первичной 
прогрессирующей афазии, установленных в соответствии с действующими диагностическими критериями. Группу кон-
троля составили здоровые добровольцы без неврологических проявлений и структурных изменений головного мозга. 
Всем участникам проводилась магнитно-резонансная томография головного мозга с последующей постобработкой 
изображений и проведением воксель-ориентированной морфометрии со сравнением объёма серого вещества между 
каждым из вариантов заболевания и контрольной группой. Исследование проводилось с поправкой на пол, возраст 
и интракраниальный объём участников.
Результаты. В исследование были включены 25 пациентов с аграмматическим, 11 — c семантическим и 9 — c лого-
пеническим вариантами первичной прогрессирующей афазии, а также 20 здоровых добровольцев. Воксель-ориенти-
рованная морфометрия показала, что для каждого варианта характерен свой паттерн атрофии с преимущественным 
вовлечением лобной и островковой долей при аграмматическом, височной доли и гиппокампа — при семантическом 
и более диффузным лобно-височным паттерном — при логопеническом вариантах.
Заключение. В ходе исследования были выявлены паттерны атрофии головного мозга, характерные для каждого 
из вариантов первичной прогрессирующей афазии. В основном, полученные результаты соответствуют клиническим 
проявлениям заболевания. При этом отдельные находки (отсутствие атрофии задней перисильвиевой области, а также 
поражение моторной коры при логопеническом варианте; поражение орбитофронтальной коры и мозжечка при аграм-
матическом варианте; поражение премоторной коры, прецентральной и нижней лобной извилины при семантическом 
варианте) не соотносятся с привычным представлением о патогенезе первичной прогрессирующей афазии и требуют 
дальнейшего изучения.

Ключевые слова: первичная прогрессирующая афазия; воксель-ориентированная морфометрия; лобно-височная 
деменция; болезнь Альцгеймера.
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Structural gray matter changes in primary 
progressive aphasia variants
Diliara R. Akhmadullina, Rodion N. Konovalov, Yulia A. Shpilyukova, 
Ekaterina Yu. Fedotova
Research Center of Neurology, Moscow, Russian Federation

ABSTRACT
BACKGROUND: Primary progressive aphasia is a rare neurodegenerative disease with high clinical, genetic, and 
pathomorphological heterogeneity that greatly complicates its diagnosis. Voxel-based morphometry can be used to objectively 
assess structural gray matter changes and determine atrophy patterns in variants of primary progressive aphasia, which can 
improve the diagnosis and our understanding of its pathogenesis.
AIMS: This study aimed to evaluate the patterns of atrophy in each of the primary progressive aphasia variants in comparison 
with the control group.
MATERIALS AND METHODS: Patients diagnosed with one of the primary progressive aphasia variants, established in accordance 
with the current diagnostic criteria, were included in the main group. The control group consisted of healthy volunteers without 
any neurological symptoms or structural brain changes. All participants underwent brain magnetic resonance imaging. The 
obtained images were processed and used for voxel-based morphometry, which was performed by comparing the gray matter 
volume between each of the primary progressive aphasia variants and the control group. The study was adjusted for the sex, 
age, and intracranial volume of the participants.
RESULTS: The study enrolled 25 patients with nonfluent, 11 with semantic, and 9 with logopenic variants of primary progressive 
aphasia, as well as 20 healthy volunteers. Voxel-based morphometry showed a specific atrophy pattern in each of the variants 
of primary progressive aphasia, with predominant involvement of the frontal and insular lobes in nonfluent, temporal lobe and 
hippocampus in semantic, and a more diffuse frontotemporal pattern in logopenic variants.
CONCLUSIONS: The study revealed gray matter atrophy patterns specific to each variant of primary progressive aphasia. The 
obtained results mainly correspond to the clinical presentations of the disease. Moreover, some findings (e.g., absence of the 
posterior perisylvian atrophy and reduced motor cortex volume in the logopenic variant, atrophy of the orbitofrontal cortex and 
cerebellum in the nonfluent variant, and premotor cortex, precentral, and inferior frontal gyrus degeneration in the semantic 
variant) do not correlate with the usual understanding of primary progressive aphasia pathogenesis and require further study.

Keywords: primary progressive aphasia; voxel-based morphometry; frontotemporal dementia; Alzheimer’s disease.
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原发性进行性失语症变体的灰质结构变化
Diliara R. Akhmadullina, Rodion N. Konovalov, Yulia A. Shpilyukova, 
Ekaterina Yu. Fedotova
Research Center of Neurology, Moscow, Russian Federation

简评

论证。原发性进行性失语症是一种罕见的神经退行性疾病。它的异质性使诊断变得非常复

杂。基于体素的形态测量法可对大脑灰质病变进行客观评估，并确定每种疾病变异的萎缩模

式特征。这可以改善诊断，也可被用于发病机制的研究。

该研究的目的是确定原发性进行性失语症各变体与对照组相比的萎缩模式。

材料与方法。被诊断为原发性进行性失语症变体之一的患者被纳入主研究组。诊断是根据现

行诊断标准确定的。对照组由无神经系统表现和脑结构变化的健康志愿者组成。我们对所有

参与者都进行了脑部磁共振成像，随后进行了图像后处理和基于体素的形态测量。对每种疾

病变体与对照组的灰质体积进行了比较。研究人员考虑到参与者的性别、年龄和颅内容积。 

结果。研究对象包括25名非流利型原发性进行性失语的患者、11名语义型原发性进行性失语

的患者和9名logopenic型原发性进行性失语的患者，以及20名健康志愿者。基于体素的形态

测量显示了，每种变体都有不同的萎缩模式。在非流利型原发性进行性失语症中，额叶和岛

叶主要受累。在语义型原发性进行性失语症中，颞叶和海马主要受累。logopenic型原发性

进行性失语症的的特点是额颞叶模式更加弥漫。 

结论。在研究过程中，我们发现了原发性进行性失语症各变体特有的脑萎缩模式。基本上，

这些结果与疾病的临床表现相符。但是有些研究结果（logopenic型没有后外侧裂部位萎缩

和有运动皮层病变；非流利型有眶额皮质和小脑病变；语义型有运动前皮层、中央前回和额

下回病变）与原发性进行性失语症发病机制的通常观点不符，需要进一步研究。 

关键词：原发性进行性失语症；基于体素的形态计量学；额颞叶痴呆；阿尔茨海默病。
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BACKGROUND
Primary progressive aphasia (PPA) is a neurodegenerative 

disease characterized by early, constantly progressive speech 
disorders in the absence of other cognitive, motor, and/or 
behavioral disorders. PPA refers to early-onset dementias 
(<65  years) and, despite its low incidence, presents a 
relevant socioeconomic problem. Three clinical variants 
of PPA are distinguished based on clinical presentation: 
agrammatic (AV-PPA), semantic (SV-PPA), and logopenic 
(LV-PPA) variants. AV- and SV-PPA are usually a sign of 
frontotemporal dementia (FTD), whereas LV-PPA indicates 
atypical Alzheimer’s disease. However, this distinction is not 
definitive because any PPA variant may demonstrate different 
pathomorphological and genetic variants, which results in 
diverse clinical presentations of the disease and complicates 
its diagnosis.

Apart from a neurological examination, neuroimaging 
is the only approved method for the differential diagnosis 
of PPA variants. A previous study helped identify specific 
involvement areas for each PPA variant, which was included 
in the 2011 diagnostic criteria [1]:

•• AV-PPA is mainly characterized by atrophy of posterior 
frontal areas—inferior frontal gyrus (IFG), premotor 
cortex, and supplementary motor area (SMA) — and 
of the insula, prevailing on the left side.

•• In SV-PPA, atrophy of the anterior–inferior sections of 
the left temporal lobe is typical.

•• In LV-PPA, posterior perisylvian areas and/or the 
parietal lobe of the left hemisphere are commonly 
involved.

A later meta-analysis verified the presence of a specific 
pattern of neural degeneration in each PPA variant; however, 
the involvement appeared to be more extensive, including 
medial areas of the temporal lobes in SV-PPA; precentral 
gyrus, superior gyrus (STG), and middle temporal gyrus 
(MTG) in AV-PPA; and posterior cingulate cortex in LV-
PPA [2]. However, the number of studies on gray matter 
(GM) involvement in PPA remains limited. To illustrate, the 

ABBREVIATIONS

AV-PPA: agrammatic variant of primary progressive 
aphasia
FTD: frontotemporal dementia
GM: gray matter
IFG: inferior frontal gyrus
ITG: inferior temporal gyrus
LV-PPA: logopenic variant of primary progressive aphasia
MNI: Montreal Neurological Institute
mPFC: medial prefrontal cortex

MRI: magnetic resonance imaging
MTG: middle temporal gyrus
OFC: orbitofrontal cortex
PPA: primary progressive aphasia
SMA: supplementary motor area
STG: superior temporal gyrus
SV-PPA: semantic variant of primary progressive aphasia
VBM: voxel-based morphometry

meta-analysis mentioned above included only 20  papers, 
with the data of 317 patients (of which 169, 90, and 58 had 
SV-PPA, AV-PPA, and LV-PPA, respectively). In addition, 
many studies included were conducted using outdated 
diagnostic criteria, which makes the relevance of the results 
questionable, particularly for AV-PPA and LV-PPA. In recent 
years, larger studies have suggested that GM involvement 
in PPA is probably more extensive than previously thought; 
however, the atrophy patterns identified often differ [3, 4]. In 
addition, the clinical signs of PPA variants may vary in different 
populations because of language differences, which in turn 
may result in differences in the underlying GM degeneration 
[5]. The only paper evaluating structural changes of the brain 
in PPA in the Russian population included patients with AV-
PPA exclusively, and no studies have focused on SV-PPA and 
LV-PPA when this paper was being written [6].

Meanwhile, neuroimaging methods are increasingly 
used for the diagnosis, evaluation, and follow-up of 
patients with PPA. For instance, machine learning based 
on the data of structural magnetic resonance imaging (MRI) 
may be used for the differential diagnosis of PPA variants 
and FTD and for the more extensive differential diagnosis 
of neurodegenerative dementias. Moreover, neuroimaging 
may be used to evaluate the therapeutic effect of novel 
treatment modalities [3, 7, 8]. All of the above emphasizes 
the relevance of such studies.

AIM
This study aimed to characterize the atrophy patterns 

in each of the PPA variants in the Russian population and 
compare the data obtained with those of previous studies.

METHODS
Study design

This was an experimental, single-center, cross-sectional 
study.

Digital DiagnosticsVol. 4 (4) 2023ORIGINAL STUDY ARTICLES

https://doi.org/10.17816/DD567783


471
Digital DiagnosticsVol. 4 (4) 2023

Eligibility
Subjects were enrolled in the study on the basis of their 

compliance with the inclusion/non-inclusion criteria.
Inclusion criteria for the experimental group (PPA 

group): age >18  years and diagnosis of one of the PPA 
variants based on the current diagnostic criteria [1].

Inclusion criteria for the control group: age >18 years 
and absence of neurological symptoms.

Noninclusion criteria: MRI contraindications and 
structural focal changes in the brain.

Site
The study was conducted at the Research Center of 

Neurology (Moscow).

Study duration
The subjects were recruited from 2022 to 2023.

Medical intervention
Addenbrooke’s Cognitive Examination Revised was 

used to evaluate cognitive functions in the PPA group. 
Emotional and behavioral disorders were evaluated using 
a neuropsychiatric questionnaire. Disease severity was 
assessed using the FTD severity scale.

Brain MRI in the 3D-T1 MPR sequence using Magnetom 
Verio or Magnetom Prisma at a field magnitude of 3  Tesla 
was performed for all study subjects.

The MR images obtained were used for voxel-based 
morphometry (VBM).

SPM12 software (Institute of Neurology, UK) based on 
Matlab R2019b (MathWorks Inc., Natick, MA, USA) was used 
for postprocessing and statistical analysis. Postprocessing 
involved the following:

•• Normalizing the images to the same MNI stereotaxic 
space (3D system of coordinates of the human brain 
by the Montreal Neurological Institute)

•• Segmentation into GM, white matter, and cerebrospinal 
fluid using the DARTEL algorithm

•• Further smoothing of the images was obtained with 
an isotropic Gaussian kernel with full width at a half 
height of 8 mm.

VBM results were assessed for every PPA variant versus 
the control group. The two-sample t-test with voxel-wise 
comparison was used for the study groups. Exclusive analysis 
of GM was possible using a GM mask generated specifically 
for each group. The age and sex of the participants were used 
as covariates. The study was performed with adjustment for 
intracranial volume, which was measured as the sum of 
GM, white matter, and cerebrospinal fluid volumes. Clusters 
with a minimum volume of 100 voxels were included in the 
analysis. The cutoff for the inclusion of individual voxels into 
clusters was set at a level of P < 0.05 with an adjustment for 
the expected percentage of false rejections. 

The bspmview software was used for VBM result visualization, 
presentation of the statistical data, and coordinate localization [9].

Ethical evaluation
This study was approved by the Ethics Committee of the 

Research Center of Neurology (Protocol No.  11-7/22 dated 
December 21, 2022).

Statistical analysis
IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, 

USA) was used for statistical analysis. Differences in nominal 
and ordinal variables were analyzed using Fisher’s exact test, 
and differences in quantitative variables were analyzed using 
the Kruskal–Wallis test with Bonferroni correction.

RESULTS
Study subjects

The study included 45  patients with PPA variants and 
30  control subjects. Of the 45  patients, 25, 11, and 9 had 
AV-PPA, SV-PPA, and LV-PPA, respectively. The key 
characteristics of the study groups are summarized in Table 1. 
The median ages were 64, 67, and 65 years for the AV-PPA, 
SV-PPA, and LV-PPA groups, respectively. Female patients 
prevailed in the AV-PPA and SV-PPA groups, whereas male 
patients prevailed in the LV-PPA group. The disease duration 
ranged from 6 to 108 months, with the longest duration in the 
AV-PPA group. The disease severity ranged from very mild 
to severe, and mild to moderate symptoms were the most 
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Table 1. Clinical characteristics of the study groups

Index AV-PPA 
(n=25)

SV-PPA
(n=11)

LV-PPA
(n=9)

Control group 
(n=30)

Sex, M/F (%) 9/16 (36%; 64%) 5/6 (45%; 55%) 6/3 (67%; 33%) 10/20 (33%; 67%)
Age, years 64 [57; 67]* 67 [63,5; 68,5]† 65 [56; 67] 56 [51; 59]*,†
Disease duration, months 48 [36; 60] 36 [16; 48] 36 [23; 48] –
АCE-R, total score/100 68 [36; 80] 38 [26; 50] 53 [37; 75] –

Neuropsychiatric questionnaire, 
score/144 8 [1; 14]* 18 [11,5; 20,5]* 15 [4; 33,5] –

Notes: The data are described as Me [Q1; Q3]; ACE-R, Addenbrooke’s Cognitive Examination Revised; M, male; F, female; *,†: the difference between 
groups is statistically significant (P < 0.05).
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common. Despite the shorter disease duration, the most 
severe cognitive, emotional, and behavioral disorders were 
observed in SV-PPA.

Despite the described differences, no statistically 
significant differences in sex, age, disease duration, and 
severity of cognitive disorders were observed among the 
PPA variants.

No difference in the distribution by sex was observed 
against the control group; however, the control group was 
statistically significantly younger than the AV-PPA and SV-
PPA groups.

Key findings
VBM identified areas of atrophy in each PPA variant 

compared with the control group (Fig. 1). Atrophy in all cases 
was asymmetric, prevailing in the left hemisphere.

AV-PPA group: The atrophic “core” was localized in the 
left IFG and precentral gyrus  (Table  2). Significant changes 
were also observed in the SMA, premotor cortex, orbitofrontal 
cortex (OFC), and insular cortex of both hemispheres. 
The temporal lobe was mainly involved in the MTG and 
inferior temporal gyrus (ITG), continuing into the area of 
the temporoparietal junction and inferior parietal lobule. 
In addition, atrophic involvement of subcortical structures 
was observed, namely, the left caudate nucleus, thalamus, 
putamen, and cerebellum.

SV-PPA group: Atrophy was predominantly localized in 
the left temporal lobe, including its pole, inferior–lateral and 
medial regions, and left hippocampus and insula  (Table  3). 

Individual lesions were observed in the left frontal lobe, 
including the OFC, medial prefrontal cortex (mPFC), premotor 
cortex, precentral gyrus, and IFG. Overall, the changes were 
more localized than in AV-PPA and were limited to the 
frontal, temporal, and insular cortices, except for an atrophic 
lesion in the left caudate nucleus. Similar but less extensive 
atrophic areas were identified in the right hemisphere.

LV-PPA group: The most pronounced loss of the GM 
volume was also localized in the left temporal lobe but was 
mostly involved in the posterior parts of MTG and ITG and, to 
a lesser extent, the temporal pole. In addition, it continued 
into the parahippocampal gyrus, hippocampus, and amygdala 
(Table 4). Atrophy was the most pronounced in the precentral 
gyrus, anterior cingulate cortex, OFC, and mPFC. Apart from 
the frontal and temporal lobes, atrophy in this PPA variant 
involved the insular lobes, left parietal and occipital lobes, 
cerebellum, and left caudate nucleus.

DISCUSSION
Key findings summary

The study revealed GM areas with the involvement 
typical of each PPA variant. The identified atrophy patterns 
were largely consistent with literature data, although certain 
specifics were discovered.

Key findings discussion
In AV-PPA, the GM was expectedly seen in the IFG, 

precentral gyrus, premotor cortex, SMA, and anterior 

Table 2. Areas of the loss of the gray matter volume in the group with agrammatic variant of primary progressive aphasia vs. control group

Brain area Volume, voxels MNI peak coordinates 
x, y, z

Precentral gyrus, inferior frontal gyrus, supplementary motor area, insula, superior 
and middle frontal gyri, orbitofrontal cortex, cingulate cortex, lower parietal lobule, 
angular and supramarginal gyri, lateral areas of the temporal lobe, putamen, 
caudate nucleus, S

37,644
-40, 4, 34
-42, -2, 42
-57, -4, 4

Opercular and triangular parts of the IFG, D 2,264
39, 18, 26
38, 6, 27
36, 4, 40

Caudate nucleus; thalamus, D 1,065
-16, -16, 22
-14, -12, 10
-10, 10, 16

OFC, D 180 24, 38, -9
Cerebellar crus I, D 101 18, -72, -36
Precuneus, S 105 -10, -57, 27

Postcentral gyrus, D 314
33, -34, 38
36, -26, 39

Insula, D 191 34, 20, 10

Precentral gyrus, D 257
52, -6, 45
57, -6, 33

Note: D, on the right; S, on the left.
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Fig. 1. Localization of the areas of the loss of the gray matter volume in variants of primary progressive aphasia vs. control group. The 
color coding is for the T-value.

Logopenic variant

Semantic variant

Agrammatic variant
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Table 3. Areas of the loss of the gray matter volume in the group with semantic variant of primary progressive aphasia versus control group

Brain area Volume, voxels MNI peak coordinates 
x, y, z

Hippocampus; lateral and medial areas of the temporal lobe; temporal pole; insula; 
anterior cingulate cortex; OFC; caudate nucleus, S; OFC, D 36,682

-24, -30, -4
-52, -46, -15
-56, -39, -16

Hippocampus, temporal lobe pole, ITG, OFC, D 6,563
24, -6, -21
39, 10, -33
24, 9, -21

Middle regions of STG, S 344 -57, -6, 4

Premotor cortex, middle parts of the precentral gyrus, opercular part of IFG, S 1,809
-28, 10, 54
-40, 3, 32
-24, 6, 38

Posterior regions of MTG, S 253
-51, -68, 16
-44, -57, 15

mPFC, S 125 -9, 22, 48

Posterior regions of the MTG and ITG, D 104
56, -62, 9
58, -54, -3

Note: D, on the right; S, on the left.
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Table 4. Areas of the loss of the gray matter volume in the group with logopenic variant of primary progressive aphasia versus control group

Brain area Volume, voxels MNI peak coordinates 
x, y, z

Precentral gyrus, S 1,304
-40, 6, 34
-42, 0, 45
-36, 3, 52

Hippocampus, amygdala, ITG, MTG, OFC, S 8,136
-26, -30, -3

-36, -16, -15
-27, -24, -9

Anterior cingulate cortex, S 501 -12, 26, 27

Anterior cingulate cortex, S; mPFC, S and D 1,130
-10, 44, -14
14, 45, -2
-9, 38, -6

Cerebellar crus II, S 325
-32, -70, -39
-38, -60, -42

Middle occipital gyrus, S 328 -40, 82, 14
Caudate nucleus, S 325 -14, -10, 20

Insula and IFG, S 537
-14, 16, 8
-38, 4, 15

Temporal lobe pole, S 218 -45, -15, -36
Posterior regions of MTG, D 166 46, -48, 15

Rostrolateral prefrontal cortex, S 389
-30, 51, 21
-21, 56, 10
-33, 42, 24

OFC, D 110 20, 52, -14
Cerebellar crus I, D 145 32, -66, -39
Caudate nucleus, S 201 -14, 6, 18
Precuneus, S 170 -8, -54, 18

Insula, D 211
33, 18, 12
34, 9, 14

Note: D, on the right; S, on the left.
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insula, i.e., the areas in which atrophy has been repeatedly 
described in AV-PPA and correlates closely with speech 
disorders specific for this PPA variant [10]. For instance, the 
loss of the GM volume in the IFG correlated with the general 
severity of aphasia and agrammatisms; in the left insula, 
with the severity of speech fluency disorders; and atrophy 
of SMA and premotor cortex was associated with speech 
apraxia, articulation rate, and nonverbal oral apraxia [11–14]. 
Moreover, the degeneration of the precentral gyrus may be 
associated with concomitant AV-PPA through motor neuronal 
disease, which was found in 16% of patients with AV-PPA in 
our sample.

Apart from the frontal lobes, atrophy also spreads to 
the lateral regions of the left temporal lobe. Although its 
involvement is considered less “classic” in AV-PPA, it is 
present in most studies of structural changes in this variant. 
This might be indicative of progressive neurodegeneration 
over time and account for difficulties in understanding 
individual words and naming [2, 15, 16].

Bilateral OFC atrophy is of particular interest because it 
is extremely rare in AV-PPA and is more often associated 
with emotional and behavioral disorders. Mild-to-moderate 
behavioral disorders were observed in most patients in our 
sample, which could account for this finding. In addition, 
OFC atrophy was previously described in patients with PPA 
associated with GRN mutation, albeit only in nonclassifiable 
PPA cases, the clinical presentation of which does not match 
any of the variants [17]. GRN mutations were verified in 
two patients with AV-PPV from our sample; however, their 
clinical presentation was standard for this variant; therefore, 
the identified atrophy was not attributable to the genetic 
features of the group. This finding requires further studies in 
a larger sample in our region.

Atrophy in AV-PPV was observed in subcortical structures, 
such as the left thalamus, putamen, and caudate nucleus. 
Recently, more studies have reported thalamic atrophy in FTD 
variants, particularly in genetic disease forms; however, such 
changes are more typical of the behavioral variant of FTD 
than of AV-PPA, in which thalamic atrophy is more localized 
and is not observed in all cases [2, 16–19]. Atrophy of the 
putamen and caudate nucleus was previously described in 
single papers but not in larger studies [4, 10, 13]. Overall, 
despite the evidence of the role of the thalamus and basal 
ganglia in speech articulation and phonology because of their 
connections with frontal and parietal regions, there is no 
conclusive opinion on how their degeneration affects speech 
disorders in PPA [20].

Another outstanding finding in AV-PPA is that the 
cerebellum is reduced in size. Cerebellar atrophy in FTD 
was first described in the disease secondary to a C9ORF72 
mutation; however, a more typical finding of this case 
was bilateral, relatively symmetric atrophy, which, apart 
from the cerebellum, also usually spreads to parietal and 
occipital areas, and we did not observe this in our study. 
Another possible explanation is the role of the cerebellum 

in speech functions. Previously, lobule  VII of the cerebellar 
hemispheres (atrophy of which we identified in our study) 
is involved in feedback control in oral speech, and its 
significance is greater in the gradual disorganization of the 
speech regions of the brain [20].

The atrophy pattern identified in the SV-PPA group is 
largely consistent with literature data. The most significant 
reduction in the GM volume was observed in the temporal 
poles of both hemispheres, predominantly on the left side. 
The left temporal pole is a semantic hub from which verbal 
semantic information is stored, processed, and extracted. Its 
atrophy is the key sign of SV-PPA, and anomia and difficulty 
understanding individual words in this variant are associated 
with it [21]. Asymmetric atrophy of the hippocampus and 
medial and inferior regions of the temporal lobes identified 
in our study is another major sign of SV-PPA, which has been 
reported repeatedly. Notably, unlike Alzheimer’s disease, SV-
PPA is characterized by atrophy of the anterior regions of 
the hippocampi, which also correlates with semantic deficit 
severity in patients [22]. The involvement of the inferior 
regions of the temporal lobes in SV-PPA, particularly the 
fusiform gyrus, correlates with emotional and behavioral 
disorders and prosopagnosia, whereas the involvement of 
the lateral regions of STG and MTG is associated with the 
severity of anomia, difficulty understanding individual words, 
and dyslexia severity [21, 23]. The loss in the volume of the 
anterior cingulate cortex, mPFC, OFC, insula, and caudate 
nucleus is typical of more advanced stages of SV-PPA and 
is associated with a gradual spread of the process from 
the left temporal pole to closely related areas [24, 25]. The 
involvement of these regions is associated with social activity 
disorders; however, only a few papers have focused on this 
subject [26]. Atrophy of the left IFGs, premotor cortex, and 
precentral gyrus, which we identified, is less common in 
SV-PPA. Such changes may cause gradual development 
of the clinical presentation consistent with the disease and 
occurrence of motor speech disorders [16].

The GM volume loss observed in LV-PPA was more 
diffuse, with multiple small degenerative lesions. The most 
prominent areas of atrophy in our sample were located in 
the left temporal and frontal lobes. The loss of MTG and ITG 
volume is often reported in LV-PPA and is associated with 
specific speech disorders in this variant (e.g., anomia and 
difficulties in repeating long phrases and sentences), which 
results from the dysfunction of short-term phonological 
memory [27]. Asymmetric atrophy of the hippocampus and 
amygdala is also characteristic of LV-PPA and most likely 
develops because of underlying Alzheimer’s degeneration. 
The spread of atrophy to more posterior regions with the 
involvement of the parietal and occipital lobes and the 
cerebellum may be explained by the same process.

The loss of the volume of the left temporal pole, the same 
as that of the IFG, insular lobes, and lateral prefrontal cortex, 
was also reported in LV-PPA, generally, at more advanced 
stages. It appears to reflect the involvement of other speech 
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areas and correlate with the onset of symptoms more typical 
of other PPA variants, such as difficulty understanding 
individual words [16].

Atrophy of the precentral gyrus, OFC, and medial regions 
of the frontal lobe is less common even in the advanced 
stages of LV-PPA. As mentioned above, OFC involvement 
may be associated with emotional and behavioral disorders. 
The loss of the cingulate cortex volume, in turn, has been 
repeatedly described in Alzheimer’s disease and may 
correlate with the development of nonlinguistic cognitive 
deficits. Severe degeneration of the precentral gyrus is of the 
greatest interest; despite earlier reports of such changes, they 
are usually not one of the most significant areas of atrophy 
and are observed only in the long-term follow-up [3]. None 
of the patients from the LV-PPA group had any clinical signs 
of motor cortex involvement at the time of the examination; 
therefore, atrophy of this area is most probably secondary, 
not contributing significantly to disease pathogenesis.

Contrary to our expectations, no degenerations of the 
inferior parietal lobule, supramarginal and angular gyri, and 
posterior regions of STG were observed in the LV-PPA group, 
although it is considered the most pathognomonic for this 
variant and is included in the diagnostic criteria. This fact 
and the more diffuse focal nature of atrophy identified in 
our study in LV-PPA may be accounted for by the relatively 
small sample size and its pathomorphological heterogeneity. 
Although Alzheimer-type degeneration prevails in LV-PPA 
and is observed in 85%–100% of cases [28, 29], it was only 
present in one-third of our sample. Previously, atrophy 
patterns in PPA may vary depending on the underlying 
pathomorphological process, which may have affected the 
results of this study [30]. Our results demonstrate that the 
atrophy of the posterior perisylvian regions is not key for 
the development of the clinical presentations of LV-PPA 
and indirectly emphasizes a greater contribution of MTG to 
disease pathogenesis.

Study limitations
This study has several limitations. As mentioned earlier, 

the sample sizes of the LV-PPA and SV-PPA groups were 

small. The genetic and pathomorphological heterogeneities 
of the study groups may be considered a relative limitation. 
Although it improves the representation of the PPA patient 
population, it may affect the VBM results because every 
genetic and pathomorphological variant could have its 
specific patterns. In addition, we did not perform a correlation 
analysis as part of the study, comparing the identified atrophy 
with clinical manifestations, which prevents us from making 
an unambiguous conclusion on the clinical significance of the 
changes detected and on the role of the newly identified areas 
of atrophy on PPA pathogenesis. These limitations should be 
considered when planning further research on the subject.

CONCLUSION
This study identified patterns of GM atrophy characteristic 

of each PPA variant using the VBM. The results are consistent 
with current knowledge of the functional anatomy of speech 
functions and social behavior. Our findings are partly 
consistent with those of previous studies conducted in 
other countries. However, several distinctive features were 
identified, which require further validation in larger samples.
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Определение методом дельфийского консенсуса 
списка оцениваемых с помощью опросников 
параметров при наблюдении пациентов 
с воспалительными заболеваниями кишечника
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АННОТАЦИЯ
Обоснование. Пациенты с воспалительными заболеваниями кишечника часто нуждаются в пожизненном наблюдении 
врача. Перспективным направлением таких услуг здравоохранения является телемедицинское наблюдение, часто ос-
новывающееся на оценке медицинским работником результатов удалённого анкетирования пациентов.
Цель. Используя дельфийский метод, определить список оцениваемых с помощью анкетирования параметров для по-
следующего применения в наблюдении и лечении пациентов с воспалительными заболеваниями кишечника.
Материалы и методы. Экспертную группу участников исследования составили врачи-гастроэнтерологи с различным 
опытом работы. Для сбора информации была создана электронная форма опроса, при заполнении которой обяза-
тельно указывался стаж участника. Исследование состояло из трёх этапов. На первом этапе респонденты отвеча-
ли на открытый вопрос о том, какие параметры, оцениваемые с помощью опросников, необходимо мониторировать 
у пациентов с воспалительными заболеваниями кишечника. На втором этапе участники отвечали на тот же вопрос, 
выбирая пункты из предложенных, без ограничений по количеству. Третьим этапом исследования выполнен анализ 
полученных ответов. Первичной конечной точкой считалось достижение по каждому параметру консенсуса более чем 
75% респондентов.
Результаты. В исследовании приняли участие 15 человек, из них 13,3% — мужчины. Из всех респондентов, 46% ра-
ботают в амбулаторно-поликлинических организациях, 54% — в стационаре. Возрастной диапазон составил от 25 до 
53 лет, при этом 53% участников имели стаж от 1 до 4 лет, 47%  — от 17 до 29 лет. По результатам первого этапа 
ни один из параметров не достиг уровня согласия 75%. После второго этапа респонденты достигли согласия по 72% 
параметров. Связи между возрастом, полом, стажем респондентов, а также местом их работы и ответами как на пер-
вом, так и на втором этапах обнаружено не было.
Заключение. В итоговый список параметров, рекомендуемых для оценки во время лечения и наблюдения пациентов 
с ВЗК, вошли: боль в животе; частота дефекации и качество стула; наличие патологических примесей в кале; темпе-
ратура тела; боли в суставах/мышцах; качество сна; эмоциональное состояние: тревожность, настроение; трудоспособ-
ность для работающих/возможность посещать занятия для обучающихся; энергичность, количество сил; фиксирован-
ность на заболевании; общая оценка пациентом качества своей жизни; приверженность лечению.

Ключевые слова: дельфийский метод; качество жизни; оценка трудоспособности; приверженность к приёму 
лекарственных препаратов; воспалительные заболевания кишечника.
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Delphi method to determine a list 
of questionnaire-assessed parameters 
in the follow-up of patients with inflammatory 
bowel disease
Yuliya F. Shumskaya1, Dina A. Akhmedzyanova1, Marina G. Mnatsakanyan2,  
Ksenia Yu. Kolosova2, Olga V. Tashchyan2, Marta V. Yurazh 2, Roman V. Reshetnikov1

1 Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation;
2 The First Sechenov Moscow State Medical University, Moscow, Russian Federation

ABSTRACT
BACKGROUND: Patients with inflammatory bowel disease often require lifelong follow-up by a clinician. Telemedicine 
monitoring is a promising area of such healthcare services, often based on the evaluation of patients’ remote questionnaire 
results by a medical practitioner.
AIM: To define, using the Delphi method, a list of questionnaire-assessed parameters for monitoring and treating patients with 
IBD.
MATERIALS AND METHODS: The study was conducted in three stages. An electronic survey form was created to collect 
information, ensuring that the respondent’s experience was included when completing the survey. In the first stage, respondents 
answered an open-ended question about what parameters assessed by questionnaires should be monitored in patients with 
IBD. In the second stage, participants answered the same question but selected any number of items from a list. In the third 
stage, the responses were analyzed. The primary endpoint was a consensus on each parameter, defined as >75% respondent 
agreement.
RESULTS: The study had 15 participants, 13.3% of whom were male. Of all respondents, 46% worked in an outpatient setting, 
whereas 54% worked in an inpatient setting. Their ages ranged from 25 to 53 years, with 53% of the participants having 1–4 
years of experience and 47% having 17–29 years of experience. None of the parameters reached a 75% agreement level 
based on the results of the first stage. In the second stage, respondents reached a consensus on 72% of the parameters. No 
relationship was found between respondents’ age, sex, years of experience, or job settings and responses in the first and 
second stages.
CONCLUSIONS: The final list of parameters recommended for evaluation during the monitoring and treatment of patients 
with IBD included abdominal pain, frequency of defecation and stool quality, presence of pathological stool impurities, body 
temperature, joint/muscle pain, sleep quality, anxiety, depression, work capacity for employed/ability to attend lessons for 
students, energy and quantity of vigor, fixation on the disease, patients’ general evaluation of their quality of life, and treatment 
adherence.

Keywords: Delphi method; quality of life; disability evaluation; medication adherence; inflammatory bowel diseases.
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在对炎症性肠病患者进行随访时采用德尔菲法确定一
份通过问卷评估的参数清单
Yuliya F. Shumskaya1, Dina A. Akhmedzyanova1, Marina G. Mnatsakanyan2,  
Ksenia Yu. Kolosova2, Olga V. Tashchyan2, Marta V. Yurazh 2, Roman V. Reshetnikov1

1 Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation;
2 The First Sechenov Moscow State Medical University, Moscow, Russian Federation

简评

论证。炎症性肠病患者通常需要医生的终生随访。远程随访是提供此类医疗服务的一个很有

前途的途径。远程随访通常基于医疗服务提供者对远程患者问卷调查结果的评估。

该研究的目的是采用德尔菲法，确定一份通过问卷评估的参数清单，以便日后应用于炎症性

肠病患者的随访和治疗。

材料和方法。参与研究的专家组由具有不同工作经验的消化内科医生组成。我们制作了一份

电子调查表来收集信息。在填写问卷时，必须注明参与者的工作年限。研究分为三个阶段。

在第一阶段，受访者回答了一个开放式问题，即应该对炎症性肠病患者的哪些参数进行评

估。在第二阶段，受访者回答了同样的问题。但在这一阶段，他们从建议的项目中选择项

目，项目数量不限。研究的第三阶段是对回答进行分析。每个参数的主要终点是75%以上的

受访者达成共识。

结果。15人参与了研究，其中13.3%为男性。在所有受访者中，46%在门诊机构工作，54%在

医院工作。年龄范围为25岁至53岁之间。同时，53%的参与者拥有1至4年的工作经验，47%的

参与者拥有17至29年的工作经验。在第一阶段结束时，没有一个参数达到75%的同意程度。

第二阶段结束后，受访者对72%的参数达成了一致意见。在第一阶段和第二阶段，受访者的

年龄、性别、工作年限和工作地点与答复之间都未发现相关性。

结论。炎症性肠病患者治疗和随访期间的最终评估参数清单包括：腹痛；排便次数和粪便

质量；粪便中是否有病理性杂质；体温；关节/肌肉疼痛；睡眠质量；情绪状态：焦虑、情

绪；工作的人的工作能力/学习的人的上课能力；精力、体力；对疾病的固执；患者对其生

活质量的总体评价；坚持治疗的情况。

关键词：德尔菲法；生活质量；工作能力评估；坚持用药的情况；炎症性肠病。
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BACKGROUND
Inflammatory bowel diseases (IBDs), particularly 

ulcerative colitis and Crohn’s disease, are major public health 
concerns because of their severity, comorbidities, and high 
treatment costs. IBDs frequently affect not only health but 
also quality of life, deteriorating patients’ physical and mental 
well-being and limiting their social capabilities [1]. The 
incidence of IBD is steadily increasing both globally [2] and in 
Russia [3], with 55.4% of patients with ulcerative colitis and 
48.5% of patients with Crohn’s disease were 21 to 40 years 
old [4]. Because of the recurring nature of IBD, most patients 
require lifelong monitoring; however, no unified protocol has 
been established for the outpatient management of these 
patients during remission. 

Telemedicine is a promising approach to the outpatient 
management of patients with IBD. Patients under remote 
follow-up have a significantly better quality of life and seek 
medical attention less frequently than patients receiving 
standard treatment [5]. However, with remote follow-up, the 
question of what must be assessed arises.

The assessment of critical laboratory parameters such 
as C-reactive protein and fecal calprotectin is undeniably 
important. However, in addition to IBD activity parameters, 
other factors are crucial for quality of life, such as psychological 
status, which are not assessed in routine practice.

Questionnaires are a convenient and relevant method for 
assessing a patient’s condition. They provide the clinician 
with the necessary information, such as the clinical activity 
of IBD or compliance, without requiring high costs or time 
commitments. Most studies have assessed disease activity 
and associated quality of life; however, other studies have 
less frequently assessed the overall quality of life, depression 
severity, adherence to drug therapy, and patient satisfaction 
with medical care [5]. Moreover, few studies have assessed 
visceral sensitivity [6] and the effect of the disease on work 
productivity [7, 8] and sexual activity [9] in patients with 
IBD. In addition, researchers did not explain why they chose 
specific endpoints. As a result, the lack of consensus on 
the parameters assessed by questionnaires prevents their 
standardized use managing patients with IBD.

PURPOSE
This study aimed to use the Delphi method to assess the 

expert opinions of gastroenterologists to determine a list 
of questionnaire-assessed parameters in the follow-up of 
patients with IBD.

MATERIALS AND METHODS
Between May and June 2023, gastroenterologists treating 

IBD were invited to participate in a survey to achieve a 
consensus on the inclusion/exclusion of various parameters 
in patient assessment during treatment and follow-up. 

The Delphi method was used to obtain a collective opinion 
with reasonable level of validity and reliability and explore 
areas outside existing knowledge [10]. Before the study 
commenced, a literature review on the use of questionnaires 
in the assessment of patients with IBD was performed. 
Following the literature review, the areas assessed by 
Russian and foreign authors were determined (Table 1).

Participants were chosen at random by convenience 
sampling. No consensus on the sample size for studies 
using the Delphi method, guidelines, or a clear definition of a 
“small” or “large” sample was reached [11, 12]. In this study, 
the sample size was determined according to R.B. Akins et 
al., who demonstrated that the results of the Delphi method 
in a group of experts in the studied area are stable with 
15 –23 participants [13]. 

The study included three stages. Information was collected 
using an electronic survey form using Yandex Forms. 

Stage I
To participate in the survey, all participants had to specify 

their work experience as a gastroenterologist. In stage I, all 
participants answered the following open-ended questions:

“What aspects of life and health, in your opinion, should be 
assessed in a patient with inflammatory bowel disease, both 
during treatment of an attack and during follow-up in remission?”

Respondents could proceed to the next stage of the 
survey after filling out the answer field. Stage I answers were 
stratified into four: 

•• Clinical activity assessment
•• Psychological status assessment
•• Quality of life assessment
•• Others

Stage II
In stage II, the participants had to select items from the 

list. The question was as follows: 
“Select the items from the list below that you believe 

are crucial to assess in a patient with inflammatory bowel 
disease, both during treatment of an attack and during 
follow-up in remission.”

The possible answers presented in Table 1 were derived 
from a literature review using PubMed. Original studies and 
systematic reviews that assessed the efficacy of treatment 
in patients with IBD were analyzed, and the endpoints of 
these studies were identified. No restrictions were set on 
the number of the selected items.

Upon completion of stage II, the survey participants were 
invited to optionally supplement their answers to stage I 
question (without showing respondents the text of their 
previous answers).

Stage III
In stage III, the responses were analyzed. The primary 

endpoint was the consensus on the inclusion of patient 
assessment parameters in the final list. The consensus on a 
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specific parameter was reached when >75% of respondents 
choose the parameter [14].

The software and language R 4.2.0 were used for data 
analysis. The Shapiro–Wilk test was employed to check the 
normality of the distribution. Variables with normal distribution 
are presented as mean ± standard deviation. Variables 
with non-normal distribution are presented as median and 
interquartile range. The correlation between variables was 
assessed by calculating Spearman’s or Pearson’s rank 
correlation coefficient, depending on the type of distribution.

After the study, the respondents were interviewed, using 
the following questions:

•• Which was easier to answer: an open-ended question 
or a multiple-choice question?

•• Why do you think some items did not receive enough 
votes? (This question included items that received 
<75% of the votes)

RESULTS
The study included 15 respondents, 13.3% of whom were 

men. The mean age of the participants was 36.6 ± 9.9 years, 
ranging from 25 to 53 years. Outpatient physicians accounted 
for 46% of all respondents, whereas hospital physicians 
accounted for 54%. None of the respondents withdrew from 
the study. The distribution of participants according to work 
experience is presented in Fig. 1.

According to the results of stage I, in which study 
participants must answer an open-ended question, no 
obvious overlaps were found in the answers because of 
the free format. After categorizing the answers, none of the 
categories attained the level of agreement (Fig. 2).

Table 1. Response options for multiple-choice questions in the second stage of the survey

Area Proposed parameter

Clinical activity of the disease

Abdominal pain

Defecation frequency and stool form

Pathological admixtures in the feces

Body temperature

Joint/muscle pain

Psychological status

Emotional state: anxiety

Emotional state: mood

Sleep quality

Body image perception (negative/positive)

Quality of life

Patient global assessment of quality of life

Quality of communication

Quality of sexual life

Ability to work/study

Others

Anxious attitude toward the disease

Visceral sensitivity

Energy level

Patient satisfaction with medical care

ORIGINAL STUDY ARTICLES

Fig. 1. Distribution of the study participants according to their work 
experience as gastroenterologists.
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Based on the results of stage I, the “compliance” 
parameter was added to the possible answers in stage II 
(in addition to the items listed in Table  1). The results of 
stage II differed from those of stage I for each respondent: 
the number of questionnaire-assessed parameters (median 
number of parameters, 4 [3; 5.5] and 16 [13.5; 17] for stages I 
and II, respectively) increased.

In the correlation analysis, no link was found between 
the age, sex, work experience, and place of work (outpatient 
clinic/hospital) of respondents and their answers during 
stages I and II. 

Participants were interviewed after receiving the results 
of stage II. Compared with answering a multiple-choice 
question, answering an open-ended question was more 
challenging for 100% of the respondents. In total, 27% of 
the participants responded when asked why some items did 
not receive enough votes. Each of them emphasized that the 
quality of sexual life and communication in patients with IBD 
is frequently influenced by factors other than the disease. 
According to the respondents, body image perception is 
unrelated to the disease and does not warrant assessment 
by a gastroenterologist. Respondents also did not believe 
that satisfaction with medical care was a parameter that 
clinicians should monitor in all patients with IBD. Regarding 
visceral sensitivity, respondents agreed on the importance of 
assessing this parameter in some patients whose symptoms 
cannot be explained solely by the clinical course of IBD and 
who may benefit from the addition of a functional component.

DISCUSSION
The study generated a final list of parameters 

recommended for assessment during the treatment and 
follow-up of patients with IBD, which included the following: 

•• Abdominal pain
•• Defecation frequency and stool form
•• Pathological admixtures in the feces
•• Body temperature
•• Joint/muscle pain
•• Sleep quality
•• Emotional state: anxiety
•• Emotional state: mood
•• Ability to work/study
•• Energy level
•• Anxious attitude toward the disease
•• Patient global assessment of quality of life
•• Compliance

This list was compiled after a two-stage survey of 
gastroenterologists. Two approaches were used to collect 
information in this study: an open-ended question and a 
multiple-choice question. In the first scenario, no consensus 
could be reached on any of the categories; however, in 
the second scenario, respondents agreed on 72% of the 
parameters. This could be due to the simplicity of stage II: 
during the interview, respondents stated that answering a 
multiple-choice question was easier and more convenient 
for them.

Furthermore, no correlation was found between the 
characteristics of the survey participants, such as sex, age, 
work experience, and place of work (outpatient clinic or 
hospital), and their answers during stages I and II.

Our findings support the use of the Delphi method, which 
offers equal opportunities to survey participants and allows 
for the concealment of expertise and skill level to prevent 
the authority pressure that is unavoidable in face-to-face 
discussions. In this study, clinicians with minimal experience 
had the same perceptions of follow-up strategies as their 
more experienced colleagues. There may be other scenarios 

Fig. 2. Study results (first stage). The red dotted line indicates 75% of the respondents.
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in which the consensus is not as strong; in such cases, a 
fresh look at the topic under discussion by young specialists 
may lead to a more objective decision. 

According to foreign literature, health-related quality 
of life, disability/ability to work, and disease activity are 
the key questionnaire-assessed parameters in patients 
with IBD [15]. In this study, these areas were also included 
in the final list. The first five parameters selected by the 
participants (abdominal pain, defecation frequency and stool 
form, pathological admixtures in feces, body temperature, 
and joint/muscle pain) are related to assessing the clinical 
activity of IBD. The ability to work/study and patient global 
assessment of quality of life were also selected by >90% of 
the respondents.

Furthermore, the final list included parameters that 
assessed the emotional state, such as sleep quality, 
anxiety, and mood. Given the high incidence of anxiety and 
depression symptoms in patients with IBD [16], assessing 
these parameters will surely provide valuable information to 
researchers and clinicians.

Assessing energy levels in patients with IBD is also 
critical, given the subjective and complex nature of asthenic 

syndrome in these patients [17]. We believe that this 
parameter must be used by clinicians and researchers, 
depending on the clinical setting or study endpoints. 

Compliance assessment in patients with IBD is also 
important, given the often lifelong drug therapy, including 
immunosuppressants. Because compliance is one of the 
treatment goals [18], its assessment is critical for clinicians 
and researchers. 

In a systematic review, Pang et al. used disease-related 
quality of life, inflammation activity, and remission rate as 
primary endpoints. Secondary endpoints included overall 
quality of life, depression, compliance, and satisfaction with 
medical care [5]. However, the researchers did not explain 
why these specific parameters were selected as outcomes. 
Our study presents a consensus list of questionnaire-
assessed parameters in the follow-up of patients with IBD. 

Advantages and limitations
Clinicians from various backgrounds were invited 

to participate in the study, which has advantages and 
disadvantages. Analysis of a large proportion of young 
participants brings a fresh viewpoint; however, these 

Fig. 3. Study results (second stage). The red columns indicate parameters that received <75% of the responses. 
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participants have limited practical experience. Participation 
of both outpatient and inpatient care workers allows for a 
wider range of perspectives.

Further studies
A larger-scale survey with more gastroenterologists 

from various Russian regions appears to be a logical and 
necessary extension of this study. Professionals discussing 
scientific challenges together allow us to address current 
issues and propose new solutions [19]. Guidelines detailing 
a pool of questionnaires in areas determined by consensus 
will be developed as part of the practical implementation of 
the study findings.
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Виртуальная платформа для имитационного 
компьютерного моделирования радионуклидной 
визуализации в ядерной кардиологии. 
Сравнение с клиническими данными
Н.В. Денисова1,2, М.А. Гурко1,2, И.П. Колинко1,2, А.А. Аншелес3, В.Б. Сергиенко3

1 Новосибирский государственный университет, Новосибирск, Российская Федерация;
2 Институт теоретической и прикладной механики имени С.А. Христиановича, Новосибирск, Российская Федерация;
3 Национальный медицинский исследовательский центр кардиологии имени академика Е.И. Чазова, Москва, Российская Федерация 

АННОТАЦИЯ
Обоснование. В области радионуклидной визуализации клинические исследования на людях in vivo ограничены из-за 
лучевой нагрузки и этических норм, поэтому всё возрастающее значение приобретают методы математического мо-
делирования и имитационных компьютерных испытаний in silico, основанные на цифровых моделях. В англоязычной 
литературе этот подход получил название «Virtual clinical trials». 
Цель — развитие программных средств для имитационного моделирования радионуклидной визуализации перфузии 
миокарда методом однофотонной эмиссионной компьютерной томографии, совмещённой с компьютерной томографи-
ей, с использованием радиофармацевтического препарата 99mTc-МИБИ, а также проведение исследований, направ-
ленных на повышение точности однофотонной эмиссионной компьютерной томографии.
Материалы и методы. Разработан программный комплекс «Виртуальная платформа для имитационных испытаний 
метода однофотонной эмиссионной компьютерной томографии, совмещённой с компьютерной томографией, в ядер-
ной кардиологии» с использованием цифровых моделей пациента, сканера и оценки состояния миокарда с помощью 
цифровых изображений левого желудочка в виде «полярной карты». Выполнена верификация программного ком-
плекса путём сравнения с клиническими данными, полученными в Национальном медицинском исследовательском 
центре кардиологии имени академика Е.И.  Чазова (Москва). Проведены имитационные компьютерные испытания, 
в которых исследовалась точность оценки состояния миокарда в зависимости от подхода к нормализации полярной 
карты и учёта корректирующих факторов в алгоритме реконструкции. 
Результаты. Результаты имитационных испытаний показали, что оценка перфузии миокарда левого желудочка суще-
ственно зависит от метода нормализации полярной карты и учёта корректирующих факторов в алгоритме реконструк-
ции. Наиболее точные оценки были получены при расчёте коэффициента нормализации по усреднённому значению 
активности в нормальной зоне миокарда. Показано, что распространённый подход к нормализации по пикселю с мак-
симальной интенсивностью может приводить к ошибкам. Результаты «виртуальных» испытаний полностью соответ-
ствовали клиническим наблюдениям.
Заключение. Переход от относительных нормализованных значений накопления активности в миокарде к абсолют-
ным количественным оценкам может снять существующие ограничения и неопределённости и является главным ус-
ловием повышения диагностической точности метода однофотонной эмиссионной компьютерной томографии, совме-
щённой с компьютерной томографией, в ядерной кардиологии. 

Ключевые слова: однофотонная эмиссионная компьютерная томография, совмещённая с компьютерной 
томографией; ядерная кардиология; математический фантом; математическое моделирование.
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of radionuclide imaging in nuclear cardiology: 
Comparison with clinical data
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ABSTRACT
BACKGROUND: In radionuclide imaging, in vivo human clinical studies are limited because of radiation exposure and ethical 
concerns; therefore, mathematical modeling and in silico computer simulations based on digital models are becoming 
increasingly important. In the English-language literature, this approach is called “virtual clinical trials.”
AIMS: This study aimed to develop software tools for the simulation of radionuclide visualization of myocardial perfusion by single-
photon emission computed tomography combined with computed tomography using 99mTc-MIBI as the radiopharmaceutical 
and perform studies aimed at improving the accuracy of single-photon emission computed tomography.
MATERIALS AND METHODS: A software package “Virtual platform for simulations of single-photon emission computed 
tomography combined with computed tomography method in nuclear cardiology” was developed using digital patient models, 
a scanner, and assessment of the state of the myocardium using digital images of the left ventricle in the form of a “polar map.” 
Verification of the software package was performed by comparison with clinical data obtained at the National Medical Research 
Center of Cardiology Named After Academician E.I. Chazov (Moscow). Simulation computer tests were performed, in which the 
accuracy of assessing the state of the myocardium was assessed, depending on the approach to normalizing the polar map and 
corrective factors in the reconstruction algorithm.
RESULTS: The results of the simulation tests revealed that the assessment of left ventricular myocardial perfusion significantly 
depended on the method of normalizing the polar map and considered corrective factors in the reconstruction algorithm. The 
most accurate estimates were obtained by calculating the normalization coefficient from the average value of activity in the 
normal zone of the myocardium. The common approach to pixel normalization with maximum intensity can lead to errors. The 
results of the virtual trials were fully consistent with clinical observations.
CONCLUSIONS: The transition from relative normalized values of activity in the myocardium to absolute quantitative estimates 
may eliminate existing limitations and uncertainties and is the main condition for improving the diagnostic accuracy of single-
photon emission computed tomography combined with computed tomography in nuclear cardiology.

Keywords: single-photon emission computed tomography combined with computed tomography; nuclear cardiology; 
mathematical phantom; mathematical simulation.
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台。与临床数据比较
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简评

论证。在放射性核素成像领域，人体临床试验（in vivo）因辐射负荷和伦理规范而受到限

制。因此，数学建模方法和模拟计算机试验（in silico）方法越来越重要。这些方法以数

值模型为基础。在英文文献中，这种方法被称为“Virtual clinical trials”（虚拟临床

试验）。 

该研究的目的是利用放射性药物99mTc-MIBI，开发单光子发射计算机断层扫描及计算机断层

扫描对心肌灌注进行放射性核素成像模拟建模的软件工具；开展旨在提高单光子发射计算机

断层扫描准确度的研究。

材料与方法。我们开发了“核心脏病学单光子发射计算机断层扫描及计算机断层扫描方法模

拟测试虚拟平台”综合软件。开发综合软件的时候，我们使用了患者、扫描仪的数字模型和

心肌评估，心肌评估是使用“极坐标靶心图”形式的左心室数字图像进行的。通过与临床数

据对比，对软件系统进行了验证。临床数据是在以E.I.CHAZOV院士命名的国家心脏病学医学

研究中心（NATIONAL MEDICAL RESEARCH CENTRE OF CARDIOLOGY NAMED AFTER ACADEMICIAN 

E.I.CHAZOV，莫斯科）获得的。我们还进行了模拟计算机测试，在测试期间研究了心肌评估

的准确度，这取决于极坐标靶心图归一化的方法和重建算法中校正因子的考虑。 

结果。模拟测试结果表明了，左心室心肌灌注的评估很大程度上取决于极坐标靶心图归一

化的方法和重建算法中校正因子的考虑。使用心肌正常区域活动的平均值计算归一化因子

时，估算结果最为准确。结果表明了，用强度最大的像素进行归一化的常见方法会导致误 

差。“虚拟”测试的结果与临床观察完全一致。 

结论。从心肌活性累积的相对归一化值过渡到绝对定量估计值，可以消除现有的局限性和不

确定性，是提高核心脏病学中单光子发射计算机断层扫描及计算机断层扫描方法诊断准确度

的主要条件。 

关键词：单光子发射计算机断层扫描及计算机断层扫描；核心脏病学；数学模型；数学建

模。
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BACKGROUND
Single-photon emission computed tomography with 

computed tomography (SPECT/CT) is a modern diagnostic 
technique in nuclear medicine. It is widely accepted as the 
clinical standard for examining patients with cardiovascular 
diseases [1]. SPECT/CT imaging can detect myocardial 
perfusion defects (impaired blood supply) that precede 
irreversible fatal damage. An intravenous radiopharmaceutical 
is administered during the examination, which is distributed 
in the myocardium proportional to blood flow and reflects 
myocardial perfusion. Radiopharmaceuticals accumulate only 
in healthy myocardial cells and hence serve as a marker of 
normal function. 

SPECT imaging assesses heterogeneous radiopharmaceutical 
uptake in left ventricular (LV) cardiomyocytes. Slices and 
“polar maps” are used to visualize the LV. A polar map is 
a graphical digital representation of the entire surface of 
the LV myocardium in a single planar image that enables 
measurement of normal perfusion areas and the extent and 
severity of damage. Three commercial software packages 
were developed to display the LV as a polar map: 

•• 4D-MSPECT (University of Michigan Medical Center, 
Michigan, USA) [2];

•• Emory Cardiac Toolbox (ECTb; Emory University, 
Atlanta, USA) [3];

•• Quantitative Perfusion SPECT (QPS) (Cedars-Sinai 
Medical Center, Los Angeles, USA) [4].

All three packages are currently standardized and 
widely used in clinical SPECT systems. However, these 
packages provide different quantitative assessments of the 
myocardium [5]. According to an editorial by Germano [6], 
the final results of different software packages are generally 
comparable; however, significant differences were found 
between the packages in the quantitative assessment of 
myocardial perfusion. 

How precise the estimates are and how closely they 
match the actual distribution of radiopharmaceuticals in the 
myocardium remains unclear. Studies that compare the polar 
maps of the reconstructed image of the LV myocardium to a 
reference polar map of a myocardial phantom with a known 
radiopharmaceutical distribution are required to assess 
the accuracy of SPECT imaging in nuclear cardiology. Such 
studies are performed in clinical settings using calibration 
phantoms (in vitro). However, owing to the high cost and 
radiation exposure of researchers, performing dozens or 
hundreds of such studies is challenging. Furthermore, 
studies with calibration phantoms do not capture the entire 
range of clinical cases. A viable alternative is computer 
simulation (in silico) using digital anthropomorphic 
phantoms to represent patients with various body types and 
lesions of various sizes and locations. Computer simulation 
encompasses all sequential stages of SPECT/CT imaging, 
from radiopharmaceutical distribution in the patient’s organs 
to semiquantitative perfusion assessment using a polar map. 

This approach, called virtual clinical trials, has been actively 
evolving in high-tech nuclear medical centers worldwide over 
the last two decades [7]. Such research has only recently 
become available in Russia [8, 9]. 

AIM
This study aimed to develop a virtual platform for 

simulation testing of SPECT/CT in nuclear cardiology that will 
use digital models of the patient, scanner, and myocardial 
assessment based on digital representations of the left 
ventricle in the form of a polar map. For the first time, 
computer simulation experiments included the analysis of 
the relationship between semiquantitative LV myocardial 
perfusion assessment and the polar map standardization 
approach and correction factors in the reconstruction 
algorithm. 

MATERIALS AND METHODS
We developed a virtual platform for simulation testing 

of SPECT/CT in nuclear cardiology using digital models of 
the patient, scanner, and myocardial assessment based on 
digital representations of the left ventricle in the form of a 
polar map. The software package has a modular structure 
and includes four modules that simulate all sequential stages 
of the examination, from radiopharmaceutical (technetium-
99m methoxy isobutyl isonitrile, 99mTc-MIBI) distribution in 
the patient’s organs to LV myocardial perfusion assessment 
using polar maps:

•• Virtual patient program;
•• Virtual scanner program;
•• Image reconstruction algorithms program;
•• Polar map program.

Virtual Patient program
An anthropomorphic mathematical phantom 

(mathematical model of torso, MMT) developed at the Institute 
of Theoretical and Applied Mechanics (Novosibirsk) was used 
[9, 10]. Each organ of the MMT phantom was generated 
using analytical geometry equations describing appropriate 
three-dimensional (3D) shapes (planes, cones, cylinders, 
paraboloids, ellipsoids, etc.). These shapes were overlaid, 
intersected, and truncated using logical Boolean operators 
to generate complex geometric compositions that describe 
the outlines of organs close to the Atlas images [11]. The 
phantom is represented as 64 × 64 × 64 or 128 × 128 × 128 
digital arrays.

MMT is a voxel phantom based on analytical geometry 
equations that describe surfaces (boundaries) dividing 
structures with different morphological characteristics. It 
is possible to generate phantoms with different anatomical 
structures and in different positions by modifying the 
parameters of the geometric shapes. This study used an 
anatomical model of a typical male patient in a position with 
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his arms up. The model includes the torso, chest bones, lungs, 
heart, spleen, stomach, and kidneys. The large intestine 
represents the intestines. Diagnostic nuclear medicine rarely 
requires detailed imaging of fine anatomical structures. The 
MMT does not consider heartbeat and respiratory excursion. 
This model generally corresponds to modern SPECT/CT 
systems in the phase mode, with cardiac and respiratory 
motions removed. The model is presented in Fig. 1.

The distribution of radiopharmaceuticals in various 
organs, rather than the anatomical structure of the 
patient, plays a critical role in nuclear medicine simulation 
studies. The virtual patient program generates a 3D map 
of radiopharmaceutical uptake (“activity map”) in the MMT 
phantom using clinical data on the distribution of 99mTc-MIBI. 
As an example, Fig. 2 shows clinically reconstructed SPECT 
images of a real patient, with activity values in several organs 

in pulse/voxel units. Data were collected using SPECT/CT 
imaging (Philips BrightView XCT, Philips, Netherlands) at the 
EI Chazov National Medical Research Center of Cardiology. 
These values may differ among patients. The present study 
used the values shown in Table 1 when creating an activity 
map for the MMT phantom. A homogeneous distribution of 
activity within each organ was specified, except for modeling 
LV myocardial ischemic injury.

Figure 3 shows the activity map for the phantom. The 
image is cropped in accordance with the gamma camera 
dimensions. The lungs, kidneys, spleen, and stomach are not 
shown because the concentration of radiopharmaceutical 
is nearly the same as that in soft tissues. LV, liver, 
gallbladder, and intestinal loops are clearly visualized. The 
heart model is represented by the LV because the right 
ventricle is practically invisible on SPECT images because 
of its thin walls.

In clinical tests, CT findings are used to account for 
the attenuation of gamma radiation in biological tissues of 
various densities, and an individual 3D attenuation map is 
generated. An attenuation map for the MMT phantom was 
generated in this study, which included the main differences 
by substance density. Three media of different densities were 
studied: lungs (air), soft tissues (water), and skeletal bones. 
Table 2 presents the attenuation coefficients for 140 keV 
gamma radiation used in this study [12].

Thus, the virtual patient program generates three 
phantoms: anthropomorphic anatomical MMT phantom, 
activity map, and attenuation map. 

Fig. 1. 3D mathematical model of the torso simulating the 
anatomical structure of a typical male patient in the position with 
arms up: a: anterior view; b: posterior view. Model in a discrete 
representation, 128 × 128 × 128. 

Fig. 2. Clinical data. Relative 99mTc-MIBI uptake (pulse/voxel) 
in chest organs. The images were obtained using single-photon 
emission computed tomography with computed tomography 
(Philips BrightView XCT) at the EI Chazov National Medical Research 
Center of Cardiology.

a b
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Fig. 3. a: Radiopharmaceutical uptake map: 3D distribution 
of relative 99mTc-MIBI concentrations calculated based on a 
mathematical model of the torso. Map in a discrete representation, 
128 × 128 × 100; b: attenuation map generated based on a 
mathematical model of the torso. Map in a discrete representation, 
128 × 128 × 100. The central longitudinal cross-section is presented.

a b

Table 1. Relative 99mTc-MIBI uptake in phantom organs in the 
mathematical model of the torso

Organ Relative 99mTc-MIBI uptake, 
pulse/voxel

Soft tissues 130

Lungs 100

Liver 900

Heart 750

Large intestine 1000

Gallbladder 2500
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Virtual Scanner program
The virtual scanner program modeled SPECT/CT imaging 

in a “virtual patient.” Raw projection data were calculated 
using the Monte Carlo procedure. From a mathematical 
standpoint, this stage solves a direct problem: gamma 
radiation transmission from a specified spatial source 
through substances of different densities. There are two main 
approaches to solving such problems. 

The first is based on solving transfer equations that 
describe gamma radiation transmission in a substance and 
on geometric approximations when calculating gamma ray 
transmission through a collimator detector system. However, 
this approach requires additional shadowing procedures to 
account for Poisson data. 

The second is a statistical approach based on the 
Monte Carlo procedure. This approach employs a random 
(pseudorandom) number generator in various statistical 
modeling methods for distributions characterizing physical 
processes such as the Poisson distribution (radioactive decay, 
mean free path), Klein–Nishina–Tamm distribution (angular 
distribution of scattered photons), and Gaussian distribution 
(different fluctuations of the detecting system). The modeling 
of the raw data collection included several stages: 

1. Gamma ray emission by a source;
2. Radiation transmission through a substance;
3. Detector response formation. 
At the stage of modeling gamma ray emission by a 

source, coordinates, directions, energy, and other variable 
gamma ray characteristics are generated based on specified 
distributions. For modeling the 99mTc-MIBI source, the 
distribution of particle emission directions was considered 
to be uniform over the entire solid angle, and the energy 
distribution was specified by a delta function of 140.5 keV. 
The activity map defines the distribution of the gamma ray 
emission coordinates. 

Modeling radiation transmission through a substance 
is time-consuming. Thus, properly selecting models for 
describing physical processes and accurately implementing 
them algorithmically is critical. We used our own software, 
which implements several validated algorithms for modeling 
both the transmission of gamma rays and their interactions 
with a substance. 

The NIST XCOM database was used as an interaction 
cross-sectional database for gamma ray interactions with 
substances [13]. Three main types of interaction were 

considered during gamma ray transmission through a 
substance: the photoelectric effect, Compton scattering, 
and coherent scattering. The scattering angle indicators 
for Compton and coherent scattering were modeled using 
the algorithms provided in the Livermore low-energy 
electromagnetic models of the Geant4 modeling package 
(Geant4 Collaboration) [14]. A combination of algorithms 
was used for gamma ray transmission modeling. If the 
volume in which the gamma ray is located at a time moment 
is inhomogeneous (defined voxel-wise or parametrically), 
the peak cross-section method is used to generate the 
mean free path (Woodcock tracking) [15]. If the volume is 
homogeneous, the mean free path is generated according to 
the law of exponential attenuation. These methods determine 
the mean free path, which is then compared to the particle 
path length before leaving or entering another volume, 
which is calculated via algorithms for determining the ray 
intersection with geometric shapes. 

In this study, the gamma ray transmission was calculated 
through a low-energy high-resolution collimator. The method 
for calculating projection data was verified by comparing 
it with clinical findings. Figure 4 shows an example of 
raw data generated using the Monte Carlo procedure: left 
anterior oblique (a), frontal (b), right anterior oblique (c), and 
left lateral (d) projections. The projections were obtained 
considering the 99mTc-MIBI uptake map and virtual patient 
attenuation map (Fig. 3). Similar clinical projections obtained 
using SPECT/CT imaging (Philips BrightView XCT) at the EI 
Chazov National Medical Research Center of Cardiology are 
shown for comparison. The LV myocardium images in these 
projections are in good agreement.

Image Reconstruction Algorithms program
For image reconstruction, modern commercial SPECT/

CT systems use algorithms based on maximum likelihood 
expectation maximization (MLEM) [16] and its accelerated 
version, ordered subset expectation maximization (OSEM):

	

(1)

where:
•• n+1~

jf and n~

jf    are activity (pulse/voxel) in the jth voxel 
during iteration steps (n + 1) and n, respectively;

•• gi is the number of recorded pulses in the ith pixel of 
the detector;

•• aij is a system matrix that describes the probability 
that a photon emitted in the jth voxel of the uptake map 
will be recorded in the ith pixel of the detector.

A homogeneous distribution is used during the first step. 
We used our own image reconstruction algorithms 

software to calculate the system matrix, which considers the 
physical effects associated with gamma radiation transmission 
through biological tissues and a collimator–detector system. 
The accuracy of the system matrix calculation determines 
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Table 2. Attenuation coefficients for 140 keV gamma radiation 
(technetium) 

Organ (medium) Attenuation coefficients for 140 keV 
gamma radiation, 1/cm

Soft tissues (water) 0.15

Lungs (air) 0.04

Bones 0.28
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the quality of the reconstructed images. The system matrix 
elements are presented as follows:

a ×= P att
ij jk P col –det

ki 	 (2)
where:

•• P att
jk estimates the likelihood that a photon emitted 

in the jth voxel of the activity map will pass through 
the virtual patient’s biological tissues and hit the kth 
pixel of the collimator surface. That is, this variable 
describes the gamma flux attenuation due to scattering 
in biological tissues. Attenuation correction (AC) is 
used to describe this effect.

•• P col –det
ki estimates the likelihood that a photon will pass 

through the collimator and be recorded as a pulse 
in the kth pixel of the detector. That is, this variable 
describes the effect of passing through the collimator 
and detector crystal while accounting for the point 
spread function. Resolution recovery (RR) is used to 
describe this effect.

Figure 5 shows a fragment of the 99mTc-MIBI uptake map 
of the MMT phantom and its reconstruction using the OSEM 
algorithm based on the data obtained in the virtual scanner 

program (Fig. 4). A similar clinical image obtained at the EI 
Chazov National Medical Research Center of Cardiology using 
the Astonish algorithm during myocardial perfusion imaging 
in a real patient is shown for comparison. 

Polar Map program
Because existing commercial polar map packages are 

closed source software and cannot be modified, several 
researchers use their own software [17–20]. One of the first 
polar map generation programs was created at the Catholic 
University of Leuven (Belgium) for computer simulation 
studies [17]; it was later used by Turco et al. [20]. 

A research group from Kanazawa University, Japan, 
proposed an alternative to the three standard packages 
[18]. The authors discovered that the diagnostic results of 
the same patient differed when different software packages 
(4D-MSPECT, ECTb, and QPS) were used; thus, they created 
their own open source software to standardize the research. 
In Russia, polar maps were developed by Kotina et al. in 
St. Petersburg [19]. 

An example of a clinical image obtained at the EI Chazov 
National Medical Research Center of Cardiology using the 

Fig. 4. Comparison of projections obtained in a clinical setting during examination (top) and those calculated according to the Monte Carlo 
procedure (bottom) using a 3D activity map of a virtual patient: a: left anterior oblique projection; b: frontal projection; c: right anterior 
oblique projection; d: left lateral projection. Clinical data were obtained using single-photon emission computed tomography (Philips 
BrightView XCT) at the EI Chazov National Medical Research Center of Cardiology.

a b c d
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Fig. 5. 99mTc-MIBI distribution in chest organs: a: phantom; b: reconstruction; c: clinical case. The clinical case was obtained using single-
photon emission computed tomography at the EI Chazov National Medical Research Center of Cardiology. 

a b c
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QPS package is shown in Fig. 6. The first column (on the left) 
presents images in slice mode after a stress test; the second 
column presents the same images at rest. In the tomographic 
slice mode, data were displayed in three cross-sections: 
along the vertical long axis, horizontal long axis, and short 
axis. The third column presents polar maps in percentage 
mode (from top to bottom: stress map, rest map, and map of 
differences). The third column shows 3D LV images.

In this study, a method for generating a polar map that is 
similar to the commercial QPS software was devised. The LV 
image is manually segmented, the main axis is determined, 
and the image is rotated. The epicardial and endocardial 
surfaces specified in the phantom were used to eliminate 
delineation errors. The LV is moved to a separate file and 
divided into layers along the long axis (Fig. 7). Subsequently, 

data on cumulative activity (pulse/voxel) in each layer are 
collected. The distribution of cumulative activity proportional 
to the degree of myocardial perfusion was recorded 
sequentially in each layer as circular profiles. The data 
collection process can be divided into two nested cycles. In 
the first cycle, there is a descent through the layers from 
the top of the LV (basal part) to the bottom (apical part). In 
the second cycle, data on cumulative activity in each sector 
of the cross-section are collected. The mean value was 
calculated based on the thickness of the myocardium and 
in each sector of the slice. According to Turco et al. [20], 
this method of calculating cumulative activity provides better 
accuracy than using the uptake value based on the maximum 
value in the myocardium. The number of sectors into which 
each slice is divided is calculated automatically based on the 

Digital DiagnosticsVol. 4 (4) 2023ORIGINAL STUDY ARTICLES

Fig. 6. Graphical representation of clinical myocardial perfusion assessment using single-photon emission computed tomography. Images 
were obtained using the QPS software during examination at the EI Chazov National Medical Research Center of Cardiology. 

Fig. 7. Left ventricle model cross-section along the vertical long axis (left) is divided into layers of short axis (SAX), and the cumulative 
activity values in each cross-section are projected onto the polar diagram as concentric rings, with the basal part of the left ventricle 
corresponding to the outer ring and the apical part corresponding to the inner ring (arrows show where each layer is projected onto the 
polar map).
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shape and size of the LV. As shown in Fig. 7, the cumulative 
activity values in each cross-section are projected onto the 
polar diagram as concentric rings, with the basal part of 
the LV corresponding to the outer ring and the apical part 
corresponding to the inner ring.

“VIRTUAL” studies
Methodology of computer simulation
Computer simulation included all sequential stages of 

myocardial perfusion assessment using SPECT/CT imaging 
with 99mTc-MIBI, from radiopharmaceutical distribution 
in the patient’s organs to perfusion assessment using a 
polar map. First, the virtual patient program calculated the 
radiopharmaceutical distribution using the MMT anatomical 
model. Imaging in a virtual patient was modeled using the 
virtual scanner program and the Monte Carlo procedure. 
The data collection parameters were close to clinical 
parameters and were determined according to the European 
Association of Nuclear Medicine (EANM) protocol [21]. The 
gamma camera had a 180° arc from the left posterior 
oblique projection to the right anterior oblique projection. 
Data recording was simulated in a step-by-step mode 
with a circular orbit. The number of projections (n = 32) 
and exposure time per projection (15 s) corresponded to 
the standard clinical protocol for Philips BrightView XCT. 
Approximately 100,000 pulses (counts) were recorded in 
each projection because of simulation using the Monte Carlo 
procedure. The total number of recorded pulses during raw 
data collection was 4,000,000. The image was reconstructed 
using the conventional OSEM algorithm (eight subsets, two 
iterations) based on the calculated projection data. Using a 
polar map software, the 3D LV image was then displayed as 
slices and a polar map, and a semiquantitative myocardial 
perfusion assessment was performed. The accuracy of 
SPECT imaging was assessed by comparing the polar map 
of the reconstructed image of the LV myocardium with a 
reference polar map of a phantom, i.e., a virtual patient with 
a known, specified radiopharmaceutical distribution.

Problems of interest
Computer simulation studies analyzed the accuracy of 

myocardial perfusion assessment depending on the polar 
map standardization approach and correction factors in the 
reconstruction algorithm. 

Relationship between myocardial perfusion assessment 
and the polar map standardization approach
The homogeneity of radiopharmaceutical distribution 

was assessed based on reconstructed LV image mapping 
as a standard 17-segment polar map. Clinical studies 
have assessed the following parameters of LV myocardial 
perfusion: summed rest score (SRS), summed stress score 
(SSS), and summed difference score. In mathematical 
modeling, the radiopharmaceutical distribution was 
supposed to correspond to the rest mode. In this study, the 

total SRS and local relative perfusion in percentage mode 
(normalization) were calculated using the three approaches 
described in the literature:

A. Smax score
This approach is the most common and used to generate 

polar maps with the 4D-MSPEC [2], ECTb [3], and QPS [4] 
software. The pixel with the highest activity is selected on 
the polar map and assigned a value of 100%. The remaining 
pixels are assigned a percentage value based on their 
proportion to the maximum value. The mean uptake values 
(in percentage) for each sector are then calculated, as well 
as their sum (Smax), which is an analog of the SRS parameter.

B. S90 score
To minimize the impact of false hot spots, the Cedar-

Sinai AutoQUANT QPS/QGS v.7.2 user manual recommends 
normalizing polar maps so that the 90th percentile equals 
100%. The mean uptake values (in percentage) for each 
sector are then calculated, as well as their sum (S90).

C. Snorm score
In a recent publication, Garcia et al. [22] have presented 

recommendations from the authors of the commercial 
software 4D-MSPEC [2], ECTb [3], and QPS [4] (2007) for 
polar map standardization. The authors recommend using 
“the perfusion intensity in the most normal area within the 
LV,” rather than the maximum intensity value, as 100%. All 
pixel values greater than or equal to the normal intensity are 
considered as 100%; the rest are calculated by proportion. 
The mean uptake values for each sector are then calculated, 
as well as their sum (Snorm). Okuda et al. [18] have proposed 
standardization based on the mean intensity in the normal 
area of the myocardium. In this case, a normal area is 
defined as a cluster of pixels with intensity in the 80th (±10) 
percentile for the entire data sample.

For all three approaches, the mean radiopharmaceutical 
uptake was calculated in percentage mode for each sector of 
the polar map. Perfusion was assessed using the threshold 
values shown in Table 3, which serve as the default template. 
Based on the calculated percentages of uptake, each sector 
is assigned a score from 0 to 4, and these scores are added 
together. As a result, total scores (analogs of the SRS 
parameter) are obtained. 

Relationship between myocardial perfusion assessment 
and correction factors in the reconstruction algorithm 
In Russia and worldwide, there are various operational 

SPECT systems that do not have CT support. Computer 
simulation studies included a comparative analysis of 
myocardial perfusion assessment with and without 
attenuation correction in the reconstruction algorithm. When 
reconstructing images with AC, the value P att

jk  in formula 
(2) was calculated individually for each nonzero activity 
voxel, taking the attenuation map into account. In computer 
simulation without attenuation correction (non-AC), P

att
jk  = 1. 

For the reconstructed images of the LV myocardium, AC and 
non-AC polar maps were generated.

ORIGINAL STUDY ARTICLES
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According to the EANM manual [21], integrating the effect 
of “blurring” of a point source image (RR) in the reconstruction 
algorithm requires rigorous phantom tests. In this study, 
computer simulation studies included a comparative analysis 
of polar maps generated in reconstruction modes with and 
without image blurring (RR and non-RR, respectively). 

RESULTS
Study subjects

Computer simulation studies included two virtual patients: 
one with a healthy heart and the other with an ischemic injury 
in the anterolateral zone of the LV myocardium. Based on 
the MMT model, the virtual patient program specified the 
matching 99mTc-MIBI uptake maps or activity maps for these 
patients. 

In the first case, an MMT phantom with a homogeneous 
distribution of 99mTc-MIBI activity in the LV myocardium 
was used as a virtual patient. The reference polar map for 
this phantom is shown in Fig. 8. It is homogeneous and 
independent of the standardization approach. In each sector, 
the relative radiopharmaceutical uptake corresponded to 
100%, and the reference SRS perfusion score (Sref) was 0. 

In the second case, a virtual patient with an ischemic 
injury of the left ventricle (LV) myocardium was studied. 
The 99mTc-MIBI uptake map of the MMT mathematical 
phantom included a defect in the anterolateral zone of LV 
with decreased radiopharmaceutical uptake. Reference polar 
maps generated based on the described standardization 
approaches (A, B, and C) (Fig. 12). Reference SRS perfusion 
scores for these maps differed slightly: 

S S S= 5; = 6.ref ref ref
max 90 norm= 6;

The general scheme of the computer tests was as 
follows. After simulation imaging in virtual patients, image 
reconstruction was performed using the OSEM technique 
with or without correction factors. On the reconstructed 
images, LV segmentation was performed, and three types of 
polar maps standardized in accordance with approaches A, 
B, and C were generated. 

Key study findings
Case 1: a virtual patient with a healthy left 
ventricular myocardium
The reference polar map for this case is shown in 

Fig. 8; the reference SRS (Sref) = 0. Figure 9 shows the 
polar maps generated using reconstruction with attenuation 
correction and resolution recovery (АС/RR). The polar maps 
were standardized according to approaches A, B, and C. 
The activity distribution no longer appears heterogeneous 
because of reconstruction errors. In all three maps, a visible 
decrease in activity was noted in the apical region. This 
occurrence, known as a false apical defect, is frequently 
observed on clinical images. SRS perfusion scores calculated 
using various standardization approaches were as follows: 
Smax = 10, S90 = 1, and Snorm = 3. S90 and Snorm scores are 
within the normal range, whereas Smax is overestimated and 
provides an incorrect perfusion assessment. Overestimation 
of Smax corresponds to clinical practice. The software used 
in SPECT systems uses polar map normalization by the pixel 
with maximum intensity. According to Ansheles [1], “one of 
the problems with images is that, for unknown reasons, the 
total scores (SSS, SRS) can be significantly overestimated.”

Figure 10 shows polar maps generated by image 
reconstruction using the OSEM algorithm without attenuation 
correction but with resolution recovery (non-AC/RR). The 
images show an artifact in the form of decreased activity at 
the bottom of the polar map. This artifact is typical of non-AC 
clinical images. Notably, the false apical defect disappeared, 
which is common in non-AC images in clinical practice. The 
total SRS perfusion scores were as follows: Smax = 17, S90 = 9, 
and Snorm = 4. It is significantly higher than the reference 
value (Sref = 0). Non-AC images require a different template 
obtained in the same mode. 

Figure 11 shows the polar maps generated by image 
reconstruction using the OSEM algorithm with attenuation 
correction but without resolution recovery (AC/non-RR). The 
total SRS perfusion scores were as follows: Smax = 9, S90 = 3, 

Table 3. Left ventricular myocardial perfusion assessment

Lesion severity Score Segment perfusion (relative to the maximum)

Normal value 0 ≥70%

Mild perfusion defect 1 50–69%

Moderate perfusion defect 2 30–49%

Severe perfusion defect 3 10–29%

No perfusion 4 <10%

Digital DiagnosticsVol. 4 (4) 2023ORIGINAL STUDY ARTICLES

Fig. 8. Reference polar map of left ventricular myocardial 
perfusion in a virtual patient with a healthy myocardium (normal 
value). Summed rest score (SRS):

 
S S S= = = 0ref ref ref

max 90 norm .
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Snorm = 4. The AC/RR images in Fig. 9 and the AC/non-RR 
images in Fig. 11 look similar; however, the SRS scores in 
the AC/RR mode are more accurate. 

Case 2: a virtual patient with an ischemic injury 
in the LV myocardium
The reference polar map for case 2 is shown in 

Fig. 12; the reference SRS scores for the three polar map 
standardization approaches differ slightly and amount to  
S S S= 5; = 6.ref ref ref

max 90 norm= 6;  Polar maps generated for AC/

RR reconstructed images of a virtual patient with an ischemic 
injury are shown in Fig. 13. SRS: Smax = 12, S90 = 6, and 
Snorm = 6. 

The reconstructed defect in Fig. 13 corresponds to the 
images on the reference polar map in Fig. 12 for all three 
polar map standardization approaches on AC/RR images. 
However, an artifact from the right ventricle appeared, which 
mirrored the true defect. 

Figure 14 reveals the polar maps generated by image 
reconstruction in the non-AC/RR mode. The defect is smaller 

ORIGINAL STUDY ARTICLES

Fig. 9. AC/RR. Polar map of the reconstructed image of left ventricular myocardial perfusion. Reconstruction was performed with 
attenuation correction (AC) and resolution recovery (RR). Summed rest score (SRS) for three methods of polar map calculation: 
а — Smax=10; b — S90=1; c — Snorm=3.

Fig. 10. Non-AC/RR. Polar map of the reconstructed left ventricle. The reconstruction was performed without attenuation correction (non-AC) 
but with resolution recovery (RR). Summed rest score (SRS): а — Smax=17; b — S90=9; c — Snorm=4.

Fig. 11. AC/non-RR. Polar map of the reconstructed image of left ventricular myocardial perfusion. Reconstruction was performed with 
attenuation correction (AC) but without resolution recovery (non-RR). Estimated summed rest score (SRS): a — Smax=9; b — S90=3; c — 
Snorm=4.

a b c

a b c

a b c
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Fig. 12. Reference polar maps of left ventricular myocardial perfusion with ischemic injury. Summed rest score (SRS): a — Smax=6; b — 
S90=5; c — Snorm=6.

Fig. 13. AC/RR. Polar maps of the reconstructed image of left ventricular myocardial perfusion. Reconstruction was performed 
with attenuation correction (AC) and resolution recovery (RR). Estimated summed rest score (SRS): a — Smax=12; b — S90=6; 
c — Snorm=6.

Fig. 14. Non-AC/RR. Polar map of the reconstructed image of left ventricular myocardial perfusion. The reconstruction was performed 
without attenuation correction (non-AC) but with resolution recovery (RR). Estimated summed rest score (SRS): a — Smax=23; b — S90=7; 
c — Snorm=2.

a b c

a b c

a b c

Fig. 15. AC/non-RR. Polar map of the reconstructed left ventricle. Reconstruction was performed with attenuation correction (AC) but 
without resolution recovery (non-RR). Estimated summed rest score (SRS): a — Smax=21; b — S90=10; c — Snorm=6. 

a b c
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than the reference polar map in Fig. 12. A false defect was 
observed in the lower right part, whereas the apical defect 
was absent. 

Figure 15 shows polar maps generated by image 
reconstruction in AC/non-RR mode: with attenuation 
correction but without resolution recovery. The defect 
boundaries roughly correspond to those in the AC/RR mode. 
The total SRS scores for various map generation approaches 
were as follows: Smax = 21, S90 = 10, and Snorm = 6.

DISCUSSION
Summary of the key study findings

The findings of the virtual tests were completely consistent 
with the clinical data. The polar maps of the reconstructed LV 
images of virtual patients showed the same errors (artifacts) 
as in the clinical images of real patients. These findings 
confirm that the virtual platform for the simulation testing of 
SPECT/CT in nuclear cardiology is appropriate for addressing 
nuclear cardiology problems. AC/RR mode reconstruction and 
polar map standardization by the mean activity in the normal 
area of the myocardium yielded perfusion and ischemic focus 
assessment results closest to the exact values. 

Discussion of the key study findings
LV myocardial perfusion imaging by SPECT/CT is an 

outcome of solving the inverse ill-posed problem of image 
reconstruction based on Poisson data. Because the theory of 
solving ill-posed stochastic problems is a relatively young 
branch of mathematics, complex current reconstruction 
algorithms “cannot work miracles” [21], and the resulting 
solutions are prone to errors (artifacts). The same artifacts 
seen in clinical images were observed in mathematical 
modeling similar to clinical conditions. 

In image reconstruction using the OSEM algorithm in AC 
mode, a false apical defect is observed on all polar maps. 
According to Ansheles [1], this artifact occurs in ~50% of 
clinical cases after reconstruction in AC mode and is rarely 
considered a significant defect. In practice, distinguishing 
between a false apical defect and minor focal lesion in the 
apical region can be challenging. In our simulation studies of 
a virtual patient with an ischemic injury of the myocardium, 
the lesion partially overlapped the area of the false apical 
defect (Fig. 13), leading to overestimation of defect severity. 

In non-AC images (Figs. 13 and 14), an artifact in the 
form of decreased activity was noted in the bottom of the 
polar map. The false apical defect was absent. This is 
common for clinical polar maps generated in the non-AC 
mode. A visual comparison of polar maps derived from 
a mathematical simulation of a case with an ischemic 
injury of the LV myocardium reveals that the lesion size 
closest to the reference size is observed in AC/RR mode. 
In image reconstruction in the non-AC/RR mode, the lesion 
is significantly smaller, which corresponds to the clinical 
findings. According to Ansheles [23], the SRS scores and area 

of transient ischemia are significantly greater in AC mode 
than in non-AC mode.

The simulation approach has the benefit of comparing 
semiquantitative assessments for each sector of polar maps, 
as well as the total SRS parameters of the reconstructed 
image, to a template (polar map of the phantom). A 
comparison analysis revealed that the lower LV wall exhibited 
falsely increased activity, which could be influenced by liver 
activity (an effect not obvious to the doctor and is caused 
by the scattering of gamma rays emitted by the liver and 
scattered on the lower LV wall). Some of these scattered 
photons enter the detector exactly in the image of the left 
ventricle, which may cause an error.

In this situation, standardization by the maximum 
pixel results in hypoperfusion and increased total SRS 
score compared with the reference polar map. Polar map 
standardization using the maximum pixel resulted in 
overestimation of SRS in all cases. The best results were 
obtained when standardization using the mean activity in 
the normal area was used. This is consistent with the novel 
recommendations by the authors of standard commercial 
polar map packages [22]. 

Furthermore, artifacts caused by limitations in the 
reconstruction algorithms are present in images of healthy 
subjects. Thus, modern SPECT/CT systems use relative 
values based on a polar map of the reconstructed LV and 
relative values in comparison to reference databases, 
allowing identification of perfusion defects. The findings of 
these studies indicate that one should rely on comparative 
relative values rather than relative values based on a polar 
map of the reconstructed LV. However, this approach has 
a significant limitation: all conditions for obtaining clinical 
images should be similar to those for creating a reference 
database.

CONCLUSION
Our findings demonstrate that computer simulation can 

help clinicians better understand the limitations, uncertainties, 
and errors in myocardial perfusion assessment. The transition 
from relative standardized values of activity accumulation in 
the myocardium to absolute quantitative assessments can 
eliminate existing limitations and uncertainties and is the 
primary condition for improving the diagnostic accuracy of 
SPECT/CT imaging in nuclear cardiology.
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Скорость вымывания 99mTc-метокси-изобутил-
изонитрила как маркёр митохондриальной 
дисфункции миокарда: систематический обзор 
и метаанализ
М.О. Гуля, К.В. Завадовский
Научно-исследовательский институт кардиологии, Томский национальный исследовательский медицинский центр, 
Томск, Российская Федерация

АННОТАЦИЯ 
Обоснование. В обзоре изложены особенности фармакокинетики перфузионного радиофармпрепарата 99mTc-MIBI, 
которые позволяют оценить митохондриальную дисфункцию миокарда, а также показаны основные клинические точ-
ки приложения феномена ускоренного вымывания данного индикатора.
Цель. Систематизация данных фундаментальных (экспериментальных) и клинических исследований в области из-
учения и оценки митохондриальной дисфункции по результатам перфузионной сцинтиграфии миокарда; проведение 
метаанализа клинических исследований в данной области.
Материалы и методы. Поиск проводился в базах данных Pubmed, Scopus, Google Scholar и eLibrary до середины 
2023. Были использованы ключевые слова, их комбинации и англоязычные аналоги: митохондриальная дисфункция, 
99mTc-МИБИ, 99mTc-Тетрофосмин, перфузионная сцинтиграфия миокарда, обратное перераспределение, вымыва-
ние, скорость вымывания. При выполнении метаанализа для расчёта средней оценки разницы была использована 
модель случайных эффектов.
Результаты. Для систематического анализа было отобрано 40 статей: 13 — экспериментальные, 24 — оригинальные 
клинические работы, 2 — клинические случаи, 1 обзор. Для выполнения метаанализа было отобрано 6 исследований 
по дизайну «случай–контроль». Общее число пациентов, составивших основу систематического обзора, — 551; число 
пациентов, составивших основу метаанализа  — 196. Анализ литературы показал, что выраженность феномена об-
ратного перераспределения и скорость вымывания 99mTc-MIBI взаимосвязаны с микроструктурой митохондрий и ми-
окарда, сократимостью и гемодинамикой левого желудочка, уровнем натрийуретических пептидов, толерантностью 
к физическим нагрузкам, тяжестью коронарного атеросклероза, окислительным метаболизмом миокарда, уровнем 
риска сердечно-сосудистых событий. Метаанализ показал, что скорость вымывания статистически значимо повышена 
у лиц с патологией сердца, по отношению к контролю (средняя оценка разницы 9,5771 (95% доверительный интервал: 
от 6,6001 до 12,5540; z=6,3053; p <0,0001).
Заключение. Оценка функции митохондрий по данным оценки вымывания 99mTc-MIBI может предоставить дополни-
тельные сведения о функциональном состоянии сердечной мышцы.

Ключевые слова: митохондриальная дисфункция; 99mTc-МИБИ; 99mTc-Тетрофосмин; перфузионная сцинтиграфия 
миокарда; обратное перераспределение; скорость вымывания; кардиомиопатии; хроническая сердечная 
недостаточность; ишемическая болезнь сердца
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99mTc-MIBI washout rate as a marker 
of myocardial mitochondrial dysfunction: 
A systematic review and meta-analysis
Marina O. Gulya, Konstantin V. Zavadovsky
Cardiology Research Institute, Tomsk National Research Medical Center, Tomsk, Russian Federation

ABSTRACT
BACKGROUND: This review outlines the features of the pharmacokinetics of the perfusion radiopharmaceutical 99mTc-
MIBI, which allows the assessment of myocardial mitochondrial dysfunction, and shows the main clinical applications of the 
phenomenon of increased 99mTc-MIBI washout rate.
AIM: To systematize the data of fundamental (experimental) and clinical studies evaluating and estimating mitochondrial 
dysfunction according to myocardial perfusion scintigraphy data and perform meta-analysis of clinical studies in this field. 
MATERIALS AND METHODS: PubMed, Scopus, Google Scholar, and eLibrary databases were searched until mid-2023. The 
following keywords, their combinations, and Russian-language counterparts were used: mitochondrial dysfunction, 99mTc-
MIBI, 99mTc-Tetrofosmin, myocardial perfusion scintigraphy, reverse redistribution, washout, and washout rate. In the meta-
analysis, a random-effects model was used to calculate the mean difference estimate.
RESULTS: Forty articles were selected for systematic analysis: 13 were experimental, 24 were original clinical papers, 
2 were clinical cases, and 1 was a review. Six studies using a case–control design were selected for the meta-analyses. The 
total number of patients in the systematic review and meta-analysis were 551 and 196, respectively. In the analysis of the 
literature, the severity of the reverse redistribution phenomenon and 99mTc-MIBI washout rate correlated with mitochondrial 
and myocardial microstructure, left ventricular contractility and hemodynamics, natriuretic peptide levels, exercise tolerance, 
coronary atherosclerosis severity, myocardial oxidative metabolism, and risk of cardiovascular events. The meta-analysis 
showed that the washout rate was statistically significantly accelerated in individuals with cardiac pathologies, relative to 
controls (mean difference score, 9.5771 [95%]; confidence interval, 6.6001–12.5540; z=6.3053, p <0.0001).
CONCLUSION: The assessment of mitochondrial function by 99mTc-MIBI washout evaluation may provide additional insights 
into the functional status of cardiac muscles.

Keywords: mitochondrial dysfunction; 99mTc-MIBI; 99mTc-Tetrofosmin; myocardial perfusion scintigraphy; reverse 
redistribution; washout rate; cardiomyopathies; congestive heart failure; ischemic heart disease
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99m锝-甲氧基异丁基异腈（99mTc-MIBI）洗脱率
作为心肌线粒体功能障碍的标志物；系统综述和荟
萃分析
Marina O. Gulya, Konstantin V. Zavadovsky
Cardiology Research Institute, Tomsk National Research Medical Center, Tomsk, Russian Federation

简评 

论证。本综述概述了灌注放射性药物99mTc-MIBI的药代动力学特征。这些特征可被用于评估

心肌线粒体功能障碍。综述还说明了该指标加速洗脱现象的临床应用要点。

该研究的目的是系统整理关于通过心肌灌注闪烁成像研究和评估线粒体功能障碍领域的基 

础（实验）和临床研究数据；对该领域的临床研究进行荟萃分析。

材料与方法。检索是在Pubmed、Scopus、Google Scholar和eLibrary数据库中进行的，检索期

截至2023年年中。使用的关键词及其组合和英文对应词包括：线粒体功能障碍、99mTc-MIBI、 

99m锝-替曲膦、心肌灌注闪烁成像、反向再分布、洗脱、洗脱率。在进行荟萃分析时，采用了随机

效应模型来计算平均差异估计值。

结果。我们一共选中了40篇文章，以进行系统分析：其中13篇为实验性文章，24篇为临床医学论

文，2篇为临床病例，1篇为综述。我们一共选中了6项研究，以进行病例对照模型的荟萃分析。系统

综述中的患者总人数为551人；荟萃分析中的患者人数为196人。文献分析显示了，反向再分布现象的

严重程度和99mTc-MIBI洗脱率与线粒体和心肌微结构、左室收缩力和血流动力、利尿钠肽水平、运

动耐量、冠状动脉粥样硬化严重程度、心肌氧化代谢和心血管事件风险水平相关。荟萃分析表明了，

与对照组相比，心脏病变受试者的洗脱率在统计学上显著较高。平均差异估计值为9.5771（95%置

信区间：6.6001至12.5540；z=6.3053；p<0.0001）。

结论。通过99mTc-MIBI洗脱评估对线粒体功能进行评估，可为了解心肌功能状态提供更多信

息。

关键词：线粒体功能障碍；99mTc-MIBI；99m锝-替曲膦；心肌灌注闪烁成像；反向再分布；

洗脱率；心肌病；慢性心力衰竭；缺血性心脏病。
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BACKGROUND
Cardiovascular diseases are the leading cause of 

morbidity and mortality [1]. Among cardiovascular diseases, 
acute and chronic coronary syndromes and chronic heart 
failure (CHF) are the leading causes of disability. 

The pathophysiology of coronary artery disease (CAD) is 
influenced by coronary atherosclerosis, progressive lumen 
narrowing, and myocardial ischemia.

The pathogenesis of CHF is more complex and is largely 
determined by etiology. The most common manifestation 
of CHF is reduced left ventricular (LV) contractility. The 
pathogenesis of both diseases is influenced by mitochondrial 
function. Mitochondria are vital organelles that control cell 
energy metabolism and overall homeostasis. A steady energy 
supply is required to maintain the contractile activity of the 
human heart. Myocardial mitochondria perform the most 
difficult task of producing approximately 30 kg of adenosine 
triphosphate per day to keep the heart pumping [2]. To meet 
this requirement, the following aspects are necessary:

•• Continuous supply of the substrate to the mitochondria 
is ensured.

•• Mitochondria have sufficient oxidative capacity.
•• The cell has an effective system for transporting 

adenosine triphosphate from the mitochondria to the 
consumption sites [3].

The transmembrane potential is one of the main parameters 
representing mitochondrial function [4]. Under normal 
conditions, mitochondria have the largest negative charge (in 
absolute value) of all intracellular organelles and serve as a 
destination for charged lyophilic molecules entering the cell via 
the sarcolemma. Retention of these substances in the cell is 
proportional to the transmembrane potential of mitochondria. 
Consequently, a reduction in the transmembrane potential 
decreases the accumulation of these substances. Various 
diagnostic agents (mainly dyes) are available for assessing 
mitochondrial function in vitro. However, few diagnostic agents 
are used for assessing mitochondria in vivo.

The search for new tools for assessing mitochondrial 
function appears to be a pressing issue in modern 

Abbreviations

cardiology and X-ray diagnosis. The monovalent lipophilic 
cation technetium-99m methoxy isobutyl isonitrile (also 
known as technetium (99mTc) sestamibi, or 99mTc-MIBI) 
is a widely used diagnostic agent for myocardial perfusion 
imaging. Unlike other in vivo diagnostic agents, this drug 
accumulates in cardiomyocyte mitochondria based on 
their membrane potential [5]. A decrease in mitochondrial 
function in cardiomyocytes results in a decrease in 
mitochondrial internal matrix potential, followed by an 
increase in radiopharmaceutical clearance. Thus, accelerated 
99mTc-MIBI washout suggests mitochondrial functional 
abnormalities. In addition to 99mTc-MIBI, technetium 
tetrofosmin (99mTc-TF) can be used.

The mechanism of accumulation of various diagnostic 
agents in the myocardium is schematically depicted in 
Figure 1. 

Moreover, no reviews exist in the Russian-language 
literature on the use of myocardial perfusion scintigraphy 
(MPS) with 99mTc-MIBI to identify and characterize 
mitochondrial dysfunction (MD, damage). 

PURPOSE
To systematize experimental and clinical findings in the 

examination and assessment of MD according to MPS and 
conduct a meta-analysis of clinical studies on this topic.

LITERATURE SEARCH METHODS
The review was performed according to the Preferred 

Reporting Items for Systematic Reviews and Meta-
Analyses protocol [6]. To analyze available data on MD in 
cardiovascular diseases, a systematic literature search was 
performed in PubMed, Scopus, Google Scholar, and eLibrary 
databases using the following keywords, their combinations, 
and English-language analogs: mitochondrial dysfunction, 
99mTc-MIBI, 99mTc-TF, myocardial perfusion scintigraphy, 
reverse redistribution, and washout rate (WR).

The search was performed from the database inception 
until the middle of 2023 and included all studies published 

123I-BMIPP: iodine-123 labeled β-methyl iodophenyl 
pentadecanoic acid
123I-MIBG: 123I-metaiodobenzylguanidine
99mTc-MIBI: iodine-123-labeled metaiodobenzylguanidine 
ACS: acute coronary syndrome
AMI: acute myocardial infarction 
CAD: coronary artery disease
CHF: chronic heart failure 

DCM: dilated cardiomyopathy 
HCM: hypertrophic cardiomyopathy 
LV: left ventricular 
MD: mitochondrial dysfunction
MPS: myocardial perfusion scintigraphy
RR: reverse redistribution 
SPECT: single-photon emission computed tomography
WR: washout rate
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up to that date. Further analysis included studies in 
which MPS with 99mTc-MIBI or 99mTc-ТF was used 
to assess MD in various cardiovascular diseases. The 
following articles were excluded: articles in which MD 
was mentioned in the references, articles in languages 
other than English and Russian, and articles examining 
the washout of 99mTc-MIBI (or 99mTc-TF) in cancer 
and other disorders not associated with cardiovascular 
diseases. In total, 40 articles were selected based on 
these criteria. These included 13 experimental studies, 
24 original clinical studies, 2 clinical cases, and 1 review. 
A meta-analysis was performed for case–control studies 
using Jamovi v. 2.4.2 (The Jamovi Project, Australia) and 
the expansion module MAJOR v. 1.2.1. During the meta-
analysis, a random-effects model was used to calculate 
the mean difference.

EXPERIMENTAL STUDIES
The 99mTc-MIBI is used for noninvasive imaging of 

myocardial perfusion. This radiopharmaceutical is currently 
the most widely used diagnostic agent for MPS in Russia 
and worldwide [7, 8]. A tracer enters the cell via the 
cardiomyocyte sarcolemma and accumulates in negatively 
charged mitochondria in proportion to the transmembrane 
gradient [9]. In an experimental study on a culture of chicken 
heart cells, electron microscopy and electron microprobe 

analysis revealed that approximately 90% of the drug binds 
to the mitochondria as an energy-dependent free cationic 
complex [10].

In an experimental study in which cardiomyocyte 
cell cultures were exposed to various mitochondrial and 
plasma membrane potential inhibitors, the drug primarily 
accumulated in mitochondria and did not accumulate 
in the cytoplasm, owing to the significantly higher 
electrical potential of the mitochondrial membrane [9]. 
Further retention of the tracer depends on the membrane 
potential, as demonstrated in an experiment using an 
artificial respiratory chain uncoupler carbonyl cyanide 
m-chlorophenyl hydrazone, which causes a rapid decrease 
in 99mTc-MIBI concentration.

In an in vitro experiment on the subcellular fraction of 
mitochondria, P. Crane et al. revealed that increasing the 
concentration of calcium ions causes faster 99mTc-MIBI 
washout from the mitochondria [11]. In ischemia models 
with ischemic cardiomyocytes overloaded with calcium 
ions, 99mTc-MIBI washout is a marker of mitochondrial 
damage. In an ischemia–reperfusion model on isolated rat 
hearts, K. Fukushima et al. [12] demonstrated that 99mTc-
MIBI washout increases during mild ischemia and is more 
pronounced during severe ischemia.

Thus, accelerated 99mTc-MIBI washout from the 
myocardium is associated with impaired mitochondrial 
function and cardiomyocyte damage. 

Fig. 1. Schematic depiction of the mechanism of the accumulation of various diagnostic agents in the cell and intercellular space. 
201/199Tl: thallium-201 or thallium-199; its uptake is determined by membrane integrity and normal functioning of the Na+/K+ pump. 
82Rb: rubidium-82; its uptake is also determined by the Na+/K+ pump. 99mTc-MIBI/TF-based tracers: lipophilic cations that freely pass 
through the mitochondrial membrane and are retained because of the transmembrane potential. Dobutamine stimulates β1 and β2 
adrenergic receptors, increasing the intracellular calcium concentration and inotropic function of the heart. 18F-FDG: fluorodeoxyglucose 
accumulates in the cell via the glucose transporter protein. 13NH3: ammonium is accumulated via passive diffusion and active transport 
of the Na+/K+ pump. H2

15O: oxygen-15 labeled water readily diffuses into the cell, forming an equilibrium between the extracellular and 
intracellular pools. Gadolinium is an extracellular diagnostic agent that is retained in the intercellular space.
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IN VIVO ASSESSMENT 
OF MD USING MYOCARDIAL PERFUSION 
SCINTIGRAPHY 

For the in vivo detection of MD, early and delayed 
planar or tomographic perfusion imaging is used. Early 
imaging is performed for 30  min [13] to 1  h [14] after a 
radiopharmaceutical injection; delayed imaging is performed 
for 3–4 h [15]. Typically, imaging is performed at rest. The 
radiopharmaceutical dose is 370–470 MBq, which is similar 
to the dose used for conventional MPS [16]. The MD visual 
pattern is a defect in tracer uptake that occurs (or intensifies) 
during delayed perfusion single-photon emission computed 
tomography (SPECT) of the myocardium: the so-called 
reverse redistribution (RR) of a radiopharmaceutical occurs. 
Thus, a generally accepted technique is used to determine the 
size of the perfusion defect.

The second parameter of MD assessment is the heart-
to-mediastinum ratio (HM). It is determined using the 
average number of pulses in the area of interest (heart and 
mediastinum, respectively) according to the anterior planar 
scintigraphy images.

Moreover, the global clearance or WR of 99mTc-MIBI 
was calculated as the ratio of radiotracer uptake in the 
heart area on early and delayed planar scintigraphy images. 
Some authors have used the number of pulses in the heart 
area minus the number of pulses in the mediastinum [14]. 
Furthermore, some authors consider the half-life of 99mTc 
(6.04  h) into account when determining WR. A few studies 
have examined the 99mTc-MIBI WR by LV regions [18].

The normal values for people aged 50 ± 13 years are as 
follows: 

•• WR: 11% ± 5%
•• Early HM: 3.5 ± 0.3
•• Delayed HM: 3.1 ± 0.3 [14, 19]

The pathological pattern was accelerated 99mTc-MIBI 
washout from the myocardium, similar to the study with 
123I-metaiodobenzylguanidine (123I-MIBG, a marker of 
cardiac sympathetic activity). The main clinical studies of 
mitochondrial damage based on MPS with 99mTc-MIBI are 
presented in Table 1.

MD ASSESSMENT IN CAD 
Acute coronary syndrome (ACS)

RR and accelerated washout of 99mTc-MIBI are observed 
in patients with ACS. Y. Takeishi et al. [20] quantified the 
regional patterns of 99mTc-MIBI distribution in patients 
with ACS 7  days after successful primary angioplasty. 
In symptom-related artery areas, 68% of patients had 
accelerated washout of the radiopharmaceutical, whereas 
the remaining had stable perfusion defects. Coronary 
angiography 1 month after ACS revealed patency of the 
symptom-related artery in accelerated washout areas in 
100% of cases. The pathological mobility of the myocardial 

wall was less pronounced than that in patients with stable 
defects (–2.6 ± 0.4 and –3.4 ± 0.6, respectively; P  < 0.01). 
The authors concluded that accelerated washout is a marker 
of postischemic myocardial stunning and, a predictor of 
myocardial contractility restoration within a month following 
reperfusion.

S. Fujiwara et al. [21] sought to detect viable myocardium 
in patients with ACS by identifying RR areas and accelerating 
regional washout of 99mTc-MIBI. We assessed the functional 
characteristics of myocardial segments with 99mTc-MIBI RR 
in 30 patients after percutaneous coronary intervention for 
acute myocardial infarction (AMI). The findings of myocardial 
perfusion SPECT were compared with those of low-dose 
dobutamine stress echocardiography: 5–10 mg/(kg × min).

In this sample of 250 myocardial segments, 41% were in 
the infarct-related artery zone, with only 22% demonstrating 
accelerated radiopharmaceutical washout. Accelerated 
washout was significantly more common in segments 
in the infarct-related artery zone. According to stress 
echocardiography findings, practically all RR segments (96%) 
and only 70% of non-RR segments had impaired contractility 
at rest. Dobutamine infusion improved contractility in 83% 

Fig. 2. An example of the absence and presence of 99mTc-
MIBI reverse redistribution. Patient 1: female, 56 years old, CAD 
(grade II stable angina) secondary to nonobstructive coronary 
atherosclerosis; CHF, NYHA class II; LV ejection fraction, 64%; end-
systolic volume, 42 mL; end-diastolic volume, 117 mL. Delayed 
imaging (240 min) revealed no perfusion defects. Patient 2: male, 
58 years old; CAD (grade II stable angina); anterior descending 
artery stenosis, 75%; right coronary artery stenosis, 70%; CHF, 
NYHA class II; LV ejection fraction, 65%; end-systolic volume, 
39 mL; end-diastolic volume, 112 mL. Delayed imaging (240 min) 
revealed perfusion defects (arrows) that were not detected during 
early imaging (60 min). Images were obtained at the Research 
Institute of Cardiology, Tomsk National Research Medical Center.
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of initially dysfunctional RR segments and 54% of non-RR 
segments. These findings suggest that accelerated 99mTc-
MIBI washout is linked to the reversibility of functional 
myocardial contractility disorders. Early and delayed 
myocardial  perfusion  SPECT with 99mTc-MIBI can provide 
clinically valuable information on cardiomyocyte viability 
following AMI.

Accelerated 99mTc-MIBI washout was also observed in 
patients with vasospastic angina [22]. S. Ono et al. performed 
early and delayed myocardial perfusion SPECT with 99mTc-
MIBI at rest in 39 patients with vasospastic angina confirmed 
by the ergometrine (ergonovine) test. Decreased uptake was 
found in 32 cases (82%), either on delayed images or on 
both early and delayed images. Furthermore, 23 (72%) of all 
ergometrine-induced vasospastic areas showed decreased 
uptake on delayed images. The tracer WR in the reduced 
accumulation area was significantly higher than that in 
the normal area, indicating a decline in the mitochondrial 
membrane’s ability to retain MIBI. According to the authors, 
delayed SPECT with 99mTc-MIBI at rest is a viable tool for 
the diagnosis of coronary vasospastic angina. 

In 2022, Y. Chen et al. [23] published a clinical case in 
which an accelerated 99mTc-MIBI washout (up to 31%) was 
observed in the anterior descending artery, with a spasm 
detected via invasive angiography. Unlike other studies, 
washout in this study was assessed by dynamic SPECT (using 
a gamma camera with cadmium-zinc-telluride detectors) 
from the radiopharmaceutical injection to the seventh minute. 
Myocardial flow reserve in the anterior descending artery 
was reduced to 1.26. 

T. Kato et al. [24] performed total perfusion deficit 
(TPD) analysis in 165 patients with ACS and found an 
association between 99mTc-MIBI RR and cardiopulmonary 
exercise  test parameters. Ergospirometry revealed that 
patients with a TPD difference of ≥4 had a significantly 
lower anaerobic threshold than those without RR. 
Furthermore, the difference in TPD between early and 
delayed images, as well as the presence of diabetes 
mellitus, were independent predictors of exercise 
tolerance recovery during a 3-month follow-up.

A. Masuda et al. compared accelerated 99mTc-MIBI 
washout with the findings of echocardiography and positron 
emission tomography (PET) with 11C-acetate in 19 patients 
with ACS (unstable angina, AMI with and without ST elevation). 
PET with 11C-acetate enables noninvasive assessment of 
myocardial oxidative metabolism [25] and myocardial blood 
flow [26, 27]. The clearance of 11C-acetate is linked to Krebs 
cycle activity in mitochondria, where acetate is converted to 
acetyl-CoA and metabolized by acetyl-CoA synthetase-2 
[28]. As a result, oxidative metabolism as measured by 
PET with 11C-acetate could be linked to mitochondrial 
function. Segments with accelerated 99mTc-MIBI washout 
were associated with decreased oxidative metabolism in 
the myocardium and impaired regional contractility. The 
authors concluded that accelerated 99mTc-MIBI washout 

is associated with MD and may serve as a predictor of 
myocardial contractility restoration in patients with ACS.

Stable CAD 
The presence of balanced ischemia, which implies an 

underestimation of the severity of the decrease in myocardial 
perfusion during visual analysis of scintigraphy data, makes 
identifying patients with stable CAD with multivessel CAD by 
MPS challenging [29, 30]. This issue could be resolved with 
quantitative blood flow assessment [31], determination of 
transient ischemic dilatation and/or stunning, or 99mTc-MIBI 
WR evaluation. 

B. Du et al. investigated the 99mTc-MIBI WR in healthy 
individuals and patients with three-vessel CAD and the 
relationship with the clinician-administered dissociative 
states scale, using invasive coronary angiography data, to 
determine the potential use of this parameter in stratifying 
CAD severity [18]. The 99mTc-MIBI WR was significantly 
higher in patients with three-vessel CAD than in the 
control group (21.1%±4.6% and 9.5%±4.9%, respectively, 
P  < 0.001). A positive correlation was found between the 
radiopharmaceutical WR and the severity index of coronary 
artery obstructive lesions (r2 = 0.73, P = 0.006). Furthermore, 
the results of regional 99mTc-MIBI washout across vascular 
territories are presented in this study. The authors proposed 
incorporating delayed imaging into the protocol of routine 
perfusion scintigraphy with 99mTc-MIBI at rest and using 
WR as an additional indicator of balanced ischemia in three-
vessel CAD when suspiciously normal perfusion does not 
match the clinical presentation.

M.O.M. Othman et al. [15] discovered that the global 9mTc-
MIBI WR positively correlated with the risk of cardiovascular 
events as measured by the Framingham risk score and the 
Duke treadmill  score (r = 0.4 and r = 0.6, respectively), as 
well as the risk as measured by MPS (r = 0.7). Moreover, WR 
negatively correlated with LV ejection fraction (r = –0.4). The 
authors concluded that the global 9mTc-MIBI WR can be used 
to stratify patients with stable CAD into high (annual mortality 
>3%) and low (annual mortality < 1%) risk groups [32].

Nonischemic CHF 
The majority of studies assessing MD by MPS were 

performed in patients with nonischemic CHF. In these studies, 
99mTc-MIBI RR was assessed in isolated groups of patients 
with dilated and hypertrophic cardiomyopathies, as well as 
in mixed groups of patients with hypertrophic, hypertensive, 
valvular, and toxic cardiomyopathy, cardiac sarcoidosis, and 
Takotsubo cardiomyopathy.

S. Kumita et al. performed one of the first studies on 
the use of 99mTc-MIBI WR as a marker of myocardial injury 
in patients with CHF [33]. The following was observed in 
25 patients with nonischemic cardiomyopathy compared with 
the control group:

•• A significantly higher 99mTc-MIBI WR (39.6%±5.2% 
and 31.2%±5.5%, P < 0.01).
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•• A significant inverse correlation of WR with LV ejection 
fraction (r = –0.61) and peak ejection rate (r = –0.47).

•• A positive correlation with end-systolic (r = 0.45) and 
end-diastolic (r = 0.48) LV volumes. 

The authors concluded that this approach can be used to 
evaluate LV damage and contractile dysfunction.

T. Sugiura et al. [34] investigated the association of 
99mTc-MIBI WR with brain natriuretic peptide (BNP) levels 
and the findings of myocardial scintigraphy with 123I-MIBG 
in patients with dilated cardiomyopathy (DCM).

The 99mTc-MIBI WR was significantly higher in the 
DCM group than in the control group. In the DCM group, WR 
significantly correlated with the following:

•• BNP level (r = 0.72, P < 0.0001): positive correlation
•• Indexed values of end-diastolic (r = 0.556, P < 0.01) 

and end-systolic (r = 0.567; P < 0.01) volumes: positive 
correlation

•• LV ejection fraction (r = –0.545, P  < 0.01): negative 
correlation 

Furthermore, this study found a correlation (r = 0.603, 
P <0.01) between the WRs of 99mTc-MIBI and 123I-MIBG.

Given that the 99mTc-MIBI WR correlates with well-
known predictors of the CHF course (BNP level and cardiac 
scintigraphy with 123I-MIBG), the authors suggest that 
99mTc-MIBI WRs can also be used for the prognosis and risk 
stratification of patients with CHF. This is especially relevant 
because 99mTc-MIBI is considerably cheaper, more readily 
available, and more widely used radiopharmaceutical than 
123I-MIBG, which requires radioactive iodine to be produced 
in a cyclotron.

S. Matsuo et al. studied 61 patients and found an increase 
in the 99mTc-MIBI WR in the nonischemic cardiomyopathy 
group compared with the control group; however, no 
abnormalities were found in the heart-to-mediastinum ratio 
[35]. Furthermore, a correlation was found between 99mTc-
MIBI WR and the following:

•• BNP level (r = 0.31)
•• End-systolic (r = 0.39) and end-diastolic (r = 0.49) 

volumes
•• LV ejection fraction (r = 0.52)
•• Peak LV filling velocity (r = 0.44) 

According to the Kaplan–Meier analysis, WR >28% 
was a predictor of CHF progression. M. Yamanaka et 
al. [36] performed early (45  min) and delayed (4  h) MPS 
with 99mTc-MIBI at rest and contrast-enhanced cardiac 
magnetic resonance imaging in patients with clinical signs 
of nonischemic cardiomyopathy. Myocardial segments with 
normal radiopharmaceutical uptake during early imaging 
and perfusion defects detected during delayed imaging 
were significantly more frequently associated with delayed 
contrast enhancement on magnetic resonance imaging. 
This suggests impaired mitochondrial function in areas 
with even minor fibrotic changes, as seen in the early 
stages of cardiomyopathy. The authors advocate delayed 
scintigraphy for the early detection of myocardial injury in 

cardiomyopathies because it is straightforward and easy to 
perform and does not involve the additional administration of 
radiopharmaceuticals.

K. Takehana et al. [37] studied 20 patients with DCM 
(LV end-systolic volume, 177±78  mL; LV ejection fraction, 
28.2%±12.4%). Three subgroups of myocardial segments 
were identified according to early (after 1 h) and delayed (after 
3  h) MPS: with accelerated, normal, and delayed washout. 
Systolic thickening and systolic motion of the LV wall were 
significantly decreased in the accelerated washout group 
compared with the other two groups, where no significant 
differences were observed. A strong negative correlation 
was found between LV ejection fraction and the number of 
segments with accelerated washout (r = –0.65, P < 0.01) and 
global 99mTc-MIBI WR. Because 99mTc-MIBI WR is linked to 
mitochondrial membrane dysfunction, accelerated washout 
of radiopharmaceuticals may suggest that MD plays a major 
role in the pathogenesis of DCM.

M.K. Shiroodi et al. [38] reported similar findings when 
they investigated the relationship between the WR of 
radiopharmaceuticals, NYHA functional  class of CHF, and 
LV functional parameters according to myocardial perfusion 
SPECT synchronized with the echocardiogram. A significant 
(P  < 0.05) correlation was found between 99mTc-MIBI WR 
and the following:

•• End-diastolic (r2 = 0.216) and end-systolic (r2 = 0.23) 
volumes: positive correlation

•• LV wall kinesis (r2 = 0.54): positive correlation
•• LV ejection fraction (r2 = 0.679): negative correlation

The authors concluded that this method is essential in 
determining the degree of myocardial injury, particularly in 
patients with idiopathic DCM, because the 99mTc-MIBI WR 
increased significantly as the functional class of CHF increased. 

D. Hayashi et al. performed an intriguing study in terms 
of the methodology used [14]. They performed 99mTc-MIBI 
WR assessment, dobutamine stress echocardiography, 
and endomyocardial biopsy with quantitative analysis of 
mitochondrial RNA (mRNA) expression and mitochondrial 
microstructure analysis by electron microscopy in 20 patients 
with DCM. These patients showed a significant correlation of 
the 99mTc-MIBI WR with changes in the rate of increase in 
LV pressure with increasing dobutamine doses and severity 
of mitochondrial damage, in accordance with the severity of 
crista degeneration (r = 0.88; P = 0.048) and the presence of 
glycogen-positive zones (r = 0.90; P = 0.044) according to 
electron microscopy. Patients with accelerated 99mTc-MIBI 
washout (>24.3%) had higher rates of LV pressure increase 
than those with 99mTc-MIBI WR below the predefined 
threshold value. The mRNA level for mitochondrial electron 
transport enzymes was significantly reduced in the subgroup 
of patients with accelerated 99mTc-MIBI washout. To our 
knowledge, this is the first study to show a link between 
accelerated 99mTc-MIBI washout and decreased mRNA 
expression and impaired mitochondrial microstructure in 
patients with DCM.
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Hypertrophic cardiomyopathy (HCM)
The characteristics of 99mTc-MIBI WR have been studied 

in patients with HCM [39–42]. This pathology is characterized 
by primary damage to the cardiomyocyte mitochondria 
caused by genetic factors.

M. Sun et al. [41] examined 15 patients with HCM and 
discovered that the 99mTc-MIBI WR was significantly 
higher in this group than in the control group. The authors 
also discovered a link between WR and maximum LV wall 
thickness in the HCM group. Accelerated 99mTc-MIBI 
washout in the HCM group may be due to mitochondrial DNA 
mutations.

S. Isobe et al. [42] identified two subgroups of patients 
with HCM: those with accelerated (≥22.5%) and normal 
(<22.5%) washout of 99mTc-MIBI. The authors also 
performed direct pressure measurements in both ventricles 
and echocardiography with atrial electrical stimulation. The 
99mTc-MIBI WR showed a significant positive correlation 
with peak and basal LV pressure (r = 0.63, P < 0.005; r = 0.67, 
P < 0.0005, respectively) and BNP level (r = 0.57, P < 0.005). 
A negative correlation was found between the WR and the 
rate of increase in LV pressure (r = –0.63, P < 0.005). The LV 
wall thickness and the ratio of the transmitral flow velocity 
to the mitral annular velocity were significantly higher in 
the group with accelerated 99mTc-MIBI washout than in the 
group without it. For the first time, this study showed a link 
between stress-induced changes in central hemodynamics 
and 99mTc-MIBI washout parameters in patients with HCM. 
The authors underlined the potential use of this method for 
noninvasive assessment of the severity of hemodynamic 
abnormalities and prognosis in these patients. 

Cardiac sarcoidosis 
M. Sarai et al. demonstrated that the 99mTc-MIBI WR 

can be used for the functional assessment of the heart in 
cardiac sarcoidosis during steroid therapy [43]. Specifically, 
quantitative 99mTc-MIBI WR assessment (based on the 
difference in the number of pulses between early and delayed 
imaging) was superior to visual assessment of regional 
washout in predicting the restoration of LV diastolic function 
in sarcoidosis. Thus, visual analysis revealed no significant 
differences in the size of the perfusion defect before and after 
6 months of therapy, whereas quantitative analysis revealed a 
significant decrease in the WR of radiopharmaceuticals after 
therapy (25% ± 5% vs. 17% ± 5%, respectively, P <0.0001). 
The authors discovered a link between changes in WR and 
LV diastolic function restoration during long-term steroid 
therapy. 

In 2022, M. Suzuki et al. [44] described more pronounced 
changes in the size of perfusion defects during delayed 
imaging with 99mTc-MIBI in patients with sarcoidosis 
compared with patients without it (3.0 [−1.0 to 5.0] vs. 0.0 
[−0.5 to 1.0], P = 0.010). Furthermore, according to early and 
delayed PET findings, patients with sarcoidosis had a more 
pronounced decrease in 18F-fluorodeoxyglucose uptake 

than patients without sarcoidosis. These findings show that 
metabolic disorders reduce the ability of the myocardium to 
retain the tracer.

Systemic mitochondrial heart disease
A few studies have reported accelerated 99mTc-MIBI 

washout in patients with mitochondrial encephalomyopathy, with 
a simultaneous increase in 123I-phenyl-methyl-pentadecanoic 
acid (123I-BMIPP, an analog of free fatty acids) uptake, 
indicating an imbalance in the energy state of cardiomyocytes 
[45], including genetic damage to mitochondrial DNA [46].

M. Ikawa et al. [19] used cardiac scintigraphy with 
99mTc-MIBI and 123I-BMIPP to assess damage to the 
mitochondrial respiratory chain in patients with a primary 
mitochondrial DNA mutation. The authors present the 
findings for five patients. Pronounced involvement of the 
heart muscle in the pathological process was associated with 
significantly decreased 99mTc-MIBI uptake and accelerated 
washout, in combination with increased 123I-BMIPP 
(perfusion–metabolism mismatch). The authors explain the 
first phenomenon by impaired mitochondrial transmembrane 
potential and the second by high blood triglyceride levels. As 
a result, detecting a perfusion–metabolism mismatch can be 
used to determine the severity of mitochondrial respiratory 
chain disruption. An important aspect of this study was the 
increased 123I-BMIPP uptake in the myocardium in contrast 
to hypertrophic and congestive heart failure, which can be 
used to differentiate primary mitochondrial DNA mutation 
from other types of cardiomyopathies.

Heart transplantation
E.V. Migunova et al. [47] discovered that accelerated tracer 

washout in patients who had undergone heart transplantation 
is associated with histochemical signs of mild acute rejection, 
such as localized perivascular and interstitial mononuclear 
cell infiltrates. The authors concluded that calculating the 
radiopharmaceutical WR allows the identification of segments 
with impaired mitochondrial function, which can aid clinicians 
in the differential diagnosis of a transplanted heart rejection 
crisis with CAD.

META-ANALYSIS FINDINGS
The hypothesis that WR in the pathology group was 

significantly higher than that in the control group was tested 
during the meta-analysis. Six case–control studies were 
selected for the meta-analysis [18, 33, 34, 38, 41, 46]. The 
results are presented in Fig. 3.

PERSPECTIVES AND LIMITATIONS 
OF THE PROPOSED METHOD

The 99mTc-MIBI washout assessment method is 
applicable to areas of cardiology not covered in this review. 
For example, it appears promising to assess MD in patients 
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with preserved CHF (HFpEF) and reduced LV ejection fraction 
and assess cardiotoxicity when using doxorubicin-based 
drugs. 

An experimental study on isolated rat hearts revealed 
that adding doxorubicin to the perfusion mixture decreased 
99mTc-MIBI uptake, and increasing the doxorubicin 
concentration caused a dose-dependent progressive decrease 
in radiopharmaceutical uptake. Furthermore, the ability of 
the myocardium to retain 99mTc-MIBI was compromised 
after 5  min of doxorubicin infusion, and not only was the 
administered dose lost, but the tracer that had previously 
entered the heart was washed out to the baseline level [48]. In 
continuation of the experiment, in vivo studies were performed 
14  days after the intraperitoneal injection of doxorubicin 
in rats. It was found that increasing the doxorubicin dose 
resulted in a significant decrease in 99mTc-MIBI uptake (from 
2.3% ± 0.3% to 0.9% ± 0.2% of the injected dose/g when using 
doxorubicin at a dose of 10  mg/kg, P  < 0.05). Doxorubicin 
10 mg/kg induced a threefold increase in the number of visibly 
damaged mitochondria per field of view.

In Russia, patients with HFpEF account for 53% of the 
CHF population, whereas in Europe and the United States, 
they account for 51%–63%. The phenotypic diversity of HFpEF 
is associated with several risk factors that activate one or 
more pathophysiological mechanisms, including MD. The 
identification of patients with HFpEF and accelerated 99mTc-
MIBI washout may contribute to better risk stratification in 
this cohort [49]. Furthermore, the proposed method can be 
used to assess the efficacy of potential CHF therapies and 
predict the efficacy of cardiac resynchronization therapy and 
the use of cardioverter defibrillators.

Despite the fundamental and clinical findings presented 
in the review, studies of 99mTc-MIBI WR are limited. The 
analyzed literature contained no systematic reviews or 
meta-analyses. Furthermore, no randomized studies have 
used 99mTc-MIBI washout to guide treatment. This is most 
likely due to factors affecting washout parameters, such 
as patient age, sex, and underlying pathology. The data 
collection protocol and methods for determining 99mTc-MIBI 
WR are not standardized. The threshold values for normal 

SYSTEMATICAL REVIEWS AND META-ANALYSES

Fig. 3. Meta-analysis findings (k=6 studies). The mean differences ranged from 5.3000 to 14.9900; most estimates were positive (100%). 
The mean difference based on the random-effects model was 9.5771 (95% confidence interval: 6.6001–12.5540); the mean result was 
significantly different from zero (z = 6.3053; P < 0.0001). 
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and pathological clearance of this radiopharmaceutical 
have not been determined. This primarily applies to normal 
clearance values (Table  1), which are highly variable. The 
formulas used to calculate the WR vary: some studies apply 
an adjustment to the half-life of 99mTc and/or consider the 
scintillation count in the mediastinum, whereas others do 
not. Most studies used small patient samples. Only one study 
found a link between radiological findings that characterize 
MD and organelle microscopy data [14]. 

CONCLUSION
The reverse redistribution of 99mTc-MIBI and its 

accelerated washout represent a universal nonspecific 
scintigraphy pattern of myocardial injury caused by MD. 
According to the literature review, the most extensive evidence 
base for the use of this method has been accumulated for 
nonischemic CHF.

In vivo studies have demonstrated a link between the 
accelerated 99mTc-MIBI washout and the following:

•• Findings of mitochondrial microscopy and myocardial 
histological examination

•• LV contractility and hemodynamics
•• Natriuretic peptide levels
•• Exercise tolerance
•• Severity of coronary atherosclerosis

•• Myocardial oxidative metabolism
•• Risk of cardiovascular events

The correlation with the findings of cardiac scintigraphy 
with 123I-MIBG is significant because 99mTc-MIBI is 
considerably cheaper, more readily available, and more 
widely used radiopharmaceutical than 123I-MIBG, which 
requires 123-iodine to be produced in a cyclotron. The 
cardiac 99mTc-MIBI WR is a valuable tool for assessing 
and monitoring mitochondrial damage in vivo in clinical 
practice. More research is required to verify the method for 
noninvasive assessment of mitochondrial function.
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Магнитно-резонансная томография 
в дифференциальной диагностике первичных 
внемозговых опухолей: обзор радиомических 
исследований
А.В. Капишников1, Е.Н. Суровцев1,2

1 Самарский государственный медицинский университет, Самара, Российская Федерация;
2 Лечебно-диагностический центр Международного института биологических систем имени Сергея Березина, Тольятти, Российская Федерация

АННОТАЦИЯ
Обоснование. Анализ данных магнитно-резонансной томографии является основным методом для предоперационной 
дифференциальной диагностики первичных внемозговых опухолей. Однако точное их разграничение только на основе 
визуальной оценки этих данных может быть затруднительно.
Радиомика — это количественный подход к анализу данных медицинских изображений, позволяющий выявить взаи-
мосвязь данных визуализации с фенотипическими и генотипическими особенностями опухолей. 
Ранее в ряде аналитических публикаций проводилось обобщение результатов исследований, посвящённых диффе-
ренциальной диагностике первичных внемозговых опухолей на основе принципов радиомики. Быстрое накопление 
новых клинических примеров и увеличение количества исследований по данной проблеме обуславливают необходи-
мость их дальнейшего анализа и систематизации, что и послужило основанием для выполнения настоящей работы.
Цель — систематизировать существующие данные о возможностях радиомики для дифференциальной диагностики 
первичных внемозговых опухолей.
Материалы и методы. Проведены поиск и анализ публикаций на русском и английском языках за последние пять 
лет. Поиск осуществлялся в системах PubMed/Medline, Google Scholar и еLibrary. В окончательный анализ включено 
19 публикаций, касающихся дифференциальной диагностики первичных внемозговых опухолей, в которых были при-
ведены радиомические признаки, использованные для дифференциальной диагностики новообразований.
Результаты. Во всех исследованиях было показано наличие взаимосвязи между радиомическими параметрами (тек-
стурными и гистограммными) и типом опухоли. Эффективность дифференциальной диагностики опухолей радиомиче-
скими моделями превосходила эффективность классификации новообразований рентгенологами.
Наиболее часто использовались следующие алгоритмы для создания математичесиких моделей классификации опу-
холей на основе радиомических параметров: метод опорных векторов, логистическая регрессия, случайный лес. Мето-
ды опорных векторов и логистической регрессии продемонстрировали лучшие и более стабильные результаты.
Заключение. Использование концепции радиомики показывает многообещающие результаты в дифференциальной 
диагностике первичных внемозговых опухолей. Дальнейшее развитие этого направления требует стандартизации 
как методов сегментации, так и набора признаков, а также эффективного метода математического моделирования.

Ключевые слова: первичные внемозговые опухоли; магнитно-резонансная томография; менингиомы; радиомика; 
информационные технологии.
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Magnetic resonance imaging for the differential 
diagnosis of primary extra-axial brain tumors: 
a review of radiomic studies
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ABSTRACT
BACKGROUND: The analysis of magnetic resonance imaging data is considered the main method for the preoperative differential 
diagnosis of primary extra-axial tumors. However, the exact distinction of different primary extra-axial tumors based only on 
visual rating can be challenging. Radiomics is a quantitative method of analyzing medical image data, which allows us to 
understand and observe the connection between visual data and phenotypic and genotypic features of tumors. Earlier, several 
publications presented generalized results of research aimed at the differential diagnosis of primary extra-axial tumors based 
on the principles of radiomics. Fast accumulation of new clinical cases and increasing of the amounts of research on these 
cases demonstrate the need for their further analysis and systematization, which has led to this review.
AIM: To conduct a systematic analysis of existing data on radiomics potential for the differential diagnosis of primary extra-
axial tumors.
MATERIALS AND METHODS: The search for publications over the past 5 years in Russian and English was conducted in 
PubMed/Medline, Google Scholar, and еLibrary databases. The final analysis included 19 papers on the differential diagnosis 
of extra-axial tumors. The included publications provided radiomic features used for the differential diagnosis of neoplasms.
RESULTS: All studies demonstrated the existence of a connection between radiomic parameters (textural and histogram) and 
tumor type. The effectiveness of tumor differential diagnostics with radiomic models exceeded the neoplasm classification 
made by radiologists. The most frequently used algorithms for creating mathematical models of tumor classification based on 
radiomic parameters were the reference vector method, logistic regression, and random forest.
CONCLUSION: The use of the radiomic concept shows promising results in the differential diagnosis of primary extra-axial 
tumors. Further development in this area demands the standardization of both the segmentation method and the set of features 
and an effective method of mathematics modeling.

Keywords: primary extra-axial brain tumors; magnetic resonance imaging; meningiomas; radiomics; information technology.

To cite this article:
Kapishnikov AV, Surovcev EN. Magnetic resonance imaging for the differential diagnosis of primary extra-axial brain tumors: a review of radiomic studies. 
Digital Diagnostics. 2023;4(4):529–542. DOI: https://doi.org/10.17816/DD569149

SYSTEMATICAL REVIEWS AND META-ANALYSES

Submitted: 07.09.2023	 Accepted: 19.10.2023	 Published online: 16.11.2023 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD569149
https://doi.org/10.17816/DD569149


531

Article can be used under the CC BY-NC-ND 4.0 International License
© Eco-Vector, 2023

Digital DiagnosticsVol. 4 (4) 2023

收到: 07.09.2023	 接受: 19.10.2023	 发布日期: 16.11.2023 

DOI: https://doi.org/10.17816/DD569149

磁共振成像在原发性脑外肿瘤鉴别诊断中的应 
用：放射组学研究综述
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1 Samara State Medical University, Samara, Russian Federation;
2 Dr. Sergey Berezin Medical Institute (MIBS), Togliatti, Russian Federation

简评

论证。磁共振成像数据分析是术前原发性脑外肿瘤鉴别诊断的主要方法。然而，仅凭对这些

数据的目测评估很难准确区分不同的原发性脑外肿瘤。

放射组学是一种分析医学影像数据的定量方法。其允许确定成像数据与肿瘤表型和基因型特

征之间的关系。 

此前，一些分析性出版物总结了根据放射组学原理对原发性脑外肿瘤进行鉴别诊断的研究结

果。随着新临床病例的迅速积累和相关研究的不断增加，有必要对其进行进一步分析和系统

化。这就是本研究的基础。

该研究的目的是系统整理有关放射组学在原发性脑外肿瘤鉴别诊断方面潜力的现有数据。

材料与方法。我们搜索并分析了过去五年中用俄语和英语发表的出版物。搜索是在PubMed/

Medline、Google Scholar和eLibrary数据库中进行。最终分析包括19篇关于原发性脑外肿

瘤鉴别诊断的出版物。这些出版物包括用于肿瘤鉴别诊断的放射组学特征。

结果。所有研究都表明了，放射组学参数（纹理的和直方图的）与肿瘤类型之间存在相关

性。通过放射组学模型对肿瘤进行鉴别诊断的效率优于放射科医生对肿瘤进行分类的效率。

为了创建肿瘤分类的模型，我们最常使用了以下算法：支持向量法、逻辑回归法和随机森林

法。支持向量法和逻辑回归法显示出更好、更稳定的结果。

结论。放射组学概念在原发性脑外肿瘤鉴别诊断中的应用显示出良好效果。这一方向的进一

步发展需要分割方法和特征集的标准化，以及有效的数学建模方法。

关键词：原发性脑外肿瘤；磁共振成像；脑膜瘤；放射组学；信息技术。
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BACKGROUND
Preoperative differential diagnosis of primary extra-axial 

brain tumors (PEABTs) is based on the analysis of magnetic 
resonance imaging (MRI) semiotics, which most commonly 
includes a standard set of weighted images (WI), such as 
T2-WI, T1-WI, FLAIR, diffusion-weighted imaging (DWI), and 
contrast-enhanced T1-WI (T1-CE) [1–3].

PEABTs include both benign and malignant neoplasms of 
the meninges (meningiomas and mesenchymal tumors) and 
cranial nerves (neurinomas) [4].

The MRI semiotics of PEABTs have been studied in detail 
and described in established guidelines; however, atypical 
MRI patterns can complicate the differential diagnosis of 
tumors based on visual assessment alone [5,6]. Incorrect 
tumor type determination can result in incorrect treatment 
[1,2,7,8]. The most common difficulties are differentiating 
meningiomas of various grades, distinguishing solitary 
fibrous tumors from meningiomas, and localizing PEABTs in 
cerebellopontine angles [9–12].

Radiomics is a quantitative approach to medical image 
analysis and aims to identify the relationship between the 
digital characteristics of a diagnostic image and phenotypic 
and genotypic characteristics of a tumor [13].

Radiomics involves extracting quantitative features from 
images to provide an objective description of an imaging 
phenotype and determine the relationship between radiomic 
and genetic, molecular, and clinical features of tumors [14]. To 
extract quantitative parameters from images, morphometric, 
histogram, and texture analysis of segmented areas of 
interest is performed. Histogram and texture features reflect 
structural features not detectable visually [15]. In radiomics 
studies, various mathematical modeling and deep learning 
methods are used. The resulting differential diagnostic and 

Fig. 1. Radiomic analysis stages.

prognostic models should be validated using an independent 
sample. Radiomics may be a powerful tool in clinical 
decision-making [16]. Figure 1 shows the steps of radiomic 
analysis.

Some analytical publications have summarized previous 
studies on radiomics-based differential diagnosis of PEABTs 
[13, 17]. The rapid accumulation of new clinical cases and 
increase in the number of studies related to this problem 
require further analysis and systematization, and thus, is the 
basis of the present study.

MATERIALS AND METHODS
A systematic review for the last 5 years was conducted 

according to PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses Protocols, 2009).

PubMed/MEDLINE, Google Scholar, and eLibrary 
databases were searched for scientific articles from the last 
5 years using the following keywords: MRI, meningioma, 
neuroma, schwannoma, solitary fibrous tumor, radiomics, 
texture, МРТ, менингиома, невринома, шваннома, соли-
тарная фиброзная опухоль, радиомика, текстура.

Articles with abstracts unrelated to the differential 
diagnosis of PEABTs were excluded, as well as those without 
a description in text of radiomic features in the differential 
diagnosis of tumors.

Finally, 19 publications were included in the review. 
Figure 2 shows the design of the current study.

Estimated parameters
As part of the systematic review, the following parameters 

were assessed in the selection of publications:
•• Diagnostic task
•• Number of patients

Original 
image Model validation

Feature selection and modelingFeature extraction

Segmentation

Morphometry Histogram analysis Texture analysis

Image preprocessing 
(filtering, normalization)
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Fig. 2. Research design.
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brain tumors

Publications that did not contain data on 
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•• Method of tumor segmentation
•• WI types
•• Significant differential diagnostic features
•• Mathematical models used
•• Validating the mathematical models used to classify 

tumors
This review included data from original clinical trials.

RESULTS
Several studies have investigated the effectiveness 

of radiomic features of MRI images in the differential 
diagnosis of PEABTs. In total, 121 studies published in the 
last 5 years were found in PubMed/MEDLINE and Google 
Scholar for the search query “meningioma or neuroma 
or schwannoma or solitary fibrous tumor) + (texture or 
radiomic) + MRI.” For queries with different combinations 
of the words “MRI, meningioma, neuroma, schwannoma, 
solitary fibrous tumor, radiomics, and texture,” only one 
publication was found in eLibrary. After analyzing the 
publications, 19 articles in English and Russian were 
included in the review.

Table 1 shows the characteristics of the selected articles 
according to research design.

DISCUSSION
Differential diagnosis

Twelve studies were found to have investigated the 
differential diagnosis of benign and malignant meningiomas. 
The differential diagnosis of meningiomas and solitary fibrous 
tumors was evaluated in four studies, and the differentiation 
between meningioma and hemangioma/craniopharyngioma/
neurinoma was examined in one study.

Most studies have discussed a “binary” classification 
between two types of PEABTs [18,19,22-32,34,35]. Given 
the similar semiotics of all PEABTs, models capable of 
performing multiclass rather than binary classification 
between two prespecified tumor types have an advantage for 
clinical use. However, only four studies have distinguished 
between three or more types of PEABTs [20,21,33,36].

Comparison of the effectiveness of tumor 
classification by visual assessment and models 
based on mri semiotics or radiomic parameters

Two studies have compared the effectiveness of tumor 
classification between radiologists and radiomics models 
[20,30]. In these studies, the tumor type was determined by 
a radiologist based on the MRI image, without mathematical 
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modeling based on visual features. The use of radiomics 
models was advantageous, with an accuracy of 10%–17%.

Five studies have compared the accuracy of tumor 
classification between models based on MRI semiotics and 
radiomics features [20,23,32,33,36]. In these studies, the 
visual semiotic features were systematized and stratified. 
Based on these features, mathematical models may be 
developed.

The use of mathematical semiotic models for tumor 
classification may be more advantageous over the 
radiologist’s opinion because a radiologist’s differential 
diagnosis is largely based on experience and subjective. 
Moreover, systematizing and integrating the evaluation of 
MRI semiotic features increases their information value.

Differentiating tumors using models based on radiomic 
parameters was significantly superior to classifying tumors 
by radiologists, and their information value was higher than 
that of semiotic models.

The most valuable studies are those that compare the 
information value of radiomics models with the results of 
visual assessment of MRI semiotics. Furthermore, the ability 
to automate image analysis for computer decision support 
systems remains an advantage of the radiomics approach.

Patient sample size and model validation
Most studies have included relatively small numbers of 

patients:
•• <100 patients: 6 publications [19,24,27,30,35,36],
•• 100–200 patients: 7 publications [18,20-22,28,31,34],
•• 200–300 patients: 4 publications [25,29,32,33],
•• >300 patients: 2 publications [23,26].

Larger samples are typical for differential diagnosis 
studies of meningiomas. The small sample size may be 
because of the unequal prevalence of the different types of 
PEABTs. Most PEABTs (> 80%) are benign meningiomas, and 
other tumors are rare [4], making it challenging to select a 
large patient population.

Validation was completed in 84.2% of the trials. In most 
studies, the validated group comprised approximately one-
third of the total enrolled patients. Note that the clinical 
significance of differential diagnostic models is reduced by 
the lack of testing of model performance on the validation 
set.

Tumor segmentation
Segmenting the tumor is the first and fundamental 

step in radiomics analysis [14]. To avoid distortion of 
radiomic features and ensure reproducibility of results, 
the segmentation technique should accurately distinguish 
neoplastic tissue from brain matter and peripheral edema.

Most PEABTs are characterized by a marked increase in 
MRI signal intensity on T1-WI after contrast administration, 
whereas the isointense and hypointense MRI signals of 
adjacent structures are preserved [9]. This feature is the 
basis for the sharp difference in brightness between the 

contrasted tumor and adjacent structures and accuracy of 
tumor margin visualization. Most studies included in the 
review (63.2%) have performed segmentation specifically on 
contrast-enhanced T1-WI [18,21-28,30,33,36].

The segmentation method affects the final simulation 
result. The automatic and semiautomatic methods have 
a higher reproducibility than the manual methods in the 
determination of tumor boundaries [37]. In the presented 
studies, less preferred manual segmentation was most 
common [18-20,22,23,27-29,31-33]. Only five studies have 
used automated or semiautomated methods [18,19,26,27,36].

Significant radiomic features
A feature of radiomics studies is the presence of a 

sufficiently large initial set of parameters, and the most 
informative parameters are selected to solve the problem. 
Histogram and texture parameters of tumors are the most 
informative radiomic features for the differential diagnosis 
of PEABTs.

The power of radiomics models for the differential 
diagnosis of PEABTs is increased by expanding the set of 
radiomic parameters to include different WI types. Seven 
studies have compared models based on the radiomic 
parameters of one WI type with models that included the 
features of different WI types [19,25,28,29,31-33]. In six of 
these studies, the advantage of the latter was demonstrated 
based on a comparison of the information values of the tests 
[19,25,29,31-33]. One study has revealed the poor results of 
weight combination models [28].

In comparing the two combined models, Hu et al. [26] 
have shown that a model containing an extended spectrum of 
weights (T2-WI, T1-WI, T1-CE, apparent diffusion coefficient 
[ADC] map, susceptibility weighted imaging [SWI]) was slightly 
superior to a model based on T2-WI, T1-WI, and T1-CE.

The advantage of models using several types of weights 
is their ability to reflect different aspects of the tumor. For 
example, T2-WI and T1-WI reflect the degree of hydration 
(amount of fluid) in the tumor, T1-CE reflects the permeability 
of the blood–brain barrier, DWI and ADC reflect the cellularity 
of the tumor, and SWI is sensitive to hemorrhage and 
fossilization. Therefore, integrating the parameters within 
the model allows a more complete representation of the 
morphological characteristics and better results.

The shape parameter values were limited. The information 
value of these parameters was evaluated in ten studies [21-
23,26-28,31-33,35]. Shape parameters were informative 
in studies that have performed modeling based on one WI 
type [21-23,27,28,35]. Three studies [31-33] have shown 
that shape parameters are uninformative when constructing 
models that include multiple WI types. In a study by Hu et al. 
[26], shape parameters were informative and were included 
in the modeling; however, their proportion was not large 
compared with that of histogram and texture parameters (the 
model included 17 histogram and texture parameters and 3 
morphometric parameters).

DOI: https://doi.org/10.17816/DD569149

https://doi.org/10.17816/DD569149


537
Digital DiagnosticsVol. 4 (4) 2023

Mathematical modeling methods
In the presented studies, various mathematical modeling 

methods were used to create models. The most common 
algorithms were as follows:

•• Support vector machine (SVM): 9 studies 
[18,21,22,25,28,30,32,33,35],

•• Logistic regression (LR): 10 studies [19,24,27-29,31-
35],

•• Random forest (RF): 6 studies [18,23,26,28,33,35].
Three studies [18,28,33] have analyzed the results of 

tumor classification using models based on these methods 
and showed conflicting results. In a study by Park et al. [18] 
(RF and SVM) and in another by Wei et al. [33] (LR, RF, SVM), 
the methods showed a comparable level of information 
value. However, in a study by Han et al. [28], the results 
varied significantly according to the modeling technique (one 
of the information value parameters of the test, area under 
the curve (AUC), varied from 0.628 to 0.922), whereas the 
SVM showed more stable results.

Among all modeling methods, the best information value 
parameters were demonstrated by LR [27] and SVM [35], 
wherein the AUC was 0.95.

CONCLUSION
The use of radiomics approach shows promising results 

in the differential diagnosis of PEABTs. Additionally, clinical 
practice implementation requires greater methodological 
rigor in the conduct of radiomics studies, including mandatory 

validation, standardization of segmentation methods, 
determination of the required feature set, and more informed 
choice of mathematical modeling methods. The use of 
histograms and texture parameters of different WI types for 
further revealing the potential of radiomics in the differential 
detection of PEABTs appears favorable.

Prospective studies using automated segmentation 
methods and an expanded set of WI types and the 
development of radiomics models that allow multiclass 
differential diagnosis of PEABTs may lay the foundation for 
creating powerful tools for digital clinical decision support 
systems and can ensure optimal patient treatment selection.
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Современный взгляд на основные аспекты 
подготовки пациентов с дифференцированным 
раком щитовидной железы к радиойодтерапии: 
научный обзор
М.В. Рейнберг, К.Ю. Слащук, А.А. Трухин, К.И. Аврамова, М.С. Шеремета
Национальный медицинский исследовательский центр эндокринологии, Москва, Российская Федерация

АННОТАЦИЯ
Рак щитовидной железы  — наиболее распространённая опухоль эндокринной системы, составляющая 1–3% всех 
злокачественных новообразований (по состоянию на 2021 год). В 90% случаев выявляют дифференцированные фор-
мы — папиллярный и фолликулярный варианты — обладающие относительно благоприятным прогнозом. 
Комбинация хирургического лечения и последующей супрессивной гормональной терапии, радиойодтерапии, обеспе-
чивают благоприятный прогноз у пациентов с высокодифференцированным раком щитовидной железы. Тем не менее 
сохраняется вероятность недостаточного ответа на радиойодтерапию, что может быть ассоциировано со многими фак-
торами, включая этап подготовки к её проведению. На сегодняшний день сохраняется актуальным вопрос о выборе 
оптимального метода подготовки пациента к терапии радиоактивным йодом.
В публикации представлен обзор научной литературы, посвящённой аспектам подготовки пациента с высокодиффе-
ренцированным раком щитовидной железы к проведению терапии радиоактивным йодом. Освещены и обобщены 
принципы подготовки пациентов на основании рекомендаций ведущих экспертных сообществ и публикаций по дан-
ной теме, приняты во внимание нежелательные явления, ассоциированные с радиойодтерапией, качество жизни па-
циентов, эффективность и отдалённые результаты лечения.
Основная цель обзора — составить целостное представление о методах подготовки пациента с высокодифференци-
рованным раком щитовидной железы к проведению радиойодтерапии, осветить существующие проблемы и перспек-
тивные направления исследований с целью модернизации лечения в сторону персонализированной терапии.
Был проведен поиск научных статей и обзоров, опубликованных до конца января 2023 года, в базах данных National 
Library of Medicine, The Cochrane Library и Google Scholar по следующим ключевым словам: подготовка к радиойодте-
рапии, тиреотропин альфа, отмена тиреоидных гормонов, побочные эффекты, йод-ограниченная диета, сиалоаденит, 
первичный гипотиреоз, качество жизни, тиреоидэктомия, дифференцированный рак щитовидной железы, эффектив-
ность радиойодтерапии  — в их различных комбинациях. Использовались рекомендации по высокодифференциро-
ванному раку щитовидной железы следующих научных сообществ: Российские клинические рекомендации по вы-
сокодифференцированному раку щитовидной железы, American Thyroid Association, European Thyroid Association, The 
National Comprehensive Cancer Network, European Association of Nuclear Medicine, British Thyroid Association, European 
Society for Medical Oncology. Критериями исключения были статьи, не доступные в полном объёме, не на английском 
или русском языках, систематические обзоры на аналогичную тему. Всего было отобрано и проанализировано 124 ис-
точника, выделены общие тенденции современного подхода к подготовке пациентов к терапии радиоактивным йодом 
и актуальные проблемы, освещены концепции оптимизации подготовки к радиойодтерапии в рамках персонализации 
терапии, сформированы результаты и выводы. 

Ключевые слова: дифференцированный рак щитовидной железы; терапия радиоактивным йодом; йод-
ограниченная диета; тиреотропин альфа; методы подготовки; нежелательные явления.
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Preparation for radioiodine therapy in patients 
with differentiated thyroid cancer: 
a modern perspective (a review)
Maria V. Reinberg, Konstantin Yu. Slashchuk, Alexey A. Trukhin, Karina I. Avramova, 
Marina S. Sheremeta
Endocrinology Research Centre, Moscow, Russian Federation

ABSTRACT
Thyroid cancer is the most prevalent tumor of the endocrine system, accounting for 1%–3% of all malignant neoplasms as of 
2021. Differentiated forms, papillary and follicular, with a relatively favorable prognosis, are detected in 90% of cases. The 
combination of surgical treatment, subsequent suppressive hormonal therapy, and radioiodine therapy provides a favorable 
prognosis in patients with differentiated thyroid cancer. However, an insufficient response to radioiodine therapy may be 
possible, which may be associated with multiple factors, including the preparation step for radioiodine therapy. To date, 
the question of choosing the optimal method of patient preparation remains relevant. This paper presents a review of the 
scientific literature on the preparation of patients with differentiated thyroid cancer for radioiodine therapy. The principles of 
preparation are based on the recommendations of leading expert societies, and publications related to this topic are highlighted 
and summarized, including the adverse events associated with radioiodine therapy, quality of life, efficacy, and long-term 
results of treatment. The main purpose of this review was to provide a comprehensive insight into the methods of preparing a 
patient with differentiated thyroid cancer for radioiodine therapy, highlight existing problems and promising areas of research, 
and modernize treatment toward personalized therapy. Scientific articles and reviews from the National Library of Medicine, 
Cochrane Library, and Google Scholar databases, published up to the end of January 2023, were searched by the keywords 
listed below in their various combinations. Recommendations from the following scientific communities were used: Russian 
Clinical Guidelines for Differentiated Thyroid Cancer, American Thyroid Association, European Thyroid Association, National 
Comprehensive Cancer Network, European Association of Nuclear Medicine, British Thyroid Association, and European Society 
for Medical Oncology. Articles not available in full, not in English or Russian, or systematic reviews of a similar topic, were 
excluded. In total, 124 sources were selected and analyzed, general tendencies of modern approaches to preparation for 
radioiodine therapy and actual problems were highlighted, concepts of optimization of preparation for radioiodine therapy 
within the framework of personalized therapy were covered, and results and conclusions were presented.

Keywords: differentiated thyroid cancer; radioiodine therapy; low-iodine diet; thyrotropin alpha; methods of preparation; side 
effects
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目前对分化型甲状腺癌患者放射性碘治疗准备工作主
要方面的看法：文献综述
Maria V. Reinberg, Konstantin Yu. Slashchuk, Alexey A. Trukhin, Karina I. Avramova, 
Marina S. Sheremeta
Endocrinology Research Centre, Moscow, Russian Federation

简评

甲状腺癌是内分泌系统中最常见的肿瘤。它占所有恶性肿瘤的1%-3%（截至2021年）。在90%

的病例中，可发现分化型甲状腺癌（乳头状癌和滤泡状癌）。它们的预后相对较好。 

对于高分化甲状腺癌患者来说，手术治疗和随后的激素抑制治疗、放射性碘治疗相结合的预

后良好。不过，放射性碘治疗仍有可能出现反应不充分的情况。这可能与许多因素有关，包

括准备阶段。迄今为止，如何选择最佳的放射性碘治疗准备方法仍是一个重要问题。

该出版物对有关高分化甲状腺癌患者接受放射性碘治疗的准备问题的科学文献进行了综述。

根据主要专家团体的建议和有关该主题的出版物，我们对患者准备工作的原则进行了介绍和

总结。文章还考虑了（1）与放射性碘治疗相关的不良反应；（2）患者的生活质量；（3）疗

效；（4）治疗的长期结果。

这篇综述的主要目的是提供一个全面的视角，介绍为高分化甲状腺癌患者接受放射性碘治疗

做准备的方法，强调现有的问题和有前途的研究方向，以便使治疗现代化，实现个性化治

疗。

在National Library of Medicine、The Cochrane Library和Google Scholar数据库中检索了

截至2023年1月底发表的科学文章和综述。检索时使用了以下关键词：为放射性碘治疗做准

备、促甲状腺素α、停用甲状腺激素、副作用、禁碘饮食、涎腺炎、原发性甲状腺功能减退

症、生活质量、甲状腺切除术、分化型甲状腺癌、放射性碘治疗的疗效。采用了以下科学界

关于高分化甲状腺癌的建议：俄罗斯高分化甲状腺癌临床指南、美国甲状腺协会、欧洲甲状

腺协会、American Thyroid Association、European Thyroid Association、The National 

Comprehensive Cancer Network、European Association of Nuclear Medicine、British 

Thyroid Association、European Society for Medical Oncology。排除标准为：未提供全

文的文章；非英语或俄语文章；类似主题的系统综述。共选择并分析了124个资料来源。本

文强调现代放射性碘治疗患者准备工作的总体趋势和当前存在的问题，指出在治疗个性化框

架内优化放射性碘治疗准备的概念，最后得出结论。 

关键词：分化型甲状腺癌；放射性碘治疗；禁碘饮食；促甲状腺素α；准备方法；不良反

应。
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INTRODUCTION
Thyroid cancer (TG) has five histological types:
•• Papillary (80%–85%)
•• Follicular (10%–15%)
•• Medullary (5%)
•• High grade (1%)
•• Anaplastic (0.1%–0.2%)

The first two types are low-grade cancers with relatively 
good outcomes. The  global incidence rate of malignant 
neoplasms is between 1% and 3% of all new diagnoses.

Among thyroid nodules, up to 5% of cases (according 
to some data, up to 20%) are cancerous [1], whereas the 
average annual growth rate in incidence is 3%. Since 2011, the 
incidence has increased by 36%, whereas the mortality rate 
has remained low [2]. This is mainly due to improvements in 
diagnostic methods, including the increased availability and 
quality of ultrasonography.

Despite a good response to surgical treatment and 
radioiodine therapy (RIT), 20% of patients may experience 
a relapse of the disease, and in this case, an unfavorable 
prognosis is observed in 8% of cases [1]. In Russia in 2021, 
996 patients per 100,000 population died from thyroid cancer. 
From 2011 to 2021, a statistically significant increase was 
found in the “crude” incidence of malignant thyroid neoplasms 
in children aged <15 years (40%) [2].

Patients with highly differentiated thyroid carcinoma 
(HDTC), including those at high risk of recurrence, have a 
generally favorable overall survival profile, and approximately 
90%–95% were responders to radioactive iodine therapy [3]. 
The prognosis is somewhat worse in patients with distant 
metastases, incomplete response after the first course of 
radiotherapy, and advanced disease. According to various 
sources, the 10- and 5-year overall survival rates of such 
patients are approximately 30% and 55%, respectively [3, 
4]. The tumor-specific survival rate is approximately 30%–
65% [5]. A.  Hassan et al. [6] reported 5-year disease-free 
survival rates of 52% in intermediate-risk patients and 17% 
in high-risk patients. Currently, no consensus has been 
established on the reasons for the incomplete response to 
RIT and thyroid cancer progression, which may be due to 
various factors, including the methodology and principles 
of preparing the patient for RIT. Finding the reasons for an 
incomplete response to therapy and developing methods to 
improve the quality of life and treatment approaches remain 
urgent problems.

RIT refers to a radical method of treatment for HDTC and 
is part of combination therapy in patients with predominantly 
intermediate and high risks of disease relapse (according 
to the criteria of scientific communities [7-11]). The goal of 
radionuclide therapy is the ablation of residual thyroid tissue 
after thyroidectomy and the removal of tumor tissue and 
metastases that can accumulate iodine-131 (I-131).

The effectiveness of RIT depends on various factors, 
including the histological type of the tumor, size of the 

primary tumor and/or metastases, presence of locoregional 
and/or distant metastases, patient’s age at the time of 
diagnosis, hormonal status of the thyroid gland at the time 
of HDTC detection, and RIT strategy. One of the important 
criteria is compliance with the conditions of preparation 
for RIT to optimize the uptake of I-131 by thyrocytes of 
residual tissues or thyroid cancer cells. Adequate thyroid-
stimulating hormone (TSH) and low-iodine levels in the body 
are believed to be necessary for the adequate uptake of 
radiopharmaceuticals by tumor cells. These conditions are 
achieved through thyroid hormone withdrawal, injection of 
recombinant human thyrotropin alpha (rhTSH), and adherence 
to a low-iodine diet before RIT. However, no consensus has 
been reached on the timing and intensity of compliance 
with these recommendations regarding their effects on the 
long-term outcomes of therapy. In world practice (Table 1), 
the accepted standard for preparing for RIT includes the 
following steps:

•• Discontinuation of levothyroxine sodium (LT4) for 3–6 
weeks or
—	Replacing LT4 with liothyronine (LT3) for 2 weeks 

followed by a 2-week withdrawal
—	Use of rhTSH in patients at low and intermediate 

risk of relapse/progression
•• Low-iodine diet for 1–4  weeks (with achievement of 

iodine concentration in single and/or daily urine <50–
100 μg/L).

Taking into account current trends, the contribution of 
each point of preparation for RIT must separately consider 
the patient’s quality of life, development of side effects, and 
effectiveness of RIT.

THYROID HORMONE WITHDRAWAL
As the first method of preparation for RIT, the LT4 

regimen was discontinued 6 weeks before the initiation of 
RIT; however, this regimen led to severe hypothyroidism and 
related side effects. Subsequently, various variations were 
used to improve the quality of life without compromising 
the effectiveness of RIT. A. Golger et al. and T. Davids et al. 
concluded the sufficient adequacy of a 3-week withdrawal 
of LT4 in most patients [14, 15]. Alternatively, the option of 
replacing LT4 with LT3 for 2 weeks and then withdrawing 
LT3 for the same period can be used. However, according 
to some studies, this method does not provide additional 
benefits regarding the quality of life of patients [16, 17] 
and can sometimes potentiate the side effects of LT3 [18]. 
The limited availability of triiodothyronine preparations on 
the Russian market and the above factors may make this 
preparation option less convenient for patients.

Despite the proposed methods, 4 weeks of LT4 
withdrawal or 2 weeks of LT3 withdrawal are sufficient for 
the development of clinically significant hypothyroidism, 
accompanied by associated side effects that significantly 
reduce the quality of life of patients. In addition, patients 
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on suppressive therapy may tolerate symptoms of 
hypothyroidism less. Signs of hypothyroidism affecting the 
quality of life were reported to progress 2 weeks after 
cessation of suppressive therapy in most patients [19]. When 
analyzing the questionnaires, a deterioration in the quality 
of life was also noted 2 weeks after cessation of LT4 intake 
[20].

The issue of reducing the withdrawal time of LT4 to 
2–3 weeks is being actively discussed. It can be effective 
in achieving the target TSH level and long-term treatment 
results.

Liel et al. analyzed 13 patients and reported that a TSH 
concentration >30 mIU/L was achieved in all patients an 
average of 17 days after LT4 cessation, and an exponential 
increase in TSH was observed [21].

R. Luna et al. studied TSH levels in 34 patients on days 4, 
14, 21, and 28 after LT4 cessation, with an average of 20, 46, 
75, and 112 mIU/L, respectively, corresponding to a linear 
increase in TSH levels. Thus, after 2 weeks, 75% of the 
patients achieved a TSH level >30 mIU/L, and 100% of the 
patients achieved this TSH level after 3 weeks of withdrawal 
[19].

According to A.  Piccardo et al., the response to LT in 
the group with LT4 withdrawal in 2 weeks (n = 85) and 4 
weeks (n = 137) did not differ, which was 82% over a 3–4-
year follow-up period. However, the TSH level before RIT did 
not influence the incomplete therapeutic response [22]. Other 
authors have come to similar conclusions [23, 24].

Alternatively, P.W.  Rosario et al. proposed a regimen 
with a reduction in the LT4 dose to 0.8  mg/(kg × day) 6–8 
weeks before RIT, which was associated with the leveling 
of hypothyroidism that occurs during withdrawal, and this 
also made it possible to avoid the use of expensive rhTSH. 
Therefore, in 24 patients on the classic protocol, 71% noted 
a health deterioration, whereas in 27 patients on the reduced 
protocol, only 23% had symptoms of hypothyroidism. 
Laboratory parameters were also better in the second group. 
An increase in creatinine was noted in 63% of cases with 
the classic protocol compared with 30% with the reduced 
regimen, whereas 60% of patients noticed a difference in the 
various preparation methods, and 100% would prefer the 
reduced protocol if TSH stimulation was again necessary. The 
effectiveness rates of RIT were 75% and 79%, in the reduced 
and classic protocols, respectively [25].

This protocol has not received much attention from 
clinicians in other countries because the study was limited 
by a small sample size and previous RIT. However, this 
method can be considered in the preparation of low- and 
intermediate-risk groups for diagnostic procedures and RIT, 
and this issue requires further research.

Optimizing the preparation of patients for RIT is a current 
area of research. The above papers suggest that the duration 
of LT4 withdrawal can be reduced to 2–3  weeks without 
a decrease in the effectiveness of RIT. This may lead to a 
decrease in the risk of clinically significant hypothyroidism 

and an improvement in the quality of life of patients because 
signs of hypothyroidism in most patients start to progress 
2 weeks after the cessation of LT4 treatment.

IS TSH CONCENTRATION >30 MIU/L 
AN OUTDATED DOGMA?

Controversy exists regarding the optimal TSH concentration 
before RIT in residual thyroid tissue. The efficiency of I-131 
uptake by the tumor and residual thyroid tissue was 
assumed to depend on the level of expression of the sodium-
iodine symporter (SIS), which in turn depends on the TSH 
concentration [26, 27]. D.Yu. Semenova et al. [28] showed that 
the average expression of SIS on the membrane of thyroid 
gland cells does not exceed 4.5%, and the maximum reaches 
10%, whereas in normal thyroid tissue, the expression level 
was 30%–50%. More than 60% of patients with relapsed HDTC 
had an SIS expression level of <1%. Low SIS expression has 
been theorized to be an independent prognostic factor for the 
risk of relapse and disease severity; however, further research 
on this topic is required.

In 1977, C.J. Edmonds et al. first concluded that adequate 
uptake of I-131 by the tumor was impossible with TSH 
<30 mIE/L, and since then, this cutoff point has been used as 
an indicator of adequate patient readiness for RIT, also serving 
as a standard in most subsequent studies. Notably, in this 
study, not all patients achieved adequate I-131 uptake at the 
“target” TSH values, the sample size was small, and patients 
with distant metastases of thyroid cancer were also included, 
which could have a greater effect on the radiopharmaceutical 
uptake than the TSH concentration. Finally, these studies were 
not subjected to statistical analysis; thus, the conclusions 
were not considered unambiguous [26].

In 2021, J. Xiao et al. reported that a group of patients with 
a TSH concentration of 30–70 mIU/L showed better treatment 
outcomes than a group of patients with a concentration of 
≤30 mIU/L at the time of RIT. Moreover, the effectiveness of 
RIT in the group with a TSH concentration of >70 mIU/L did 
not differ from that in the group with a TSH concentration of 
30–70 mIU/L [29]. However, patients at high risk of disease 
relapse were excluded from the statistical analysis, and they 
comprised the majority of patients in the group with TSH 
<30  mIU/L and could respond worse to therapy because 
of the stage of thyroid cancer. Therefore, it is impossible 
to statistically reliably state that RIT is less effective based 
on TSH levels. Interestingly, 76% of patients achieved a TSH 
level of ~70 mIU/L by the end of week 4 of LT4 withdrawal, 
whereas 46% had a TSH concentration of >100 mIU/L. The 
authors concluded that due to the lack of additional benefit 
from achieving TSH concentrations >70 mIU/l (probably due 
to the presence of a certain threshold for rhTSH expression 
in the tumor cell), the timing of thyroid hormone withdrawal 
can be reduced.

T.  Zhao et al. also reported the need to achieve TSH 
concentration >30 mIU/L in patients at low and intermediate 
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risk; however, the study has its limitations: retrospective 
analysis, variability in I-131 activity (1.1–5.5  GBq), small 
sample size of patients with TSH <30  mIU/L, and short 
follow-up period [30].

In contrast to the above studies, an alternative opinion 
states achieving TSH concentration >30 mIU/L is unnecessary.

Z.  Hasbek et al. observed 34 patients with an average 
median TSH concentration of 19.5 ± 6.0  mIU/L and 227 
patients with TSH >30  mIU/L and noted that the lack of 
RIT effect was observed in one patient from the first group 
and 11 from the second group, which was not statistically 
significant. In non-responders, a significant increase in 
thyroglobulin levels and the presence of locoregional and 
distant metastases were observed. The authors concluded 
that TSH concentration is not the only and absolute factor for 
a successful response to RIT, whereas the patient’s age at 
diagnosis (>45 years), presence of metastases, thyroglobulin 
concentration, and residual thyroid tissue volume should be 
considered possible criteria for the low efficiency of RIT [31]. 
A research group from Germany came to similar conclusions; 
the TSH level at the time of ablation did not affect the 
percentage of successful ablation, disease-free survival, or 
tumor-specific mortality (Figure 1) [32].

In a retrospective analysis of 1873 patients without 
evidence of distant metastasis who underwent RIT, no 
statistically significant effect of TSH concentration was 
found on the effectiveness of RIT, disease-free survival, or 
HDTC-associated mortality. RIT was effective in 230 of 275 
patients with TSH <30 mIU/L and 1359 of 1598 patients with 
TSH >30 mIU/L. At the time of ablation, incomplete response 
to RIT depended on the following factors:

•• I-131 activity
•• Histological characteristics
•• Patient’s sex
•• T-stage
•• Presence of metastases in the regional lymph nodes
•• Thyroglobulin concentration

The absence of metastases, low thyroglobulin 
concentration, smaller tumor size, high I-131 activity, 
and female sex were identified as independent factors for 

successful RIT. The authors also note that TSH levels are 
stimulated more slowly in patients:

•• With metastatic disease
•• At an older age
•• Female [32, 33]

In the absence of increased TSH concentrations to 
generally accepted target values (>30  mIU/L) in this group 
of patients after 3 weeks, further prolongation of thyroid 
hormone withdrawal was inappropriate. N. Ju et al. came to 
similar conclusions (Figure 2) [34].

Slow TSH stimulation is probably associated with the 
influence of estrogens on the level of mRNA expression 
of the TSH beta-subunit, leading to its suppression in 
hyperestrogenism [35]. However, this mechanism of 
regulation of TSH concentration, as well as the theory about 
the influence of the estrogen status of the body on the 
incidence and progression of HDTC, are not fully understood 
and require further research [36-38].

Therefore, some factors can significantly influence 
the success of RIT in HDTC. They require attention and an 
individual approach, and with them, the dominant role of the 
“target” TSH concentration >30 mIU/L may be exaggerated. 
The study of RIT in a setting of TSH concentration <30 mIU/L 
will change views on modern aspects of preparation for RIT 
toward its greater safety with equivalent effectiveness.

RECOMMENDED HUMAN THYROTROPIN 
ALPHA

In 1987, rhTSH was obtained from the human TSH cell 
culture FRTL-5 of Chinese hamster ovaries. In 1998 and 2001, 
rhTSH was approved in the USA and Europe, respectively, as 
a preparation for diagnostic examinations with radioactive 
iodine. rhTSH was later approved as an alternative to thyroid 
hormone withdrawal when preparing patients for RIT:

•• In Europe: since 2005
•• In the USA: since 2007
•• In Russia: since 2018

Numerous studies have shown rhTSH comparable 
to thyroid hormone withdrawal as a preparation for 

Fig. 1. Percentage of patients with successful ablation relative to thyroid-stimulating hormone levels at the time of therapy I-131
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postoperative RIT [39–43]. However, the issue regarding 
the possibility of using rhTSH as part of RIT in patients at 
high risk of recurrent thyroid cancer and in the treatment of 
distant metastases remains open. Previously, several cases 
of ineffectiveness of RIT in high-risk patients when prepared 
with rhTSH have been documented, whereas repeated 
courses of RIT in a setting of thyroid hormone withdrawal 
were successful [44–46].

One of the proposed mechanisms is related to the different 
actions of the recombinant hormone and the endogenous 
hormone because of the greater sialylation of the molecule, 
different degrees of glycosylation of the TSH receptor, and 
polyclonality of tumors, which can develop with increasing 
number of RIT courses [46].

Currently, the question of whether the dose- and time-
dependent effects of TSH (in other words, the area under 
the curve) on radiopharmaceutical uptake and treatment 
outcome is more significant than the “cutoff point” of 
30 mIU/L. A. Vrachimis et al. suggested that this may be one 
of the limiting factors in the use of rhTSH [32].

Despite this fact, recent data indicate the same 
effectiveness of the use of rhTSH in patients not only at low 
and intermediate risk but also at high risk. In a retrospective 
study, J.  Hugo et al. analyzed 586 patients (321  prepared 
by stopping LT4 treatment and 265 prepared using rhTSH), 
including intermediate risk and high-risk groups, and showed 
that long-term clinical outcomes with a median 9-year follow-
up were not different. Moreover, in the short term (median, 
2.5 years), the withdrawal group showed a statistically higher 
likelihood of incomplete response to primary RIT than the 
rhTSH group (47% vs. 39%, p = 0.03), with a higher rate of 
requiring repeat therapy, surgical intervention, or an RIT 
course (37% vs. 29%, p = 0.05). Economically, the use of 
rhTSH can shorten the period of active follow-up for patients 
with signs of persistent and/or recurrent disease [41] and 

reduce the economic budgetary costs [47–51], including a 
70% probability of achieving economic benefits with a 30% 
reduction in the rhTSH cost [52].

Other researchers obtained similar results of at least 
equal effectiveness of rhTSH in the intermediate risk and 
high-risk groups [53-59].

In its HDTC guidelines, the American Thyroid Association 
does not recommend the use of the drug in patients at high 
risk of relapse [9]. Guidelines of the European Association 
of Nuclear Medicine allow the use of the drug off-label in 
patients with distant metastases [8].

The use of rhTSH is associated with fewer side effects. 
There remains some caution regarding the use of the drug 
in patients with metastases to the central nervous system 
because a strong TSH stimulation may lead to their growth/
increase and severe clinical symptoms [60].

In a study of 88 patients prepared for RIT through thyroid 
hormone withdrawal and rhTSH (51 and 37, respectively), 
the 10-year survival rates were 62% and 73%, respectively. 
Therefore, the use of rhTSH was not associated with worse 
treatment outcomes or prognosis [61].

Table  2 summarizes the main advantages and 
disadvantages of using rhTSH and the target group of patients 
for its use.

Despite the controversy regarding the use of rhTSH in the 
high-risk group, a potential benefit may be a greater increase 
in TSH levels in a shorter period. Patients with metastases 
have a lower expression of SIS, which may require a higher 
TSH concentration for I-131 uptake by tumor cells. In addition, 
long-term preparation by thyroid hormone withdrawal can 
negatively affect cancer prognosis and lead to progression 
[62-64].

I.I.  Dedov et al. [65] showed that 70% of patients had 
a TSH concentration >100  mIU/L after the second rhTSH 
injection; however, no studies are currently conducted on the 

Fig. 2. Percentage of patients with successful ablation of residual thyroid tissue with I-131 relative to thyroid-stimulating hormone levels. 
In 8 subgroups, no statistical significance was observed.
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optimal TSH level in the high-risk group and its contribution 
to treatment effectiveness.

Separately, the advantages of rhTSH over LT4 
discontinuation must be considered in terms of the effect on 
organs at risk, which will be discussed further.

SIDE EFFECTS WHEN USING DIFFERENT 
PREPARATION PROTOCOLS AND WAYS 
TO SOLVE THEM

When preparing for RIT, patients who are undergoing 
thyroid hormone withdrawal have severe iatrogenic 
hypothyroidism, accompanied by a decrease in the quality of 
life and side effects affecting target organs. Such effects are 
mediated by the presence of TSH receptors not only in thyroid 
tissues but also on the membranes of adipocytes, fibroblasts, 
osteoclasts, leukocytes, monocytes, amyocardiocytes, 
endothelial cells, and vascular smooth muscle cells, including 
the afferent glomerular arteriole [66].

In the cardiovascular system, the following are noted:
•• Decreased ejection fraction
•• Left ventricular diastolic dysfunction at rest
•• Increase in total peripheral vascular resistance
•• Endothelial dysfunction

All these factors may contribute to a decrease in the 
control of arterial hypertension in patients with essential 
hypertension [67]. Because of a decrease in the filtration 
function of the kidneys, the clearance of adrenaline, 
norepinephrine, and cortisol slows down [68]. Two studies 
have reported increased homocysteine levels [69, 70]. Such 
changes may contribute to the development and progression 
of the cardiorenal continuum. In patients who underwent 
thyroidectomy and were taking anticoagulants, an inverse 
correlation was found between TSH and INR levels during 
LT4 discontinuation, which may require additional monitoring 
of blood coagulation parameters to timely correct therapy.

Negative effects on the liver have been repeatedly 
reported; in patients with thyroid hormone withdrawal, 
increased activities of alanine aminotransferase and 
aspartate aminotransferase were reported [71, 72], whereas 
the use of rhTSH was not accompanied by impaired liver 
function [71]. Lipid metabolism is disturbed by an imbalance 
of high-density lipoproteins [67, 73]. This is because the lack 
of thyroid hormones leads to a decrease in the expression of 
receptors for high-density lipoproteins [74] and an increase in 
their concentration and an increase in total plasma cholesterol 
[73]. A definite connection has been established between 
thyroid dysfunction and affective disorders [75]. Moreover, 
disease control worsened as the intensity of hypothyroidism 
increased, which could be associated with reduced blood 
circulation in the brain and a diffuse [76] and/or regional 
[77] decrease in glucose clearance. The potentiation of the 
symptoms of depression, which most often accompanies 
hypothyroidism, is possible because of the insufficient ability 
of brain cells to receive adequate amounts of oxygen and 
glucose from the blood [78].

The causes of carbohydrate metabolism disorders may be 
increased evacuation capacity of the stomach and decreased 
transport of glucose by the liver, which leads to disturbances 
in both postprandial and fasting glycemia [79].

Evidence shows the influence of thyroid hormones on the 
modulation of the immune response [80], which in the case of 
hypothyroidism can lead to an increase in infectious morbidity. 
Particular attention has been paid to the suppression of renal 
functions, as proven in many studies [71, 81-87], including 
those that occur during LT4 discontinuation but not when 
using rhTSH. A study reported decreased renal perfusion on 
Doppler ultrasonography with rhTSH use. However, it was 
performed on a small sample of patients on day  5 after 
injection of the drug [66].

Cases of hyponatremia have been described following a 
low-iodine diet [88–91], with the following risk factors:

Table 2. Advantages and disadvantages of using recombinant human thyrotropin alpha and its preferred indications

Advantages Disadvantages Target group

Leveling the hypothyroidism phase is an 
opportunity to reduce the side effects on 
some risk organs 
Better quality of life compared with patients 
on withdrawal before and after RIT
The preparation period for RIT/diagnostic 
studies is shorter
Less risk of salivary gland damage
Reducing the radiological load on the 
body as a whole (because of the absence 
of changes in GFR) and the risk of bone 
marrow damage
Shorter possible hospitalization periods

Cost 
Higher incidence of damage to 
lacrimal gland ducts 
Lack of sufficient data on 
use in patients with distant 
metastases

Older age
Chronic diseases of target organs that have a risk 
of exacerbation in the case of decompensated 
hypothyroidism (chronic heart failure, coronary heart 
disease of class II and higher, history of heart attacks/
stroke, COPD, hepatitis, rheumatoid arthritis, diabetes 
mellitus, chronic kidney disease, mental illness, chronic 
pancreatitis, immunodeficiencies, etc.)
Patients with a single/transplanted kidney
Patients with carbohydrate metabolism disorders and 
obesity
Patients with infections/diseases of the oral cavity, a 
history of sialadenitis, and stones in the ducts of the 
salivary glands
Poorly controlled hypertension
Non-alcoholic fatty liver disease and liver diseases in 
the stage of decompensation
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•• Older age
•• Treatment with thiazide diuretics
•• Long duration of the low-iodine diet
•• Long-term hypothyroidism
•• Multiple metastases, which can contribute to the 

development of the syndrome of inappropriate 
antidiuretic hormone secretion, leading to its excessive 
increase [93, 94]

A common cause of hyponatremia was self-limitation of 
table salt by patients because of the low awareness of the 
principles of a low-iodine diet.

In a study by  Horie et al., hyperkalemia developed in 
5% of patients, correlating with age (over 60 years) and 
taking angiotensin-converting enzyme inhibitors, which 
could potentially also be associated with compromised renal 
function during long-term discontinuation of LT4 [93].

Interestingly, the choice of preparation method for RIT 
may also influence the frequency and intensity of side effects 
after exposure to I-131. Therefore, organs expressing SIS can 
accumulate I-131, which in some cases can lead to damage.

According to the clinical experience of our center, as 
well as worldwide publications, 20%–30% of the negative 
effects are related to the salivary glands [94-97]. Patients 
may experience taste changes, infections, facial nerve 
involvement, stomatitis, and candidiasis. The typical first 
symptom is obstructive swelling of the gland, resulting 
from the narrowing of the duct lumen associated with the 
inflammatory process. To prevent sialadenitis, many methods 
have been used, including the use of cholinomimetics, 
sialogogs, cytoprotectors (amifostine), and salivary gland 
massage. However, the efficacy was poor [97-100]. 
Moreover, the use of sialogogs on the first day after RIT leads 
to an increase in the radiation dose by approximately 28% 
in the salivary glands; therefore, the use of lemon/sucking 
sweets/other sialogogs on the first day after therapy is not 
recommended [99, 102]. If untreated, only 54% of patients 
were free of chronic sialadenitis after 6 years of follow-up 
[100], highlighting the need to find new methods to prevent 
sialadenitis.

In a study by A. Trukhin et al., rhTSH use was associated 
with a higher incidence of radiotracer accumulation in the 
lacrimal ducts than the 4-week discontinuation of LT4 
[102]. According to other authors, the use of rhTSH reduced 
the number of cases of acute sialadenitis after RIT by 
approximately 20% [103], which may account for only 6.7% 
over the next year [104].

Secondary leukemia after ablation is one of the side 
effects of RIT that has not been widely recognized, but which 
deserves special attention. In a previous study, 148,215 
patients were analyzed; the risk of developing acute and 
chronic myeloid leukemia in the first 3 years was higher and 
statistically significant in patients who underwent primary 
RIT for differentiated thyroid cancer compared with those 
who underwent surgical treatment only. Although the risk 
of acute myeloid leukemia rapidly declines to baseline levels 

by 3 years after RIT, the risk of chronic myeloid leukemia 
remains high for 10 years [105].

Another controversial finding is the increased number 
of stable chromosomal aberrations in patients after the 
administration of a low dose of I-131, which persisted 
longer in patients on LT4 discontinuation than in those on 
rhTSH [106]. The clinical interpretation of the results requires 
longer follow-up and a detailed search for cause-and-effect 
relationships.

Therefore, when preparing for RIT and monitoring 
patients, a clinician should probably be more cautious about 
patients with the following:

•• Hypertension
•• Immunodeficiency
•• Moderate/severe dysfunction of the liver and/or 

kidneys
•• Disturbances in electrolyte and/or carbohydrate 

metabolism
•• Affective disorders
•• Other previously described conditions

One of the methods to prevent and reduce the severity 
of side effects in susceptible organs associated with 
hypothyroidism is the preferential use of rhTSH in patients 
at risk of hypothyroidism complications and educating them 
on the basic principles of adhering to a low-iodine diet and 
regimen during RIT.

LOW-IODINE DIET
Based on the data collected to date, the degree of iodine 

uptake by tumor and normal thyroid cells is believed to be 
determined by the following:

•• Volume of the residual thyroid tissue
•• Adequate TSH stimulation
•• SIS expression
•• Median iodine concentration at the time of therapy 

[107]
Early studies have shown that iodine uptake by residual 

thyroid tissue increases 2–3-fold in patients following a low-
iodine diet [108, 109], which may affect the effectiveness 
of RIT. Most scientific communities adhere to the following 
criteria when preparing a patient for RIT: optimal level of 
urine iodine excretion (UIE)<50 µg/L [8-10] and adequate 
level <100  µg/L [8]. However, no clear criteria have been 
established for the duration and intensity of adherence to 
a low-iodine diet.

To answer the question of whether a low-iodine diet is 
needed, several studies were conducted, including one by J. 
Tala et al., which caused a certain dissonance in the scientific 
community. The authors did not find a relationship between 
the urine iodine level and RIT effectiveness and suggested 
no differences between groups of patients with urine iodine 
levels of >100 µg/L and <100 µg/L. However, the study was 
conducted in a moderately deficient region (Siena, Italy), the 
sample of patients with high iodine content in the body was 
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not sufficient, and the I-131 dose varied, which could greatly 
contribute to the clinical outcomes of RIT than moderate 
iodine deficiency [110].

The question of the optimal level of iodine in the body, 
after which the patient’s preparation for RIT is considered 
adequate, remains ambiguous.

M. Lee et al. did not find the difference in the effectiveness 
of RIT in the moderate and mild iodine deficiency groups 
[111]. A.E.  Tobey et al. showed no significant difference in 
the RIT effectiveness between groups with iodine levels 
50/100/150 mg/day; however, the risk of disease progression 
was higher in groups with urinary iodine levels >200 mg/
day. To our knowledge, this is the first study to evaluate the 
relationship between pre-RIT iodine status and long-term 
clinical outcomes with a median follow-up of 3.7 years [112]. 
Other authors came to similar conclusions [45, 107, 113]. 
However, in a study by L.F. Morris et al., the success of RIT 
did not differ between groups with and without a low-iodine 
diet [114].

The diet duration is the next urgent issue. The most 
common recommended period is 1–2 weeks; however, 
approaches and protocols for a low-iodine diet vary from 
country to country. The timing and intensity of the diet could 
not be specified because of differences in the iodine supply 
of regions. A 2-week diet with restriction of iodine-containing 
foods can affect the quality of life, social functioning, and 
risk of hyponatremia. However, in regions with excess iodine 
intake, 2 weeks may be preferable to achieve adequate 
pre-ablation iodine levels in the body [107, 115-117]. An 
important point is to properly educate patients about the basic 
aspects of a low-iodine diet. In studies with minimal patient 
education by dietitians/nutritionists or dietary nurses, with 
the distribution of handouts, in some patients provided with 
a 3–7-day menu, better results were seen in the percentage 
reduction of iodine levels compared with baseline [112, 117-
119].

In studies conducted in regions with moderate iodine 
deficiency or adequate iodine intake, optimal levels were 
achieved after a week of a low-iodine diet [118, 120] and 
after 4 days in studies by M.J. Pluijmen et al. and B.L. Dekker 
et al. [113, 121]. Some studies conducted in regions with high 
iodine intake have also shown the effectiveness of a weekly 
low-iodine diet [111, 112, 118, 119].

A limitation of many studies, other than the study by A.E. 
Tobey et al. [112], was that they have been conducted in the 
low- and intermediate-risk groups. This does not allow a full 
assessment of short- and long-term outcomes in the high-
risk group. In studies conducted in countries with moderate 
iodine deficiency (e.g., Italy), with a median urinary iodine 
level of 95 µg/L in patients discontinuing LT4, values ranged 
from 25 to 1890  µg/L, which may affect the effectiveness 
of treatment in some cases. In this study, patients were not 
assigned to a low-iodine diet because of regional iodine 
deficiency status, and the high-risk group was excluded from 
the analysis.

Studying the patient’s iodine status before RIT is one of the 
methods for personalizing treatment. In each case, including 
those at high risk of disease relapse/progression, special 
attention should be paid to achieving an optimal iodine pool 
before RIT because each factor in the preparation process, 
including iodine status, can affect treatment success. The 
main studies on this topic are highlighted in Table 3.

When considering adherence to a nearly stringent low-
iodine diet protocol, no clear evidence was found to support a 
restrictive diet in either the degree of iodine reduction or the 
effectiveness of RIT. A more stringent protocol may be more 
associated with iodine reduction, lower quality of life, and 
psychological discomfort of patients. Therefore, the choice 
of a specific preparation protocol will depend on the ability 
of a particular site to inform/educate patients, presence of 
comorbid pathology, and initial iodine status of the region.

The 2020 Russian Clinical Guidelines recommend a 
2-week low-iodine diet. Considering the iodine status of the 
region and world data, the diet duration can be reduced to 
4–7 days.

CONCLUSION
To date, no consensus has been made regarding 

the indications for adjuvant RIT in patients with low and 
intermediate risk of recurrence, who represent the majority 
of patients with HDTC. The use of RIT carries a potential risk 
of complications; thus, the clinical benefit in each specific 
case must be assessed. This can only be done with the help 
of dynamic stratification of the risk of recurrence of thyroid 
cancer. The studies presented in the literature over the 80-
year history of the method show the heterogeneity of options 
for the preparation and treatment of HDTC, which form the 
modern view of RIT.

In the low-/intermediate-risk group, performing RIT 
in an euthyroid state with a TSH level of <30  mIU/L may 
neutralize the risks associated with hypothyroidism and its 
complications. To date, limited but methodologically sound 
studies have demonstrated that achieving a pre-ablation TSH 
level >30 mIU/L is not necessary, as well as the efficacy of 
2 weeks of LT4 discontinuation (compared with 4 weeks) 
to induce hypothyroid status. More studies are needed to 
extrapolate the results to a high-risk group. Theoretically, 
higher TSH levels may be required to stimulate SIS and 
improve the quality of therapy. The preferred drug for use 
in this patient population would be rhTSH; however, studies 
of the influence of its pharmacokinetic characteristics on 
the efficacy of RIT are required. In addition, its availability is 
currently limited by its high cost, which justifies the need to 
reduce the cost of its production technology in the Russian 
Federation and consider its availability to needy patient 
groups.

To increase the effectiveness of RIT, one of the steps 
in a  personalized treatment approach may be to measure 
the iodine concentration in a single urine sample before RIT 
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to assess the patient’s compliance with a  low-iodine diet 
and predict the effectiveness of treatment. The procedure 
can be simplified by measuring the iodine concentration in 
saliva, as proposed by B.L. Dekker et al. [126]; although the 
information value is equivalent to the “gold standard” (iodine 
in 24-h urine sample), this method still needs to be validated 
and has certain limitations. An important contribution to the 
determination of patient management strategy can be made 
by determining the level of SIS expression as part of a 
standard pathological examination to predict the response 
to RIT, which may also influence the therapeutic activity of 
I-131.

The wide range of therapeutic activities of I-131 is 
one of the significant limiting factors in RIT preparation 
studies, affecting the final assessment of complex efficacy, 
which should be considered when carefully studying the 
issue addressed in the publication. The development of 
more precise and personalized approaches to RIT is based 
on an understanding of the many complex mechanisms, 
including individual patient characteristics, tumor biology, 
and other factors that underlie the efficacy and safety of this 
treatment. Careful selection of patients who will benefit from 
this intervention is necessary to minimize adverse events. 
The issue of the validity of prescribing RIT requires special 
attention and further study.

To summarize modern ideas and trends in the preparation 
for RIT, the following aspects are promising:

•• Educate patients about the disease, RIT preparation, 
posttreatment regimen, and follow-up to improve 
quality of life.

•• Reduce the period of a  low-iodine diet to 4–7 days, 
eliminate significant dietary restrictions, or expand the 
dietary regime during the period of a low-iodine diet, 
depending on the iodine status of the region, and lower 

the “threshold” of optimal iodine level before ablation 
to 100–150 µg/L,

•• Consider the possibility of performing RIT with a TSH 
level <30 mIU/L in some groups of patients (low/
intermediate risk of relapse) by reducing the RIT 
withdrawal period from 4 to 2 weeks.

•• Expand the indications for the use of rhTSH to include 
patients at high risk of relapse and those with 
significant comorbidities.
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Антропоморфные фантомы молочной железы 
для лучевой диагностики: научный обзор
Ю.А. Васильев, О.В. Омелянская, А.А. Насибуллина, Д.В. Леонов, Ю.В. Булгакова, 
Д.А. Ахмедзянова, Ю.Ф. Шумская, Р.В. Решетников 
Научно-практический клинический центр диагностики и телемедицинских технологий, Москва, Российская Федерация

АННОТАЦИЯ
Фантомы молочной железы применяются для разработки, валидации и усовершенствования методов лучевой диа-
гностики. В визуализации молочной железы антропоморфные модели используются для валидации, оценки и опти-
мизации новых методов диагностики заболеваний молочной железы, а также для контроля качества диагностических 
систем, совершенствования клинических протоколов и алгоритмов реконструкции изображений. Ключевым требова-
нием к фантомам для решения этих задач является реалистичная имитация органа.
В обзоре описаны существующие на настоящий момент варианты фантомов молочной железы для лучевой диагно-
стики и процесса их создания. 
Поиск литературы, соответствующей теме обзора, производился в базах данных PubMed, eLibrary, а также в поисковой 
системе Google Scholar. Всего в обзор включено 72 статьи и 13 тезисов материалов конференций.
Все виды фантомов молочной железы можно разделить на два вида: вычислительные и физические. Вычислитель-
ные, в свою очередь, подразделяются на группы в зависимости от типа первичных данных: на основе математических 
моделей, из образцов тканей, с использований изображений медицинской визуализации молочной железы пациент-
ки. Физические фантомы классифицируются в зависимости от способа изготовления: литья, 3D-печати или послойного 
формирования с использованием контрастных веществ. Основными преимуществами вычислительных фантомов яв-
ляются универсальность, эффективность, точность и безопасность, а также возможность генерировать большие объ-
ёмы виртуальных данных. Физические фантомы позволяют получать наиболее реалистичные диагностические изо-
бражения без участия пациентов и проводить неограниченное число лучевых исследований.

Ключевые слова: молочная железа; 3D-печать; фантомы; фантомы для лучевой диагностики; лучевая диагностика; 
научный обзор. 
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Anthropomorphic breast phantoms for radiology 
imaging: a review
Yuriy A. Vasilev, Olga V. Omelyanskaya, Anastasia A. Nasibullina, Denis V. Leonov, 
Julia V. Bulgakova, Dina A. Akhmedzyanova, Yuliya F. Shumskaya, Roman V. Reshetnikov
Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT
Phantoms are used to validate diagnostic imaging methods or improve the skills of medical professionals. For instance, they 
allow conducting an unlimited number of imaging studies during medical training, assessing image quality, optimizing radiation 
dose, and testing novel techniques and equipment. Researchers in breast imaging use anthropomorphic models to validate, 
assess, and optimize new methods for diagnosing breast diseases. Such models also facilitate control over the quality of 
diagnostic systems, help optimize clinical protocols, and improve image reconstruction algorithms. Realistic simulation of the 
breast tissue is essential to address the challenges of advancing X-ray mammary gland studies. The review aimed to describe 
phantoms currently available for diagnostic imaging and the way they were fabricated. In this literature review, PubMed, 
eLIBRARY, and Google Scholar databases were screened for relevant articles. Thus, 72 articles and 13 conference papers were 
included. The study two major types of breast phantoms: computational and physical. Specifically, computational phantoms are 
classified into subgroups depending on the data they use. These include mathematical models, tissue samples, and medical 
images of the breast. The classification of the physical phantoms is based on their manufacturing process: casting silicone-
like substances, 3D printing with resins and plastics, or printing on paper using X-ray contrast ink. Computational phantoms 
are generally advantageous with respect to versatility, efficiency, precision, and safety and allow the generation of large 
amounts of virtual data. Physical phantoms provide the most realistic diagnostic images without the need for a patient and 
allow performing an unlimited number of radiological studies.

Keywords: breast, 3D printing, phantoms, imaging phantoms, diagnostic radiology, literature review.
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用于放射诊断的仿真乳房模型：科学综述
Yuriy A. Vasilev, Olga V. Omelyanskaya, Anastasia A. Nasibullina, Denis V. Leonov, 
Julia V. Bulgakova, Dina A. Akhmedzyanova, Yuliya F. Shumskaya, Roman V. Reshetnikov
Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

简评

乳房模型被用于放射诊断方法的开发、验证和改进。在乳腺成像中，仿真模型被用于验证、

评估和优化诊断乳腺疾病的新方法。仿真模型还被用于诊断系统的质量控制、临床协议和图

像重建算法的改进。为了解决这些问题，对仿真模型的关键要求是它作为逼真的器官模拟

器。 

本综述旨在介绍目前可用于放射诊断的乳腺模型变体，并描述其制作过程。

我们在PubMed、eLIBRARY和Google Scholar数据库中搜索了与本综述主题有关的文献。共有

72篇文章和13份会议纪要被纳入该综述。

所有类型的乳房模型可分为两类：计算模型和物理模型。计算模型又根据原始数据的类型分

为几组：基于数学模型、来自组织样本、使用患者乳房的医学成像图像。物理模型则根据制

作方法分为几组：铸造、3D打印或使用造影剂的逐层制作。计算模型的主要优势在于多功能

性、高效性、准确性和安全性，以及生成大量虚拟数据的能力。物理模型可提供最逼真的诊

断图像，无需患者参与，并对其可进行无限量的放射检查。

关键词：乳腺；3D打印；模型；用于放射诊断的模型；放射诊断；文献综述。
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INTRODUCTION
Human phantoms are a key solution to many 

problematic aspects of medical imaging modalities such 
as ultrasonography [1], magnetic resonance imaging (MRI) 
[2], and computed tomography (CT) [3]. Breast phantoms 
(BPs) are important in the evaluation of X-ray imaging 
systems. They serve as a surrogate for the human body in 
cases where it is impractical or necessary to expose the 
patient to radiation. BPs are created for X-ray diagnostics 
to develop, optimize, and provide quality control for 
existing and developing imaging systems, such as full-
field digital mammography (MMG), digital tomosynthesis, 
and CT.

Anthropomorphic BPs for X-ray diagnostics are 
both computational (mathematical) and physical breast 
models. Mathematical models describe organ structures 
using formulas and calculations. One of the limitations 
of this approach is its inability to cover the full range 
of anatomical variations in the breast structure and 
ensure its anatomical and radiological reliability. 
To overcome these limitations, anthropomorphic 
phantoms with natural distribution of different tissues 
were created based on segmented breast CT datasets, 
which guarantees a high degree of realism. Attempts to 
create such anthropomorphic computational phantoms 
have been made since the 1960s [4]. However, reliable 
anthropomorphic physical phantoms have only recently 
emerged with the advent of three-dimensional (3D)-
printing technologies. The main methods for creating 
physical anthropomorphic MF models include casting, 
3D printing, and paper-based approaches. Among these, 
3D-printing technologies offer an excellent opportunity to 
create realistic models using materials with radiographic 
properties similar to those of breast tissue.

With the wider clinical use of modern quasi-3D and 3D 
imaging systems such as tomosynthesis and CT, physical 
phantoms with realistic patient anatomy are greatly needed 
to fully represent and evaluate the 3D behavior of such 
systems. In addition, considering the active and successful 
implementation of artificial intelligence (AI) systems in 
MMG analysis [5], phantoms will standardize radiographic 
examinations and help improve AI algorithms.

Search Methodology
PubMed and eLibrary were searched for related articles. 

The search terms used were selected to best reflect keywords 
and subject headings. PubMed search was performed using 
the following queries: “anthropomorphic AND breast* AND 
(phantom* OR phantoms, imaging [mh] OR (phantoms AND 
imaging) OR model*) AND (diagnostic X-ray OR radiography 
OR mammography OR tomography).” The eLibrary search 
was performed using “phantom” and “breast” keywords. 
Google Scholar was also used for conference proceedings 
search.

RESULTS
The search identified 335 papers; however, 263 papers did 

not meet the review criteria. The review included 72 papers 
and 13 conference abstracts.

Breast Anatomy
Accurate modeling of the breast using radiographic 

imaging requires detailed knowledge of its anatomical 
and radiological characteristics. The mammary gland, or 
the breast, is a modified cutaneous sweat gland consisting 
of tubuloalveolar glandular tissue, connective tissue, and 
other elements such as fat tissue, blood and lymphatic 
vessels, and nerve fibers. Most of the volume is occupied 
by glandular and fat tissues. Each breast is located on the 
fascia covering the pectoralis major muscle at the level of 
the III–VI ribs between the anterior axillary and parasternal 
lines of the corresponding side. The mammary gland is 
also surrounded by the anterior and posterior layers of 
the superficial fascia of the breast, which together form 
a capsule for the gland. The superficial fascia attaches 
to the clavicle and forms the suspensory ligament. 
Fibrocollagenous septa (Cooper’s ligaments) extend from 
the posterior layer deep into the mammary gland and from 
the anterior layer to the skin.

The breast comprises 15–20  lobules, which are 
arranged radially around the nipple and surrounded by 
loose connective and fatty tissue. Each lobule has its milk 
duct. In the subareolar region, the milk ducts widen to 
form lactiferous sinuses (ampullae). In these sinuses, the 
ducts of several lobules merge into larger ones, which exit 
independently into the nipple, forming separate holes on 
its surface. The diameter of the ducts up to the ampulla 
is approximately 1 mm, whereas the diameter of the main 
ducts varies from 2 to 4.5 mm. The total length of the ducts 
varies from 2 to 4.5  cm. A lobule with a diameter of 1–2 
mm comprises ducts and alveoli that end in a common 
terminal duct. This structure is called the “terminal lobular 
duct unit.”

No clearly defined reference has been established for the 
radiographic appearance of the breast because the ratio of 
glandular to fatty tissue varies among women. Therefore, 
several classifications of mammographic density types have 
been developed, including Wolfe, BI-RADS, and Tabar. These 
classifications are shown in Table 1. BP modeling is aimed 
at certain categories according to the classification chosen 
by the researchers.

BI-RADS is the most widely used classification for 
describing radiographic breast density in clinical practice. 
The types of breast tissue structures are shown in Figure 1.

Mathematical models and diagnostic images of patients 
can be used to model the anatomical structures of the breast. 
Based on these data, three main approaches were used to 
create physical anthropomorphic phantoms:

•• Casting methods
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•• Separate printing of various structures and assembling 
them into a complete phantom

•• Printing the entire model

Computational 3D anthropomorphic models 
of the mammary glands

Anthropomorphic computational breast models 
provide anatomically reliable volumetric distribution of 
the radiographic absorption coefficients of different breast 
tissue types. Three types of approaches are available to such 
modeling:

1) Mathematical modeling
Phantoms based on mathematical models are designed 

to match certain physical or statistical properties of a human 
organ, such as radiographic density or statistical distribution 
patterns [6]. Several research groups have developed 
reliable model-based virtual BPs for use in projection and 
tomographic imaging [7–10]. An algorithm for generating this 
type of phantom is shown in Figure 2.

2) Tissue-based approach
These phantoms reproduce the fine-scale structure of 

breast tissue observed in abnormal specimens or super-
resolution microtomography [11,12].

3) Approach based on the processing of patient 
tomograms
Such models are generated using two-dimensional 

(MMG) or three-dimensional (CT or MRI) images [13,14].

Mathematical breast models 
This type of model is based on the modeling of the 

structural elements of the breast using mathematical 
methods. Such models comprehensively represent the shape 
of the organ, ductal system, Cooper’s ligaments, pectoralis 
major muscle, blood vessels, skin, DDFM pattern, and breast 
abnormalities. To generate a 3D anatomically realistic model 
of the breast, K. Bliznakova et al. [15] and P.R. Bakic et al. 
[16–18] used a combination of constructive solid geometry 
methods and voxel techniques.

Breast model from the University of Pennsylvania
In 2002, a  research group from the University of 

Pennsylvania developed the first anthropomorphic 
computational BPs based on the modeling of two ellipsoidal 
regions of large-scale tissue elements: predominantly fat 
tissue and predominantly fibroglandular tissue [16,17]. 
These areas are mathematically modeled using realistically 
distributed medium-scale phantom elements, which include 
the membranes, lobules, and simulated milk ducts. The 
duct network model is generated using a branching matrix 
that describes the dichotomization of tree structures [18]. 
The reliability of the milk duct model was evaluated by 
comparison with ductography data. A compression model 
was also developed, which reliably represents breast 
deformation in the University of Pennsylvania model in 
2D MMG and breast tomosynthesis. Further development 
of this phantom consisted of adding fine structures and 

REVIEWS

Table 1. Classifications of breast structure types

Type Characteristics

Wolfe

N1 The breast consists mainly of fat (N = normal); a low risk of breast cancer

P1 This pattern includes fat and linear densities (enlarged ducts) occupying no more than 25% of the breast; a low risk of 
breast cancer

P2 Linear densities (from enlarged ducts) occupying >25% of the breast. They are prominently in the upper outer quadrant 
but may be distributed throughout the breast (P = prominent ducts); a high risk of breast cancer

Dy Dense breast (Dy = dysplasia); highest risk of breast cancer

Qdy Quasi-dysplasia: this group consists of young women whose dense breasts have a somewhat spongy texture because 
of fatty infiltration

BI-RADS

a Almost entirely fat (<25% glandular density)

b Scattered fibroglandular densities (25%–50% glandular density)

c Heterogeneously dense (51%–75% glandular density)

d Extremely dense (>75% glandular density)

Tabar

I Balanced proportion of all components of breast tissue with a slight predominance of fibrous tissue

II Predominance of fat tissue (fat breast)

III Predominance of fat tissue with retroareolar residual fibrous tissue

IV Predominantly nodular density

V Predominantly fibrous tissue (dense breast)
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implementing an algorithm to rapidly generate high-resolution 
anthropomorphic phantoms with voxel sizes ranging from 25 
to 1,000 µm3 [19]. The result was an improved version of this 
digital phantom [12].

The proposed algorithms are based on the simplified 
assumption that each phantom voxel contains one tissue 
type. This simplification leads to the appearance of artifacts 
in the projection images near the boundaries between the 
areas of different materials, particularly at the skin–air 
interface. Several methods have been proposed to overcome 
these limitations. One of them is to model smaller voxels. 

However, reducing the voxel size increases the phantom 
generation time and the workstation requirements to 
simulate the phantom. Another method considers the 
partial volume of various tissues in a voxel [20,21]. The 
linear radiographic attenuation coefficient at each voxel was 
calculated by combining attenuation coefficients proportional 
to the subvolume voxels occupied by different tissues.

Breast model by the University of Patras
A research group from the University of Patras developed 

an anthropomorphic model of the breast, which represents 

Fig. 1. Types of breast density according to the BI-RADS classification. For each image, the upper part is the craniocaudal projection, and 
the lower part is the mediolateral projection.

a

c

b

d
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a complex combination of anatomical shape, duct system, 
Cooper’s ligaments, radiological tissue texture, and nodes 
[15]. The 3D texture simulates the presence of fatty, fibrous, 
and connective tissues and other tissue types that are not 
explicitly modeled. To obtain a realistic 3D MMG texture, 
a texturing algorithm based on random walk is used [10]. 
Cooper’s ligaments are modeled as a set of thin ellipsoidal 
shells that appear at randomly selected points in the model. 
Fatty compartments are modeled by the volume of Cooper’s 
ligaments. The pectoralis muscle is approximated as a 
conical object, and the nodes are modeled as round, ovoid, 
elongated, or irregular objects.

BPs by the United States Food and Drug Administration
Based on the above models, a research team from the 

United States Food and Drug Administration generated an 
improved, open-source, multimodal mathematical BP to be 
used by the scientific community [21]. Mammary glands are 
generated based on analytical formulas followed by voxel 
sampling. In this case, each voxel had an arbitrary size and 
consisted of one tissue type. A nipple and a 1-mm thick 
layer of skin are added to the front of the surface, and a 
layer of muscles supporting the breast is added to the back. 
In the inner surface, glandular sections are determined 
based on Voronoi segmentation. For each segmented gland 
compartment, a tree of ducts is grown using a random 
branching algorithm starting from the nipple. In the terminal 
branches of each “tree” of ducts, terminal lobular ducts 
are added. Initially, the internal part of the phantom was 
set as purely glandular tissue. To create subcutaneous and 
perilobular fat layers and some fat structures, random fat 
lobules should be inserted within the glandular areas. Each 
fat lobule is surrounded by a ligamentous structure [22]. At 
the final stage of phantom generation, additional structures 
such as blood vessels, pectoral muscles, and ligaments 
should be introduced.

OPTIMAM breast model
In parallel with the United States Food and Drug 

Administration, P. Elangovan et al. [9] presented a new 
method for generating quasirealistic voxel phantoms 
to simulate the compressed breast used in MMG and 
tomosynthesis. Anthropomorphic breast models were 
generated using a biomimetic technique with their features 
and structures extracted from the image planes of real 
breast images obtained using tomosynthesis. They are used 
to synthesize the 3D structure of the breast. The modeling 
process starts with the creation of a high-resolution blank 
breast model surrounded by a layer of skin. This template 
is populated with voxels corresponding to different tissues 
based on the structures extracted from the tomosynthesis 
images. The overall 3D shape is obtained from the 
tomosynthesis data using image thresholding. Then, 
a 1.5-mm thick layer of “skin” is added to the skin surfaces 
of the breast contour. Internal voxels are labeled as fat or 
glandular tissue.

A database of randomly selected fragments of glandular 
tissue was created to produce a 3D matrix of glandular 
tissue, which was placed in the fat tissue of the breast. The 
blood vessels and Cooper’s ligaments are modeled as an 
extended 3D skeleton of the linear structures that are present 
in the patient’s tomosynthesis images: 3–4 mm in diameter 
for the blood vessel network and 1–2 mm in diameter for the 
Cooper’s ligament network.

Computational Breast Models Based on Medical Data
Several authors have attempted to create a more realistic 

tissue distribution in a breast model [20,23,24]. Three voxel-
based breast models were generated using high-resolution 
segmented CT data of three compressed breasts (in three 
older women) [25]. These segmented breast models allowed 
a more realistic representation of glandular tissue and 
Monte Carlo calculations of the average radiation dose to 

Fig. 2. An algorithm for generating a computational breast phantom.
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the breast during MMG and the simulation of various imaging 
techniques.

The development of a special breast CT system has 
advanced the creation of computational anthropomorphic 
BPs. This phantom was first developed in 2009 by CM Li et al. 
[14]. The key step was to develop a technique of processing 
breast CT scans and differentiating the breast tissue. The 
resulting simulated MMG image of the phantom was similar 
to a reliable MMG image of the breast tissue. This technique 
had some limitations because it did not allow for the reliable 
classification of small structures (Cooper’s ligaments) that 
require higher resolution. To solve this problem, the authors 
proposed to express these structures mathematically and 
subsequently include them in the calculated breast volume.

Even though the technique by Li et al. guarantees a 
high degree of realism, it represents only one breast model 
and does not cover wide anatomical variations. To solve 
this problem,  Hsu et al. [26,27] developed a computational 
technique to generate numerous anthropomorphic BPs [14]. 
This technique is based on morphing (a visual effect that sees 
one shape or object transform into another in a seamless 
transition) and deformation (significant distortion of shapes 
during digital image processing) and demonstrates the ability 
to create anthropomorphic BPs that are perceived as realistic 
by radiologists.

To enhance the development of CT-based breast models, 
accurate anatomical characterization of the breast using CT 
is required. Huang et al. [28] proposed and described in detail 
the anatomical features of the breast, including its shape, 
diameter, and length, proportion of glandular tissues in 
three areas of the breast, depending on the patient’s age, 
and bra cup size. The study used the largest set of CT images 
of breasts available at that time (219  pieces). In addition, 
a research group at Duke University used them to create 
224 virtual BPs [29,30]. We also developed an application to 
simulate different states of breast compression, allowing the 
use of phantoms for multimodal imaging.

Sarno et al. developed 88 computational BPs with 
realistic glandular tissue distribution to evaluate breast dose 
distribution and imaging data. These models contribute to 
the creation of an improved phantom that allows for a more 
accurate calculation of the average radiation dose to the 
gland during radiographic examinations [31] and optimizes 
tomosynthesis using virtual clinical trials.

Therefore, the main advantage of computational 
phantoms is their ability to generate potentially large 
amounts of data [21]; however, these phantoms are virtual, 
not physical. The quality of in silico studies depends not only 
on the characteristics of the virtual phantom but also on the 
accuracy of the simulated imaging system in representing 
the physical imaging modality. For example, with breast 
tomosynthesis or CT, virtual phantom scanning often requires 
detailed knowledge of the geometry of the diagnostic system 
and reconstruction algorithm, which is the property of the 
manufacturing company.

Physical anthropomorphic BPs 
At the time of this review, 3D-printing technology was 

the most popular approach for creating physical models 
of breast cancer. 3D-printing technologies allow choosing 
printing methods and materials that resemble human tissue 
in density, composition, and radiographic properties. In the 
breast, such tissues include fat, glands, tumors, and skin.

The process of creating an anthropomorphic physical BP 
consists of two steps:

1) Creating a computational model of the breast using one 
of the methods discussed above

2) Using a computational model to produce a physical BP
Considerable efforts are being made to develop new 

materials because existing materials do not always have the 
required radiographic properties [32–34]. K. Bliznakova et 
al. conducted a comprehensive review of the materials used 
in the production of anthropomorphic models [35], and some 
of the main materials used to create BPs are presented in 
Table 2.

BPs made using casting technology
A CIRS BR3D phantom (CIRS Inc., Norfolk, USA) for 

MMG is produced in the form of D-shaped plates, which 
are connected into a single structure to form a one-piece 
phantom. Each plate consists of two tissue materials 
that simulate fat and glandular tissues in a 50:50 ratio 
(m/m). Two tissue-equivalent plastics are mixed to form 
a heterogeneous structure. Typically, several plates are 
produced, which can be rearranged in different orders and 
easily obtain different, but limited in number, variations 
of the underlying tissue. One of the plates contains a set 
of microcalcifications, fibrous tissue, and neoplasms. 
The phantom is used to evaluate image quality, breast 
tomosynthesis, and CT. The resulting images of structures 
on an MMG image have unclear boundaries but do not look 
as realistic as the patient’s images. Small structures such as 
Cooper’s ligament cannot be produced using this technology 
and therefore will not appear on radiographic images. 
In a recent study by Sage et al., the BR3D [43]-textured 
background was found to have high contrast and resulted 
in high-contrast artifacts throughout the phantom. In 
addition, tomosynthesis images clearly show the contours 
of the ring-shaped structures used to place inserts, and 
this phenomenon affects the results of measurements and 
image analysis.

An anthropomorphic BP for both X-ray and MRI was 
developed by Freed et al. [44] by mixing egg whites with 
melted refined lard and placing the resulting mixture 
in a  breast-shaped jar. This phantom is a useful tool 
for quantifying image quality in 2D and 3D radiographic 
techniques. However, it does not allow the modeling of 
anatomical structures because the phantom represents them 
much larger than they are in the patient’s body. In addition, 
no technique has been established for creating phantoms 
with sufficient glandular tissue content.

Digital DiagnosticsVol. 4 (4) 2023REVIEWS

DOI: https://doi.org/10.17816/DD623341

https://doi.org/10.17816/DD623341


577
Digital DiagnosticsVol. 4 (4) 2023

Ruvio et al. [45] used bread molds to create multimodal 
BPs for radiography, MRI, and ultrasonography imaging. 
The manufacturing process included five stages using three 
breast molds: external (replicating the breast shape), skin, 
and internal fibroglandular. The external shape of the breast 
mold follows the shape of the human breast in the supine 
position according to MRI data collected from patients. 
The main material used in the production of the skin 
element is a polyvinyl alcohol cryogel. The fatty structure 
is represented by a mixture of water and beeswax, and 
the fibroglandular, tumor, and muscle components are 
represented by agar containing a mixture of liquid (water, 
glycerin, and benzalkonium chloride) and dry (agar, SiC, 
and Al2 O3) components. The current limitation is related to 
the impossibility of compressing the phantom because the 
fat-simulating material is not susceptible and not elastic. 
In addition, this phantom can be stored for only 1 week 
because it is susceptible to bacterial damage and drying out. 
This results in insufficient contrast between the tumor and 
fibroglandular tissue. Despite the complexity of producing 
tissues simulating important imaging parameters across 
the three modalities, the study demonstrated high similarity 
between the reference and measured properties. This type of 
phantom is intended for use in multimodal cross-calibration 
and training when there are no living patients or cadaveric 
material.

BPs with integrated spherical elements
This is a special case of the approach discussed in the 

next subsection. Spherical elements of various sizes, made 
of tissue-equivalent material [46–48], are immersed into 

the homogeneous underlying tissue. These phantoms are 
widely used to assess image quality and radiation dose 
measurements in MMG and optimize scanning procedures 
in new MMG techniques such as dual-energy MMG, dual-
energy contrast-enhanced MMG, tomosynthesis, and CT. A 
research group from the Department of Radiology of the 
Catholic University of Leuven developed a BP consisting 
of two main parts: an acrylic semicylindrical container 
simulating a compressed breast shape with a thickness 
of 58 mm and equal volumes of acrylic spheres of six 
different diameters [49]. Alternatively, the space between 
the spheres can be filled with water, a material with 
radiographic properties similar to those of real breast 
tissue. This study used an MMG system with tomosynthesis 
capability. Although the image pattern obtained with these 
phantoms differs from the actual image of the breast, they 
are very simple to produce and allow for easy acquisition 
of different views of the underlying tissue. This physical 
phantom has air bubbles at the top because filling the 
phantom completely with water is difficult. This phantom 
can be improved using a computational model to optimize 
the phantom-filling options [50–52].

K. Bliznakova et al. [53–55] have described similar 
approaches with semicylindrical containers printed using 
photopolymer resin or nylon to be filled with spheres of 
photopolymer resin and paraffin or animal lard as fillers. 
One of the versions of this approach is a small BP with a 
half-cylindrical shape made of Formlabs white resin. This 
physical phantom contains 27 Formlabs gray resin spheres 
with a radius of 6–13 mm, with the addition of animal fat. The 
phantom was used to evaluate phase-contrast imaging of the 
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Table 2. Main materials used to produce breast phantoms for mammography.

Human tissue Material Density, g/cm³

Fat tissue

Ultrahigh-molecular-weight polyethylene [36] 0.94

Acrylonitrile butadiene styrene [32] 1.02

PE-12 [37] N/A

Formlabs Clear Resin [38] 1.18

QuickWater [33] 1.02

Paraffin [32] 0.93

Glandular tissue

Polyvinyl alcohol (PVAL gel) [39] 1.19

Water [40] 1.00

Nylon [32] 1.11

Flex polymer [32] 1.14

TangoBlackPlus [33] 1.11

VeroClear [33] 1.18

VeroWhitePlus, TangoPlus  
Polylactin alloyed with copper and water [41] N/A

Polyvinyl alcohol [42] N/A

Formlabs gray resin [32] 1.175

Tumor tissue Polyethylene terephthalate [42] N/A
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breast [54] and develop a synthetic observer model for the 
quality control of tomosynthesis systems [56].

Assembling BPs from separately printed elements
This approach requires the availability of digital models 

of the main breast tissues, including skin, glandular, 
and fat tissues, as well as various neoplasms and 
microcalcifications. These individual digital models are based 
on either mathematical calculations using special computer 
programs [15,57] or segmentation of medical images of 
patients [24]. Each simulated breast tissue was saved in a 
separate file and then prepared for 3D printing. An example 
of this approach is the phantom developed by NT Dukov et 
al., with stereolithography used to print the external shape, 
network of milk ducts and neoplasms, and FDM printing 
using ABS filaments for fat compartments [37,53]. The 
selection of these printed materials is based on extensive 
experimental research [32,34]. The phantom is filled with 
water. To simulate microcalcifications, the authors used 
eggshells crushed into fine powder. In this case, the breast 
was not visualized. Further research is required to create 
new 3D printing materials that can simulate the radiographic 
properties of all types of breast tissue.

In 2016, a new version of the phantom was created 
with spherical insert elements [6]. Models of manually 
segmented breast fat compartments derived from CT 
images of a mastectomy specimen [22] were printed on a 
stereolithography 3D printer using Formlabs clear resin. Then, 
they were placed in a semicylindrical 48-mm-thick container 
filled with water, and an MMG image was obtained using 
a Siemens Mammomat (Siemens Healthineers, Germany). 
As a result, the experimental images were better than the 
original model; however, they were very different from the 
MMG images taken from the patients.

Further improvements to the compartment phantom 
are aimed at better similarity with patient data. This can be 
achieved using a less dense printing material to increase the 
contrast of the compartments, using smaller compartments 
by reducing their scale, and refining the method of 
segmenting the compartments. Recently, a research group 
from the University of Vienna developed another version of 
a  spherical phantom consisting of VeroClear spheres with 
paraffin oil as a filler [58].

Printing a one-piece BP
Single media printing
The UPenn physical BP [59] is based on the mathematical 

model of the breast developed by the University of 
Pennsylvania as described above [16-18]. This technology 
involves the initial segmentation of digital phantom voxels 
into two components: fibroglandular and fat tissues. The 
first one was produced using a PolyJet Eden500V printer 
(Stratasy, USA) using tissue-equivalent material with 50% 
glandular tissue content (FC-720 photopolymer). Printing 
is performed in layers to maintain access to empty spaces, 

which are then filled with fat tissue equivalent. Slices are 
printed at 60-µm voxel resolution. The plates are then joined 
together to create the final anthropomorphic phantom. The 
initial experimental evaluation of MMG and tomosynthesis 
images of this physical phantom shows its potential for 
use in both qualitative and quantitative evaluations of the 
performance of 2D and 3D breast radiography systems. 
MMG images obtained using this phantom are visually similar 
to clinical images. Some limitations of this technology are 
related to the unclear boundaries of the structures, presence 
of residual air bubbles that are visible on radiographs, long 
manufacturing time, and high production costs.

Mainprize et al. [40,60] used a similar approach to 
create a two-component full-size physical BP. A voxel-
based digital phantom [61] is divided into four plates to 
accommodate different inserts at different heights. In each 
plate, the fibroglandular component is removed, leaving only 
the fatty component. The resulting fat layer was printed using 
a selective laser sintering printer with a 100-µm resolution 
from polyamide-12. The phantom showed high similarity with 
data on the excess entropy parameter obtained on clinical 
full-fledged digital MMG.

CT and MRI scans of the breasts of individual patients 
are used as the basis for generating a two-chamber 
anthropomorphic BP proposed by Prionas et al. [62]. The 
glandular part consists of water, and the fatty part is made of 
polyethylene. 3D images are initially obtained using a special 
CT scan of the breast, noise is then removed, and tissue is 
segmented into fatty and glandular parts. The production 
process differs from that described above. Phantoms are 
produced using a numerically controlled water jet machine. 
A stack of breast segments was made from a 1.59-mm-thick 
ultrahigh-molecular-weight polyethylene sheet using a water 
jet machine, with the centerline of the tool path determined 
along the edges of the tissue structure. An outer container 
is molded around the thermoplastic BP, and its thickness 
approximately corresponds to the thickness of the skin. A 
container with a stack of breast segments is filled with water 
so that the air spaces in the phantom, which represent a 
glandular tissue compartment, are filled with water.

Large areas of glandular tissue in this phantom closely 
correspond to the original patient images. The advantage 
of the model is its modular design, which allows the 
implementation of additional objects into any glandular 
tissue compartment. The main limitations are related to 
both the technology and material used: the thickness of 
the polyethylene mass and the gaps between the produced 
breast segments resulted in the phantom being 2.6 cm 
longer than the patient’s original breast. The characteristics 
of the material limit the use of the phantom in radiographic 
techniques where breast compression is not performed. Other 
minor problems are related to the presence of air bubbles 
in the glandular tissue, which can be removed using more 
complex degassing techniques during phantom assembly. 
Another minor concern is the waterjet cutting process, which 

Digital DiagnosticsVol. 4 (4) 2023REVIEWS

DOI: https://doi.org/10.17816/DD623341

https://doi.org/10.17816/DD623341


579
Digital DiagnosticsVol. 4 (4) 2023

can also result in a reduction in the outer fat contour and an 
expansion of the glandular tissue contour.

2D MMG images of the patient are a key source 
of information in the technique of printing physical 
anthropomorphic BPs, as proposed and implemented by 
two research groups [63,64] in 2018 and 2019. A  Badal 
et al. [63] developed an easily reproducible technique for 
producing anthropomorphic breast cancer models based on 
2D MMG images. To produce breast objects, an Objet260 
Connex3 inkjet printer (Stratasys, USA) with VeroMagenta 
and VeroCyan printing materials was used. The choice of this 
printing technology is well justified by extensive experimental 
data using three printers with different technologies: 
stereolithography, FDM modeling, and inkjet printing [65].

The key element of this approach is the mammorelocator 
script in the Python programing language, which calculates 
the thickness of the printed materials depending on the gray 
level of each pixel in the image and the differences in X-ray 
absorption between breast tissue and 3D-printing materials. 
Each pixel of the image is converted by the script into a 
column of the appropriate height.

The model was printed in 10 h, and it weighed 750 g. 
Currently, it is validated to correctly reproduce the 
radiographic properties of the breast during MMG. A study 
of the similarity between the original and phantom MMG 
showed that the anatomical features were reproduced with 
good accuracy. The main limitation is related to the resolution 
of the resulting phantom. Although the patient’s initial MMG 
resolution is 100 μm, the 3D printer was unable to accurately 
reproduce the details of clinical MMG <300 μm. The authors 
propose using this technology to create collections of 
representative patient models that can be used to assess the 
effect of anatomical variability of the breast on the reliability 
of the diagnostic system.

In the study by Schophoven et al. [64], an MMG image of 
the breast compressed to 32 mm was used. A key challenge 
was to determine the pixel intensities of raw images for 
different thicknesses of the printed material (polypropylene) 
for a diverse range of clinical images. This is achieved by 
scanning printed plates of various thicknesses (up to 40 mm) 
using an MMG system. The corresponding attenuation at the 
pixel position of the clinical image was modeled by the height 
difference of the printing material, resulting in a  relief-like 
structure on the phantom.

The phantom printing time was approximately 11 h using 
791  g of RGD450 material and 31 g of auxiliary material. 
The described approach makes it possible to create 
anthropomorphic phantoms that realistically simulate the 
anatomy and density characteristics of the breast tissue. These 
phantoms can be used to solve various problems of quality 
control and system optimization, as well as for educational 
and scientific purposes. The main current limitations are 
related to the slightly reduced resolution of fine details 
compared with the original clinical image. This is due to the 
selected printer and material combination (PolyJet printer 

combined with polypropylene print material), which limits the 
size of the output structures to approximately 200 µm. The 
structures are located on the top of the phantoms; therefore, 
they are placed higher above the detector than the structures 
in the patient’s breast. This can lead to increased sharpness 
in MMG images of denser breast tissue because of geometric 
magnification.

Microcalcification accumulations in this phantom were 
simulated using a 3D-printed base plate with a diameter of 
4 mm with movable inserts and crushed eggshells [38]. The 
base and inserts were printed using an Objet30 Pro PolyJet 
3D printer and VeroClear RGD810 material (Stratasys, 
USA). The base plate contained three round cavities with 
a diameter of 60  mm, into which rings numbered “1” to 
“3” were placed separately. The first ring, the “lesion ring,” 
contains three round 10-mm cavities with corresponding 
covers, into which the simulated microcalcifications are 
placed. The other two rings are modeled as solid and do 
not contain any structures. All three rings have the same 
dimensions, which ensures their interchangeability and 
ability to change the position of the lesions relative to the 
anthropomorphic phantom. Different accumulations of 
microcalcifications were modeled using different amounts 
and sizes of eggshells.

The advantage of this approach is the modular design 
to integrate additional plates and rings easily and cost-
effectively with different damage depending on the purpose. 
Phantoms made using this technology are intended for use 
in 2D MMG. For 3D breast imaging, physical phantoms must 
simulate the spatial distribution of different breast tissues 
in three dimensions. This can be achieved using one of the 
approaches discussed below.

In 2018, Okkalidis et al. [66] proposed a new technique 
for simultaneous printing of BPs directly from patient CT 
data using FDM modeling technology by changing the filling 
density of a homogeneous template. This template is used 
to accurately simulate the internal structure of the modeled 
3D object. The thickest parts of the object are printed at 
a maximum fill density of 100%, whereas softer, lighter 
fabrics are printed at a lower density. This allows different 
types of tissue to be realistically created, considering 
radiological features. The method is based on reading 
Hounsfield units from each voxel and using these data to 
adjust the extrusion speed of the polylactic acid filament 
to obtain the required amount of extruded filament. This 
method was used to print an anthropomorphic BP directly 
using CT data [67]. The first evaluation of the phantom 
on a conventional CT scanner showed visual similarities 
between the original CT images of the patient and the 
phantom, which motivated the team to develop a special 
phantom for CT and create a future experimental setup for 
precision CT dosimetry. The main limitations are the long 
printing time (several days) and visibility of the printed 
pattern because of the FDM modeling technology used in 
the study.
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Printing using two or more materials
To create ideal anthropomorphic MF phantoms, the use 

of different printed materials is optimal. A major step toward 
the realization of this goal was made in 2015 by N. Kiarashi 
et al. [68]. They managed to produce an anthropomorphic 
phantom of a compressed breast by 3D printing using two 
materials in parallel [26,69]. Two anthropomorphic breast 
models were printed using an Objet500 Connex 3D printer. 
The first phantom, called Doublet, was printed using two 
materials simultaneously, simulating glandular and fat 
tissues. TangoGray and VeroWhite materials were used to 
print the fibroglandular component. A mixture of butter and 
lard in a 1:1 ratio, beeswax, resin, and olive oil were studied 
as filler materials approaching the radiographic density of 
fat tissue. The resin method was repeated several times 
using different filling techniques, which always resulted in 
the presence of some unwanted air bubbles.

Physical phantoms provide a realistic radiographic view 
of breast anatomy in 2D and 3D images. The description of 
MMG physical phantoms corresponds to real human MMGs 
[70,71]. The disadvantages of phantoms are related to the 
limited dynamic range and contrast caused by the lack of 
suitable printing materials. This problem can be solved 
with the advent of new materials. Despite its limitations, 
the Doublet phantom has a key advantage: it has an all-in-
one design, where the phantom (whole or partial) can be 
fabricated in one run.

AH Rossman et al. [72] reported the further development 
of the above-described approach to printing anthropomorphic 
breast models to simulate the patient’s anatomy to evaluate 
the effectiveness of clinical MMG and digital breast 
tomosynthesis. They created a modular phantom with an 
anthropomorphic region to improve the detection of lesions 
and calcifications and a homogeneous region to evaluate 
standard quality control parameters. VeroPureWhite and 
a special tungsten-doped Jf flexible resin were used for 
fibroglandular tissue printing, and TangoPlus material and 
a third-party Jf flexible resin without an alloy component 
were used for low-density adipose tissue imaging. The 
design allows the addition of masses, iodized inclusions, and 
calcifications. One of the current limitations of this phantom 
is its inability to achieve BI-RADS breast radiographic density 
<36%. The image sensitivity depends on the radiological 
density: the higher the density, the lower the sensitivity of 
the MMG. Efforts are currently focused on achieving lower 
densities.

In 2019, a group from Naples [73] for the first time used 
an FDM 3D printer to produce physical phantoms of both 
uncompressed and compressed breast tissue, simulating 
the shape and the anatomical and radiological properties 
of real breast tissue. Digital phantoms based on breast CT 
data, and three printing materials were used to produce a 
physical anthropomorphic BP. Polyvinyl acetate was used 
to print the skin, and ABS plastic and nylon were used to 
print fat and glandular tissues, respectively. The skin was 

printed separately because computational BPs are made of 
three materials, and the available Ultimaker  3 FDM printer 
(Ultimaker, Netherlands) prints objects from a maximum of 
two materials. Models have 100% filling density to minimize 
air gaps. The internal area of the breast can be presented in 
the form of either printed 10-mm-thick sections or a single 
block of two-component material. In addition, the authors 
developed an area in the printed slices to accommodate 
TLD chips for dosimetry purposes and special holes to 
accommodate printed lesions [73,74].

Paper on anthropomorphic breast models
A budget-friendly way to create BPs is to use office 

printing paper and a regular inkjet printer [75]. Some 
radiopaque agents, such as potassium iodide, titanium oxide, 
and radiocontrast, can be used as paint additives. Parchment 
paper has also been tested and found to have a radiographic 
density similar to that of fat tissue. A physical phantom was 
produced using a digital model presented by Graff et al. [21] in 
the form of sections by inkjet printing using parchment paper 
and radiopaque ink containing 33% or 25% iohexol (v/v). The 
advantage of this approach to anthropomorphic phantom 
production is their low cost because they are produced 
using commercially available inkjet printers, inexpensive 
ink enhancement components, and some inexpensive 
additional materials. The inkjet printer used in this study 
was a commercially available Epson Workforce 630 desktop 
inkjet printer (Epson, Japan). Reusable cartridges were used 
instead of the original manufacturer cartridges. Because the 
printer has multiple color cartridges, additional “tissues” can 
be printed in different colors. For example, to print leather, 
determine the appropriate concentration of iodine ink and 
place it in a separate cartridge. Various colors can then be 
applied to the skin and glandular tissue of the image and 
printed accordingly.

In summary, 3D printing technology is a well-studied 
technique for producing anthropomorphic BPs for use in 
radiography [68,72]. As its main advantage, 3D printing 
allows the design and printing of complex structures. 
However, several features of the 3D-printing process limit 
its versatility and feasibility [41,76,77]. Although 3D printing 
can create products from various plastics and silicones, 
not all of them are amenable to the temperatures required 
for 3D printing. In addition, 3D printers have small printing 
chambers, which limits the size of the resulting features. 
From a practical point of view, 3D printing is an expensive 
and slow process and therefore impractical for high-volume 
production. This slowness is attributed to the time required 
to create anthropomorphic phantoms using 3D printing, 
which depends on the complexity of the design (the desired 
number of organic tissues and elements that must be 
included in the phantom structure and the desired size). In 
addition, postprocessing of the 3D-printed phantoms is often 
needed to remove the support material from the structure 
and smoothen the surface to achieve the desired finish. This 
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may include water-abrasive treatment, exposure to chemical 
compounds, and air-heat drying. However, these options may 
damage the phantoms or introduce unwanted particles into 
the phantoms, which could affect radiography results.

An alternative approach to creating physical phantoms 
is to build the model layer by layer. Each layer is a  planar 
section. With this approach, the complexity of creating a 
phantom is reduced to processing 2D layers. This approach 
was first introduced by Theodorakou et al. [78]. In this study, 
each phantom layer consisted of a substrate and a contrast 
material (dye) applied to the substrate using a standard inkjet 
printer. Since then, several research groups have improved 
this concept and reported successful implementations 
[79,80]. The process of layer-by-layer generation of a 
phantom allows the detailed formation of radiographic 
density properties by adding dyes to a 2D layer; however, it 
has some inherent limitations. These limitations are mainly 
due to the dependence on the use of contrast materials (dyes). 
In addition to the difficulties associated with optimizing dye 
chemistry, the contrast material is often in a liquid state, 
whereas the substrate is in a solid state. Applying a liquid 
contrast material to a solid substrate often results in the dye 
bleeding into or spreading across the substrate, making it 
difficult to control the positioning of the contrast material. In 
addition, this approach usually requires multilayer application 
of dyes onto a single substrate, which leads to multistage 
drying, which negatively affects production time. Finally, 
inkjet printer components often cannot withstand repeated 
ink injections. Inkjet printers use small nozzles to deliver ink. 
Some contrast materials, such as iodine-based compounds, 
which are widely used in radiography, often lead to nozzle 
clogging, requiring extensive maintenance to correct process 
failures.

Overview of commercial phantoms
BP for MMG and tomosynthesis developed by Erler 
Zimmer and marketed by GTSimulators
The creation of this commercial phantom consists of two 

stages. Initially, a calculation model of the breast is created 
using the C.G. Graff method [21]. The breast surface is formed 
by creating a shell in the form of a quadratic hemisphere, on 
which a layer of skin and a nipple are applied. The shape 
of the shell is determined using two parameters: those that 
determine the total breast volume and those that correct 
the surface curvature. Using the Voronoi segmentation 
technique, the interior of the shell is randomly divided into fat 
and glandular components, with each glandular component 
containing a network of ducts with terminal lobular units. The 
volume is then filled with additional elements of the breast, 
such as Cooper’s ligaments, pectoral muscles, and blood 
vessels. In  addition, a malignant neoplasm was modeled 
[81], which was subsequently introduced into the model.

To create a compressed breast, its volume was converted 
into a four-dimensional matrix, and each element of this 
matrix was given elastic properties determined by voxels 

of the glandular or fat tissue located in the center of the 
element. The matrix was then formed using linear elastic 
finite-element modeling, and the breast was compressed in 
the craniocaudal direction to a thickness of 30 mm. However, 
no restrictions are set for creating a phantom with any breast 
thickness. Because the phantom model is based on analytical 
formulas, the compression thickness and voxel size are 
arbitrary. In this study, the breast model was discretized 
with an isotropic voxel size of 70 μm, which corresponds to 
the thickness of parchment paper. Depending on the size of 
the detector elements, undesirable effects caused by image 
sampling may occur at a given voxel size.

The second step is to  create a physical phantom using 
inkjet printing. The printer used was a commercially available 
desktop inkjet printer (Epson Workforce 630). The print 
resolution was set to 363 dpi to provide a dot size of 70 μm 
and match the voxel size of the digital phantom (70 μm). In 
this procedure, special ink was applied to paper serving as 
background tissue to create density characteristics similar 
to glandular tissue. The ink was synthesized by mixing 
conventional pigment inks (InkThrift, Vermont PhotoInkjet, 
East Topsham Village, VT) with 350 mg/mL iohexol 
(Omnipaque, GE Healthcare, USA). One solution contains 67% 
ink and 33% iohexol, and the other contains 75% ink and 25% 
iohexol. To align the sheets, a  specialized hole punch was 
created to make holes above the fiducial markers, and the 
sheets were then slid onto racks attached to a specialized 
backing plate to ensure that the sheets remained stationary 
once placed. Once the printed sheets were stacked on the 
base plate, a large, specialized compression paddle with post 
holes was placed on top of the stack to secure the sheets and 
ensure even compression.

To demonstrate the capabilities of the phantom, 3D 
lesions measuring approximately 5 mm and clusters 
containing microcalcifications were included in the phantom 
after the entire stack of sheets was manufactured. The 3D 
lesion was first introduced virtually and then placed into the 
physical phantom by reprinting the selected slices to which it 
extended and replacing them with nonlesional sheets at the 
appropriate locations. Microcalcifications were modeled by 
crushing eggshells and placing them at locations of varying 
gland densities on a physical BP. The number of elements 
in one cluster varied from 11 to >30. The diameter of the 
clusters ranged from 3.5 to 8 mm.

The materials used are similar to fat and glandular tissues 
in terms of radiographic density, and the production process 
is accurate and reproducible and can be used for both 2D 
and 3D imaging of the breast. In addition, this phantom is not 
limited to a single breast model, and any virtual model, once 
voxelized, can be printed using this unique approach.

This phantom has passed the validation process [75] and 
was used to study the capabilities of convolutional neural 
networks in the differential diagnosis of benign and malignant 
calcifications with conventional and dual-energy full-format 
digital MMG [84].
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BR3D Breast Imaging Phantom
This phantom is described above in the section “Breast 

phantoms manufactured using casting technology” and is 
presented in Figure 3.

The model has been validated and used in many studies:
•• Model-based optimization of digital breast 

tomosynthesis images for iterative reconstruction 
[83]. A new image reconstruction algorithm for digital 
breast tomosynthesis implemented using a total 
variation regularizer was tested on a Model 20 BR3D 
phantom. The results obtained confirm the ability of 
this algorithm to accurately image microcalcifications 
and breast formations.

•• Evaluation of GPU acceleration of a model-based 
iterative method for digital breast tomosynthesis [84]. 
This study shows that parallel processing implemented 
on three different GPU boards allows for rapid iterative 
reconstruction of images obtained using digital breast 
tomosynthesis.

•• Evaluation of a generative adversarial network 
for image quality improvement and radiation dose 
reduction in digital breast tomosynthesis [85]. An 
improvement in image quality was demonstrated 
during digital breast tomosynthesis under low 
radiation dose conditions when preprocessing the 
reconstruction using conditional generative adversarial 
networks [cGAN (pix2pix)].

Other BPs 
Commercial BPs are available; however, data on their 

use in scientific research are unavailable. They include the 
following:

•• Model 011A by  CIRS is a tissue-equivalent 
anthropomorphic phantom designed to test the 
performance of all types of MMG systems. Models of 
calcifications, ducts, and neoplasms were built into the 
phantom as test objects. The sizes of the test objects 
vary, which allows testing the system at different levels 
of complexity. The resin material simulates the photon 
attenuation coefficients of various breast tissues. The 
average elemental composition of the simulated tissue 
was based on the individual elemental composition of 
fat and glandular tissues. This phantom has been used 
in some studies aimed at improving the accuracy of 
diagnostic methods [86–88]. The phantom is shown 
in Figure 4.

•• BT-A01 by True Phantom Solutions (Canada) is a 
life-size image of a female torso, carefully crafted 
to reflect typical anatomical features. It is used for 
MMG, CT, and MRI. The target audience is healthcare 
professionals and students.

•• Complex Breast Phantom SynAtomy 160,650 by 
SynDaver (USA) is an anthropomorphic breast phantom 
intended for training students and medical personnel. 
Modalities include ultrasonography, elastography, and 
MMG.

CONCLUSION
This study provides a brief historical overview of the 

development and use of anthropomorphic breast models for 
radiography. Different approaches to creating such phantoms 
have both advantages and limitations. Depending on the specific 
medical imaging task, one or the other approach may be 
preferred. Although computational anthropomorphic phantoms 
offer anatomical fidelity and relative ease of modeling, the 
creation of physical anthropomorphic models is challenging. 
Available technologies are costly and labor intensive, and the 
range of materials used is limited. Although much work has 
been done in this area, searching for new materials with X-ray 
absorption coefficients that correspond to different types of 
breast tissue is necessary. In addition, low-cost production 
technologies are also needed. This will improve and accelerate 
the production of anthropomorphic BPs for radiography.
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Fig. 3. BR3D Breast Imaging Phantom [82].
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Технологические дефекты программного 
обеспечения с искусственным интеллектом
В.В. Зинченко, К.М. Арзамасов, Е.И. Кремнева, А.В. Владзимирский, Ю.А. Васильев
Научно-практический клинический центр диагностики и телемедицины, Москва, Российская Федерация 

АННОТАЦИЯ
Обоснование. Технологические дефекты в работе программного обеспечения с искусственным интеллектом являются 
критически важными при принятии решения о практической применимости и клинической ценности программного 
обеспечения с искусственным интеллектом. 
Цель  — анализ и систематизация технологических дефектов, возникающих при работе программного обеспечения 
с искусственным интеллектом для анализа медицинских изображений. 
Материалы и методы. В рамках эксперимента по использованию инновационных технологий в области компьютер-
ного зрения для анализа медицинских изображений и дальнейшего применения в системе здравоохранения города 
Москвы проводится мониторинг технологических параметров для всех участвующих решений как на этапе апробации, 
так и на этапе опытной эксплуатации. В статье представлена графическая информация о среднем числе технологиче-
ских дефектов для профилактического направления, модальность «Маммография», за 2021 год. Этот период выбран 
как наиболее показательный, характеризующийся активным развитием программного обеспечения с искусственным 
интеллектом с позиции увеличения технической стабильности их работы. С целью оценки применимости подхода 
по выявлению технологических дефектов аналогичный анализ проводился для направления обнаружения внутриче-
репных кровоизлияний на компьютерных томограммах головного мозга за 2022–2023 годы. 
Результаты. В ходе исследования было проанализировано программное обеспечение с искусственным интеллектом  
по модальностям «Маммография» (2 алгоритма) и «Компьютерная томография головного мозга» (1). Всего для модаль-
ности «Маммография» собрано 14 выборок по 20 исследований; для модальности «Компьютерная томография»  — 
12 выборок по 80 исследований. Для каждого типа дефекта были построены графики, а для каждой из модальностей 
были построены линии тренда. Коэффициенты уравнений линий трендов указывают на тенденцию к снижению числа 
технологических дефектов.
Заключение. Проведённый анализ позволяет проследить тенденцию к снижению числа технологических дефектов, 
что может свидетельствовать о доработке программного обеспечения с искусственным интеллектом и повышении его 
качества благодаря периодическому мониторингу. Кроме того, такой результат показывает универсальность исполь-
зования как для профилактических методов, так и для экстренных.

Ключевые слова: искусственный интеллект; программное обеспечение с искусственным интеллектом; 
технологический мониторинг; технологические дефекты; Московский эксперимент.
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Technological defects in software based 
on artificial intelligence
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Yuriy A. Vasilev
Scientific and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT
BACKGROUND: Technological defects in the use of artificial intelligence software are critical when deciding on the practical 
applicability and clinical value of artificial intelligence software.
AIM: To conduct an analysis and systematization of technological defects occurring when artificial intelligence software 
analyzes medical images.
MATERIALS AND METHODS: As part of the experiment on the use of innovative computer vision technologies for the analysis of 
medical images and further application in the Moscow healthcare system, technological parameters of all artificial intelligence  
software are monitored at the testing and operation stages of the trial. This article presents graphical information on the 
average number of technological defects in mass mammography screening in 2021. This period was chosen as the most 
indicative and characterized by the active development of artificial intelligence software and increased technical stability of 
its performance. To assess the applicability of the analysis for technological defects, a similar analysis was conducted for the 
direction of detection of intracranial hemorrhage on computed tomography scans of the brain for 2022–2023.
RESULTS: During the study, artificial intelligence software used for mammography (two algorithms) and brain computed 
tomography (one algorithm) were analyzed. Fourteen mammography samples were collected for technological monitoring 
during the identified period, each from 20 studies, and 12 brain computed tomography samples were obtained, each from 
80 studies. Graphs were constructed for each type of defect, and trend lines were plotted for each modality. The coefficients of 
the trend line equations indicate a downward tendency in the number of technological defects.
CONCLUSION: This analysis allows tracing a downward trend in the number of technological defects, which may indicate a 
refinement of artificial intelligence software and an increase in its quality because of periodic monitoring. It also shows the 
versatility of use for both preventive and emergency methods.

Keywords: artificial intelligence; artificial intelligence software; technological monitoring; technological defects; Moscow 
experiment.
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人工智能软件的技术缺陷
Viktoria V. Zinchenko, Kirill M. Arzamasov, Elena I. Kremneva, Anton V. Vladzymyrskyy, 
Yuriy A. Vasilev
Scientific and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

简评

论证。人工智能软件性能方面的技术缺陷是确定人工智能软件实用性和临床价值的关键。

该研究的目的是对医学影像分析人工智能软件运行中的技术缺陷进行分析并使之系统化。 

材料和方法。在莫斯科市进行了一项《使用创新计算机视觉技术进行医学图像分析并进一步

应用于莫斯科市医疗系统的实验》。在实验框架内，对所有参与解决方案的技术参数进行监

测。监测是在批准阶段和试运行阶段进行的。本文以图表形式介绍2021年“乳房摄影术”预

防方向的平均技术缺陷数量。这一时期被选为最有意义的时期。这一时期的特点是从提高操

作技术稳定性的角度出发，积极开发人工智能软件。为了评估该方法在发现技术缺陷方面的

适用性，我们对2022-2023年脑部CT扫描颅内出血的检测方向进行了类似的分析。 

结果。本研究分析了“乳房摄影术”（2种算法）和“脑计算机断层扫描”（1种）模

式的人工智能软件。在“乳房X射线照相术”模式中，共收集了14个样本，共有20项研 

究。在“脑计算机断层扫描”模式中，共收集了12个样本，共有80项研究。我们对每种缺陷

类型都绘制了图表，对每种模式绘制了趋势线。趋势线公式的系数表明了，技术缺陷的数量

呈下降趋势。

结论。通过分析，我们发现了减少技术缺陷数量的趋势。这可能表明人工智能软件的完善，

以及通过定期监测，软件质量的提升。此外，这一结果还显示使用预防和应急方法的通用

性。

关键词：人工智能；人工智能软件；技术监测；技术缺陷；莫斯科实验。
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BACKGROUND
Artificial intelligence (AI)-based software can assist 

healthcare professionals (HCPs) with routine and complex 
tasks and improve the quality, accessibility, and speed of 
patient care [1–3]. This was largely possible because of 
the continuity of foreign and domestic experience with AI in 
healthcare [4–7] and the experiment on the use of innovative 
computer vision technologies for analysis of medical images 
and further application in the Moscow healthcare system 
(hereinafter referred to as “the Experiment”). The Experiment 
aimed to conduct a scientific study of the possibility of 
using medical decision support methods in the Moscow 
healthcare system based on data analysis using advanced 
innovative technologies. Requirements were developed for 
AI-based software results in 21 areas of diagnostic radiology. 
Currently, results obtained using >50 AI-based solutions are 
available for HCPs. More than 10 million studies have been 
processed at the end of September 2023.

The use of new technologies in healthcare requires 
mandatory compliance with safety regulations. Therefore, 
the development, deployment, and use of AI-based software 
should be monitored [8]. Furthermore, AI-based software 
requires special control during operation because it can 
produce biased results when used on a population other than 
the one used to train it [9,10].

Some tests are used as part of the Experiment to control 
the quality of processing AI-based software research. Self-
testing is the first step, which is designed to understand the 
technological AI compatibility of the software and research 
(input) data submitted for processing. The next step is 
functional testing. It determines the presence of the declared 
AI-based software functions, including its performance. 
The AI-based software is evaluated from both technical 
and clinical perspectives by technical and medical experts. 
Calibration testing is the step of determining the performance 
metrics of AI-based software with the area under the ROC 
curve as the main indicator.

If all tests are successfully passed, the software is 
allowed to work with AI, and based on the work results, 
the technological and clinical monitoring of algorithms 
is performed. According to international studies, the 
technological tests (monitoring of technological parameters) 
are an integral part of product tests and are performed as part 
of comprehensive tests for the possible use in real clinical 
practice [11]. Therefore, this study focused on monitoring 
technological defects.

STUDY AIMS
This study aimed to evaluate the technological defects of 

AI-based software based on the results of the Experiment, 
analyze and statistically process them, and assess the impact 
on the safety and quality of AI-based software in clinical 
practice.

MATERIALS AND METHODS
Conditions of the study

For all studies analyzed by the AI-based software during 
the reporting period for the “mammography” modality in 2021, 
monitoring was performed in accordance with the categories 
of errors shown in Table 1 (left column, according to order 
no. 51 of the Moscow Healthcare Department; January 26, 
2021) [12]:

•• Group A: The time to analyze a study exceeds 6.5 
min. The time limit was derived as the average 
time required to describe an AI-based software 
study to obtain results suitable for use by a 
radiologist.

•• Group B: No results from the evaluated studies.
•• Group C: The images included in the AI-based 

software results do not match those of the native 
(source) study (they are damaged). In rare cases, 
changing the metadata can change the settings when 
viewing studies, making it more difficult to visualize 
the original image.

•• Group D: Incorrect operation of the declared AI-based 
software functions that complicates the HCP’s work or 
makes it impossible to perform with adequate quality, 
including cropping of images, changes in brightness/
contrast, missing description of results, and missing 
markers of abnormalities.

•• Group E: Other violations of the integrity and content 
of the study file, limiting its diagnostic interpretation, 
including off-target markings and AI-based software 
analysis based on incorrect anatomy.

•• Group F: A modification of the original series of 
studies. In 2022, the errors were restructured. This 
was considered when processing the monitoring data 
for the CT modality (Table 1, right column).

Study Duration
Monitoring was performed monthly until the end of the 

use of the AI-based software in the Experiment. The reporting 
monitoring period is one calendar month. Based on the data 
from days 10 and 20 of each month, an interim report for 
monitoring of Group A and B errors was prepared and sent 
to the AI-based software manufacturer.

For samples of mammograms and brain CTs, the article 
provides information on defects from March to December 
2021 and from May 2022 to May 2023, respectively. For 
different AI-based software, the frequency of monitoring 
is different owing to variations in the time of entry into 
the Experiment and time of improvement after receiving 
feedback.

Technological monitoring was performed by a group of 
experts, including technical specialists and radiologists, who 
received additional training in monitoring and instruction in 
working with specific AI-based software. Moreover, to report 
the performed monitoring, a unified internal reporting form 
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and technological monitoring instructions were developed 
and used.

Statistical analysis
A pseudorandomly selected dataset (study sample) 

was used for testing during technology monitoring, with 
the following proportions considered: 25% of studies with 
no abnormalities detected by the AI-based software (no-
abnormality group) and 75% of studies with abnormalities 
detected (abnormality group). Selected studies with AI-based 
software results were assessed for technological errors. The 
study was assigned to the abnormality group if it exceeded 
the optimal threshold set during testing; otherwise, it was 
classified as a no-abnormality study [13,14].

In 2021, the pseudorandom sample size of the Experiment 
was 20 studies per month. This was still the pilot phase of 
the project. The nomogram power level was 42.5%, with a 
statistical significance level of 0.05. The standard difference 
between the sample elements was 0.79 [15]. In a full-scale 
project after 2021, with the use of risk analysis, the sample 

size was 80 studies (see the justification in the article by 
Chetverikov et al. [13]). These 80 exams formed the monthly 
sample for brain CT scans.

RESULTS
In total, 14 samples from 20 studies were used in 

technology monitoring for the mammography modality. From 
March to December 2021, the generated pseudorandom 
samples were sent monthly for testing to all working (not 
under development) AI-based software.

To evaluate the applicability of the method for identifying 
technological defects, a similar analysis of generated 
pseudorandom samples was performed for the brain CT 
modality for the detection of intracranial hemorrhage. From 
May 2022 to May 2023, 80 studies per month were submitted 
to test the AI-based software (12 samples of 80 studies in 
total).

To represent changes in technological defects over time, 
general statistics were used for all technological monitoring 

TECHNICAL REPORTS

Table 1. Criteria correlation for technological defects in orders from the Moscow Department of Health

Technological defects according to order no. 51 of the Moscow 
Department of Health dated January 26, 2021 

(for mammography data presented in the article)

Technological defects according to Order No. 160 of the 
Moscow Department of Health dated November 3, 2022 

(restructured) (for the brain CT data presented in the article)

Group A: study analysis time >6.5 min Group A: analysis time of one study >6.5 min

Group B: missing results of the studies evaluated Group B: missing results of the studies evaluated

–
Group C: incorrect operation of the declared functions of AI-based 
software, which complicates the work of radiologist or makes it 
impossible to perform it with proper quality

D2: no additional series C1: no additional series

D3: no DICOM SR C2: no DICOM SR

D4: presence of two or more DICOM SRs C3: presence of two or more DICOM SRs

D5: no name for AI-based software C4: no name for AI-based software

D6: missing information about the AI-based software version C5: missing information about the AI-based software version

– Group D: defects related to the display of the image area

C1: images are cropped D1: images of additional series are cropped

C2: brightness/contrast changed D2: brightness/contrast of the additional series does not match 
the original image

C3: not all necessary images were evaluated D3: not all necessary images were evaluated

D1: complete absence of AI-based software results Excluded

D7: no warning label “For research/scientific use only” D4: no warning label “For research/scientific use only”

D8: missing markings of abnormalities F: defects related to clinical work

E1: inconsistent DICOM SR information and additional series Excluded

F: change to the original study series D5: change to the original study series

– Group E: other violations of the integrity and content of the study 
file that limit its diagnostic interpretation, including

E2: off-target markings E1: off-target markings

E3: incorrect anatomy, projection, or series were analyzed E2: incorrect anatomy, projection, or series were analyzed

SR: structure report
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results of the AI-based software from March to December 
2021 (for the mammography modality) or from May 2022 to 
May 2023 (for the CT modality). The number of technological 
defects was calculated as a percentage of the total number 
of studies in the dataset.

Figure 1 shows the changes in the average number of 
technological defects for the mammography modality from 
March 2021 to December 2021. The y-axis represents the 
presence of defects (expressed as a percentage of the total 
number of studies in the sample), and the x-axis represents the 
reporting period in months. Figure 2 provides similar information 
for the brain CT modality (from May 2022 to May 2023).

The left column of Table 1 shows the defects of the 
mammography modality. As shown in Figure 1, at the beginning 

of the study period, most errors belonged to groups C, D, and 
B. At the end of the study period, only Group C errors remained, 
although their percentage decreased significantly.

Moreover, the right column of Table 1 presents the errors 
of the CT modality. As shown in Figure 2, the percentage of 
errors in relation to the sample was lower for all the errors, 
except for Group B, for the brain CT modality for the detection 
of intracranial hemorrhage than for the other modalities 
analyzed. The percentage of Group D and E errors decreased, 
whereas Group B errors showed a wide range every month.

To quantify this trend, the corresponding trend lines 
were added. These were linear functions k × x + b, where k 
indicates the slope of the approximation curve, i.e., it indicates 
a tendency to increase or decrease the number of defects, 

Fig. 1. Changes in detection of the average number of each technological defect for software based on artificial intelligence for 
mammography. Defects are divided into groups in accordance with order no. 51 of the Moscow Department of Health dated January 26, 
2021.
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Fig. 2. Changes in the detection of the average number of each technological defect for software based on artificial intelligence for the 
brain computed tomography modality (presence or absence of intracranial hemorrhage). Defects are divided into groups in accordance 
with order no. 160 of the Moscow Department of Health dated November 3, 2022. 
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and b corresponds to the number of defects at the beginning 
of the monitoring. The approximation was performed for all 
AI-based software for individual modalities, and the entire 
data set was approximated at once (Figures 1 and 2). It is 
possible to predict changes in technological defect removal 
for each AI-based software product separately or for the 
entire range if k is known.

Figures 3, 4, 5, and 6 show examples of technological 
errors in AI-based software.

DISCUSSION
According to the results obtained and evaluated, the 

mammography modality shows an excellent trend in reducing 

the number of technological defects (Figure 1, trend line). The 
AI-based software with the brain CT modality has a more 
uniform trend of decreasing the number of technological 
defects (Figure 2, trend line), despite the values of Group B 
defects. The reason for this is that the fluctuation of some 
technological defects is related to the automatic detection, 
fast feedback, and prompt improvement of the AI-based 
software by the manufacturer (version change or bug fix).

The AI-based software versions for the mammography 
modality were changed in September–October 2021, and 
the average number of Group B and D defects decreased 
(Figure 1). This may indicate the successful maintenance of 
AI-based software, which in turn may indicate the effective 
use of the presented methodology for monitoring technology.

TECHNICAL REPORTS

Fig. 3. Defect: not all necessary images have been evaluated. 
Modality: mammography.

Fig. 5. Defect: an incorrect series was evaluated (contrast-
enhanced computed tomography instead of native on). Modality: 
computed tomography.

Fig. 4. Defect: off-target markings; Modality: mammography.

Fig. 6. Defect: off-target markings, contrast-enhanced computed 
tomography instead of native computed tomography. Modality: 
computed tomography.

FOR RESEARCH USE ONLY

8. SUBARACHNOID
HEMORRHAGE

FOR RESEARCH USE ONLY

1.мм

2.МВ 3.МВ

4.МВ

5.МВ

FOR RESEARCH USE ONLY

1.ММ

2.ММ

4.ММ

3.МВ

6. SUBARACHNOID 
HEMORRHAGE

3. INTRACEREBRAL 
HEMORRHAGE

DOI: https://doi.org/10.17816/DD501759

https://doi.org/10.17816/DD501759


600

Note that identifying technological defects within 
technological monitoring may be crucial in comprehensive 
testing aimed at safer, higher quality, and more efficient 
software operation using AI not only in diagnostic radiology 
but also in general healthcare. The analysis showed that 
the quality of AI-based software increases as the number 
of defects decreases. Therefore, AI-based software gains 
more trust from users, minimizes defects, and helps HCPs 
[16,17].

Restructuring technological defects
In 2022, the groups of technological defects were 

restructured based on the results of the monitoring of 
technological defects and their analysis presented in this 
article. According to the updated group classification 
(Table 1, right column), AI-based software defects for 
the brain CT modality were monitored for the presence 
or absence of intracranial hemorrhage. Group A and B 
defects were reviewed automatically, whereas Group 
C, D, and E defects required manual review by experts. 
The updated list of technological defects is presented 
in order no. 160 of the Moscow Healthcare Department 
dated November 3, 2022, which is still valid [18]. The 
reasons for increasing the number of studies in the 
sample have been discussed by Chetverikov et al. [13]. 
Such restructuring of technological defects optimized 
the work of experts analyzing the AI-based software 
monitoring results.

In addition, based on the results of technological 
monitoring of AI-based software under experimental 

conditions, technological defects in accordance with the 
order dated 2021 for the mammography modality can be 
divided into three groups regarding the safety of AI-based 
software as a medical product:

•• Defects that affect the safety of patients and work 
of HCPs: failure to implement functions declared 
by the manufacturer; comments that influence a 
radiologist or complicate their work; and irreversible 
damage to original research data. This group includes, 
for example, Group D (D2, D3, D4) and F defects. 
Separately, a D7 defect (absence of a warning 
label “For research/scientific use only”) should be 
considered. This defect can only occur in the research 
setting and can never occur when using AI-based 
software as a medical device.

•• Defects that do not affect the safety of patients 
but affect the work of HCPs: functional defects that 
do not conform to generally accepted standards for 
the presentation of research interpretation results. 
This group includes Group E and C (C1, C2, C3) 
defects.

•• Defects that do not affect the safety of patients 
or the work of HCPs: minor defects that need to be 
removed to make the work of HCPs more convenient, 
intuitive, and efficient. This group includes D5, D6, and 
D8 defects.

For the CT modality, because of the restructuring of the 
defects (Table 1), three safety subgroups were presented 
from November 2023 until present, according to the 2021 
order:

Digital DiagnosticsVol. 4 (4) 2023TECHNICAL REPORTS

Fig. 7. Number of defects in each group over time; modality: mammography.
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•• Defects that affect the safety of patients and work 
of HCPs: Group C defects (C1, C2, C3) and D4 and D5 
defects.

•• Defects that do not affect the safety of patients but 
affect the work of HCPs: Group E and D defects (D1, 
D2, D3).

•• Defects that do not affect the safety of patients and 
work of HCPs: C4 and C5 defects.

Figures 7 and 8 show graphical information on the 
changes in the number of errors by group and month for 
both modalities.

For the mammography modality (Figure 7), defects 
that affect patient safety and HCP work were no longer 
detected after June because of the AI-based software 
update. Furthermore, defects that affect HCP work but do 
not affect patient safety tend to decrease by the end of the 
study period.

For the brain CT modality, the most common defects 
(those that affect the HCP work but do not affect the patient 
safety) do not show a clear downward trend.

The methodology presented in the present study allows 
the monitoring of the technical stability of algorithms. 
This is of great practical importance when evaluating AI-
based software and ensuring its safety. The methodology 
used to monitor the operation of AI-based software on 
the stream allowed identifying technological defects and 
improving solutions, which ultimately led to increasing 
the technological stability of AI-based software, as shown 
in the example of brain CT analysis data. Therefore, the 

developed methodology proved to be an effective and 
universal tool for increasing the technical stability of AI-
based software.

CONCLUSION
This study presents a list of the main technological 

defects that occur when implementing AI-based software, as 
well as a methodology for monitoring technological defects 
based on regular random control testing, which increases 
the technical stability of AI-based software. The developed 
AI-based software testing methodology for identifying 
technological defects is presented as part of monitoring the 
safety, quality, and efficiency of AI-based software testing in 
real world clinical practice.
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Трудности диагностики миокардита:  
клинический случай
Н.Г. Потешкина1,2, Е.А. Ковалевская1,2, В.Е. Синицын3, Е.А. Мершина3, 
Д.А. Филатова3, Г.Б. Селиванова1, Я.Р. Шашкина2

1	Российский национальный исследовательский медицинский университет имени Н.И. Пирогова, Москва, Российская Федерация;
2	Городская клиническая больница №52, Москва, Российская Федерация;
3	Медицинский научно-образовательный центр Московского государственного университета имени М.В. Ломоносова, 

Москва, Российская Федерация

АННОТАЦИЯ
Миокардит нередко является трудным для диагностики заболеванием сердца. Сложности его диагностики объясня-
ются неспецифической симптоматикой или «стёртой» клинической картиной, отсутствием патогномоничных призна-
ков при физикальном обследовании, а также тем обстоятельством, что эндомиокардиальная биопсия, являющаяся 
«золотым стандартом» диагностики, — это инвазивная процедура, которая проводится по строгим показаниям огра-
ниченному количеству пациентов. Тем не менее, по мере развития лучевой диагностики у клиницистов появилась 
возможность неинвазивной диагностики симптомов воспалительного поражения миокарда, в том числе отёка и мио-
кардиального фиброза, с помощью магнитно-резонансной томографии сердца. 
В статье представлен клинический случай пациента молодого возраста с симптомами острого коронарного синдрома, 
у которого при этом не было выявлено признаков поражения коронарных артерий. С учётом повышения активности 
кардиоспецифических ферментов и уровней маркёров воспаления, выраженных изменений на электрокардиографии 
с положительной динамикой, а также факта перенесённой накануне инфекции, был заподозрен миокардит. В резуль-
тате проведения магнитно-резонансной томографии сердца в динамике диагноз был подтверждён. Таким образом, 
показана роль визуализирующей методики для дифференциальной диагностики ишемического и воспалительного 
поражения сердца.

Ключевые слова: миокардит; магнитно-резонансная томография; электрокардиография; тропонин; клинический 
случай.
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Difficulties in myocarditis diagnosis: 
a case report
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ABSTRACT
Myocarditis is often difficult to diagnose. The diagnostic difficulties include nonspecific symptoms or a “vague” clinical picture, 
absence of pathognomonic signs during physical examination, and endomyocardial biopsy, which is the “gold standard” of 
diagnosis of myocarditis, being an invasive procedure that is performed under strict indications in certain patients. Nevertheless, 
as radiology is rapidly developing, clinicians are now able to noninvasively diagnose symptoms of inflammatory myocardial 
damage, including edema and myocardial fibrosis, using cardiac magnetic resonance imaging. This article presents the clinical 
case of a young patient with symptoms of acute coronary syndrome, who showed no evidence of coronary artery disease. 
Myocarditis was suspected because of increased activity of cardiospecific enzymes and high levels of inflammatory markers, 
pronounced electrocardiography changes with positive dynamics, and recent infection. Magnetic resonance imaging was used 
to confirm myocarditis diagnosis. Thus, this case study demonstrates the role of imaging techniques in the differential diagnosis 
of ischemic and inflammatory heart diseases.

Keywords: myocarditis; magnetic resonance imaging; electrocardiography; troponin; case report.
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简评

心肌炎通常是一种难以诊断的心脏病。非特异性症状或不明显的临床表现、体格检查中缺乏

病理征象都是诊断困难的原因。心内膜活检（诊断的“金标准”）是一种侵入性手术，这也

是诊断困难的原因。只有在严格的适应症下，才会对少数患者实施这种手术。不过，随着放

射诊断技术的发展，医生现在有机会对炎症性心肌损伤症状（包括水肿和心肌纤维化）进行

非侵入性诊断。这种诊断是通过心脏磁共振成像（MRI）进行的。 

文章介绍一个年轻患者的临床病例，该患者有急性冠状动脉综合征的症状。但是没有发现冠

状动脉损伤的迹象。观察到的是，心脏特异性酶活性和炎症标志物的水平升高，心电图检查

出现明显变化并呈正方向变动。此外，还注意到患者以前曾感染过病毒。考虑到这些情况，

怀疑是心肌炎。心脏动态磁共振成像结果证实了这一诊断。由此可见，本文强调了成像技术

在鉴别诊断缺血性和炎症性心脏病变中的作用。 

关键词：心肌炎；磁共振成像；心电图检查；肌钙蛋白；临床病例。
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BACKGROUND
Acute myocarditis is defined as a sudden inflammatory injury 

to the heart muscles. Worldwide, approximately 4–14  cases 
per 100,000 are reported annually, and 1%–7% die from the 
disease [1]. Therefore, timely diagnosis is extremely important 
for clinicians to establish prognosis and treatment strategies.

Poorly defined symptoms at onset, lack of specific 
clinical signs of myocarditis, minimal changes on physical 
examination [2], and infrequent use of endomyocardial 
biopsy as the “gold standard for diagnosis” lead to the 
underdiagnosis of this disease in real-world practice [3].

However, criteria for diagnosing myocarditis, such as the 
presence of a previous infection confirmed by clinical and/
or laboratory data and the clinical and diagnostic signs of 
recurrent heart muscle injury remain relevant [4].

Clinical signs:
•• Chest pain
•• Arrhythmias of unknown origin
•• Signs and symptoms of heart failure
•• Syncopal episodes and/or sudden death prevented 

(successfully resuscitated)
•• Cardiogenic shock: absence of coronary artery (CA) 

injury and other cardiovascular diseases that could 
cause this condition

Diagnostic criteria:
•• Laboratory criteria, with grade of recommendation 

(GoR) C and level of evidence (LoE) 5:
•• Increased:

— Troponins T and I
— Lactate dehydrogenase
— Creatine kinase-MB (CK-MB)
— N-terminal pro-B-type natriuretic peptide (NT-

proBNP)
— Serum cardiac autoantibodies

•• Imaging criteria:
— Electrocardiography (ECG), GoR C, and LoE 4: 

blockades, arrhythmias, and ST-T changes

— Electrocardiography (ECG), GoR C, and LoE 4: 
functional and/or structural changes

—  Gadolinium-enhanced magnetic resonance imaging 
(MRI) of the heart, GoR A, and LoE 2: myocardial 
edema and/or late contrast enhancement

— Morphological criteria, GoR C, and LoE 4: 
endomyocardial biopsy results

The prevalence of myocarditis is underestimated because 
of nonspecific symptoms of its onset and/or asymptomatic 
course. Therefore, every clinical case is interesting for the 
possibility of diagnosing this disease.

CASE REPORT
Patient M (33 years old) had no comorbidities or family 

history of cardiovascular disease. He was a non-smoker with 
a physically active lifestyle. He was admitted to the cardiac 
intensive care unit for suspected acute coronary syndrome 
with ST elevation. On admission, he complained of severe 
retrosternal pain that was “searing and burning.”

Case History
Two days before his hospitalization, the described pain 

appeared for the first time while resting at night. It lasted 
for more than an hour and then disappeared spontaneously.

A similar pain attack recurred the next night. However, the 
pain syndrome lasted longer. ECG recorded by the emergency 
team showed an inferior atrial rhythm. The heart rate (HR) was 55 
beats per minute. II, III, aVF, and V5–6 leads showed ST elevation 
up to 2 mm. aVR and aVL leads showed ST depression (Figure 1).

The patient presented with severe retrosternal pain and 
ECG changes that were detected before hospitalization. The 
patient was treated with 10  mg of intravenous morphine, 
600 mg of clopidogrel, and 250 mg of acetylsalicylic acid.

Examination
During admission, the patient’s consciousness was clear; 

the patient was cooperative, adequate, and oriented. The 
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Fig. 1. Pre-hospital ECG of patient M.

https://doi.org/10.17816/DD546163


609
Digital DiagnosticsVol. 4 (4) 2023

skin had normal color and moisture. His vital signs were as 
follows:

•• Body temperature of 36.8℃
•• Subcutaneous fat was moderately developed. The body 

mass index was 27.6 kg/m2. No peripheral edema
•• Resting respiratory rate: 16 breaths/min
•• Saturation: 98% in ambient air
•• Blood pressure: 130/80 mmHg
•• HR: 100 beats /min, the rhythm was normal

The left border of relative cardiac dullness in the fifth 
intercostal space was 1.5 cm medial to the left midclavicular 
line. The right border was along the right edge of the sternum. 
The upper border was in the third intercostal space.

Physiological accentuation of heart sounds was 
preserved. No heart murmurs were heard. Lung breathing 
was vesicular. No wheezing was heard. The abdomen 
was soft and painless. The liver was not enlarged (Kurlov 
ordinates were 10 × 8 × 7 cm). The spleen was not palpable. 
Stool and diuresis were normal.

C-reactive protein, antistreptolysin O, troponin I, and 
aspartate aminotransferase levels were elevated (Table 1).

Based on the clinical picture, ECG changes, and elevated 
cardiac enzymes on admission, the diagnosis was ST-
elevation myocardial infarction. Emergency coronary 
angiography (CAG) was performed, which showed no stenotic 
lesions of the coronary bed in the left (Figure 2, a) and right 
(Fig. 2, b) coronary arteries. Signs of moderate peripheral 
vasospasm were observed (Figure 2).

Based on ECHO-CG data, the left ventricular (LV) ejection 
fraction was 60%. No abnormalities in local contractility 
were reported. The diastolic function of the left ventricle 
was not affected. No signs of myocardial hypertrophy of the 
left ventricle were observed. The cardiac cavities were not 
dilated. The contractile function of the right ventricular (RV) 
myocardium was preserved. The systolic pressure of the 
pulmonary artery was 23  mmHg with grade  0–1 tricuspid 
regurgitation. Some pericardial thickening was detected.

Daily ECG monitoring showed the following:
•• The main rhythm was sinus one with episodic sinus 

tachycardia, moderate sinus bradycardia, and sinus 
arrhythmia.

•• The mean HR was 73 beats per minute.
•• The maximum mean HR was 111 beats per minute.
•• The minimum mean HR was 53 beats per minute.
•• Three individual supraventricular extrasystoles 

occurred; no rhythm pauses lasting >2 s were reported.
•• ST elevation was recorded up to 0.2–1.0 mm (in one 

lead).

Treatment
The patient was treated with angiotensin-converting 

enzyme inhibitors, mineralocorticoid receptor antagonists, 

CASE REPORTS

Table 1. Laboratory data of patient M.

Parameter Results Reference

Hemoglobin, g/L 140 130–160

RBC, 10 12 /L 5.04 4.00–5.00

WBC, 10 9 /L 6.5 4.00–9.00

Lymphocytes, 10 9 /L 2.5 2.0–6.5

C-reactive protein, mg/L 10.45* up to 6

Aspartate aminotransferase, U/L 65* up to 50

CK-MB, U/L 1.0 up to 25

Antistreptolysin O, GE/mL 738.9* up to 200

Total anticardiolipin antibodies, 
IU/L 1.7 up to 12

dsDNA IgG antibodies, IU/mL 2.6 up to 20.0

Antinuclear antibodies 
(semiquantitative) 0.2 up to 1.0

Troponin I (quantitative), ng/mL 2.6* up to 0.2

NT-proBNP 54 0–125

Fig. 2. Coronary angiography of patient M. (a) left coronary artery, (b) right coronary artery. 

a b
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and beta-blockers. During therapy, his condition improved, 
and the chest pain did not recur. Troponin I and inflammatory 
marker levels normalized within 10 days.

ECG showed positive changes (Figure 3):
•• Focal myocardial changes in posterior phrenic and 

lateral LV walls in qR II, Qr III, and qr aVF leads.
•• SR elevation in II, III, aVF, and V4–6 leads to 0.8 mm 

(over time, regression was >50% of the baseline 
one) with negative T waves in II, III, aVF, and V5–6 
leads.

Clinical diagnosis
Therefore, according to ECHO-CG data, a young patient with 

severe chest pain had intact coronary arteries and preserved 
LVEF with no abnormalities in local/diffuse contractility. 
Moreover, the initial increase in troponin, antistreptolysin O, 
aspartate aminotransferase, and C-reactive protein levels 
was noted with significant positive ECG changes, so the 
diagnosis of myocarditis was discussed.

A detailed interview revealed that 10–12  days before 
admission, the patient had a  sore throat and a  fever 
exceeding 38℃ for 3 days. A  nasopharyngeal swab was 
negative for coronavirus infection by polymerase chain 
reaction. The  outpatient antibacterial therapy was reported 
to reduce fever and sore throat.

Since the infection was chronologically associated with 
clinical signs of the disease and pseudo-infarction ECG 
changes in the absence of coronary artery disease and with 
elevated cardiac enzymes, the possibility of acute myocarditis 
was high. To confirm the diagnosis, a cardiac MRI was 
performed using a gadolinium contrast agent.

The contrast-enhanced cardiac MRI did not show any 
enlargement of the heart chambers.

•• An end-diastolic size (EDD) of the  left ventricle was 
52 mm.

•• An indexed end-diastolic volume (EDV) of the left 
ventricle was 59 (reference, 59) mL/m2.

•• The EDD of the right ventricle was 43 mm.
•• The indexed EDV of the right ventricle was 72 

(reference, 57–109) mL/m2).

•• The sizes of the left and right atria were 41 and 
48 mm, respectively.

The RV myocardium was 3–4  mm thick. No areas 
of local bulging or dyskinesia of the free RV wall were 
identified.

The LV myocardium was not hypertrophied: the thickness 
of the basal and middle segments did  not exceed 10  mm, 
the thickness of the apical segments was 4–5  mm, and 
the  indexed LV myocardial mass was 56 (reference, 41–
86)  g/ m2. Uniform thickening of the  LV myocardium was 
reported during systole. No abnormalities in segmental 
contractility of the LV myocardium were detected. No 
decrease in overall LV contractility was reported with an 
LVEF of 64%.

No blood clots were found in the heart chambers. 
First-degree mitral regurgitation and first-degree tricuspid 
regurgitation were reported. The thoracic aorta had smooth 
contours and was not dilated, and the blood flow signal in its 
lumen was uniform. The pulmonary artery and its branches 
were not dilated. The superior and inferior vena cava were not 
dilated. In the pericardial cavity, trace amounts of free fluid 
were found at the level of the basal lateral LV and middle 
RV segments. The pericardial layers were not thickened, and 
the contrast agent did not accumulate. No hydrothorax was 
reported.

Signs of myocardial inflammation were noted including 
areas of early and delayed contrast enhancement in the basal 
and middle lateral and lower segments with the transition to 
the apical lower segment of the left ventricle (Figure 4a–c), 
as well as signs of myocardial edema in these segments 
(Figure 5a).

Conclusion on the cardiac MRI: MR signs of early 
subacute myocarditis (myocardial areas of early and delayed 
contrast enhancements in the lower and lateral LV walls with 
signs of edema).

Based on clinical, historical, laboratory, and instrumental 
data, the following diagnosis was made: acute infectious 
and allergic myocarditis, pseudocoronary clinical variant, 
subacute course; CAG: without stenotic lesions of the 
coronary arteries.

Fig. 3. ECG of patient M. over time.
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According to the Mayo Clinic, myocarditis classification 
[5] using baseline characteristics, the patient had a low risk 
of cardiovascular complications and a favorable prognosis 
(Table  2). However, an  intermediate-risk group could be 
considered based on cardiac MRI data.

The patient was discharged with improvement. He was 
recommended to continue the prescribed therapy and subject 
to cardiac MRI over time.

After 1.5 months, the contrast-enhanced MRI of the heart 
showed that the area of subepicardial delayed enhancement 

of the previous extent remained in the basal and middle 
inferior segments (Figure  4d–f), and no evidence of 
myocardial edema was found in these segments (Figure 5b).

DISCUSSION
The guidelines of the European Society of Cardiology 

[6] and the Russian clinical guidelines for the diagnosis of 
myocarditis [4] emphasize the effectiveness of cardiac MRI. 
For this purpose, the Lake Louise criteria were developed 

Fig. 4. Cardiac MRI in the delayed gadolinium enhancement mode (7–15 min after the administration of the contrast agent): a, d, short 
axis of the left ventricle in the basal segments; b, e, long axis of the left ventricle, four-chamber projection; c, f, long axis of the left 
ventricle, two-chamber projection. Top row, a–c, cardiac MRI initially: subepicardial areas of contrast enhancement (yellow arrows) 
are located in the basal and medial lateral and inferior segments with the transition to the apical inferior segment of the left ventricle; 
d–f, cardiac MRI in dynamics after 1.5 months: areas of delayed enhancement of the same localization and intensity remain.

a b c

d e f

CASE REPORTS

Fig. 5. Cardiac MRI T2 mapping along the short axis of the left ventricle in the basal segments: a, cardiac MRI at baseline: there is an 
increase in T2 parameter (>50 ms) in the inferior and inferolateral segments, indicating the presence of edema; b, cardiac MRI after 1.5 
months: native T2 parameter within normal values (<50 ms). The numbers indicate the T2 parameter values in msec.

a b
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and first published in 2009. They included the assessment of 
signal hyperintensity on T2-weighted images (T2WI), short 
T1 inversion recovery sequences, and delayed non-coronary 
enhancement [7].

As the effectiveness of the original Lake Louise criteria was 
limited by the subjective nature of the qualitative assessment 
of the above signs, the criteria were revised in 2018. They have 
been supplemented with parametric mapping, which allows 
the quantitative assessment of regional and global myocardial 
relaxation times T1 and T2 and extracellular volume (ECV). 
As a result, the new Lake Louise criteria have higher rates of 
sensitivity and specificity (88% and 96%, respectively) than the 
old Lake Louise criteria [8].

If at least one criterion in each category is met, cardiac 
inflammation is confirmed:

•• T2WI signs of myocardial edema (myocardial T2WI 
hyperintensity or high T2 relaxation index) [9]

•• T1WI signs of myocardial injury (non-ischemic pattern 
of delayed contrast enhancement or high T1 relaxation 
index and/or ECV) [10]

If only one marker is present, myocardial inflammation 
may be considered in the presence of clinical and/or 
laboratory manifestations; however, the specificity of MRI in 
this case is lower. Other signs of heart inflammation include 
systolic dysfunction (areas of hypokinesia or akinesia) and 
signs of pericarditis (contrast enhancement of the pericardial 
layers). The use of these criteria is warranted only when 
symptoms and signs of inflammatory heart diseases are 
present and not as a screening technique for asymptomatic 
patients [11, 12].

In this case report, contrast-enhanced cardiac MRI 
confirmed the clinical diagnosis. According to cardiac MRI, the 
patient initially had one of the above criteria for diagnosing 

myocarditis (myocardial edema on T2 mapping and evidence 
of non-ischemic myocardial injury on delayed gadolinium 
enhancement). MRI performed after 1.5 months showed no 
signs of myocardial edema, indicating a decrease in acute 
myocardial inflammation.

CONCLUSION
Therefore, contrast-enhanced cardiac MRI is a highly 

informative imaging modality for myocardial inflammation, 
for primary diagnosis and long-term assessment, allowing 
for definitive confirmation of the diagnosis.
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Table 2. Clinical variants of myocarditis onset (Mayo Clinic)

Low risk Intermediate risk
(“gray area”) High risk

Chest pain Moderate persistent structural and functional 
changes in the myocardium

Severe persistent LV dysfunction and 
circulatory decompensation

Supraventricular rhythm disorders Nonsustained ventricular arrhythmias Life-threatening arrhythmias

AV block No life-threatening rhythm and conduction 
disorders Persistent AV block

Preserved LVEF Late gadolinium accumulation in the 
myocardium without cardiac chamber 

remodeling
Recurrent syncopeRapid response to therapy 

(1–4 weeks)

Favorable prognosis Uncertain prognosis Unfavorable prognosis
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Симптом «рисовых телец» при магнитно-
резонансной томографии плечевого сустава 
у пациентки с ревматоидным артритом
С.Ф. Агеева, Д.А. Филатова, Е.А. Мершина, В.Е. Синицын
Московский государственный университет имени М.В. Ломоносова, Москва, Российская Федерация

АННОТАЦИЯ
Симптом «рисовых телец» при магнитно-резонансной томографии плечевого сустава у пациентов с ревматоидным 
артритом  — редкая, но специфическая находка, характеризующаяся наличием в синовиальной жидкости сустава, 
синовиальных сумках или влагалищах множественных мелких округлых структур, схожих друг с другом, похожих 
на зёрнышки риса. Этиология «рисовых телец» до сих пор окончательно не ясна. Предполагается, что они образуются 
в результате микроинфарктов синовиальной оболочки у пациентов с ревматоидным артритом или некоторыми други-
ми воспалительными заболеваниями суставов. Клинически наличие «рисовых телец» может вызывать у пациента бо-
левой синдром, однако так происходит не всегда. Среди методов лучевой диагностики ведущей ролью для выявления 
«рисовых телец» обладает магнитно-резонансная томография. 
В данной статье представлено описание клинического случая выявления этого симптома при магнитно-резонансной 
томографии плечевого сустава у пациентки с длительным анамнезом ревматоидного артрита, обратившейся в свя-
зи с безболезненным увеличением в объёме левого плеча. Выполненные исследования (компьютерная томография 
и магнитно-резонансная томография левого плечевого сустава) позволили обнаружить симптом «рисовых телец» 
как проявление основного заболевания и определить дальнейшую тактику лечения.

Ключевые слова: ревматоидный артрит; плечевой сустав; рисовые тельца; магнитно-резонансная томография; 
компьютерная томография; клинический случай.
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“Rice bodies” symptoms on magnetic 
resonance imaging of the shoulder in a patient 
with rheumatoid arthritis
Sofia F. Ageeva, Daria A. Filatova, Elena A. Mershina, Valentin E. Sinitsyn
Lomonosov Moscow State University, Moscow, Russian Federation

ABSTRACT
The “rice bodies” symptom on magnetic resonance imaging of the shoulder joint in patients with rheumatoid arthritis is a rare 
but specific finding characterized by the presence of multiple small, round, rice-grain-like structures in the synovial fluid of 
the joint, synovial pouches, or sheaths. The etiology of the “rice bodies” is still not fully understood. They are suggested as the 
result of microinfarcts of the synovial membrane in patients with rheumatoid arthritis or other inflammatory joint diseases. 
Clinically, the “rice bodies” symptom may cause pain, but not in every case. Among radiological diagnostic methods, magnetic 
resonance imaging is the leading method for the detection of rice bodies. This article presents a clinical case of “rice bodies” 
symptoms diagnosed by magnetic resonance imaging in a patient with a long history of rheumatoid arthritis who presented 
with a painless enlargement in the left shoulder. Computed tomography and magnetic resonance imaging of the left shoulder 
could detect “rice bodies” as a manifestation of an underlying disease and determine further treatment techniques.

Keywords: rheumatoid arthritis; shoulder joint; rice bodies; magnetic resonance imaging; computed tomography; case report. 
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类风湿性关节炎患者肩关节磁共振成像上的米粒体
症状
Sofia F. Ageeva, Daria A. Filatova, Elena A. Mershina, Valentin E. Sinitsyn
Lomonosov Moscow State University, Moscow, Russian Federation

简评

类风湿性关节炎患者肩关节磁共振成像（MRI）上的米粒体症状是一种罕见但特殊的发现。

其特征是关节滑液、滑膜囊或滑膜鞘中出现多个圆形小结构。这些结构彼此相似，就像米粒

一样。米粒体的成因至今不明。据推测，米粒体是因类风湿性关节炎或其他炎症性关节疾病

患者滑膜微梗塞而形成的。在临床上，米粒体的存在可能会使患者感到疼痛。然而，情况并

非总是如此。在放射诊断方法中，磁共振成像在检测米粒体方面发挥着主导作用。 

本文介绍一例在肩关节磁共振成像中发现该症状的临床病例。该症状是在一名有长期类风湿

性关节炎病史的患者身上发现的。患者因左肩部无痛性增大而就医。对左肩关节进行了电子

计算机断层扫描（CT）和磁共振成像检查。医生通过这些检查发现了，米粒体症状是基础疾

病的一种表现形式。这些检查有助于确定进一步的治疗策略。

关键词：类风湿性关节炎；肩关节；米粒体；磁共振成像；电子计算机断层扫描；临床病

例。
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BACKGROUND
Rheumatoid arthritis (RA) is a chronic systemic 

autoimmune disorder characterized by articular and 
extraarticular involvement. RA is more common in women. 
Generally, RA onset occurs at the age of 35–60 years, except 
for juvenile RA [1–3].

In the adult general population, the incidence of RA 
ranges from 0.5% to 2%, which is quite high. The World 
Health Organization reported that 18 million people had RA in 
2019 [4]. In Russia, the official number of registered patients 
with RA was 301,200  as of 2017; however, the results of 
a Russian epidemiology study suggested that RA affected 
approximately 0.6% of the general population [2].

RA is diagnosed based on clinical and laboratory results, 
including radiological examinations. According to the criteria 
issued by the American College of Rheumatology and the 
European League against Rheumatism in 2010 (2010  ACR-
EULAR), a patient’s score ≥6 (out of 10 possible) is indicative 
of RA (Table 1) [2, 5].

The following clinical signs are the most common for RA: 
•• Arthralgia
•• Morning stiffness of the affected joints (>30 min)
•• Fever
•• Rheumatoid nodules under the skin

•• Fatigue
•• Weight loss 

Usually, small joints are involved first (proximal 
interphalangeal and metacarpophalangeal) symmetrically. 
Later, as the disease progresses, larger joints are involved. 
RA may have pulmonary, renal, cardiovascular, and cutaneous 
manifestations [1–3].

X-ray methods are widely used for RA diagnosis and 
follow-up. They allow the identification and evaluation 
of articular and extraarticular RA signs (e.g., respiratory 
involvement, heart damage, splenomegaly in the Felty 
syndrome). 

Currently, magnetic resonance imaging (MRI) is often 
used to evaluate articular involvement in RA. This method 
offers high-resolution imaging of soft tissues, allowing the 
detection of early signs of RA (e.g., synovitis, bone erosion, 
and cartilage lesions) [6].

In some RA cases, small rice-shaped structures, so-
called “rice bodies,” may be visualized in the synovial 
fluid and synovial bursae. Rice bodies are multiple small 
rounded inclusions of similar shape resembling rice (hence, 
their name). When examined histologically, they have an 
amorphous core surrounded by fibrin or collagen. The exact 
etiology of rice bodies remains unknown. It was suggested 
to be cause by the detachment of small particles of synovium 
because of local microinfarctions, and their surface is later 
covered by fibrin. Rice bodies are possibly associated with 
inflammatory joint diseases. They are common in RA but 
may also appear in tuberculous arthritis, chronic bursitis 
and synovitis, and other diseases. Rice body formation may 
be asymptomatic or manifest clinically with pain [3, 9]. The 
most efficient method of rice body visualization is MRI [9, 
10].

CASE REPORT
The patient was a 59-year-old woman who had a chronic 

RA. In September  2022, she presented to a clinic with 
nontender swelling of the left shoulder joint and underwent 
MRI.

History of the disease
2015: The patient was diagnosed with RA, with 

involvement of the left knee and foot joint arthritis. The 
patient scored 7 ACR-EULAR points out of 10 (scores >6 are 
required for a definite diagnosis). 

2017: The patient was diagnosed with Hashimoto 
thyroiditis.

2021: The patient presented to a rheumatologist with 
significant handwriting difficulties. MRI interpretations of both 
shoulder joints dated February 2021 (scans were performed 
in another clinic) were as follows:

•• A significant amount of effusion was visualized in the 
subdeltoid and subacromial bursa, which was more 
pronounced on the right side.

Digital DiagnosticsVol. 4 (4) 2023CASE REPORTS

Table 1. 2010 American College of Rheumatology and European 
League against Rheumatism criteria for the diagnosis of rheumatoid 
arthritis [2, 5].

Clinical signs of joint involvement 
(swelling and/or tenderness in physical examination) 

(a score of 0–5)

1 large joint involved 0

2–10 large joints involved 1

1–3 small joints involved 2

4–10 small joints involved 3

>10 joints involved, including at least one small joint 5 

Laboratory results for RF and ACPA 
(a score of 0–3; positive by at least one method)

RF neg.; ACPA neg. 0

RF weak + / ACPA weak + (>ULN to ≤3 × ULN) 2

RF high + / ACPA high + (>3 × ULN) 3

Laboratory results for acute-phase reactants 
(a score of 0–1; positive by at least one method)

Normal ESR and CRP levels 0

Increased ESR/increased CRP 1

Duration of arthritis (a score of 0–1)

<6 months 0

≥6 months 1

Notes: +, positive; ACPA, anticyclic citrullinated peptide antibodies; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate; neg., negative; 
RF, rheumatoid factor; ULN, upper limit of normal.

https://doi.org/10.17816/DD508786
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•• Joint synovia were thickened, and a small amount of 
effusion was observed in the joint cavity.

•• The signal intensity of the cartilage surfaces decreased.

Laboratory results
On September 16, 2022, blood tests were performed to 

evaluate the ongoing therapy (methotrexate 17.5  mg; folic 
acid):

•• Thyroid-stimulating hormone, normal (4.08  μIU/mL; 
N: 0.27–4.2 μIU/mL)

•• Rheumatoid factor, increased (107.9  IU/mL; 
N: 0–14 IU/mL)

•• C-reactive protein, increased (11.84  mg/L; 
N: 0–5 mg/L)

•• Erythrocyte sedimentation rate, increased (36  mm/h; 
N: <30 mm/h)

Investigations
On September 17, 2022, CT of both shoulder joints was 

performed because of further swelling of the left shoulder 
joint, based on the patient’s complaints. MAGNETOM Vida 
(Siemens Healthineers, Germany) was used at a field 

magnitude of 3  Tesla for a standard-protocol MRI scan 
(T1- and T2-weighted images with/without fat suppression; 
transverse, frontal, sagittal, and oblique slices) with a surface 
radiofrequency coil for the shoulder joint.

Under the deltoid, inside the subacromial bursa and 
subdeltoid bursa enlarged to the size of 7.7 × 2.5 × 5 cm, 
T2-weighted imaging (WI) showed multiple similarly 
shaped oval structures measuring 2–3 mm to 8–10 mm in 
diameter with an intermediate signal intensity, separated 
by areas of increased signal intensity (in T2-WI). In T1-WI, 
these structures demonstrated homogeneous intermediate 
signal intensity (Figs.  1 and 2). Agglomerations of small 
inclusions resembled space-occupying masses in the joint 
cavity.

Noncontrasted CT images of the shoulder joints obtained 
with Somatom Drive (Siemеns Healthineers, Germany) with 
a 0.625-mm slice thickness showed large lens-shaped 
hypodense structures on both sides in the subacromial and 
subdeltoid bursae (Fig. 3):

•• On the left side: 7.5 × 4 × 9  cm; the mass is bigger 
than the MR evaluation (7.7 × 2.5 × 5 mm)

•• On the right side: 4 × 1.4 × 4 cm

CASE REPORTS

Fig. 1. Magnetic resonance imaging (MRI) of the left shoulder joint. (a), (b): T2-weighted images, coronal projections; (c): T1-weighted 
image, sagittal projection; (d): T1-weighted image, transverse projection.

a b

c d
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Fig. 2. Magnetic resonance imaging of the left shoulder joint, T2-weighted images with fat suppression: a, transverse view; b, coronal 
view. Small structures within the synovial sacs are indicated by arrows.

a b
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Fig. 3. Computed tomography of the shoulder joints, axial view: a, left shoulder joint; b, right shoulder joint.

a b

Their structure appeared homogeneous in the CT images, 
without calcification or solid inclusions; the structure density 
was ~35 HU. Reactive lymphadenopathy associated with the 
underlying disease was observed in the axillary areas.

DISCUSSION
Rice body formation in the joints is a rare phenomenon 

associated with inflammatory joint diseases. It is most 
frequently observed in patients with RA. Rice bodies may be 
a sign of RA or precede disease onset in rare cases [11]. Rice 

bodies may be asymptomatic or manifest as joint swelling 
(as in the case described) and pain.

In MRI, rice bodies are visualized as multiple small, similarly 
shaped, rounded structures. In T1-WI, they are isointense or 
hypointense; in T2-WI, they are hypointense. The T2-WI pattern 
in the described case consisted of densely agglomerated 
inclusions, which were hyperintense compared with the muscle 
tissue, which is typical in RA. As demonstrated in the case 
presented, MRI is superior to CT in identifying rice bodies.

Rice bodies are not only seen in RA but also in other 
diseases, such as synovial chondromatosis and pigmented 
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villonodular synovitis (PVNS), and chronic bursitis, including 
tuberculous etiology. MRI significantly facilitates the 
differential diagnosis of the listed disorders. In synovial 
chondromatosis, the cartilage is isointense or hyperintense 
in T1-WI, whereas rice bodies are hypointense in T2-WI 
compared with hyperintense fluid. Moreover, synovial 
chondromatosis is more commonly seen in men and affects a 
single joint. In patients with PVNS, the signal of the thickened 
synovia is inhomogeneously reduced in T1-WI and T2-WI 
because of hemosiderin accumulation [8].

Since fibrin causes irritation, rice bodies, once formed, 
may also cause synovial inflammation. Surgery is considered 
to improve a patient’s clinical condition [12, 13], particularly 
in severe pain syndrome. In the case presented herein, 
further management techniques involved surgical treatment.

CONCLUSION
We report a rare case of intraarticular rice bodies in 

a patient with chronic RA. A brief literature review on the 
subject was provided, and the MR and CT signals of this 
phenomenon were described. Although rice bodies are rare, 

knowledge of their potential presence in joint capsules of 
patients with RA and differentiation from similar signs of 
other disorders is necessary.
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Некомпактный миокард и аневризма 
левого желудочка у 6-летнего ребёнка
Т.Б. Даутов1, Б.Б. Калиев1, Б.Т. Ерекеш2

1 Корпоративный фонд «University Medical Center», Астана, Казахстан;
2 Национальный научный кардиохирургический центр, Астана, Казахстан

АННОТАЦИЯ
Некомпактный миокард  — редкий тип кардиомиопатии, часто сопровождающийся аневризмой желудочка. В ста-
тье описан клинический случай 6-летней девочки, поступившей в нашу клинику с жалобами на плохое самочувствие 
при физической нагрузке. Эхокардиография выявила выраженную трабекулярность стенки левого желудочка и выбу-
хание в области базально-боковой стенки, что соотвествует аневризме и некомпактности миокарда левого желудочка. 
На магнитно-резонансной томографии сердца наличие некомпактности миокарда было подтверждено соотношением 
некомпактного слоя к компактному 2,6:1. Кроме того, была выявлена систолическая дисфункция и аневризма левого 
желудочка с рубцеванием миокарда. Коронарная ангиография исключила поражение коронарных артерий, что позво-
лило предположить природу рубцевания эндомиокарда как результат нарушения микроциркуляции в некомпактном 
слое миокарда. 

Ключевые слова: кардиомиопатия; клинический случай; некомпактность миокарда левого желудочка; аневризма 
левого желудочка; рубцевание.
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Left ventricular noncompaction with ventricular 
aneurysm in a 6-year-old patient
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1 «University Medical Center» Corporate Fund, Astana, Kazakhstan;
2 National Research Cardiac Surgery Center, Astana, Kazakhstan

ABSTRACT
Ventricular noncompaction is a rare type of cardiomyopathy often associated with a ventricular aneurysm. We present a clinical 
case of a 6-year-old female who arrived at our clinic complaining of physical exertion. Echocardiography revealed prominent 
trabeculations in the left ventricular wall and a lateral-basal part bulging out, indicating noncompaction of the left ventricular 
myocardium with an aneurysm. With a noncompacted-to-compacted myocardium ratio of 2.6, magnetic resonance imaging 
revealed the presence of noncompacted myocardium. It also revealed impaired left ventricular systolic function and a left 
ventricular aneurysm with myocardial scarring. Coronary angiography ruled out coronary artery disease. Therefore, myocardial 
scarring was caused by noncompacted myocardium microcirculatory disorder.

Keywords: cardiomyopathy; case report; left ventricle noncompaction; left ventricular aneurysm; scarring.
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一名6岁儿童的左室心肌致密化不全和左心室动脉瘤
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1 «University Medical Center» Corporate Fund, Astana, Kazakhstan;
2 National Research Cardiac Surgery Center, Astana, Kazakhstan

简评

左室心肌致密化不全是一种罕见的心肌病。它通常伴有心室动脉瘤。本文描述了一个6岁女

孩的临床病例。这名女孩因主诉在体育活动时身体不适而被送进本诊所。超声心动图检查显

示了左心室壁有明显的小梁，侧壁基底部有隆起。这些症状与左心室动脉瘤和左室心肌致密

化不全相符。心脏磁共振成像显示了，非致密层与致密层的比例为2.6:1，证实了存在左室

心肌致密化不全。此外，还发现了收缩功能障碍和伴有心肌瘢痕形成的左心室动脉瘤。冠状

动脉造影排除了冠状动脉病变。在这种情况下，我们可以认为心内膜瘢痕形成的性质是非致

密心肌层微循环障碍的结果。 

关键词：心肌病；临床病例；左室心肌致密化不全；左心室动脉瘤；瘢痕形成。
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INTRODUCTION
Left ventricular noncompaction (LVNC) is a rare type 

of cardiomyopathy caused by myocardial compaction 
failure during embryogenesis. It has multiple prominent 
trabeculations with deep intertrabecular recesses [1]. Its 
clinical manifestations vary from no symptoms to cardiac 
dysfunction, heart failure (HF), arrhythmias, and systemic 
thromboembolism [2]. However, there are only a few 
reports of LVNC being aggravated by LV aneurysm [3], 
particularly in children, which is uncommon. Clinically, most 
LV aneurysms are asymptomatic, although they may cause 
arrhythmias (18.4%), embolic events (5.4%), rupture (4%), 
congestive HF (21.5%), and angina pectoris in rare cases 
[4]. In recent years, two major ideas on the development 
of LVNC have emerged: the embryogenesis hypothesis and 
the molecular genetic mechanism. Initially, it was believed 
that the inadequate consolidation of cardiomyocytes during 
abnormal embryonic morphogenesis led to the formation 
of prominent myocardial trabeculae and spaces between 
them. However, recent improvements in molecular 
genetic research techniques have revealed a growing 
number of genes associated with LVNC. Most identified 

genes are sarcomere protein genes, ion channel genes, 
and mitochondrial genes, with sarcomere protein genes 
most often implicated in pathogenesis [5]. In adults, the 
prevalence of isolated LVNC varies from 0.01% to 0.3% [6]. 
LVNC is classified as primary genetic cardiomyopathy by 
the American Heart Association. Conversely, the European 
Society of Cardiology classifies it under “unclassified 
cardiomyopathies” [7].

CASE REPORT
A 6-year-old female was admitted to our clinic with 

complaints of physical exertion. At 26 weeks of gestation, 
she had exudative pericarditis due to anamnesis. 
Echocardiography at 15 months revealed pericardial fluid up 
to 600 mL, prompting pericardiocentesis when the patient 
was diagnosed with hemopericarditis. Before admission, 
the patient was diagnosed with HF with a slightly decreased 
ejection fraction of LV (53). Body temperature was 36.6 C at 
the time of admission. SpO2 is 98%. The breath rate is 23 per 
minute. There is no organic noise in the heart tones, which 
are rhythmic and muffled. Blood pressure is 115/83 mmHg. 
The heart rate is 110 per minute.

Fig. 1. (a) A 6-year-old female patient was diagnosed with left ventricular noncompaction with an aneurysm. An apical four-chamber 
view demonstrates outpouching of the left ventricular wall with noncompact myocardium. The ventricle is connected to the aneurysm 
(asterisk). Transthoracic echocardiography (cardiac transducer, two-dimensional scanning), greyscale. (b) A 6-year-old female patient 
with left ventricular noncompaction and an aneurysm. An apical four-chamber view shows a large anechoic lesion (aneurysm denoted 
by an asterisk) with prominent trabeculation of the apical and lateral walls of LV. Transthoracic echocardiography (cardiac transducer, 
two-dimensional scanning), color Doppler images. (c) A 6-year-old female patient was diagnosed with left ventricular noncompaction 
with an aneurysm. A three-chamber view shows an aneurysm (asterisk), inlet and outlet of LV. Transthoracic echocardiography (cardiac 
transducer, two-dimensional scanning), color Doppler images.

a b c
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ABBREVIATIONS

Ao: aorta
CMR: cardiac magnetic resonance imaging
EF: ejection fraction
HF: heart failure
LA: left atrium
LGE: late gadolinium enhancement

LV: left ventricle
LVNC: left ventricular noncompaction
NC: noncompact myocardium
NC-to-C ratio: noncompact-to-compact ratio
RA: right atrium
RV: right ventricle
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Fig. 2. (a) A 6-year-old female patient with left ventricular noncompaction and an aneurysm. Cardiac magnetic resonance imaging (MRI) 
showed a well-defined outpouching (asterisk) of the left ventricle's lateral wall, as well as local thinning of the myocardium (arrows). 
Cardiac magnetic resonance, 1.5-T MR System (MAGNETOM Avanto, Siemens Healthcare, Germany) with breath-holding, short-axis view, 
before the administration of contrast agent, Cine-two-chamber short-axis images, time to echo (TE) of 1.5 ms, repetition time (TR) of 42 
ms. (b) A 6-year-old female patient with left ventricular noncompaction and an aneurysm. Cardiac magnetic resonance imaging in the four-
chamber view demonstrates ventricular aneurysms (asterisk) in the lateral-basal segments of the left ventricle (LV) with noncompaction 
of the myocardium with a ratio 2.6:1. Cardiac magnetic resonance, 1.5-T MR System (MAGNETOM Avanto, Siemens Healthcare, Germany) 
with breath-holding, four-chamber long-axis view, before the administration of contrast agent, Cine-four-chamber long-axis images, TE 
of 1.5 ms, and repetition time (TR) of 42 ms. (c) A 6-year-old female patient with left ventricular noncompaction and an aneurysm. LGE, 
four-chamber view shows late gadolinium enhancement (arrows) on the basal anterolateral wall of the LV, where the aneurysm (asterisk) 
is located. CMR, 1.5-T MR System (MAGNETOM Avanto, Siemens Healthcare, Germany) with breath-holding, LGE, four-chamber long-
axis view, TE of 1.5 ms, and repetition time (TR) of 700 ms. (d) A 6-year-old female patient with left ventricular noncompaction and an 
aneurysm. Cardiac magnetic resonance in the two-chamber short-axis view with LGE demonstrates contrast agent accumulation in the 
one, five and six segments. CMR, 1.5-T MR System (MAGNETOM Avanto, Siemens Healthcare, Germany) with breath-holding, LGE, two-
chamber short-axis view, TE of 1.5 ms, and repetition time (TR) of 2,000 ms. (e) LGE, two-chamber long-axis view shows late gadolinium 
enhancement on the anterior basal wall of the LV. CMR, 1.5-T MR System (MAGNETOM Avanto, Siemens Healthcare, Germany) with 
breath-holding, LGE, two-chamber long-axis view, TE of 1.4 ms, and repetition time (TR) of 700 ms.

During hospitalization, echocardiography revealed 
LV dilatation, increased trabecularity of the apex and 
lateral wall of the LV, sac-like bulging of the lateral-
basal part as aneurysm, and possibly deep trabeculae 
(Figure 1a–c). The echocardiography revealed a decline in 
LV systolic function and a 48% LV ejection fraction. There 
was minimal regurgitation on the tricuspid, mitral, and 
pulmonary valves.

The main rhythm, according to the echocardiography, 
was sinus rhythm. The 24-h ECG Holter monitoring 
showed sinus rhythm, a mean heart ratio of −109 bpm, a 
minimum heart ratio of −64 bpm, a maximum heart ratio 
of −173 bpm, no pauses longer than 2 s, and no tachy-
bradyarrhythmia.

A cardiac magnetic resonance imaging (CMR) with 
contrast enhancement (Gadobutrol 2.0 mL) was performed 
to exclude congenital heart diseases. The systolic function of 
both ventricles was reduced (LV EF [41%] and RV EF [45%]). 
The total LV mass of the myocardium was 54.6 g, with 
noncompacted myocardium accounting for 14.4 g or 26.3% 
of the total. CMR revealed signs of myocardial scarring and 
aneurysmatic ballooning of the basal anterior and lateral-
basal walls of the left ventricle, noncompact myocardium 
(with an NC-to-C ratio = 2.6:1), and left ventricular dilatation. 
Accumulation of contrast media (one, five, and six segments) 
in delayed scans was observed (Figure 2a–e).

According to EchoCG and CMR, the patient has a 
noncompact left ventricular myocardium and aneurysm. Given 

a

d e

b c
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the findings, it was decided to have a coronary angiography 
to assess the coronary vessels and exclude coronary artery 
anomalies. Coronary angiography showed no evidence of 
coronary artery abnormalities (Figure 4a and b).

Based on these findings, he was diagnosed with LVNC 
complicated by an aneurysm.

Given the examination results, weight gain, preserved 
tolerance to physical activity, and NT-proBNP level of 43.60 
pg/mL, the patient was referred to a local hospital for 
continued monitoring with prescribed medication.

Treatment
Due to limited data on the treatment of this condition, 

it is recommended that clinical complications be managed 
in accordance with current guidelines for each specific 
complication. Anticoagulation therapy is recommended in 
LVNC patients with a history of thromboembolism, atrial 
fibrillation, and/or impaired systolic function (LV ejection 
fraction of <40%) due to an increased risk of thrombus 
formation resulting from deep intertrabecular recesses 
and slow blood flow [6]. Therefore, it is suggested that 
anticoagulation therapy may be necessary in patients 
with LVNC and accompanying LV aneurysms, even in 
the absence of systolic dysfunction or atrial fibrillation. 
However, there have been reports of patients undergoing 
more radical therapy, including surgical removal, to 
prevent stress and rupture of the aneurysm wall and 
the risk of thrombus formation. Furthermore, excising 
the fibrotic tissue of the LV aneurysm could help prevent 
arrhythmias, and reshaping the ventricle could improve the 
patient’s HF symptoms. Surgery is considered a definitive 
treatment that can be used in conjunction with optimal 
medical therapy [8].

DISCUSSION 
The diagnosis of LVNC is mainly based on imaging 

anatomical characteristics. Although there is no universally 
established definition of LVNC, the following echocardiographic 
criteria are widely accepted: (a) two-layered myocardium with 
multiple, prominent trabeculations in end-systole; (b) NC-
to-C ratio of >2; (c) Doppler color flow within the recesses 
and communication between the intertrabecular space and LV; 
and (d) absence of coexisting cardiac abnormalities. The classic 
triad of complications comprises HF, ventricular arrhythmia, 
and systemic embolic events [9].

Fig. 3. Noncompaction of the left ventricle with the thin-walled 
aneurysm with a wide connection to the LV. Aneurysm bulges 
out from the anterior basal wall during systole. Arrows show 
the direction of the blood flow. Ao, aorta; LA, left atrium; LV, left 
ventricle; NCM, noncompact myocardium; RA, right atrium; RV, 
right ventricle.

Fig. 4. (a and b) Coronary angiography of a 6-year-old female patient diagnosed with left ventricular noncompaction and an aneurysm. 
Coronary arteriography using two catheters revealed no evidence of changes in the coronary arteries. Cx was found in a left dominant 
pattern of coronary circulation. Coronary angiography using introducer 4Fr and two catheters with 5Fr size. AI, intermediate artery; Cx, 
circumflex artery; D1, diagonal artery; LAD, left anterior descending; RCA, right coronary artery; RV branch, right ventricular branch.

a b
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We encountered a rare case of LVNC with an LV aneurysm 
formation due to microcirculatory disorder. As demonstrated 
in our patient, the CMR criterion for diagnosing LVNC is a 
ratio of maximum thickness between the noncompaction 
and compaction layer of more than 2.3 in end-diastole, and 
the mass of trabeculated lv myocardium represents >25% 
of the total LV mass [10]. Myocardial delayed enhancement 
revealed scars along the aneurysm wall. Aneurysms have a 
large connection to the ventricular cavity (Figure 3), whereas 
diverticula are typically elongated and have a narrowed 
neck. Aneurysms are most commonly observed in the LV 
apex (28%) and the perivalvular area close to the mitral 
valve (49%). LV aneurysms are typically acquired following 
an acute myocardial infarction with systolic bulging and scar 
formation in the myocardium. Without knowledge of the 
patient’s medical history and coronary angiogram, acquired 
aneurysms are difficult to distinguish from congenital left 
ventricular aneurysms [11]. However, poor microcirculation 
is believed to be the etiology of aneurysm and scar formation 
in LVNC [12]. The aneurysm was unrelated to coronary artery 
territory because our patient’s coronary angiography was 
normal. In our case, an aneurysm appears to be acquired 
because her previous echocardiography analysis showed EF 
above 50%; subsequently, when symptoms of cardiac failure 
began to manifest, it began to diminish. Complications from 
ventricular aneurysms include intramural thrombus, cardiac 
output impairment, and aneurysm rupture.

TEACHING POINT
A highly uncommon variant of cardiomyopathy is the 

combination of ventricular noncompaction and ventricular 
aneurysm. Echocardiography, CMR, and coronary angiography 
are valuable techniques for identifying the components of 
LVNC. Surgery can be combined with medical treatment, 
regardless of the prevalence of symptoms.
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Ограничения использования гистологического 
исследования биоптатов как «золотого стандарта» 
диагностики на примере аденокарциномы 
пищевода: описание случая
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АННОТАЦИЯ
Аденокарцинома пищевода — одно из самых распространённых злокачественных новообразований желудочно-ки-
шечного тракта. Для выявления заболевания на ранних стадиях используют эндоскопические, морфологические, им-
муногистохимические методы обследования, однако они требуют не только применения высокоспециализированного 
оборудования, но и зависят от профессионализма врача-эндоскописта и врача-патоморфолога.
В статье описано клиническое наблюдение пациента с прогрессирующей дисфагией, вызванной опухолью пищевода, 
распространяющейся на субкардиальный отдел желудка, которую не удавалось патоморфологически верифициро-
вать в течение одного года. Данные эзофагогастродуоденоскопии, выполненной в медицинской организации по ме-
сту жительства, компьютерной томографии и рентгеноскопии пищевода с двойным контрастированием не оставляли 
сомнений в злокачественности новообразования, однако результаты многочисленных гистологических исследований 
свидетельствовали в пользу аденомы пилорических желёз, аденомы из париетальных, либо онкоцитарных клеток 
с фокусами дисплазии эпителия высокой степени. Эндоскопическое исследование с таргетированной биопсией в ус-
ловиях специализированного учреждения позволило доказать злокачественность опухолевого процесса. 
Результаты исследования демонстрируют важность клинической картины и инструментальных методов для поста-
новки заключительного диагноза при противоречивых данных патоморфологических исследований и в очередной раз 
поднимают проблему ограничений гистологического исследования биоптатов как «золотого стандарта» диагностики 
злокачественных новообразований.

Ключевые слова: аденокарцинома пищевода; пищевод Барретта; кардиоэзофагеальный переход; 
эзофагогастродуоденоскопия; компьютерная томография; биопсия.
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Tissue sampling and histopathological limitations 
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ABSTRACT
Esophageal adenocarcinoma is a common gastrointestinal cancer. Esophagogastroduodenoscopy with biopsy and 
immunohistochemistry are used to detect the neoplasm at an early stage. Definitive diagnosis requires not only highly specialized 
equipment but also the skills of the endoscopist and pathologist. We report the case of a 35-year-old man with progressive 
dysphagia caused by gastroesophageal cancer. Numerous esophagogastroduodenoscopy studies, computed tomography, and 
barium X-ray swallow revealed an extensive esophageal lesion; however, pathomorphologic examinations did not confirm 
malignancy within a year. Histological studies showed pyloric gland adenoma and adenoma from parietal or oncocytic cells 
with high-grade dysplasia. Esophagogastroduodenoscopy with targeted biopsy at a specialized center confirmed the tumor 
malignancy. This clinical case demonstrates the importance of summing clinical symptoms and using additional instrumental 
methods to make a definitive diagnosis if biopsy results are ambiguous.

Keywords: esophageal adenocarcinoma; Barrett’s esophagus; gastroesophageal junction; esophagogastroduodenoscopy; 
computed tomography; biopsy.
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简评

食管腺癌是胃肠道最常见的恶性肿瘤之一。为了在早期阶段发现这种疾病，医生采用内窥

镜、形态学、免疫组化等检查方法。但是，这些方法不仅需要使用高度专业化的设备，还取

决于内镜医师和病理形态学医师的专业水平。

本文描述了对一名进行性吞咽困难患者的临床观察。吞咽困难是由食道肿瘤引起的。肿瘤已

扩散到胃的贲门下段。肿瘤在一年内无法进行病理形态学验证。在居住地医疗机构进行的食

管胃十二指肠镜检查、电子计算机断层扫描和食管双对比透视检查的数据证实了肿瘤的恶性

程度。然而，大量组织学检查的结果都支持幽门腺腺瘤、顶体腺瘤或带有高度上皮发育不良

病灶的肿瘤细胞腺瘤。在专业机构的条件下，通过内窥镜检查和靶向活检，才有可能证实肿

瘤的恶性程度。 

研究结果表明，在病理形态学检查数据相互矛盾的情况下，临床表现和仪器方法对最终诊断

的重要。这再次提出活检标本的组织学检查作为诊断恶性肿瘤“金标准”的局限性问题。

关键词：食管腺癌；巴雷特食管；食管贲门交界处；食管胃十二指肠镜检查；电子计算机断

层扫描；活检。
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BACKGROUND
Esophageal cancer is the sixth most common cause of 

cancer deaths worldwide [1], and the incidence of esophageal 
adenocarcinoma is rapidly increasing in developed countries 
[2]. This type of esophageal cancer is extremely aggressive, 
with a 5-year survival rate <20% [3]. Risk factors for 
esophageal adenocarcinoma and gastroesophageal junction 
adenocarcinoma include mechanical, chemical, and thermal 
injury to the esophageal mucosa, male sex, obesity, and 
smoking [4], with the most significant risk factor being 
Barrett’s esophagus caused by gastroesophageal reflux 
disease [5]. Prognosis is determined by both the tumor stage 
and its macroscopic morphology [6-8]. W.R.C. Knight et al. 
showed that ulcerating tumors were associated with a more 
favorable prognosis than exophytic or stenotic lesions [9].

Esophageal cancer is commonly diagnosed using 
radiological methods, specifically with double-contrast upper 
gastrointestinal radiography and computed tomography 
(CT) of the chest [10]. These methods allow evaluation of 
the lesion size, invasion depth, and tumor type. However, 
these findings must be verified by histopathology [3]. 
Esophagogastroduodenoscopy (EGD) and transnasal 
endoscopy are used to diagnose esophageal tumors. They 
allow visual examination of the organs for abnormalities 
and obtain biopsy specimens for morphological examination, 
which is considered the “gold standard” for tumor verification 
[11]. However, histological findings are dependent on various 
factors, including the qualifications and experience of the 
pathologist and endoscopist, quality of reagents used in 
specimen preservation, and quality of biopsy specimens 
obtained by endoscopic forceps biopsy. Therefore, biopsy 
results may not always match the clinical, endoscopic, 
or radiological findings [12]. Furthermore, diagnosing 
adenocarcinoma in the setting of Barrett’s esophagus is 
challenging because of its typically endophytic growth 
pattern, which necessitates a specific biopsy technique [13].

Herein, a case of a patient with progressive dysphagia who 
was diagnosed with esophageal adenocarcinoma that had 
spread to the middle third of the esophagus and subcardial 
stomach is presented. Clinical and instrumental findings were 
unambiguously indicative of malignancy. However, repeated 
morphological examinations did not confirm the diagnosis. A 
definitive diagnosis was made after an EGD-guided targeted 
biopsy at a tertiary cancer center.

This case report was prepared in accordance with the 
CARE Case Report Guidelines [14].

CASE REPORT
Medical History

Patient N was a 35-year-old man.
In March 2021, he experienced a gradual loss of appetite. 

He did not seek medical advice because he believed that the 
symptoms were caused by work-related stress. 

In March 2022, he presented to his primary care 
physician with symptoms of difficulty swallowing, nausea 
and vomiting, and a throat lump sensation. At presentation, 
he was 192 cm tall and weighed 185 kg (body mass index, 
50.18 kg/m2, class III obesity). 

EGD revealed a tumor mass with multiple ulcerations in 
the esophagus, beginning 30 cm from the incisors and nearly 
extending to the cardia. No reliable pathological evidence of 
tumor cells, dysplastic cells, or atypical cells was found in 
the biopsy specimens.

In April 2022, the patient visited a gastroenterologist 
and underwent EGD at follow-up. The examination revealed 
a significantly narrowed lumen in the middle and lower thirds 
of the esophagus, which was caused by a circumferential 
tumor with focal destruction. The tumor’s proximal and distal 
edges were visualized at 25 and 45 cm from the incisors, 
respectively. Submucosal tumor infiltration was observed in 
the subcardial stomach. Repeated biopsy of the ulcerations 
demonstrated fragments of a villous tumor lined with 
columnar epithelium with low-grade dysplasia. Another EGD-
guided biopsy revealed no signs of atypical cells.

Preliminary diagnosis. The observed pathological 
changes were consistent with the presentation of a pyloric 
gland adenoma with focal high-grade dysplasia arising 
from parietal or oncocytic cells that were highly suspicious 
of malignancy. Histological findings were inconsistent 
with clinical presentation and endoscopy. To address the 
inconsistencies between the endoscopic and histological 
findings, the tumor immunophenotype was examined by 
immunohistochemistry, which correlated with the pyloric 
tumor expressing gastric superficial–foveolar epithelial 
mucins and pyloric gland mucins. No p53 mutation was 
detected in the tumor cells, which did not exhibit high 
proliferative activity. Because the malignant nature of 
the tumor could not be conclusively established through 
immunohistochemistry, the mass was considered a pyloric 
gland adenoma. A local gastroenterologist suggested a 
dynamic follow-up.

In May 2022, the patient presented to a gastroenterologist 
with worsening symptoms of impaired food passage from 
the mouth to the stomach and a weight loss of 15 kg over 
the past 3 months (body mass index, 46.12 kg/m2). The 
patient was admitted to the gastroenterology department for 
examination and diagnosis verification. 

Laboratory Data
Blood chemistry revealed hyperuricemia (uric acid, 634.8 

mmol/L; normal range, 154–357 mmol/L) and high levels of 
nonspecific inflammatory markers:

•• Erythrocyte sedimentation rate: elevation to 50 (normal 
range, 2–20) mm/h

•• Fibrinogen: elevation to 4.81 (normal range, 1.8–4) g/L
•• C-reactive protein: elevation to 11.4 (normal range, 

0–5) mg/L.
Latent iron deficiency was also found:
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•• Hemoglobin: 147 (normal range, 132–180) g/L
•• Color index: 0.9
•• Iron: 5.9 (normal range, 10.7–32.2) mmol/L

Imaging Studies
Barium-contrast upper gastrointestinal X-ray findings were 

suggestive of an extended mass lesion in the middle and lower 
thirds of the esophagus with luminal stenosis (Fig. 1).

Chest CT showed a 186-mm esophageal tumor that had 
extended to the cardia. The esophageal walls had a polypoid 

thickening of up to 41 mm, and a significant narrowing of the 
esophageal lumen to 2 mm was observed. Signs of regional 
lymph node involvement were also visible (Fig. 2).

Abdominal CT did not reveal any distant metastases. 
The results demonstrated a locally advanced malignant 
esophageal tumor involving the cardia.

The patient was referred to a tertiary cancer center. 
Endoscopy at the cancer center showed the proximal edge of 
esophageal tumor infiltration at a site 24 cm from the incisors. 
The tumor appeared as multiple whitish-red merging lesions 
that spread circumferentially to the subcardial stomach. 
Deep ulcers covered with fibrin and necrotic plaque were 
observed. A fistula opening was found in the tumor tissue at 
a site 36 cm from the incisors, with the creamy opalescent 
contents flowing into the lumen. The esophageal lumen was 
significantly narrowed by the exophytic component of the 
tumor (Fig. 3). The tumor tissue was dough-like in texture 
and bled easily upon contact. The circumferentially infiltrated 
cardioesophageal junction was visualized at a site 44 cm 
from the incisors. The tumor infiltrated along the posterior 
wall to the subcardia (Fig. 4).

Targeted stepwise biopsy of the non-necrotic regions 
was performed. The pathology results indicated low-grade 
esophageal adenocarcinoma progressing from Barrett’s 
esophagus.

Diagnosis and Treatment
The patient was diagnosed with low-grade cT3N1M0 

adenocarcinoma progressing from Barrett’s esophagus. The 

Fig. 1. Upper GI X-ray. Circumferential narrowing of the esophagus; 
a thin passage of barium leakage (arrow).

CASE REPORTS

Fig. 2. Computed tomography of the chest. The white arrows show pathological changes: a, a 186-mm esophageal tumor extending to 
the cardia; b, massive invasion of the tumor tissue with narrowed lumen in the middle third of the esophagus; c, tumor involvement of 
the regional para-aortic lymph node; d, luminal narrowing to 2 mm in the lower third.

a

c

b
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tumor had spread to the cardia and was complicated by an 
esophageal–mediastinal fistula. 

Given the patient’s young age and absence of long-term 
tumor metastasis, radical surgical treatment was deemed 
appropriate. In July 2022, the patient underwent single-step 
surgery including thoracoscopic esophageal resection, esophageal 
repair with a pedicle flap composed of a segment of the greater 
curvature of the stomach, cervical anastomosis formation, 
and 2S lymphadenectomy. During the surgical intervention, an 
esophageal–mediastinal fistula was also removed.

Pathological examination of the surgical specimen 
confirmed a low-grade esophageal adenocarcinoma 
progressing from Barrett’s esophagus with necrotic sites 
and surface ulceration. The tumor had infiltrated the mucous 
membrane and the submucosal muscle layer of the esophageal 
wall and had spread to the cardia. Tumor metastases were 
detected in 4 of 11 esophageal lymph nodes and 4 of 6 lymph 
nodes along the lesser curvature of the stomach.

The final diagnosis was stage III pT4N1M0 esophageal 
adenocarcinoma progressing from Barrett’s esophagus.

The postoperative period was complicated by a 
tracheoesophageal fistula, which was epithelialized after 
3 weeks of endoscopic vacuum therapy.Given the advanced 
stage of the primary tumor, the high risk of disease 
recurrence, and young patient age, he received nine cycles 
of adjuvant FOLFOX (calcium folinate, fluorouracil, and 
oxaliplatin).

Follow-up examinations in December 2022 and April 2023 
showed no signs of local tumor recurrence or progression.

DISCUSSION
This clinical case report discloses several problems 

associated with the endoscopic and pathological diagnosis 
of a malignant tumor progressing from Barrett’s esophagus. 

Histological confirmation of the tumor process and its 
type is vital before surgery, or other treatments can be 
performed. The decision to use chemotherapy or combined 
chemoradiotherapy, either as an adjuvant or neoadjuvant 
treatment, depends on both the tumor stage and its 
histological pattern. In this case, the main issue was the 
inconsistency between the endoscopy and radiology results 
and the histological findings.

Advanced endoscopic equipment provides high-resolution 
imaging of the mucous membrane of hollow organs. The primary 
principle should be to perform a comprehensive examination 
of the entire organ and identify the most suspicious regions 
of the mucous membrane. This is a more labor-intensive 
and time-consuming manipulation. The decision to perform a 
targeted biopsy should only be made after a detailed endoscopy. 
Targeted biopsy differs from blind biopsy and classic forceps 
biopsy by taking specimens from the most suspicious regions 
using more specific techniques such as narrowed-spectrum 
endoscopy combined with near-focus mode [15].

Early-stage adenocarcinoma progressing from Barrett’s 
esophagus is most commonly characterized by a flat growth 
pattern within the metaplasia segment [16]. In our case, 
the esophageal carcinoma was accompanied by massive 
adenomatous tissue growth, which delayed the malignancy 
verification because adenomatous tissue samples were 
taken in multiple nontargeted biopsies. The diagnosis was 
established accurately through a targeted, stepwise biopsy 
of the non-necrotic regions.

A study reported that only 35% of patients experience 
correct detection and preoperative staging of esophageal 
adenocarcinomas [17], a finding supported by this case. One 
reason for this is the insufficient accuracy of forceps biopsy 
as a means of obtaining pathology specimens. If esophageal 
malignancy is suspected, endoscopic mucosal resection is 
warranted [18]. The value of a biopsy is increased when at 

Fig. 3. Endoscopic image. Stenosing adenocarcinoma progressing 
from Barrett’s esophagus. The circumferential tumor is indicated 
by the blue arrows.

Fig. 4. Endoscopic image. Stenosing adenocarcinoma progressing 
from Barrett’s esophagus. The yellow arrow shows the endoscope 
located at the stomach entrance, and the green arrow shows the 
tumor tissue.
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least five tissue fragments are obtained. This increases the 
likelihood of detecting atypical tumor cells, even incidentally, 
in one of the fragments [19, 20].

Pathologists may disagree on whether the changes 
detected in the biopsy specimens are caused by dysplasia or 
signs of a malignant tumor. According to A.H. Ormsby et al., 
pathologists specializing in gastrointestinal tissues frequently 
disagree on the diagnosis of high-grade dysplasia versus 
adenocarcinoma, even when evaluating total resection 
specimens [21]. The authors suggested revising treatment 
strategies that differentiate between severe dysplasia 
and intramucosal adenocarcinoma based on histological 
differences using a limited number of biopsies.

CONCLUSION
This case report demonstrates the significance of 

a clinician’s critical approach to pathology results. The 
diagnosis should also be based on the clinical presentation 
and instrumental findings. However, in cases of unclear 
histological findings, biopsy samples from the tumor sites 
with the highest quality or volume are recommended, even 
if multiple biopsies are required. 
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карциноматоза и туберкулёза брюшины у молодой 
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АННОТАЦИЯ
Сложность дифференциальной диагностики между туберкулёзом брюшины и карциноматозом брюшины заключает-
ся в схожести клинической картины, а также данных лабораторных и инструментальных методов обследования. Ту-
беркулёз брюшины, так же, как и карциноматоз брюшины, может сопровождаться развитием асцита, конгломератов 
лимфоузлов и петель кишечника.
В статье описано клиническое наблюдение молодой пациентки, которая после вторых родов отметила появление ин-
тенсивных болей в шее, между лопатками. В дальнейшем, через два месяца с начала симптомов, пациентка пере-
несла пневмонию с положительным ответом на антибактериальную терапию. Ещё через два месяца она впервые 
отметила появление рецидивирующего асцита и гастроинтестинальной симптоматики. При обследовании были выяв-
лены изменения яичников и признаки карциноматоза брюшины, а также очаги в лёгких. Однако нетипичная для кар-
циноматоза брюшины клиническая картина и специфическое поражение лёгких позволили заподозрить туберкулёз 
множественных локализаций. Диагноз был подтверждён по данным лапароскопии с биопсией поражённых тканей 
и последующим гистологическим и лабораторным подтверждением этиологической роли Mycobacterium tuberculosis. 
Описанный случай показывает важность использования всех доступных методов диагностики в установлении причин 
асцита у молодых пациенток для дифференциальной диагностики между специфической и неопластической этиоло-
гией.

Ключевые слова: туберкулёз множественных локализаций; абдоминальный туберкулёз; туберкулёз органов 
брюшной полости; карциноматоз брюшины; асцит; описание случая.
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Difficulty in the differential diagnosis of peritoneal 
carcinomatosis and tuberculosis in a young female 
patient with ascites: a case report
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ABSTRACT
The differential diagnosis between peritoneal tuberculosis and peritoneal carcinomatosis is quite challenging because of the 
similarity of the clinical picture and laboratory and instrumental examination data. Peritoneal tuberculosis and peritoneal 
carcinomatosis may present with the development of ascites, lymph nodes, and intestinal loop conglomerates. This article 
presents the clinical case of a young patient who, after her second childbirth, noted the appearance of intense pain in the 
neck and between the scapulae. Two months later, she experienced pneumonia with a positive reaction to antibiotic therapy. 
After another 2 months, she experienced recurrent ascites and gastrointestinal symptoms for the first time. The examination 
revealed ovarian masses and signs of peritoneal carcinomatosis and lung nodules. However, the clinical presentation was 
atypical for peritoneal carcinomatosis, and lung lesions were suspicious for tuberculosis, which allowed us to hypothesize the 
presence of tuberculosis of multiple localizations. The diagnosis was confirmed by laparoscopy with a biopsy of the involved 
tissues and subsequent histological and laboratory confirmation of the etiological role of Mycobacterium tuberculosis. The 
described case demonstrates the importance of using all available diagnostic methods to establish the causes of ascites in 
young female patients for differential diagnosis between specific and neoplastic etiologies.

Keywords: tuberculosis of multiple localizations; peritoneal tuberculosis; tuberculosis of abdominal organs; peritoneal 
carcinomatosis; ascites; case report.
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简评

腹部结核和腹膜转移癌的鉴别诊断难点在于临床表现、实验室和仪器检查方法的数据的相似

性。腹腔结核和腹膜转移癌都可能伴有腹水、淋巴聚集体和肠襻的形成。

文章描述了对一名年轻患者的临床观察。第二次分娩后，患者发现了肩胛骨之间的颈部出现

剧烈疼痛。随后，在出现症状两个月后，患者患上了肺炎，并对抗生素治疗产生了积极反

应。两个月后，她首次发现了反复腹水和胃肠道症状。检查发现了卵巢病变、腹膜转移癌征

候以及肺部病灶。然而，腹膜转移癌的临床表现并不典型，而且肺部有特殊病变，因此怀疑

是多部位结核。通过腹腔镜检查和受影响组织的活检，以及随后的组织学和实验室检查，确

诊为Mycobacterium tuberculosis。 

该病例表明，在确定年轻女性患者腹水的病因时，必须使用所有可用的诊断方法，以便对特

异性病因和肿瘤性病因进行鉴别诊断。

关键词：多部位结核；腹部结核；腹腔结核；腹膜转移癌；腹水；病例介绍。
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BACKGROUND
Abdominal tuberculosis (TB) affects the liver, spleen, large 

and small intestines, intra-abdominal lymph nodes, pelvic 
organs, and peritoneum [1]. Peritoneal TB may manifest as 
ascites, conglomeration of lymph nodes and intestinal loops, 
and high levels of cancer antigen (CA)-125, which requires 
differential diagnosis with peritoneal carcinomatosis because 
of the progression of ovarian cancer, particularly in routine 
clinical practice [2, 3]. The situation is further complicated 
by the lack of a noninvasive “gold standard” for diagnosing 
tuberculous peritonitis [4].

Herein, the case of a 21-year-old woman with multifocal 
TB, with recurrent ascites as a leading clinical manifestation, 
was presented. The case description was prepared in 
accordance with the CAse REports guidelines [5].

CASE REPORT
In January 2021, a 21-year-old female patient (born and 

living in Dagestan) presented to a gastroenterologist with the 
following complaints:

•• Abdominal enlargement
•• Hypogastric pain predominantly on the right side 

radiating to the right lower extremity
•• Diarrhea occurring up to 3 times per day without 

abnormal admixtures
•• Decreased appetite
•• Exertional dyspnea
•• General weakness

Case History
In February 2020, 2 days after the second delivery, 

the patient experienced pain in her left neck, shoulder, 
and scapula, including at night. However, she did not seek 
medical attention.

In April 2020, the patient experienced pain in the right 
chest and right hypochondrium with a fever up to 39°C. A 
local outpatient chest X-ray imaging revealed right-sided 
multifocal pneumonia complicated by pleurisy. Antibacterial 
therapy (meropenem and azithromycin) was initiated with 
a positive clinical effect. Because of the positive clinical 
response, lung changes were interpreted by the local 
healthcare professionals as community-acquired nonspecific 
bacterial pneumonia.

Since June 2020, the patient noticed an increase in 
abdominal volume with decreased appetite. Abdominal 
ultrasonography showed a moderate amount of free fluid. 
Spironolactone 50 mg/day was ineffective, and the abdominal 
volume continued to increase.

In September 2020, an abdominal tap was performed at 
a local inpatient hospital. Approximately 500 mL of light fluid 
was obtained; however, it was not tested.

In December 2020, ascites had increased again. Blood 
tests showed a high C-reactive protein (CRP) level of 28.4 

(reference, <5) mg/L and a high erythrocyte sedimentation 
rate (ESR) of 48 (reference, <20) mm/h, with leukopenia 
of up to 3 (reference, 4–9) mln/μL. Computed tomography 
(CT) of the chest and abdomen revealed bilateral multifocal 
pulmonary inflammation, hepatosplenomegaly, ascites, a 
conglomerate of large- and small-bowel loops in the left 
abdomen, and retroperitoneal lymphadenopathy. Pelvic 
ultrasonography showed an enlarged left ovary with cystic 
transformation and a large amount of pelvic fluid. A puncture 
of the rectouterine pouch yielded 1100 mL of straw-colored 
fluid. Cytology revealed focal accumulations of neutrophils, 
rare lymphocytes, and mesotheliocytes on a structureless 
substance background. No microflora growth was observed 
in the culture. Treatment included amoxicillin + clavulanic 
acid 875/125 mg twice daily and spironolactone 100 mg/day. 
After the initiation of therapy, the patient had diarrhea up to 
5–7 times per day. A stool test for Clostridium difficile toxins 
A and B was negative.

In January 2021, the patient consulted a gastroenterologist 
with the abovementioned complaints and was admitted to 
the Gastroenterology Department of the Sechenov University 
Clinical Hospital.

Physical, Laboratory, and Instrumental Data
CRP and ESR remained unchanged in the presence of 

leukopenia. Esophagogastroduodenoscopy revealed no 
abnormalities. Colonoscopy revealed intact mucosa. Biopsies 
showed no microscopic changes in the colon or ileum.

CT of the lungs showed the following:
•• In segments I, II, and VI: “tree-and-bud” structures 

and peribronchial lesions up to 8 mm in size with a 
tendency to merge.

•• In the apex of the left lung: an irregularly shaped 
subpleural consolidation zone of 15 × 11 mm,

•• Mediastinal lymphadenopathy of up to 12 mm 
(Figure 1).

Pelvic ultrasonography findings were as follows:
•• The contours of both ovaries were uneven because of 

small echogenic round masses with relatively clear 
and uniform contours (up to 3 mm diameter, no blood 
flow reported).

•• Free pelvic fluid
•• In the presence of free fluid bilaterally adjacent to the 

ovaries: echogenic elongated structures with a clear 
and relatively uniform contour, approximately 56 mm 
long and 15 mm thick, with visible changes in blood 
flow.

An abdominal CT with intravenous contrast was performed 
because of changes seen on previous examinations:

•• A large amount of free liquid
•• The mesentery and greater omentum were compressed 

and edematous, and lymph nodes up to 8  mm were 
visualized.

•• The ovaries were not enlarged. They had an uneven 
contour and a heterogeneous structure (Figure 2).
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The patient also had a consultation with a gynecologist. 
The serum CA-125 level was 268 (reference, <35) IU/mL 
However, the angiotensin-converting enzyme activity and 
levels of carcinoembryonic antigen, β-subunit of human 
chorionic gonadotropin, and tumor marker HE4 were within 
the reference ranges.

Given the history of conglomerate small and large 
bowel loops and intestinal symptoms, magnetic resonance 
(MR) enterography was performed, which showed circular 
homogeneous thickening of the wall and narrowing of the 
lumen of the first parts of the small intestine to 12 mm over 
approximately 50 cm with increased contrast enhancement. A 
“pie-shaped” infiltration of the greater omentum and a large 
amount of free fluid in the abdominal cavity was observed 
(Figure 3).

A TB specialist suggested that the patient had peritonitis and 
a pulmonary inflammatory process. Repeat abdominal puncture 
revealed a clear fluid with a predominance of lymphocytes, 58 

g/L of protein, 200 mmol/L of glucose, and a serum ascitic 
albumin gradient of 9.6 g/L. Acid-fast mycobacteria were not 
detected. However, polymerase chain reaction revealed the 
DNA of Mycobacterium tuberculosis (MBT).

The patient was further evaluated at a specialized clinic. 
Positive T-SPOT.TB and ascitic fluid test results were obtained. 
Diagnostic laparoscopy revealed disseminated lesions of the 
parietal and visceral peritoneum and infiltrative lesions of the 
fallopian tubes. Ziehl–Neelsen staining of biopsy specimens 
from the peritoneum and fallopian tubes did not reveal acid-
fast mycobacteria or MBT complex DNA. On histological 
examination, all the materials consisted of fragments of 
granulation tissue with many macrophage–epithelioid giant–
cell granulomas, some with areas of caseous necrosis.

Diagnosis
Based on the examination data, the patient was diagnosed 

with “multifocal tuberculosis: disseminated pulmonary 

Fig. 1. Computed tomography of the chest: a, d, axial plane; b, c, coronal plane. The arrows indicate the peribronchial lesions and areas 
of consolidation in the lung apices.

a

c

b

d
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Fig. 2. Contrast-enhanced computed tomography of the abdomen and pelvis: a, coronal plane; b, c, axial plane. The arrows indicate (a, b) 
the ovaries with a heterogeneous structure and uneven contours and (c) infiltration and swelling of the greater omentum.

a b c
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tuberculosis in the infiltration phase, MBT (−); tuberculosis 
of the intrathoracic lymph nodes in the infiltration phase; 
peritoneal tuberculosis, active phase, MBT(−), MBT DNA(+); 
tuberculous salpingo-oophoritis, active phase, MBT (−); 
tuberculosis of the intra-abdominal lymph nodes in the 
infiltration phase. Ascites.”

Treatment
Based on clinical guidelines, the treatment was as 

follows:
•• Meropenem 1.0 g three times daily IV
•• Isoniazid 10% 5.0 mL IV
•• Moxifloxacin 0.4 g IV
•• Rifampicin 0.45 g PO
•• Pyrazinamide 1.5 g

The above treatment was supplemented with 
hepatoprotective and detoxifying therapy.

Follow-up and Outcomes
During treatment, positive changes were noted: the pain 

syndrome was relieved, and the ascites was completely 
resolved. The patient was discharged for follow-up by a 
local TB specialist. Six months later, with specific therapy, 
the patient’s condition was satisfactory, stable normothermia 
was reported, she had no pain, and ascites did not recur.

DISCUSSION
Diagnosis of peritoneal TB is difficult because of the 

nonspecific presentation and lack of relevant diagnostic 
markers. A primary peritoneal TB is extremely rare. 
Therefore, signs of specific lesions in the most common 
sites, particularly the lungs, should be excluded. Peritoneal 

contamination is possible from primary lesions in the 
intestine or fallopian tubes, and in this case, the lung tissue 
would be intact [6].

In this case, whether the primary lesion was the lung 
or the small intestine, which was involved according to MR 
enterography, was unclear.

The present TB course is characterized by a tendency to 
generalize and an increased incidence of exudative forms. 
As in our case, high CA-125 levels make the differential 
diagnosis of cancer difficult. I.H. Chen et al. reported that 
the CA-125 level increase in TB is 3–5 times lower than that 
in malignant ovarian tumors [7]. However, other authors 
reported an increase in CA-125 of up to 18,554 U/mL [8].

Peritoneal TB is characterized by recurrent ascites, 
although adhesive and caseous necrosis is possible. 
The examination of the ascitic fluid revealed pleocytosis 
caused by lymphocytosis and a high protein concentration 
with a serum ascitic albumin gradient of <11 g/L, which 
was also reported in our case. Many foreign studies 
have confirmed the high diagnostic value of determining 
adenosine deaminase in ascitic fluid [9]; however, this 
technique is not widely used at present. Among laboratory 
methods, interferon-gamma release assays (IGRAs) have 
the greatest diagnostic value for peritoneal TB, with a 
sensitivity of 91.18%, specificity of 83.33%, and accuracy 
of 90% [10]. Initially, IGRAs were specifically designed to 
replace tuberculin tests in the diagnosis of latent TB and 
were not intended for diagnosing active TB, which can only 
be determined by microbiological tests. However, EL-Deeb 
et al. showed a high specificity of this method in diagnosing 
the active form of TB and advantages in diagnosing the 
latent form in high-risk groups; however, this issue requires 
further research [10]. In our case, the results of the T-SPOT.

Fig. 3. Magnetic resonance imaging, T2-weighted images: a, b, axial plane; c, coronal plane. The orange arrow indicates the thickened 
wall of the jejunum. The yellow arrow indicates the compressed and thickened greater omentum.

a

b c
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TB tests of both blood and ascitic fluid were positive while 
the TB process was active.

Radiological methods play an important role in the 
differential diagnosis of TB and peritoneal carcinomatosis. RV 
Ramanan and V. Venu described the CT sign of “omental cake” 
(radiologically detected diffuse infiltration of the omentum). 
According to the authors, it helps in differentiating between 
these conditions [11]. However, other authors have pointed 
out the insufficient diagnostic value of radiological methods in 
such a clinical setting. For example, J. Kattan et al. reported 
that when CT and MRI suggested peritoneal carcinomatosis, 
laparoscopy and biopsy confirmed the TB origin of the lesion 
[12]. In abdominal TB, wall thickening predominated in the 
terminal ileum and cecum [13]. In our case, MR enterography 
of the abdomen showed a homogeneous, actively contrast-
enhancing, stenotic thickening of the proximal small intestine, 
infiltration of the omentum, and small peritoneal lesions, 
suggesting miliary dissemination (see Figure 1).

The “gold standard” for diagnosing peritoneal TB is 
laparoscopy, followed by the histological examination of 
intraoperative biopsy specimens. The diagnosis was confirmed 
by the visualization of the miliary lesion and detection of 
specific granulomas with caseous necrosis [14]. Note that B. 
Huang et al. reported the lack of advantages of laparoscopy 
as an independent diagnostic method over a combination of 
laboratory tests (CA-125, T-SPOT.TB, and ESR) [15].

CONCLUSION
The differential diagnosis between TB and peritoneal 

carcinomatosis requires the use of all available techniques 
because of the similarity of the clinical manifestations of 
the diseases. Peritoneal TB should be considered one of the 

possible etiologic causes of ascites, including in women with 
peritoneal abnormalities and high CA-125 levels, even when 
the clinical picture suggests a malignant ovarian tumor with 
carcinomatosis.
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