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Методология тестирования и мониторинга 
программного обеспечения на основе технологий 
искусственного интеллекта для медицинской 
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Научно-практический клинический центр диагностики и телемедицинских технологий, Москва, Российская Федерация

АННОТАЦИЯ
Обоснование. Мировая сумма инвестиций в компании по разработке программного обеспечения на основе техно-
логий искусственного интеллекта для медицинской диагностики составила 80 млн долларов в 2016 году, 152 млн 
долларов ― в 2017 и, ожидаемо, продолжает расти. Активная деятельность компаний-производителей программ-
ного обеспечения должна соответствовать существующим клиническим, биоэтическим, правовым и методологиче-
ским основам и стандартам. Как на национальном, так и на международном уровне не существует единых стандартов 
и протоколов проведения испытаний и мониторинга программного обеспечения на основе технологий искусственного 
интеллекта для медицинской диагностики.
Цель ― разработать универсальную методологию тестирования и мониторинга программного обеспечения на осно-
ве технологий искусственного интеллекта для медицинской диагностики, направленную на повышение его качества 
и внедрение в практическое здравоохранение. 
Материалы и методы. В ходе аналитического этапа был проведён обзор литературы по базам данных PubMed 
и eLIBRARY. Практический этап включал апробацию разработанной методологии в рамках Эксперимента по использо-
ванию инновационных технологий в области компьютерного зрения для анализа медицинских изображений и даль-
нейшего применения в системе здравоохранения города Москвы.
Результаты. Разработана методология тестирования и мониторинга программного обеспечения на основе технологий 
искусственного интеллекта для медицинской диагностики, направленная на повышение качества данного программ-
ного обеспечения и его внедрение в практическое здравоохранение. Методология состоит из 7 этапов: самотестиро-
вание, функциональное тестирование, калибровочное тестирование, технологический мониторинг, клинический мони-
торинг, обратная связь и доработка.
Заключение. Отличительными особенностями методологии являются цикличность этапов тестирования, мониторин-
га и доработки программного обеспечения, приводящие к постоянному повышению его качества, наличие подроб-
ных требований к результатам его работы, участие врачей в его оценке. Методология позволит разработчикам про-
граммного обеспечения достичь высоких результатов и продемонстрировать достижения в различных направлениях, 
а пользователям ― сделать осознанный и уверенный выбор среди программ, прошедших независимую и всесторон-
нюю проверку качества.

Ключевые слова: программное обеспечение; искусственный интеллект; рентгенология; диагностическая визуализация; 
методология; контроль качества.
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ABSTRACT
BACKGROUND: The global amount of investment in companies developing artificial intelligence (AI)-based software technologies 
for medical diagnostics reached $80 million in 2016, rose to $152 million in 2017, and is expected to continue growing. While 
software manufacturing companies should comply with existing clinical, bioethical, legal, and methodological frameworks and 
standards, there is a lack of uniform national and international standards and protocols for testing and monitoring AI-based 
software.
AIM: This objective of this study is to develop a universal methodology for testing and monitoring AI-based software for medical 
diagnostics, with the aim of improving its quality and implementing its integration into practical healthcare.
MATERIALS AND METHODS: The research process involved an analytical phase in which a literature review was conducted 
on the PubMed and eLibrary databases. The practical stage included the approbation of the developed methodology within the 
framework of an experiment focused on the use of innovative technologies in the field of computer vision to analyze medical 
images and further application in the health care system of the city of Moscow.
RESULTS: A methodology for testing and monitoring AI-based software for medical diagnostics has been developed, aimed 
at improving its quality and introducing it into practical healthcare. The methodology consists of seven stages: self-testing, 
functional testing, calibration testing, technological monitoring, clinical monitoring, feedback, and refinement.
CONCLUSION: Distinctive features of the methodology include its cyclical stages of monitoring and software development, 
leading to continuous improvement of its quality, the presence of detailed requirements for the results of the software work, 
and the participation of doctors in software evaluation. The methodology will allow software developers to achieve significant 
outcomes and demonstrate achievements across various areas. It also empowers users to make informed and confident 
choices among software options that have passed an independent and comprehensive quality check.

Keywords: software; artificial intelligence; radiology; diagnostic imaging; methodology; quality control.
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简评

论证。2016年，全球对基于人工智能技术开发医疗诊断软件的公司的投资额为8000万美

元，2017年为1.52亿美元，并预料还将继续增长。软件公司的积极活动必须符合现有的临

床、生物伦理、法律和方法学原理和标准。在国家和国际范围，基于人工智能技术的软件还

没有统一的测试和监测标准和协议。

该研究的目的是开发一种通用方法，用于测试和监测基于人工智能技术的医疗诊断软件，以

提高其质量和在实际医疗中的应用。 

材料和方法。在分析阶段，对PubMed和eLIBRARY数据库进行了文献综述。实用阶段包括 

在《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》

框架内批准所开发的方法学，并将其进一步应用于莫斯科的医疗保健系统。

结果。我们开发了一套基于人工智能技术的医疗诊断软件测试和监测方法学，旨在提高该软

件的质量，并将其应用于实际医疗保健中。该方法学包括7个阶段：自我测试、功能测试、

校准测试、技术监测、临床监测、反馈和改进。

结论。该方法学的显著特点是对软件进行周期性的监测和改进，从而不断提高其质量；对软

件性能结果并医生参与软件评估提出详细要求。该方法学可使软件开发人员在各个领域取得

优异成绩并展示成就，也可使用户在通过独立、全面质量控制的程序中做出明智、自信的选

择。

关键词：软件；人工智能；放射学；诊断成像；方法学；质量控制。
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BACKGROUND
Global investment in developing software based on 

artificial intelligence (AI) technologies for medical diagnostics 
was $80 million in 2016 and $152 million in 2017; it is likely 
to grow continually [1]. In 2019, the Moscow government 
decided to conduct a large-scale scientific study (which 
is still ongoing in 2023) to evaluate the use of innovative 
computer vision technologies for analyzing medical images 
and further application in the Moscow healthcare system 
(hereinafter referred to as the Experiment).1

Software manufacturers must comply with current 
clinical, bioethical, legal, and methodological principles and 
standards [1]. According to Russian legislation, before using 
AI-based software in clinical practice, it must be legally 
approved as a medical device, which requires the software 
to receive a marketing authorization (MA) from the Federal 
Service for Surveillance in Healthcare (Roszdravnadzor).2

Before submission, the software should be assessed in 
technical and clinical studies to ensure that the specified 
functions are met.3 However, due to particular aspects of AI-
based software, such as a lack of user-friendly information 
regarding its operating process and decision-making 
principles, there are no uniform standards and test protocols 
for this purpose at the national and international levels [2]. 
The Food and Drug Administration (FDA) in the United States 
also establishes explicit criteria for evaluating and regulating 
AI-based software [1]. The inability to reliably confirm 
software compliance has negative consequences, including 
user distrust in the software, slower implementation in 
clinical practice, missing positive socioeconomic impacts 
from software, and slower overall development of the 
healthcare system [3].

After receiving an MA, post-marketing clinical monitoring 
should be performed to ensure the safety of using this 
software in clinical practice.4 However, the present criteria 
apply to various medical devices and do not consider special 
aspects of AI-based software for medical diagnostics [4]. 
According to the Decision of the Board of the Eurasian 
Economic Commission, medical devices of the third risk 
class (including AI-based software) must be monitored 
annually for 3 year after acquiring an MA.5 However, more 
frequent monitoring is required because of the high variability 
of medical data and the difficulty of predicting changes in 

environmental conditions, such as the epidemiological 
situation [5]. Monitoring enables the identification of critical 
remarks on the results of software operations that require 
software improvement, and, when the software is finalized, 
repeated testing and monitoring should be performed.

A retrospective cohort study is the most appropriate for 
evaluating AI-based medical diagnostics software [1]. This 
software evaluation method has several disadvantages, the 
most significant of which is a difference in the actual results 
of software operation in ideal and practical settings [1]. A 
common example is the negative experience of introducing 
the first computer-aided diagnostic system for mammography 
screening. Large-scale multicenter studies found that using 
this software increased breast cancer diagnosis by 2%–10% 
[6]. In 1998, the FDA approved the software for use in clinical 
practice. However, in real-world settings, this software did 
not achieve positive results. When interpreting mammography 
results, it even leads to a decrease in detection rate and an 
increase in false positive results [6]. The study suggested that 
radiologists with varying degrees of expertise used the new 
technology in different ways. More experienced specialists 
did not pay attention to it, whereas less experienced ones 
made mistakes due to a false sense of security. The second 
explanation is that the software was ineffective in detecting 
certain forms of cancer, which were not found in previous 
examinations [1].

Therefore, although ethical and legal problems are the 
most common with AI-based software, there is also an 
important methodological problem, which can be defined 
as a lack of universal and comprehensive methodology 
for testing and monitoring AI-based software for medical 
diagnostics to improve its quality and further implement it 
in clinical practice [7]. According to the above, it is important 
to develop such a methodology. The methodology will not 
replace the existing legal methods for assessing the safety 
and effectiveness of software but will exist independently 
and contribute to the likelihood of successful Roszdravnadzor 
approval of software. After receiving an MA, this methodology 
will help further assess and improve software for its effective 
implementation in clinical practice.

This study aims to develop a universal methodology 
for testing and monitoring AI-based software for medical 
diagnostics to improve its quality and implement it in clinical 
practice.

1 Decree No. 1543-PP of the Moscow Government dated November 21, 2019 on conducting an experiment on the use of innovative technologies in com-
puter vision for analyzing medical images and further application in the Moscow healthcare system. Link: https://docs.cntd.ru/document/563879961.

2 Decree No. 1906 of the Government of the Russian Federation dated November 24, 2020 on amendments to the Rules for state registration of medical 
devices. Link: http://publication.pravo.gov.ru/Document/View/0001202011270010.

3 Federal Law No. 323-FZ dated November 21, 2011. Basics of Health Protection of the Citizens in the Russian Federation. Article 38. Medical devices. 
Link: https://www.consultant.ru/document/cons_doc_LAW_121895/ddcfddbdbb49e64f085b65473218611b4bb6cd65/.

4 Order No. 980n of the Ministry of Health of Russia dated September 15, 2020 on approval of the procedure for monitoring the safety of medical 
devices. Link: https://docs.cntd.ru/document/566006416.

5 Decision No. 174 of the Board of the Eurasian Economic Commission dated December 22, 2015 on approval of the rules for monitoring the safety, 
quality, and effectiveness of medical devices. Link: https://www.alta.ru/tamdoc/15kr0174/.
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MATERIALS AND METHODS
Study design

The presented methodology was developed by analyzing 
literature and personal experience.

Development of Methodology
The methodology was developed in two stages: analytical 

and practical.
To study existing methodologies, literature published 

in PubMed and eLIBRARY scientific libraries from 2018 
to 2023 (the last 5 years) was reviewed using the search 
terms “methodology for evaluation AI in radiology” and 
“methodology for assessing AI in radiology.” After assessing 
their relevance, papers were included in the analysis by 
reading the title and abstract. There were 22 papers [1–22] 
and five legal acts examined.6

Based on the Unified Radiological Information Network 
(ERIS) of the Unified Medical Information and Analytical 
System of Moscow (EMIAS), the methodology was tested 
during the Experiment on using innovative computer vision 
technologies for analyzing medical images and further 
application in the Moscow healthcare system. Some testing 
results are presented in this article as an illustration.

Statistical justification of sample sizes
The number of studies included in the sample was 

determined at different stages.
1. At the self-testing stage, the size of a data set is not 

regulated and varies depending on the clinical problem 
solved by the software.7 The data sets used at the 
stages of self-testing, functional, and calibration testing 
are based on expert consensus data, with histological 
conclusions used in some cases (e.g., when assessing 
malignant neoplasms). The process of preparing data sets 
is described in detail in the corresponding regulations 
[19].

2. At the functional testing stage, the data set included 
five studies (based on GOST R 8.736-2011, multiple 
measurements require at least four measurements).8 An 
expert’s opinion is considered a true value. An expert is 

a healthcare professional who has been working as a 
specialist for more than 5 years and has been trained 
in AI-based software to describe examinations in the 
related field (a specific modality and target abnormality). 
This stage requires at least one technical specialist and 
one medical expert.

3. At the stage of calibration testing, the data set includes 
100 studies with a 50/50 balance (50% of examinations 
with target abnormality and 50% without it) [20, 21].9 
At this stage, one technical specialist and one medical 
expert are required.

4. At the stage of technological monitoring, all examinations 
for the reporting period should be assessed by software for 
the presence of defects “a” and “b” (based on automated 
defect detection), with a sample of 80 examinations 
for defects “c” to “e” [20, 21].10 At least one technical 
specialist is required at this stage.

5. At the stage of clinical monitoring, the data set includes 
80 examinations, and an expert’s opinion is considered 
the true value [20, 21].11 At this stage, one expert is 
required.

Ethical review
This study was conducted as part of another study that 

had previously been approved by the local ethics committee 
(No. NCT04489992), “Experiment on the use of innovative 
technologies in computer vision for analyzing medical images 
and further application in the Moscow healthcare system” 
(Moscow experiment).

RESULTS
Based on the literature review, papers were found to 

describe individual stages of evaluating AI-based software 
for medical diagnostics, such as validation [1, 5, 8, 9], 
monitoring [10], implementation [7, 11–13], and regulation 
[14, 15]. However, there is no unified methodology for testing 
and monitoring AI-based software for medical diagnostics. 
There have been papers on the life cycle of AI-based software 
[16], but they are mainly related to nonmedical software 
and do not consider special aspects of AI-based software 

6 Decree No. 1543-PP of the Moscow Government of the Russian Federation dated November 21, 2019. Link: https://docs.cntd.ru/document/563879961.; 
Decree No. 1906 of the Government of the Russian Federation dated November 24, 2020. Link: http://publication.pravo.gov.ru/Document/
View/0001202011270010.; Article 38 of Federal Law No. 323-FZ dated November 21, 2011. Link: https://www.consultant.ru/document/cons_doc_
LAW_121895/); Order No. 980n of the Ministry of Health of Russia dated September 15, 2020. Link: https://docs.cntd.ru/document/566006416.; Order 
No. 134 of the Moscow Department of Health dated February 16, 2023 Link: https://mosmed.ai/documents/227/order_DZM__134_d_02/16/2023.pdf.

7 Center for Diagnostics and Telemedicine. Official website. Data sets. Link: https://mosmed.ai/datasets/.
8  GOST R 8.736-2011. National standard of the Russian Federation. State system for ensuring the uniformity of measurements. Multiple direct mea-

surements. Methods for processing measurement results. Basic provisions. Link: https://docs.cntd.ru/document/1200089016.
9 Order No. 134 of the Moscow Healthcare Department dated February 16, 2023 on approval of the procedure and conditions for conducting an experi-

ment on the use of innovative technologies in computer vision for analyzing medical images and further Use in the Moscow Healthcare System. Link: 
https://mosmed.ai/documents/227/order_DZM__134_d_16.02.2023.pdf.

10 Ibid.
11 Ibid.
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for medical diagnostics. Furthermore, there are guidelines 
for conducting research and writing scientific publications 
on AI-based software, but they do not assist with testing 
and monitoring software [17, 18]. It should be noted that 
no publications on software modification after testing and 
monitoring were found. However, software improvement is 
necessary to improve its quality and effective implementation 
in clinical practice.

As a result, the authors developed a methodology for 
testing and monitoring AI-based software for medical 
diagnostics to improve its quality and use in clinical practice. 
The methodology consists of seven stages, as shown in 
Figure 1. The purpose, primary actions, and results are 
described below for each stage.

Self-testing
The self-testing stage is intended to assess the 

technical compatibility of software with input data. 
Software developers (or suppliers) are provided access 
to an open data set containing files in the Digital Imaging 
and Communications in Medicine (DICOM) format with 
anonymized examples of diagnostic examinations.12 The 
data set has the following parameters: modality, type of 
diagnostic procedure, manufacturer, and model of the 
diagnostic device [19].

Software compatibility with data enables software 
integration into a healthcare institution’s radiology information 
network and continues with further evaluation, starting with 
the functional testing stage.13

Functional testing
Functional testing is a stage wherein software functions 

specified by a supplier are checked for availability and 
functionality. This testing is performed at the technical and 
clinical levels. On a technical level, the software is assessed 
based on the following criteria: prioritization of research 
(triage), availability of an additional series of images from 
the software, presence of the other series’ name, presence 
of a graphical designation of software on the images of the 
different series, presence of a warning label “For research 
purposes only” on images and in DICOM SR, possibility 
of series synchronization, displaying the probability of 
abnormality, indication of the category of abnormality, 
and availability of complete DICOM SR protocol structure 
(Figures 2 and 3).

This part of functional testing should be performed 
by technical specialists in accordance with the basic 
functional requirements developed by the Moscow State 
Budgetary Institution “Scientific and Practical Clinical 
Center for Diagnostics and Telemedicine Technologies of 
the Moscow Department of Health” (Center for Diagnostics 
and Telemedicine).14 The medical assessment of software 
functions should be performed by medical experts in 
accordance with basic diagnostic requirements developed 
by the Center for Diagnostics and Telemedicine.15 Basic 
diagnostic requirements include criteria, such as mandatory 
and optional content of software response, format, and form 
of the submitted response. Basic functional and diagnostic 
requirements contain common requirements for all software 

12 Center for Diagnostics and Telemedicine. Official website. Data sets. Link: https://mosmed.ai/datasets/.
13 Order No. 134 of the Moscow City Health Department dated February 16, 2023 on approval of the procedure and conditions for conducting an experi-

ment on the use of innovative technologies in computer vision for analyzing medical images and further use in the Moscow healthcare system. Link: 
https://mosmed.ai/documents/227/order_DZM__134_d_16.02.2023.pdf.

14 Basic functional requirements for AI service results. Link: https://mosmed.ai/documents/218/Basic_functional_requirements_29.11.2022.pdf.
15 Basic diagnostic requirements for AI service results. Link: https://mosmed.ai/documents/226/Basic_diagnostic_requirements_22_02_2023.pdf.

Fig. 1. Methodology for testing and monitoring artificial intelligence–based software for medical diagnostics.
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and specific requirements based on the clinical task for 
which the software is designed.

If critical nonconformities are identified, software 
testing is stopped until the supplier eliminates their causes. 
Inconsistencies with basic functional requirements are critical 
because they negatively affect the HCP work processes and, 
directly or indirectly, the patient’s life and health (Figures 4 
and 5).

Functional testing should be repeated after the supplier 
has eliminated the causes of critical nonconformities. This 
stage may be repeated no more than twice by the applicant. 
There are no time limits for the initial retesting after receiving 
the protocol with unsatisfactory test results. The second 
retesting should be performed no earlier than 3 months after 

receiving the last protocol with unsatisfactory test results. 
If the second retest fails, the applicant may be provided an 
alternative scientific and practical cooperation option.16 If no 
critical inconsistencies are found, the software moves to the 
calibration testing stage.17

Calibration testing
Calibration testing is a stage wherein the diagnostic 

accuracy of software is determined. The main parameter 
is the area under the ROC curve (AUC). The optimal value 
of the activation threshold is determined by examining the 
ROC curve using Youden’s J statistic and maximizing the 
negative and positive predictive value. Other metrics include 
sensitivity, specificity, accuracy, and positive and negative 

16 Order No. 134 of the Moscow City Health Department dated February 16, 2023 on approval of the procedure and conditions for conducting an experi-
ment on the use of innovative technologies in computer vision for analyzing medical images and further use in the Moscow healthcare system. Link: 
https://mosmed.ai/documents/227/order_DZM__134_d_16.02.2023.pdf.

17 Ibid.

Fig. 2. Main components of the result of using artificial intelligence–based software with images: A reference example. 
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Fig. 3. Main components of the result of using artificial intelligence–based software with DICOM SR: A reference example.

DICOM SR 1: Service information  
about research and service

DICOM SR 2: Information about 
the service and its purpose

DICOM SR 4: Conclusion of AI-service 
based on research results.

DICOM SR 5: Detailing of findings

DICOM SR 3: Information 
on how to work with the service 
(user manual)

Inventory No. ERIS 000001990912
Research date: August 12, 2020, 0:47
Date of conclusion: August 12, 2020, 1:08
Status
Service name: COVID-19
Warning: “For research purposes only”
Software version 1.8.0
Date and time of analysis: August 12, 2020, 01:08

Purpose of the service
Modality: CT
Anatomical region: Chest
Patients: Adults
Purpose: Searching for signs and assessing the extent of lung damage due 
to COVID-19 pneumonia

Quick Start Guide with lesions marked with a red outline

Conclusion
Result of AI processing COVID-19:
In the left upper lobe, 0% of the lung parenchyma is affected (score 0)
In the left lower lobe, 16.1% of the lung parenchyma are affected (score 2)
In the right upper lobe, 0% of the lung parenchyma are affected (score 0)
In the right middle lobe, 0% of the lung parenchyma is affected (score 0)
In the right lower lobe, 0% of the lung parenchyma is affected (score 0)
Total for both lungs: 8%. Severity: CT1

Sign of COVID-19
Number of slices with abnormalities detected: 114
Total number of lung sections: 269
Percentage ratio of positive to total slices: 42%
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Fig. 4. Image clipping of additional series of artificial intelligence–based software: Critical noncompliance with basic functional requirements.

Fig. 5. Overlaying caption texts on images: Critical noncompliance with basic functional requirements.
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For research purposes only

User: Chetverikov Sergey Fedorovich

Diagnostic desktop
File Tools Reference

For research purposes only

User: Reference radiologist

Pulmonary consolidation: probability (73%)   Atelectasis: probability (71%)   Pleural effusion: probability (85%)   Tuberculosis: probability (33%)   COVID-19: probability (100%)

predictive values. The minimum, average, and maximum time 
required to analyze one examination are also determined, 
and numbers of true positive, false negative, false positive, 
and true negative results are presented as a four-field table. 
Threshold values for some parameters are as follows: AUC 
≥0.81 or 0.91 (depending on the clinical task); time spent 
on acceptance, processing of the study, and transmission 
of analysis results ≤6.5 min; and percentage of successfully 
processed examinations ≥90% [21].18

Calibration testing results in a calibration protocol 
(Figure 6), which may contain critical and noncritical 
inconsistencies. Noncompliance with the above threshold 
values and significant deviations from methodological 
recommendations are considered crucial [21]. If they 

are identified, software testing is stopped until they are 
eliminated. In their absence, the software may proceed to 
a prospective examination analysis as part of the periodic 
monitoring stage, which includes technological and clinical 
monitoring.19

Technological monitoring
Technological monitoring is a stage involving a periodic 

technical check of software results. This stage is required 
for rapid defect identification, timely quality control, and the 
prevention of functional software errors in radiology practice. 
Defects that can be identified at this stage are divided into the 
following groups:
(a) the processing time for one study exceeds 6.5 min,

18 Order No. 134 of the Moscow City Health Department dated February 16, 2023 on approval of the procedure and conditions for conducting an ex-
periment on the use of innovative technologies in computer vision for analyzing medical images and further use in the Moscow healthcare system. 
Link: https://mosmed.ai/documents/227/order_DZM__134_d_16.02.2023.pdf.

19 Ibid.
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(b) a lack of results from the examinations reviewed,
(c) incorrect operation of the declared software functions, 

complicating the work of a radiologist or making it 
impossible to perform it with proper quality,

(d) defects associated with the display of the image area, and
(e) other violations of the integrity and contents of 

files containing research results, limiting diagnostic 
interpretation.
Defects “a” and “b” are monitored automatically for all 

examinations reviewed by software during the reporting 
period. For defects “c” and “d,” semi-automatical monitoring 
is used with a sample of 80 examinations. An internal report 
form for monitoring software operation with instructions 
for monitoring technological defects has been developed 
for accurate defect assessment (Figure 7). Figure 8 shows 
graphical information on the average number of technological 
defects for the “chest radiography” area, with a tendency for 
the number of defects to decrease.

A technological monitoring report is the deliverable of 
technological monitoring (Figure 9). If the percentage of 
detected defects exceeds 10%, then testing this software is 
suspended until the causes of the defects are eliminated. 
If the percentage of detected defects does not exceed 10%, 
then the operation of the software and its periodic monitoring 
continue.20

Clinical monitoring
During periodic monitoring, a clinical assessment of 

software results is also performed by radiologists. Two Fig. 6. Example of a calibration test protocol.

20 Order No. 134 of the Moscow City Health Department dated February 16, 2023 on approval of the procedure and conditions for conducting an experi-
ment on the use of innovative technologies in computer vision for analyzing medical images and further use in the Moscow healthcare system.” Link: 
https://mosmed.ai/documents/227/order_DZM__134_d_16.02.2023.pdf.
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Calibration testing protocol no. 76, dated October 14, 2022

AI-service provider:

Name of AI service:

Type of AI service

AI-service developer:

Total examinations: 100
Sent and processed: 98
Sent and not processed: 0

Optimal threshold (Youden’s J statistic): 95.0
Accuracy: 0.89 (0.83 to 0.95)
Sensitivity: 0.84 (0.74 to 0.94)
Specificity: 0.94 (0.87 to 1.0)
Percentage of false negative results (%): 16.0
Percentage of false positive results (%): 6.25

Average analysis time (standard deviation, median), s: 31 (8, 30)

Solution:
The AI service meets the technological requirements for passing testing described in Order No. 160 
of the Department of Health dated February 24, 2022 (as amended by No. 276 dated March 25, 2022, 
No. 337 dated April 8, 2022, No. 413 dated April 27, 2022, No. 540 dated June 8, 2022, No. 748 dated 
July 29, 2022, and No. 896 dated September 16, 2022)
The protocol is generated automatically

Metrics
AUC
Accuracy
Sensitivity
Specificity

Stated values Actual values Relative deviation

Optimal threshold (max NPV): 95.0
Pretest probability: (0.05)
Sensitivity: 0.84 (0.74 to 0.94)
Specificity: 0.94 (0.87 to 1.0)
Percentage of false negative results (%): 16.0
Percentage of false positive results (%): 6.25
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Fig. 7. Form of an internal report on monitoring the operation of artificial intelligence–based software.

AI conclusion: 
agree

AI finding 
location: agree

1.  Radiologists receive an Excel file
2.  Radiologists analyze the operation of the service
3.  Radiologists enter the result of parameters (1) for 

each examination according to the brief instructions 
(2) on the “Monitoring” tab

4.  If there are defects, radiologists complete the 
“Applications” tab (3)

5.  If necessary, radiologists complete the “Conclusions” 
tab (4)

SCREENSHOTS OF DEFECTS

Monitoring Applications Conclusions

Based on monitoring result, comments are as follows:

Triage defects are NOT subject to monitoring!

The table can contain only values “1” or empty cells!

Brief instructions: 1. In columns C, D, E, and F, near the examination name, put 1 if a defect 
is detected. If there is no defect in this group, leave the cell empty.

2. In columns G and H, near the examination name, put 1 if you agree, and 
leave the cell empty if you disagree
3.In column I, put 1, if the AI service has found abnormalities in this 
examination; in other cases, leave the cell empty
4.Defects should be fixed with screenshots and attached to the next 
“Appendices” sheet
5.The main comments on monitoring are included in the last sheet 
“Conclusions”

Annex 1
UID number:
Comment:

Abnormal 
finding
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main evaluation criteria include interpretation (conclusion) 
and localization (labeling) of an abnormal finding. During 
the assessment, the response options that clinicians can 
choose from include full compliance, incorrect assessment, 
false positive result, and false negative result. For example, 
the wording “Interpretation: Full compliance” is selected 
when a specialist fully agrees with the software conclusion, 
and the wording “Interpretation: Incorrect assessment” is 

selected when the doctor partially agrees with a software 
conclusion (e.g., the specialist agrees with the presence 
of abnormal findings but disagrees with its details, or vice 
versa, they agree with details but disagree with the general 
conclusion about the possibility or severity of abnormal 
findings). If the specialist completely disagrees with the 
software conclusion, the wordings “Interpretation: False 
positive result” and “Interpretation: False negative result” 
are used (Figure 10).

The clinical assessment results are entered into the 
abovementioned internal monitoring report and imported 
into the monitoring software module, from which a final 
monitoring report is automatically generated.

Based on periodic monitoring, one of the following 
conclusions is adopted: “The participation of the software in 
the Experiment continues,” “The participant in the Experiment 
needs to make changes to the operation of the software,” 
and “The participation of the software in the Experiment is 
suspended until changes are made to the operation of the 
software.”21

Feedback
The stage of radiologist feedback is required to assess 

the software’s practical relevance. The feedback form is 
in the program window on the radiologist’s automated 
workstation (Figure 11). The software’s result may be 
agreed upon or disagreed upon by a radiologist. In case 
of disagreement, they select a reason. The primary causes 
include technological defects and diagnostic inaccuracy. 
It is necessary to obtain specialist feedback on 5% of all 
examinations assessed by software. In addition, feedback is 
collected through a survey of specialists to determine their 
satisfaction with the software.22
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Fig. 8. Changes of technological software defects for “chest radiography” modality.

21 Order No. 134 of the Moscow City Health Department dated February 16, 2023 on approval of the procedure and conditions for conducting an experi-
ment on the use of innovative technologies in computer vision for analyzing medical images and further use in the Moscow healthcare system. Link: 
https://mosmed.ai/documents/227/order_DZM__134_d_16.02.2023.pdf.

22 Ibid.
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Fig. 9. Example of a technology monitoring report.

REPORT ON MONITORING OF TECHNOLOGICAL PARAMETERS OF THE SERVICE OPERATION.

1. AI-service provider:
Name of AI service:
AI-service manufacturing company:
AI-service ID in the experiment:

2. Reporting period:

3. Type of research:

4. Clinical goal:

5. Total number of examinations:
5.1. Sent for service analysis for the reporting period according to data extracted from ERIS EMIAS, No. 
5.2. Of them, unique according to data extracted from ERIS EMIAS, No.*

6. Number of examinations that passed control, No.
6.1. Passed manual control, No.

7. Number of examinations with defects:
7.1. With technological defect “a,” No., Appendix 1
7.2. With technological defect “b,” No., Appendix 2
7.3. With technological defects “c” to “e,” No., Appendix 3

8. Relative share of examinations:
8.1. With technological defect “a” for 15,300 examinations, %
8.2. With technological defect “b” for 16,108 examinations, %
8.3. With technological defects “c” to “e” for two examinations, %

9. Number of examinations without defects, pc

10. Solution:
Ongoing AI-service participation in the experiment.

11. Notes:

Report date:

Full name of the responsible person: The report is generated automatically.

*0 non-unique examination extracted from ERIS EMIAS for the reporting period.
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Finalization
Suppose a critical comment regarding the software 

operation is identified at functional, calibration testing, and 
periodic monitoring stages. In that case, software testing is 
suspended until the causes of the comment are eliminated. 
Software finalization is performed by the supplier, which 
serves as a “secret box” for the healthcare organization. 
Suppose the modifications required do not involve changes 
in the initially declared functions or technical architecture 
and do not affect the diagnostic accuracy of the software. 
In that case, the applicant can proceed to the next stage of 
the methodology immediately after making modifications.

If the applicant makes modifications that affect the initially 
declared functions, technical architecture and diagnostic 
accuracy of the software, functional and calibration testing 
should be repeated regardless of what stage of the software 
methodology it was at.23

DISCUSSION
This paper presents a methodology for testing and 

monitoring the results of AI-based software for medical 
diagnostics to improve its quality and implement it in 
clinical practice. The key reasons for its development 
include the lack of specific requirements for testing and 
monitoring AI-based software for medical diagnostics 
in existing regulatory documentation and the lack of 
regulated principles for software selection by a healthcare 
organization among various software programs on the 
market. This methodology does not conflict with legal 
requirements but considers special characteristics of AI-
based software for medical diagnostics. The methodology 
includes seven unique, clearly organized, scientifically 
validated stages [1–4, 19–21]; it is supported by legislative 
documents.24

The presence of developed basic functional and diagnostic 
requirements used at the functional testing stage is a key 
element of the methodology.25 The defect and requirement 
systematization is unique (their detailed descriptions are 
not provided in the reviewed sources). It is especially worth 
noting the differentiation between critical and noncritical 
noncompliance, which is useful for software developers and 
users. Documents from the Institute of Data Sciences of the 
American College of Radiologists, which describe the clinical 
tasks solved using the software and the expected input and 
output data, are well known on a global scale.26

Another important advantage of the methodology is the 
mandatory software calibration using local data (calibration 
testing stage) and subsequent validation using real-world 
data (periodic monitoring stage). According to a foreign 
systematic review [22], only 6% of AI-based software passed 

23 Order No. 134 of the Moscow City Health Department dated February 16, 2023 on approval of the procedure and conditions for conducting an experi-
ment on the use of innovative technologies in computer vision for analyzing medical images and further use in the Moscow healthcare system. Link: 
https://mosmed.ai/documents/227/order_DZM__134_d_16.02.2023.pdf.

24 Decree No. 1543-PP of the Moscow Government dated November 21, 2019 Link: https://docs.cntd.ru/document/563879961; Order No. 134 of the 
Moscow Department of Health dated February 16, 2023. Link:https://mosmed.ai/documents/227/order_DZM__134_d_02/16/2023.pdf.

25 Basic functional requirements for AI service results Link: https://mosmed.ai/documents/218/Basic_functional_requirements_29.11.2022.pdf; Basic 
diagnostic requirements for AI service results Link: https://mosmed.ai/documents/226/Basic_diagnostic_requirements_22_02_2023.pdf.

26 ACR Data Science Institute Releases Landmark Artificial Intelligence Use Cases. 2018. Link: https://www.acr.org/Media-Center/ACR-News-Releas-
es/2018/ACR-Data-Science-Institute-Releases-Landmark-Artificial-Intelligence-Use-Cases.

Fig. 10. False negative (the subsegmental atelectasis is not detected 
in the lower lobe of the right lung): Noncritical noncompliance with 
basic diagnostic requirements.
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Fig.11. A feedback window in the user interface.
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the external validation stages. Validation can be “broad” 
and “narrow” [8]. The purpose of “narrow” validation is to 
determine the “correctness” of the product, that is, to what 
extent the results of its use correspond to the purposes of 
its use. This may include clinical validation and usability 
assessment. “Broad” validation encompasses “narrow” 
validation and is also associated with quality control, 
which ensures that software was developed following best 
practices and methods. This includes algorithm analysis, 
software testing, and documentation research. In this case, 
the internal structure of the software is assessed, and it is 
designated as a “white box” [8].

Moreover, it is important to mention the stage of 
software finalization after identifying critical inconsistencies. 
Software finalization provides a gradual decrease in 
the number of technological defects and an increase in 
software diagnostic accuracy. Therefore, the methodology 
will enable developers of AI-based software for medical 
diagnostics to achieve excellent results in various areas. 
Users will be able to make an informed and confident 
choice among software products that have passed an 
independent quality check, leading to the implementation 
of software in clinical practice, reducing the workload of 
radiologists, and increasing the efficiency of diagnostic 
examination interpretation. As a result, the initial goal of 
AI-based process automation will be achieved.

This methodology does not replace established medical 
device registration procedures. Moreover, the entire method 
or its stages and approaches may be used by regulatory 
authorities to assess the safety and effectiveness of AI-
based software, and it may also be part of a manufacturer’s 
quality management system. The methodology can be used 
by software developers to prepare a post-registration clinical 
monitoring plan (which must be submitted as part of a set 
of documents when registering medical devices) and by 
healthcare organizations to select the most suitable software 
for specific conditions and purposes [4]. The methodology is 
indefinitely applicable, and it complies with the requirements 
of the Eurasian Economic Commission for 3 year and FDA 
recommendations for monitoring throughout the entire period 
of product operation.

Having MA for AI-based software does not eliminate the 
need to perform all stages of testing in accordance with the 
presented methodology. Such an approach is justified for at 
least two reasons. First, a MA may have been obtained by 
testing specific diagnostic equipment, and the results of the 
software may change when performed on other equipment. 
Second, a MA could be obtained to solve a specific clinical 
task; software developers could add functionalities in the 
future.

Our paper presented cases from radiologist practice, but 
the methodology may be adapted to AI-based software used 
in other areas of clinical medicine. In this case, adjusting 
certain forms, such as a list of technological defects and a 
clinical assessment, will be necessary.

Limitations of the study
A limitation of the methodology is the separation of a 

manufacturer and an assessor. In several methods, software 
is developed and assessed by one company (concept-
to-implementation methodology) [16]. In the case of the 
presented method, the software is assessed by a third party 
closer to implementation. Errors a developer makes early in 
development may still be identified, but correcting them may 
be more challenging.

The software assesses several examinations at the periodic 
monitoring stage (>1,000). Due to limited resources, a small 
number of medical experts, and their high workload, it is 
impossible to provide quality control for all examinations. Despite 
the automated generation of a representative pseudo-random 
sample of examinations, systematic sampling errors may cause 
errors to be undetected during the periodic monitoring stage.

Research prospects
1. Publication of software evaluation results using the 

presented methodology (hypothesis: software evaluation 
based on the presented methodology improves diagnostic 
accuracy and practical relevance of AI-based software in 
medical diagnostics).

2. Comparison of software that received and did not receive 
Roszdravnadzor MAs using the presented methodology.

3. Developing a testing stage as part of the methodology to 
evaluate software processing results of “unsatisfactory” 
examinations (with unsuitable anatomical regions, 
modality, artifacts, improper patient positioning, 
implants, and other unsuitable medical equipment for 
this software).

CONCLUSION
A methodology for testing and monitoring AI-based 

software for medical diagnostics has been developed to 
improve its quality and implement it in clinical practice. The 
method consists of seven stages: self-testing, functional 
testing, calibration testing, process monitoring, clinical 
monitoring, feedback, and finalization. The methodology is 
characterized by the presence of cyclical stages of testing, 
monitoring, and software finalization, which results in 
continuous improvement in software quality, the availability 
of explicit requirements for software results, and the 
involvement of HCPs in software evaluation. The methodology 
will enable software developers to achieve excellent results 
and demonstrate achievements in various areas. Users will 
be able to make an informed and confident decision among 
software products that have passed an independent and 
comprehensive quality check.
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Частота сердечных осложнений у детей, 
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АННОТАЦИЯ
Обоснование. Частота возникновения тетрады Фалло составляет примерно 0,5/1000 живорождённых, что соответ-
ствует 7–10% всех случаев врождённых пороков сердца и является второй по частоте формой сложных врождённых 
пороков сердца. Достижения в области диагностики, хирургического и послеоперационного лечения тетрады Фалло 
привели к тому, что всё большее число пациентов этой категории достигает зрелого возраста, при этом наблюдается 
резкое увеличение выживаемости (почти до 90%) к 30 годам, что требует длительного мониторинга определённых 
анатомических параметров для своевременного выявления осложнений. Данное исследование направлено на изуче-
ние частоты осложнений, выявленных с помощью компьютерной томографии, после радикальной коррекции тетрады 
Фалло у пациентов детского возраста.
Цель ― выявить с помощью компьютерной томографии маркеры наиболее часто встречающихся осложнений после 
коррекции тетрады Фалло у пациентов детского возраста.
Материалы и методы. Проведён ретроспективный анализ данных 613 пациентов с тетрадой Фалло за период с октя-
бря 2011 по июнь 2020 года. В исследование были включены 116 пациентов, из них 69 мужского и 47 женского пола, 
у которых после коррекции тетрады Фалло возникли осложнения, выявленные с помощью компьютерной томографии. 
На момент операции средний возраст пациентов составлял от 10 до 36 (в среднем 12) месяцев, средняя масса тела 
21 кг, средний рост 105,4 см, средняя площадь поверхности тела 0,74 м2. Средний возраст пациентов на момент про-
ведения компьютерной томографии составил 17,5 (возрастной диапазон 7–36) лет. 
Результаты. Среди 116 пациентов с осложнениями после коррекции тетрады Фалло у 49 был стеноз лёгочной артерии, 
у 92 ― стеноз ветвей лёгочной артерии (из них у 56 ― основной ветви левой лёгочной артерии, у 36 ― основной вет-
ви правой лёгочной артерии), у 8 ― стеноз выходного тракта правого желудочка, у 32 ― дефект межжелудочковой 
перегородки, у 1 ― тромбоз шунта, у 12 ― послеоперационная деформация лёгочной артерии, у 10 ― выраженная 
дилатация правого желудочка, у 2 ― аневризма выходного тракта правого желудочка, в 6 случаях ― кальцификация 
и стеноз кондуита. У пациентов со стенозом ветви левой лёгочной артерии вероятность развития стеноза ветви правой 
лёгочной артерии была в 6,5 раз выше (p <0,001). 
Заключение. Наиболее частыми осложнениями, выявляемыми с помощью компьютерной томографии после коррекции 
тетрады Фалло, были стеноз лёгочной артерии и её ветвей. Пациенты со стенозом лёгочной артерии и её ветвей не имели 
существенных различий по возрасту, антропометрическим параметрам (рост, вес, площадь поверхности тела) и гендер-
ному распределению при наличии или отсутствии различных типов стеноза (лёгочной артерии, правой или левой лёгоч-
ной артерии), однако стеноз правой лёгочной артерии повышает вероятность развития стеноза левой ветви.

Ключевые слова: мультиспиральная компьютерная томография; тетрада Фалло; осложнения; врождённые пороки 
сердца; радикальная коррекция.
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ABSTRACT 
BACKGROUND: Tetralogy of Fallot represents 7–10% of all cases of congenital heart disease, as it occurs in approximately 
0.5 per 1,000 live births and is the second most common form of complex congenital heart disease. Advances in diagnosis, 
surgical techniques, and postoperative treatment have led to an increasing number of patients reaching adulthood, with a 
dramatic increase in the survival rate to almost 90% at 30 years, thereby creating a need for long-term monitoring of certain 
anatomic parameters to identify complications in a timely manner. This study aimed to investigate the frequency of computed 
tomography detected complications after radical correction of Tetralogy of Fallot in pediatric patients.
AIM: to identify markers between the most frequency computed tomography detected complications after repair of Tetralogy 
of Fallot in pediatric patients.
MATERIALS AND METHODS: A retrospective analysis was conducted on 613 patients with Tetralogy of Fallot from October 
2011 to June 2020. The study included a total of 116 patients (69 men and 47 women) who experienced complications after a 
repair of Tetralogy of Fallot, as identified by computed tomography. At the time of repair of Tetralogy of Fallot, the patient’s 
average age ranged from 10 to 36 months (mean: 12 months), average body weight was 21 kg, average height was 105.4 cm, 
and average body surface area was 0.74 m2. The patients’ median age at the time of the computed tomography examination 
was 17.5 years (age range: 7–36 years).
RESULTS: Among the 116 patients who exhibited complications after an repair of Tetralogy of Fallot, 49 had a pulmonary artery 
stenosis, 92 had a pulmonary artery branch stenosis (56 of them of the left main pulmonary artery branch, and 36 of them of 
the right main pulmonary artery branch), 8 had a right ventricular outflow tract stenosis, 32 had a ventricular septal defect, 
1 had a shunt thrombosis, 12 had a postoperative deformation of the pulmonary artery, 10 exhibited a marked right ventricular 
dilatation, 2 had an right ventricular outflow tract aneurysm, and 6 suffered from conduit calcification and stenosis. Moreover, 
patients with left main pulmonary artery branch stenosis had a 6.5 times greater chance of developing an right main pulmonary 
artery branch stenosis in (p <0.001).
CONCLUSION: The most frequently computed tomography detected complications after a repair of Tetralogy of Fallot were 
pulmonary artery stenosis and pulmonary artery branch stenosis. Patients with pulmonary artery stenosis and pulmonary 
artery branch stenosis exhibit no significant differences in terms of age, anthropometric parameters (height, weight, and body 
surface area), and gender distribution in the presence or absence of different stenosis types (pulmonary artery, right main 
pulmonary artery branch, or left main pulmonary artery branch). However, an right main pulmonary artery branch stenosis 
increases the chances of developing an left main pulmonary artery branch stenosis.

Keywords: multidetector computed tomography; tetralogy of Fallot; complications; congenital heart disease; total repair.
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电子计算机断层扫描确定的法洛四联症修复患儿各种
心脏并发症的发生率
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简评 

论证。法洛四联症（Tetralogy of Fallot，ToF）占所有先天性心脏病（congenital heart 

disease，CHD）病例的7-10%，每1000例活产中约有0.5例发生，是第二种最常见的复杂先天

性心脏病。随着诊断、手术技术和术后治疗的进步，越来越多的患者长大成人，30岁时的存

活率急剧上升到近 90%，因此需要对某些解剖参数进行长期监测，以便及时发现并发症。本

研究旨在调查儿童患者患儿根治性矫正ToF后计算机断层扫描（computed tomography，CT）

发现并发症的发生率。

该研究的目的是确定小儿ToF修复术（repair of ToF，rToF）后CT检测到的最常见并发症之

间的标记。

材料和方法。我们对2011年10月至2020年6月期间的613例ToF患者进行了回顾性分析。116名

患者（69名男性和47名女性）被纳入该研究，这些患者在接受rToF后出现了通过CT发现的并

发症。患者接受rToF时的平均年龄为10至36个月（平均值为12个月），平均体重为21kg，平

均身高为105.4cm，平均体表面积（body surface area，BSA）为0.74m2。患者接受CT检查时

的中位年龄为17.5岁（年龄范围：7至36岁）。

结果。在116例rToF后出现并发症的患者中，49例有肺动脉（pulmonary artery，PA）狭

窄，92例有PA分支狭窄（其中56例有PA左主分支（left main PA branch，LPA），36例有

PA右主分支（right main PA branch，RPA）），8例有右室流出道（right ventricular 

outflow tract，RVOT）狭窄、32例有室间隔缺损，1例有分流道血栓形成，12例有术后PA变

形，10例有明显的右心室扩张，2例有RVOT动脉瘤，6例有导管钙化和狭窄。此外，对于LPA

狭窄患者来说，发生RPA狭窄的几率比正常人高出6.5倍（p<0.001）。

结论。rToF后最常在CT上发现的并发症是PA狭窄和PA分支狭窄。PA狭窄和PA分支狭窄患者在

年龄、人体测量数（身高、体重和BSA）和性别分布方面与是否存在不同狭窄类型（PA、RPA

或LPA）无明显差异。然而，RPA狭窄会增加发生LPA狭窄的几率。

关键词：多排计算机断层扫描；法洛四联症；并发症；先天性心脏病；根治性矫正术。
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INTRODUCTION
Tetralogy of Fallot (ToF) represents 7%–10% of all 

congenital heart disease (CHD) cases, as it occurs in 0.5/1,000 
live births and is the second most common form of complex 
CHD (1). Advances in diagnosis, surgical techniques, and 
postoperative treatment have led to an increasing number 
of patients reaching adulthood, with a dramatic increase 
in the survival rate to almost 90% at 30 years (2), thereby 
creating a need for long-term monitoring of certain anatomic 
parameters so that the complications can be identified on 
time.

After repair of ToF (rToF), imaging tools should be 
used to assess the right ventricular (RV) volume and any 
pressure overload due to the tricuspid and pulmonary 
regurgitation or stenosis, and scan for any RV and left 
ventricular systolic and diastolic dysfunction, the presence 
of any postoperative scars, the presence of any RV 
aneurysms and fibrosis, as well as the presence of any 
associated anomalies, such as aortic root dilation and 
aortic insufficiency (1).

Noninvasive imaging plays a critical role in the follow-
up of patients after a rToF. Transthoracic echocardiography 
(TTE) is the primary and routine clinical investigation tool for 
anatomical and the functional assessment required in these 
cases. However, it is important to note that the results of 
the TTE are largely dependent on the operators. Cardiac 
computed tomography (CT) and magnetic resonance imaging 
(MRI) have been generally regarded as the complementary 
tools for this purpose (3)(4).

Multidetector computed tomography (MDCT), with 
its high spatial, and temporal resolution, plays a crucial 
role in evaluating complex anatomical findings in both 
unrepaired and repaired ToF patients (2). A cardiac CT 
can provide the necessary functional and anatomical 
information for making informed decision-making in 
complex CHD cases. Image interpretation is aided by 
the knowledge of the common approaches to operative 
repair and the residual hemodynamic abnormalities (5). 
Technical advances have allowed high-quality images 
and a marked decrease in the radiation dose of the 
cardiac CT. For selected indications, cardiac CT may 
provide better information with a lower risk compared 
with other diagnostic modalities, proving helpful in the 
ToF evaluation (1). In contrast, cardiac MRI in small 
children is mainly limited due to the long examination 
time requiring conscious sedation or general anesthesia, 
and the relatively low spatial resolution, which may partly 
explain the sparse cardiac MRI data in young children 
with ToF in the literature. Moreover, CT imaging does not 
interfere with pacemakers and defibrillators, even with 
the older models that are noncompatible with cardiac 
magnetic resonance models. The aim of this study was to 
identify markers between the most frequency CT-detected 
complications after an rToF in pediatric patients.

MATERIALS AND METHODS
Ethical considerations

The study was approved by the Institutional Review Ethics 
Committee of the National Research Cardiac Surgery Center 
(approval #01-92/2021 on 22 April 2021). No anticipated risks 
to the participants were identified. During data collection, 
all personal information of the patients was encoded and 
depersonalized to safeguard patient rights and prevent the 
disclosure of personal information. Researchers received 
the electronic database that was limited to the information 
regarding the demographic and clinical characteristics of the 
patients, which was analyzed, and reported in an aggregated 
form only, thereby assuring its confidentiality. This study was 
conducted according to the principles of the Declaration of 
Helsinki. Informed consent was obtained from all patients or 
their legal guardians prior to participation.

Study venue and patients
This is a retrospective study, conducted at a tertiary, 

highly specialized hospital. CT examinations were performed 
from December 2011 to June 2020 on patients with a history 
of rToF who were referred for a cardiac CT examination 
as part of a clinically necessary standard of care, by the 
Cardiothoracic Surgery, and the Cardiology Departments. A 
retrospective analysis of 613 patients with ToF was carried 
out. Written informed consent was obtained from each 
participant and the parents of minors before their data was 
included in the study. We identified 116 patients (69 men, 
47 women) with complications of the rToF through their 
CT results. The patients’ average age when the rToF was 
performed ranged from 10 to 36 months (mean: 12 months), 
and the patients had an average body weight of 21 kg, an 
average height of 105.4 cm, and an average body surface 
area (BSA) of 0.74 m2. The patients’ median age at the time 
of the CT examination was 17.5 years (age range: 7–36 years) 
(Table 1).

Patients with the following conditions were excluded 
from the study population: (i) iodine allergy, (ii) high 
creatinine levels, and (iii) adults with unrepaired ToF (n = 4). 
Subsequently, the following inclusion criteria were applied: 
(i) presence of an informed consent and (ii) prior correction 
of ToF.

In a total of 613 cardiac CT examinations screened, 138 
were performed before any surgical procedures, 20 were 
performed after a palliative operation (such as shunt, RV 
outflow tract (RVOT) stent placement, or RVOT widening), 285 
were performed after a total surgical rToF (consisting of a 
closure of the ventricular septal defect (VSD) and of a relief of 
the RVOT obstruction), and 26 were performed after pulmonary 
valve replacement (that comprised four treatment stages).

Cardiac CT 
Children who had undergone palliative operations and 

had rTOF underwent scanning using a SOMATOM Definition 
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AS 64 CT scanner at the Radiology Department. The scans 
were conducted with prospective cardiosynchronization and 
reconstruction, utilizing a slice thickness of 0.6 mm.

All patients were examined in a supine position, head 
first, with an intravenous bolus administration through an 
automatic tubeless CT-injector Ohiotandem, and an infusion 
rate of 1–2 mL/sec.

Infants and young children up to 4 years of age were 
sedated using oral chloral hydrate (75 mg/kg of body weight) 
and ketamine (1 mg/kg of body weight), while older children, 
and adults underwent the examination without sedation.

To optimize the radiation dose during CT, our institution 
employed standard body-size-adapted protocols. These 
protocols were based on combinations of body weight and 
the size of the cardiac shadow observed on scout images, 
which allowed us to determine the optimal tube current–time 
product per rotation (6).

Data analysis and interpretation
Descriptive data are presented as percentages (for 

categorical variables) and as mean ± standard deviation or 
median (interquartile range), as appropriate. The cohorts 
were divided into two groups: survivors and deceased 
patients. Categorical variables were compared using χ2 tests, 
while continuous variables were compared using t-tests or 
Mann–Whitney U tests.

Comparisons among the three groups were made 
using a bivariate analysis for normally distributed data. 

The same analysis was used to assess the association 
between PA stenosis and other variables. The Pearson’s 
correlation coefficient or the Spearman’s rank coefficient 
was used to assess the correlation between the functional 
parameters examined in the three different groups. 
P-values were two-sided and were reported as significant 
at a p < 0.005 in all analyses. All statistical analyses were 
performed using the SPSS software (version 24.0; IBM 
Corp.).

RESULT
This retrospective study was carried out from October 

2011 to June 2020, and 613 patients with ToF were involved. 
We identified 116 patients with complications after a total 
rToF through their CT examinations.

In patients post-rToF, 49 had PA stenosis (Table 2), and 
92 demonstrated a PA branch stenosis. In 56 of them, the 
stenosis affected the left main PA branch (Table 3), while in 
36 of them; the stenosis affected the right main PA branch 
(Table 4). Moreover, 8 patients were diagnosed with RVOT 
stenosis, 32 had developed a VSD, 1 patient had a shunt 
thrombosis, 12 suffered from a postoperative deformation 
of the PA, 10 exhibited a marked RV dilatation, 2 had an 
RVOT aneurysm, and 6 suffered from conduit calcification 
and stenosis (Figure 1).

A 12-year-old male with repaired tetralogy of Fallot, 
after implantation of valve-containing conduit Contegra No. 
16 and bilateral stents Palmaz Genesis XD 19-10. Cardiac 
CT image clearly demonstrates thrombosis conduit. All the 
complications detected by CT were validated with angiography 
and were operated on.

The most frequent complications observed were PA 
stenosis and PA branch stenosis. We decided to compare 
the medical characteristics between the patients with and 
without PA and PA branch stenosis by conducting a bivariate 
analysis and by calculating the odds ratios.

Among the three comparison pairs examined, no 
significant differences were found in terms of patients’ 
age, anthropometric parameters (height, weight, and BSA), 
and gender distribution in the presence or absence of the 
different stenosis types (PA, RPA, and LPA). Moreover, there 
were no significant differences regarding the type of ToF, 
presence of shunt thrombosis and palliative surgery, or the 
type of surgery performed (p > 0.05). In fact, the data of 
the comparison groups were comparable according to the 
aforementioned criteria.

Patients with a VSD exhibited a lower risk for developing 
LPA stenosis (odds ratio or: 0.039; 95% confidence interval or 
95% CI: 0.160.89; p < 0.005). At the same time, the presence 
of VSD was not associated with the risk of developing a 
stenosis of the PA or of the RPA (p > 0.005).

As indicated in Tables 2 and 3, there were no significant 
associations between the presence of an RVOT stenosis or 
aneurysm and the development of PA, RPA, or LPA stenosis. 

Table 1. General characteristics of participants (N = 116)

Patient characteristics Frequency/
mean

Gender, n (%)

Male 69 (59)

Female 47 (41)

Age at initial correction (months) 12 (10–36)

Previous shunt procedure, n (%) 25 (21,5)

Initial correction, n (%)

Transannular patch, n (%) 67 (57,7)

Myectomy/valvulotomy, n (%) 40 (35,5)

Contegra valved conduit, n (%) 9 (7,7)

Weight, kg 21,08

Height, cm 105,4

Body surface area, m2 0,7

Note: cm, centimeter; kg, kilogram; m2, meter square.
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Table 2. Comparison of medical characteristics between patients with and without PA stenosis (N = 116)

Variable No
(n=67)

Yes
(n=49) p-value

Age, months 28,5 (29,5) 24,6 (27) 0,48
Height, cm 107,1 (29,4) 103,1 (29,8) 0,47
Weight, kg 22,6 (17,4) 19 (12,9) 0,23
BSA 0,75 (0,29) 0,72 (0,34) 0,5
Gender 0,14
Male 36 (52,2%) 33 (47,8%)
Female 31 (66%) 16 (34%)
Palliative operation 0,8
No 52 (57,1%) 39 (42,9%)
Yes 15 (60%) 10 (40%)
ToF type 0,08
Pulmonary artery stenosis 56 (55%) 46 (45%)
Pulmonary atresia 11 (79%) 3 (21%)
Operation type 0,69
TAP 38 (56,7%) 29 (43,3%)
No TAP 23 (56,1%) 18 (43,9%)
Conduit 6 (75%) 2 (25%)
Shunt thrombosis 0,58
No 66 (57,4%) 49 (42,6%)
Yes 1 (100%) 0
VSD 0,84
No 49 (58,3%) 35 (41,7%)
Yes 18 (56,3%) 14 (43,7%)
RVOT stenosis 0,26
No 61 (56,5%) 47 (43,5%)
Yes 6 (75%) 2 (25%)
RVOT aneurysm 0,33
No 65 (57%) 49 (43%)
Yes 2 (100%) 0
PA deformation 0,61
No 60 (58%) 44 (42,3%)
Yes 7 (58,3%) 5 (41,7%)
RPA stenosis 0,93
No 46 (57,5%) 34 (42,5%)
Yes 21 (58,3%) 15 (41,7%)
LPA stenosis 0,03*
No 29 (48,3%) 31 (51,7%)
Yes 38 (67,9%) 18 (32,1%)
RV dilation 0,58
No 61 (57,6%) 45 (42,4%)
Yes 6 (60%) 4 (40%)
Conduit calcification and stenosis 0,19
No 62 (56,4%) 48 (43,6%)
Yes 5 (83,3%) 1 (16,7%)  

Note: *Chi-square test. ORLPAstenosis yes = 0.44. Interpretation: The odds ratio of PA stenosis for those who have LPA stenosis is 0.44 times (56% lower) 
than for those who does to have LPA stenosis.
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Table 3. Comparison of medical characteristics between patients with and without LPA stenosis (N = 116)

Variable No
(n=60)

Yes
(n=56) p-value

Age, months 29,3 (32,2) 24,3 (24,1%) 0,35

Height, cm 108 (28,3) 102 (30,7) 0,3

Weight, kg 20,3 (12,4) 21,9 (18,7) 0,6

BSA 0,76 (0,33) 0,72 (0,29) 0,46

Gender 0,1

Male 40 (58%) 29 (42%)

Female 20 (42,6%) 27 (57,4%)

Palliative operation 0,35

No 45 (49,5%) 46 (50,5%)

Yes 15 (60%) 10 (40%)

ToF type 0,06

Pulmonary artery stenosis 56 (55%) 46 (45%)

Pulmonary atresia 4 (28,6%) 10 (71,4%)

Operation type 0,96

TAP 34 (50,8%) 33 (49,2%)

No TAP 22 (53,7%) 19 (46,3%)

Conduit 4 (50%) 4 (50%)

Shunt thrombosis 0,52

No 59 (51,3%) 56 (48,7%)

Yes 1 (100%) 0

VSD 0,024*

No 38 (45,2%) 46 (54,8%)

Yes 22 (68,8%) 10 (31,3)

RVOT stenosis 0,6

No 56 (51,8%) 52 (48,2%)

Yes 4 (50%) 4 (50%)

RVOT aneurysm 0,23

No 60 (52,6%) 54 (47,4%)

Yes 0 2 (100%)

PA deformation -

No 56 (53,8%) 48 (46,2%) 0,15

Yes 4 (33,3%) 8 (66,7%)

RV dilation 0,42

No 54 (51%) 52 (49%)

Yes 6 (60%) 4 (40%)

Conduit calcification and stenosis 0,63

No 57 (51,8%) 53 (48,2%)

Yes 3 (50%) 3 (50%)

Note: *Chi-square test. ORVSD yes = 0.38. Interpretation: The odds of developing LPA stenosis is 0.38 times (62% lower) for those with VSD tan for 
those without VSD.
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Table 4. Comparison of medical characteristics between patients with and without RPA stenosis (N = 116)

Variable No
(n=80)

Yes
(n=36) p-value

Age, months 26 (29,5) 28,7 (26,8) 0,64

Height, cm 107,8 (28,2) 100 (31,9) 0,19

Weight, kg 20 (12) 23,6 (22) 0,26

BSA 0,75 (0,32) 0,72 (0,29) 0,61

Gender 0,32

Male 50 (72,5%) 19 (27,5%)

Female 30 (63,8%) 17 (36,2%)

Palliative operation 0,35

No 64 (70,3%) 27 (29,7%)

Yes 16 (64%) 9 (36%)

ToF type 0,45

Pulmonary artery stenosis 71 (69,6%) 31 (30,4%)

Pulmonary atresia 9 (64,3%) 5 (35,7%)

Operation type 0,86

TAP 47 (70,2%) 20 (29,8%)

No TAP 28 (68,3%) 13 (31,7%)

Conduit 5 (62,5%) 3 (37,5%)

Shunt thrombosis 0,69

No 79 (68,7%) 36 (31,3%)

Yes 1 (100%) 0

VSD 0,68

No 57 (67,9%) 27 (32,1%)

Yes 23 (71,9%) 9 (28,1%)

RVOT stenosis 0,52

No 74 (68,5%) 34 (31,5%)

Yes 6 (75%) 2 (25%)

RVOT aneurysm 0,09

No 80 (70,2%) 34 (29,8%)

Yes 0 2 (100%)

PA deformation 0,55

No 72 (69,2%) 32 (30,8%)

Yes 8 (66,7%) 4 (33,3%)

LPA stenosis <0,001*

No 52 (86,7%) 8 (13,3%)

Yes 28 (50%) 28 (50%)

RV dilation 0,62

No 73 (68,9%) 33 (31,1%)

Yes 7 (70%) 3 (30%)

Conduit calcification and stenosis 0,39

No 75 (68,2%) 35 (31,8%)

Yes 5 (83,3%) 1 (16,7%)

Note: *Chi-square test. ORLPA yes = 6.5. Interpretation: The odds of developing RPA stenosis is 6.5 times (550%) higher for those with LPA stenosis than 
for those without LPA stenosis.
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Similar results were obtained for the presence or absence of 
a PA deformation (p > 0.005).

The development of PA stenosis was significantly lower 
(OR: 0.44; 95% CI 0.21–0.94; p < 0.005) among patients with 
an LPA stenosis, but not with an RPA stenosis (p > 0.005). At 
the same time, patients with an LPA stenosis had a 6.5 times 
(95% CI: 2.62–16.15; p < 0.001) greater chance of developing 
an RPA stenosis.

No significant associations were found between the 
RV dilation or the conduit calcification and stenosis and 
the development of a PA, an RPA, or an LPA stenosis 
(p > 0.005).

DISCUSSION 
An increasing number of adult patients with CHD continue 

to require life-long diagnostic imaging surveillance through 
cardiac CT and MRI. These patients are characterized by a 
large spectrum of unique anatomical and functional changes 
resulting from either single- or multistage palliation and 
surgical correction. Radiologists involved in the diagnostic 
task of monitoring treatment effects and detecting potential 
complications should be familiar with common cardiac CT 
and MRI findings observed in patients with repaired, complex 
adult CHD (7).

Due to its high spatial and temporal resolution and 
the capability of providing high-quality three-dimensional 
reconstructed images, MDCT has become the primary 
modality for several patients, predominantly for the 
evaluation of PA and of the major aortopulmonary collateral 
arteries (8). In this study, we found that the most frequent 
complications occurring after a total rToF are PA and PA 
branch stenosis. 

Echocardiography is still considered as the first modality 
in the evaluation of the postoperative complications 
following CHD treatment procedures, due to its known 
advantages of being safe, affordable, and lacking ionizing 
radiation, along with its superior capabilities in the 
delineation of the intracardiac anatomy and of the cardiac 
physiological functions. However, due to its dependency on 
its operator and the limitation of its narrow acoustic window, 
echocardiography faces difficulties in the visualization of 
extracardiac anatomy as well as a number of challenges 
in the quantitative assessment of the RV size, function, and 
valve regurgitation (9).

Cardiac CT and cardiac MRI are considered as minimally 
invasive techniques in the evaluation of the extracardiac 
postoperative vascular complications. However, in 
contrast to cardiac MRI, CT is superior in its inherent 
capability to identify intracardiac anatomical elements, to 
assess small vessel anatomy (including pulmonary veins, 
distal PA branches, and aortopulmonary collaterals), 
and to identify functional, and structural abnormalities 
or postoperative complications following CHD surgical 
procedures. Therefore, CT is steadily becoming an 
invaluable imaging modality capable of filling the gap 
between echocardiography, cardiac catheterization, and 
cardiac MRI (10).

Different types of conduits are used in the surgical rToF. 
The immediate postoperative results are excellent, but with 
time, progressive conduit obstruction occurs due to patient-
prosthesis mismatch, distal anastomotic stenosis, conduit 
kinking, thrombosis, and the development of calcifications. 
MDCT can accurately assess the exact mechanism of such 
conduit obstructions, as well as assess the stenosis level, 
degree, and extension (2).

Fig. 1. CT of valve-containing conduit Contegra No. 16 and bilateral stents Palmaz Genesis XD 19-10.

a b
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Transannular patch repair frequently leads to RVOT 
dilatation and aneurysms, chronic and severe pulmonary 
regurgitation, and subsequent RV dilatation, and dysfunction. 
An RVOT aneurysm is a ventricular wall swelling or its 
restored outflow, which is considered as an independent 
predictor of RV dilatation and systolic dysfunction in patients 
that have been subjected to an rToF. It is also a suitable 
substrate for the generation of ventricular arrhythmias. 
MDCT images clearly delineate the RVOT aneurysms as well 
as any associated dilatation of the main PA and its central 
branches. MDCT is excellent in depicting the morphology of 
the RVOT and cardiac abnormalities related to PR, in addition 
to accurate measurements of the enlarged RV volumes 
that serve as one of the major criteria for pulmonary valve 
replacement (2).

The present study had several limitations. First, this study 
was retrospective, and thereby limited by the small sample 
size. Additionally, being an observational study, it lacked gold 
standard for comparison.

CONCLUSION
Our study demonstrated that the most frequent 

complications observed in pediatric patients with repaired 
ToF were PA stenosis and PA branch stenosis. Patients with 
PA and PA branch stenosis exhibit no significant differences 
in terms of their age, anthropometric parameters (height, 
weight, and BSA), and gender distribution in the presence or 
absence of different stenosis types (PA, RPA, LPA). However, 
the presence of an RPA stenosis provides a greater chance of 
developing an LPA stenosis.

MDCT is an extremely useful imaging method for 
evaluating normal and abnormal findings after the surgical 

rToF due to its wide availability and high spatial and temporal 
resolution. MDCT is being used with increasing frequency to 
evaluate patients with ToF, as it provides reliable and accurate 
assessment of complex anatomy and associated anomalies 
in unrepaired ToF patients and guides the surgical approach 
and the necessary type of surgery needed. In addition, MDCT 
has given us the opportunity to fully understand and assess 
the late surgical sequelae, surgical complications, and 
residual lesions. Therefore, it is now essential that corrected 
ToF patients should have regular follow-ups in order to 
assess the existence of any residual lesions and surgical 
complications and to manage them appropriately and in a 
timely manner.
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Магнитно-резонансная томография сердца 
у пациентов, переболевших коронавирусной 
инфекцией (COVID-19)
А.С. Максимова, Н.И. Рюмшина, Т.А. Шелковникова, О.В. Мочула, 
Н.Д. Анфиногенова, В.Ю. Усов 
Томский национальный исследовательский медицинский центр, Научно-исследовательский институт кардиологии, 
Томск, Российская Федерация

АННОТАЦИЯ
Обоснование. Нередким осложнением коронавирусной инфекции (COVID-19) является миокардит. 
Цель ― сравнить различные паттерны повреждения миокарда у пациентов, перенёсших COVID-19, и пациентов до-
пандемийного периода по данным магнитно-резонансной томографии сердца с парамагнитным контрастным усиле-
нием. 
Материалы и методы. В ретроспективное исследование включено 47 пациентов, которым выполняли магнитно-резо-
нансную томографию сердца с парамагнитным контрастным усилением для исключения острого миокардита. В груп-
пу 1 вошли 34 пациента с перенесённой коронавирусной инфекцией, подтверждённой результатами исследования 
мазка со слизистой носо- и/или ротоглотки методом полимеразной цепной реакции, в группу 2 ― 13 человек, маг-
нитно-резонансную томографию сердца которым проводили до начала пандемии коронавирусной инфекции (2017 г). 
Результаты. Средняя продолжительность от появления жалоб до проведения магнитно-резонансной томографии со-
ставила 166 дней. Снижение толерантности к физическим нагрузкам обнаружено у 77% пациентов, боль в области 
сердца, одышка и сердцебиение ― у 14 (42%), 30 (88%) и 28 (85%) пациентов группы 1 соответственно. В группе 2 
отмечены одышка у 4 (30%) пациентов, боли в области сердца ― у 9 (69%), сердцебиение и/или ощущение ритма 
сердца ― у 6 (46%). У пациентов группы 1 поражение миокарда носило более распространённый характер, из них 
у 1/3 сохранялись усиление лёгочного рисунка и выпот в плевральную полость. В группе 1 мужчины имели более 
низкую фракцию выброса левого желудочка, меньшие показатели глобальной продольной деформации и более высо-
кие функциональные показатели левого предсердия (p <0,05). У женщин статистические различия отмечались только 
по количеству поражённых сегментов миокарда левого желудочка. 
Заключение. Вирус SARS-CoV-2 вызывает распространённое поражение сердца с вовлечением значительного коли-
чества сегментов миокарда. Среди мужчин достоверно чаще развиваются поствоспалительные осложнения в виде 
нарушения сократительной функции левого желудочка и левого предсердия. Полученные результаты указывают 
на необходимость дальнейшей оценки долгосрочных последствий перенесённого COVID-19 на сердечно-сосудистую 
систему. Магнитно-резонансная томография сердца с контрастированием в данном случае может быть чувствитель-
ным инструментом визуализации для выявления тяжести поражения сердца.

Ключевые слова: магнитно-резонансная томография; сердце; коронавирусная инфекция; COVID-19; миокардит; 
левое предсердие.
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Cardiac magnetic resonance imaging in patients 
with history of COVID-19
Aleksandra S. Maksimova, Nadezhda I. Ryumshina, Tatiana A. Shelkovnikova, 
Olga V. Mochula, Nina D. Anfinogenova, Wladimir Yu. Ussov
Tomsk National Research Medical Center, Cardiology Research Institute, Tomsk, Russian Federation

ABSTRACT
BACKGROUND: Myocarditis is among the most common complications arising from coronavirus infection (COVID-19).
AIM: This study aims to find the differences in the patterns of myocardial injury between patients who had COVID-19 and those 
from the pre-pandemic period, as determined by contrast-enhanced cardiac magnetic resonance imaging.
MATERIALS AND METHODS: The study encompassed a retrospective analysis of 47 patients who underwent 
contrast-enhanced cardiac magnetic resonance imaging to rule out acute myocarditis. Group 1 comprised 34 patients with 
a confirmed history of COVID-19 through PCR testing (nasal and/or throat swabs), while Group 2 comprised 13 individuals 
who underwent contrast-enhanced cardiac magnetic resonance imaging in 2017 prior to the onset of the COVID-19 pandemic. 
All patients enrolled in the study had clinical manifestation of cardiac injury without signs of coronary artery disease as an 
underlying cause of condition.
RESULTS: The mean time from the onset of heart symptoms to the administration of contrast-enhanced cardiac magnetic 
resonance imaging was 166 days. In group 1, a decrease in exercise tolerance was observed in 77% of patients, and 14 (42%), 
30 (88%), and 28 (85%) of patients complained of chest pain, shortness of breath, and heart palpitations, respectively. In 
group 2, four patients (30%) had dyspnea, nine patients (69%) complained of chest pain, and six patients (46%) had heart 
palpitations and/or feeling of arrhythmia. Myocardial injury in group 1 was more generalized. The third of them had displayed 
preserved increased pulmonary vascularity and pleural effusion. Within group 1, men had significantly lower left ventricular 
ejection fraction, lower values of global longitudinal deformation, and higher values of left atrial function compared with the 
corresponding parameters in women. Differences in women were found only in the number of the affected segments in the left 
ventricular myocardium.
CONCLUSION: SARS-CoV-2 virus caused extended myocardial injury, affecting a significant number of myocardial segments. 
Men had more frequent postinflammatory complications, characterized by abnormal function of the left ventricle and left 
atrium. Obtained results require continuous efforts for further assessment of long-term consequences of previous COVID-19 
to the cardiovascular system. In this regard, contrast-enhanced cardiac magnetic resonance imaging may represent a sensitive 
imaging tool for the assessment of cardiac injury severity.

Keywords: magnetic resonance imaging; heart; coronavirus infection; COVID-19; myocarditis; left atrium.
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患过冠状病毒感染（COVID-19）患者的心脏磁共
振成像
Aleksandra S. Maksimova, Nadezhda I. Ryumshina, Tatiana A. Shelkovnikova, 
Olga V. Mochula, Nina D. Anfinogenova, Wladimir Yu. Ussov
Tomsk National Research Medical Center, Cardiology Research Institute, Tomsk, Russian Federation

简评

论证。心肌炎是冠状病毒感染（COVID-19）的一种不罕见并发症。 

该研究的目的是通过顺磁对比剂增强的心脏磁共振成像，比较患过COVID-19和大流行前患者

心肌损伤的不同模式。 

材料和方法。一项回顾性研究纳入了47名接受顺磁对比剂增强心脏磁共振成像检查来排除急

性心肌炎的患者。第1组包括34名通过鼻咽和/或口咽粘膜涂片聚合酶链反应分析证实曾患过

冠状病毒感染的患者，第2组包括13名在冠状病毒大流行（2017年）前接受心脏磁共振成像

检查的患者。 

结果。从发病到磁共振成像的平均时间为166天。在第一组中，77%的患者运动耐量降低了，

分别有14（42%）、30（88%）和28（85%）名患者出现了心脏疼痛、呼吸困难和心悸。在第

2组中，有4名患者（30%）出现了呼吸困难，有9名患者（69%）出现了心脏疼痛，有6名患 

者（46%）出现了心悸和/或心律不齐。心肌损伤在第1组患者中更为普遍，其中1/3患者有持

续性肺强化和胸腔积液。在第1组中，男性的左心室射血分数较低，整体纵向应变较低，左

心房功能较高（p<0,05）。对于女性病人来说，仅在左心室心肌受影响节段的数量上存在统

计上的差异。 

结论。SARS-CoV-2病毒导致广泛的心脏损伤，累及大量心肌节段。对于男性病人来说，更

容易出现左心室和左心房收缩功能障碍等炎症后并发症。结果表明，有必要进一步评估

COVID-19对心血管系统的长期影响。在这种情况下，带有对比剂的心脏磁共振成像可能是检

测心脏损伤严重程度的灵敏成像工具。

关键词：磁共振成像；心脏；冠状病毒感染；COVID-19；心肌炎；左心房。
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BACKGROUND
Since March 2020, COVID-19, caused by SARS-CoV-2 

infection, has been declared a global pandemic. COVID-19 
primarily affects the respiratory system [1], and treatment 
is aimed mainly at respiratory complications. On the other 
hand, the new coronavirus infection has a major influence 
on the cardiovascular system, particularly in patients 
with pre-existing cardiovascular diseases [2]. COVID-19 
can cause myocardial injury at any stage of the infection, 
including the viral, pulmonary, inflammatory, and recovery 
phases and later stages after symptoms appear [3]. 
COVID-19 patients have been linked to arrhythmia, cardiac 
failure, and myocarditis [4]. The mechanisms of cardiac 
damage caused by SARS-CoV-2 infection are not entirely 
known.

The most common complication of coronavirus infection 
is myocarditis. Myocarditis manifests clinically as modest 
symptoms, such as fatigue and dyspnea, to rapid disease 
progression with heart failure and cardiogenic shock [5]. 
Imaging is critical for assessing many elements of myocardial 
damage, allowing for a precise diagnosis and early treatment. 
Contrast-enhanced cardiac magnetic resonance imaging (MRI) 
is recommended by the Russian and European Societies of 
Cardiology as an insightful, non-invasive method of imaging 
diagnosis in myocarditis, ensuring detailed visualization of 
anatomical structures and assessment of functional heart 
disorders [6, 7].

According to the World Health Organization, 
COVID-19 is no longer classified as a global pandemic. 
However, the pandemic’s long-term negative, harmful 
ramifications, including major cardiovascular issues, are 
only beginning to emerge. Thus, cardiac viability testing 
in post-COVID-19 patients is still important and warrants 
further research [8]. Furthermore, differences in study 
designs and inclusion/exclusion criteria, as well as 
imaging methodologies and data analysis, interpretation, 
and reporting in terms of changes in cardiac MRI findings, 
all contribute to high degree of variability in published 
study results.

The study compared different patterns of myocardial 
injury in post-COVID-19 patients to prepandemic patients 
using contrast-enhanced cardiac MRI data.

BSA body surface area
EDV end-diastolic volume
EF ejection fraction
ESV end-systolic volume
ESVi end-systolic volume index
LA left atrium

LAV left atrial volume
LAVi left atrium volume index
LGE late gadolinium enhancement
LV left ventricle
MRI magnetic resonance imaging

Abbreviations

MATERIALS AND METHODS
Study design

This retrospective study was conducted in accordance 
with Good Clinical Practice and the principles described in 
the Helsinki Declaration.

Study conditions
The study was performed in the Department of X-ray and 

Imaging Diagnosis, Cardiology Research Institute, Tomsk 
National Research Medical Center of the Russian Academy 
of Sciences. All patients provided informed consent to 
paramagnetic contrast-enhanced cardiac MRI.

Eligibility criteria
Inclusion criteria for Group 1: a history of SARS-CoV-2 

infection confirmed by polymerase chain reaction testing, no 
symptoms of acute respiratory infection at the time of cardiac 
MRI, a negative polymerase chain reaction test for COVID-19, 
objective evidence of symptomatic cardiac injury, without 
signs of ischemic heart disease (chest pain/discomfort, 
palpitations, and dyspnea), and a mean time from the onset 
of complaints to MRI 166 ± 17.

Inclusion criteria for Group 2: objective evidence of 
symptomatic cardiac damage without indicators of ischemic 
heart disease (chest pain/discomfort, palpitations, and 
dyspnea) and cardiac MRI performed before the COVID-19 
pandemic (2017).

Exclusion criteria for both groups included a history of 
myocardial infarction and low-quality cardiac MRI scans, 
which made analysis challenging.

Cardiac MRI protocol
The Vantage Titan MRI Scanner (Toshiba, Japan) was used 

to perform paramagnetic contrast-enhanced cardiac MRI and 
ECG- and respiratory-gated 1.5T MRI. Short- and long-axis 
MRI images of the myocardium were acquired before and 
after contrast enhancement. As a paramagnetic contrast 
agent, 0.5 M Gadobutrol was administered intravenously 
at a 0.1-mL/kg body weight dose. The slice thickness was 
10 mm, with no gaps, and the data were recorded to a 
256 × 256 matrix. T1- and T2-weighted sequences and a fat 
suppression sequence were used to assess the myocardium; 
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dynamic SSFP sequences were used to determine the left 
ventricular (LV) volume and function; and gradient inversion-
recovery sequences (GR-IR) were used to identify abnormal 
contrast uptake areas. The time of inversion (TI) was selected 
individually (mean TI = 300 ± 10 ms). The approved 17-segment 
model of localization diagnosis for LV myocardium was used 
to analyze areas of defective myocardium.

Cardiac MRI scans were examined in the Medical 
Genomics Resource Sharing Center using the cvi42 program 
(Circle Cardiovascular Imaging, Calgary, Canada). The Lake–
Louise criteria were used for the diagnosis of myocarditis. 
Major criteria included edema, hyperemia, and regional 
fibrosis, and minor criteria included pericardial effusion 
or hyperintensive signal from the pericardium and LV wall 
motion abnormality [9]. On T2-weighted images (T2WI), 
the edema ratio (ER) was calculated as the myocardial-to-
skeletal muscle signal intensity ratio. ER >2.0 was considered 
a symptom of edema. On T1WI, the relative paramagnetic 
contrast uptake (hyperemia) was assessed in inferolateral 
LV segments, which are most commonly affected by 
inflammatory changes. A relative paramagnetic contrast 
uptake of more than >4.0 was considered a symptom of 
hyperemia.

The presence and nature (subendocardial, subepicardial, 
or intramural) of late gadolinium enhancement (LGE) and the 
number of involved segments were assessed. The outlines of 
the endocardium and epicardium were used to automatically 
identify the functional characteristics of the left and right 
ventricles. End-diastolic volume (EDV), end-systolic volume 
(ESV), ejection fraction (EF), left ventricular global radial and 
longitudinal strain, and minimum and maximum left atrial 
volume were among the functional parameters measured. 
The following parameters were calculated based on these 
measurements:

 • left atrium volume index (LAVi, mL/m2) = LA volume/
BSA, where LA = left atrium; BSA = body surface area;

 • end-diastolic volume index (EDVi): EDVi = EDV/BSA;
 • end-systolic volume index (ESVi): ESVi = ESV/BSA.

LA functional parameters were calculated as follows:
 • LA ejection fraction (LAEF) = ([LAVmax − LAVmin]/

LAVmax) × 100%;
 • LA strain = ([LAVmax − LAVmin)/LAVmin) × 100% [10].

Furthermore, pericardial effusion, pleural effusion, and 
enhanced pulmonary vascularity were also evaluated.

Statistical processing
Statistical analysis was performed using STATISTICA 10 

software. Absolute (n) and relative (%) frequencies are 
used to represent categorical variables. The mean (m) and 
standard deviation (SD) or median (Me) and interquartile 
range [Q1; Q3] are used to represent continuous variables. 
The Shapiro–Wilk test was used to determine the normality 
of distribution. For categorical variables, the unpaired t 
test (for normal distribution) or Mann–Whitney U test (for 
nonnormal distribution) was used, and for continuous 

variables, the chi-squared test was used. P < 0.05 was 
considered significant.

RESULTS
Study subjects

A contrast-enhanced cardiac MRI was done on 47 patients 
to rule out acute myocarditis. The first group consisted of 
34 individuals with a coronavirus infection history verified 
by polymerase chain reaction testing of a nasopharyngeal 
and/or oropharyngeal swab. Before the COVID-19 pandemic 
(2017), a cardiologist referred 13 patients for cardiac MRI. 
Table 1 shows the clinical characteristics of patients and 
cardiac MRI parameters in the study group. The study and 
control groups were balanced by sex, age, and body mass 
index. In Group 1, 77% of patients reported lower exercise 
tolerance, whereas 14 (42%), 30 (88%), and 28 (85%) felt 
chest discomfort, dyspnea, and palpitations, respectively. In 
Group 2, four (30%) patients complained of dyspnea, nine 
(69%) reported chest pain, and six (46%) reported palpitations.

In the early phase of contrast enhancement (1–2 
min), there was no difference between the groups in LV 
and LA functional metrics or contrast uptake. Group 1 
patients demonstrated more severe myocardial injury, with 
more segments showing a nonischemic pattern of LGE. 
Furthermore, pulmonary changes (i.e., increased pulmonary 
vascularity and pleural effusion) remained in one-third of 
Group 1 patients during cardiac MRI (Figure 1).

Male patients in Group 1 exhibited considerably lower 
LVEF, lower global longitudinal strain, and higher LA functional 
characteristics, according to an intragroup comparison by 
sex. Only the number of affected LV myocardium segments 
differed significantly in female patients (Table 2). Male and 
female groups had no age differences (p = 0.78 and p = 0.18, 
respectively).

Key study findings
Our study found that post-COVID-19 patients had a 

higher number of affected LV myocardium segments 
based on delayed paramagnetic contrast uptake (a sign of 
fibrotic changes) than prepandemic patients with suspected 
myocarditis; however, the myocardial injury was nonspecific. 
Male patients showed lower LVEF, lower LV global 
longitudinal strain, and higher LV volume with reduced LV 
contractility. Because the SARS-CoV-2 virus primarily affects 
the respiratory system, the heterogeneous lung tissue 
thickening, and pleural effusion observed in post-COVID-19 
patients were believed to represent evidence of long-term 
recovery from a respiratory infection. The control group did 
not show any of these changes.

DISCUSSION
Previous research [11] shows that the most prevalent 

COVID-19 symptoms are dyspnea and chest discomfort. 
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Table 1. Clinical characteristics and cardiac MRI parameters in post-COVID-19 patients and control individuals

Parameter
Group 1

COVID-19(+)
n = 34

Group 2
COVID-19(−)

n = 13
p

Age, year 62.5 [55; 66] 52 [45; 65] 0.07
Male, n (%) 12 (35.3) 6 (46.1) 0.49
Body mass index, kg/m2 30.69±5.22 27.75±4.05 0.08
Body surface area, m2 1.95±0.27 1.97±0.17 0.15
Heart rate, bpm 72.73±8.75 78±21.6 0.23

Concomitant diseases, n (%):
• Hypertension
• Diabetes mellitus
• Ischemic heart disease
• Chronic obstructive pulmonary disease

17 (50)
2 (5)

8 (23)
9 (26)

7 (53)
0

4 (30)
1 (7)

0.81
0.37
0.61
0.16

Cardiac symptoms, n (%):
• Chest pain
• Palpitations
• Dyspnea
• Decreased exercise tolerance

14 (42)
30 (88)
28 (85)
26 (77)

4 (30)
9 (69)
6 (46)
5 (39)

0.51
0.12
0.01*
0.01*

LVEF, % 55.07±19.34 63.31±4.9 0.14

EDV LV, mL 113 [94.7; 153.8] 135.6 [116.72; 167.79] 0.98

ESV LV, mL 41 [28.9; 83] 50.87 [46.85; 63.04] 0.31

EDVi LV, mL/m2 61.5 [48.2; 72.6] 69.5 [62.1; 79.9] 0.13

ESVi LV, mL/m2 22.7 [16.4; 45.7] 26.1 [23.1;30.6] 0.39

ER 1.5±0.36 1.58±0.39 0.54

Edema (visual), n (%) 5 (14.7) 0 (0) 0.14

LGE, n (%) 33 (97) 12 (92.3) 0.47

Number of LGE segments 6.79±2.36 3.25±1.48 0.000*

Pericardial effusion, n (%) 22 (64.7) 5 (38) 0.10

Pleural effusion, n (%) 10 (29.4) 0 (0) 0.03*

Increased pulmonary vascularity, n (%) 12 (35.3) 0 (0) 0.01*

GRS LV, % 17.52±9.61 16.86±5.54 0.82

GLS LV, % -10.51±5.49 -10.96±2.66 0.78

Contrast enhancement index on T1-WI of the basal inferolateral segment 1.54±0.29 1.71±0.53 0.17

Contrast enhancement index on T1-WI of the medial inferolateral segment 1.53±0.29 1.51±0.5 0.89

Contrast enhancement index on T1-WI of the apical lateral segment 1.55±0.34 1.38±0.33 0.13

LAV max, mL 72.39 [56.3; 110.15] 57.80 [51.84; 96.6] 0.32

LAV min, mL 35.44 [18.47; 62.09] 21.35 [19.0; 42.07] 0.49

RAV max, mL 35.205 [31.08;53.11] 40.2 [31.8; 51.095] 0.68

RAV min, mL 66.47 [55.96; 96.75] 84.945 [66.14; 93.305] 0.30

LAVi, mL/m2 39.13 [32.09; 51.09] 27.8 [27.2; 43.89] 0.17

LAEF, % 53.55 [37.26; 163.32] 61.22 [55.35; 64.51] 0.13

LA strain, % 115.28 [59.39; 163.32] 149.7 [121.74; 173.93] 0.30

Note. The data are presented as the median (Me) and interquartile range [Q1; Q3].

Abbreviations: EDV, end-diastolic volume; ESV, end-systolic volume; EDVi, end-diastolic volume index; ER, edema ratio; ESVi, end-systolic volume 
index; GRS LV, global radial strain left ventricular; LA strain, left atrial strain; LAEF, left atrial ejection fraction; LAV, left atrial volume; LAVi, left atrium 
volume index; LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction; RAV, right atrium volume; T1-WI, T1-weighted images.
*p < 0.05.
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Fig. 1. Characteristic symptoms detected on contrast-enhanced cardiac MRI in the group of post-COVID-19 patients. LA, left atrium; LGE, 
late gadolinium enhancement; RA, right atrium; T2WI, T2-weighted image.

Pulmonary infiltration, 
pleural effusion

Pericardial effusion

LA and RA dilation

Subepicardial LGE, intramyocardial contrast 
enhancement

T2WI, signs of inferolateral 
segment edema

Table 2. Comparative analysis of the left ventricular and left atrial function based on MRI findings

Parameter
Men Women

COVID-19(+) COVID-19(−) p COVID-19(+) COVID-19(−) p

LVEF, % 38 [26.2; 54.5] 63 [62.5; 63.9] 0.04* 65 [59; 70] 64.5 [60.5; 67.7] 0.78

Number of LGE segments 7.5 [6.5; 9.5] 4 [3; 4] 0.03* 6.5 [5; 8] 3 [2; 4] 0.00*

Longitudinal strain -7.0 [-9.3; -3.1] -10.2 [-11.1; -8.2] 0.04* -14.6 [-15.8; -10.2] -10.9 [-15; -9.3] 0.62

LA volume, min., mL 83.8 [37.3; 127.8] 25.6 [18; 35.3] 0.02* 25 [16.1; 35.9] 21.4 [20; 48.9] 0.59

LA ejection fraction, % 30.1 [12.1; 47.8] 63.5 [54.9; 68.5] 0.01* 59.9 [53.4; 72.2] 59.9 [55.3; 64.5] 0.94

LA strain, % 43.1 [13.9; 91.9] 173.8 [121.7; 217.9] 0.01* 149.9 [114.7; 259.7] 143.7 [101; 157.9] 0.43

Note. The data are presented as the median (Me) and interquartile range [Q1; Q3].

Abbreviations: LA, left atrium; LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction.
*p < 0.05.
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Unfortunately, these symptoms remain even in patients with 
a negative SARS-CoV-2 test, resulting in a chronic COVID-19 
syndrome. The long-term risks and clinical significance 
of these symptoms are not fully understood. The clinical 
indications found in this group of patients were considered 
to be the outcome of continuous myocardial injury caused 
by inflammation. However, most of our patients did not 
have myocardial edema, and the myocardium-to-muscle 
tissue signal intensity ratio on T2WI was within normal 
limits. Furthermore, there were no statistically significant 
differences in the increase in myocardium signal intensity 
within the first few minutes after the contrast injection. Thus, 
our sample lacked two of the three major MRI criteria for 
myocarditis (edema and hyperemia), preventing a definite 
diagnosis of myocarditis based on current guidelines [12].

In the study by Feofanova, evaluating the cardiovascular 
system in 36 patients with a history of acute COVID-19, there was 
a significant increase in LA volume with preserved LVEF. Only 
8.4% of patients had a decline in LA systolic function, whereas 
83.3% had a rise in LV volume [13]. Furthermore, the majority 
of study participants had LV myocardial hypertrophy (94.4%), 
pulmonary hypertension (72.2%), and atrial and ventricular 
ectopic activity manifested by supraventricular arrhythmia 
(94.4%), ventricular arrhythmia (63.9%), and paroxysmal 
supraventricular tachycardia (36.1%). The decreased heart 
function observed in our study was not statistically significant. 
The mean LVEF was 55%, with a median EDV of 61.5 mL/m2. 
LAVi in Group 1 exceeded 39.13 mL/m2, whereas LAVi in Group 
2 was 27.8 mL/m2. The LV wall thickness in our sample was 
within normal limits, and pulmonary alterations remained in 
one-third of post-COVID-19 patients. There were no cases of 
rhythm disturbance (a common post-COVID-19 complication) 
in our sample.

According to some studies, the earlier indicator of LV 
myocardium remodeling is a decrease in LV longitudinal and/
or global strain [14]. The LV longitudinal strain was reduced 
in both groups, although there were no significant differences 
between them. In our study, 21% of the patients (mainly men) 
had decreased LV contractility.

Our data indicating gender inequalities between groups 
are significant. As previously stated, Group 1 patients, both 
male and female, showed more severe LV myocardial injury 
in terms of the number of segments with fibrotic changes 
(p < 0.0000). A comparison of LAVi, LAEF, and LA strains 
revealed no significant differences. However, when adjusted 
for sex, the LA strain and LAEF were significantly lower in 
male post-COVID-19 patients.

LA volume reflects LV filling pressure and, consequently, 
the degree of LV diastolic dysfunction [2, 3]. According to some 
studies, an increase in LA volume is related to an increased 
risk of atrial fibrillation [15–17] and thromboembolism if it 
is accompanied by dysfunction in atrial fibrillation patients 
[18]. Changes in LA volume index and LAEF in patients with 
heart failure with intact ejection fraction and sinus rhythm 
are independently related to poor cardiovascular outcomes, 

comparable with those in persistent atrial fibrillation when 
LA measures have no predictive value [19].

The evidence on gender differences in LA remodeling, 
particularly in post-COVID-19 patients, is limited. Chistyakova 
et al. [20] found an increase in LAVi in all study groups 
compared with the control group in their cardiac function and 
endothelial dysfunction research in post-COVID-19 patients. 
According to some authors, LA remodeling is more prevalent 
in women. In the group of patients with recurrent atrial 
fibrillation with hypotension, for example, women exhibited 
a substantially lower LAEF than men (39% [28; 50] vs. 50% 
[42; 55], p = 0.02) [10]. In women with atrial fibrillation, LA 
diameter has been shown to be an independent predictor of 
cardiovascular death (p = 0.003) [21, 22]. According to EchoCG 
performed in post-COVID-19 patients 1 year after discharge, 
LAEF was significantly lower in the group with a decrease in 
LV global longitudinal strain (1.3 ± 0.3 vs. 1.4 ± 0.3 mL/m2; 
p = 0.052) [23]. Men have a higher incidence of atrial fibrillation 
regardless of COVID-19, whereas women have more evident 
atrial remodeling on high-density electroanatomic mapping 
and a higher incidence of arrhythmia recurrences after atrial 
fibrillation ablation. These modifications could explain why 
women have a higher incidence of recurrence and contribute 
to gender differences in the clinical course of atrial fibrillation 
[24]. Gender differences in atrial changes in post-COVID-19 
patients require further research because they may be 
clinically significant for preventing atrial fibrillation and 
arrhythmia recurrences after atrial fibrillation ablation.

LA remodeling may be caused by a strong immune 
response, persistent inflammation, [25] endothelial damage, 
and microvascular thrombogenicity [26]. The possibility 
of virus retention in cardiomyocytes, resulting in fibrotic 
changes, cannot be completely ruled out.

The absence of a uniform approach to study design, 
which results in variability of study groups and makes 
study findings difficult to compare, can explain contradictory 
findings by different authors. However, it is clear that post-
COVID-19 pneumonia patients with increased LAVi, LAEF, and 
LA strain with preserved LVEF require close monitoring to 
prevent or timely detection of complications, such as heart 
failure, LV dysfunction, and arrhythmia.

Limitations of the study
Each patient in our study had one cardiac MRI after the 

onset of symptoms. As a result, we cannot be certain that the 
observed findings did not exist prior to SARS-CoV-2 infection. 
Notably, the nonischemic LGEs found could be nonspecific 
and caused by undetected myocarditis before SARS-CoV-2 
infection.

CONCLUSION
The SARS-CoV-2 virus unquestionably causes a 

more severe cardiac injury involving a greater number 
of myocardial segments. Residual effects of COVID-19 
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pneumonia, such as heterogeneous lung tissue thickening 
and pleural effusion, persist for longer. Male patients had 
a much higher prevalence of postinflammatory sequelae, 
manifesting as decreased LV and LA contractility.

Our findings highlight the need for further research into 
the long-term cardiovascular complications of COVID-19. In 
this case, contrast-enhanced cardiac MRI can be a sensitive 
imaging tool for evaluating the severity of cardiac injury.
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АННОТАЦИЯ
Обоснование. Конусно-лучевая компьютерная томография позволяет проводить диагностику на этапе планирования 
различных манипуляций в челюстно-лицевой области, в частности при дентальной имплантации. Преимущества дан-
ного метода: высокое пространственное разрешение, низкая лучевая нагрузка, доступность исследований, однако 
имеется существенный недостаток ― отсутствие возможности определения плотности кости челюстей в единицах 
Хаунсфилда (HU). 
Цели ― разработать набор рентгеноконтрастных шаблонов с заданной рентгеновской плотностью на основе гидро-
фосфата калия и β-трикальцийфосфата; изучить результаты сканирования шаблона на конусно-лучевом и мульти- 
срезовом компьютерных томографах; определить алгоритм кросс-калибровки для оценки минеральной плотности ко-
сти челюстей в HU и по классификации C. Misch. 
Материалы и методы. В качестве рентгеноконтрастного шаблона использованы раствор гидрофосфата калия, суспен-
зия β-трикальцийфосфата. В микропробирках шаблона объёмом 0,25 мл заданы следующие концентрации гидрофос-
фата калия: 49,96; 99,98; 174,99; 349,99; 549,98 мг/мл; суспензия β-трикальцийфосфата с эквивалентной концентраци-
ей гидрофосфата калия 1506 мг/мл. Шаблоны моделируют типы плотности костной ткани по C. Misch. Исследование 
шаблонов проводилось на 2 мультисрезовых и 4 конусно-лучевых компьютерных томографах. 
Результаты. В ходе работы проанализированы зависимости Gray Value (GV) для конусно-лучевых и HU для мульти-
срезовых компьютерных томографов от заданных значений минеральной плотности кости. Отмечается существенный 
разброс измеренных величин. Различаются углы наклона зависимостей и формы кривых. После кросс-калибровки по-
казана хорошая сопоставимость пересчитанных значений относительно режима исследуемого мультисрезового ком-
пьютерного томографа. 
Заключение. Разработанный рентеноконтрастный шаблон позволяет стандартизировать денситометрические показа-
тели для конусно-лучевых и различных мультисрезовых компьютерных томографов: в среднем разброс после кросс-
калибровки снижается в 10 раз, что обеспечивает возможность классификации костной ткани в HU по С. Misch.

Ключевые слова: конусно-лучевая компьютерная томография; мультиспиральная компьютерная томография; 
кросс-калибровка; минеральная плотность кости; рентгеновская плотность; денситометрия; имплантация зубов.
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ABSTRACT
BACKGROUND: Cone beam computed tomography is widely applied for diagnostics and planning various manipulations in the 
maxillofacial region, for example, dental implantation. Its advantages include high spatial resolution, low radiation exposure, 
and cost-effectiveness. However, it has a significant drawback: the inability to determine the density of the jaw bone in 
Hounsfield Units (HU).
AIMS: This study aimed to develop radiopaque templates with sets of X-ray density based on potassium hydrophosphate 
and beta-tricalcium phosphate, to study templates on various cone beam computed tomography and multidetector computed 
tomography devices, and to determine a cross-calibration algorithm for assessing the bone mineral density of the jaw in HU.
MATERIALS AND METHODS: The bone mineral density template comprised microtubes (0.25 ml) with potassium hydrophosphate 
concentrations of 49.96, 99.98, 174.99, 349.99, and 549.98 mg/ml, and a suspension of beta-tricalcium phosphate with an 
equivalent concentration of potassium hydrophosphate 1,506 mg/ml, designed to simulate the types of bone density according 
to C. Mish. The study was carried out on two multidetector computed tomography and four cone beam computed tomography  
machines. Cross-calibration was referred on the “standard” multidetector computed tomography 1 mode 120 kV, 200 mA.
RESULTS: There was a significant scatter of the X-ray values (HU for multidetector computed tomography and GV for cone beam 
computed tomography) vs. bone mineral density, with varying slopes, bias, and curve shapes. After cross-calibration, good 
comparability corresponding to the multidetector computed tomography 1 mode was shown. The median of the differences 
before cross-calibration was 160 relative units (HU, GV), after decreased by 10 times and amounted to 16 rel. units (p=0.000). 
The mean difference for cone beam computed tomography was significantly higher (30 rel. units) than for multidetector 
computed tomography (8 rel. units) (p=0.024, Mann–Whitney U test).
CONCLUSION: The developed radiopaque template enables the standardization of densitometric indicators for cone beam 
computed tomography and various multidetector computed tomography modes. On average, the spread after cross-calibration 
is reduced by 10 times, which makes it possible to classify bone tissue in HU according to C. Mish.

Keywords: cone beam computed tomography; multidetector computed tomography; cross-calibration; bone mineral density; 
X-ray density; densitometry; dental implantation.
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简评

论证。锥形束计算机断层扫描（cone beam computed tomography，CBCT）允许在颌面部

各种操作的规划阶段进行诊断，特别是在牙种植入方面。这种方法的优点是空间分辨率

高、辐射量低、便于研究。然而，它也有一个明显的缺点：无法确定以亨氏（Hounsfield 

Unit，HU）单位的颌骨密度。CBCT中的X射线密度是以Gray Value（GV）单位确定的。 

该研究的目的是根据磷酸氢二钾（DHP）和β-磷酸三钙（β-TCP）开发一套具有特定X射线

密度的X射线对比模板，研究在CBCT和多层螺旋计算机断层扫描（MSCT）上扫描模板的结

果，确定用于估算HU下颌骨矿物质密度的交叉校验算法，并根据C.Mish进行分类。 

材料和方法。使用DHP溶液、β-TCP悬浮液作为X射线对比模板。模板的0.25ml微量试管中

DHP的浓度分别为：49.96、99.98、174.99、349.99、549.98mg/ml，β-TCP悬浮液中DHP的

等效浓度为1506mg/ml。这些模板根据C.Mish分类模拟了骨密度类型。这些模板检验是在2个

MSCT和4个CBCT上进行的。在“标准”MSCT1模式120kV、200mA上进行了交叉校验；对所获得

的依赖关系进行了线性和二次近似。 

结果。在工作过程中，我们分析了CBCT的GV和MSCT的HU与IPC给定值的关系。我们发现了

测量值存在显著差异。相关斜率角度和曲线形状各不相同。交叉校验后，与MSCT1模式相

比，重新计算的数值具有良好的可比性。交叉校验前测量值的中位数差异为160个相对单 

位（HU、GV），重新计算后显著减少了10倍，为16个相对单位（p=0,000），可靠显示了

CBCT的平均差异（30个相对单位）大于MSCT的平均差异（8个相对单位），p=0,024；采用

曼-惠特尼U检验进行了比较。 

结论。我们开发的X射线对比模板允许使CBCT和不同MSCT模式的密度测定指数标准化，交叉

校验后的分散平均减少了10倍，这提供根据C.Mish对HU中的骨组织进行分类的可能性。.

关键词：锥形束计算机断层扫描；多层螺旋计算机断层扫描；交叉校验；骨矿物质密度；X

射线密度；密度测定；牙种植入。

引用本文：
Hossain ShD, Petraikin AV,	Muraev AA, Danaev AB, Burenchev DV,	Dolgalev AA,	Vasilev YuA, Sharova DE, Ivanov SYu. 利用锥形束和多层螺旋计算机断
层扫描数据测定骨矿物质密度的X射线对比模板. Digital Diagnostics. 2023;4(3):292−305. DOI: https://doi.org/10.17816/DD501771

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD501771
https://doi.org/10.17816/DD501771


DOI: https://doi.org/10.17816/DD501771

295
Digital Diagnostics

BACKGROUND
The discovery of computed tomography (CT) in 1972 

enabled the visualization of various areas of the human 
body using three-dimensional (3D) images [1]. Computed 
tomography is used in many therapeutic areas, and with 
the development of dental implantation, it has been the 
most often used modality in dentistry [2]. One of the key 
standards for determining radiological densitometric 
parameters of bone tissue is the Hounsfield unit (HU), a 
relative quantitative measurement of radio density [3]. 
Misch [4] uses this scale as a basis for a dental bone 
density classification.

Because of the high ionizing radiation dose and high 
financial costs associated with multidetector computed 
tomography (MDCT), a safer and less expensive cone 
beam computed tomography (CBCT) was developed. 
However, this technology has some limitations, the most 
significant of which is the presence of specific artifacts 
and poor accuracy in determining the radiographic density 
[5–7]. Radiographic density in CBCT is defined as a 
relative mean gray value (GV) compared with Hounsfield 
units (HUs), which are stable radiographic density units 
used in MDCT. This makes it impossible to adequately 
identify individual anatomical and density characteristics 
of the patient’s bone structures, which are necessary 
for planning dental implantation. These limitations are 
determined by tissue X-ray absorption patterns, scanning 
parameters, and the CBCT reconstruction algorithm [8]. 
As a result, a universal calibration method is required to 
reduce CBCT errors, improve bone density measurement 
accuracy, and lower the risk of intraoperative and 
postoperative complications.

Radiopaque templates should be developed to complete 
this task. It is possible to use potassium hydrogen phosphate, 
which has X-ray absorption properties similar to calcium 
hydroxyapatite, the main mineral complex of normal bone. 
Previously, the use of potassium hydrogen phosphate to 
simulate phantom bone mineral density (BMD) was justified 
[9]. This approach enables the simulation of a wide range 
of BMD values in bone samples using a scan process as 
close as possible, using identical examination modes and 
simulating X-ray absorption by the patient’s tissues. This 
approach is used in quantitative CT [9].

Our experimental study aims to evaluate the effectiveness 
of BMD radiopaque templates and cross-calibration 
algorithms for a more accurate assessment of densitometric 

parameters of six computer tomographs (four CBCTs [CBCT 1, 
CBCT 2, CBCT 3, and CBCT 4] and two MDCTs [MDCT 1 and 
MDCT 2]), with abbreviations followed by serial numbers of 
test scanners).

The study aims to develop a set of radiopaque templates 
with a given radiographic density using potassium hydrogen 
phosphate and β-tricalcium phosphate and evaluate 
the results of scanning templates using various CBCTs 
and MDCTs to develop a cross-calibration algorithm for 
assessing mineral density of the jawbone using the Misch 
classification.

MATERIALS AND METHODS
General characteristics of a mineral density 
template

A specific mass concentration of potassium hydrogen 
phosphate was used for manufacturing the model BMD 
sample. Due to its high solubility, the exact concentration 
range to simulate the spongy substance and the low-density 
cortical layer (50–550 mg/mL) can be determined. The high-
density cortical layer was modeled using a suspension of 
water-insoluble β-tricalcium phosphate, equivalent to bone 
hydroxyapatite. Concentrations were adjusted to obtain 
substances from all bone density classes (D1–D5) according 
to the Misch classification (Table 1) [4].

The calibration template consisted of two sets of 0.25-
mL plastic tubes positioned around 50-mL tubes (Figure 1). 
Calibration tubes included (a) distilled water, (b–f) 50–550-
mg/mL potassium hydrogen phosphate solutions, (g) 846-
mg/mL β-tricalcium phosphate solution with a potassium 
hydrogen phosphate equivalent content of 1,500 mg/mL 
(see Table 1). Three 50-mL tubes with fixed templates were 
filled with 65.97- and 58.64-mg/mL potassium hydrogen 
phosphate solutions and water. These tubes were not used 
for calibration (see Figure 1).

A crystalline hydrate of potassium hydrogen phosphate 
with a content of the primary substance K2HPO4 × 3H2O >99% 
according to GOST 2493-75 (Pan Reac Applichem ITV 
Reagents) was used to prepare a solution of this substance. 
β-tricalcium phosphate was also used, with a Ca3 × (PO4)2 
content of >98% (Sigma-Aldrich). OHAUS Pioneer analytical 
balances with accuracy class according to GOST OIML R 
76-1-2011 I (special) were used for weighing. Potassium 
hydrogen phosphate samples were dissolved in degassed 
distilled water in a volumetric flask (49.89 mL; relative error 
for volume 0.06%).

CBCT: cone beam computed tomography
CT: computed tomography

BMD: bone mineral density
MDCT: multidetector computed tomography

Abbreviations
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Characteristics of the study
The templates were scanned using standard clinical 

maxillofacial imaging modes. Scanner characteristics and 
examination modes are summarized in Table 2. Results 
were analyzed for four CBCTs from three manufacturers (see 

Table 2, lines 1–4), two MDCTs from two manufacturers (see 
Table 2, lines 5–7), and two modes for one MDCT (line 5: 
normal [120 kV, 200 mA] and low dose [80 kV, 10 mA]). Two 
sets of BMD templates with identical potassium hydrogen 
phosphate dilutions (one with an added high-density sample 

Fig. 1. General sequence of the study steps: (a) original tubes with a radiopaque substance (radiopaque mineral density templates) in 
air; (b) original tubes with radiopaque substance in water; (c) example of fixing and examining templates using a cone-beam computed 
tomography scanner; (d) MIP reconstruction using multidetector computed tomography scanner; (e) example of viewing and processing 
original tube sections in DICOM format (Radiant) and evaluating their characteristics using the tested multidetector computed tomography 
scanner 3 (see Table 2, line 7).

a

d

b

e

c
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Table 1. Characteristics of the created bone mineral density template compared with Carl E. Misch’s classification

Tube number in the 
template (0.25 mL)

Values obtained in the study Misch scale

Specified BMD 
concentration (mg/mL)

Actual BMD 
concentration

Measured HU for MDCT 
1 (line 5, Table 2) Bone type HU

1 0 0 1.5 — —

2 50 49.96 78 D5 <150

3 100 99.98 161 D4 150–350

4 175 174.99 281 D4 150–350

5 350 349.99 540 D3 350–850

6 550 549.98 816a D2 850–1,250

7 1,500 1,506 2,165 D1 >1,250

Note. BMD, bone mineral density; MDCT, tested multidetector computed tomography scanner 1.
aSample below the appropriate Misch density range.
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of β-tricalcium phosphate) were fixed around 25-mm tubes 
(see Figure 1a and 1d), which were then placed in an 85-
mm cylinder filled with distilled water (see Figure 1b and 
1e), which was established in a scanner (see Figure 1c). 
The water environment is necessary to simulate the effect 
of beam hardening [10], making phantom study conditions 
closer to clinical settings.

Results
The results of a CT study of “in water” and “in air” patterns 

are expected to be compared to assess the influence of 
absorbing properties of the liquid medium, the oral cavity. 
Images were obtained in DICOM format (see Figures 1e and 2).

Statistical analysis
Mean values and standard deviations were calculated 

for BMD samples in templates. Radiographic density 
values were averaged for BMD samples of corresponding 

templates. The obtained data were processed in Excel 
and Statistica 10, and HU (for MDCT), GV (for CBCT), and 
BMD parameters were compared. Linear and quadratic 
lines of approximation were used. The MDCT mode of 
120 kV and 200 mA was used as the internal standard for 
cross-calibration (see Table 1, column 4; Table 2, line 5). 
Considering the small sample size and heterogeneous 
conditions, nonparametric statistics (Mann–Whitney U test) 
were used to compare groups.

RESULTS
Radiographic density measurements of BMD templates 

are presented in HUs for MDCT and GVs for CBCT in Figures 1 
and 2. There is a significant scatter for measured values, 
although for individual scanners, the measured radiographic 
density of water (negative GV values are reported for CBCT 2 
and CBCT 4). Figure 2 compares the phantom obtained for 

DOI: https://doi.org/10.17816/DD501771
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Table 2. Scanner types and scanning modes evaluated in the study

No. Scanner (company and country of origin); abbreviation used Tube voltage (kV) Tube current (mA)

1 Orthopantomograph OP 3D (Kavo, USA); CBCT 1 95 4

2 HDX WILL (HDX Will Corp., Korea); CBCT 2 85 8

3 Orthopantomograph OP300 (Kavo, USA); CBCT 3 90 3, 2

4 Vatech PaX-Uni3D (Vatech Global, South Korea); CBCT 4 90 5

5 GE Discovery NM/CT 670 (GE Healthcare, USA); MDCT 1a 120 200

6 GE Discovery LOW/CT 670 (GE Healthcare, USA); MDCT 2 80 10

7 Siemens Somatom Perspective (Siemens, USA); MDCT 3 110 23

Note. MDCT 1, tested multidetector computed tomography scanner 1.
aMDCT 1 (line 5) is used as the standard for cross-calibration in further study steps.

Fig. 2. Radiopaque phantom with bone mineral density templates using the same visualization parameters of the “window” (window 
level 100/window width 1,500 for bone tissue) for (a) tested multidetector computed tomography scanner 3 and (b) cone-beam computed 
tomography scanner 2: different contrast intensity is visible, measured values of water density: 0.85 HU for multidetector scanner and 
360 GV for cone beam scanner.

a b
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MDCT using the same “window” visualization parameters for 
bone tissue (window level 100/window width). MDCT 3 (a) 
and CBCT 2 (b) have different contrasts. The measured values 
of the radiographic density of water are −0.85 HUs for MDCT 
and −360 GVs for CBCT.

Slopes and shapes of radiographic density to BMD curves 
differ significantly (Figure 3).

Cross-calibration was proposed to unify the measurements 
performed, which is to determine formulas for recalculating 
each specific measurement for different scanners using a 
universal internal standard, that is, MDCT 1 (120 kV, 200 mA; 
see Table 2, line 5). For this purpose, dependences were 
initially constructed in reverse coordinates (Figure 4).

Figure 4 shows BMD dependences on HU or GV, inverse 
coordinates to Figure 3. Approximation lines were created 
using Excel, including linear lines for CBCT 1 and 3 and 
MDCT 1–3 and quadratic for CBCT 2 and 4 (the corresponding 
formulas are shown in Figure 4). The decision to apply the 
approximation law was based on a visual analysis of the 
dependence pattern. For CBCT 1, the dependence was 
divided into two ranges, and its dependent patterns were 
determined. This is related to artifacts identified during 
image analysis.

The resulting dependency formulas (see Figure 4) enable 
us to calculate cross-calibration formulas after simple 
transformations related to the “standard” MDCT mode of 
120 kV and 200 mA (see Table 2, line 5). These formulas 
are presented in Table 3 (column 2). These formulas should 
be used according to the following algorithm: measured 

values of radiographic density of bone samples or templates, 
expressed in HU for MDCT and GV for CBCT, are substituted 
as a factor (x) on the right side of formulas; in this case, the 
calculated value (y) corresponds to the radiographic density 
of a given sample, expressed in HU, if scanned in MDCT 1 
mode. These densities can be assessed using the Misch scale 
(see Table 1) to determine the appropriate type of bone tissue 
D1–5.

All radiographic densities for the corresponding scanning 
modes were recalculated using this cross-calibration 
algorithm. These data are presented in Figure 5. Compared 
with Figure 3, good data consistency is reported.

DISCUSSION
During the study, CT scanners revealed varying 

densitometric parameters for the same BMD values (see 
Figure 3). Radiographic densities of MDCT scanners for water 
were closest to 0, expressed in HUs: MDCT 1 (1.5), MDCT 2 
(−9), and MSKT 3 (14). CBCT has more significant scatters 
than GVs: CBCT 1 (210), CBCT 2 (−305), CBCT 3 (171), and 
CBCT 4 (−400). The most reliable radiographic density of 
distilled water was achieved with MDCT 1 with a scanning 
mode of 120 kV and 200 mA, selected as an internal standard 
for cross-calibration. The subsequent dependency pattern in 
Figure 3 was also heterogeneous regarding curve slope and 
shapes (significant nonlinearity was reported for CBCT 2 
and 3). Rearranging the results in reverse coordinates using 
approximation lines (see Figure 4) enabled us to determine 

Fig. 3. Dependence of measured radiographic densities (HU for MDCT and GV for CBCT) on preset bone mineral densities before cross-
calibration: there is a significant scatter of HU values when using different modes and MDCT scanners and GV values when using other 
CBCT scanners. CBCT, cone beam computed tomography scanner; MDCT, multidetector computed tomography scanner.
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algorithms for cross-calibration relative to MDCT 1 mode of 
120 kV and 200 mA (see Table 2, line 5). These formulas 
are provided in Table 3. After cross-calibration, recalculated 
data showed good comparability with MDCT 1. The median 
difference between measured values and MDCT 1 value 
before cross-calibration was 160 relative units (HU and GV), 
and after recalculation, it was decreased by 10 times to 16 
relative units (p = 0.000). Despite the cross-calibration, the 
average difference for CBCT was significantly higher (30 
relative units) than for MDCT (eight relative units; p = 0.024). 
Values were compared using a Mann–Whitney U test. 
Moreover, the average relative difference in density units 
between the two templates was 17.69% for CBCT and 4.7% 
for MDCT.

Due to a significant scatter in relative differences 
between two templates with different spatial locations 
(see Figure 2) and a larger scatter relative to the average 
values of the standard mode of 120 kV and 200 mA after 
cross-calibration in CBCT, synchronous templates are 
required, that is, templates located in the oral cavity near 
the proposed implantation zone of the patient examined. An 
asynchronous technique effectively used in quantitative CT 
may be ineffective in CBCT due to several artifacts that cause 
signal heterogeneity [11]. Calibration is required for specific 
equipment, modes, and patients.

At present, relative units HU are used in the radiological 
classification by Misch (see Table 1, columns 5 and 6), 
which is the main stage of planning dental implantation 
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Fig. 4. Inverse dependencies compared with Figure 2: Mineral density versus radiographic density in GV and HU. The resulting lines of 
approximation were used to determine formulas for cross-calibration.
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Table 3. Formulas for cross-calibration for each tested scanner

Abbreviated name of scanners (as in Table 1) Formulas for cross-calibration relative to MDCT 1

CBCT 1 (0–350 mg/mL)
CBCT 1_1 (350–1,506 mg/mL)

y = 0.819 × (x) − 164
y = 1.31 × (x) − 164

CBCT 2 y = 4.4 × 10−5 × (x)2 + 0.771 × (x) + 234

CBCT 3 y = 1.04 × (x) − 188

CBCT 4 y = 1.04 × (x)2 + 0.335 × (x) + 120

MDCT 2 y = 0.748 × (x) − 9.14

MDCT 3 y = 0.937 × (x) − 51.5

Note. In formulas, x means the measured values of HU or GV using the corresponding CT scanner; y represents the calculated value for cross-
calibration relative to CT 1 (i.e., bone tissue density in HU when using CT 1 from Table 1). CBCT 1–4 mean serial numbers of the tested cone-beam 
computed tomography scanners; MDCT 2 and 3 mean serial numbers of the tested multidetector computed tomography.
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and selecting a subsequent surgery protocol. In this 
experimental study, conditions were simulated when the 
densities of the radiopaque template correspond to the 
main types of bone tissue, according to Misch (see Table 1), 
which are D1–5. After cross-calibration, it was shown that 
it is possible to reliably estimate the HU of various MDCT 
modes and CBCT methods. This method is inexpensive and 
easy to use.

A radiopaque template saturated with potassium 
hydrogen phosphate has long been used in dosimetry as 
a cortical bone equivalent material [12]. This material was 
previously used for reference radiopaque phantoms in 
various dilutions [11, 13]. Moreover, composite materials 
based on water-insoluble hydroxyapatite or tricalcium 
phosphate can be considered radiopaque. As in bone tissue, 
the radiographic density of potassium hydrogen phosphate 
and tricalcium phosphate changes in concordance with 
radiographic energy changes [14, 15]. In this experimental 
study, several voltages were used. We selected scanning 
modes recommended by manufacturers ranging from 80 to 
120 kV, depending on the type of equipment. Densitometric 
parameters of water correspond to 0 on the HU scale, which 
is set when calibrating MDCT [1]. MDCT scanners were the 
most similar to this value parameter.

Phantoms (radioopaque templates) based on potassium 
hydrogen phosphate were previously used to develop unified 
measurements and further classify calcifications of vessel 
walls and bone tissue [16, 17]. Lower accuracy was reported 
for scanners with low voltage and spatial resolution [18]. 
Errors in measuring BMD were associated with CT scanner 
voltage, the reconstruction algorithm used, characteristic 

scattering artifacts, and a lack of photons at detectors; the 
radiation power (mA) has a lesser effect [11]. All CT scans 
of radiopaque templates were performed in the water-
immersed state, with dimensions comparable to the sizes 
of the oral cavity and surrounding soft tissues, making the 
model conditions closer to scanning real patients [19].

Our quantitative study using radiopaque templates yielded 
more comprehensive results than previous studies that 
assessed one type of CT scanner and one type of radiopaque 
template [20–23]. Because we used original templates with 
seven specified BMD values and compared six scanners, our 
study is more unique and evidential. Our study found that 
using radiopaque templates standardizes and compensates 
for shortcomings in densitometric classification using 
CBCT, significantly affecting planning and performing dental 
procedures [24, 25].

In the future, synchronous radiopaque templates will be 
used for various types of maxillofacial surgeries, including 
dental implantation. Using radiopaque templates for planning 
dental implantation will allow for the development a highly 
personalized surgery protocol [26–30]. A similar pattern 
of bone density dependences is observed when comparing 
CBCT and MDCT; however, individual measurements differ 
significantly [26]. Our cross-calibration algorithm significantly 
reduces these differences.

In addition to errors in determining BMD using CBCT, 
geometric distortions should be assessed [31–34]. Medelnik 
et al. [35] evaluated the reproducibility of anatomical 
landmarks and the accuracy of various CBCT and MDCT. 
Elshenawy et al. [36] reported that an increased area of 
interest parallel to voxel size may reduce the accuracy of 

Fig. 5. Dependence of the recalculated radiographic densities (HU for MDCT and GV for CBCT) on preset bone mineral densities after cross-
calibration. Good agreement is noted between the adjusted data. Cross-calibration was performed relative to the MDCT 1 scanner with 
120 kV, 200-mA mode. CBCT, cone beam computed tomography scanner; MDCT 1, tested multidetector computed tomography scanner 1.
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linear CBCT measurements, particularly when assessing small 
distances. The authors stressed the need to appropriately 
evaluate object density in addition to determining geometric 
distortions.

CONCLUSION
When four CBCTs and two MDCTs are used to assess 

the same bone mineral density samples, the created 
radiopaque template shows a large scatter of radiographic 
densities. According to Misch, cross-calibration standardizes 
densitometric parameters for CBCT and various MDCT modes 
while reducing scatter by 10 times, allowing bone tissue to 
be classified. The most promising strategy is to use individual 
synchronous templates located directly near the area of the 
proposed dental intervention.
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АННОТАЦИЯ 
Унифицированная терминология ― необходимое условие успешной междисциплинарной коммуникации в онкологии. 
Многообразие анатомических, патоморфологических и клинических терминов, используемых при раке прямой кишки, 
нередко сопровождается неоднозначной их трактовкой как в отечественной, так и зарубежной научной литературе. 
Это не только усложняет взаимодействие между специалистами, но и затрудняет сравнение результатов лечения рака 
прямой кишки, полученных в разных лечебных учреждениях. 
На основе анализа современной отечественной и международной научно-методической литературы по раку прямой 
кишки были отобраны ключевые термины, используемые при диагностике и планировании лечения злокачественного 
новообразования, с последующим двукратным онлайн-обсуждением их трактовок экспертами Российского общества 
рентгенологов и радиологов, Ассоциации онкологов России и Российской ассоциации терапевтических радиационных 
онкологов до достижения консенсуса (≥80%) экспертов по всем пунктам. Термины, по которым консенсус не был до-
стигнут, не включены в итоговый список. 
В результате работы составлен список анатомических, патоморфологических и клинических терминов, используемых 
при диагностике, стадировании и планировании лечения рака прямой кишки, и на основе консенсуса экспертов 
определена их трактовка.
Предложен словарь терминов, рекомендуемых при описании и формулировке заключения диагностических иссле-
дований у пациентов с раком прямой кишки.

Ключевые слова: рак прямой кишки; стадирование; неоадъювантное лечение; хирургическое лечение; магнитно-
резонансная томография; МРТ; лучевая диагностика.
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ABSTRACT
Unified terminology is a necessary condition for successful interdisciplinary communication within the field of oncology. The 
variety of anatomical, pathomorphological, and clinical terms used in rectal cancer is often accompanied by their ambiguous 
interpretation both in domestic and foreign scientific literature. This not only complicates the interaction between specialists, 
but also complicates the comparison of the results of rectal cancer treatment obtained in different medical institutions.
Based on the analysis of recent domestic and international scientific and methodological literature on rectal cancer, the key 
terms used in the diagnosis and treatment planning of rectal cancer were selected, followed by a two-time online discussion of 
their interpretations by experts from the Russian Society of Radiologists and Therapeutic Radiation Oncologists, the Association 
of Oncologists of Russia, and the Russian Association of Therapeutic Radiation Oncologists until reaching consensus (≥80%) of 
experts on all items. Terms that fail to attain consensus were excluded in the final list.
A list of anatomical, pathomorphological, and clinical terms used in the diagnosis, staging, and treatment planning of rectal 
cancer has been compiled and, based on expert consensus, their interpretation has been determined.
A lexicon recommended in the description and formulation of the conclusion of diagnostic studies in patients with rectal cancer 
is proposed.

Keywords: rectal cancer; staging; neoadjuvant treatment; surgical treatment; magnetic resonance imaging; radiology.
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简评 

统一术语是肿瘤学跨学科交流取得成功的必要条件。直肠癌的解剖学、病理形态学和临床术

语多种多样，国内外科学文献对这些术语的解释往往模棱两可。这不仅使专科医生之间的交

流变得复杂，而且难以比较不同医疗机构的直肠癌治疗效果。 

根据对国内外关于直肠癌的现代科学和方法学文献的分析，选出了恶性肿瘤诊断和治疗计划

中使用的关键术语，然后由俄罗斯放射科医师协会（Russian Society of Radiology，RSR）、 

俄罗斯肿瘤科医生协会（Associations of Oncologists of Russia，AOR）和俄罗斯医疗放射

肿瘤科医生协会（Russian Association of Therapeutic Radiation Oncologists，RATRO）的

专家对这些术语的解释进行了两次在线讨论，直到专家们就所有项目达成共识（≥80%）。 

未达成共识的术语没有被纳入最终清单。 

这项研究产生了一份用于直肠癌诊断、分期和治疗计划的解剖学、病理形态学和临床术语清

单，并通过专家共识确定了这些术语的释义。

建议一份术语表，用于描述和制定直肠癌患者诊断检查的结论。

关键词：直肠癌；分期；肿瘤辅助治疗；手术治疗；磁共振成像；MRI；放射诊断。
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INTRODUCTION
Uniform terminology in describing radiological 

examinations and formulating conclusions for patients 
with rectal cancer is crucial for ensuring adequate 
understanding among the treating physician and all 
members of the multidisciplinary medical team. Currently, 
magnetic resonance imaging (MRI) plays a crucial role in 
staging, supplemented by transrectal ultrasound in the early 
stages of rectal cancer. Staging involves assessing various 
anatomical and pathological factors that influence rectal 
cancer treatment planning. It is essential for all specialists 
to be aware of relevant terms and their clear interpretation 
for effective communication for the benefit of patients and 
comparison of rectal cancer treatment outcomes across 
different healthcare institutions.

CONSENSUS GUIDELINES 
ON TERMINOLOGY AND INTERPRETATION 
OF RECTAL CANCER IMAGING RESULTS
Procedure for a working group to create national 
recommendations on a unified terminology 
for rectal cancer diagnostics

To accomplish this goal, a working group (WG) comprising 
experts from the Russian Society of Radiologists and 
Radiologists (RORR) was established. The group represented 
10 leading healthcare institutions in the Russian Federation 
providing specialized care to patients with rectal cancer. 
Additionally, experts from the Association of Oncologists 
of Russia (AOR) and the Russian Association of Therapeutic 
Radiation Oncologists (RATRO) were involved in developing 
the current clinical guidelines for rectal cancer. The group 
included 15 diagnostic radiology specialists, 3 surgical 
oncologists, and a radiology oncologist.

Three WG members, who are authors of this paper 
(BTP, MAV, and GPJ) searched the PubMed, Medline, and 
eLibrary databases for literature about staging, prevalence 
assessment, treatment planning in rectal cancer, and 
evaluation of effectiveness of neoadjuvant therapy from 

AOR — Association of Oncologists of Russia
ICD-10 — International Statistical Classification of 
Diseases and Related Health Problems, Tenth Revision
MRI — Magnetic resonance imaging
RATRO — Russian Association of Therapeutic Radiation 
Oncologists
RORR — Russian Society of Radiologists and Radiologists
T2-WI — T2-weighted image (image acquisition mode in 
magnetic resonance imaging)

CRM — Circumferential resection margin
AJCC-TNM8 — National Validation of the 8th American 
Joint Committee on Cancer Staging System
TNM — International classification of stages of malignant 
neoplasms (tumor, nodus, and metastasis)
TRG — Tumor regression grading

List of abbreviations

2007 to 2023, with extraction of the main terms and their 
interpretations. The list of terms was sent to all WG members 
for review, followed by two online discussions until an expert 
consensus (≥80%) was reached regarding the interpretation 
of each term. Terms that did not reach a consensus opinion 
(low-grade rectal cancer, early rectal cancer, and tumor 
regrowth) were excluded from this paper. The final version 
of the manuscript was sent to all WG members and received 
their approval.

A consensus list of recommended terms of staging, 
extent assessment, and treatment planning in rectal cancer 
and their definitions for use in medical diagnostic reports 
(primarily for MRI) is given below.

List of terms and their definitions agreed 
by expert consensus

Terms to assess prevalence and location 
of rectal cancer
Rectal cancer is a malignant tumor that develops from 

rectal epithelial cells, typically exhibiting adenocarcinoma 
structure and localized within 15 cm from the anus (ICD-
10 code: C20) [1]. Tumors with a lower pole located above 
this level are classified as malignant neoplasms of the 
rectosigmoid junction (ICD-10 code: C19). Tumors with the 
histological structure of squamous cell carcinoma, localized 
in the anal canal, are classified as malignant neoplasms of 
the anus and anal canal (ICD-10 code: C21). Squamous cell 
carcinoma of the anal canal can spread above the anorectal 
junction and involve the rectal ampulla, while rectal cancer 
with the structure of adenocarcinoma can spread into the 
anal canal or have a predominant localization there. In 
such cases, the histological type of malignant neoplasms 
determines not only the approach to TNM classification 
(rectal cancer/anal cancer) but also the choice of treatment 
method.

Some anatomical structures of the pelvis, rectum, and 
anal canal play an important role in the primary staging 
of rectal cancer. Awareness of these structures and the 
ability to recognize them on images is critical for accurate 
characterization of the primary tumor [2–5].
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Surgical anal canal: For transrectal ultrasound and 
MRI, the lower border of the anal canal is considered to 
be the distal edge of the internal sphincter. For transrectal 
ultrasound, the upper border of the internal sphincter is 
considered to be the upper border. For MRI, the anorectal 
junction is considered.

The anal margin refers to the anocutaneous line, the 
junction of the anoderm with the perianal skin, corresponding 
to the distal edge of the internal sphincter of the anal canal/
intersphincteric groove on sagittal MRI (Fig. 1). From this 
level, the distance to the lower edge of the tumor is measured 
on sagittal T2-weighted images along the center of the lumen 
of the anal canal and rectum [6].

The anorectal junction is the connection between the 
anal canal and the rectum, corresponding to the upper edge 
of the puborectalis muscle, clearly defined on T2-WI in the 
coronal plane, or the anorectal angle, defined on T2-WI in 
the sagittal plane (Fig. 1). The distance from the anorectal 
junction to the inferior margin of the tumor is important for 
surgery planning and should be indicated in the diagnostic 
report [6].

The dentate line is the upper limit of the anatomical anal 
canal, which is shorter than the surgical one. The location of 
the dentate line approximately corresponds to the middle of 
the internal sphincter. It is not visualized by MRI.

The anal sphincter complex includes the internal 
and external anal sphincters and the puborectalis muscle 
(Fig. 1).

The internal anal sphincter is a continuation of the 
internal circular muscle layer of the rectum, comprising 
smooth muscle tissue. On MRI, it is determined by a significant 
thickening of the intrinsic muscle layer of the wall at the 
level of the anal canal (Fig. 1). The signal from the internal 
sphincter on T2-weighted images is slightly higher than that 
of the external sphincter, and with contrast enhancement, it 
appears more intense.

The external anal sphincter is a striated muscle, which 
is a continuation of the puborectal muscle, divided into three 
layers, such as the subcutaneous circular layer, superficial 
ellipsoidal layer, connected to the coccyx, and deep layer, 
closely connected with the puborectalis muscle (Fig. 1).

The intersphincteric space is a connective-cellular tissue 
space that separates internal and external anal sphincters 
and is characterized by a high signal on T2-WI (Fig. 1).

Mesorectal fascia is a thin fascial sheath that limits the 
rectum and the surrounding fatty tissue. On T2-WI, it appears 
as a hypointense circular line (Fig. 1). In men, the mesorectal 
fascia in front merges with the Denonvilliers’ fascia, while in 
women, it merges with the rectovaginal fascia (septum). At 
the back, it connects with the presacral fascia; it completely 
surrounds the rectum only to the level of the transitional 
fold of the peritoneum with its lateral and posterior parts 
above and only the posterior rectum at the level of the upper 
ampullary. Caudally, the mesorectal fascia passes into the 
intersphincteric space.

The muscular layer of the rectum consists of an inner 
circular and outer longitudinal layer, which are defined as a 
single hypointense layer on T2-weighted MRI images, limited 
internally by a hyperintense submucosal layer and externally 
by hyperintense mesorectal tissue (Fig. 1).

The elevator muscle of the anus (m. levator ani) is 
a muscle complex (Fig. 1), consisting of the puborectalis, 
pubococcygeus, iliococcygeus, and anal-coccygeal fibrous 
muscles and anococcygeal ligament. Tumors infiltrating the 
elevator muscle of anus are classified as T4b.

The transitional fold of peritoneum is formed at the 
point of transition of the peritoneum from the pelvic organs 
to the rectal wall, with the lower point of attachment along 
the anterior wall of the intestine and obliquely going up the 
side walls. It separates the peritonized and non-peritonized 
parts of the rectum. On T2-WI, it appears as a hypointense 
line, displaying a V-shape in the axial plane, and passes from 

Fig. 1. MRI anatomy of the rectum on T2-WI. (a) Sagittal plane: anal edge (intersphincteric groove; dotted line); anorectal junction (angle) at 
the level of the upper border of the internal sphincter of the anal canal (white arrows); transitional fold of the peritoneum at the lower point 
of attachment of the pelvic visceral peritoneum to the rectal wall (asterisk); peritonealized part of the rectum (black arrows). (b) Coronal 
plane: 1, internal sphincter of the anal canal; 2, intersphincteric space; 3, deep portion of the external sphincter; 4, superficial portion of 
the external sphincter; 5, subcutaneous portion of the external sphincter; 6, puborectalis muscle; 7, elevator muscle of anus (levator ani). 
(c) Axial plane: 1, intestinal lumen; 2, mucous membrane; 3, submucosal layer; 4, muscle layer; 5, mesorectal tissue; 6, mesorectal fascia.
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the apex of the seminal vesicles (in men) or from the body of 
the uterus (in women) in the sagittal plane (Fig. 1). Lymphatic 
drainage from tumors located above the transitional fold of 
the peritoneum mainly occurs through the upper rectal and 
lower mesenteric lymph nodes. Tumors below the transitional 
fold of the peritoneum can drain through the internal iliac and 
obturator lymph nodes. When describing MRI findings, it is 
recommended to indicate the position of the tumor relative 
to the transitional fold of the peritoneum (completely below/
crosses/completely above) [6].

The presacral space is a fibrous space delimited in front 
by the presacral fascia (the posterior part of the parietal layer 
of the fascia of the pelvis). It contains presacral veins and 
plexuses.

The rectal mucosa is the innermost, thin layer of the 
rectal wall. When visualized, it has a hypointense signal on 
T2-weighted images due to the lamina propria (Fig. 1).

Terms related to primary staging of rectal cancer
For primary staging of rectal cancer, MRI is the preferred 

diagnostic method. For the initial stages of rectal cancer, 
transrectal ultrasound is recommended [1, 3, 7–9]. Currently, 
staging is carried out according to the TNM classification of 
the Union for International Cancer Control (UICC; 8th ed., 
2017) [10].

Below are some terms that, along with the “T” category, 
are important for characterizing the primary tumor [2, 4, 5].

The depth of extramural invasion is the maximum 
distance from the outer edge of the muscular layer of the 
wall at the base of the extramural component of the primary 
tumor to its outer edge, as observed on high-resolution 

T2-WI oriented perpendicular to the intestinal wall at the 
level of the tumor (Fig. 2). The depth of extramural invasion 
is used to determine the substage of T3 tumors.

Category T according to the TNM system. Category T, 
established based on the examinations of a primary patient 
with rectal cancer, is called clinical and is denoted by the 
prefix “c” (cT). If radiological examination methods were used 
for staging, then the prefix “i” (iT) is used.

T1: Tumor has grown into the submucosa. Subclassification 
of T1 tumors according to Kikuchi [11]: T1sm1: depth of 
submucosa invasion up to 1/3; T1sm2: depth of submucosa 
invasion er up to 2/3; T1sm3: complete tumor invasion of the 
entire submucosal layer. Transrectal ultrasound is preferred 
to evaluate T1 tumors.

T2: Tumor has grown into the muscle layer. Transrectal 
ultrasound is reported to be more accurate in diagnosing T1/
T2 tumors (sensitivity 94%, specificity 86%) compared with 
MRI (sensitivity 94%, specificity 70%) but less accurate in 
determining lymph node status [12].

T3: Tumor has grown through the muscularis propria and 
into the subserosa or non-peritoneal peri-intestinal tissue 
(T3 tumors are divided into the following substages: T3a 
<1mm; T3b 1–5mm; T3c 5–15mm; T4d >15mm). To assess 
extramural tumor growth, it is recommended to use high-
resolution T2-WI perpendicular to the bowel wall at the level 
of the tumor.

T4: Tumor invades the serosa/peritoneum of the pelvis 
(T4a) or surrounding organs and tissues (T4b), including 
pelvic organs (uterus, ovaries, vagina, prostate, seminal 
vesicles, bladder, ureters, urethra, and bones), skeletal 
muscles (obturator, piriformis, elevator muscle of anus, 
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Fig. 2. Circular border (edge) of rectal resection during total mesorectumectomy. (a) Diagram showing extramural growth of the tumor 
(green line); mesorectal fascia (yellow line); circular border (edge) of resection (red line); distance from the tumor to the mesorectal fascia 
(double black arrow); distance from the tumor to the circular border (edge) of resection (double red arrow). (b) T2-weighted images in 
the coronal plane of the tumor of the lower ampullary part of the rectum with extramural vascular invasion and deposit at the level of 
axial T2-weighted images. (c) Upper axial section corresponds to the level of the deposit involving the mesorectal fascia (black arrows), 
extramesorectal lymph node (dotted arrow). The lower axial section corresponds to the level of extramural vascular invasion. The depth of 
extramural invasion (a double white arrow). The distance from the tumor to the elevator muscle of anus (a double black arrow).
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ischiococcygeus, puborectalis, and external anal sphincter), 
sciatic or sacral nerves, sacrospinous/sacrotuberous 
ligaments, any extramesorectal vessel, any loop of 
colon or small intestine outside the primary lesion, and 
extramesorectal fiber [13].

Staging of rectal cancer extending into the anal canal 
requires detailed assessment of the anal canal and sphincter 
complex using high-resolution T2-WI in the coronal plane 
parallel to the anal canal. The “cT” category is recommended 
to be determined primarily based on the extent of the tumor 
at the rectal level. Involvement of the external sphincter, 
puborectalis, and elevator muscle of anus should be classified 
as cT4b. Extension into the anal canal should be described 
separately, detailing the affected structures (internal 
sphincter, intersphincteric space, and/or pelvic floor). The 
report should additionally indicate whether the is positive (+) 
or negative (−) [13]. For tumors that have grown into the anal 
canal below the dentate line, the inguinal lymph nodes may 
be considered regional (as defined in AJCC-TNM8).

Locally advanced rectal cancer is a primary tumor that 
has grown beyond the muscular layer (T3/T4) and/or affects 
regional lymph nodes (N1/2) but has no signs of distant 
metastases (M0).

Circumferential resection margin (CRM) is a surgery 
and pathology term defined as the surface of surgical 
excision of the non-peritoneal part of the rectum, which 
should pass along the mesorectal fascia when performing a 
total mesorectumectomy.

The status of CRM is determined by histological 
examination of the surgically removed rectum specimens. 
It can be predicted based on MRI by the shortest distance 
between the extramural component of the tumor/deposit/
affected lymph node and the mesorectal fascia. Involvement 
of the CRM is indicated as CRM(+) if this distance is ≤1 
mm. For low-lying rectal cancer, the shortest distance is 
determined to the elevator muscle of anus. The distance 
from enlarged lymph nodes without signs of extracapsular 
spread (with smooth contours) is not considered and should 
be regarded as CRM(−) [13].

Extramural vascular/venous invasion in histological 
examination represents intravascular growth of the tumor 

beyond the rectal wall, serving as a predictor of poor 
prognosis, lymphatic and distant metastases, and tumor 
recurrence [14–17]. On T2-WI, extramural vascular/venous 
invasion is characterized by the spread of a tumor signal 
into the vascular structures of the mesorectal tissue [6, 18, 
19], which can be combined with the increased diameter of 
the affected vessel or with the tumor extending beyond its 
walls with the formation of a node, beaded, or worm-like 
structure. It is important to note that the MRI assessment 
of extramural venous invasion in vessels less than 3 mm in 
diameter is unreliable. When determining the category “T” (T3 
and T4 tumors) in cases of fusion of the primary tumor and 
an extramural venous invasion lesion, their total size should 
be considered.

Tumor adhesion is considered in imaging when it is 
challenging to clearly trace the fatty tissue between the 
tumor and the neighboring organ. In this situation, there is 
no MR signal from the tumor tissue within the structure of 
the adjacent neighboring organ. This option is recommended 
to be regarded as “possible invasion” [20]. According to 
the AJCC-TNM8, it should be classified as “mrT4b,” with 
subsequent clarification of the stage after surgery. If 
microscopic examination does not reveal tumor elements at 
the adhesion site, then such a case is classified as “pT1-3,” 
depending on the depth of invasion.

Terms related to describing colorectal cancer
The description of a tumor does not affect staging, but 

it is important for characterizing the tumor. Here are terms 
used to describe tumors.

Desmoplastic reaction is a fibrous reaction of the tumor 
stroma that occurs at the border with normal tissue in the 
form of connective tissue spicules without tumor cells. It can 
be observed both in the primary tumor, making it difficult 
to differentiate T2 and T3a-b tumors on MRI and after 
neoadjuvant chemoradiotherapy.

Mucinous cancer is a prognostically unfavorable 
histological variant of rectal cancer with tumor content of 
extracellular mucin >50% of the tumor volume. On MRI, 
mucin accumulations have a hyperintense signal on T2-WI 
(Fig. 3).
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Fig. 3. Variants of tumor image on T2-WI. (a) Polypoid/exophytic tumor (arrow). (b) Semicircular tumor (T), extramural vascular invasion 
(arrows). (c) Mucinous tumor (arrows).
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The tumor lesion is usually represented by ulceration/
erosion in the center of the tumor, where the maximum depth 
of tumor invasion is determined.

Polypoid tumor is a tumor with an exophytic type of 
growth (Fig. 3). It may have a pedicle with clearly visible 
feeding vessels. The location of such a tumor can be indicated 
using a conventional dial (12 o’clock for the center of the 
anterior wall, 6 o’clock for the center of the posterior wall, 
3 o’clock for the center of the left wall, and 9 o’clock for the 
center of the right wall).

A semicircular tumor occupies only part of the 
circumference of the rectum.

Circular/subcircular tumor spreads over the entire or 
almost entire circumference of the rectal lumen (Fig. 3).

Terms related to localization, staging, and criteria 
for lymph node involvement in rectal cancer
Lymph node assessment is an important aspect of 

rectal cancer staging, although it is less precise than for 
T category [21]. According to a meta-analysis [22], the 
sensitivity and specificity of MRI in the assessment of lymph 
node involvement are 73% (95% CI 68–77) and 74% (95% CI 
68–80), respectively. Computed tomography and transrectal 
ultrasound demonstrate diagnostic effectiveness comparable 
with MRI [23].

Not all lymph nodes located in the pelvis are regional 
for rectal cancer and are classified as “N.” When assessing 
pelvic lymph nodes as regional, it is important to consider 
their location (Fig. 4) and, if possible, indicate it in the 
examination report. Here are terms related to location, 
staging, and criteria for lymph node involvement.

Category “N” according to the TNM system: N0: absence 
of abnormal locoregional lymph nodes; N1: 1 to 3 abnormal 
regional lymph nodes (N1a: 1 lymph node; N1b: 2-3 lymph 
nodes; N1c: tumor deposit); N2: >3 abnormal regional lymph 
nodes (N2a: 4 to 6 lymph nodes; N2b: ≥7 lymph nodes). When 
describing, it is acceptable to use “N(+)” in the presence of 
abnormal regional lymph nodes, regardless of their number, 
and “N(−)” in the absence of abnormal regional lymph nodes.

Regional lymph nodes (N). According to the latest AJCC-
TNM8, regional lymph nodes include mesorectal/pararectal, 
superior rectal, inferior mesenteric, and internal iliac lymph 
nodes, without specific mention of the obturator lymph nodes. 
However, the obturator lymph nodes are usually classified 
as regional lymph nodes [21]. All other pelvic lymph nodes, 
including inguinal, external iliac, common iliac, and para-
aortic lymph nodes, are not regional in rectal cancer and 
should be regarded as distant metastases (M).

Mesorectal lymph nodes are located in the mesorectum 
and are regional ones.

The lower mesenteric and upper rectal lymph nodes 
are classified as regional and are removed during a total 
mesorectumectomy. It is recommended to mark the most 
suspicious upper lymph node of these chains, as it may change 
the site of vessel ligation during total mesorectumectomy.

Morphological criteria for involvement of mesorectal, 
superior rectal, and inferior mesenteric lymph nodes 
include (a) uneven boarders, (b) heterogeneous structure, and 
(c) rounded shape. Suspicious lymph nodes are (a) <5 mm in 
size if three morphological criteria are met; (b) 5 to 9 mm in 
size if two criteria are met; and (c) >9 mm in all cases. After 
neoadjuvant chemoradiotherapy, all lymph nodes larger than 
5 mm should be considered suspicious [8].

A deposit is defined in pathology as a single tumor nodule 
in the mesorectal tissue without evidence of identifiable lymph 
node tissue or vascular/nervous structures. It is designated 
as “N1c,” regardless of the number of deposits. The number 
of tumor deposits is not added to the number of positive 
lymph nodes [24]. To date, there is insufficient evidence 
regarding MRI’s ability to reliably differentiate between 
lymph nodes and tumor deposits [13]. Deposits may form 
due to intermittent tumor spread, lymphatic spread, venous 
or perineural invasion, or complete lymph node replacement 
[25]. On MRI, distinguishing between positive lymph nodes 
with extracapsular extension, extranodal tumor deposits, 
and intermittent extramural vascular invasion is challenging. 
Available evidence suggests that all these conditions have a 
worse prognosis than lymph node involvement [26]. Tumor 
deposits in the mesorectum or along the large rectal vessels, 
combined with signs of extramural vascular/venous invasion, 
are regarded as “N1c,” EMVI(+). Deposits without signs of 
extramural vascular/venous invasion are regarded as “N1c,” 
EMVI(−).

The lateral pelvic lymph nodes, situated at the side 
pelvic walls, are lymph nodes external to the mesorectal 
fascia, including the external, internal iliac, and obturator 
lymph nodes. When describing them, it is better, whenever 
possible, to indicate a more specific location. During primary 
staging, it is recommended to consider regional lateral pelvic 
lymph nodes (internal iliac and obturator) with a short axis 
(≥7 mm) as suspicious [12, 27]. Morphological criteria for 
lateral pelvic lymph nodes are not recommended [13].

The internal iliac lymph nodes are regional and, in the 
case of rectal cancer, are included in the scope of dissection 
of the lateral pelvic lymph nodes. They are located along the 
internal iliac vessels. At the level of the obturator muscle, 
they are localized medially to the internal iliac artery; lymph 
nodes lateral to the internal iliac artery are considered 
obturator lymph nodes (Fig. 4).

The obturator lymph nodes are regional. They are 
located between the external and internal iliac arteries, 
medially to the internal obturator muscle and laterally to the 
internal iliac artery (Fig. 4).

The external iliac lymph nodes are not regional. They 
are located along the external iliac vessels (Fig. 4) and are 
divided into lateral, middle/median, and medial chains. The 
lateral subgroup is located laterally to the external iliac 
artery. The middle/median group is between the artery and 
the vein. The medial group is posterior to the external iliac 
vein. The lymph nodes in the medial subgroup are located 
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near the obturator vessels and obturator lymph nodes. This 
can cause diagnostic difficulties because they are often 
indistinguishable from the obturator lymph nodes localized 
along the obturator artery at the point of its origin from the 
internal iliac (hypogastric) artery at the level of the internal 
obturator muscles [3]. Involvement of the external iliac lymph 
nodes in rectal cancer is extremely rare. Non-regional lymph 
nodes are considered suspicious if they measure >10 mm in 
short axis.

Inguinal lymph nodes are not regional in rectal cancer, 
but are regional in squamous cell carcinoma of the anal 
canal. They are located in the groin area below the inguinal 
ligament. They can be classified as regional for tumors 
extending below the dentate line [13]. They are divided into 
superficial (anterior to the saphenous vein and superficial 
femoral vessels) and deep (medial to the femoral vessels).

Terms to describe response to neoadjuvant 
chemoradiation therapy
Currently, a combination neoadjuvant chemoradiation 

therapy is widely used to treat patients with rectal cancer, 
significantly affecting the planning of further treatment. 
MRI is currently considered the optimal imaging modality 
for assessing effectiveness of neoadjuvant chemoradiation 
therapy. Here are terms recommended to describe response 
to neoadjuvant chemoradiation therapy.

Pathologic complete response (pCR) is a response to 
neoadjuvant chemoradiation therapy, characterized by the 
complete absence of viable tumor cells during pathological 
examination of the surgical specimen.

Clinical complete response (cCR) is a response to 
neoadjuvant chemoradiotherapy, characterized by the 
absence of a clinically detectable tumor during digital rectal 
examination, MRI, and endoscopy. It is used as a surrogate 
for pCR. On MRI, it represents either subtle fibrosis of the 
rectal wall in the tumor bed without residual areas of tumor 
signal or recovery of a normal rectal wall without any 
evidence of tumor [28].

Near-complete response was introduced because some 
patients, initially showing a good but incomplete response 
during the follow-up examination, may be re-evaluated after 
a longer interval after neoadjuvant chemoradiation therapy 
and may achieve a cCR.

Downstaging is a term describing downstaging of the 
T or N category after neoadjuvant chemoradiation therapy. 
The post-treatment category is indicated by the prefix “y,” for 
example, yT0 means no visible primary tumor.

Downsizing refers to the decrease in size of a tumor or 
its regional metastases after neoadjuvant therapy without 
changing T or N categories.

Tumor regression grading (TRG) is a system for 
assessing the response to neoadjuvant chemoradiotherapy, 
derived from a modification of the Mandard pathological 
staging (MRI TRG). It involves a qualitative assessment of the 
ratio of a low MR signal from fibrous tissue and a medium-
intensity signal from a residual tumor on T2-WI.

 • mrTRG1 (complete response) means no macroscopic 
signs of residual tumor tissue/a minimal area of 
fibrosis is visualized (thin scar).

 • mrTRG2 (significant/almost complete response) means 
the presence of dense fibrous scar, with no signs of tumor 
tissue visualized (according to pathological data, tumor 
cells are absent/single in settings of dense fibrosis).

 • mrTRG3 (moderate response) means fibrosis 
predominates (>50%), while an MR signal of medium 
intensity is visualized, which is characteristic for 
tumor tissue.

 • mrTRG4 (minimal response) means the MR signal 
from the tumor tissue predominates, combined with a 
small/minimal structural fibrosis.

 • mrTRG5 (no response/progression) means only an 
MR signal of medium intensity, characteristic of tumor 
tissue, without signs of fibrosis (Fig. 5).

Current clinical experience shows that this system has 
poor correlation with pathological TRG, limited positive 
predictive value of pCR and poor reproducibility with low 

Fig. 4. Localization of the lateral pelvic lymph nodes (colored): external iliac lymph nodes are red; obturator lymph nodes are blue; and 
internal iliac lymph nodes are green. Shown in levels (a) proximal and (b) distal. EIA: external iliac artery; EIV: external iliac vein; IIV: 
internal iliac vein; IIA: internal iliac artery; Obt a/v/n: obturator artery/vein/nerve; OIM: obturator internus muscle.
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kappa values [29, 30]. Therefore, further research is required 
to find ways of improving its diagnostic efficiency.

The scar in the irradiated tumor bed is characterized 
by a hypointense T2-WI signal without signs of diffusion 
limitation on diffusion-weighted images.

Submucosal edema is identified after neoadjuvant 
chemoradiation therapy as an area of high signal intensity 
on T2-WI in the rectal wall adjacent to the treated tumor and 
should not be misinterpreted as a tumor.

Mucinous/colloid degeneration (mucinous response) 
is characterized by high T2-WI signal of acellular mucin 

accumulations that lack viable tumor cells. It may be observed 
in non-mucinous tumors after neoadjuvant chemoradiation 
therapy. In the case of a mucinous tumor, remaining post-
treatment mucin may also not contain tumor cells. However, 
it is difficult to distinguish between acellular and cellular 
mucin using MRI.

Terms to describe treatment options 
for colorectal cancer
Surgery is the main treatment option for rectal cancer. 

In the case of locally advanced tumor, it is used after 
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Fig. 5. Assessment of tumor regression on high-resolution T2-WI using TRG. TRG1: (a) Tumor located at the 12–2 o’clock position before 
neoadjuvant chemoradiation therapy (arrow); (b) after treatment, the tumor is replaced by a linear area of submucosal fibrosis. TRG2: (c) 
Tumor in the lower ampullary rectum before chemoradiation therapy (arrow); (d) after treatment, the tumor is determined as an area of thick 
fibrosis (arrow), without macroscopic MR signs of tumor. TRG3: (e) Semicircular tumor in the lower ampullary rectum before chemoradiation 
therapy (arrow); (f) after treatment, the tumor has a mixed MR signal with a predominance of a low-intensity signal, characteristic of fibrosis, 
and preservation of macroscopic areas of a tumor MR signal of medium intensity (arrow). TRG4: (g) Tumor before chemoradiation therapy 
(arrow); (h) after treatment (arrow), there are no signs of response to treatment; the MR signal of the tumor tissue persists.
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neoadjuvant treatment. Here are terms used to describe 
treatment options for colorectal cancer.

A total mesorectumectomy involves excision of the 
rectum along the mesorectal fascia en bloc with mesorectal 
fat, vessels, and lymph nodes. It is considered to be the gold 
standard for radical treatment of colorectal cancer [31].

Partial mesorectumectomy involves partial removal 
of mesorectal tissue, followed by its intersection and 
preservation of part of the mesorectal tissue of the 
anastomosed area of the rectum.

Anterior resection/low anterior resection is the most 
common type of surgery in rectal cancer, accompanied by 
a total or partial mesorectumectomy and formation of a 
colorectal anastomosis.

Intersphincteric resection is a sphincter-sparing 
operation for low-grade rectal cancer, with only part of 
the internal anal sphincter removed and with the external 
anal sphincter preserved. This is followed by a coloanal 
anastomosis. It can be used in some cases when the 
intersphincteric space is not infiltrated by a tumor.

Abdominoperineal excision involves resection of the 
entire sphincter complex with formation of a permanent 
colostomy.

Abdominal-anal resection of the rectum is a treatment 
method involving a total mesorectumectomy but with 
formation of a coloanal anastomosis.

Extralevator abdominoperineal excision is a variant of 
the standard abdominoperineal excision with a wider excision 
of the sphincter complex and the elevator muscle of anus.

Pelvic exenteration involves radical resection en bloc 
of all pelvic organs affected by the tumor, often followed by 
visceral reconstruction, including restoration of the passage 
for intestinal contents and using one of the urine diversion 
methods [32]. The 5-year overall survival rate after pelvic 
exenteration for primary locally advanced rectal cancer is 
30–55%; for recurrent tumors, it usually does not exceed 
20–25% [33].

Transanal excision is local excision of the tumor through 
its entire thickness to the mesorectal tissue. Lymph nodes 
are not removed.

Transanal endoscopic microsurgery is excision of the 
tumor to the full thickness of the mesorectal tissue using 
video endoscopic technologies. This technique provides a 

higher visibility of the rectal wall and higher possibility of 
its full-thickness excision with subsequent suturing of the 
defect.

R0/R1/R2 surgeries are categorized in accordance 
with the accepted criteria for the radicality of operations. 
R0 is radical removal of the tumor without microscopic 
and macroscopic residual tumor. R1 is marginal resection, 
microscopic residual tumor. R2 is incomplete tumor removal, 
macroscopic residual tumor. Residual tumor should be 
determined after a subjective assessment by a surgeon and 
an objective morphological examination.

Preoperative radiation therapy is conducted as 
a prolonged course (5–6 weeks) in combination with 
radiosensitizing chemotherapy or as a short, concentrated 
course (1 week) without concomitant chemotherapy.

Neoadjuvant chemoradiation therapy is a combination 
of chemotherapy and radiation therapy, which is conducted 
before surgery. Chemotherapy here is considered 
radiosensitizing and not “systemic” (for the treatment of 
distant metastases).

Neoadjuvant chemotherapy is a type of chemotherapy 
administered immediately before surgical removal of the 
primary tumor to improve outcomes of surgery/radiation 
therapy and prevent metastases.

CONCLUSION
Based on expert consensus, a vocabulary has been 

prepared to provide diagnostic radiology specialists with 
terms for describing and interpreting results of rectal cancer 
imaging.
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№ 3-ДОЗ «Сведения о дозах облучения 
пациентов при проведении медицинских 
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АННОТАЦИЯ
Приказом Росстата № 880 от 30 ноября 2022 года утверждена новая редакция формы федерального статистического 
наблюдения № 3-ДОЗ «Сведения о дозах облучения пациентов при проведении медицинских рентгенорадиологических 
исследований», которая существенно отличается от предыдущей редакции. В частности, скорректирована и изменена 
структура таблиц формы № 3-ДОЗ с выделением в отдельные графоклетки высокодозовых исследований; переработан 
раздел по радионуклидной диагностике с переходом на предоставление информации по уровням облучения пациентов 
при использовании отдельных радионуклидов с выделением гибридных исследований; внедрены отдельные таблицы 
с информацией о числе рентгенорадиологических исследований и коллективных дозах для детских пациентов; сокраще-
но количество исследований, для которых представлены типичные (средние) эффективные дозы пациентов. 
В рамках настоящей работы представлена структура актуализированной формы № 3-ДОЗ, а также даны рекоменда-
ции по её заполнению, направленные на повышение достоверности предоставляемых данных и снижение количества 
процедурных ошибок. 
Данная работа является продолжением статьи Водоватова А.В., Чипиги Л.А., Братиловой А.А., Дружининой П.С., 
Шацкого И.Г., Петряковой А.В., Сарычевой С.С., Библина А.М., Ахматдинова Р.Р., Капыриной Ю.В., Солдатова И.В., 
Пузырева В.Г., Рыжова С.А. «Актуализация формы федерального государственного статистического наблюдения 
№ 3-ДОЗ «Сведения о дозах облучения пациентов при проведении медицинских рентгенорадиологических иссле-
дований». Предпосылки к переработке», опубликованной в журнале «Радиационная гигиена» (2023. Т. 16, № 2. 
С. 126–136. DOI: https://doi.org/10.21514/1998-426X-2023-16-2-126-136). 

Ключевые слова: единая система контроля и учёта индивидуальных доз облучения граждан; ЕСКИД; дозы 
облучения; форма № 3-ДОЗ; пациенты; медицинское облучение.
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ABSTRACT
The form of federal governmental statistical surveillance № 3-DOZ, titled “Data on patient doses from medical X-ray 
examinations,” has changed significantly by the order of Rosstat N 880. In particular, the structure of the form’s has been 
revised: studies involving high doses were dedicated from the rest; the section on radionuclide diagnostics has been redesigned; 
the information on the levels of patient exposure when using individual radionuclides and in hybrid studies have been displayed; 
information on the number of radiological studies and collective doses for pediatric patients have been introduced; and the 
number of studies for which typical (average) effective doses of patients are presented has been reduced. The structure of the 
updated form № 3-DOZ is presented within the framework of this work.
In this article, recommendations for filling out № 3-DOZ have been developed in order to increase the reliability of the data 
provided and reduce the number of procedural errors.
This work is a continuation of the article Vodovatov A.V., Chipiga L.A., Bratilova A.A., Druzhinina P.S., Shatskiy I.G., 
Petryakova A.V., Sarycheva S.S., Biblin A.M., Akhmatdinov R.R., Kapyrina Yu.N., Soldatov I.V., Puzyrev V.G., and Ryzhov S.A. 
“Update of the federal governmental statistical surveillance form № 3-DOZ “Data on patient doses from medical X-ray 
examinations”. Perquisites for the update, published in the journal Radiatsionnaya Gygiena (2023. Vol. 16, N 2. P. 126–136. 
DOI: https://doi.org/10.21514/1998-426X-2023-16-2-126-136).

Keywords: unified system of individual dose control of the Russian federation citizens; effective dose; form № 3-DOZ; 
patients; medical exposure.
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简评

俄罗斯国家统计局2022年11月30日第880号命令批准了新版第3-DOZ号联邦统计观察表《医疗

X射线放射检查期间患者所受辐射剂量的信息》，该表与旧版有很大不同。特别是对第3-DOZ

号表中的表格结构进行了调整和更改，将高剂量检查分配到单独的栏目中；重新设计了放射

性核素诊断部分，过渡到提供使用单个放射性核素时患者受照射水平的信息以及混合检查的

分配；引入了单独的表格，其中包含儿科患者的X射线放射检查数量和集体剂量信息；减少

了提供患者典型（平均）有效剂量的检查数量。 

本文介绍更新后的第3-DOZ号表的结构，并对其填写提出了建议，旨在提高所提供数据的可

靠性并减少程序性错误的数量。 

本文是Vodovatov A.V.、Chipiga L.A.、Bratilova A.A.、Druzhinina P.S.、 

Shatsky I.G.、Petryakova A.V.、Sarycheva S.S.、Biblin A.M.、Akhmatdinov R.R.、 

Kapyrina Y.V.、Soldatov I.V.、Puzyrev V.G.和Ryzhov S.A.、Ryzhov S.A.《更新

第3-DOZ号联邦国家统计观察表《医疗X射线放射检查期间患者辐射剂量的信息》。修

订的前提条件》文章的续篇，发表于《辐射卫生》杂志（2023。Vol.16，№2。P.126-

136 。DOI：https://doi.org/10.21514/1998-426X-2023-16-2-126-136)。

关键词：公民个人辐射剂量统一控制和核算系统；USMID；辐射剂量；第3-DOZ号表；患者；

医疗照射。
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INTRODUCTION
The Form No. 3-DOZ (hereinafter “the Form”) is designed 

to assess changes in diagnostic radiology structure and 
collective doses caused by medical exposure of the Russian 
Federation population [1–3]. Data obtained using this Form 
are used for radiation-hygienic certification of the Russian 
Federation territories and for preparing a state report on 
the population’s sanitary and epidemiological condition [4, 
5]. The 3-DOZ study results are used in the annual report 
“Radiation Doses Received by the Population of the Russian 
Federation” [6].

Order No. 880 of Federal State Statistics Service (Rosstat),1 
dated November 30, 2022, approved a new version of Federal 
Statistical Monitoring Form No. 3-DOZ, “Data on Radiation 
Doses Received by Patients from Medical Radiological 
Examinations,” which differs significantly from the standard 
version approved sequentially by Rosstat Resolution No. 51 
dated September 21, 20062, and Rosstat Order No. 411 dated 
October 16, 20133. Since 2006, no changes have been made, 
except for the correction of Form completion instructions and 
the content of the title page. The following significant changes 
were made to the revised version of Form No. 3-DOZ:

 • the structure of the Form tables has been updated 
and changed, with special space added for high-dose 
examinations, such as computed tomography (CT) with 
contrast media; CT scan of several anatomical areas 
(chest + abdomen, abdomen + pelvis, and whole body), 
and interventional radiology;

 • the section on radionuclide diagnostics has been 
revised to include information on patient exposure 
levels when using individual radionuclides, as well 
as hybrid examinations, such as positron emission 
tomography combined with computed tomography 
(PET/CT) and single photon emission computed 
tomography combined with computed tomography 
(SPECT/CT);

 • the classification of CT and interventional (special) 
examinations has been aligned with Form No. 30 of 
the Ministry of Healthcare of the Russian Federation;

 • separate tables have been prepared for information on 
the number of radiological examinations and collective 
doses for pediatric patients; and

 • the number of examinations, including data on typical 
(average) effective patient doses, has reduced.

The reasons for implementing these provisions were 
detailed in a previous authors’ paper [7].

Many changes may be associated with various challenges 
when completing the updated Form. Therefore, the authors 
aimed to prepare recommendations and clarifications for the 
updated Form’s complete instructions.

During the first years after the implementation of the 
updated Form, specialists responsible for completing it may 
encounter some difficulties. Therefore, this paper provides 
recommendations for completing the Form. Moreover, some 
regions, in collaboration with the Saint Petersburg Research 
Institute of Radiation Hygiene, named after Professor 
P.V. Ramzaev of the Federal Service for the Oversight of 
Consumer Protection and Welfare (hereinafter referred to 
as the Institute of Radiation Hygiene), published training 
materials and automated the process of submitting reports 
through web resources [8, 9].

It is appropriate to describe the structure of the updated 
Form in detail, highlight the key features of completing it, 
and provide recommendations to reduce completion errors 
associated with the transition to the new Form.

STRUCTURE OF UPDATED FORM 
NO. 3-DOZ AND RECOMMENDATIONS 
FOR ITS COMPLETION AIMED 
AT INCREASING THE RELIABILITY 
OF DATA PROVIDED AND REDUCING 
THE NUMBER OF PROCEDURE ERRORS
General provisions

The first key difference between the updated Form and 
the old one is the change in the title page in accordance with 
current legislation.4 In the previous version, the executive 
authorities of the Russian Federation’s constituent entities 
were identified as subjects of official statistical accounting, 
such as the Main Directorate of Special Programs of 
the President of the Russian Federation, Presidential 
Administration of Russia, Federal Budgetary Institution of 
Healthcare “Center for Hygiene and Epidemiology,” Federal 

Vol. 4 (3) 2023CLINICAL PRACTICE GUIDELINES

1 Order of Rosstat No. 880 dated November 30, 2022 on approval of the federal statistical monitoring form with the Form completion instructions 
for the Federal Service for the Oversight of Consumer Protection and Welfare to organize federal statistical monitoring of the sanitary condition of a 
constituent entity of the Russian Federation. Link: https://normativ.kontur.ru/document?moduleId=1&documentId=437635.

2 Resolution of Rosstat No. 51 dated September 21, 2006 on approval of statistical tools for Rospotrebnadzor to organize statistical monitoring of 
population incidence of infectious and parasitic diseases, preventive vaccinations, sanitary condition of territories, summer health institutions for 
children and adolescents, disinfection activities, and radiation doses. Link: https://normativ.kontur.ru/document?moduleId=1&documentId=223414.

3 Order of Rosstat No. 411 dated October 16, 2013 on approval of statistical tools for the Federal Service for the Oversight of Consumer Protection and 
Welfare to organize federal statistical monitoring of the sanitary condition of territories, occupational diseases (poisonings), and radiation doses. 
Link: https://normativ.kontur.ru/document?moduleId=1&documentId=443740.

4 Order of Rosstat No. 880 dated November 30, 2022 on approval of the federal statistical monitoring form with the Form completion instructions for 
the Federal Service for the Oversight of Consumer Protection and Welfare to organize federal statistical monitoring of the sanitary condition of a 
constituent entity of the Russian Federation. Link: https://normativ.kontur.ru/document?moduleId=1&documentId=437635.
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Budgetary Institution “Research Institute of Radiation Hygiene 
named after Professor P.V. Ramzaev.” According to Part 1 of 
Article 5 of Federal Law No. 282-FZ of November 29, 20075 
(hereinafter referred to as the Law on Statistical Accounting), 
official statistical accounting in the Russian Federation 
is carried out by subjects of official statistical accounting. 
Article 2 of the Law on Statistical Accounting, paragraph 4, 
contains a comprehensive list of official statistical accounting 
topics that exclude the bodies and organizations indicated 
above. Only respondents and subjects of official statistical 
accounting may be shown in the Form, and the same bodies 
cannot be deemed independent subjects of official statistical 
accounting and Form respondents simultaneously. A 
compromise approach was established when developing the 
latest version of the Form: only respondents (legal entities and 
individual entrepreneurs using sources of ionizing radiation 
for medical purposes) and subjects (Rospotrebnadzor) of 
statistical registration are left on the title page.

Simultaneously, the entire procedure for completing 
and submitting the Form remained unchanged. A healthcare 
organization submits forms for the reporting year by April 
1 to an executive healthcare authority of a constituent 
entity of the Russian Federation, including institutions and 
structural divisions of federal executive authorities listed 
in paragraph 4 of Regulations on the implementation of 
federal state sanitary and epidemiological supervision in 
the Russian Federation, approved by Decree No. 476 of the 
Government of the Russian Federation dated June 15, 2013 
(as applicable).6 Before May 1, the executive healthcare 
authorities of a constituent entity of the Russian Federation 
provided data to the Federal Budgetary Institution “Center 
for Hygiene and Epidemiology” in that constituent entity. 
Before May 15, the Center for Hygiene and Epidemiology in 
the constituent entity of the Russian Federation provided data 
to the Office of Rospotrebnadzor of the constituent entity of 
the Russian Federation. Rospotrebnadzor departments of the 
constituent entities of the Russian Federation provide data to 
the Research Institute of Radiation Hygiene.

Summary reporting data from the Research Institute 
of Radiation Hygiene, Federal Medical-Biological Agency, 
structural divisions of the Ministry of Defense of the Russian 

Federation, the Ministry of Internal Affairs of the Russian 
Federation, the Federal Security Service of the Russian 
Federation, the Federal Service of the Troops of the National 
Guard of the Russian Federation, the Federal Security 
Service of the Russian Federation, the Federal Penitentiary 
Service, the Main Directorate of Special Programs of the 
President of the Russian Federation and the Presidential 
Administration of Russia, respectively, in the Armed Forces 
of the Russian Federation, other troops, military formations 
and organizations, at defense and defense manufacturing 
facilities, security, internal affairs, and other special services 
in accordance with Decree No. 476 of the Government of 
the Russian Federation dated June 5, 20137 (according to 
affiliation) should also be provided to Rospotrebnadzor 
before May 15.

The updated Form is divided into three sections (10 
tables): the first and second sections are radiological 
examinations, and the third is radionuclide examinations. The 
first section (Tables 1100, 1200, 1300, and 1400) presents 
procedure data without monitoring or considering patient 
radiation doses.8 The lack of dosage control and recording 
violates Article 18 of the Federal Law on Population Radiation 
Protection9 and SanPiN 2.6.1.1192-0310. As an exception, 
temporary completion of Section 1 tables of the Form is 
allowed. All healthcare institutions should monitor and 
record individual patient radiation doses when conducting 
radiological examinations.

The second section (Tables 2100, 2200, 2300, and 2400) 
contains information on procedures with estimated patient 
doses based on measured parameters. The first two sections 
consist of four tables that detail the total patient radiation 
doses and the number of radiological procedures performed 
on children (0–17 yr) and adults (over 18 yr). All data are 
presented in absolute terms.

Tables 1100, 1300, 2100, and 2300 present information on 
doses received by patients during radiological examinations 
for diagnostics and treatment purposes. Tables 1100 (adults) 
and 1300 (children) should include collective doses based 
on statistical data on the number of various radiological 
procedures performed during the reporting year and average 
individual doses for each type of procedure (for procedures 
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5 Federal Law No. 282-FZ dated November 29, 2007 on official statistical accounting and the system of state statistics in the Russian Federation. Link: 
https://www.consultant.ru/document/cons_doc_LAW_72844/.

6 Decree No. 476 of the Government of the Russian Federation dated June 05, 2013 on issues of state control (supervision) and invalidation of certain 
acts of the Government of the Russian Federation (with amendments and additions). Link: https://base.garant.ru/70394016/.

7 Decree No. 476 of the Government of the Russian Federation dated June 05, 2013, on issues of state control (supervision) and invalidation of certain 
acts of the Russian Federation (with amendments and additions). Link: https://www.consultant.ru/document/cons_doc_LAW_147378/.

8 Guidelines Completing federal state statistical monitoring form No. 3-DOZ. Project. Link: http://niirg.ru/PDF/MR_3-DOS_2013.pdf.
9 Federal Law No. 3-FZ dated January 09, 1996 (as amended on March 18, 2023) “On Radiation Protection of the Population.” Article 18. Control and 

recording of individual radiation doses. Access mode: https://www.consultant.ru/document/cons_doc_LAW_8797/2d546164990e9137dc5b194a1784
3d8762e08451.

10 Resolution of the Chief State Sanitary Doctor of the Russian Federation dated 02/18/2003 No. 8 “On the implementation of SanPiN 2.6.1.1192-03” (togeth-
er with “SanPiN 2.6.1.1192-03. 2.6.1. Ionizing radiation, radiation safety. Hygienic requirements for the device and operation of X-ray rooms, devices 
and conducting X-ray examinations. Sanitary rules and regulations"). Access mode: https://www.consultant.ru/document/cons_doc_LAW_41439/.
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with no control and accounting for patient radiation doses). 
Tables 1100, 1300, 2100, and 2300 should not include 
duplicate data.

When performing radiological procedures (procedures 
with patient radiation doses monitored and recorded), Tables 
2100 (adults) and 2300 (children) should present collective 
doses based on standard patient radiation doses.11

Columns 3–12 of Tables 1100, 1300, 2100, and 2300 
present data based on various types of diagnostic radiological 
and therapeutic procedures specified in the column headers.

The structural differences between the previous and 
updated versions of Form No. 3-DOZ are presented in Table 1.

Recommendations for completing tables 
in Form No. 3-DOZ

Healthcare organizations must provide a completed 
Form for all medical diagnostic radiation sources, including 

endovascular and interventional procedures. Data on 
radiation, radionuclide therapy, and radionuclide diagnostics 
in vitro are not included in Form No. 3-DOZ. Form No. 
3-DOZ is completed in radiation therapy departments for all 
diagnostic examinations to prepare the patient for a course of 
radiation therapy (dosimetry planning). Magnetic resonance 
imaging and ultrasound examinations are also not listed in 
the Form because they do not expose the patient to ionizing 
radiation.

The Form considers the number of radiological procedures 
and examinations performed. A radiological procedure 
is defined as a single patient exposure while examining 
a specific anatomical area (one image); a radiological 
examination is a complete cycle of examination of a patient’s 
certain organ (anatomical area), which may include several 
procedures using different projections and/or different types 
(Figure 1). Form No. 3-DOZ is completed only for the number 

11 Guidelines MUK 2.6.1.1797-03 Control of effective radiation doses for patients when conducting medical radiological examinations” (https://docs.
cntd.ru/document/1200035983); Guidelines MU 2.6.1.3151-13 Evaluation and accounting of effective doses for patients when conducting radionuclide 
diagnostic examinations (https://base.garant.ru/70747326/).

12 Guidelines 2.6.1.3584-19. 2.6.1. Ionizing radiation, radiation protection. Changes in MU 2.6.1.2944-11 Control of effective radiation doses for patients 
when conducting medical radiological examinations (https://www.consultant.ru/document/cons_doc_LAW_368034/); Guidelines MR 2.6.1.0296-22 
Optimization of radiation protection of patients in diagnostic radiology by using reference diagnostic levels (https://base.garant.ru/405781973/).

13 Guidelines MU 2.6.1.3151-13 Evaluation and accounting of effective doses for patients when conducting radionuclide diagnostic examinations (https://
base.garant.ru/70747326/); Guidelines MR 2.6.1.0296-22 Optimization of radiation protection for patients in diagnostic radiology by using reference 
diagnostic levels (https://base.garant.ru/405781973/).
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Table 1. Structural changes in the updated Form No. 3-DOZ

Section Previous version Updated version Method of effective dose 
determination

Radiological examinations, 
dose estimation method

Collective dose — 1000
Number 

of procedures — 1100

Collective dose, adults — 1000
Number of procedures, adults — 1100 Average effective doses based 

on reference literature [10, 11]Collective dose, children — 1300
Number of procedures, children — 1400

Radiological examinations, 
dose control

Collective dose — 2000
Number 

of procedures — 2100

Collective dose, adults — 2100
Number of procedures, adults — 2200 Standard effective doses based 

on current regulatory and 
methodological documents12Collective dose, children — 2300

Number of procedures, children — 2400

The number of radionuclide 
examinations performed 
and the resulting effective 
patient radiation doses

3000
Adults—3100 Standard effective based 

on current regulatory and 
methodological documents13

Children—3200

Fig. 1. Classification of radiological diagnostic methods using ionizing radiation. RE, radiological examination; RP, radiological procedure.

• Radiography
• Fluorography
• Mammography
• Osteodensitometry

RP

RE
• X-ray
• CT scan
• Interventional (special) examinations
• Radionuclide diagnostics
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of examinations for all combined examinations (fluoroscopic, 
interventional, radionuclide examinations combined with CT); 
individual structural elements of radiological examinations 
(e.g., CT in SPECT/CT or PET/CT; X-rays as part of fluoroscopy 
or interventional examinations) are not highlighted (see 
Figure 1).

The total number of radiological examinations may be 
smaller than the total number of radiological procedures for 
a particular organ or anatomical area.

It is recommended to use the Federal Directory 
Diagnostic Investigations classification when assigning 
radiological examinations/procedures of a particular 
anatomical area [12].

Radiography
The column “Radiography” (columns 3 and 4) should 

include information about effective doses obtained 
by patients during radiographic examinations (two-
dimensional projection X-ray images), fluorographic 
examinations of the chest, and screening examinations of 
mammary glands.

Information on radiological examinations performed 
using analog and digital X-ray machines should be presented 
in columns 3 and 4, respectively.

The absence of a special segment for fluorographic 
examinations (screening chest radiography) is worth noting. 
Data on fluorographic examinations performed using 
photography and X-ray film are presented in column 3 
(film radiographs), line 2 (including preventive procedures). 
Data on fluorographic examinations performed using digital 
X-ray machines (U-arc type and scanning fluorographs) are 
presented in column 4 (digital radiographs), line 2 (including 
preventive procedures). All examinations performed 
using fluorography machines are shown in lines for the 
corresponding anatomical areas and columns 3 and 4 for 
analog and digital devices, respectively.

Data on mammary gland screening examinations 
performed on analog and digital machines are presented in 
column 3, line 22, and column 4, line 22, respectively.

General information about table changes in Form 
No. 3-DOZ for radiographic examinations is presented in 
Table 2.

CLINICAL PRACTICE GUIDELINES
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Table 2. Structural changes in radiography information in the updated Form No. 3-DOZ

Field of interest 
in the previous Form

Line of the 
previous Form

Field of interest 
in the updated Form Line of the updated Form Comment

Chest Line 01 (2000) Chest
Adults — Line 01 (2100)

Including both preventive and 
diagnostic examinations

Children — Line 01 (2300)

Chest, including 
preventive procedures Line 02 (2000)

Chest,
including preventive 

procedures

Adults — Line 02 (2100) In the new Form, all 
fluorographic (screening) 

chest examinations (film and 
digital) are presented in this 

line.Children — Line 02 (2300)

Extremities Line 03 (2000)

Upper extremities
Adults — Line 07 (2100)

 — 
Children — Line 07 (2300)

Lower extremities
Adults — Line 08 (2100)

Children — Line 08 (2300)

Cervical vertebrae Line 04 (2000) Cervical spine
Adults — Line 09 (2100)

 — 
Children — Line 09 (2300)

Thoracic vertebrae Line 05 (2000) Thoracic spine
Adults — Line 10 (2100)

 — 
Children — Line 10 (2300)

Lumbar vertebrae Line 06 (2000) Lumbar spine
Adults — Line 11 (2100)

 — 
Children — Line 11 (2300)

https://doi.org/10.17816/DD530656


Field of interest 
in the previous Form

Line of the 
previous Form

Field of interest 
in the updated Form Line of the updated Form Comment

Pelvis and thigh Line 07 (2000)

Pelvic organs
Adults  —  Line 12 (2100)

 — 
Children — Line 12 (2300)

Hip joint
Adults — Line 13 (2100)

Children — Line 13 (2300)

Ribs and sternum Line 08 (2000) Ribs and sternum
Adults — Line 14 (2100)

 — 
Children — Line 14 (2300)

Abdominal organs Line 09 (2000) Abdomen
Adults — Line 15 (2100)

 — 
Children — Line 15 (2300)

Upper gastrointestinal 
tract Line 10 (2000) Upper gastrointestinal 

tract Not to be completed Not to be filled out

Lower gastrointestinal 
tract Line 11 (2000) Lower gastrointestinal 

tract Not to be completed Not to be filled out

Skull, maxillofacial 
region Line 12 (2000) Skull, brain, 

maxillofacial region

Adults — Line 18 (2100)
 — 

Children — Line 18 (2300)

Teeth Line 13 (2000) Teeth
Adults — Line 19 (2100) Targeted images — Line 19, 

column 03/04
Orthopantomograms — Line 

19, column 04Children — Line 19 (2300)

Kidneys, urinary 
system Line 14 (2000) Kidneys, urinary system

Adults — Line 20 (2100)
Including irrigoscopy

Children — Line 20 (2300)

Breast Line 15 (2000) Breast
Adults — Line 21 (2100)

 — 
Children — Line 21 (2300)

including preventive 
procedures Line 16 (2000) including preventive 

procedures (line 21)

Adults — Line 22 (2100)
 — 

Children — Line 22 (2300)

Others Line 17 (2000) Others
Adults — Line 26 (2100)

 — 
Children — Line 26 (2300)

Total Line 18 (2000) Total
Adults — Line 27 (2100)

 — 
Children — Line 27 (2300)
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Table 2. Ending
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Fluoroscopy
Fluoroscopy includes examinations that involve the 

administration of a contrast agent orally, rectally, or 
through a urological catheter. Examples of completing 
the “Fluoroscopy” column in updated Form No. 3-DOZ are 
presented in Table 3.

Computed tomography
The updated Form adds a section for contrast-

enhanced and unenhanced CT scans. Data on contrast-
enhanced and unenhanced CT examinations of pediatric 
and adult patients should be presented in columns 7 and 
6, respectively.

The updated Form provides detailed information about CT 
examinations of the circulatory system, including the heart, 
coronary vessels, and thoracic and abdominal aorta.

Please remember that individual CT scans will not 
be counted. A single CT scan may consist of one or more 
scans of the same anatomical area. For example, one CT 
examination of the liver or kidneys and urinary tract using 

intravenous contrast may consist of one to five scans yet is 
counted as one examination. The total dose for all phases 
should be considered for multiphase CT scans with contrast 
administration.

Information on lung cancer screening using low-dose CT 
and breast tomosynthesis is presented in lines 2 of column 
6 and 22 of column 6, respectively.

The updated Form has separate lines for examining 
two or more anatomical regions or an anatomical region 
and a particular organ. Information on such examinations 
is presented in lines 23–25. Information on whole body CT 
examinations is shown in line 25, “Other.”

General information on changes in CT examination tables 
of Form No. 3-DOZ is presented in Table 4.

Interventional examinations
In the updated Form of 3-DOZ, the section on 

interventional (special) examinations has been significantly 
revised. In accordance with Form No. 30, “Information 
about a healthcare organization” of the Ministry of Health 

14 Guidelines MU 2.6.1.3584-19 Changes to MU 2.6.1.2944-19 Control of effective radiation doses for patients when conducting medical radiological 
examinations. Link: https://base.garant.ru/73515396/.
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Table 3. Examples of filling out the “X-ray” column in the updated Form No. 3-DOZ

Fluoroscopy Localization Line of the updated Form Type of effective dose 
determination procedure14

Chest X-ray Rib cage Line 01 — Chest organs Lungs

X-ray of the thoracic region and the 
spinal cerebrospinal fluid pathways 
with contrast

Thoracic spine, cerebrospinal 
fluid tracts of the spinal cord Line 10 — Thoracic spine Thoracic spine

X-ray of the stomach and duodenum 
with contrast
X-ray of the stomach and duodenum 
with double contrast

Stomach, duodenum Line 15 — Abdominal 
organs Stomach

X-ray of the pharynx and esophagus 
with contrast
X-ray of the esophagus with contrast

Pharynx, esophagus Line 16 — Upper 
gastrointestinal tract Esophagus

X-ray of the passage of contrast 
material through the intestine Gastrointestinal tract Line 17 — Lower 

gastrointestinal tract Intestines

X-ray of the small intestine through an 
ileostomy Small intestine Line 17 — Lower 

gastrointestinal tract Intestines

X-ray of the colon with contrast
X-ray of the colon with double contrast Colon Line 17 — Lower 

gastrointestinal tract Intestines

X-ray of the rectum with functional 
tests
X-ray of the rectum during defecation

Rectum Line 17 — Lower 
gastrointestinal tract Intestines

X-ray of paranasal sinus fistula Paranasal sinuses Line 18 — Skull, brain, 
maxillofacial area Scull
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Table 4. Computed tomography

Field of interest 
in the previous Form

Line of the 
previous Form

Field of interest 
in the updated Form Line of the updated Form Comment

Chest Line 01 (2000) Chest organs
Adults — Line 01 (2100)

—
Children — Line 01 (2300)

Chest, including 
preventive procedures Line 02 (2000)

Chest organs, of which 
due to preventive 

procedures

Adults — Line 02 (2100)
Information on lung cancer 
screening using low-dose 

computed tomography
Information on periodic medical 
examinations of decreed groups 

using computed tomography
Children — Line 02 (2300)

Absent Absent Heart
Adults — Line 03 (2100)

—
Children — Line 03 (2300)

Absent Absent Heart, of which on the 
coronary vessels

Adults — Line 0 4 (2100)
—

Children — Line 0 4 (2300)

Absent Absent Thoracic aorta
Adults — Line 0 5 (2100)

—
Children — Line 0 5 (2300)

Absent Absent Abdominal aorta
Adults — Line 06 (2100)

—
Children — Line 06 (2300)

Limbs Line 03 (2000)

Upper limbs
Adults — Line 07 (2100)

—
Children — Line 07 (2300)

Lower limbs
Adults — Line 08 (2100)

Children — Line 08 (2300)

Cervical vertebrae Line 04 (2000) Cervical spine
Adults — Line 09 (2100)

—
Children — Line 09 (2300)

Thoracic vertebrae Line 05 (2000) Thoracic spine
Adults — Line 10 (2100)

—
Children — Line 10 (2300)

Lumbar vertebrae Line 06 (2000) Lumbar spine
Adults — Line 11 (2100)

—
Children — Line 11 (2300)

Pelvis and thigh Line 07 (2000)

Pelvic organs
Adults — Line 12 (2100)

—
Children — Line 12 (2300)

Hip joint
Adults — Line 13 (2100)

Children — Line 13 (2300)

Ribs and sternum Line 08 (2000) Ribs and sternum
Adults — Line 14 (2100)

—
Children — Line 14 (2300)

Abdomen Line 09 (2000) Abdomen
Adults — Line 15 (2100)

—
Children — Line 15 (2300)

Upper gastrointestinal 
tract Line 10 (2000) Upper gastrointestinal 

tract
Adults — Line 16 (2100)

—
Children — Line 16 (2300)

Lower gastrointestinal 
tract Line 11 (2000) Lower gastrointestinal 

tract
Adults — Line 17 (2100)

—
Children — Line 17 (2300)

Skull, maxillofacial 
region Line 12 (2000) Skull, brain, 

maxillofacial region
Adults — Line 18 (2100)

—
Children — Line 18 (2300)

Teeth Line 13 (2000) Teeth
Adults — Line 19 (2100)

—
Children — Line 19 (2300)
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Field of interest 
in the previous Form

Line of the 
previous Form

Field of interest 
in the updated Form Line of the updated Form Comment

Kidneys, urinary system Line 14 (2000) Kidneys, urinary 
system

Adults — Line 20 (2100)
—

Children — Line 20 (2300)

Breast Line 15 (2000) Breast
Adults — Line 21 (2100)

—
Children — Line 21 (2300)

Of these, due to 
preventive procedures Line 16 (2000)

Including through 
preventive procedures 

(from line 21)

Adults — Line 22 (2100) Column 7, “Contrast-enhanced 
computer tomography,” for this 

line cannot be completedChildren — Line 22 (2300)

Absent Absent Thorax + abdomen
Adults — Line 23 (2100)

—
Children — Line 23 (2300)

Absent Absent Thorax + abdomen + 
pelvis

Adults — Line 24 (2100)
—

Children — Line 24 (2300)

Absent Absent Abdomen + pelvis
Adults — Line 24 (2100)

—
Children — Line 24 (2300)

Others Line 17 (2000) Others
Adults — Line 26 (2100) Computed tomography of the 

whole body is performed as part 
of fluoroscopic diagnosticsChildren — Line 26 (1300)

Total Line 18 (2000) Total
Adults — Line 27 (2100)

-
Children — Line 27 (2300)

Table 4. Ending

of the Russian Federation,15 all interventional examinations 
are divided into four subgroups: intravascular (angiography 
and endovascular procedures) and extravascular (surgical 
procedures guided by medical imaging), diagnostic (imaging 
only), and therapeutic (X-ray-guided surgery).

Columns 8–11 present all interventional procedures 
performed using mobile interventional machines in X-ray 
operating rooms, X-ray rooms, and outside specially 
equipped rooms (e.g., operating rooms, treatment rooms, 
and emergency departments).

Criteria for imaging classification are provided in Federal 
Statistical Monitoring Form No. 30, “Data on a healthcare 
organization,” approved by Rosstat Order No. 985 on 
December 27, 2022.16

Columns 8–11 present information on radiology-guided 
interventional (extravascular) and endovascular interventions 
performed for diagnostic (columns 8 and 9) and treatment 
(columns 10 and 11) purposes. This section also includes 
information on intravenous contrast examinations.

Intravascular examinations (columns 8 and 10) are 
radiology-guided examinations of blood vessels using 

minimally invasive instruments. These include examinations, 
such as aortography, cavagraphy, phlebography, 
arteriography, angiocardiography, coronary angiography, 
lymphography, angioplasty, endovascular techniques, 
embolization, recanalization, bypass surgery, and vascular 
dilatation.

Extravascular examinations (columns 9 and 11) include 
any radiology-guided examinations of internal organs using 
minimally invasive instruments. These include procedures 
such as cystography, cholangiodrainage, nephrostomy, 
lithotripsy, urography, stenting of the kidneys and ureter, 
hysterosalpingography, arthroscopy, osteosynthesis, 
vertebroplasty, kyphoplasty, and installation of an 
intramedullary pin.

Other
Column 12 presents information on examinations not 

included in columns 3–11.
In line with the anatomical area of interest, information 

on osteodensitometry is presented in the “Other” column. 
Lines 23–25 present information on combined examinations 

15 Order of Rosstat No. 863 dated December 30, 2020 (as amended on December 20, 2021) on approval of federal statistical monitoring forms with 
the Form completion instructions for the Ministry of Health of the Russian Federation to organize federal statistical monitoring in healthcare. 
Federal statistical monitoring form No. 30 Data on a medical organization. Link: https://www.consultant.ru/document/cons_doc_LAW_373430/
d752954a35641c33df844c2e2d910dcb3154d0a2/.

16 Order of Rosstat No. 985 dated December 27, 2022 on approval of federal statistical monitoring forms with the Form completion instructions for the 
Ministry of Health of the Russian Federation to organize federal statistical monitoring in healthcare. Link: https://normativ.kontur.ru/document?mod
uleId=1&documentId=439986.
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of two or more anatomical areas. In this case, these types 
of examinations should be considered only in lines 23–25 
without being duplicated in lines 01–22.

Radionuclide diagnostics
Significant changes have been made in Section 3, 

“Information on radionuclide examinations.” The number 
of examinations has increased significantly from 10 in the 
previous Form to 20 in the updated one.

Tables 3100 and 3200 should provide data on the number 
of radionuclide examinations performed during the reporting 
year and collective doses received by pediatric and adult 
patients. The number of radionuclide examinations in columns 
3–6 of Tables 3100 and 3200 should be interpreted as the 
number of patients who have received radiopharmaceutical 
agents. Regardless of the number of consecutive scans 
(measurements), they are all treated as a single examination.

The following recommendations for completing the Form 
(listing types of examinations) will help in assigning an 
examination to the appropriate group:

 • The “Skeleton” line includes bone scintigraphy.
 • The “Three-phase examination” line includes three-

phase examinations of soft tissues and bones.
 • The “Liver/spleen” line includes dynamic and static 

examinations of the liver and spleen.
 • The “Thyroid (Tc)” line includes thyroid examinations 

using 99mTc-labeled radiopharmaceuticals.
 • The “Thyroid gland (I)” line includes thyroid gland 

examinations using 123I-labeled radiopharmaceuticals.
 • The “Parathyroid gland” line contains examinations of 

the parathyroid gland (if an additional examination of 
the thyroid gland is performed, it is included in the 
corresponding line “Thyroid gland,” i.e., line 04 or 05).

 • The “Neuroendocrine system (I)” line includes 
examinations with 123I-MIBG.

 • The “Brain” line includes brain examinations and brain 
perfusion examinations.

 • The “Lungs” line includes lung perfusion examinations 
and lung ventilation examinations.

 • The “Heart” line includes examinations of the 
myocardium, including those with functional tests, 
examinations of the sympathetic nervous system of 
the myocardium, and radionuclide ventriculography.

 • The “Lymphatic system” line includes examinations 
of the lymphatic system, excluding examination of 
sentinel nodes.

 • The “Lymphatic sentinel nodes” line includes 
examinations of lymphatic sentinel nodes.

 • The “Kidneys (Tc)” line includes renography and 
dynamic and static examinations of kidneys using 
99mTc-labeled radiopharmaceuticals.

 • The “Kidneys (I)” line includes dynamic and 
static examinations of kidneys using 123I-labeled 
radiopharmaceuticals.

 • The “Whole body” line includes examinations of the 
whole body to detect inflammatory or oncological 
lesions, including PET/CT studies.

 • The “Examinations using tumorotropic 
radiopharmaceuticals” line includes examinations with 
tumorotropic radiopharmaceuticals, excluding PET/CT 
scans.

 • The “Angiography and phlebography” line includes 
radionuclide angiography and phlebography.

 • The “Gastrointestinal tract” line includes stomach, 
esophagus, and intestines examinations.

 • The “Other” line includes examinations not included in 
lines 01–18.

For hybrid PET/CT and SPECT/CT examinations, the 
number of examinations should be recorded in column 3, 
the collective radiopharmaceutical dose should be recorded 
in column 7, and the CT scanning dose should be recorded 
in column 8. Patient radiation doses for each examination 
are assessed by a healthcare organization in accordance 
with MU 2.6.1.3700-21.17 The instructions for most 
radiopharmaceuticals used in the Russian Federation include 
dose coefficient values based on a patient’s age.

RADIATION-HYGIENIC CERTIFICATION
Form 3-DOZ is the information basis for an organization’s 

radiation-hygienic certification. The procedure for transferring 
data from the Form to the organization’s radiation-hygienic 
passport is provided in Table 5.

CONCLUSION
In 2022, many years of updating Form No. 3-DOS were 

completed. The updated version of this Form contributes 
significantly to the information collected on the structure of 
diagnostic radiology activities and collective doses associated 
with medical exposure. This Form allows us to collect 
information about high-dose radiological examinations, 
such as multiphase CT with intravenous contrast, CT scans 
of several anatomical areas, hybrid examinations (PET/CT 
and SPECT/CT), and the entire range of interventional and 
radionuclide procedures. Because these examinations are 
associated with high individual patient doses (>20 mSv per 
procedure), this helps distinguish these examinations from 
the general nomenclature.

For the first time in Russian (and foreign) practice, obtaining 
information on radiation doses and the structure of diagnostic 
procedures for pediatric patients is possible. Requirements 

17 Guidelines MU 2.6.1.3700-21 “Evaluation and accounting of effective doses for patients when conducting radionuclide diagnostic examinations.” Link: 
https://base.garant.ru/403589750/.
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for submitting 3-DOZ forms at the organizational and subject 
levels remained unchanged. The implemented changes will 
significantly increase the potential of Form No. 3-DOZ to 
analyze medical exposure levels in the Russian Federation 
population and make management decisions.

Due to the significant changes, specialists from the 
Research Institute of Radiation Hygiene are developing 
new software for completing Form No. 3-DOZ. Detailed 
instructions for using new software will be presented by the 
authors in the next paper.
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Table 5. The procedure for completing the radiation-hygienic passport of an organization based on the data from updated Form 3-DOZ

Types 
of procedures

Number of procedures for 
the reporting year, no. 

per year (sum of values 
from Tables 1200 + 1400 
+ 2200 + 2400, except for 
radionuclide examinations)

Average individual 
dose, mSv/procedure

Collective dose, person-
Sv/year (sum of values 

from Tables 1100 + 1300 
+ 2100 + 2300, except for 

radionuclide research)

Measured doses, %

Fluorographic Line 02, column 3 + Line 02, 
column 4

Collective dose/
number of procedures 

× 1,000

Line 02, column 3 + Line 02, 
column 4

Sum of values from Tables 
2200 + 2400/sum of values 
from Tables 1200 + 1400 + 

2200 + 2400

Radiographic
Line 27, column 3 + Line 27, 

column 4 — (Line 02, column 
3 + Line 02, column 4)

Collective dose/
number of procedures 

× 1,000

Line 27, column 3 + Line 
27, column 4 — (Line 02, 

column 3 + Line 02, column 
4)

Sum of values from Tables 
2200 + 2400/sum of values 
from Tables 1200 + 1400 + 

2200 + 2400

Fluoroscopic Line 27, column 5
Collective dose/

number of procedures 
× 1,000

Line 27, column 5

Sum of values from Tables 
2200 + 2400/sum of values 
from Tables 1200 + 1400 + 

2200 + 2400

CT scan Line 27, column 6 + Line 27, 
column 7

Collective dose/
number of procedures 

× 1,000

Line 27, column 6 + Line 27, 
column 7

Sum of values from Tables 
2200 + 2400/sum of values 
from Tables 1200 + 1400 + 

2200 + 2400

Special 
examinations

Sum of rows 27, columns 
8–11

Collective dose/
number of procedures 

× 1,000

Sum of rows 27, columns 
8–11

Sum of values from Tables 
2200 + 2400/sum of values 
from Tables 1200 + 1400 + 

2200 + 2400

Radionuclide 
examinations

Tables 3100 + 3200
Line 20, column 6

Collective dose/
number of procedures 

× 1000 or Line 20, 
column 11

Tables 3100 + 3200
Line 20, column 10 —

Others Line 27, column 12
Collective dose/

number of procedures 
× 1,000

Line 27, column 12

Sum of values from Tables 
2200 + 2400/sum of values 
from Tables 1200 + 1400 + 

2200 + 2400
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Дозиомика в анализе медицинских изображений 
и перспективы её использования в клинической 
практике
В.А. Солодкий, Н.В. Нуднов, М.Е. Иванников, Э.С-А. Шахвалиева,  
В.М. Сотников, А.Ю. Смыслов
Российский научный центр рентгенорадиологии, Москва, Российская Федерация 

АННОТАЦИЯ
Обоснование. В последние годы увеличивается количество статей с использованием термина «дозиомика», однако 
литературные обзоры на русском языке по данной теме отсутствуют.
Цель настоящего обзора ― описать основные принципы дозиомики как направления радиомики и проанализировать 
исследования по оценке возможностей применения их в клинической практике.
Материалы и методы. Систематический поиск литературы был произведён в базе данных PubMed с поисковым за-
просом «dosiomics OR dosiomic», а также в базе данных eLibrary с поисковым запросом «дозиомика». По состоянию 
на апрель 2023 года были опубликованы 43 зарубежных исследования на тему использования дозиомики в клиниче-
ской практике и одна отечественная работа с определением термина «дозиомика».
Результаты. Проанализированы 43 зарубежных исследования на тему использования дозиомики в клинической прак-
тике и 1 отечественная статья с определением термина «дозиомика». Проанализированные работы разделены на три 
группы согласно их тематике и составлены таблицы, описывающие результаты 27 исследований по прогнозированию 
клинических исходов.
Заключение. В настоящее время дозиомика является новым и перспективным направлением радиомики, применяе-
мым в текстурном анализе медицинских изображений, связанных с лучевым лечением онкологических больных. До-
зиомика может способствовать развитию более персонализированного подхода к планированию лучевой терапии, 
прогнозированию лучевых повреждений нормальных тканей и диагностике рецидивов.

Ключевые слова: дозиомика; радиомика; лучевая терапия; машинное обучение; искусственный интеллект; 
текстурный анализ; постлучевой пневмонит.
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Dosiomics in the analysis of medical images  
and prospects for its use in clinical practice
Vladimir A. Solodkiy, Nikolay V. Nudnov, Mikhail E. Ivannikov,  
Elina S-A. Shakhvalieva, Vladimir M. Sotnikov, Aleksei Yu. Smyslov
Russian Scientific Center of Roentgenoradiology, Moscow, Russian Federation

ABSTRACT
BACKGROUND: In recent years, there has been a notable increase in the number of articles using the term “dosiomics”. 
However, there are no literature reviews on this topic in the Russian language.
AIM: This study aims to describe the basic principles of dosiomics as a derivative of radiomics and to analyze studies devoted 
to assessing the possibilities of its application in clinical practice.
MATERIALS AND METHODS: A systematic literature search was performed in the PubMed database using the search query 
“dosiomics OR dosiomic”, and in the eLibrary database using the search query “dosiomics”. By April 2023, 43 foreign articles 
and 1 Russian article had been published.
RESULTS: The analysis encompassed 43 foreign studies investigating the use of dosiomics in clinical practice, alongside one 
Russian article that provided a definition of the term “dosiomics”. The analyzed papers were divided into three groups according 
to their subject matter, and two tables describing the results of 27 studies on the prediction of clinical outcomes were created.
CONCLUSION: Currently, dosiomics is a new and promising derivative of radiomics used in the textural analysis of medical 
images associated with radiation treatment of cancer patients. Dosiomics can contribute to the development of a more 
personalized approach to the planning of radiotherapy, the prediction of radiation damage of normal tissues, and the diagnosis 
of recurrence.

Keywords: dosiomics; radiomics; radiation therapy; machine learning; artificial intelligence; texture analysis; radiation 
pneumonitis.
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医学图像分析中的Dosiomics及其在临床实践中的
应用前景
Vladimir A. Solodkiy, Nikolay V. Nudnov, Mikhail E. Ivannikov,  
Elina S-A. Shakhvalieva, Vladimir M. Sotnikov, Aleksei Yu. Smyslov
Russian Scientific Center of Roentgenoradiology, Moscow, Russian Federation

简评 

论证。近年来，使用“dosiomics”一词的文章数量不断增加，但却没有关于这一主题的俄

文文献综述。

本综述的目的是描述dosiomics作为放射组学分支的基本原理，并分析相关研究，以评估其

在临床实践中的潜在应用。

材料和方法。在PubMed数据库中以“dosiomics OR dosiomic”为检索词进行了系统文献检

索，在eLibrary数据库中以“дозиомика”（“dosiomics”）为检索词进行了系

统文献检索。截至2023年4月，共发表了43项关于在临床实践中使用dosiomics的国外研究和

1篇定义“dosiomics”一词的国内文章。

结果。我们分析了4 3篇关于在临床实践中使用d o s i o m i c s的国外研究和1篇定

义“dosiomics”一词的国内文章。我们将所分析的文章按主题分为三组，并将27项关于预

测临床结果的研究结果编制成表格。

结论。目前，dosiomics是放射组学的一个新的有前途的分支，应用于与癌症患者放射治疗

有关的医学图像的纹理分析。Dosiomics可能有助于开发更个性化的放疗计划、预测对正常

组织的辐射损伤和诊断复发。

关键词：dosiomics；放射组学；放射治疗；机器学习；人工智能；纹理分析；放疗后肺

炎。
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INTRODUCTION
Radiation therapy is one of the most widely used 

treatments in cancer patients. Radiation therapy can 
be performed alone or in conjunction with surgery or 
chemotherapy, although there is a substantial risk of 
developing post-radiation problems [1]. As a result, toxicity 
assessment is an important aspect of radiation therapy 
planning and delivery [2].

Personalized dose selection is one approach to 
addressing this problem (e.g., increasing the dose for low-
risk patients or optimizing treatment for patients with a high 
risk of complications [2]). At the planning stage of radiation 
therapy, prediction models are built to assess the risk of 
radiation damage to healthy organs and tissues based on 
various parameters.

Radiomics has recently gained popularity as a means 
of analyzing radiological data. This machine learning–
based method for extracting quantitative characteristics 
from medical images (typically describing shape, 
intensity, and texture) may be used to develop prediction 
models [3].

Radiomics is commonly used to diagnose chest 
disorders such as nodules and cancer, obstructive and 
restrictive diseases, and infiltrative lung diseases [4–7]. 
Furthermore, radiomics has been successfully used 
to predict treatment side effects, such as pneumonitis 
associated with radiation therapy and immunotherapy, 
and distinguish between iatrogenic lung injury and 
tumor recurrence [7]. Radiomics has gained popularity 
in predicting the COVID-19 course [8–10]. Radiomics can 
help in diagnosis, prognosis, treatment, follow-up, and 
monitoring treatment response [11].

In addition to radiomics, the concept of “dosiomics” is 
becoming more popular. This radiomics area is used for the 
3D distribution of radiation therapy doses to extract useful 
data for forecasting radiation therapy [12–14]. An integrated 
approach is becoming more popular for predicting post-
radiation damage based on dosiomics, radiomics, and clinical 
data [13].

This study aims to describe the fundamental principles 
of dosiomics as a subfield of radiomics and examine a study 
that evaluates the potential for its use in clinical practice.

Search and inclusion criteria 
for literature sources

A systematic literature search was performed using 
a PubMed database with the search term “dosiomics OR 
dosiomic” and an eLibrary database with the search term 
“dosiomics.” By April 2023, 43 global papers have been 
published.

Therefore, 43 global studies evaluating the use of 
dosiomics in clinical practice and one Russian study defining 
the term “dosiomics” were analyzed [15]. The papers were 
divided into three groups based on their topics, and a 
summary table was compiled describing 27 studies according 
to their value for clinical outcome prediction.

BASICS OF RADIOMICS 
AND DOSIOMICS: METHODS 
FOR EXTRACTING TEXTURE 
CHARACTERISTICS FROM COMPUTED 
TOMOGRAPHIC IMAGES

Radiomics is a technology to establish a relationship 
between multiple quantitative characteristics extracted from 
medical images of organs and tissues and the clinical picture 
of the disease using multivariate statistical analysis [16].

Radiomics features define tissue pictures’ textural 
characteristics to identify image biomarkers and develop 
predictive rules [17].

Figure 1 presents steps to extract and analyze radiomics 
features using lung computed tomography (CT) as an 
example. The area of interest is divided after a radiological 
assessment to isolate the lesion from the surrounding healthy 
tissue. For large and spatially heterogeneous lesions, 3D 
segmentation can provide more information. Segmentation 
can be done manually, semi-automatically, or automatically. 
The inaccessible radiomics features for visual assessment are 
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Fig. 1. Stages of extraction and analysis of radiomics features.
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then calculated using mathematical techniques. First-order 
statistics, gray-level adjacency, and homogeneity matrices 
are common parameters. The final stage involves reducing 
the sample size, statistical analysis, and selecting the most 
significant features while removing associated values to 
construct a decision rule using machine learning methods [18].

Key radiomics features
Radiomics features are extracted from medical images 

using the open-source PyRadiomics package. Radiomics 
uses two main groups of parameters: first-order statistics 
and texture matrices of adjacency and uniformity. These 
include the following matrices [16–18]:

 • Gray-Level Co-occurrence Matrix (GLCM)
 • Gray-Level Run-Length Matrix (GLRLM)
 • Gray-Level Size Zone Matrix (GLSZM)
 • Neighboring Gray Tone Difference Matrix (NGTDM)
 • Gray-Level Dependence Matrix (GLDM)

First-order statistics use a pixel intensity histogram in a 
region of interest to characterize gray frequency distribution 
without considering spatial relationships between pixels [19]. 
These features are known as first-order statistics because 
they are based on examining a single pixel or voxel without 
considering the surrounding areas’ intensity.

Higher-order statistical measures consider the relative 
spatial location of voxels, allowing them to define texture 
characteristics. The most common are halftone adjacency 
and uniformity matrices (GLCM, GLRLM, and GLSZM). NGTDM 
and GLDM are less common.

GLCM is a second-order histogram of gray levels 
[19]. It captures spatial relationships between pixels or 

voxels with predefined gray-level intensities in different 
directions (horizontal, vertical, or diagonal for 2D analysis 
and 13 directions for 3D analysis) and a predefined distance 
between pixels or voxels (Figure 2; hereafter, the principle 
of calculating matrix parameters in 2D space will be 
presented) [20].

GLRLM is a matrix described by Galloway. It represents 
the spatial distribution of vectors of successive pixels with 
the same gray-level in one or more directions in two or three 
dimensions (Figure 3).

GLSZM quantitatively describes image areas with the 
same gray-level, consisting of adjacent voxels. According to 
Thibault et al. [23], GLSZM is similar to GLRLM, but the first 
matrix is based on the calculated number of groups (so-called 
zones) of interconnected neighboring pixels or voxels with 
the same gray-level (Figure 4). A more uniform texture will 
result in a wider, flatter matrix. GLSZM cannot be calculated 
for different directions but can be calculated for varied 
distances between pixels or voxels in the neighborhood. 
GLSZM parameters can be determined in two (eight nearby 
pixels) or three (26 neighboring voxels) dimensions [19].

For NGTDM, the texture characteristics of a given 
matrix represent the intensity difference between adjacent 
voxels [24].

GLDM quantifies gray-level dependencies in an image 
[19, 25].

Dosiomics
Dosiomics is a relatively new area of radiomics. It is a 

textural study of radiation dose distribution used in radiation 
therapy planning.
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Fig. 3. An example of calculating GLRLM parameters: there is one group of three pixels with the same gray-level (3), located sequentially 
(highlighted in orange).
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The first scientific articles originate from 2018 when 
Gabry et al. [26] used this approach to predict xerostomia 
after radiation therapy in 15 head and neck cancer patients.

The process of obtaining dosiomics features includes two 
steps.
1. Radiation therapy 3D planning uses a sequence of parallel 

X-ray CT images, with the anatomical structures and 
target volume defined manually or using an automatic 
mathematical contouring program in the planning system 
[27, 28].

2. After acquiring 3D dose distribution models, they are 
processed using radiomics masks with open code 
implemented in Python, and quantitative textural 
parameters of an area of interest are generated. These 
parameters, which include the textural qualities outlined 
above (first-order statistics with adjacency and uniformity 
matrices), are retrieved from dose distribution models, 
and are referred to as dosiomics features.

Rossi et al. [29] reported a textural analysis of a 3D 
radiation dose distribution model in the rectal area. After 
mapping the radiation dose distribution, the area of interest 
is treated with radiomics masks, and textural characteristics 
are extracted. Figure 5 shows dosiomics features extracted 
from the area of interest.

Because the studied data array often has a 
disproportionately large number of input variables, there is 
the problem of reducing the dimensions of the attribute space. 
One of the most prominent guidelines for the relationship 
between the number of features and observations is the 20 
EPV rule. EPV (events per independent variable) is defined 
as the number of occurrences per independent variable, 
calculated by adding the number of patients in a smaller 
subgroup to the number of input characteristics used when 
creating a prediction model [30].

The next step is to reduce the attribute space’s 
dimensions using one of several methods, such as the 

Fig. 4. Example of calculating GLSZM parameters: there is one zone consisting of four pixels with a gray-level of 2 (highlighted in green).
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Fig. 5. Texture analysis of a 3D model of radiation dose distribution to the rectal area: (a) 3D dose distribution in the rectum, (b) gray-level 
frequency histogram, (c) GLCM, (d) GLRLM, (e) GLSZM, and (f) NGTDM.
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principal component method, linear discriminant analysis, 
and random forest method (importance function) [31, 
32]. Then, using machine learning approaches, eliminate 
linked values to construct a decision rule [18]. At the final 
stage, multivariate statistical analysis is undertaken using 
a forecasting model chosen based on the purpose of the 
examination. The accuracy of binary classification models 
is often assessed using a receiver operating characteristic 
(ROC) and denoted as the area under the curve (AUC) in 
studies. The curve uses sensitivity (the fraction of genuine 
positives) and specificity (the proportion of true negatives). 
The concordance index (C-index) is the most commonly used 
metric for evaluating the performance of survival models. 
Based on the Kendall correlation coefficient, this measures 
the rank correlation between predicted risk scores and 
observed scores at individual points in time.

USE OF DOSIOMICS IN CLINICAL 
PRACTICE

According to reviewed foreign literature, three 
main areas of research can be distinguished: the use of 
dosiomics features to predict radiation damage to healthy 
tissues, prediction of tumor relapses, and evaluation of 
the stability as well as reproducibility of dosiomic signs. 
Some literature reviews were also prepared; for example, 
groups of authors led by Sun [33] and Zhang [34] described 
dosiomics as a new direction in texture analysis of medical 
images.

Use of dosiomics features in predicting radiation 
damage to healthy tissues

All of these studies try to develop models (rules) for 
predicting cases of radiation damage in cancer patients. 
Most papers compared the efficacy of prognostic rules 
based on various types of data such as clinical factors, 
dose-volume histograms (DVH), indicators of radiobiological 
models of tumor control probability (TCP) and normal tissue 
complication probability (NTCP), dosiomics, radiomics, and 
dosimetry features.

The parameters researchers use, their combinations, and 
the statistical methods vary significantly from study to study. 
Most studies examined the ability to predict post-radiation 
pneumonitis in cancer patients after radiation therapy. 
According to the literature, the incidence of post-radiation 
pneumonitis ranges widely (from 5% to 58%) and it is one of 
the most prevalent consequences after lung cancer radiation 
therapy [1]. The most extensive research in this area was 
conducted by Zhang et al. in 2023 [35], using data from 
314 retrospectively collected and 35 prospectively enrolled 
patients with lung cancer. The models used radiomics, 
dosiomics, DVHs, and clinical factors. In the external testing 
sample, a decision rule constructed by integrating radiomics, 
dosiomics, and clinical data showed the best predictive ability 
with an AUC of 0.855 (95% confidence interval, 0.719–0.990) 

[35]. According to the findings of this study, models based on 
integrating various parameters are more accurate.

Other researchers confirmed that a model based on a 
combination of dosiomics and radiomics features has the 
best predictive ability. Similar results were obtained by 
Li et al. [36, 37], who extracted metrics from specifically 
segmented functional areas of the lung, and Huang et 
al. [2]. Hence, a model by Zhou et al. [38], based on the 
distribution of equivalent radiation dose, demonstrated 
high predictive ability with the AUC of 0.799 in the test 
set. It should be noted that Kraus et al. [39] used a 
predictive model with the same combination of features, 
but it was based on the distribution of absorbed radiation 
dose, which proved to be more effective. Such differences 
may be related to the low reproducibility and stability of 
dosiomics features.

Some scientific papers have compared models based on 
dosimetry and dosiomics features. In studies by groups led 
by Puttanawarut [40] and Liang [13, 41], models based on 
dosiomics indicators were more effective, whereas in the 
study by Adachi et al. [42], the combination of dosiomics 
and dosimetry indicators was also clinically significant. 
Models integrating radiomics and dosiomics indicators have 
demonstrated great accuracy in predicting not only post-
radiation pneumonitis but also additional post-radiation 
damage, such as severe weight loss (by more than 5% in 
2 months), which is confirmed by Lee [43] and Han [44]. 
Han et al. developed a medical decision support system 
to help healthcare providers forecast severe weight loss 
more accurately. These results show that it is possible to 
implement decisive rules based on dosiomics in clinical 
practice. Zheng et al. [45] created a model for predicting 
acute radiation esophagitis in patients with lung cancer and 
obtained the highest area values under the ROC curve (0.801) 
using a combination of radiomics, dosiomics, and clinical 
features.

Ren et al. [46] showed higher efficiency of dosiomics-
based decision rules than dosimetric models. Authors 
predicted post-radiation hypothyroidism in patients with 
nasopharyngeal carcinoma. Yang et al. [47] indicated radiation 
damage to the temporal lobe in individuals with a similar 
diagnosis. A model based on the patient’s age, dosimetric, 
and dosiomic features showed the best result with a C-index 
of 0.794 in the external test set.

Rossi et al. [29] used clinical data, dose-volume histogram 
indicators, and dosiomics features to improve the prediction 
of late radiation therapy complications of bladder and rectum 
radiation therapy, such as nocturia, rectal bleeding, and fecal 
incontinence. Monti [48] study should also be mentioned. It 
evaluated the relationship between dosiomics and genomics 
features in developing post-radiation lymphopenia in 186 
patients with non-small cell lung cancer after chemoradiation 
therapy. The authors suggest that the discovered relationships 
will help develop more effective personalized radiation 
therapy strategies.
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The reviewed studies showed that using dosiomics 
features in models increases the area under the ROC curve, 
indicating the predictive value of these parameters.

Described studies evaluating the ability to predict radiation 
damage to normal tissues are presented in Table 1.

Prediction of tumor recurrence/progression
These studies use the same general concepts to forecast 

radiation damage. Kamezawa et al. [49] and Wu et al. [14] 
evaluated the ability to predict local recurrence of head 
and neck cancer. Dosiomics-based models were the most 
effective. A similar study was conducted by Wang et al. [50], 
who built overall survival prediction models using texture 
indices extracted from CT, positron emission tomography CT 
(PET-CT), and dose distribution maps for radiation therapy 
planning. In terms of forecasting performance, the combined 
model was the most effective.

Murakami [12] and Pirrone [51] used different approaches 
for predicting prostate cancer recurrence. The first study 
predicted biochemical relapse. It was found that a model 
integrating clinical and dosiomic variables was the most 
effective for this purpose. The local recurrence prediction 
model in the second trial was based on radiomics and 
dosiomics indices generated from physiologically effective 
dose distribution maps, CT, and PET-CT images.

Buizza et al. [52] and Morelli et al. [53] demonstrated 
the effectiveness of dosiomic models in predicting the local 
recurrence of skull base chordomas and sacral localization. 
Similar decision rules also showed a high C-index in a study 
by Cai et al. [54] evaluating the ability to predict the recurrence 
and metastasis of nasopharyngeal carcinoma. Combined 
model by Wang et al. [55] demonstrated that machine 
learning with dosiomics features has the potential to predict 
complete remission of rectal cancer after radiotherapy.

Before treatment, Lam et al. [56] evaluated CT and 
MRI scans of 135 patients with nasopharyngeal carcinoma 
to predict the acceptability of adaptive radiation therapy. 
This was the first study to use the term “contouromics,” 
which refers to a method for defining intricate geometric 
relationships between four pairs of volumes of interest (VOI). 
The most accurate model was based on radiomics, with an 
AUC of 0.927 (95% confidence interval, 0.905–0.948).

As in the case of predicting radiation damage, these 
studies show the high accuracy of dosiomics-based models. 
Studies indicating relapse or progression of neoplasms are 
presented in Table 2.

Reproducibility of dosiomics features
The statistical models and methods used in this group of 

studies are quite different, yet they all share the problem of 
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Table 1. Studies to evaluate predicting radiation damage to normal tissues

Study Predicted radiation damage AUC model based 
on dosiomics Model with the highest AUC

Zhang et al. [35] Post-radiation pneumonitis 0.774 R + D + C − AUC = 0.855

Li et al. [36] Post-radiation pneumonitis — R + Ds − AUC = 0.885

Li et al. [37] Post-radiation pneumonitis 0.74 R + D − AUC = 0.88

Huang et al. [2] Post-radiation pneumonitis 0.8462 R + D − AUC = 0.90

Zhou et al. [38] Post-radiation pneumonitis — R + DVH − AUC = 0.805

Kraus et al. [39] Post-radiation pneumonitis 0.70 R + D − AUC = 0.79

Puttanawarut et al. [40] Post-radiation pneumonitis 0.71 D − AUC = 0.71

Liang et al. [13] Post-radiation pneumonitis 0.782 D − AUC = 0.782

Liang et al. [41] Post-radiation pneumonitis 0.782 AUC = 0.842

Adachi et al. [42] Post-radiation pneumonitis 0.837 Ds + D − AUC = 0.846

Lee et al. [43] Weight loss — R + D − AUC = 0.710

Han et al. [44] Weight loss — R + D − accuracy = 0.73,
HCPs − accuracy = 0.54

Zheng et al. [45] Acute radiation esophagitis 0.604 C + R + D − AUC = 0.801

Ren et al. [46] Post-radiation hypothyroidism 0.7 D − AUC = 0.7

Yang et al. [47] Radiation damage to the temporal lobe — Age + DVH + D − C-index = 0.794

Rossi et al. [29] 

Rectal bleeding

—

C + DVH + D − AUC = 0.73

Fecal incontinence C + DVH + D − AUC = 0.73

Nocturia C + D − AUC = 0.66

Urinary incontinence C + DVH + D − AUC = 0.73

Note. AUC, the area under the characteristic curve; C, clinical data of patients; D, dosiomics features; Ds, dosimetry features; DVH, dose-volume 
histograms; R, radiomics features.
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low dosiomics stability and reproducibility. Two studies by 
Puttanawarut et al. [57, 58] were devoted to this issue. The 
first study assessed the general applicability of radiomics 
and dosiomics features derived from images of cancers 
of various locations. A database containing data from 101 
patients with esophageal cancer patients and 93 lung cancer 
patients was used. Four models were developed to predict 
post-radiation pneumonitis in patients diagnosed with 
esophageal cancer and then applied to a group of patients 
with lung cancer. In samples of patients with esophageal 
cancer and lung cancer, the model based on a combination 
of dosiomics and radiomics features produced the best 
results, with AUC = 0.75 and AUC = 0.68, respectively. Such 
results may point to the restricted applicability of decision 
criteria to malignancies of various locations. The second 
study by Puttanawarut et al. [58] assessed the stability 
of dosiomics features when simulating errors in dose 
distribution planning. The average intraclass correlation 
coefficient (ICC) for the 93 dosiomics features tested was 
0.9, indicating stability, with five features having values 
below 0.75, indicating low reproducibility. Adachi et al. [59] 
also assessed the reproducibility of dosiomics features 
when using various dose calculation algorithms. When using 
the Acuros XB algorithm, 34.8% of the 6,808 parameters 
tested exhibited good reproducibility, highlighting the 
limitations of dosiomics when using different types of dose 
calculations. Simultaneously, Sun et al. [60] reported that 
most dosiomic features were stable to changes in dose 

calculations, but DVH parameters were less variable than 
dosiomic features. Placidi et al. [61] identified four groups 
of stable dosiomics features for further research. The 
authors later demonstrated the significance of voxel size in 
dosiomics data extraction [62].

Indeed, normalization, stability, and reproducibility of 
features remain important aspects for such studies and 
require further research.

DISCUSSION
The most common predictor characteristic in the 

studies cited (11 studies) was post-radiation pneumonitis. 
In nine of them, dosiomics features without combination 
with other signs were used to construct the decision rule. 
The AUC, used as a fit measure for such models, ranged 
from 0.67 to 0.84. Decision rules based on dosiomics also 
had high accuracy when predicting relapses of tumors of 
various locations (C-index >0.66). The accuracy increased 
when combined models were constructed using dosiomics, 
radiomics, dosimetry features, and clinical data, indicating 
a good predictive ability and prospects for use in clinical 
practice for personalized treatment planning.

At the time of writing this article, a few studies were 
conducted with primarily small sample sizes, indicating 
the necessity for additional research into dosiomics and 
its possible applications. Dosiomics could be incorporated 
into the radiation therapy planning process. In most studies, 
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Table 2. Studies to evaluate predicting tumor progression

Study Predicted variable Accuracy of the 
dosiomics-based model Model with the highest accuracy

Kamezawa et al. [49] Local recurrence of head and neck 
cancer AUC = 0.81 D − AUC = 0.81

Wu et al. [14] Local recurrence of head and neck 
cancer C-index = 0.66 D − C-index = 0.66

Wang et al. [50] Local recurrence of head and neck 
cancer — R-PET + R-CT + Ds − C-index = 0.873

Murakami et al. [12] Recurrence of prostate cancer — D + C − C-index = 0.67

Pirrone et al. [51] Recurrence of prostate cancer AUC = 0.68 D − AUC = 0.68

Buizza et al. [52] Recurrence of skull base chordomas С-index = 0.79 R − C-index = 0.80

Morelli et al. [53] Recurrence of sacral chordomas С-index = 0.86 D − C-index = 0.86

Cai et al. [54] Relapse and metastasis of 
nasopharyngeal carcinoma

C-index = 0.822 for 
relapse,

C-index = 0.786 for 
metastasis

D − C-index = 0.822 for relapse,
D − C-index = 0.786 for metastasis

Wang et al. [55] Remission of rectal cancer — AUC = 0.828

Lam et al. [56] Grade ray therapy at carcinoma 
nasopharynx AUC = 0.811 R − AUC = 0.927

Note. AUC, area under the characteristic curve; C, clinical data of patients; CT, computed tomography; D, dosiomics features; Ds, dosimetry features; 
PET, positron emission tomography; R, radiomics features.
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dosiomics was the most effective when combined with other 
qualitative and quantitative signs; thus, dosiomics should 
now be considered precisely as a direction of radiomics that 
allows for improving the efficiency of predictive models. The 
properties of dosiomics and radiomics depend on the software 
used and can vary significantly from study to study. Low 
stability and reproducibility of features are severe barriers 
to introducing dosiomics into clinical practice; therefore, they 
require further study.

CONCLUSION
Dosiomics is a new and promising area of radiomics 

used in texture analysis of medical images associated 
with radiation therapy of cancer patients. Dosiomics can 
contribute to developing a more personalized approach to 
planning radiation therapy, predicting radiation damage to 
normal tissues, and diagnosing relapses.
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Основы стандартной визуализации периферической 
нервной системы: МР-нейрография
С.Н. Морозова, В.В. Синькова, Д.А. Гришина, Т.А. Тумилович, А.О. Чечеткин, 
М.В. Кротенкова, Н.А. Супонева
Научный центр неврологии, Москва, Российская Федерация

АННОТАЦИЯ
Периферические нейропатии относятся к одним из наиболее часто встречающихся неврологических расстройств. Не-
смотря на наличие хорошо зарекомендовавших себя и дополняющих друг друга методов инструментальной диагности-
ки, таких как электронейромиография и ультразвуковое исследование, диагностика и дифференциальная диагностика 
поражения периферических нервов различного генеза, особенно их проксимальных отделов, может быть затруднена. 
Магнитно-резонансная томография периферических нервов в настоящее время активно внедряется в клиническую 
практику в качестве ценного дополнительного диагностического инструмента. 
Акцент в представленной работе делается на основных преимуществах и ограничениях упомянутых методов иссле-
дования, истории использования магнитно-резонансной томографии для визуализации структур периферической 
нервной системы, основных требованиях к протоколу магнитно-резонансной томографии периферических нервов 
различной локализации с учётом современных технических возможностей, в том числе подробно рассматриваются 
используемые для стандартного исследования последовательности магнитно-резонансной томографии и их диагно-
стическое значение, рекомендации по использованию контрастирования, преимущества и недостатки различных ме-
ханизмов жироподавления. 
В настоящее время практически отсутствуют стандартизированные описания периферических нервов в норме 
и при различных патологиях, что снижает диагностическую ценность метода. Перспектива повышения его информа-
тивности и расширения использования связана, в том числе, с проведением исследований на больших группах здоро-
вых испытуемых и пациентов с различными патологиями периферической нервной системы. 

Ключевые слова: магнитно-резонансная томография; периферические нейропатии; МРТ-протокол; жироподавление; 
трёхмерная визуализация.
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Conventional magnetic resonance imaging 
of peripheral nerves: MR-neurography
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ABSTRACT
Peripheral neuropathy is known to be one of the most common neurological disorders. Despite the great diagnostic value of 
electroneuromyography and ultrasound, addressing the diagnostics and differential diagnostics of peripheral nerve diseases 
of different origin could be challenging. In recent years, magnetic resonance tomography has been increasingly used for 
evaluating cases of suspected or established peripheral neuropathy with excellent results.
This manuscript mainly deals with the advantages and limitations of the aforementioned diagnostic instruments, technical 
considerations according to different anatomy of peripheral nerves, along with state-of-the-art technical decisions, frequently 
used magnetic resonance imaging sequences and their diagnostic value based on own observation, and recommendations for 
contrast enhancement use and different methods of fat suppression.
Currently, there is practically no standardized description of normal magnetic resonance imaging features of peripheral nerves, 
as well as their changes in different diseases. The evaluation of images is mainly based on the radiologist experience, which 
obviously decreases method’s diagnostic value. Studies of large numbers involving healthy volunteers and patients with 
peripheral neuropathies of different origin are required to address this issue.

Keywords: magnetic resonance imaging; peripheral nervous system diseases; MRI scans; fat suppression; imaging; 
three-dimensional.
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外周神经系统标准成像基础：磁共振神经影像学
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简评

周围神经病是最常见的神经系统疾病之一。虽然已经有了完善的辅助仪器诊断方法，如神经

肌电描记术和超声检查，但对各种原因引起的周围神经损坏，尤其是其近端损坏的诊断和鉴

别诊断仍很困难。目前，外周神经的磁共振成像已被积极引入临床实践，成为一种宝贵的辅

助诊断工具。 

本文重点介绍上述检查方法的主要优点和局限性、使用磁共振成像来显示出周围神经系统结

构的历史、考虑到现代技术能力的不同定位周围神经磁共振成像协议书的主要要求，包括对

标准检查中使用的磁共振成像序列及其诊断价值、使用造影剂的建议以及各种脂肪抑制机制

的优缺点的详细讨论。 

目前，对正常和各种病变下的周围神经几乎没有标准化的描述，这降低该方法的诊断价值。

为了提高该方法的信息量并扩大其应用范围，还需要对大量健康受试者和患有各种外周神经

系统疾病的患者进行研究。 

关键词：磁共振成像；周围神经病；磁共振成像协议书；脂肪抑制；三维成像。
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INTRODUCTION
Peripheral neuropathy, one of the most common 

neurological conditions, is an umbrella term covering 
peripheral nerve diseases [1]. It is classified as 
mononeuropathy, multiple (multifocal) mononeuropathy, or 
polyneuropathy based on the number of nerve fibers involved. 
Ischemia and compression, trauma, infections, neoplasms, 
dysmetabolism, disimmunity, toxicity, and insufficiency can 
all contribute to peripheral neuropathy [2, 3].

If peripheral neuropathy is suspected, a complete medical 
history and complaints, including a family history, should be 
obtained [4]. In most cases, the cause may be determined 
using laboratory tests. At present, electroneuromyography 
is the gold standard of research. It evaluates the conductive 
function of upper and lower extremity motor and sensory 
nerves, their proximal sections (indirectly), and innervated 
muscles (denervation activity) [5]. These studies can help 
determine the location, extent, degree, and lesion type [6, 7].

However, electrophysiology has several limitations, such 
as the inability to diagnose difficult-to-reach proximal areas 
of the peripheral nervous system [8]. Furthermore, in acute 
and chronic peripheral neuropathies with previously affected 
distal parts, they are often highly degenerated at the first 
visit of a patient, making diagnosis challenging (this is the 
so-called floor effect that occurs when a data-gathering 
instrument has a lower limit to the data values it can reliably 
specify) [3]. For the same reason, certain complications 
can arise when attempting to differentiate between the 
entirely afflicted cross-section of the distal nerve and the 
more proximal lesion of the peripheral fascicle [9]. Another 
important limiting factor is that results are operator-
dependent, which refers to variations in effects caused by a 
healthcare professional’s (HCP) levels of competence when 
doing an electroneuromyography.

High-resolution ultrasonography is a highly 
informative, supportive approach for real-time prolonged 
imaging of peripheral nerve conditions, identifying 
intraneural changes, and evaluating perineural tissues 
[10, 11]. Ultrasound of the peripheral nerves is now 
widely used to diagnose post-traumatic, compression, 
dysimmune, hereditary neuropathies, and nerve tumors 
[12]. However, the efficiency and reproducibility of this 
procedure largely depend on HCP experience [13], the type 
of ultrasound device, and the transducer frequency used. 
Unlike electrophysiological techniques, ultrasound does 
not identify the type of nerve fiber injury. Furthermore, 
deep-lying peripheral nerves near bone structures and 
internal organs may be difficult to see or inaccessible to 
ultrasonography [14].

Magnetic resonance imaging (MRI) is not commonly 
used to diagnose peripheral nervous system problems. 
The reasons for this are as follows: (a) the need to obtain 
very high-resolution 3D images to visualize morphological 
changes in the nerve structure, which lengthens the 

examination and increases the potential of artifacts, and 
(b) the lack of detailed description of the normal state of 
the peripheral nervous system visualized that complicates 
interpretation of the data obtained. However, with recent 
technological advances, MRI is now considered an alternative 
modality for diagnosing peripheral nerve disorders and can be 
recommended in cases of suspected lesions that are difficult 
to reach with conventional methods, surgical procedure 
planning, controversial electroneuromyography, ultrasound 
data, trauma, radiation therapy, and surgery history [15].

USE OF MRI FOR PERIPHERAL 
NERVOUS SYSTEM VISUALIZATION 

Although even today, MRI is prescribed to patients with 
suspected peripheral neuropathy rather to exclude a mass 
lesion inside or directly adjacent to the nerve [16], as early 
as in the 1990s, a research group led by Filler and Howe 
[17, 18] developed the first MR sequences with higher spatial 
resolution, and increased the contrast of peripheral nerves 
for their optimal visualization. This procedure was known as 
magnetic resonance neurography (MR neurography).

Magnetic resonance neurography is used in clinical 
practice to diagnose traumatic nerve injuries and carpal 
tunnel syndromes and plan the treatment. In the first case, 
MR neurography distinguishes a complete nerve transection 
with all supporting connective tissue structures affected 
(neurotmesis), requiring surgical intervention and damage 
to the axon without its sheath destruction (axonotmesis) 
or local demyelination due to compression or traction with 
axonal structures preserved (neuropraxia), which can recover 
spontaneously [19]. MR neurography may also be used 
for nerve recovery monitoring in controversial cases. This 
approach is often used to locate and determine the specific 
location of a lesion in tunnel syndromes (compression 
neuropathies). If surgical treatment fails, MR neurography is 
also recommended.

This diagnostic area is developing more rapidly than other 
areas related to the peripheral nervous system [3]. Therefore, 
plexus MRI is now part of the confirming diagnostic criteria 
for chronic inflammatory demyelinating polyneuropathy and 
multifocal motor neuropathy [20, 21]. Noninvasiveness, low 
operator dependency, the specific location of pathological 
alterations and their clear relationship with adjacent 
anatomical structures, a full assessment of all anatomical 
structures in the area studied, and monitoring over time are 
all advantages.

BASIC TECHNICAL REQUIREMENTS 
FOR MRI PROTOCOL 

Magnetic resonance neurography is a technique for 
optimizing peripheral nerve visualization that uses nerve-
selective (imaging nerve trunks with suppressed signals 
from surrounding tissues and vasculature [22]) and 
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nerve-nonselective sequences with high-resolution and 
contrast augmentation.

There are also some limitations. First, because the 
transverse size of a nerve is typically only a few millimeters 
and the thickness of individual fascicles is approximately 
≤1 mm, individual nerve trunks may only be visualized using 
high-resolution techniques. Longer acquisition periods and 
lower signal-to-noise ratios are required for such images. 
Furthermore, adipose tissue around and inside neural 
systems makes qualitative and quantitative examinations of 
peripheral nerve structures challenging. Therefore, various 
fat suppression techniques are used to visualize them, 
which can also affect the image evaluation and the signal-
to-noise ratio. Because of the intricate anatomical course of 
some peripheral nerves, three-dimensional sequences are 
required; however, images may become noisy and grainy 
due to overlapping vascular signals. In contrast, MRI of the 
peripheral nervous system is currently being intensively 
developed [23, 24].

To visualize individual nerve fascicles within the nerve, 
equipment with a magnetic field of 3 Tesla (T) [3] provides 
sufficient spatial resolution. They have a higher signal-to-
noise ratio, allowing for stronger contrast, higher resolution 
in the scan plane, and the smallest slice thickness. The 
smallest slice thickness is required for higher end-to-end 
resolution in 2D sequences and higher isotropic resolution 
in 3D sequences [25]. However, 1.5-T MRI tomographs can 
be used, particularly in patients with metallic implants in the 
scanning field [26].

To reduce the effect of partial volume, and to visualize 
individual nerve structures surrounded by loose connective 
and fat tissues, the spatial resolution should be ≥0.1–
0.4 × 0.1–0.4 mm, and slice thickness for two-dimensional 
sequences should be >2.0–3.5 mm for plexuses and 4–5 mm 
for extremities, with minimal or no interslice gap [3, 25]. 
Although 2D sequences are still the gold standard for the 
first evaluation, 3D sequences (with the ability to reconstruct 
images in different planes) are critical for viewing and 
addressing difficulties when the anatomical nerve course is 
convoluted, and the available data are contentious. Slices 
should be designated relative to the long axes, that is, 
parallel or perpendicular to the nerve’s extremity or course 
as far as feasible [25].

Optimal imaging results are achieved by using 
multichannel coils for specific body parts, but other solutions 
are possible by replacing missing coils with existing coils, 
provided that the patient is positioned correctly. Special 
multichannel coils with accelerating factors can be used with 
soft surface coils to increase the field of view. A combination 
of spinal embedded and soft surface coils is recommended 
for performing examinations at the trunk level [27].

Before organizing an examination, consider the broadest 
possible covering area, and that the more slices there are the 
longer the examination will last. The field of view should be 
restricted as much as possible to achieve improved spatial 

resolution, with the empty space around the area of interest 
being no more than 20% of its size for effective assessment 
of small-diameter nerves [25].

To eliminate motion artifacts, the patient should be 
appropriately and comfortably positioned [3]. To avoid 
interference with the bladder signal on maximum intensity 
projection reconstructions, the bladder should be emptied 
before studying the lumbar and sacral plexuses.

CONVENTIONAL MR NEUROGRAPHY 
TECHNIQUES AND THEIR CLINICAL USE

The most commonly used techniques in routine clinical 
practice include qualitative assessment of T1- and T2-
weighted images and proton density-weighted images, 
which are contrasted using T1 and T2 relaxation processes 
and proton density localization in human tissues with spin or 
gradient echo sequences. Various fat suppression strategies 
are used (discussed in more detail below). Regardless of the 
area of interest, at least two scanning planes, preferably with 
at least one 3D sequence, are recommended.

T1-weighted images
These images are essential for neurography and can be 

acquired using spin echo or free fluid suppression inversion 
recovery sequences in the axial plane for extremity nerves 
and the coronal plane for plexuses. The length of the echo 
complex varies from three to eight for 2D images and from 
33 to 68 for 3D images. A scanning plane resolution of 0.3 to 
0.4 mm ensures optimal visibility of intraneural fat, epineurium 
thickening, and elimination of perineural fat due to mass 
lesion development or fibrosis (Fig. 1) [28]. Furthermore, 
these images are critical for determining fatty infiltration and 
muscular atrophy. They are also less susceptible to motion 
and magnetic susceptibility aberrations and can typically detect 
edema, tract interruption, or changes in cross-sectional nerve 
configuration due to compression [3].

Contrast-enhanced MR neurography
T1-weighted 3D gradient echo sequences with fat tissue 

signal suppression and possible subsequent image removal are 
recommended for pre- and post-contrast imaging. Otherwise, 
their use for 3D imaging can be limited due to greater artifact 
susceptibility and lower contrast enhancement.

After intravenous contrast agent injection, a blood–nerve 
barrier prevents intact nerve signals from altering [24]. 
Contrast enhancement has little diagnostic benefit in the case 
of traumatic alterations or carpal tunnel syndromes because 
these conditions are often investigated with MRI in the 
subacute period. Only denervated muscles can be increased 
under these conditions. However, they are well visualized 
on fat-suppressed images sensitive to fluid signals [25]. 
Contrast enhancement is related to nerve signal alterations 
in hereditary and demyelinating polyneuropathies; this is also 
unnecessary.
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Fig. 1. Magnetic resonance imaging of the brachial plexuses in 3D-T1 mode. A coronal projection: (1) the upper trunk, (2) the middle trunk, (3) the lower 
trunk, (4) the perineural fatty tissue, (5) the endoneurial fat, (6) a mass lesion (schwannoma), and (7) the intact fatty tissue around the lesion.
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In some circumstances, such as a suspected neural or 
perineural mass lesion, lymphoma, inflammatory processes 
related to perineural infection, and other disorders associated 
with damage to the blood–nerve, a contrast-enhanced 
examination may be recommended [29]. In addition to the 
disorders listed, a contrast-enhanced examination may be done 
following decompressive surgery to rule out the overproduction 
of fibrous tissue if clinical symptoms persist [30].

Nerve-specific contrast agents, such as agents with 
selective accumulation in areas of demyelination that 

gradually decreases as the fiber regenerates, are currently 
being developed, but related MRI techniques have not yet 
been approved for clinical use [24].

T2-weighted images
Early observations showed that T2 images are the most 

important for diagnosing peripheral nerve injuries [31]. 
Non-fat-suppressed sequences, typically 2D, are useful 
for observing the epineurium (Fig. 2). Fat suppression 
differentiates the relatively high nerve signal and the 
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Fig. 2. Magnetic resonance imaging of the hand in T2 mode in a patient with carpal tunnel syndrome. An axial projection: (a) at the level 
of proximal epiphyses of metacarpal bonesand (b) at the level of distal parts of the capitate bone (1: individual fascicles as part of the 
median nerve, 2: epineurium, and 3: flexor retinaculum with a thickness of up to 1.29 mm).

a b
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surrounding fat tissue. For T2-weighted images without 
fat suppression, the recommended echo time is >90 ms 
(milliseconds), ideally 100–105 ms. For fat-suppressed 
sequences, it can be reduced to 60–80 ms. The latter, so-
called fluid-sensitive images, provide ideal nerve visualization 
(Fig. 3) with increased signals in the area of pathological 
changes [32]. Fat suppression strategies are based on the 
difference in water–fat precession frequency and fat tissue 
having a longer T2 relaxation time and shorter T1 relaxation 
time than muscle tissue or nerve fibers [2]. 

The required fat suppression can be performed by 
spectrally selective fat suppression (FatSat) in T2-weighted 
spin echo sequences with high contrast, nearly no pulsation 
artifacts, and reduced magnetic susceptibility artifacts [33]. 
However, if there are metal structures in the field of vision, 
this technique should be avoided. The main disadvantage is 
poor fat suppression away from the center of the field of 
view or inhomogeneous fat suppression along the curves of 
the body [25].

Short-TI inversion recovery (STIR, where TI is the inversion 
time in milliseconds) provides excellent homogeneous fat 
suppression at various levels of magnetic induction and field 
homogeneity, but it is nonselective (it suppresses signal 
from all, not only fat, tissues with short T1). It cannot be 
used following intravenous contrast enhancement (as this 
sequence sums T2 and T1 contrast, providing only T2-
weighted images). In many circumstances, it is susceptible to 

pulsation artifacts, erroneous nerve signal augmentation due 
to increased signal from intraneural fluid, and a low signal-
to-noise ratio. Therefore, this sequence is more commonly 
used for plexus visualization, where spectrally selective fat 
suppression is ineffective for a variety of reasons, including 
the presence of metal in the field of view, using various 
modifications, such as shorter echo time (30–40 ms), a 
greater number of echo times, and a wider transmission 
frequency (400–500 Hz/Px).

T2 SPAIR (T2-weighted SPectral Attenuated Inversion 
Recovery), a combination of FatSat and STIR techniques, is 
the best sequence for extremity MR neurography because it 
suppresses fat signals similarly to STIR, but it is more selective 
in the center and periphery of the field of view with higher SNR 
and fewer pulsation artifacts. The signal from a normal nerve 
usually is isointense to the signal from skeletal muscle on 
T2-SPAIR images. Depending on the user’s preferences, weak 
and strong contrast types are available, with the weak giving 
higher signal homogeneity and the strong providing greater 
isointensity of the nerve signal. The main disadvantage of this 
sequence is the possibility of poor fat suppression in some 
edge slices, particularly along the scanning area’s boundary, 
and the inability to use this technique with low-field devices and 
significant magnetic field inhomogeneity. Although T2-SPAIR is 
less sensitive to metal artifacts than frequency-selective fat 
suppression sequences, the STIR sequence should still be used 
if the metal is in the scanning area.
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Fig. 3. Various techniques of fat suppression for magnetic resonance imaging: (a) brachial plexuses in T2-FatSat mode, an axial projection: 
the anterior branches of C5, C6, and C7 spinal nerves are noted, without abnormalities, with a slightly increased signal; heterogeneous fat 
suppression with unsatisfactory signal along the periphery of the area of interest (arrowed); (b) brachial plexuses in STIR mode, a coronal 
projection: homogenous fat suppression throughout the entire field of view, typical elements of brachial plexuses with a slightly increased 
signal (arrowed); and (c) sciatic nerves in T2-Dixon mode, a coronal projection: homogenous fat suppression, normal sciatic nerves with 
a slightly increased MR signal (arrowed).

a

b c
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The Dixon approach achieves optimal fat suppression, 
but image quality may be reduced from the central scanning 
area [25]. Thomas Dixon proposed this approach in 1984 [34]. 
The chemical shift effect was predicated on a difference in 
the resonance frequency of fat and water protons. A two-
echo sequence is used. Water and fat signals occur in-phase 
and antiphase during the first and second echo times. Dixon 
demonstrated that additional images can be computationally 
created based on these images with simply the water 
signal (dixonW) and the fat signal (dixonF). The fat signal is 
suppressed in dixonW images. These images are commonly 
used in clinical practice because they provide homogeneous 
fat suppression, and the only notable artifact is a fat–water 
exchange caused by magnetic field inhomogeneity, which 
occurs frequently around the coil coverage area’s border 
[35]. However, due to the long scanning time, the use of this 
neurography technique is limited to 2D imaging.

On T2-weighted images, a diseased peripheral nerve has 
a larger diameter and higher signal intensity, which is more 
visible with various fat suppression approaches. The structure 
and size of the nerve can be evaluated in comparison with 
surrounding nerves and a vascular fascicle, which can be 
used as an internal reference [36]. For the sciatic nerve, 
for example, an increase in the nerve diameter to vessel 
diameter ratio of >0.89 can be considered abnormal [37]. In 
addition to the nerve signal, special attention should be paid 
to signals from the adjacent muscles; increased intensity of 
such signals is an imaging correlate of denervation changes 
that can be noticed 5 days after nerve injury [3].

Some potential problems should be noted while 
interpreting MR neurography data. First, most healthy 
volunteers (approximately 60%) have locally increased 
signal intensity at sites of physiological constriction on fluid-
sensitive images; hence, in addition to signal changes, it is 
necessary to evaluate their prevalence and swelling and 
thickening of the corresponding nerve. Another important 
factor is a so-called “magic angle” effect, which means the 
increased intensity of MR signal from structures located at 
the angle of 55° relative to the direction of the magnetic field 
B0 in short TE sequences (<32 ms) [3].

Increased signal on T2-weighted images is a sensitive 
but nonspecific marker of peripheral nerve injury that cannot 
be quantified and requires careful interpretation considering 
diverse patterns of lesions, including their magnitude and 
changes in diameter.

NS-RADS SCALE
There are guidelines for using the MRI-based Neuropathy 

Score Reporting and Data System (NS-RADS) scale [39]. 
According to the authors, it can be used for more standardized 
measurement of the type and severity of peripheral neuropathy 
using medical history and examination data. This scale is 
used to assess the severity of traumatic injuries (NS-RADS 
I1–5), compression syndromes (NS-RADS E1–3), neoplasms 

(NS-RADS N1–4), diffuse neuropathies (NS-RADS D1, 2), and 
postoperative conditions (NS-RADS PI1–3). Furthermore, it 
can be used in the setting of denervation changes in regional 
muscles (NS-RADS M0–3), insufficient data to assess changes 
(NS-RADS 0), and absence of changes or minor clinically 
insignificant changes (NS-RADS U). Furthermore, NS-RADS 
NOS (not otherwise specified) is a separate category for 
patients with clinically suspected neuropathy and contentious 
medical history or examination data. This classification is 
expected to provide the standardized assessment of MRI 
changes in peripheral nerves and improve interdisciplinary 
collaboration for optimal clinical and research outcomes. The 
original publication contains a more complete classification, 
but the authors believe that following active implementation, 
new categories and sections may be established to optimize 
its use in clinical practice [40].

CONCLUSION
Despite the possibility of greater metal artifacts, 

3-T tomographs are preferable for peripheral nerve 
visualization due to their higher S/N ratio. It is proposed 
that minimum MRI protocol requirements be established. 
Three-dimensional sequences are indicated for plexus 
imaging, whereas 2D images with a small slice thickness 
(2.5–3.5 mm) are appropriate for extremities nerve viewing. 
It is important to ensure high resolution of evaluated data 
(0.2–0.8 mm in the scanning plane). The protocol should 
include fat-suppressed, fluid-sensitive imaging sequences 
(STIR, T2SPAIR, T2FatSat, and T2Dixon) and T1- and T2-
weighted images, with at least one mode with slices 
perpendicular to the long axis of nerves.

Despite all the difficulties and limitations, MRI remains 
the highly informative method for peripheral nervous system 
examination, and it is increasingly being introduced into clinical 
practice due to its ability both to detect pathological changes 
in the peripheral nerves and to perform a comprehensive 
assessment of the surrounding structures, as well as to 
make a differential diagnosis in some diseases. The use of 
standard MR neurography techniques is related to increased 
informative value and wider usage of MRI, beginning with 
forming a population-based age normative base with a 
description of nerve signal sizes and characteristics. A 
detailed description of nerve damage patterns in various 
disorders is still required.
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Посмертные лучевые исследования 
в мировом и отечественном здравоохранении: 
анализ литературы и мнений российских 
специалистов
А.И. Щеголев, У.Н. Туманова 
Национальный медицинский исследовательский центр акушерства, гинекологии и перинатологии имени академика В.И. Кулакова, 
Москва, Российская Федерация

АННОТАЦИЯ
Несмотря на особую значимость вскрытий тел умерших больных с целью определения причины смерти и эффектив-
ности проведённого лечения, во всех странах отмечается прогрессирующее снижение их количества. Одновременно 
с этим наблюдается активное внедрение посмертных лучевых исследований для анализа тел умерших и погибших 
пациентов. 
Представлен анализ данных литературы, обобщающих результаты анкетирований иностранных специалистов, а так-
же мнений российских специалистов о возможностях и особенностях проведения посмертных лучевых исследова-
ний главным образом новорождённых и младенцев. Отмечено, что посмертные лучевые исследования проводятся 
как в рамках патологоанатомического вскрытия, так и судебно-медицинской экспертизы. В случаях насильственной 
смерти чаще проводили посмертную компьютерную томографию, при смерти от болезней ― посмертную магнитно-
резонансную томографию. Более часто использовалось общеклиническое оборудование, находящееся в клинических 
отделениях лучевой диагностики, чем оборудование, расположенное в морге, патологоанатомическом отделении 
или судебно-медицинском учреждении. Анализ результатов посмертных лучевых исследований в большинстве на-
блюдений проводили врачи-рентгенологи, намного реже имел место совместный анализ рентгенолога и патологоана-
тома. Подчёркивается, что в Российской Федерации посмертные лучевые исследования носят в основном единичный 
характер. В то же время, по мнению российских исследователей, в настоящее время ― время развития персонали-
зированной медицины, лучевых методик и информационных технологий ― назрела необходимость использования 
посмертных лучевых исследований для объективизации и повышения точности традиционных аутопсий. При этом по-
смертные лучевые исследования, представляющие собой объективные оператор-независимые методы исследования 
тел погибших, следует рассматривать как высокоэффективный этап патологоанатомического и тем более судебно-
медицинского вскрытия. 

Ключевые слова: аутопсия; виртопсия; посмертная магнитно-резонансная томография; посмертная компьютерная 
томография; КТ; танаторадиология; обзор.
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Postmortem radiology studies in global  
and national healthcare: literature analysis 
and perspectives of Russian specialists
Aleksandr I. Shchegolev, Ulyana N. Tumanova
Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russian Federation

ABSTRACT
Despite the significant importance of autopsies for determining the cause of death and the evaluating the effectiveness of 
treatments, there is a progressive decrease in their number across all countries. At the same time, there is an active introduction 
of postmortem radiological studies to analyze the bodies of deceased patients.
The article presents literature analysis summarizing the results of surveys from foreign specialists, as well as the opinions of 
Russian specialists, regarding the possibilities and features of postmortem radiological studies, mainly focusing on deceased 
newborns and infants. It is noted that postmortem radiological studies are carried out as part of both pathoanatomical autopsy 
and forensic medical examination. Postmortem computed tomography in cases of violent death and postmortem magnetic 
resonance imaging in cases of death from diseases were performed more often. General clinical equipment located in clinical 
radiology departments was more frequently used than those located in the mortuary, pathology department, or forensic facility. 
The analysis of the results of postmortem radiological examinations was predominantly carried out by radiologists, with a 
joint analysis involving a radiologist and a pathologist being less common. It is emphasized that in the Russian Federation, 
postmortem radiological studies are mostly of a single nature. According to Russian researchers, in the current era of advancing 
personalized medicine, radiation techniques, and information technologies, there arises a need to use postmortem radiological 
studies to objectify and improve the accuracy of traditional autopsies. Postmortem radiological studies, which are objective 
operator-independent methods of examining the bodies of dead people, should be considered as a highly effective stage of 
pathology and, especially, forensic autopsy.

Keywords: autopsy; virtopsy; postmortem computed tomography; postmortem magnetic resonance imaging; thanatoradiology; 
review.
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全球和国内医疗保健中的放射尸检：文献分析和俄罗
斯专家的观点
Aleksandr I. Shchegolev, Ulyana N. Tumanova
Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russian Federation

简评

虽然尸检对确定死因和治疗效果非常重要，但各国的尸检数量都在逐步减少。与此同时，医

生正在积极引入放射尸检，以分析死亡病人的尸体。 

本文介绍对文献数据的分析，这些数据总结外国专家的问卷调查结果，以及俄罗斯专家对放

射尸检（主要是新生儿和婴儿）的可能性和特殊性的看法。据指出，放射尸检是在病理解剖

和法医学鉴定的框架内进行的。在暴力致死的病例中，更常进行死后计算机断层扫描；在疾

病致死的病例中，则进行死后磁共振成像。与停尸房、病理解剖科或法医学机构里的设备相

比，临床放射诊断科的普通临床设备使用频率更高。大多数放射尸检都是由放射科医生进行

分析的，而由放射科医生和病理学家共同进行分析的情况要少得多。需要强调的是，在俄罗

斯联邦，放射尸检大多是零星的。同时，据俄罗斯研究人员称，在当前个性化医学、放射技

术和信息技术发展的时代，有必要利用放射尸检来客观化和提高传统尸检的准确度。同时，

放射尸检是独立于操作人员的客观尸体检查方法，应被视为病理解剖的高效阶段，更是法医

学尸检的高效阶段。 

关键词：尸检；虚拟尸检；死后磁共振成像；死后计算机断层扫描；CT；死后放射学；综

述。
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INTRODUCTION
A conclusion about the cause of death is made by 

autopsy pathology specialists performing an autopsy of a 
deceased patient to confirm a clinical diagnosis or reveal 
a diagnostic error, establish the course of a disease 
and components of the dying process (thanatogenesis), 
evaluate the effectiveness of diagnostic and therapeutic 
measures, and generate mortality statistics [1]. 
Autopsies play a vital role in perinatal examinations, 
identification of hereditary and congenital diseases, and 
evaluation of subsequent pregnancy risk [2]. However, 
since the 1950s, in all countries where the consent of 
relatives is required for an autopsy, the number of these 
procedures has been progressively decreasing, mainly 
due to religious reasons, a long delay between death 
and burial, and the unwillingness of treating physicians 
to obtain information that may discredit their treatment 
strategy [3, 4].

In addition, the development of new medical 
equipment and diagnostic techniques allowed the ability to 
perform radiological examinations of people after death. 
Postmortem radiology was primarily used in forensic 
medicine. Therefore, in the 1990s, the Institute of Forensic 
Medicine at the University of Bern (Switzerland) began 
actively using 3D optical technologies for scanning corpses 
to better document external injuries and compare them 
with the suspected weapon of infliction. Then, postmortem 
computed tomography (CT) and magnetic resonance imaging 
(MRI) were introduced and compared with traditional 
autopsy [5]. In the United States, the Office of the Armed 
Forces Medical Examiner provided postmortem multispiral 
CT of dead members of the Armed Forces before autopsy to 
better assess combat injuries [6, 7]. Postmortem multispiral 
CT of people who died in the January 2020 earthquake in 
Haiti enabled rational body sorting for adequate subsequent 
autopsy [8].

Postmortem radiology is now used in many countries 
as part of a forensic medical examination and an autopsy, 
as reflected in the progressively increased number of 
publications [9, 10]. However, there is still no consensus 
on the objects (age group of patients and nature of 
abnormalities), type of apparatus, location, specialty, and 
qualifications of specialists performing postmortem radiology 
and analyzing results.

This information is undeniably important, particularly 
for those who intend to implement and perform such 
examinations in their institutions, cities, or regions. 
Because of its multinational and multireligious population, 
postmortem radiology is essential in the Russian Federation. 
Despite the relatively high level of radiology equipment in 
healthcare organizations, postmortem radiology is only 
used episodically in some institutions.

This paper aims to analyze the experience, 
recommendations, and proposals of foreign and Russian 

experts in postmortem radiology, considering potential 
opportunities and special aspects.

POSTMORTEM RADIOLOGY IN GLOBAL 
AND RUSSIAN HEALTHCARE
Conditions and stages of the study

The study is based on four surveys of members of the 
European Society of Pediatric Radiology (ESPR) and the 
International Society of Forensic Radiology and Imaging (ISFRI) 
from 2013 to 2021, postmortem radiology literature from 
eLibrary and National Center for Biotechnology Information 
databases (PubMed and PubMed Central), and opinions of 
Russian round table participants “Thanatoradiology: Real 
opportunities for organization and practical use in the 
healthcare system,” which was held on October 8, 2022, in 
Moscow as a part of II Scientific and Practical Conference 
of the Interregional Thanatoradiology Society “Diagnostic 
radiology in pathology and forensic medicine: From 
antemortem to postmortem.”

Due to the lack of consistent and generally accepted 
international guidelines on organizing and using postmortem 
radiology, the study analyzed literature data on surveys of 
foreign experts performing such examinations [11–14]. 
However, it should be noted that these surveys only included 
perinatal and pediatric medical institutions.

In the first survey (2013), questionnaires were 
distributed to 244 ESPR members [11]. The study included 
66 questionnaires from 66 corresponding institutions, 
with postmortem radiological examinations performed in 
47 (71%) institutions in 17 countries: Australia, Austria, 
Brazil, Great Britain, Hungary, Germany, Israel, Ireland, 
Canada, the Netherlands, New Zealand, Norway, USA, 
Finland, France, Switzerland, and Sweden. The largest 
number of responses and institutions were from the 
United Kingdom (11), the United States (9), and the 
Netherlands (5).

Three subsequent surveys included members of the 
ESPR and ISFRI. As a result, in the second survey (2016–
2017), questionnaires were distributed to members of 
the aforementioned societies from 25 institutions [12]. 
Responses from 20 institutions in 11 countries were analyzed: 
Great Britain, Australia, USA, and Poland (three each); the 
Netherlands (2); Denmark, Italy, Switzerland, New Zealand, 
Canada, and Japan (one each).

In the third survey (2018–2019), questionnaires were 
distributed to all 14 members of the ESPR Postmortem 
Imaging Working Group and 17 members of the ISFRI 
Working Group, representing 25 different institutions [13]. 
The analysis included responses from 11 institutions in 
seven countries where postmortem radiology was used 
in the perinatal and pediatric practice: Australia (3), Great 
Britain (2), the Netherlands (2), Belgium (1), Switzerland (1), 
New Zealand (1), and Canada (1).
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A fourth survey was conducted in 2021, with emails 
sent to 22 members of the ESPR Postmortem Imaging 
Working Group from 26 institutions. The analysis included 
18 responses from 18 institutions in nine countries: Great 
Britain (6), Australia (3), Germany (2), the Netherlands (2), 
Austria (1), Belgium (1), Hungary (1), New Zealand (1), 
and Canada (1). Results were published by Chambers et 
al. [14].

Some questions were repeated in the above four 
surveys (questionnaires), whereas others were different. 
The first questions referred to objects of postmortem 
radiology.

Analysis of survey results
According to the first survey [11], all stillborn children 

were examined in 32% (15 out of 47) of institutions, whereas 
26% (12/47) and 17% (8/47) examined all deceased newborns 
and infants, respectively. Only some stillborn children (45%), 
deceased newborns (49%), and infants (49%) were examined 
in most institutions.

According to the second survey [12], only one-third 
(35%) of institutions used postmortem radiology for all 
cases of fetal and pediatric death. In the third study [13], no 
institutions used postmortem radiology for all the deceased 
patients. According to the fourth survey [14], all institutions 
performed examinations on a case-by-case basis, with 
the majority (92.9%) performed for dead newborns (age 
0–28 days), infants (1–12 months), and children (1–12 yr), 
followed by adolescents (age 13–18 yr; 85.7%) and fetuses 
(42.9%). Postmortem radiological examinations of deceased 
newborns and infants, children, and adolescents were less 
common in cases of nonviolent death: 82.4%, 58.5%, and 
52.9%, respectively. However, fetal examinations were 
more common (76.5%) [14].

Since 2004, the Robert Kilpatrick Clinical Sciences 
Building Leicester Royal Infirmary in Leicester, UK, has 
regularly performed postmortem radiological examinations 
for deceased newborns and children in the radiology 
departments (24/7) [15].

As for the location of postmortem radiology equipment, 
in the first two surveys, general clinical equipment was used 
more frequently than in the mortuary, pathology department, 
or forensic institution (55% vs. 45%) [12]. According to the 
third survey [13], all specialists performed postmortem MRI 
using equipment in clinical radiology departments, and none 
of the centers surveyed had a special MRI scanner exclusively 
for postmortem imaging or a scanner located in the morgue 
or pathology department.

Controversial data on postmortem radiology procedures 
(and equipment) were obtained. The most common response 
in the first [11] and fourth [14] surveys was radiography (81% 
and 100% of cases, respectively), followed by CT (51% and 
88.9%, respectively), MRI (38% and 61.1%), and ultrasound 

(8.5% and 27.8%). In most fatal cases, two or more different 
scanners (techniques) were used for radiological examination 
of corpses, but ultrasound was performed in all cases with 
radiological examination. However, in the third survey, all 
participants reported only postmortem MRI [13]. There are 
ongoing debates regarding who should conduct postmortem 
radiological examinations and, more importantly, who will 
evaluate their results. According to the second survey, 
radiological examinations were performed in most cases 
(65%) by a radiologist or a radiographer at a radiology 
department, considerably less frequently (15%) by morgue 
staff or a pathologist, and only in one institution by a forensic 
medical examiner [12]. According to the third survey, such 
examinations were performed in 90.9% of institutions 
by a radiologist or X-ray technician and 9.1% by an MRI 
specialist [13].

In terms of specialists analyzing postmortem radiology 
results, the first survey mentioned a radiologist in most 
cases (89%), including a pediatric radiologist (64%); in 
significantly fewer cases (17%), such an analysis was 
performed collaboratively by a radiologist and pathologist 
[11]. According to the second survey, 45% and 40% of 
responses mentioned radiologists and pathologists, 
respectively [12].

Shelmerdine et al. [12] should be cited in global 
literature data. This study was noteworthy because it 
presented a consensus protocol for postmortem CT. An 
important objective of Chambers et al. [14] was to evaluate 
funding and payment systems for postmortem radiology 
examinations. These aspects are undeniably important 
and should be the subject of separate publications on the 
characteristics of healthcare funding systems in different 
countries. However, according to most participants of the 
fourth survey [14], the main barrier to the widespread 
implementation of postmortem radiology was the lack 
of a special, nationally centralized (whenever possible) 
funding source. Therefore, in 2004, the UK Department of 
Health and Social Care initiated postmortem radiology of 
corpses, mainly deceased fetuses and newborns, as well 
as adults, to address the issue of possible autopsies being 
replaced by radiological examinations [16]. Since 2010, 
postmortem CT has been available in all cases of child 
death in the Netherlands if parents decide to perform an 
autopsy [17].

In our country, postmortem radiology is used episodically 
[18–20]. However, Academician V.I. Kulakov National 
Medical Research Center for Obstetrics, Gynecology, and 
Perinatology has conducted its research since 2011 to 
study and implement thanatoradiology (CT and MRI) into 
the practice of pathological examinations of stillborn and 
deceased newborns [21, 22]. Some cases of postmortem 
CT use in forensic medical examination have been reported 
in the Moscow region since 2018 [23, 24].
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II SCIENTIFIC AND PRACTICAL 
CONFERENCE OF THE INTERREGIONAL 
THANATORADIOLOGY SOCIETY 
“DIAGNOSTIC RADIOLOGY IN 
PATHOLOGY AND FORENSIC 
MEDICINE: FROM ANTEMORTEM TO 
POSTMORTEM”: KEY POINTS OF THE 
ROUND TABLE
Opportunities for organization and practical use 
of thanatoradiology

Due to the importance of postmortem radiology in the 
Russian Federation, in October 2022, a round table discussion 
was held as a part of II Scientific and Practical Conference 
of the Interregional Thanatoradiology Society “Diagnostic 
Radiology in Pathology and Forensic Medicine: From 
antemortem to postmortem” on the topic “Thanatoradiology: 
Real opportunities for organization and practical use in the 
healthcare system” [25]. The meeting was moderated by 
Yu. A. Vasiliev, director of the State Budgetary Institution 
“Research and Practical Clinical Center for Diagnostics and 
Telemedicine Technologies” of the Moscow Department 
of Health, chief freelance consultant in Radiology and 
Investigations of the Moscow Department of Health.

All participants noted that in the Russian Federation, in 
accordance with Federal Law No. 323-FZ dated November 
21, 2011 (Article 67),1 all deceased persons are subjected 
to a pathological autopsy, including a mandatory autopsy 
(despite the refusal) of stillborn children and children who 
died up to 28 days of life. A forensic autopsy is required 
if a violent death is present or suspected. Accordingly, a 
pathological autopsy (Article 67, paragraph 1) aims to obtain 
data on the cause of death and the diagnosis, and a forensic 
medical examination (Article 62, paragraph 1) establishes the 
circumstances as evidence for a specific case.

According to valid Order No. 346n of the Ministry of 
Health and Social Development of the Russian Federation 
dated May 12, 2010,2 the type, nature, and scope of the 
examination are determined by the head of the forensic 
institution. It also determines specialists responsible for 
performing such an examination and involved staff of expert, 
scientific, educational, and other institutions. An expert 
should use medical technologies approved for use in the 
Russian Federation, primarily technologies and techniques 

not associated with modification, destruction, or destruction 
of examined objects. Moreover, paragraph 47.8 states 
that radiography is first performed (wherever technically 
possible) during an external examination of a corpse to clarify 
the nature and characteristics of damage or painful changes 
in skeletal bones. In other words, postmortem radiography 
is even recommended during a forensic examination; 
however, in accordance with the above order, only for bones. 
Simultaneously, according to Appendix 2 to Order No. 364n, 
the standard equipment for state forensic medical institutions 
includes an X-ray machine and a digital mobile X-ray system.

Selection of the most informative method 
of postmortem examination

A pathological autopsy is performed by a pathologist in 
accordance with Order No. 354n of the Ministry of Health 
of the Russian Federation dated June 6,3 2010, whereas 
histological, biochemical, microbiological, and other 
necessary methods of examining individual organs and 
tissues of the deceased people are considered an integral 
part of the pathological autopsy. Biological material is 
transferred to an appropriate structural unit of a healthcare 
organization to be examined. Radiology may be one of the 
procedures used for such mandatory examinations.

In 1969, a Soviet pathologist, I.I. Medvedev wrote 
about the important role of radiology, particularly X-ray, 
examination of a corps in guidelines for hospital anatomists 
Fundamentals of pathological and anatomical technique 
(Osnovy patologoanatomicheskoy tekhniki), “the X-ray 
method is rarely used by pathologists, although for a long 
time there are many reasons for its wide use, (...) therefore, 
it can be strongly recommended to install X-ray machines 
in dissecting rooms” [26]. Medvedev emphasized that X-ray 
examination allows the detection of even small changes 
in bone structure, bone tumors, osteochondropathies, 
calcification sites, and foreign bodies. Moreover, he stated 
that “the use of the X-ray method in pathology can play a 
great role in the development of X-ray diagnostics” [26].

Congenital abnormalities of the skeleton, which can be 
an independent defect or a manifestation of a syndrome, can 
include abnormalities of the facial skull, spine, and upper and 
lower extremities. In such cases, postmortem CT is the most 
effective and objective tool for postmortem identification of 
congenital abnormalities of bones, particularly small and 
facial bones, in stillborn and deceased newborns because 
of its superiority over traditional pathological autopsy [27, 
28]. Accordingly, when discussing the advantages of various 
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2 Order No. 346n of the Ministry of Health and Social Development of the Russian Federation dated May 12, 2010 on approval of the procedure 
for organizing and conducting forensic medical examinations in state forensic institutions of the Russian Federation. Link: https://base.garant.
ru/12177987/#friends.

3 Order No. 354n of the Ministry of Health of the Russian Federation dated June 6, 2013 on the procedure for conducting pathological autopsies. Link: 
https://www.garant.ru/products/ipo/prime/doc/70443162/.
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radiology methods, forensic experts named CT as a method 
of first choice because it provides the best visualization of 
injuries and fractures of bones, the degree of displacement 
of fragments, the course of the wound canal, hemorrhages, 
and foreign bodies, including bullets [29, 30]. CT also has 
other important advantages in forensic medicine, such as 
short examination duration and, accordingly, high throughput 
of the scanner, which is particularly important for examining 
bodies in cases of mass death (transport and natural 
disasters, military operations, or terrorist acts), as well as 
the availability of mobile CT modules to perform examination 
even directly at the place of the incident. Postmortem MRI is 
less popular among medical examiners than CT, although it 
better visualizes soft tissues and parenchymal organs.

We believe that the choice of an examination method 
should be based on the feasibility of obtaining maximum 
information in each specific case. This opinion is supported 
by literature data. Thus, Roberts et al. [31] found that CT is 
more accurate than CT in determining a cause of death in 
adult patients. Authors considered CT to have advantages, 
such as better visualization of coronary artery calcifications, 
hemorrhage areas, and fractures. MRI was more sensitive 
in acute myocardial infarction and soft tissue pathology 
[31]. According to Wijetunga et al. [32], a comprehensive 
postmortem CT and autopsy revealed more lesions in 
trauma deaths than either method alone, whereas Proisy 
et al. [33] found strong agreement between postmortem CT 
and autopsy data, with significant discrepancies detected 
primarily in lung diseases. Sieswerda-Hoogendoorn et al. 
[34] found a strong correlation between postmortem CT and 
autopsy data in cases of violent death, with no correlation 
in cases of natural death, and complete agreement between 
CT with autopsy data when the cause of death could not 
be determined initially. According to Krentz et al. [35], an 
autopsy is often superior to postmortem CT for detecting soft 
tissue and vascular changes, although CT is more effective 
for visualizing skeletal injuries.

When comparing the capabilities of postmortem CT and 
MRI, Arthurs et al. [36] found that MRI has higher diagnostic 
accuracy than CT in examining fetuses of less than 24 weeks 
of gestation and similar accuracy for older fetuses and 
newborns. Authors recommend postmortem MRI to visualize 
dead fetuses and children because it is the most effective 
method for determining brain, heart, and kidney diseases. 
Indeed, postmortem MRI allows one to determine the degree 
of brain maturity and visualize congenital abnormalities and 
abnormal changes [37, 38], assess the condition of lung 
tissue to identify those who were live-born and children 
with congenital pneumonia, assess the degree of pulmonary 
hypoplasia as a component of thanatogenesis [39–41], and 
determine the severity of anasarca and the volume of free 
fluid accumulated in serous cavities without opening cavities 
and tissue incisions [42, 43]. Thayyil et al. [44] reported in 
a large prospective study that the accuracy of postmortem 
MRI corresponds to the results of autopsies of dead fetuses, 

newborns, and infants and is lower when examining children 
over 1 yr of age.

To summarize, postmortem CT is the most informative 
method to visualize:

 • traumatic, primarily mechanical, injuries, and wound 
channels, particularly in areas that are technically 
difficult for traditional dissection (bones and tissues of 
the facial skeleton, skull base, distal limbs, and spine);

 • hemorrhages and fluid accumulations in organs, 
tissues, and cavities;

 • air and gas accumulations in tissues, organs, lumen of 
blood vessels, and cavities;

 • distinguishing dentition, including personal 
identification; and

 • foreign bodies, including medical probes and catheters.
Postmortem CT is adequate for examining frozen, burned, 

and putrefied bodies and corpses in mummification and 
saponification. Limitations for postmortem CT include the 
low efficiency of unenhanced visualization of injuries and 
diseases of soft tissues, parenchymal and hollow organs, 
and spinal cord lesions. To assess vessels and cavities of 
the heart, including those with congenital abnormalities and 
injuries, contrast-enhanced CT should be performed [45, 46].

Postmortem MRI allows the identification of injuries 
and diseases of soft tissues and parenchymal organs and 
the examination of the brain and spinal cord, bone bruises, 
and hemorrhages. Compared with CT, postmortem MRI is 
more effective for examining dead fetuses, stillborns, and 
deceased newborns.

Limitations of postmortem MRI include insufficient 
visualization of respiratory system injuries and diseases in 
adult patients, as well as hollow organs, the gastrointestinal 
tract, and long bones. MRI images are challenging to interpret 
due to artifacts caused by metal elements present in the 
body.

Unfortunately, CT and MRI do not allow for microscopic, 
biochemical, toxicological, microbiological, virological, and 
genetic examinations of tissue and organ specimens, which 
are required to determine the histological picture and nature 
of the tumor, causative agent of the infectious process, 
impaired metabolic pathways, and poisonous substance. To 
perform this, a minimally invasive autopsy is recommended, 
which includes postmortem radiological examination 
and needle biopsy of tissue and organ specimens for the 
abovementioned examinations [47, 48]. This method has 
proven effective for postmortem diagnostics and protecting 
dissection staff from SARS-CoV-2 infection during autopsies 
of COVID-19 patients [49, 50]. Moreover, organ or tissue 
lesion visualization effectiveness also depends on age, body 
weight, and tissue condition [51].

Based on our own thanatoradiology experience [52–54], we 
believe that comprehensive postmortem radiology, including 
CT for accurate visualization of skeletal abnormalities and 
gas accumulations, MRI for tissue and organ assessment, 
and contrast-enhanced CT for assessment of blood vessels 
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and the heart, should be used for a complete examination 
of stillborn and deceased newborns. However, radiological 
procedures are currently selected due to the availability of 
the corresponding equipment or the possibility of conducting 
such an examination.

Selecting an institution for postmortem 
examination

According to Order No. 346n of the Ministry of Health 
and Social Development dated May 12, 2010,4 the standard 
equipment of state forensic medical institutions includes an 
X-ray machine and a digital mobile X-ray system so such 
institutions can perform radiological examinations.

CT and MRI require particular premises and appropriate 
equipment. As for large forensic medical examination 
institutions that examine living persons and dead bodies, the 
optimal strategy would be creating a radiology office with a 
CT and/or MRI scanner based on such an institution. Indeed, 
in Switzerland, joint activities of the Institute of Forensic 
Medicine and the Institute of Diagnostic Radiology at the 
University of Bern led to conducting such postmortem CT 
examinations since 2000 [5]. At the Department of Forensic 
Medicine at the University of Copenhagen (Denmark) since 
2002 and the Victorian Institute of Forensic Medicine in 
Melbourne (Australia) since 2005, all incoming corpses 
are subject to postmortem CT before autopsy [16, 55]. An 
interesting solution is to use mobile scanners, which are 
tomographs mounted on special vehicles that can be driven 
to the location of a corpse [56].

In Russia, any X-ray examinations are regulated by state 
sanitary and epidemiological rules and regulations, such as 
SanPiN 2.6.1.1192-03, which has been in effect since May 
1, 2003.5 These rules establish basic requirements and 
standards for ensuring the radiation safety of personnel, 
patients, and the general public when conducting diagnostic, 
preventive, therapeutic, or research X-ray procedures. 
There are no procedures to receive additional approval 
from Roszdravnadzor authorities for postmortem X-ray 
examinations. This was probably one reason pathologists 
participating in the above round table spoke about the need 
to conduct such studies in radiology departments of those 
healthcare institutions with pathology departments. Some 
proposals were made regarding using a separate room 
with its entrance and equipment. The above analysis of 
four surveys with foreign specialists shows that the same 
equipment is commonly used in clinical practice for living 
patients. However, in most of these institutions, postmortem 
examinations are conducted in the morning, in the evening, or 
at specially designated times when there are no appointments 

with living patients; hence, the principle of separating these 
flows was complied with.

Even though bodies are delivered and subjected to 
postmortem radiological examination in sealed plastic bags, 
SanPiN 2.6.1.1192-03 provides for mandatory wet cleaning 
of walls, washing floors, and thorough disinfection of 
elements and accessories of the X-ray machine, as well as 
monthly full-scale cleaning by wiping surfaces of the room, 
equipment, and accessories with a 1%–2% acetic acid.

Selecting a specialist for conducting 
a postmortem examination and analyzing 
the results obtained

As for those who should directly perform postmortem 
radiological examinations, all round table participants name 
radiologists, X-ray technicians, or radiotherapists. However, 
the type and extent of postmortem radiological examination 
before autopsy should be determined by a joint decision of a 
radiologist and a dissector. Because a pathological autopsy 
is performed after evaluating the medical history, which 
includes clarification of the clinical course and treatment of 
disease and antemortem laboratory tests and investigations, 
a radiologist should also be provided with available clinical 
information before conducting a radiological examination. 
This is confirmed by Fernandes et al. [57], who showed that 
awareness about clinical information improved the diagnostic 
accuracy of traditional autopsy by 8% and minimally invasive 
autopsy (including postmortem imaging and tissue sampling) 
by 12%.

In forensic medicine, the algorithm for postmortem 
radiological examination should be designed collaboratively 
based on the examination statement or decision, considering 
information on death circumstances, the postmortem period, 
and an external examination of the corpse. However, in 2010, 
the Republican Bureau of Forensic Medicine of the Ministry of 
Health of the Republic of Tatarstan began to provide special 
training in diagnostic radiology for internists and medical 
examiners [58].

During the round table, Russian experts agreed that a 
radiologist should also analyze and post-process images, 
including 3D modeling. From a legal point of view, additional 
certificates are not required for such activities, but a 
radiologist should have special knowledge of patterns of 
nonspecific postmortem changes in internal organs and 
associated radiological signs [59, 60]. When introducing 
postmortem radiology, a radiologist, pathologist, or medical 
examiner should analyze images and prepare a report [61].

Some additional questions occurred when discussing 
special aspects of introducing postmortem radiology in the 
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Russian Federation. For example, how much postmortem 
radiology data (i.e., full description or a summary conclusion) 
should be presented in a pathological or forensic autopsy 
report and whether particular combined protocols are 
required. Most participants agreed that a separate complete 
thanatoradiology report with a conclusion should be prepared 
even in case of discrepancies with the macroscopic and 
microscopic examination of a corpse. However, as with 
clinical guidelines, postmortem radiology reports should be 
unified, containing technical parameters of equipment and 
scanning modes.

A separate discussion is required to determine whether 
results of postmortem radiological examinations may or 
should be provided to relatives upon their request and to 
what extent.

CONCLUSION
Therefore, literature data and opinions of Russian 

specialists indicate the feasibility and urgent need to use 
postmortem radiology to make traditional autopsy more 
objective and accurate. Such examination should be considered 
the first stage of a pathological and forensic autopsy.

The key to effective thanatoradiological examination is 
close cooperation between radiologists, pathologists, or 

medical examiners. The collaboration of specialists and 
available equipment makes it possible to determine practical 
aspects of postmortem radiological examinations to obtain 
the most informative results in each case.

When determining the best place to install CT and/or MRI 
equipment, factual circumstances of the regional medical 
care and the availability of equipment and radiologists in 
healthcare institutions should be considered. However, for 
comprehensive implementation of postmortem radiology into 
pathological and forensic practice, a centralized solution is 
required for some organizational issues.
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Магнитно-резонансная томография в диагностике 
редкого генетического заболевания ― недержания 
пигмента (синдром Блоха–Сульцбергера) ― 
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АННОТАЦИЯ
Недержание пигмента (синдром Блоха–Сульцбергера) ― редкое наследственное заболевание, проявляющееся 
характерными кожными высыпаниями и поражением других органов и систем. Магнитно-резонансная томография 
является приоритетным методом для визуализации структурной патологии головного мозга и прогноза неврологической 
манифестации у ребёнка. 
Ключевая роль диагностики заболевания недержания пигмента принадлежит дерматологу; подтверждающая 
диагностика проводится путём молекулярно-генетического анализа гена IKBKG. 
В представленном клиническом наблюдении у новорождённой девочки с высыпаниями на кожных покровах, 
типичными для синдрома Блоха–Сульцбергера, и выявленной делецией в гене IKBKG проводилась магнитно-
резонансная томография головного мозга, где были обнаружены многочисленные очаги ишемии, кровоизлияния 
и поражение проводящих путей.
Магнитно-резонансная томография головного мозга у пациентов с синдромом Блоха–Сульцбергера используется 
для оценки тяжести поражения вещества мозга, что позволяет объяснить причину неврологических симптомов, 
скорректировать реабилитационные мероприятия, а также прогнозировать развитие ребёнка.

Ключевые слова: недержание пигмента; синдром Блоха–Сульцбергера; магнитно-резонансная томография; 
дегенерация проводящих путей; ген IKBKG.
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Magnetic resonance imaging for diagnosing  
a rare disease: incontinentia pigmenti 
(Bloch–Sulzberger syndrome) on the example  
of a clinical case
Igor I. Yarmola1, Anatoly V. Anikin1, Dmitry A. Gankin2, Lyubov E. Fomina1, 
Nataliya A. Kharitonova1, Ilya S. Zhanin1, Alexander A. Pushkov1, Milana A. Basargina1, 
Olga B. Kondakova1

1 National Medical Research Center for Children's Health, Moscow, Russian Federation; 
2 Shchelkovsky Perinatal Center, Schelkovo, Russian Federation 

ABSTRACT
Incontinentia pigmenti, also known as Bloch–Sulzberger syndrome, is a rare hereditary disease characterized by typical skin 
rashes and involvement of other organs and systems. Magnetic resonance imaging stands as the primary method for visualizing 
the structural pathology of the brain and predicting neurological manifestations in an affected child.
Diagnosing incontinentia pigmenti predominantly falls within the domain of dermatologists; verification is performed by 
molecular genetic analysis of the IKBKG gene. This study involved magnetic resonance imaging of the brain in a patient with 
skin rashes, characteristic of Bloch–Sulzberger syndrome, and deletion in the IKBKG gene, where numerous foci of ischemia, 
hemorrhages, and lesions of the tracts were detected.
Magnetic resonance imaging of the brain in patients with Bloch–Sulzberger syndrome is used to evaluate the severity of 
damage to the brain substance, which makes it possible to explain the cause of neurological symptoms and correct habilitation, 
as well as predict the development of the child.

Keywords: incontinentia pigmenti; Bloch–Sulzberger syndrome; magnetic resonance imaging; white matted tracts 
degeneration; IKBKG gene.
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磁共振成像在罕见遗传性疾病（即色素失禁症， 
也称布洛赫-苏兹伯格综合征）诊断中的应用： 
临床病例
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简评

色素失禁症（布洛克-苏兹伯格综合征，Bloch-Sulzberger Syndrome）是一种罕见的遗传性

疾病，表现为特征性皮疹以及其他器官和系统的损坏。磁共振成像是显示出大脑结构病变和

预测儿童神经系统表现的优先方法。 

皮肤科医生在色素失禁症的诊断中起着关键作用；需要通过对IKBKG基因进行分子遗传分

析，以确诊。 

一名新生女婴患有典型的布洛赫-苏兹伯格综合征皮疹和IKBKG基因缺失，在进行脑磁共振成

像检查后，医生发现了多处缺血、出血和传导通路病变。

布洛赫-苏兹伯格综合征患者的脑磁共振成像可用于评估脑物质损坏的严重程度，这有助于

解释神经症状的原因、调整康复措施和预测患儿的发展。

关键词：色素失禁症；布洛克-苏兹伯格综合征；磁共振成像；传导通路变性；IKBKG基因。
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BACKGROUND
Skin, hair, teeth, nails, eyes, and the central nervous 

system (CNS) are all damaged by incontinentia pigmenti 
(OMIM 308300: Familial male-lethal type Bloch–Sulzberger 
syndrome; incontinentia pigmenti type II). The condition 
typically appears in the first few days or weeks of life.

In the global literature, 2,000 cases of incontinentia 
pigmenti have been described, and the number is increasing. 
The global prevalence of incontinentia pigmenti is estimated 
to be 0.7 cases per million people. The incidence in Europe is 
1.2 cases per 100,000 neonates [1]. Mutations in the inhibitor 
of kappa B kinase gamma (IKBKG) gene at position Xq28 on 
the Х chromosome’s long arm cause the disorder. The gene 
regulates apoptosis, cell cycle, inflammation, immunology, 
and other processes [2–4].

The condition has a wide spectrum of clinical 
manifestations, ranging from a mildly reduced quality of life 
to deadly results. The changes in the nucleotide sequence 
in the gene result in structural changes in the brain [5]. 
Magnetic resonance imaging (MRI) can detect anomalies, 
which is useful in identifying various monogenic [6] and 
multifactorial inherited disorders [7].

Incontinentia pigmenti is inherited in an X-linked dominant 
trait that kills most male embryos during development. The 
affected girl-to-boy ratio is 20:1.

Multiple organs and systems are involved in 
incontinentia pigmenti, most of which emerge from 
the ectoderm. In 100% of cases, several skin eruptions 
are found. The disease is distinguished by the linear 
alignment of the vesicles and pustules along the lines of 
Blaschko. Patients with inconintentia pigmenti have been 
documented to have alopecia, oral development anomalies, 
and fingernail dystrophy. Furthermore, affected patients 
are more likely to develop ocular pathologies, such as 
retinal hypervascularization, which can lead to retinal 
detachment if left untreated (typically occurs during the 
first 6 yr of life) [8]. Strabismus, cataracts, optic atrophy, 
retinal pigmentation, and microphthalmia have also 
been reported. According to several authors, the CNS is 
involved in 10% to 30% of cases [9], resulting in seizures 
of varying severity (cases ranging from a single seizure 
episode to chronic epilepsy), cognitive impairment, mental 
retardation, and spastic paresis. Less common disorders 
include breast aplasia, supernumerary nipples, primary 
pulmonary hypertension, and leukocytosis.

Molecular genetic testing identifies IKBKG mutations, and 
histological examination of the skin tissue samples is used 
to diagnose the condition. There is a clinical indication [10] to 
suspect pigmentary incontinence.

The treatment is symptomatic to prevent skin infections, 
retinal detachment, and epileptic seizures. Dental implants 
or orthodontic correction are recommended for dental 
problems, whereas therapy is recommended for spastic 
activity or paresis.

CASE REPORT
A 14-day-old girl was taken to the Neonatal and Early 

Age Pathology Department of the National Medical Research 
Center for the Children’s Health of the Ministry of Health of 
the Russian Federation.

Prenatal history
In the first and second trimesters of pregnancy, there 

was a threat of miscarriage due to cytomegalovirus infection 
(confirmed by polymerase chain reaction) in the first trimester; 
the mother had inpatient therapy. The mother experienced 
three episodes of acute respiratory virus infections in the 
third trimester and herpetic eruptions twice.

The infant was delivered at 38 weeks gestation as the 
second full-term spontaneous childbirth: body weight at 
birth, 3,470 g; body length, 53 cm; and Apgar score: 9/9.

The post-natal condition was satisfactory. Extensive 
exanthema covered the entire body, including the trunk, face, 
and limbs (Figure 1). The eruption had been removed from 
the scalp. The laboratory results were age-appropriate; the 
inflammatory indicators were not present.

The general condition began to deteriorate on Day 4: 
cyanotic spots appeared on the limbs; the skin was icteric, 
with a grayish hue; the breathing became weakened, with a 
tendency to tachypnea; low blood oxygen saturation (SpO2: 
81%–95%) was determined; hyperexcitability at examinations 
and depressed consciousness at rest were observed; upper 
and lower limb muscles were hypertonic; and head lag as 
well as seizures were demonstrated.

Vol. 4 (3) 2023CASE REPORTS

Fig.1. Vesicles aligned with the lines of Blaschko.

https://doi.org/10.17816/DD430154


388
Digital DiagnosticsVol. 4 (3) 2023CASE REPORTS

Laboratory data showed the following changes: blood pH 
reduced to 7.242, blood lactate increased to 6.4 mmol/L, and 
HCO3 decreased to 16.7 mmol/L (metabolic acidosis).

Dermatological examination revealed that the skin lesions 
had receded and that linear brown-to-light pink pigmentation 
had appeared, which had turned to hypopigmentation 
during the follow-up. Bloch–Sulzberger syndrome was the 
preliminary diagnosis.

Molecular genetic testing was run to identify exons 4–10 
deletion in IKBKG: multiplex allele-specific polymerase chain 
reaction with primers as described by Haque et al. [11] was 
used. The findings revealed heterozygous deletion of IKBKG 
exons 4–10 in patients with the Bloch–Sulzberger syndrome, 
as published in the Human Gene Mutation Database 
Professional. This frequent mutation in incontinentia pigmenti 
occurs in 65% of patients [12].

On Day 4, the girl’s condition was assessed as 
moderately severe due to the syndrome of CNS depression. 
Neurosonography revealed extensive ischemia abnormalities 
in the brain parenchyma and numerous focal changes in the 
parasagittal and periventricular areas.

On Day 7, an MRI indicated large areas of tiny focal lesions 
in the cerebral hemispheres, with secondary involvement 
of the corpus callosum and the corticospinal tract. The 
findings were interpreted as the result of repeated ischemic 
strokes induced by incontinentia pigmenti (Bloch–Sulzberger 
syndrome).

DISCUSSION
Bloch–Sulzberger syndrome is caused by a genetic 

abnormality that increases the sensitivity of cells developing 
from ectoderm to cytokine effects, resulting in apoptosis 
[13]. The skin and its derivatives (nails, hair, and teeth) and 
the nervous system are formed from the ectoderm. Disease 

symptoms commonly arise within the first 10 days of life. 
Because the disease stage at birth varies, the previous 
stages are assumed to occur in utero.

The disease manifested in the described patient in a 
typical manner during the first days of life, beginning with 
linear skin eruptions, which later experienced incremental 
modifications in accordance with the disease pathomorphosis 
and were accompanied by neurological symptoms.

Multiple small (min. 2 mm) restricted diffusion lesions 
were found in the deep white matter, in and under the 
cortex, in the corpus callosum, posterior limb of the internal 
capsule, cerebral peduncles, along the corticospinal tract, 
and other tracts (Figure 2). Changes in the spinal pathways 
can be interpreted as either direct injury from incontinentia 
pigmenti or an early indicator of Wallerian degeneration (pre-
Wallerian condition). The latter is characterized by spinal tract 
injury caused by neuron death and the degradation of the 
myelin sheath [14]. Small patches of restricted diffusion were 
regarded as tissue necrosis (infarctions).

There are reports in the literature of minor focal brain 
infarctions caused by injury to the walls of small and 
medium-sized arteries, resulting in microhemorrhages 
and thrombosis. There have also been reports of extensive 
bilateral hemorrhagic necrosis cases with broad brain tissue 
damage [15].

Among the numerous lesions in the presented instance, the 
brain MRI revealed single regions with hemorrhagic features 
compatible with ischemia (Figure 3а). This suggests that not 
all ischemia foci were accompanied by bleeding. Although 
necrotic areas eventually turn into encephalomalacia areas, 
some areas with minimal damage may recover entirely 
and even be consistent with the normal structure of brain 
matter in MRI [16]. The hyperintense signal was seen in the 
cortical area and at the gray/white matter interface in the 
frontal and parietal lobes in T1-weighted images (T1-WI) 
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Fig. 2. Diffuse-weighted brain images in the axial plane: (a) the arrow shows the hyperintense signal from the spinal tracts in the brain 
peduncles and (b) multiple lesions and involvement of the corpus callosum.
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(Figure 3b). These areas resemble cortical necrosis, which 
occurs after ischemia damage to the cortex, resulting in 
monocyte infiltration and phagocytosis of cell fragments in 
the damaged structures. T1 images are hyperintense due to 
deposits of denatured protein of the dead cells and/or lipid-
loaded macrophages [17].

Furthermore, histologically validated cases of 
inflammatory changes of the arachnoid mater and the brain 
with eosinophilic infiltration in patients with incontinentia 
pigmenti have been documented, mimicking infection-related 
damage without evident vascular disorders [18].

First, an MRI-based differential diagnosis is made 
for encephalitis and neonatal hypoxic–ischemic damage. 
Encephalitis is distinguished by alternating short and long 
areas of hyperintense signal in T2-WI with possible restricted 
or hyperintense diffusion, whereas incontinentia pigmenti 
is distinguished by chaotic small-lesion damage primarily 
localized in the white matter. The perinatal ischemia image 
corresponds to brain structural development patterns; full-
term neonates generally have periventricular leukomalacia, 
basal ganglia damage, or violations that follow the artery 
patterns. Differential diagnosis of embolic stroke is complex 
and requires a comprehensive approach, with medical history 
collection and patient examination.

Vesicular rash and neurological signs may be mistaken 
for manifestations of herpes infection. In this case, MRI 
results, typical skin eruptions with evident stages of 
pathomorphosis, and a negative test for herpes infection 
should prompt clinicians to consider incontinentia pigmenti.

CONCLUSION
Because the skin eruptions are specific and follow clear 

stages, a dermatologist is essential in identifying incontinentia 

pigmenti. The molecular genetic test for IKBKG mutations is 
also important in diagnosis.

Brain MRI is the first imaging tool to assess brain matter 
injury when patients with Bloch–Sulzberger syndrome 
develop neurological symptoms. This method is safe for 
dynamic follow-up and enables objectively assessing 
rehabilitation potential, correcting the rehabilitation plan, and 
predicting the child’s development.
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Компьютерная томография в диагностике 
лихорадки неясного генеза: описание случая 
Ю.Ф. Шумская1, Н.В. Костикова2, Д.А. Ахмедзянова1, М.М. Сулейманова2, 
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2 Первый Московский государственный медицинский университет имени И.М. Сеченова (Сеченовский Университет), 
 Москва, Российская Федерация

АННОТАЦИЯ
Под маской лихорадки неясного генеза могут протекать более двухсот заболеваний. Позитронно-эмиссионная то-
мография, совмещённая с компьютерной томографией, является информативным, но не всегда доступным методом 
диагностики причин лихорадки неясного генеза. В данной работе представлен случай пациентки с лихорадкой не-
ясного генеза, у которой данные компьютерной томографии сыграли ключевую роль в диагностике гигантоклеточного  
артериита.
Пациентка, 61 год, с жалобами на повышение температуры тела в вечерние часы до 39,5°С, боли в прекардиальной 
и межлопаточной областях, снижение массы тела на 10 кг за 3 месяца. В рамках дифференциально-диагностического 
поиска исключены инфекционные и лимфопролиферативные заболевания. Как причина лихорадки неясного генеза 
рассматривался эрозивный колит, ранее выявленный при эндоскопическом исследовании, по поводу чего пациентка 
была госпитализирована в гастроэнтерологическое отделение. При повторной колоноскопии наблюдалась нормальная 
эндоскопическая картина. По данным компьютерной томографии органов грудной клетки и брюшной полости с вну-
тривенным контрастированием выявлено выраженное утолщение стенок аорты и её ветвей с активным накоплением 
контрастного вещества, что являлось отражением высокоактивного артериита. В рамках дополнительного обследова-
ния исключён специфический артериит. Диагноз сформулирован как гигантоклеточный артериит с поражением бра-
хиоцефального ствола, подключичных артерий, чревного ствола. Пациентке назначен преднизолон с последующим 
регрессом клинической симптоматики.
Несмотря на то, что компьютерная томография не является золотым стандартом в диагностике лихорадки неясно-
го генеза, применение данного метода в рамках комплексного обследования позволило установить окончательный 
диагноз пациентке с неклассическим течением гигантоклеточного артериита и длительно существующей лихорадкой 
неясного генеза.

Ключевые слова: лихорадка неясного генеза; компьютерная томография; гигантоклеточный артериит; описание 
случая.
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Computed tomography in the diagnosis of fever 
of unknown origin: A case report
Yuliya F. Shumskaya1, Nina V. Kostikova2, Dina A. Akhmedzyanova1, Maria M. Suleymanova2, 
Ekaterina V. Fominykh2, Marina G. Mnatsakanyan2, 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 (Sechenov University), Moscow, Russian Federation

ABSTRACT
Fever of unknown origin can be a symptom of at least 200 diseases. Positron emission tomography-computed tomography, 
although highly informative, may not be readily available as an imaging tool. We present a clinical case of giant cell arteritis 
where computed tomography played a key role in arriving at a diagnosis.
A 61-year-old woman presented to the hospital with a nocturnal fever up to 39.5°С, accompanied by chest and scapular 
pain, and substantial weight loss (10 kg over 3 months). Lymphoproliferative and infectious diseases were excluded. 
Baseline colonoscopy had revealed erosions in the colonic mucosa, leading to a preliminary diagnosis of ulcerative colitis, 
and subsequently, the patient was admitted to the gastroenterology department. Follow-up colonoscopy had excluded this 
diagnosis. Additional imaging via chest and abdominal computed tomography scan revealed wall thickening of aorta and its 
branches with subtle contrast enhancement.
Conditions, such as tuberculous aortoarteritis and syphilitic aortitis, were excluded. The patient was diagnosed with giant cell 
arteritis involving brachiocephalic trunk, subclavian arteries, and celiac trunk. Prednisolone was administered with subsequent 
reduction in symptoms.
Although computed tomography may not be regarded as the gold standard for the differential diagnosis of fever of unknown 
origin, this case underscores its valuable contribution in establishing a definitive diagnosis.

Keywords: fever of unknown origin; tomography; X-ray computed; giant cell arteritis; case report.
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电子计算机断层扫描在不明原因发热诊断中的应用：
病例描述 
Yuliya F. Shumskaya1, Nina V. Kostikova2, Dina A. Akhmedzyanova1, Maria M. Suleymanova2, 
Ekaterina V. Fominykh2, Marina G. Mnatsakanyan2, 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 (Sechenov University), Moscow, Russian Federation

简评

有两百多种疾病可以在不明原因发热的掩盖下发生。正电子发射断层扫描结合电子计算机断

层扫描是诊断不明原因发热的一种信息丰富但并非总是可用的方法。本文介绍一例不明原因

发热的女性患者，CT数据在她巨细胞动脉炎的诊断中发挥了关键作用。

一名61岁的女性患者，主诉傍晚体温升高至39.5ºC，心前区和肩胛间区疼痛，体重在3个月

内下降了10kg。在进行鉴别诊断时，排除了感染性疾病和淋巴增生性疾病。作为不明原因发

热的原因，考虑了溃疡性结肠炎，该病曾在内窥镜检查中被发现，患者因此在消化科住院治

疗。再次结肠镜检查显示了，内窥镜检查结果正常。通过静脉注射造影剂对胸腔和腹腔进行

了电子计算机断层扫描，发现了主动脉及其分支的管壁明显增厚，造影剂积聚活跃，这反映

了高度活跃的动脉炎。其他检查排除了特异性动脉炎。诊断结果为巨细胞动脉炎，并累及头

臂干、锁骨下动脉和腹腔動脈干。医生给病人开了泼尼松龙，随后临床症状有所缓解。

虽然电子计算机断层扫描不是诊断不明原因发热的金标准，但在综合检查框架内使用这种方

法，最终允许了对一名患有非典型巨细胞动脉炎病程和长期不明原因发热的患者确诊。

关键词：不明原因的发热；电子计算机断层扫描；巨细胞动脉炎；病例描述。
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BACKGROUND
Over 200 disorders can produce fever of unknown 

origin (FUO) [1]. Infections, noninfectious inflammatory 
conditions (e.g., systemic lupus erythematosus and systemic 
vasculitis), and malignant disorders are the most common 
[2, 3]. Furthermore, up to 50% of FUO cases go untreated 
[4, 5]. Most clinicians find the diagnostic search challenging 
because the disorders that might induce FUO are so diverse. 
A time-consuming diagnostic search results in longer 
inpatient stays, which increases the risk of hospital-acquired 
infections and medical examination costs [6].

Diagnostic search and differential diagnosis procedures 
include positron emission tomography–computed tomography 
(PET/CT), computed tomography (CT), and ultrasound scan 
(US). The procedure is chosen depending on the symptoms and 
likely involvement of the systems and organs [7]. According to 
a retrospective study [4], PET/CT provided the best informative 
value in establishing the final diagnosis in 54% of patients with 
FUO. In contrast, detecting rheumatic diseases and infections 
with fever as the only symptom does not necessitate this costly 
and limited-available technology. Alternative imaging methods 
are more appropriate in this case.

This study presents a case of giant cell arteritis with 
an unusual course that did not affect the temporal artery. 
With a diagnosis of ulcerative colitis and a long-term fever, 
the patient was referred for additional diagnostics, and the 
decisive evidence for the final diagnosis was established with 
CT with intravenous contrast. This case report was prepared 
in line with CARE guidelines [8].

CASE REPORT
Patient

In November 2020, the 61-year-old female patient 
was admitted to the Gastroenterology Department of the 
Clinical Center at the Sechenov First Moscow State Medical 

University (Sechenov University UCH1) with complaints of 
general weakness, febrile body temperature up to 39.5°C in 
the evenings, pain in the pericardiac and interscapular areas, 
and a 10-kg weight loss over the previous 3 months.

Disease
The patient was generally well in August 2020, but she 

began experiencing daily elevations in body temperature 
to 38.5°C–39°C, followed by muscular and joint pain. 
Antipyretics had no effect; therefore, the patient was 
admitted to the Infection Department inpatient unit and 
received antibiotics and oral and intravenous detoxification 
medications. The medication improved the overall condition, 
although the subfebrile body temperature continued in the 
evenings. The thoracic CT scan revealed modest effusion in 
the pleural cavities, bilateral bands of peribronchovascular 
thickening, small subsegmental compression atelectasis in 
the basal regions of both lungs, and elevated hemidiaphragm 
(Figure 1).

Upper gastrointestinal tract esophagogastroduodenoscopy 
revealed no abnormalities. A colonoscopy revealed erosive 
lesions of the descending colon, sigmoid, and rectum 
mucosa. The histology of the colon biopsy samples revealed 
catarrhal colitis. Abdominal CT with intravenous contrast 
(Figure 2) showed several abdominal lymph nodes (para-
aortic and superior mesenteric lymph nodes, up to 10-mm 
short-axis diameter) during the patient’s stay in the Infection 
Department inpatient unit.

The findings were classified as lymphadenopathy, and the 
patient was referred to a hematologist in September 2020. 
A bone marrow trephine sample was conducted, followed by 
histological examination; no indication of the hematopoietic 
system was identified. Compared with the earlier scan in 
August 2020 (see Figure 1), follow-up thoracic CT (Figure 3) 
revealed effusion resorption from the pleural cavities and 
partial regress of hypoventilatory changes in the basal parts 
of the lungs. Otherwise, no significant changes were found.

Vol. 4 (3) 2023CASE REPORTS

Fig. 1. Thoracic computed tomography scan (August 2020); axial plane: the red arrows show (a) subsegmental compression atelectasis 
and (b) mild pleural effusion.

a b
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The patient was hospitalized in the inpatient unit several 
times in November 2020 for body temperature rises to 39°C 
in the evenings and copious nocturnal sweating. Ulcerative 
colitis was suspected as a cause of fever in the context of the 
colonoscopy results from August 2020. Due to the positive 
PCR test for COVID-19, the patient was discharged from 
the inpatient unit and advised to continue the examinations 
once she was convalescent. The patient was also given a 
mesalazine medication at 4 g/day for ulcerative colitis, which 
worked well. However, after experiencing persistent fevers, 
the patient terminated the product without visiting a doctor.

The patient was sent to a coloprotologist in November 
2020 after two consecutive negative COVID-19 swabs; the 
outpatient examination revealed fecal calprotectin increased 
to 213 µm/g (N: max. 50 µm/g). The patient was hospitalized in 
the Gastroenterology Department of Sechenov University UCH1 
for examination and a decision on further treatment tactics.

Physical examination, laboratory tests, 
and investigations

The primary physical examination in the department 
showed an increased body temperature of 37.5°C, pallor of 

the skin and visible mucosae, rales in the posterior basal 
part of the left lung, tachycardia at 98 bpm, and moderate 
abdominal tenderness in the periumbilical area. The 
peripheral pulses remained intact and adequate. The rest of 
the show was unimpressive.

The laboratory studies revealed a significant increase in 
nonspecific inflammatory markers (Table 1).

The abdominal US scan revealed no lymphadenopathy or 
inflammation in the liver, pancreas, and biliary ducts. The 
patient had a follow-up fibro colonoscopy, which showed 

Fig. 2. Abdominal computed tomography scan with intravenous contrast (September 2020); axial plane: the red arrows show intraperitoneal 
lymph nodes.

Fig. 3. Thoracic computed tomography scans (September 2020); axial plane: the red arrows show (a) the area with partial regression of 
the hypoventilation changes and (b) lack of pleural effusion.

a b

CASE REPORTS

DOI: https://doi.org/10.17816/DD472068

Table 1. Pretreatment inflammatory markers measured during 
hospitalization

Parameter N November 
24, 2020

December 
01, 2020

Erythrocyte 
sedimentation rate 
(mm/h)

1–20 71 55

Fibrinogen (g/L) 1.8–4 10.16 10.97

C-reactive protein 
(mg/L) 0–5 119 130
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that the colon and distal jejunum mucosae were in the same 
condition. The histological examination of the biopsy samples 
of the colon mucosae failed to find any evidence of structural 
and inflammatory changes.

Because there was no evidence of ulcerative colitis, the 
patient with FUO and high levels of nonspecific inflammatory 
markers was tested for the extractable nuclear antigens 
panel, which revealed no Jo-1, RNP/Sm, Scl-70, Sm, SS-A 
(Ro), SS-B (La), pANCA, or сANCA.

The follow-up thoracic and abdominal CT with i.v. 
contrast showed pleural thickening in the apical area of the 
lungs; aortic wall thickening up to 5 mm and lamellar, poorly 
defined contours of the aortic wall were remarkable, and they 
actively accumulated the contrast agent. Similar changes 
were visualized in the brachiocephalic trunk, subclavian 
arteries, and celiac artery walls. In addition, fibromuscular 
dysplasia of the renal arteries was discovered. The CT 
findings were consistent with active arteritis.

Diagnosis
Based on the findings, the differential diagnosis was carried 

out for giant cell arteritis or specific arteritis. Because of the 
patient’s age and atypical aortic lesion, Takayasu’s arteritis 

was overlooked. The syphilis serology test came out negative. 
The patient also consulted a tuberculosis specialist and had 
a T-SPOT.TB test, the result of which was consistent with 
functional incompetence of lymphocytes. A rheumatologist 
reviewed the examination results and diagnosed the patient 
with giant cell arteritis involving the aorta, brachiocephalic 
trunk, subclavian arteries, and celiac artery. Anti-inflammatory 
therapy was started with 60-mg/day prednisolone, which was 
co-administered with the antituberculosis medication of 0.3-g/
day isoniazid + 0.03-g/day pyridoxine hydrochloride.

Changes over time and outcomes
The patient was advised to have 18F-FDG PET/CT to 

evaluate the length of arterial lesions, but she refused due 
to the significant clinical improvement with glucocorticoids.

A good response was noted while on therapy—the fever 
subsided; chest pain and overnight sweats did not return; 
and a trend toward normalized laboratory results was 
demonstrated (ESR ↓ to 42 mm/h; CRP ↓ to 16 mg/L; and 
fibrinogen ↓ to 6.76 g/L). Subjectively, the patient experiences 
improved general health and normalized appetite. At 
discharge, complaints of weakness and palpitations related 
to physical exertion or emotional distress persisted.

Fig. 4. Thoracic and abdominal computed tomography scan with i.v. contrast (November 2020): the red arrows show changes in the walls 
of the brachiocephalic trunk and subclavian arteries (а, axial plane); aortic wall thickening (b, axial plane); lamellar image if the aortic 
walls with contrast accumulation (с, sagittal plane); and occlusion of the celiac artery mouth (d, sagittal plane).

a

c

b

d

DOI: https://doi.org/10.17816/DD472068

Vol. 4 (3) 2023CASE REPORTS

https://doi.org/10.17816/DD472068


399
Digital DiagnosticsVol. 4 (3) 2023

The patient had a follow-up appointment after 3 months. 
The general condition was satisfactory, with no complaints, 
and the therapy with 4-mg/day methylprednisolone was 
ongoing.

DISCUSSION
The case report highlights how challenging it is to establish 

the diagnosis in patients with large vessel involvement who 
mainly present with FUO. Our patient arrived with nonspecific 
symptoms, such as increased body temperature, weight 
loss, asthenia, autonomic nervous system problems, and 
pain syndrome, but she lacked characteristic temporal 
arteritis signs. Furthermore, the patient exhibited no signs 
and symptoms of vascular insufficiency, which could have 
suggested large vessel vasculitis, contributing to the delayed 
diagnosis. Moreover, abnormalities associated with ulcerative 
colitis were discovered during a colonoscopy and biopsy 
sample analysis, which was regarded as a likely cause of FUO 
and for which the patient was referred to a coloproctologist 
and was hospitalized in the Gastroenterology Department. 
However, the absence of gastrointestinal symptoms initially 
hampered the diagnosis of ulcerative colitis. Given the above, 
the patient had a follow-up colonoscopy, tissue samples 
were collected, and their analysis revealed no indication of 
colon inflammation.

The literature describes less than 10 cases of ulcerative 
colitis onset accompanied by isolated FUO without any relevant 
colon symptoms. A 71-year-old patient with ulcerative colitis 
was treated with FUO alone without any gastrointestinal 
problems. The final diagnosis was based on the PET/CT 
scan that revealed increased 18F-FDG accumulation in the 
colon walls, indicating active inflammation [9]. Soliman et 
al. [10] presented another example of Crohn’s disease, an 
inflammatory bowel disease (IBD), in a 29-year-old patient 
with long-term persistent fever and mild gastrointestinal 
symptoms. The thickening cecum wall was visible on the 
abdomen CT scan; the diagnosis was later confirmed by 
colonoscopy and tissue biopsy.

In our case report, we interpreted historical data on colon 
mucosa lesions as the outcome of reactive colitis as part of 
a systemic inflammatory response that did not originate in 
the colon. It was indicated by the resolution of inflammation 
with short-term therapy with 5-aminosalicylic acid products. 
Interestingly, some patients are diagnosed with an IBD after 
the diagnosis of giant cell arteritis has been established. A 
prospective study by Yavne et al. [11] showed that patients 
diagnosed with giant cell arteritis often have a secondary 
diagnosis of an IBD, such as Crohn’s disease or ulcerative 
colitis (hazard ratio: 2.63; p < 0.001). As a result, doctors 
should be on the lookout for the beginning of an IBD in 
patients with giant cell arteritis.

There were no studies that compared the value of CT with 
PET/CT in diagnosing FUO. CT provides several advantages, 
including shorter scan duration, high availability, a lower 

cost, and a lower radiation dose. In our case report, it was 
CT with i.v. contrast that provided decisive evidence for the 
final diagnosis. A similar case was described by Schäfer et al. 
[12]: a 79-year-old patient presenting with FUO, underweight, 
and elevated inflammatory markers underwent thoracic and 
abdominal CT with i.v. contrast, which showed thickened 
aortic walls and major aortic branch walls; the temporal 
artery was intact. The temporal artery remained unchanged 
despite thicker aortic walls and major aortic branch walls. 
Giant cell arteritis was diagnosed in the patient. Later, PET/CT 
was used to rule out cancer, and glucocorticoid medication 
was started, which had a beneficial effect. Al Nuaimi et al. 
[13] also described a 63-year-old patient with recurrent 
fever, rapid weight loss, and high inflammatory markers 
who unexpectedly developed recurrent vision loss episodes. 
He was referred to an inpatient care facility for a brain MRI, 
which revealed an MRI presentation compatible with an 
ischemic stroke of the right occipital area. Later, the patient 
had a thoracic and abdominal CT scan with i.v. contrast was 
visualized to identify the cause of FUO and diffuse thickening 
of the aortic walls and primary aortic branch walls with 
contrast accumulation. An ultrasound examination was 
performed, followed by a temporal artery tissue examination, 
because giant cell arteritis was suspected. As a result, giant 
cell arteritis involving the temporal artery was confirmed. 
The lesion length was measured by 18F-FDG PET/CT, and 
glucocorticoid medication was started, which had a positive 
effect [13]. However, CT may not always entirely or partially 
substitute PET/CT to diagnose giant cell arteritis. For example, 
Grazioli-Gauthier et al. [14] described giant cell arteritis 
with an atypical course, with FUO as the most prominent 
symptom. In a 73-year-old patient with fever and increased 
acute inflammatory markers, thoracic and abdominal CT was 
inconclusive; thus, PET/CT was performed. PET/CT revealed 
minimally active inflammation in the ascending aorta. 
Metabolic activity was visualized in the ascending colon (later 
colonoscopy ruled out bowel diseases). The temporal artery 
tissue investigation was used for the final diagnosis [14].

In contrast to the examples in the literature, where the 
diagnosis was based on PET/CT and/or temporal artery tissue 
examination, we relied on CT with i.v. contrast to diagnose 
giant cell arteritis. It was feasible due to the increased 
activity and spread of inflammation and the disease’s typical 
trajectory without temporal artery involvement.

CONCLUSION
Several key conclusions can be drawn from the case 

report. Giant cell arteritis may cause a fever of unknown 
origin (FUO) and have an unusual course without the temporal 
artery involvement, hindering the correct diagnosis. CT with 
intravenous contrast may aid in diagnosing arteritis, including 
giant cell arteritis with temporal artery involvement. In some 
cases, CT with intravenous contrast may be an alternative to 
PET/CT in the diagnostic search for the cause of a FUO.
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Хронический пищеводный свищ 
как редкая причина вторичного остеомиелита 
грудного отдела позвоночника
В.А. Заря, П.В. Гаврилов, М.Е. Макогонова, А.Р. Козак, А.А. Вишневский 
Санкт-Петербургский научно-исследовательский институт фтизиопульмонологии, Санкт-Петербург, Российская Федерация

АННОТАЦИЯ 
Инфекционные заболевания позвоночника представляют собой воспалительные деструктивные заболевания органа 
и его структурных элементов в результате инфицирования гематогенным, лимфогенным или контактным путём, в том 
числе могут являться осложнением хирургического вмешательства. При постановке диагноза крайне важно оценивать 
в совокупности анамнез, клиническую картину, а также данные лабораторных исследований и лучевой диагностики.
В работе представлен клинический случай вторично развившегося спондилита позвонков ТhVII–ТhVIII вследствие пи-
щеводного свища. При первичной диагностике спондилит связали со спинальной анестезией, которая проводилась 
за 6 месяцев до начала заболевания, так как имел место свищевой дефект на коже в поясничной области. По этому 
поводу трижды проводились оперативные вмешательства в хирургическом стационаре по месту жительства. Данные 
эндоскопического исследования и жалобы пациентки на связь между приёмами пищи, появлением болей и характе-
ром отделяемого из свища не были приняты врачами изначально во внимание. С помощью дополнительного обсле-
дования, включающего компьютерную томографию пищевода с пероральным контрастированием и компьютерно-то-
мографическую фистулографию, был установлен основной диагноз «Свищ пищевода», а спондилит грудного отдела 
позвоночника оказался лишь вторичным осложнением.
Таким образом, окончательный диагноз при болях в спине, обусловленных не только инфицированием, но и являю-
щихся осложнением хирургического вмешательства, должен формулироваться после проведения дифференциальной 
диагностики с альтернативными заболеваниями позвоночника.

Ключевые слова: остеомиелит; спондилит; свищ пищевода.
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Chronic esophageal fistula as a rare cause 
of secondary osteomyelitis of the thoracic spine
Valeriya A. Zarya, Pavel V. Gavrilov, Marina E. Makogonova,  
Andrey R. Kozak, Arkadiy A. Vishnevskiy
Saint-Petersburg State Research Institute of Phthisiopulmonology, Saint Petersburg, Russian Federation

ABSTRACT
Infectious diseases affecting the spine are inflammatory destructive diseases that involved the organ and its structural 
elements as a result of infection by hematogenic, lymphogenic, or contact pathways, including may be a complication of 
surgical intervention. In arriving at an accurate diagnosis, it is extremely important to evaluate the anamnesis, the clinical 
picture, as well as the data of laboratory studies and radiation diagnostics in the aggregate.
This article presents a clinical case with the development of secondary ThVII–ThVIII vertebral spondylitis due to esophageal 
fistula. At the initial diagnosis, spondylitis was associated with spinal anesthesia performed six months prior to onset of the 
disease, as there was a fistulous defect on the skin in the lumbar region. Consequently, surgical interventions were performed 
three times in a surgical hospital at the place of residence. The data from the endoscopic examination, as well as the patient’s 
complaints regarding the relationship between meals, the appearance of pain, and the nature of the discharge from the fistula 
were not taken into account by doctors initially. With the help of an additional examination, including computed tomography 
of the esophagus with oral contrast and computed tomography fistulography, the main diagnosis was esophageal fistula. 
Thoracic spondylitis was only a secondary complication.
Thus, the final diagnosis of back pain and fistula in the lumbar region should be formulated after differential diagnosis with 
alternative diseases of the spine.

Keywords: osteomyelitis; spondylitis; esophageal fistula.
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慢性食管瘘作为继发性胸椎骨髓炎的罕见病因
Valeriya A. Zarya, Pavel V. Gavrilov, Marina E. Makogonova,  
Andrey R. Kozak, Arkadiy A. Vishnevskiy
Saint-Petersburg State Research Institute of Phthisiopulmonology, Saint Petersburg, Russian Federation

简评 

脊柱感染性疾病是由于血源性、淋巴原性或接触性感染（包括手术并发症）引起的器官及其

结构元素的炎症性破坏性疾病。在进行诊断时，对病史、临床表现以及实验室检查和放射诊

断数据进行评估极为重要。

本文介绍一例因食管瘘引起的ThVII-ThVIII椎骨继发性脊椎炎的临床病例。在最初诊断时，

医生认为脊椎炎与脊髓麻醉有关，而脊髓麻醉是在发病前6个月进行的，因为腰部皮肤上有

瘘管缺损。这次在居住地的外科医院进行了三次手术治疗。医生最初并没有考虑到内窥镜检

查结果以及病人关于进食、疼痛和瘘管分泌物性质之间关系的主诉。在额外检查的帮助下，

包括口服造影剂的食道CT扫描和瘘管CT造影，确定了食管瘘的主要诊断，而胸椎脊椎炎只是

次要并发症。

因此，在存在背痛的原因不仅是感染，还可能是手术治疗的并发症的情况下，最终诊断应该

是在与其他脊柱疾病进行鉴别诊断后再做出的。

关键词：骨髓炎；脊椎炎；食管瘘。
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BACKGROUND
Spinal infections are inflammatory destructive disorders 

of the spine and its structural components (vertebral 
bodies, intervertebral discs, ligaments, and intervertebral 
joints). They can be caused by any bacterial agent due to 
a hematogenous, lymphogenous, or contact infection, or 
they can be surgical complications (e.g., postoperative and 
iatrogenic infections) [1].

Spondylitis can be infectious or non-infectious (aseptic). 
Infectious spondylitis is caused by bacterial, fungal, or 
parasitic invasions. Spondylitis can cause hematogenous 
(septic) or contact infections [2–4], as well as postoperative 
(iatrogenic) complications [5–8]. Some authors reported 
that spondylitis caused by esophageal perforation can 
spread posteriorly, resulting in secondary damage to 
cervical or thoracic vertebrae. For example, Janssen et al. 
[9] presented cervical and thoracic spondylodiscitis cases 
caused by esophageal perforation in patients with a history 
of esophageal cancer who underwent combination therapy. 
Some of these patients had a recurrence of esophageal 
fistula after previous nonsurgical and surgical treatment. 
The authors also reported a female patient who ingested 
and independently retrieved a toothpick 2 months before the 
onset of spondylitis, which was accompanied by an epidural 
and paravertebral abscess. According to Fonga-Djimi et 
al. [10], an esophageal perforation caused by a foreign 
body (a toy car wheel) was worsened by mediastinitis and 
spondylodiscitis. Wadie et al. [11] presented a clinical case of 
a child with cervical spondylodiscitis and paravertebral soft 
tissue phlegmon caused by pin ingestion, which resulted 
in perforation of the posterior pharynx at the level of the 
laryngeal aperture. Van Ooij et al. [12] described a female 
patient with cervical spondylitis caused by a fish bone trapped 
in the esophagus.

When an infection spreads to the chest, it causes 
empyema, pericarditis, and mediastinitis. As a result 
of spondylitis, empyema and pericarditis may reoccur. 
Infections of the anterior thoracolumbar and lumbar spines 
can result in subdiaphragmatic abscess, peritonitis, and 
psoas abscess.

Appropriate treatment of infectious spondylitis requires 
an accurate diagnosis of the etiology and pathogen. The 
use of X-ray diagnostics is important in the diagnosis of 
spondylitis. However, X-ray results do not guarantee that the 
nature and etiology of the infection are accurately identified. 
Thus, it is necessary to consider the medical history, clinical 
presentation, laboratory findings, and X-ray findings when 
diagnosing.

This study presents a rare secondary thoracic spine lesion 
caused by a chronic esophageal fistula.

CASE REPORT
Patient

The patient is a 42-year-old female. Back pain and 
lumbar fistula complaints initially appeared 3 yr ago. 
According to the medical history, the patient received spinal 
anesthesia for a cesarean section 6 months prior. The 
patient experienced fistula relapses approximately three to 
five times a year. At the presentation, a magnetic resonance 
imaging (MRI) revealed bony and fibrous ankylosis ТhVII–
ТhVIII (Figure 1), which could indicate both spondylitis in 
remission and contact spinal infection.

At different outpatient facilities, the patient had surgery 
(fistulotomy and abscessotomy) three times. The surgical 
specimen contained hemolytic streptococcus susceptible to 
amoxiclav, ampicillin, cefotaxime, vancomycin, doxycycline, 
and meropenem. The patient received targeted antibiotic 
medication with no effect. Before admission to the 

Vol. 4 (3) 2023CASE REPORTS

Fig. 1. Thoracic spine MRI: (а) STIR mode, sagittal plane; (b) T1WI mode, sagittal plane; and (c) T1WI mode, coronal plane. The arrows 
indicate bony and fibrous ankylosis ТhVII–ТhVIII.

a b c
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St. Petersburg Research Institute of Phthisiopulmonology, 
a computed tomography (CT) revealed symptoms of prior 
spondylitis ТhVII–ТhVIII and a right-sided psoas abscess 
(Figure 2).

During the additional history taking, the patient reported 
an association between his food intake (mostly liquid food), 
the onset of pain, and the type of discharge from the lumbar 
fistula tract. Due to these symptoms, a CT esophagography 
with oral contrast revealed a fistula tract at the ТhVII level 
extending from the esophagus to the right paravertebral space 
up to the ThX level and loculated empyema on the right. An 
additional CT fistulography was performed to determine the 
length of the fistula tract, with a contract solution (iopromide 
370) injected into the lumbar fistula located on the right at 
the LIII level. The CT fistulography revealed a fistula tract 
extending from the right psoas major muscle to the ТhVII 
level. The fistula tract linked with the esophageal lumen 
at the same level, where the contrast agent was visible 
(Figure 3).

A follow-up thoracic and lumbar spine MRI performed 
in the hospital revealed stable changes in the ТhVII–ТhVIII 
vertebral bodies and bilateral paravertebral abscesses 
(Figure 4).

All laboratory findings were unremarkable, except for 
the erythrocyte sedimentation rate (30 mm/h). To determine 
further treatment strategy, an esophagogastroduodenoscopy 
(EGD) was performed, which revealed a fistula tract along the 
left posterior wall, up to 0.5 cm long, bordered with esophageal 
epithelium and covered by granulation tissue. The diagnosis of 
an esophageal fistula in the middle third was confirmed. A post 
hoc analysis of earlier EGD findings showed that the observed 
esophageal defect had previously been identified and classified 
as a diverticulum. However, this information was not taken into 
consideration in other outpatient facilities.

Thus, a multidisciplinary team made the following 
diagnosis based on the clinical and X-ray findings: 
esophagopleural fistula of the lower third of the esophagus. 
On the right, there is chronic loculated empyema. Chronic 
contiguous osteomyelitis ТhVII–ТhVIII with a fistula. The 
patient was sent to the thoracic surgery department for the 
excision of an esophageal fistula.

DISCUSSION
Spondylitis infections can be caused by various 

factors, including dental caries, ENT infections, phlegm, 

Fig. 2. Lumbar spine MRI: (a) soft tissue mode, axial plane, and (b) soft tissue mode, coronal plane. The arrows indicate the right psoas 
muscle abscess.

Fig. 3. (а) CT esophagography with oral contrast, coronal plane and (b and c) CT fistulography, multiplanar reconstruction (MPR), 
coronal and sagittal plane. The arrows indicate the fistula tract from the esophagus to the right paravertebral space, from the ТhVII 
to the ThX level.
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and endocarditis. Structural damage to the spine can be 
caused by hematogenous or contact infections, including 
penetrating injuries, such as iatrogenic injury. Given the 
available data, the following questions arise: why was the 
therapy ineffective, and was the primary cause spondylitis 
or esophageal fistula?

A history of epidural anesthesia is the main reason 
supporting infectious spondylitis as the primary process. In 
such cases, epidural anesthesia is administered at the LIII–
LV level. The affected vertebrae in our case are significantly 
higher. Another factor suggesting spondylitis as the causative 
cause is a paravertebral abscess on the left (contralateral 
to the esophageal fistula). Simultaneously, there was 
no explanation for the severe inflammatory changes in 
paravertebral tissues. This clinical presentation of spondylitis 
is not typical. In general, vertebrae are more affected than 
soft tissues around them. Furthermore, the patient denied 
any esophageal injury that may lead to a fistula.

Another factor suggesting an esophageal origin of the 
process was a fistulous contact between the paravertebral 
abscess and the esophagus (fistula tract diameter up to 
5 mm). Endoscopy revealed an esophageal diverticulum 
and an intact esophageal wall (which was not involved in 
the inflammatory process); the fistula was bordered by 
esophageal epithelium. Moreover, the patient associated the 
pain syndrome with food intake, and the discharge from the 
lumbar fistula tract resembled previously ingested food or 
drink.

The long-term disease makes determining the primary 
process impossible. Considering all available data, 
esophageal perforation is proposed as the leading cause, 
followed by spondylitis and paravertebral abscess. Despite 
the patient denying any esophageal injury, the endoscopic 
results are most consistent with an esophageal injury caused 
by an ingested foreign body (such as a fish bone).

CONCLUSION
The cause of the pathological process (esophageal fistula) 

was unknown, and the patient was treated symptomatically 
(surgery and antibacterial medication) while in the hospital.

The availability of several modern imaging and surgical 
procedures does not eliminate the need for a thorough history 
taking and clinical presentation examination.

Previous diagnoses should be reviewed for compliance 
with diagnostic criteria in cases when appropriate therapy 
is ineffective.

Differential diagnosis is critical for systematically 
assessing possible alternative diagnoses before concluding.

The common logical fallacy of post hoc ergo propter 
hoc (a false conclusion that confuses co-occurrence with 
causality) should also be considered.
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Прецизионная брахитерапия рака предстательной 
железы под контролем ПСМА-рецепторной 
молекулярной визуализации
П.В. Свиридов1, П.О. Румянцев2, М.В. Дегтярев3, С.С. Серженко3, Д.Б. Санин1, 4, 
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5 Балтийский федеральный университет имени Иммануила Канта, Калининград, Российская Федерация

АННОТАЦИЯ
Одним из методов лечения локализованного рака предстательной железы без признаков прорастания капсулы же-
лезы и в отсутствии признаков метастазов (стадия cT1-T2N0M0) является брахитерапия с имплантацией микроисточ-
ников на основе изотопа 125I. Методы структурной визуализации (ультразвуковое исследование; компьютерная то-
мография, КТ; магнитно-резонансная томография, МРТ) не обладают высокой специфичностью в дифференциальной 
диагностике рака предстательной железы. Гибридные технологии лучевой визуализации (однофотонная эмиссионная 
компьютерная томография + компьютерная томография, ОФЭКТ/КТ; позитронно-эмиссионная томография + компью-
терная томография, ПЭТ-КТ; позитронно-эмиссионная томография + магнитно-резонансная томография, ПЭТ/МРТ) со-
четают в себе достоинства высокой чувствительности кросс-секционных методов структурной визуализации (КТ и МРТ) 
и высокой специфичности методов молекулярной визуализации (ОФЭКТ, ПЭТ) с туморотропными радиофармацевтиче-
скими лекарственными препаратами. 
В данной работе на 7 клинических наблюдениях локализованного рака предстательной железы (шкала Глисона 6–7) 
показано, что прецизионность низкодозной брахитерапии микроисточниками 125I локализованных карцином предста-
тельной железы, равно как и прицельной биопсии, может быть повышена при использовании гибридных методов 
ПСМА-рецепторной (простатспецифический мембранный антиген) молекулярной визуализации (ОФЭКТ/КТ, ПЭТ/КТ). 
Метод ОФЭКТ/КТ более доступен, чем ПЭТ/КТ, и при наличии холодных наборов (HYNIC-PSMA) позволяет выполнять 
исследование в любой лаборатории радиоизотопной диагностики, располагающей соответствующими сканерами. 
Инновационная технология ПСМА-навигационной биопсии и брахитерапии под контролем гибридной молекулярной 
визуализации может применяться при первичных и рецидивных случаях локализованного рака предстательной же-
лезы, увеличивает точность и снижает травматичность процедур, повышает медико-экономическую эффективность 
низкодозной брахитерапии микроисточниками 125I. 
Необходимы дальнейшие исследования для совершенствования технологии и оценки отдалённых результатов лече-
ния на многочисленной группе пациентов. 

Ключевые слова: брахитерапия низкодозная прецизионная; йод-125; простатспецифический мембранный антиген; 
ПСМА; однофотонная эмиссионная компьютерная томография, совмещённая с компьютерной томографией; ОФЭКТ/
КТ; позитронно-эмиссионная томография, совмещённая с компьютерной томографией; ПЭТ/КТ. 
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ABSTRACT
Brachytherapy with implantation of micro sources based on isotope 125I is a preferred treatment for localized prostate 
cancer without signs of germination of the gland capsule and in the absence of signs of metastases (stage cT1-T23aN0M0). 
Structural imaging methods (ultrasound, computed tomography, and magnetic resonance imaging) do not have high 
specificity in the differential diagnosis of prostate cancer. Hybrid technologies of radiation imaging (single-photon emission 
computed tomography/computed tomography, positron emission tomography/computed tomography, and positron emission 
tomography/magnetic resonance imaging) combine the advantages of high sensitivity of cross-sectional structural imaging 
methods (computed tomography and magnetic resonance imaging) and high specificity of molecular imaging methods 
(single-photon emission computed tomography and positron emission tomography) with tumorotropic radiopharmaceuticals. 
In this original clinical study, based on seven observations of localized prostate cancer (Gleason 6–7), it was shown that 
the precision of low-dose brachytherapy using 125I micro sources of localized prostate carcinomas, along with targeted 
biopsy, can be increased using hybrid methods of PSMA-receptor molecular imaging (single-photon emission computed 
tomography/ computed tomography, positron emission tomography/ computed tomography). The single-photon emission 
computed tomography/ computed tomography method is more accessible than positron emission tomography/ computed 
tomography. Moreover, when coupled with cold kits (HYNIC-PSMA), it allows research within any radioisotope diagnostics 
laboratory equipped with single-photon emission computed tomography/ computed tomography. The innovative technology 
of PSMA-navigation biopsy and brachytherapy, under the control of hybrid molecular imaging, can be used in primary and 
recurrent cases of localized prostate cancer, increases the accuracy and reduces the traumatic nature of procedures, and 
increases the medical and economic efficiency of low-dose brachytherapy with 125I micro sources. Further research is 
needed to improve the technology and evaluate its long-term results.

Keywords: brachytherapy low-dose rate precision; 125I; prostate-specific membrane antigen; PSMA; single-photon emission 
computed tomography / computed tomography; positron emission tomography / computed tomography.

To cite this article:
Sviridov PV,	Rumiantsev PO,	Degtyarev MV,	Serzhenko SS,	Sanin DB,	Styrov SV,	Agibalov DYu,	Korenev SV.	Precision	 low-dose	brachytherapy	of	prostate	
cancer	under	PSMA-receptor	molecular	visualization.	Digital Diagnostics. 2023;4(3):411−426. DOI: https://doi.org/10.17816/DD340815

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD340815
https://doi.org/10.17816/DD340815


413

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

Digital DiagnosticsVol. 4 (3) 2023

收到: 18.04.2023 接受: 20.07.2023 发布日期: 25.08.2023

CASE REPORTS

DOI: https://doi.org/10.17816/DD340815

在PSMA受体分子成像控制下的前列腺癌精确近距
离照射
Pavel V. Sviridov1, Pavel O. Rumiantsev2, Mikhail V. Degtyarev3, Sergey S. Serzhenko3,  
Dmitry B. Sanin1, 4, Sergey V. Styrov1, Dmitry Yu. Agibalov1, Sergey V. Korenev5 
1 Medical center “Doctor Plus”, Obninsk, Russian Federation;
2 Clinics group “My Medical Center”, Saint Peterburg, Russian Federation;
3 Endocrinology Research Centre, Moscow, Russian Federation;
4 National Medical Research Radiological Center, Obninsk, Russian Federation;
5 I. Kant Baltic Federal University, Kaliningrad, Russian Federation

简评

治疗无腺囊萌发迹象和无转移迹象（cT1-T2N0M0期）的局部前列腺癌的方法之一是植入基于

同位素125I的微源近距离照射。结构成像方法（超声检查、电子计算机断层扫描（CT）、磁

共振成像（MRI））在前列腺癌的鉴别诊断中特异性不高。混合放射成像技术（单光子发射

计算机断层扫描+电子计算机断层扫描，SPECT/CT；正电子发射计算机断层扫描+电子计算机

断层扫描，PET/CT；正电子发射断层扫描+磁共振成像，PET/MRI）结合了结构成像的横断面

方法（CT和MRI）的高灵敏度和分子成像方法（SPECT、PET）的高特异性与肿瘤放射治疗物

的优点。

在这项研究中，7例局部前列腺癌（格里森评分为6-7分）的临床观察结果表明了，通过使用

PSMA受体（前列腺特异性膜抗原）分子成像（SPECT/CT、PET/CT）的混合方法，可以提高使

用微源125I对局部前列腺癌进行低剂量近距离照射以及靶向活检的精确度。SPECT/CT比PET/

CT更经济实惠，而且在存在冷试剂盒（HYNIC-PSMA）的情况下，允许在任何拥有适当扫描仪

的放射性同位素诊断实验室进行检查。 

混合分子成像控制下的PSMA引导活检和近距离照射创新技术可用于原发性和复发性的局部前

列腺癌病例，提高准确度，减少检查创伤性，提高微源125I低剂量近距离照射的医疗和经济

效益。 

还需要进一步的研究来改进这种技术，并对大量患者的长期治疗效果进行评估。 

关键词：精确低剂量近距离照射；碘125；前列腺特异性膜抗原；PSMA；联合电子计算机断

层扫描的单光子发射计算机断层扫描；SPECT/CT；联合电子计算机断层扫描的正电子发射计

算机断层扫描；PET/CT。 
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BACKGROUND
Prostate cancer is the second most common malignant 

neoplasm in males and the fifth most common cause of death 
in the world [1]. Screening for prostate cancer based on the 
level of prostate-specific antigen (PSA) in the blood increases 
the number of prostate carcinomas detected at an early stage, 
significantly improving the prognosis of patient survival [2].

One method for treating localized prostate cancer without 
signs of capsule germination and without metastases (cT1-
T2N0M0) is brachytherapy with implantation of 125I-based 
microsources [3–8].

In brachytherapy, the radiation dose is achieved by spatial 
distribution of microsources during implantation in the 
projection of primary prostate carcinoma guided by computed 
tomography (CT) or ultrasound (US). Implanted microsources 
are fixed in the tissue, protecting surrounding healthy tissue 
from irradiation. Simultaneously, safe irradiation borders 
(2–3 mm) along the periphery of microsources do not 
lead to side irradiation of risk organs, such as the urethra, 
bladder, and rectum, which are inevitably affected during 
prostatectomy, external beam radiation therapy, and high-
dose brachytherapy. Some studies of prostate cancer patients 
at low and moderate risk of tumor recurrence showed better 
tumor ablation than external beam radiotherapy [4, 5]. The 
effectiveness of low-dose brachytherapy in patients with 
localized prostate cancer (pT1-2N0M0) is at least noninferior 
compared with any other current treatment method, whereas 
patient tolerability and quality of life are significantly higher 
[9]. While in the early 2000s, low-dose brachytherapy was 
combined with external beam radiation therapy for boosting 
in a moderate risk group, in recent decades, this method has 
been used more frequently [10].

The brachytherapy method has several advantages, 
including its low invasiveness (puncture technology), the 
ability to control the process of installing microsources using 
structural imaging methods (ultrasound and CT), and the low 
frequency and low severity of adverse effects [11].

Hybrid radiation imaging technologies, such as single 
photon emission CT combined with CT (SPECT/CT), positron 
emission tomography combined with CT (PET/CT), and 
positron emission tomography combined with magnetic 
resonance imaging (PET/MRI), combine the high sensitivity 
of cross-sectional structural imaging methods (CT and MRI) 
and high specificity of molecular imaging methods (SPECT 
and PET) with tumor tropic radiopharmaceuticals (RPs).

Prostate-specific membrane antigen (PSMA) in humans 
is encoded by the FOLH1 gene, which is involved in folate 
metabolism. It is a zinc-containing transmembrane 
glycoprotein produced in prostate epithelial cells and known 
as N-acetyl-L-aspartyl-L-glutamate peptidase or glutamate 
carboxypeptidase II. Its expression is significantly higher in 
malignant cells and closely related to tumor aggressiveness, 
particularly in castration-resistant and metastatic prostate 
cancer [12].

PSMA-receptor molecular imaging techniques (SPECT and 
PET) provide additional advantages in determining tumor stage 
and selecting targets for precision biopsy and brachytherapy 
of prostate carcinoma [13]. PET/CT with 68Ga-PSMA-11 
and 18F-PSMA-1007 and SPECT/CT with 99mTc-HYNIC-
PSMA (small-molecule PSMA inhibitors) are accessible in 
Russian clinical practice. The latter appears highly promising 
because of its greater availability (significantly more SPECT/
CT scanners than PET/CT scanners), easy operation, lower 
cost, and technological advantages to ensure high precision 
in biopsy and brachytherapy of localized prostate cancer.

CASE REPORTS
Patients

The study examines treatment outcomes in seven patients 
aged 65–84 yr (mean: 73 yr; 95% confidence interval [95% 
CI], 66.8–79.2]) with histologically diagnosed prostate cancer 
who underwent brachytherapy using 125I-based microsources 
at the Doctor-Plus clinic in Obninsk, Kaluga region, Russia. 
All patients had histologically confirmed prostate carcinoma 
with no signs of regional and/or distant metastases. Five 
patients had primary tumors. Another two patients had 
local tumor recurrence in 21 and 28 months after receiving 
brachytherapy with 125I-based microsources. The tumor 
stage in two patients was T1N0M0, whereas the stage in 
four patients was T2N0M0. The stage in one patient was 
T3aN0M0. In the other case, the patient refused the proposed 
surgical treatment, which included combined external beam 
radiation and androgen deprivation therapy.

The Gleason score was 6 (3 + 3) in five cases and 7 (3 + 4) 
in two cases. Before brachytherapy, blood PSA levels ranged 
from 2.8 to 12 ng/mL (mean: 8.2 ng/mL).

Methods
Patients with local tumor recurrence were treated with 

interstitial radiation therapy using 125I-based microsources 
in the first stage. The time to progression ranged from 12 to 
29 months (24.2 [95% CI, 17.8–30.5]).

Clinical examination included standard measurement of 
serum PSA levels. A venous blood sample was collected in the 
morning under fasting conditions and prepared in accordance 
with study protocols. Serum PSA levels were measured 
using a chemiluminescent immunoassay (sensitivity limits: 
0.008–30.0 ng/mL).

Transrectal ultrasound diagnostics was performed using 
a B/K Medical scanner (USA) to determine the prostate 
volume and residual urine. Uroflowmetry was performed to 
assess the maximum volumetric urine flow rate.

In the excretory phase, a pelvic CT with intravenous 
contrast enhancement (Omnipaque 350 mg/mL, 30 mL) 
was performed to better visualize the anatomy of organs 
at risk using a Somatom Scope multidetector (32 slices) CT 
scanner (Siemens, Germany) with subsequent data transfer 
for planning interstitial radiation therapy.
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A radionuclide study with 99mTc-HYNIC-PSMA was performed 
using a General Electric Discovery NM/CT 670 hybrid scanner. 
The finished RP was administered intravenously with a vent visor 
(intranasal control) at a 6.3 MBq/kg b.w rate. A pelvic area was 
scanned 2 h after RP administration using a SPECT/CT gamma 
camera; 60 projections with 30-s exposures per projection, 
matrix 256 × 256. CT data acquisition parameters were as 
follows: tube voltage, 120 kV; current (modulated), 80–400 mA; 
slice thickness, 3.75 mm with 1.25-mm reconstruction; and 
couch increment, 1 mm. The resulting 3D SPECT/CT image was 
analyzed using the General Electric Xeleris 4DR data workstation. 
The identified prostate lesions of focal RP accumulation were 
indicated on a schematic PI-RADS prostate sector map.

Without anesthesia, a US-guided biopsy was performed 
transperineally (using SPECT/CT data with 99mTc-HYNIC-
PSMA) with a Promag 2.0 biopsy needle and gun. If required, 
a CT-guided biopsy of the prostate gland and seminal vesicles 
was performed under spinal anesthesia through pararectal 
access. Histological biopsy specimens were examined in 
pathological laboratories with Gleason score determination.

Planning and conducting brachytherapy 
with 125I sources

Topometry and dosimetry planning were performed for 
pre-implantation planning using a VariSpeed dosimetry 

planning system (Varian, USA). That system allowed 
the DICOM format images of different modalities to be 
combined.

125I-based microsources were implanted under a CT 
guide using a Siemens Somatom Scope (Germany) using a 
3D stereotactic machine with a hole increment of 2.5 mm to 
perform targeted brachytherapy. Under spinal anesthesia, the 
procedure was performed via pararectal access.

Figure 1 shows an example of pre-implantation 
brachytherapy planning using 125I sources. Crosses 
indicate virtual holes in the stereotactic array, which fully 
corresponds to the array implanted in a patient. Red dots 
indicate microsources, whereas colored lines indicate 
isodose distribution.

125I microsources in the form of grains (BEBIG LLC, Russia) 
were used for interstitial implantation. Each source measured 
4.5 mm in length and 0.8 mm in diameter. According to the 
comprehensive examination results and dosimetry planning, 
the number of sources was ordered individually for each 
patient (Table 1).

Brachytherapy requires bowel preparation and antibiotic 
therapy. Spinal anesthesia with lidocaine/bupivacaine was 
administered to relieve pain.

The implantation was performed in accordance with 
2014 recommendations [12]. During control scans and 

CASE REPORTS
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Fig. 1. Stages of dosimetry planning of brachytherapy localized prostate cancer using 125I microsources considering SPECT/CT with 99mTc-
HYNIC-PSMA: (a) topometric marking and (b) topometric marking and dosimetry planning of brachytherapy.

a

b
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reconstruction of the resulting images, the placement of 125I 
microsources was visually monitored.

Patients were discharged 1 day after brachytherapy and 
were able to return to normal activities within 3–5 days. 
None of the patients required bladder catheterization or 
epicystostomy. Mild difficulty urinating was relieved using 
alpha-blockers in generally accepted doses. There were no 
reports of early or late radiation effects.

The duration of the brachytherapy procedure depended 
on the number of implanted 125I microsources and ranged 
from 25 to 112 min (mean: 51.7 min), which was 34.8% less 
than the average estimated time (79.4 min) using a standard 
procedure (without PSMA-SPECT/CT guide).

No severe complications were observed in the early and 
long-term post-procedure periods (mean: 24.5 months). Mild 
dysuric symptoms were reported in two patients for several 
post-procedure days, but they did not require catheterization 
or drug therapy and resolved spontaneously.

Case report 1
Patient Zh., 84 years old, was admitted with prostate 

cancer (PSA of 20 ng/mL; adenocarcinoma, Gleason 7 
[4 + 3]). On October 9, 2020, CT-guided interstitial radiation 
therapy with 125I microsources and pararectal access was 
performed using SPECT/CT data. PSA levels were 0.16 ng/
mL 2 yr later, indicating tumor remission. PSA was 0.1 ng/
mL on January 14, 2023.

Figure 2 shows SPECT/CT data with 99mTc-HYNIC-PSMA.

Case report 2
Patient Z., 79 years old, was admitted with diffuse prostatic 

hyperplasia. PSA level was 4.5 ng/mL. No abnormal lesions 
were found in the prostate tissue using ultrasound, TRUS, and 
contrast-enhanced MRI. SPECT/CT with 99mTc-HYNIC-PSMA 
revealed 15-mm3 sites of RP accumulation in the prostate 
tissue (Figure 3). Because rectal amputation made US-guided 
prostate biopsy impossible, a targeted CT-guided biopsy 

Table 1. Demographic data and clinical and morphological characteristics of patients

Agea, yr

Tumor Prostate 
volume/

prostate tumor 
volume, mL

Localization 
in pancreasd

Planned number 
of 125I 

microsources/length 
of proceduree

Planned number 
of 125I 

microsources/length 
of proceduref

Stage, 
TNMb

Primary case 
or relapsec

Gleason 
score

Patient 1
84 years old Т2N0M0 Primary 7 (4 + 3) 40/40 Right lobe TZa 

(mid)
60

75 min
60

75 min

Patient 2
79 years old T2N0M0 Primary 6 (3 + 3) 38/15

Right lobe
TZa (apex),
Left lobe
TZp (mid)

60
75 min

20
25 min

Patient 3
73 years old T1N0M0 Primary 6 (3 + 3) 36/14

Right lobe
TZa (apex),
Left lobe

PZpl (base)
PZpl (mid)

70
87 min

32
45 min

Patient 4
68 years old T3N0M0 Relapse 7 (4 + 3) 38/15

Right lobe
TZp, PZpl

(base)

60
75 min

20
25 min

Patient 5
70 years old T2N0M0 Relapse 6 (3 + 3) 30/15 Right lobe

PZpl (mid)
70

87 min
30

40 min

Patient 6
65 years old T1N0M0 Primary 7 (4 + 3) 60/15 Right lobe

TZa (mid)
90

112 min
30

40 min

Patient 7
69 years old T2N0M0 Primary 6 (3 + 3) 78/78

Right lobe
TZa (apex),
Left lobe

PZpl (base)
PZpl (mid)

32
45 min

90
112 min

Note. PSMA, prostate-specific membrane antigen; PZpl (mid/base), posterior zone (middle/basal part); SPECT/CT, single photon emission computed 
tomography combined with computed tomography; TZa (mid/apex), anterior transition zone (middle/apical part); TZp (mid), posterior transition zone 
(middle part).
aAge of patients at the time of treatment.
bUICC, 8th ed. (https://oncology.ru/specialist/treatment/tnm/tnm8_summary.pdf).
cMethod of primary treatment.
dInternational standard.
eWithout tumor visualization using SPECT/CT.
fUnder PSMA/SPECT/CT guide.
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was performed pararectally. A morphological diagnosis was 
adenocarcinoma, Gleason 6 (3 + 3).

On January 28, 2021, 125I sources were implanted 
pararectally under a CT guide. In the follow-up examination, 
PSA levels were 0.2 ng/mL (September 2022) and 0.1 ng/mL 
(January 14, 2023).

In this case, two problems were revealed: an unknown 
cause of increased PSA over time and the inability to perform 
a targeted prostate carcinoma biopsy under US guide. Both 
problems were successfully resolved using hybrid SPECT/
CT with 99mTc-HYNIC-PSMA followed by CT-guided RP 
accumulation site biopsy, and precision brachytherapy was 
performed with a smaller number of 125I microsources due 
to the SPECT/CT pattern.

Case report 3
Patient K., 73 years old, was admitted with diffuse 

prostatic hyperplasia, urinary retention, an epicystostomy, 
and a 12.7-ng/mL PSA. A multisite biopsy performed under 

US guide revealed no evidence of malignant development. 
SPECT/CT data with 99mTc-HYNIC-PSMA are shown in Figure 4. 
SPECT/CT revealed a 14-mm3 site of RP accumulation in the 
prostate tissue. A CT-guided targeted biopsy was performed 
using pararectal access. A morphological diagnosis was 
adenocarcinoma, Gleason 6 (3 + 3).

On November 28, 2020, CT-guided focal implantation 
of 125I sources was performed pararectally. Transurethral 
resection of the intravesical component was performed, and 
the epicystostomy was removed. The follow-up examination 
(November 28, 2022) showed a PSA level of 0.13 ng/mL, 
spontaneous urination, and 15-cm3 residual urine.

In this case, problems were as follows: inability to 
identify the cause of elevated PSA, a “large” volume of the 
prostate gland, and epicystostomy. Considering data on RP 
accumulation patterns and biopsy results, we were unable 
to successfully solve these problems and perform successful 
focal brachytherapy using a hybrid diagnostic use of RP CT-
guided biopsy.

Fig. 2. Patient Zh., 8 years old, SPECT/CT with 99mTc-HYNIC-PSMA, 
axial projection: Site of radiopharmaceutical accumulation in the 
transition zone of the middle part of the right prostate lobe.

Fig. 3. Patient Z., 7 years old, SPECT/CT with 99mTc-HYNIC-PSMA: 
Sites of radiopharmaceutical accumulation in transitory zones of 
both lobes at the border of the middle third and the apex of the 
prostate gland.

CASE REPORTS

DOI: https://doi.org/10.17816/DD340815

Fig. 4. Patient K., 73 years old, SPECT /CT with 99mTc-HYNIC-PSMA, (a) frontal and (b) axial sections: Sites of radiopharmaceutical 
accumulation in the anterior part of the transition zone in the apex of the right lobe, posterolateral part of the peripheral zone at the level 
of the base of the left lobe, and posterolateral part of the peripheral zones at the level of the base and middle third of the left lobe of the 
prostate gland; physiological accumulation of radiopharmaceuticals in the bladder.

a b
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Case report 4
Patient F., 68 years old, was admitted with prostate 

cancer, T3a, which had spread to the prostate gland capsule. 
In 2013, 125I sources were implanted into the prostate tissue 
and the extracapsular area. PSA has increased since the end 
of 2020. SPECT/CT was performed using 99mTc-HYNIC-PSMA 
due to an increased PSA level of 0.95–2.8 ng/mL after the 
previous treatment (Figure 5). SPECT/CT revealed a 15-mm3 
site of tumor tropic RP accumulation, which was biopsied 
under the CT guide. A histological diagnosis was prostate 
adenocarcinoma, Gleason 6 (3 + 3). Dosimetry planning 
for low-dose brachytherapy was performed using SPECT/
CT. On November 03, 2021, 125I microsources were re-
implanted according to topometric markings to implement 
the dosimetry plan. The PSA level was 0.05 ng/mL during the 
follow-up examination (January 23, 2023).

In this case, SPECT/CT with 99mTc-HYNIC-PSMA allowed 
for a precision biopsy, which confirmed the local recurrence 
of prostate cancer and subsequently enabled brachytherapy 
to be repeated (salvage) under the CT guide.

Case report 5
Patient G., 70 years old, was admitted with prostate cancer 

(diagnosed in 2005), T2a, adenocarcinoma, Gleason 6 (3 + 3). 
CT-guided brachytherapy was successfully performed in 2005. 
The PSA level has increased (1.94–2.31 ng/mL) since 2017. 
Because of this growth, ultrasound, TRUS, CT, and contrast-
enhanced MRI were performed; no data for a local recurrence 
or another cause of PSA growth were obtained. When the 
PSA level reached 2.63 ng/mL, SPECT/CT with 99mTc-HYNI-
PSMA was performed (Figure 6). Results showed a 15-mm3 
site of RP accumulation, and a targeted biopsy of a recurrent 
prostate carcinoma lesion was performed based on its SPECT/
CT location. Adenocarcinoma was confirmed histologically, 
Gleason 6 (3 + 3). On March 10, 2020, a brachytherapy with 
reimplantation of 125I microsources was performed. The 
follow-up examination (December 2022) showed a PSA level 
of 0.21 ng/mL.

In this case, SPECT/CT with 99mTc-HYNIC-PSMA 
enabled prostate carcinoma–targeted biopsy and precision 
brachytherapy.

Case report 6
Patient M., 65 years old, was diagnosed with benign 

prostatic hyperplasia. Due to an increased PSA level of 
4.5 ng/mL, a US-guided multifocal biopsy was performed 
with no histological evidence of cancer. A repeat biopsy 
was performed 3 months later and revealed no malignant 
tumor. SPECT/CT with 99mTc-HYNIC-PSMA revealed a site 
of RP accumulation in the prostate tissue (Figure 7). A CT-
guided targeted biopsy was performed, and the following 
diagnosis was morphologically confirmed: adenocarcinoma, 

Fig. 5. Patient F., 68 years old, SPECT/CT with 99mTc-HYNIC-PSMA: 
Sites of radiopharmaceutical accumulation at the border of the 
central zone and the posterolateral part of the peripheral zone on 
the right side at the level of the base of the right prostate lobe. 
The scan visualizes multiple rods in the prostate gland, implanted 
during previous brachytherapy.

DOI: https://doi.org/10.17816/DD340815
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Fig. 6. Patient G., 70 years old, SPECT/CT with 99mTc-HYNIC-PSMA: 
Site of radiopharmaceutical accumulation in the posterolateral part 
of the peripheral zone of the middle part of the right prostate lobe. 
Multiple rods in the prostate gland were implanted during previous 
brachytherapy.

Fig. 7. Patient M., 65 years old, SPECT/CT with 99mTc-HYNIC-
PSMA: Site of radiopharmaceutical accumulation in the transition 
zone (at the border of the middle third and the base) of the left 
prostate lobe.
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Gleason 7 (4 + 3). When planning low-dose brachytherapy 
using 125I microsources, SPECT/CT data were entered into 
the dosimetry planning system. On October 4, 2020, the 
focal implantation of 125I microsources was performed 
under a CT guide using pararectal access based on data 
on local isotope accumulation in the prostate tissue. The 
follow-up examination (January 2023) showed a 0.11-ng/
mL PSA level.

Case report 7
Patient M., 6 years old, had an increased PSA level of 

6.8 ng/mL and underwent a multifocal prostate biopsy at a 
local clinic. The diagnosis was confirmed morphologically as 
adenocarcinoma, Gleason 6 (3 + 3), based on data from the 
transitory zone of the right prostate lobe. Adenocarcinoma 
elements were not found in other prostate biopsy specimens. 
Considering MRI evidence of changes in the same zone, 
implantation with 30 125I sources with a 32-cm3 volume was 
proposed.

SPECT/CT with 99mTc-HYNIC-PSMA revealed diffuse focal 
RP accumulation under the base of the bladder. PET/CT with 
68Ga-PSMA-11 was additionally performed to more accurately 
visualize prostate lesions. PET/CT revealed multiple sites of 
RP accumulation in the prostate gland, indicating that the 
tumor was multifocal (Figure 8). Implantation planning was 
adjusted to include the total volume of the prostate gland 
(78 cm3) using 90 125I microsources (instead of preliminary 
30 microsources).

On February 25, 2022, implantation was performed for 
the total volume of the prostate gland. The initial prostate 
volume for brachytherapy was 32 cm3. PET/CT revealed a 
volume of 72 cm3 for implantation. The PSA level decreased 
to 0.31 ng/mL within a year after brachytherapy.

Changes in PSA levels in all patients included are shown 
in Figure 9.

All patients are under clinical supervision and have 
regular follow-up examinations.

DISCUSSION
A biopsy of prostate lesions is required to confirm the 

diagnosis and select a management strategy. This procedure 
is often performed under a US or MRI guide [14-15]. Because 
radiological structural diagnostics methods (ultrasound, CT, 
and MRI) do not always visualize lesions of the primary 
tumor, traumatic multifocal biopsies are often required [15]. 
False-negative biopsy results are reported in up to 49% of 
cases. If blood PSA levels increase, a biopsy is repeated [16]. 
A repeat biopsy is typically performed within 3 months after 
the initial [16]. Conventional diagnostic methods (ultrasound, 
CT, and MRI), particularly multiparametric MRI, visualize 
structural abnormalities but do not differentiate between 
benign and malignant tumors or assess the borders of a 
malignant tumor and its multifocal nature [15–17].

Fig. 8. Patient M., 69 years old, PET/CT with 68Ga-PSMA-11: 
Sites of radiopharmaceutical accumulation in the prostate gland, 
multifocal tumor.
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Before
brachytherapy Month 3 Month 6 Month 9 Month 12 Month 24

1 12 1,6 0,8 0,18 0,23 0,21
2 8,4 0,12 0,11 0 0,11
3 12 0,4 0,43 0,3 0,2 0,1
4 2,8 0,2 0,3 0,3 0,12 0,05
5 2,81 1,2 0,88 0,68 0,66 0,21
6 11 0,06 0,16 0,12 0,23 0,11
7 6,8 0,36 0,33 0,32 0,31
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Fig. 9. Changes in prostate-specific antigen levels in individual patients.

https://doi.org/10.17816/DD340815


420
Digital Diagnostics

The morbidity and false-negative results of conventional 
prostate biopsy can be reduced with PSMA-receptor imaging 
guidance using SPECT/CT and/or PET/CT [18–21].

For prostate carcinomas with a low and moderate risk 
of recurrence (Gleason ≤7), no growth beyond the organ 
capsule, and evidence of metastases, brachytherapy with 
125I microsources is the least traumatic of all recommended 
treatment options, demonstrating not only high effectivity but 
also high quality of life [22].

Molecular imaging methods (SPECT and PET) combined 
with cross-sectional imaging (CT and MRI) differentiates 
between lesions of malignant prostate tumors with high 
expression of PSMA receptors and benign structural 
lesions. As a result, it is possible to perform a US-guided 
targeted biopsy of positive lesions (considering molecular 
imaging data) and accurately plan and provide CT-guided 
brachytherapy.

The paper presents original clinical experience proving the 
feasibility of precision biopsy and brachytherapy of localized 
nonmetastatic prostate cancer (pT1-3N0M0) guided by PSMA-
receptor molecular imaging (SPECT/CT with 99mTc-HYNIC-
PSMA and PET/CT with 68Ga-PSMA-11). Topometric marking 
and dosimetry planning of brachytherapy of tumor lesions 
using 125I microsources was also based on the above hybrid 
molecular imaging data. As a result, topometric imaging of 
prostate carcinoma lesions enabled us to accurately plan and 
perform brachytherapy while reducing radiation exposure to 
healthy tissue and surrounding adjacent organs at risk, hence 
improving the patient’s quality of life after treatment.

Due to the selective overexpression in prostate cancer 
tumor cells, PSMA-receptor molecular imaging using positron 
emission tomography (PET) has been used effectively in 
clinical practice. If PET/CT with 68Ga-PSMA-11, 18F-DCFPyL 
(piflufolastat F-18), and 18F-PSMA-1007 is not achievable, 
SPECT/CT with 99mTc-HYNIC-PSMA may be performed. There 
are no significant differences in the specificity of PSMA-
receptor imaging using PET/CT and SPECT/CT, but the 
sensitivity of PET/CT is significantly higher; therefore, this 
method is recommended when results of PSMA-receptor 
SPECT/CT are negative or questionable [23–25]. However, 
a valuable advantage of SPECT/CT with 99mTc-HYNIC-PSMA 
is the ability to improve molecular imaging of tumor lesions 
in the second phase (delayed, ≥15 h after RP administration) 
[26].

At the current stage of personalized and precision 
oncology development, molecular imaging (SPECT and PET), 
particularly when combined with structural cross-sectional 
pictures (CT and MRI), enables the detection of tumor lesions 
based on receptor characteristics or intracellular metabolism. 
This is especially true for increased precision of external 
beam radiation therapy, which includes brachytherapy [27].

In our patients, the average implantation time was 
reduced by one-third (34.8%), proportionally to decreased 
implanted microsources. Approximately 15–20 min was 
spent positioning the patient on the tomograph table 

after spinal anesthesia and installing and positioning the 
stereotactic attachment to the CT scanner. The length of this 
process is determined by the patient’s weight and general 
condition rather than the number of implanted sources. On 
average, it takes about one and a half minutes to install 
one needle, position it under CT control, remove styles, 
load sources, and remove the needles with a control scan. 
Decreased implantation time is also associated with greater 
preparedness of the implantation plan due to more accurate 
visualization of the affected area and its configuration. 
Therefore, in most cases, there was a significant decrease 
in the number of microsources, procedure time, personnel 
radiation exposure, CT scanner occupancy, and rate of injury 
and subsequent prostate gland swelling (six out of seven). 
In another case, there were indications for increasing the 
number of implanted microsources based on PET/CT data 
using 68Ga-PSMA-11, which was considered when planning 
and performing the procedure.

Brachytherapy can provide high doses of radiation at 
tumor sites (average: 160 Gray) and is associated with 
minimal irradiation of surrounding healthy prostate tissue, 
including the urethra. It does not irradiate adjacent organs at 
risk (bladder and rectum).

When SPECT/CT with 99mTc-HYNIC-PSMA and PET/CT with 
68Ga-PSMA-11 were used in a clinical population of seven 
patients with primary (n = 5) and recurrent (n = 2) prostate 
carcinomas of low and moderate risk, a total number 125I 
microsources implanted were less (by 36%; 404/282) than 
the potential number of microsources implanted using 
standard technique without PSMA-receptor hybrid molecular 
imaging methods. Simultaneously, as previously reported, 
molecular imaging reduced the number of sources in six 
cases while increasing the number of microsources in one 
case (multifocal tumor). We are not discussing the willingness 
to “save” microsources; instead, we are talking about the 
priority of precise diagnostic and treatment processes and 
personalized increases in the effectiveness and safety of 
treatment.

A positive biochemical response was achieved in all 
clinical cases, with PSA levels decreasing to low values and 
a tendency to decrease further.

ALGORITHM FOR PSMA-PRECISION 
BRACHYTHERAPY FOR LOCALIZED 
PROSTATE CANCER

In our cases, the use of hybrid molecular PSMA-receptor 
imaging (SPECT/CT and PET/CT) methods enabled us to:

 • personalize and increase the precision of diagnostic 
(biopsy) and therapeutic (brachytherapy) procedures 
in patients with prostate cancer;

 • reduce time, increase accuracy, and reduce injury 
rate associated with morphological verification of 
the primary tumor: in three of seven cases, a biopsy 
(previously unsuccessful and traumatic multifocal one) 
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of the tumor was performed using SPECT/CT from the 
site of accumulation of 99mTc-HYNIC-PSMA, and in all 
three cases, the presence the tumor was confirmed by 
histological examination;

 • determine the stage of the tumor and exclude regional 
and distant metastases;

 • increase precision of dosimetry and topometric 
location of 12I microsources to reduce the risk of 
radiation reactions and improve patient quality of life;

 • increase accuracy of microsource implantation due 
to tumor-targeted planning of interstitial radiation 
therapy of the tumor lesions with morphological 
confirmation;

 • distribute radioactive sources using a hybrid molecular 
imaging guide (SPECT/CT, PET/CT, and PET/MRI) and 
approve the dosimetry plan;

 • reduce the waiting time by targeted biopsy of the tumor 
lesion, considering PSMA-receptor hybrid scintigraphy 
(SPECT/CT and PET/CT) data on its location; and

 • increase the number and topometric plan of placement 
of 125I microsources during brachytherapy (in this 
series of cases, the number of microsources was 36% 
lower, and the procedure time was 34.8% less than 
the standard treatment plan).

Based on the data given, an algorithm for PSMA-precision 
brachytherapy for localized prostate cancer was developed 
and used in the clinical practice of our clinic (Figure 10).

The strength of the study is the use of the original, 
innovative technology of precision brachytherapy under 

molecular PSMA-receptor imaging guide using SPECT/CT 
with 99mTc-HYNIC-PSMA. The half-life of 99mTc is 6 h, allowing 
for delayed (next day) SPECT/CT of areas of interest and more 
clearly visualize sites of accumulation of 99mTcwith virtually 
no background half-lives of 18F and 68Ga are 110 and 68 min, 
respectively)The limitations of our study are a small clinical 
sample (seven patients), a short period of follow-up (up to 
2 yr), and a lack of MRI disk revision (only conclusions were 
analyzed, which in all cases were negative regarding tumor 
lesion localization), as well as the inability to evaluate and 
compare the diagnostic value of methods. All these aspects 
should be considered while designing further studies.

We found no reports on the use of such technology in 
the Russian or foreign literature; therefore, on January 25, 
2023, invention patent No. 2788859, “Method of targeted 
brachytherapy for prostate cancer under hybrid PSMA-
receptor scintigraphy guide” was obtained [28].

CONCLUSION
The study suggests that the precision of targeted biopsy 

and low-dose brachytherapy with 125I microsources for 
localized prostate carcinomas can be improved using hybrid 
methods of PSMA-receptor molecular imaging (SPECT/CT 
and PET/CT). The methods are complementary in terms of 
diagnostic and therapeutic guides; however, SPECT/CT is 
more accessible than PET/CT. The availability of cold kits 
(HYNIC-PSMA) enables one to examine any radioisotope 
diagnostic laboratory with appropriate equipment.

CASE REPORTS
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Fig. 10. Algorithm for selecting patients for low-dose brachytherapy, emphasizing increasing precision under PSMA-receptor molecular 
imaging guide. ku, contrast enhancement; LDR, low-dose rate; PSMA, prostate-specific membrane antigen.

Possible algorithm for PSMA-precision brachytherapy 
of prostate cancer using 125I microsources

Screening of blood PSA
Passive appealability for TRUS, MRI, and CT

Prostate cancer suspected

Histologic verification, Gleason score, tumor 
staging (pTNM), risk group

LDR brachytherapy is not indicated or performed 
in combination with other treatments

Low/moderate risk group
Stage pT1-2N0M0

Brachytherapy LDR  
as a method of choice

Topometry and dosimetry 
planning considering 

SPECT/CTs 99mTc-HYNIC-PSNIA 
or PET/CTS 68Ga-PSMA-11 
or PET/CTS 18F-PSMA-1007

High-risk group
pT3-4N0-1M0-1 stage

PET/CT with 68Ga-PSMA-11
SPECT/CT with 99mTc-HYNIC-PSMA

± pelvic MRI

Targeted biopsy under ultrasound/MRI guide, 
considering PSMA-molecular imaging data on 

its location

When the PSA level increases >0.2 ng/mL 
PET/CT with 68Ga-PSMA-11

For early topical diagnosis of tumor recurrence

Monitor blood PSA level every 3–6 months

PSMA-precision 
brachytherapy LDR
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The innovative technology of PSMA-precision biopsy 
brachytherapy guided by hybrid molecular imaging can be 
used for primary and recurrent localized prostate cancer, 
improving accuracy, reducing invasiveness of procedures, 
and increasing the medical and economic efficiency of low-
dose brachytherapy with 125I microsources.

Further research is required to develop the technology 
and evaluate long-term treatment outcomes in a larger group 
of patients.
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Опыт применения мобильного компьютерного 
томографа в резервном госпитале для лечения 
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АННОТАЦИЯ
Пандемия новой коронавирусной инфекции COVID-19 бросила вызов системам здравоохранения практически всех 
стран мира. От организаторов здравоохранения требовалось принятие оперативных и эффективных решений для обе-
спечения высокого качества оказания медицинской помощи в новых условиях. Потребность в формировании резерв-
ного коечного фонда при пандемии была обусловлена высокой нагрузкой на городские больницы в Москве, в связи 
с чем в непрофильных сооружениях (ледовые арены, торговые центры, выставочные павильоны) были организованы 
временные резервные госпитали для лечения пациентов с COVID-19. Это потребовало поиска решений для обеспече-
ния необходимого уровня диагностики и лечения, соответствующего профильному медицинскому учреждению. С учё-
том технических и временных ограничений, связанных с установкой стационарного компьютерного томографа, одним 
из решений была установка мобильного компьютерного томографа.
Целью работы было поделиться опытом использования мобильного компьютерного томографа в условиях временного 
резервного госпиталя для лечения пациентов с коронавирусной инфекцией COVID-19. В работе представлена инфор-
мация о характеристиках мобильного компьютерного томографа; отмечены его преимущества и недостатки; представ-
лен вариант планировки аппаратной, пультовой комнат и вариант размещения томографа; представлены результаты 
дозиметрических исследований; дана клиническая оценка применимости подобного типа диагностических устройств.

Ключевые слова: мобильный компьютерный томограф; пандемия коронавирусной инфекции; COVID-19; отделение 
лучевой диагностики.
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in a field hospital setting to manage patients 
with COVID-19
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ABSTRACT
The global outbreak of COVID-19 has posed unprecedented challenges to healthcare systems worldwide. Healthcare 
administrators had to make quick and effective decisions to ensure high quality of medical care standards in new conditions. 
The need to form a reserve bed fund during the pandemic was due to the high load on city hospitals in Moscow. Due to this fact, 
temporary reserved hospitals for COVID-19 patients were organized in non-core facilities, such as ice arenas, shopping malls, 
and exhibition pavilions. This urgency prompted a search for solutions that could provide the necessary level of diagnosis and 
treatment appropriate to specialized medical facility. Given the technical and time constraints associated with the installation of 
a fixed computer tomographic scanner, the deployment of mobile computer tomographic scanners emerged as a viable option.
The study aims to share insights gained from using a mobile computer tomographic scanner within a temporary backup 
hospital setting to treating patients with COVID-19 coronavirus infection. The paper discusses the features, advantages, and 
disadvantages of mobile computer tomography. It also presents hardware and control room layouts, along with the placement 
options for the computer tomography device. The research includes the results of dosimetry studies and provides a clinical 
assessment of the applicability of this type of diagnostic devices.

Keywords: computer tomographic scanner; COVID-19 pandemics; radiology departments.
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在备用医院使用移动式电脑断层扫描仪治疗新型冠状
病毒感染（COVID-19）患者的经验
Nikita D. Kudryavtsev1, Alexey V. Petraikin1, Ekaterina S. Akhmad1, Fyodor A. Kiselev1, 
Vyacheslav V. Burashov1, Anna N. Mukhortova1, Ilya V. Soldatov1, Andrey S. Shkoda2

1 Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 City Clinical Hospital No. 67 named after L.A. Vorokhobov, Moscow, Russian Federation

简评

新型冠状病毒感染（COVID-19）的大流行给世界上几乎所有国家的卫生系统带来了挑战。医

疗保健组织者需要做出迅速有效的决定，以确保在新的条件下提供高质量的医疗保健服务。

在大流行期间，由于莫斯科的城市医院负担格外沉重，因此需要建立一个备用床基金，并在

非核心建筑物（冰上运动场、购物中心、展览馆）中建立临时备用医院，以治疗COVID-19患

者。这就需要寻找解决方案，以在专业医疗机构中提供必要水平的诊断和治疗。考虑到安装

固定式电脑断层扫描仪的技术和时间限制，解决方案之一是安装移动式电脑断层扫描仪。

本文旨在分享在临时备用医院使用移动式电脑断层扫描仪治疗冠状病毒感染COVID-19病人的

经验。该文章介绍移动式电脑断层扫描仪的特性；指出其优缺点；介绍设备室、控制室的布

局变式和电脑断层扫描仪的摆放变式；介绍剂量测定研究的结果；对此类诊断设备的适用性

进行了临床评估。

关键词：移动式电脑断层扫描仪；冠状病毒大流行；COVID-19；放射诊断科。
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INTRODUCTION
During the COVID-19 pandemic, in Moscow, a reserve 

bed capacity was required due to the high load on city 
hospitals. Field COVID-19 hospitals were deployed in 
noncore buildings (ice arenas, shopping centers, and 
exhibition halls), and special solutions were required to 
provide the necessary level of diagnosis and treatment 
comparable with a specialist healthcare institution [1]. One 
field hospital was located at the Krylatskoye Ice Palace 
(State Budgetary Healthcare Institution “L.A. Vorokhobov 
City Clinical Hospital No. 67,” Department of Healthcare of 
Moscow Fig. 1).

Diagnostic radiology techniques (particularly computed 
tomography [CT]) are recommended for detecting signs 
of COVID-19 pneumonia and to establishing a differential 
diagnosis for other lung diseases and assessing disease 
severity, changes in a patient’s condition, and treatment 
effectiveness [2–4]. A mobile Airo TruCT tomograph 
(Stryker, USA) was deployed due to technical and 
time constraints of employing a stationary computed 
tomograph.

The purpose of this study was to assess the efficacy of 
mobile CT in a field hospital for COVID-19 patients.

A MOBILE COMPUTED TOMOGRAPHER: 
EFFECTIVENESS IN SETTING OF A FIELD 
HOSPITAL FOR COVID-19 PATIENTS
General characteristics of a mobile CT

The Airo TruCT is designed for use in neurosurgery 
operating rooms, but the manufacturer claims that it can also 
be used to diagnose urgent conditions in other anatomical 
areas.1 Airo TruCT has a compact size (Fig. 2), making it simple 
to install and transport. A moveable base, a gantry with a 107-
cm aperture, and 32 rows of 1-mm detectors comprise this CT 
system. CT is controlled by a hard-wired console connected by 
a 5-m wire (Fig. 3). The mobile CT is adaptable to a variety of 
power supply conditions and is linked to a 1.5-kW network. A 
power supply system, on the other hand, permits scanning at 
120 kV and 250 mA, which corresponds to a power of 30 kW.

Location and dosimetry
In accordance with current rules and measurement 

methods, a CT room was certified for compliance with 
technical requirements during technical equipment testing 
(monitoring of operating parameters) and radiation monitoring 
at the workplace and adjacent rooms.

Fig. 1. A field hospital for COVID-19 patients in Krylatskoye Ice Palace (Moscow, Russia). Reuters (https://pictures.reuters.com/).

1 Stryker.com [Internet]. Neurosurgery (https://www.stryker.com/us/en/spine/products/airo-truct/imaging/clinical/neurosurgery.html); Airo Truct 
Mobile Imaging System (https://www.stryker.com/us/en/spine/products/airo-truct/imaging.html).

Vol. 4 (3) 2023LETTERS TO THE EDITOR

https://doi.org/10.17816/DD321670
https://www.stryker.com/us/en/spine/products/airo-truct/imaging/clinical/neurosurgery.html


431
Digital DiagnosticsVol. 4 (3) 2023

The CT room is located on the first floor of Krylatskoye 
Ice Palace, in the Emergency Department (Fig. 4). Due to the 
increased patient flow and off label use of this device, some 
technical solutions were required:
1. The CT console was relocated to the control room to 

ensure technicians’ radiation safety.
2. A video system was constructed to monitor the patient’s 

status and the progress of the scanning because there 
was no viewing in the control room.

3. Baofeng portable radios were used for communicating 
with patients during scanning due to the lack of built-in 
voice commands for holding breath.
Radiation protection in adjacent rooms complied with 

Russian requirements for design and operation of X-ray 

rooms, considering operating parameters of Airo TruCT 
(during scanning, the gantry moves, whereas the patient 
table is fixed). Sheets of X-ray protective plasterboard from 
Knauf (Iphofen, Germany) were used to safeguard stationary 
building envelops.

Dosimetry monitoring at workplaces, in adjacent rooms, 
and in adjacent regions revealed that exposure levels did not 
exceed values defined in current regulatory regulations at the 
observed spots (see Fig. 4). 

Technical quality control
In accordance with current norms, a standard assessment 

of the CT system’s operational parameters was performed2. 
Sum filtering, half-value layer, anode voltage ripple, anode 

Fig. 2. A mobile computed tomograph ready for scanning. Fig. 3. Airo TruCT control console.

Fig. 4. The project of a computed tomography room, control room, and radiologist’s office: Zone A—pavilion; Zone B—technical area; 
Zone C—hallway (zones A to C are areas without permanent presence of personnel).
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2 Electronic base of legal and regulatory technical documents of Codex JSC [Internet]. GOST R IEC 61223-2-6-2001 Evaluation and routine testing in medical 
imaging departments. Parts 2-6. Constancy tests. X-ray equipment for computed tomography(https://docs.cntd.ru/document/1200029048); GOST R 51746-
2001 Evaluation and routine testing in medical imaging departments. Part 1. General requirements. (https://docs.cntd.ru/document/1200012982); GOST R IEC 
61223-3-5-2008 Evaluation and routine testing in medical imaging departments. Parts 3-5. Acceptance tests. Imaging performance of computed tomography 
X-ray equipment. (https://docs.cntd.ru/document/1200071695); GOST R IEC 60601-2-44-2013 Medical electrical equipment. Parts 2-44. Special requirements 
for the basic safety and essential performance of X-ray equipment for computed tomography (https://docs.cntd.ru/document/1200105919).
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voltage, exposure time, radiation dose linearity, radiation dose 
repeatability, and image quality characteristics were evaluated.

According to the test results, the CT system meets 
performance and standard requirements.

Clinical use
A field hospital accepted patients with mild and moderate 

COVID-19 [2] with CT-1 and CT-2 lung parenchyma damage, 
requiring hospital treatment and observation. The chest 
CT was performed on all hospitalized patients. The only 
exception was for patients who had a recent CT (4 days). 
CT data revealed that 155 (31.0%) of 500 randomly selected 
patients had CT-1, 202 (40.4%) had CT-2, 109 (21.8%) 
had CT-3, and 34 (6.8%) had CT-4. Due to the high-power 
consumption and possibility of X-ray tube overheating 
during multiphase scanning, contrast-enhanced CT was not 
performed. The relative duration of scanning was a limitation 
of that technique.

Computed tomography scans of the brain and head, 
abdomen and retroperitoneum, pelvic organs, spine, 
and extremities were conducted when clinically required 
(scanning parameters are listed in Table 1).

The system’s wide (107 cm) gantry aperture was an 
apparent advantage.

Chest CT was conducted in the majority of cases to 
obtain a diagnosis or to provide continuing observation 
for patients with COVID-19 pneumonia. The scanning 
parameters (Table 1) enable us to obtain images of 
adequate quality to differentiate between viral pneumonia, 
cardiogenic pulmonary edema, and bacterial pneumonia. 
Fig. 5 shows CT data for COVID-19-associated viral 
pneumonia patients.

Long-term (15–25 s) scanning was too long for patients 
with respiratory insufficiency to remain their breath for the 
entire examination compared with stationary CT (3–5 s). As 
a result, motion artifacts (Fig. 6a) and steps (Fig. 6b) were 

DOI: https://doi.org/10.17816/DD321670

Table 1. Standardized scanning protocols for different anatomical regions

Anatomic region parameter Chest Brain Abdomen

Scanning direction Craniocaudal Craniocaudal Craniocaudal

Scan type Spiral Spiral Spiral

Electric voltage (kV) 120 120 120

Electric current (mA) 38 155 69

Slice thickness (mm) 1.0 1.0 1.0

Pitch factor 1.415 1.415 1.415

X-ray tube rotation time (s) 1.92 1.92 1.92

Reconstruction matrix (px) 512 × 512 512 × 512 512 × 512

Duration of scan (s) 12 8 16

Absorbed radiation dose (mGy*cm) 230.7 1,186.8 564

Scan length (cm) 30 20 40

Vol. 4 (3) 2023LETTERS TO THE EDITOR

Fig. 5. Axial computed tomographic slices of chest organs in the lung window: (a) polymorphic, predominantly subpleural areas of 
ground-glass opacity, corresponding to the CT image of viral pneumonia (including COVID-19), CT-1, and (b) multiple polymorphic areas 
of parenchyma compaction with a tendency to merge, with ground-glass opacity areas and mild reticular changes, CT-3.

a b
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present in CT images produced by breathing motions of the 
chest (Fig. 6).

Brain CT was used to diagnose acute cerebrovascular 
accident, intracranial hematomas, brain tumors, and 
traumatic skull injuries (Fig. 7).

Windmill artifacts (Fig. 8a) were mixed with strike 
artifacts and helical scanning [5], and artifacts intensified at 
the level of skull base, where significant beam hardening 
and scattering artifacts occurred (Fig. 8, b). Therefore, 
subtentorial brain areas were challenging to assess.

Fig. 6. Axial and sagittal computed tomographic slices of chest organs in the lung window: (a) motion artifacts and (b) step artifacts caused 
by respiratory chest movements during scanning.

a b
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Fig. 7. Axial computed tomographic images of the brain: (a) reconstruction of a 3-mm low-density area at the anterior horn of the left 
lateral ventricle, in the periventricular, subcortical direction (CT image of subacute cerebrovascular accident of the left middle cerebral 
artery), and (b) a 1-mm site of subarachnoid hemorrhage with blood breakthrough into the ventricular system (vicarious hydrocephalus).

a b

Fig. 8. Axial (a) and sagittal (b) computed tomographic images of the head in the region of the posterior cranial fossa and base of skull 
showed windmill, strike, beam hardening, and scattering artifacts. Area of bone structures and the posterior fossa is hard to evaluate.

a b
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Fig. 9. Axial computed tomographic images of the abdomen: (a) CT image of multiple hypodense lesions of both liver lobes, helical 
artifacts, and gas interface artifacts in the intestinal area and (b) CT image of a strangulated umbilical hernia.

a b
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Abdomen CT was used to assess acute abdominal 
problems, such as suspected intestinal blockage, and detect 
free liquid or gas (Fig. 9).

Artifacts were also identified during abdomen CT at the 
point of contact of various density media, such as intestine 
gas and surrounding soft tissue (gas-interface artifact) and 
helical scanning artifacts.

The scanning parameters (Table 1) enable the acquisition 
of images of sufficient quality for the diagnosis of abdominal 
and retroperitoneal disorders (liver steatosis, gallstone 
disease, adrenal hyperplasia and incidentaloma, kidney cysts 
and urolithiasis, focal liver lesions, and other conditions).

Evaluation of a mobile CT effectiveness
From the start of the field hospital operation (August 11, 

2020) to January 31, 2021, 6,264 CT scans were performed, 
including 6,126 (97.80%) chest CTs, 98 (1.56%) brain CTs, 
31 (0.49%) abdomen CTs, and nine (0.14%) other CTs. The 
average radiation exposure was 3.22 mSv for chest CT, 
2.49 mSv for brain CT, and 8.46 mSv for abdomen CT.

To assess CT effectiveness, a load equal to the ratio of the 
average number of CT scans per day to the Moscow standard 
(41 scans per day for three-shift work) was determined. The 
average number of scans performed in such case was 44 a 
day (ranging 14 scans at the start of the temporary hospital 
operation to >110 scans per day in days with the highest 
inpatient flow). This amounted to 106% of the recommended 
load. When Airo TruCT was compared with stationary 
Aquilion Prime or Revolution EVO tomographs, the utilization 
levels were equivalent. The average level of utilization for 
stationary CT in two hospitals was 113%, according to data. 
As previously stated, no contrast-enhanced CT scans were 
conducted.

Such a load validated excellent efficacy of using a mobile 
CT in temporary hospitals. However, technical difficulties 
were recorded during periods of extensive mobile CT use, 
which could result in the tomograph being shut down for 

maintenance. The manufacturer suggests conducting six 
scans per hour to extend the operational time of a mobile CT 
and avoid technical concerns.

DISCUSSION
The COVID-19 pandemic has raised various challenges 

regarding inpatient care organization, such as how to 
enhance bed capacity, organize field hospitals, and provide 
logistics for such solutions [6].

One method for ensuring CT availability in field hospitals 
is to use tiny transportable computed tomographs. This paper 
summarizes experience of using an Airo TruCT mobile CT. 
Apparent advantages of this CT system include compatibility 
with various power supply parameters, ease of installation 
and transportation, and the ability to quickly design a room 
for a mobile CT scan and put this equipment into operation.

A mobile CT generated acceptable quality chest CT 
images detecting viral pneumonia (see Fig. 5 a), and the 
patient capacity was sufficient for a temporary hospital with 
1,300 beds in overload circumstances. The peak load was 
110 scans per day, with an average of 44. This system differs 
from modular and mobile CTs mounted on trailers [7], mostly 
due to the use different types of CT.

However, some limitations were observed, indicating that 
the present modification’s usage of a mobile CT was a forced 
solution. Some motion artifacts developed as a result of low 
scanning speed compared with stationary CT scanners. The 
caudal–cranial direction was proposed for chest CT scanning 
to limit the amount of respiratory artifacts [8]. Due to the 
configuration of the CT room (gantry movement was limited 
due to insufficient console wire length) in our situation of 
using Airo TruCT, such a solution proved unacceptable. The 
problem was fixed by postponing the command to hold the 
breath for 3–4 s after the scan began. Although the apical 
lung segment exhibited significant motion abnormalities and 
steps, the basal portions were clearly visible. This observation 
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is significant because patches of ground-glass opacity or 
consolidation are precisely situated in the dorsal sections 
of the lower lobes in COVID-19 pneumonia [9]. Simple 
technical solutions, such as handheld transceivers and video 
communication, were also used to adopt off-label use of Airo 
TruCT. Due to the significant number of artifacts detected, 
additional scanning, reconstruction, and postprocessing 
algorithms should be developed, and scanning parameters 
should be optimized [10].

Despite the mobility and easy installation of mobile CTs, 
design of an equipment room should comply with all radiation 
safety requirements (see Fig. 2).

In addition to field COVID-19 hospitals, mobile CTs can 
be used efficiently in healthcare institutions where there are 
no conditions for fixed CT installation or when the main CT 
scanner has failed. Mobile CT scanners can be used in remote 
communities and temporary mobile hospitals for emergency 
recovery.

The use of mobile CT also opens up new avenues for 
scientific research; for example, in our case, the mobile CT 
was used to investigate the influence of COVID-19 on the 
cardiovascular system [11]. When preforming chest, brain, 
abdomen, and retroperitoneum CT at temporary hospital for 
COVID-19 patients, the use of Airo TruCT provide requisite 
diagnostic effectiveness.

Based on the identified disadvantages, a list of 
requirements for mobile CT systems was prepared, and 
the need to develop a new type of CT was demonstrated, 
including high compatibility with various power supply 
sources, the ability to quickly design rooms for CT 
deployment in temporary hospitals, and the ability of use 
in emergency situations and remote areas with unprepared 
infrastructure.

CONCLUSION
The installation of mobile CT in a field COVID-19 hospital 

was a forced solution due to the rapid development of the 

pandemic. The Airo TruCT is intended for use in neurosurgical 
operating rooms. Despite the off-label use, the mobile CT 
produced images of satisfactory quality. A fixed CT situated 
on a trailer or a separate module is an alternative to mobile 
CT, although this type of equipment has its disadvantages 
(e.g., difficult transport and placement outside the healthcare 
institution and problems with scanning in severe patients). In 
turn, the Airo TruCT has excellent mobility and reduced space 
and power requirements, allowing it to be transported by a 
single person. However, the high mobility of this tomograph 
affects the quality of images.
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Система менеджмента качества: 
инструмент развития организации 
или дополнительная нагрузка? 
С.Ю. Заюнчковский, С.А. Коновалов, В.В. Зинченко, Д.Е. Шарова, 
Е.С. Ахмад, А.В. Владзимирский
Научно-практический клинический центр диагностики и телемедицинских технологий, Москва, Российская Федерация 

АННОТАЦИЯ
Система менеджмента качества представляет собой основную систему управления организацией, которая направлена 
на обеспечение главного свойства выпускаемой продукции — качества. Основу поддержки качества на производстве 
выполняет система менеджмента качества с главной целью — быть готовыми к удовлетворению меняющейся по-
требительской ценности, а также всегда учитывать удовлетворённость самих потребителей. Говоря о производстве 
медицинских изделий, систему менеджмента качества в данной отрасли можно определить как организационную 
структуру, её функции, процедуры, процессы и ресурсы, необходимые для руководства и управления относительно 
качества медицинской продукции.
В статье отражены принципы системы менеджмента качества и процессы управления. Основное внимание уделено 
особенностям системы менеджмента качества медицинских изделий, в том числе особенностям системы менеджмен-
та качества программного обеспечения, являющего медицинским изделием. Отмечены условия, при которых систе-
ма менеджмента качества становится инструментом для обеспечения устойчивого развития организации и не пред-
ставляется дополнительной нагрузкой, не имеющей необходимости. Представлены результаты опроса организаций, 
выпускающих медицинские программные изделия, связанные с опытом внедрения системы менеджмента качества, 
а также готовности к изменениям в организации. 

Ключевые слова: система менеджмента качества; медицинское изделие; программное обеспечение; искусственный 
интеллект.
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Quality management system:  
A tool for the development of the organization 
or an additional burden?
Sergey Yu. Zayunchkovsky, Sergey A. Konovalov, Viktoria V. Zinchenko, 
Daria E. Sharova, Ekaterina S. Akhmad, Anton V. Vladzymyrskyy
Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation

ABSTRACT
A quality management system constitutes one of the organization’s management systems that provides for the selection of a 
set of processes in the organization’s activities designed to ensure the stable quality of products and services provided.
The growth of global industrial production has underscored the need for the creation of such production and management 
systems. These systems are designed to ensure that enterprises remains prepared to meet the constantly changing consumer 
value of manufactured products in accordance with consumer requirements, as well as the satisfaction of consumers themselves. 
As a result, attention began to focus on the production processes implemented within the organization when creating products. 
Regarding the production of medical devices, a quality management system can be defined as an organizational structure 
encompassing its functions, procedures, processes, and resources necessary for the coordinated direction and management 
of a manufacturing organization with respect to the quality of medical products.
The article reflects the principles of the quality management system and management processes. Noteworthy emphasis is 
placed on the features of quality management systems for medical devices, including the features of the quality management 
system for software that is a medical device. Furthermore, the conditions under which the quality management system 
becomes a tool for ensuring the sustainable development of the organization are noted.

Keywords: quality management system; medical device; software; artificial intelligence.
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质量管理体系：组织发展的工具还是额外负担？ 
Sergey Yu. Zayunchkovsky, Sergey A. Konovalov, Viktoria V. Zinchenko, 
Daria E. Sharova, Ekaterina S. Akhmad, Anton V. Vladzymyrskyy
Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation

简评

质量管理体系是组织的管理体系之一，它规定了组织活动中的一系列流程，旨在确保产品和

服务的稳定质量。 

随着全球工业生产的增长，有必要建立特殊的生产和管理系统，以确保企业能够根据消费者

的要求随时满足制成品不断变化的客户价值，并使消费者本身感到满意。在这方面，人们开

始关注组织内部在创造产品时实施的生产流程。就医疗器械生产而言，质量管理体系可定义

为：与医疗产品质量有关的生产组织的协调领导和管理所需的组织结构、职能、程序、流程

和资源。

该文章介绍质量管理体系的原则和管理流程。主要关注医疗器械质量管理体系的特殊性，包

括作为医疗器械的软件质量管理体系的特殊性。本文指出质量管理体系成为确保组织可持续

发展工具的条件。

关键词：质量管理体系；医疗器械；软件；人工智能。
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INTRODUCTION 
General applicability of quality management 
system principles

A quality management system (QMS) is one of the 
organization’s management systems. A QMS identifies 
organizations’ processes to ensure the consistent quality of 
products and services. A QMS is designed to improve these 
processes as a set of interrelated and interacting activities and 
develop a management style for an organization that involves 
managers, engineers, and technical as well as support personnel 
in improving product quality. Following the implementation of a 
QMS changes aimed to provide technological transparency of all 
types of activities. Such standards enable tracking of a product’s 
whole life cycle in which the organization is involved, from the 
decision to develop a product to its final stage of disposal. Such 
an approach helps systematize an organization’s activities, 
create conditions for the self-fulfillment of process participants, 
improve product quality, and become more competitive.

According to ISO 9001,1 the scheme of QMS development 
is universal for any organization; hence, it is important to 
highlight special aspects of its activities and properly divide 
them into key processes.

Basic processes of a Russian organization
For a long time, corporate management in Russia was 

exclusively “functional.” Such an approach was quite viable. It 
was mainly limited to delegating responsibility for individual 
functions in specific activity areas (design, production, supply, 
sales, business and infrastructure maintenance, and after-sales 
service) to the corresponding functions as well as their managers 
and employees. Simultaneously, the aim of such functional 
management (heads of services, departments, and higher-level 
units) was to ensure compliance of specific (highly specialized) 
functional activities with internal quality criteria, which were 
established by corporate standards [1]. However, the functional 
management approach failed as global industrial production 
developed. This required the development of production and 
management systems capable of ensuring both customer 
satisfaction through providing the highest consumer values and 
the organization’s capacity to be prepared for constantly changing 
consumer value of their products in compliance with consumer 
requirements. Processes related to product development and 
manufacturing received special attention.

A QMS in the manufacturing of medical devices is defined 
as the organizational structure, functions, procedures, 
processes, and resources required for coordinated activities 
to manage the quality of healthcare products manufactured 
by an organization. A medical device QMS should ensure 
compliance of released medical devices with relevant general 
safety and effectiveness criteria, labeling, and technical as 
well as operational documentation requirements. The need 
to implement and comply with a QMS is not absolute in 
healthcare; not everyone must implement and maintain a QMS 
for healthcare products, but everyone has the right to do so.

A MEDICAL DEVICE QMS
A new trend is emerging to ensure the quality and safety 

of medical devices at all stages of their life cycle. Medical 
device regulators are shifting their focus from product design 
and development to the whole life cycle of a medical device, 
including steps from production to decommissioning. This 
approach is reflected in ISO 13485.2 

Effective medical device life cycle management is crucial 
for ensuring end-user safety [2]. Therefore, in accordance 
with Regulation (EU) 2017/745 of the European Parliament 
and of the Council on Medical Devices [3], CE certification of 
medical devices is based on an assessment of procedures 
regulating product development and manufacturing. At one 
stage of medical device CE certification, the QMS should be 
confirmed to conform with ISO 13485.

Manufacturers of medical devices (except for Class 1 
medical devices and nonsterile Class 2a medical devices 
due to potential harm to users) must implement a QMS 
depending on medical device class3, 4 before submitting 
approval documents as part of medical device regulation 
in the Eurasian Economic Union. Figure 1 demonstrates 
a scheme of requirements for medical device QMS 
implementation based on potential harm to users. Suppose 
a manufacturer of medical devices has implemented a QMS 
in accordance with standards equivalent to ISO 13485. In 
that case, the QMS’s compliance with such standards should 
be confirmed (certificate of compliance and audit report) 
to ensure compliance with Decision No. 106 of the Council 
of the Eurasian Economic Commission dated November 
10, 2017, regarding processes and procedures for using a 
medical device QMS .5

1 ISO 9001:2015 Quality management systems ― ―Requirements. This standard was last reviewed and confirmed in 2021. Therefore, this version 
remains valid. Link: https://www.iso.org/standard/62085.html.

2 ISO 13485:2016 Medical devices. Quality management systems. Requirements for regulatory purposes. This standard was last reviewed and con-
firmed in 2020. Therefore this version remains current. Link: https://www.iso.org/standard/59752.html.

3 Decree N 136 of the Government of the Russian Federation dated February 9, 2022 on approval of requirements for the implementation, maintenance 
and evaluation of the medical device quality management system depending on potential risk of their use. Link: https://base.garant.ru/403517950/.

4 Decision No. 106 of the Council of the Eurasian Economic Commission dated November 10, 2017 on approval of requirements for implementation, 
maintenance and evaluation of a medical device quality management system depending on potential harm to users. Link: https://pharmvestnik.ru/
documents/reshenie-soveta-evrazijskoj-ekonomicheskoj-komissii-ot-10-11-2017-g-106.html.

5 Ibid.
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Special aspects of a medical device QMS
Special aspects of a medical device QMS are related 

to some requirements for products (medical devices) and 
their properties associated with such requirements. These 
properties should be distinct or require special attention 
compared with other types of industrial products. They 
are included in basic documents that govern the design, 
development, and distribution of medical devices. Medical 
device requirements include safety, effectiveness, and 
quality. A medical device QMS should ensure compliance 
with these requirements. In general, an organization 
must meet the following criteria (in accordance with 
ISO 13485):

 • to identify current risks and risk situations
 • to perform risk monitoring/analysis and explore 

parameters regularly
 • to provide internal control of an organization’s activities
 • to ensure necessary adjustments to be made
 • to improve a medical device QMS, including its 

components, and
 • to develop supporting documentation and comply with 

other conditions specified in ISO 13485.
A medical device QMS should be designed to encourage 

compliance with the key requirement to ensure that the 
benefit outweighs possible adverse effects. Medical 
devices should be safe. Medical device effectiveness is 
another important QMS function. If the effectiveness of 
a medical device is not mandatory, there is no point in 
developing and manufacturing such a product. Quality 
is an umbrella term for a set of such properties and 
characteristics of a medical device that affect its ability to 
function as intended in accordance with the manufacturer’s 
requirements.

Special attention should be given to QMS processes 
for evaluating the quality, effectiveness, and safety of 
medical devices, primarily performed as part of state 

registration, a procedure developed to ensure product 
market circulation. The deliverable is a marketing 
authorization, a document confirming medical device 
compliance with established requirements and medical 
device approval in Russia. A marketing authorization is 
mandatory for medical device circulation on the market. 
Therefore, state registration processes should be included 
in the overall QMS of an organization manufacturing 
medical devices. This is another important aspect of a 
Russian organization’s QMS.

To summarize, a medical device QMS is primarily related 
to life cycle processes, and medical device circulation is an 
integral part of these processes.

Special aspects of medical device software QMS
Regarding medical device software, some additional 

aspects of a QMS that are relevant to the manufacturing 
process may be highlighted. In contrast to physical products, 
software manufacturing does not require assembly and 
manufacturing sites. However, manufacturing medical 
device software requires strict quality and safety control at 
all stages of the product life cycle.

Software, unlike physical products, may be constantly 
updated, requiring quality management, including design, 
performance, and risk reviews. Otherwise, product failure 
may lead to incorrect conclusions, potentially harming 
patient health. To prevent such situations, medical device 
software should be controlled at the design, development, 
risk management, and manufacturing stages. Corrective and 
preventive actions should be implemented in accordance 
with the QMS.

Moreover, security and privacy risks should be managed 
because many software systems rely on communication 
technologies and are vulnerable to cyber-attacks that could 
lead to failures or leaks of patient information. The Korea 
Ministry of Food and Drug Safety has published application 

Fig. 1. Requirements for implementing a medical device quality management system depend on the potential risk of their use. GD, 
governing document; MD, medical devices; QMS, quality management system.

Manufacturers  
of Class 3 MD

Manufacturers  
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procedure

QMSQMSQMS
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methods, cybersecurity cases, and cybersecurity risk 
management guidelines [4].

A software QMS should include design, development, 
testing, verification and validation, documentation, and 
personnel training. A QMS should be in place to ensure the 
software’s safety, reliability, and performance. To ensure 
the safety and performance of their software, healthcare 
organizations must adhere to all aspects of their QMS.

Special characteristics of an artificial 
intelligence–based medical device software 
QMS: National standard

In general, an artificial intelligence (AI)–based medical device 
software QMS should adhere to ISO 13485 while considering 
special aspects of using AI technologies in healthcare.

Requirements for the development, testing, and operation 
of AI-based healthcare technologies should be unified and 
standardized by the Artificial Intelligence in Healthcare 
subcommittee of the Technical Artificial Intelligence Standards 
Committee (PK 01/ТК 164). PK 01/ТК 164 is based on the 
Center for Diagnostics and Telemedicine Technologies of the 
Moscow Healthcare Department [5]. As part of the PK 01/
ТК 164 activities, a series of national AI Systems in Clinical 
Medicine standards was developed.

GOST R 59921.8-2022 is one of these standards.6 The 
document includes recommendations for interpreting 
all sections of GOST ISO 13485-2017, as well as cases, 
descriptions, and options that may be used by organizations 
in developing and implementing a QMS in compliance with 
these standards.

Therefore, when developing and implementing a QMS, 
manufacturers of AI technologies should consider the above 
aspects. Industry QMS requirements have changed from ISO 
9001 to GOST R 59921.8; some requirements about special 
aspects of medical devices have been added or clarified, and 
guidelines for applying ISO 13485 to processes of ordering, 
supply, development, use, and maintenance of AI systems 
have been developed (Figure 2).

An AI-based software QMS and its impact 
on the competitiveness and potential 
of an organization

A QMS for AI technology directly impacts an 
organization’s competitiveness and potential. Users will 

be more confident in a product, promoting an organization 
on the market if tasks are performed correctly, the safety 
and effectiveness of AI technologies are provided, and their 
risks are managed.

For this paper, a brief survey of AI technology 
manufacturers was conducted. Respondents were asked 
to answer questions on implementing a QMS that complied 
with ISO 13485. The list of questions is presented in Table 1. 
The survey included 10 AI technology manufacturers. 
The number of employees in the organizations surveyed 
ranged from 10 to 600 people. When asked about the QMS 
implementation, 60% of respondents answered positively. 
Of the remaining 40% of companies, 75% planned to develop 
and implement a QMS. Changes in business processes after 
QMS implementation were rated 3 to 9 points on a 10-point 
scale. It should be noted that the QMS implementation may 
encounter resistance from the part of the team; therefore, at 
the stage of QMS implementation, it is necessary to ensure 
that each team member understands the significance of this 
process. The level of team resistance to QMS implementation 
was 40%. All surveyed organizations with certified ISO 13485 
QMS compliance used the services of a consulting company 
for QMS development as well as implementation and 
appointed a person responsible for QMS. When developing 
and implementing a QMS, 33% of surveyed companies used 
the national standard GOST R 59921.8-2022.

CONCLUSION
The main objective of a medical device QMS is to 

provide benefits without creating additional burdens on the 
organization during the life cycle. However, it is challenging 
to integrate a medical device QMS into the ongoing activities 
of an organization, especially if a medical device QMS is not 
mandatory. In this case, stimulating factors for ISO 13485 
certification may include an organization’s higher status 
as a tender participant, wider opportunities for supplying 
products outside of the Russian Federation, increased trust 
of end users, and improved internal business processes. 
A decision to integrate a medical device QMS should not 
be formal to simply obtain a certificate of compliance 
but instead, be driven by an organization’s conscious 
internal requirements to use a medical device QMS as a 
sustainability tool.
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6 ГОСТ Р 59921.8-2022. Artificial Intelligence Systems in Clinical Medicine: national standard of the Russian Federation. Part 8. Guidelines for the 
application of GOST ISO 13485-2017 Link: https://docs.cntd.ru/document/1200193729.

Fig. 2. Development of industry requirements for an AI-based medical device quality management system.
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Table 1. Survey of AI technology manufacturers on the availability, use, and implementation of a quality management system

No. Question

1 Number of employees

2 Has your organization implemented a quality management system (QMS)?

3 If not, do you plan to develop and implement a QMS?

4 Do you have a certificate of QMS compliance with ISO 13485:2016 or GOST ISO 13485-2017?

5 Which certification system was used to obtain a certificate?

6 How much have your business processes changed after the QMS implementation? Rate on a scale of 0 to 10.

7 Rate your team’s resistance to the QMS implementation on a scale of 0 to 10.

8 Did you use the services of a consulting company when developing and implementing a QMS?

9 Do you have a person responsible for QMS?

10 Did you use national standard GOST R 59921.8-2022 Artificial Intelligence Systems in Clinical Medicine? Part 8. Guidelines for 
application of GOST ISO 13485-2017 when developing and implementing a QMS?

11
Does your QMS comply with Decree No. 136 of the Government of the Russian Federation, dated February 9, 2022, on 
approval of requirements for implementing, maintaining, and evaluating the medical device QMS, depending on the potential 
risk of their use?

12
Does your QMS comply with Decision No. 106 of the Council of the Eurasian Economic Commission dated November 10, 2017, 
on approval of requirements for implementation, maintenance, and evaluation of a medical device quality management system 
depending on potential harm to users?
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Ошибка в статье «Сравнение измерения линейного 
размера и объёма лёгочных очагов по данным 
скрининга рака лёгких с помощью низкодозной 
компьютерной томографии»  
(doi: 10.17816/DD117481) 
М.М. Сучилова1, И.А. Блохин1, О.О. Алешина2, В.А. Гомболевский3, Р.В. Решетников1,  
В.Ю. Босин1, О.В. Омелянская1, А.В. Владзимирский1, 4

1 Научно-практический клинический центр диагностики и телемедицинских технологий, Москва, Российская Федерация;
2 Государственная клиническая больница № 13, Москва, Российская Федерация;
3 Институт искусственного интеллекта, Москва, Российская Федерация;
4  Первый Московский государственный медицинский университет имени И.М. Сеченова (Сеченовский Университет), Москва,  

Российская Федерация 

В статье «Сравнение измерения линейного размера и объёма лёгочных очагов по данным скрининга рака лёгких с по-
мощью низкодозной компьютерной томографии», опубликованной в Т. 4, № 1 журнала Digital Diagnostics за 2023 год 
(doi: 10.17816/DD117481 ), была допущена ошибка в указании источника финансирования проведенного исследования. 
По просьбе авторского коллектива ошибка в указании источника финансирования была устранена, исходная версия 
опубликованной статьи заменена издательством на исправленную, информация на сайте также была скорректирована. 
Верный текст раздела об источниках финансирования проведенного исследования: Данная статья подготовлена ав-
торским коллективом в рамках научно-исследовательской работы (№ ЕГИСУ: 123031400009-1) в соответствии с При-
казом Департамента здравоохранения города Москвы от 21.12.2022 г. № 1196.
Авторы и издатель приносят извинения читателям за допущенную ошибку и выражают уверенность в том, что эта 
ошибка не могла существенно повлиять на восприятие и интерпретацию результатов исследования, описываемого 
в тексте произведения. 

Ключевые слова: ошибка, erratum, corrigendum, компьютерная томография; скрининг рака лёгкого; лёгочные узлы.
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Erratum in “Volumetry versus linear diameter lung 
nodule measurement: an ultra-low-dose computed 
tomography lung cancer screening study”  
(doi: 10.17816/DD117481)
Maria M. Suchilova1, Ivan A. Blokhin1, Olga O. Aleshina2, Victor A. Gombolevskiy3,  
Roman V. Reshetnikov1, Viktor Yu. Bosin1, Olga V. Omelyanskaya1, Anton V. Vladzymyrskyy1, 4

1 Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation;
2 City Clinical Hospital No 13, Moscow, Russian Federation;
3 Artificial Intelligence Research Institute, Moscow, Russian Federation;
4 The First Sechenov Moscow State Medical University (Sechenov University), Moscow, Russian Federation

In the article "Volumetry versus linear diameter lung nodule measurement: an ultra-low-dose computed tomography lung 
cancer screening study" published in Digital Diagnostics journal Volume 4 Issue 1 in 2023 (doi: 10.17816/DD117481) contained 
an error in the paragraph with data of funding sources for the study.
At the request of the authors’ team, the error was eliminated, the original version of the published article and the information 
on the journal’s site was replaced with the corrected one.
Correct text of the changed: This paper was prepared by a group of authors as part of the research work (USIS No. 123031400009-1) 
in accordance with the Order issued by the Moscow Health Care Department No. 1196 dated December 21, 2022.
The authors and the publisher apologize to readers for the published error and express their confidence that this mistake could 
not significantly affect the perception and interpretation of the results of the study described in the text of the article.

Keywords: erratum; tomography X-Ray compute; early detection of cancer; lung neoplasms.
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