
Главный редактор: Гончаров С.Ф. – академик РАН; ФМБЦ им. А.И.Бурназяна; РМАНПО, Москва 
Шеф-редактор: Нечаев Э.А. – член-корр. РАН, докт. мед. наук., Москва

Зам. главного редактора (по науке): Бобий Б.В. – докт. мед. наук; ФМБЦ им. А.И.Бурназяна; РМАНПО, Москва

Учредитель – ФГБУ «Государственный научный центр Российской Федерации – Федеральный медицинский биофизический центр (ФМБЦ)
имени А.И.Бурназяна» Федерального медико-биологического агентства

НАУЧНЫЙ  ПЕРИОДИЧЕСКИЙ  ЖУРНАЛ  ОСНОВАН  В  1992  ГОДУ

D I S A S T E R  M E D I C I N E

Р Е Д А К Ц И О Н Н А Я К О Л Л Е Г И Я http://medkatjorn.ru/sostav-redaktsionnoy-kollegii2

№1 ● 2022

ISSN 2070-1004 (print)
ISSN 2686-7966 (online)

Важнейшими задачами журнала являются: обобщение научных и практических достижений в области медицины катастроф, 
повышение научной и практической квалификации врачей, обмен опытом в целях совершенствования медицинских технологий

при оказании медицинской помощи пострадавшим в ЧС

Р Е Д А К Ц И О Н Н Ы Й   С О В Е Т http://medkatjorn.ru/sostav-redaktsionnogo-soveta

Журнал входит в перечень рецензируемых научных журналов и изданий ВАК, индексируется в РИНЦ и Scopus

Все выпуски журнала находятся в открытом доступе. Плата за публикации не взимается

1Медицина катастроф №1•2022

Акиньшин А.В., к.м.н., ФМБЦ им. А.И.Бурназяна, Москва
Алексеев А.А., д.м.н., проф., НМИЦ хирургии им. А.В.Вишневского,
Москва
Багдасарьян А.С., к.м.н., доцент, КубГМУ, Краснодар
Багненко С.Ф., акад. РАН, ПСПбГМУ им. И.П.Павлова, С.-Петербург
Баранова Н.Н., к.м.н., ФМБЦ им. А.И.Бурназяна, РМАНПО, Москва
Бартиев Р.А., к.м.н., РЦМК Чеченской Республики, Грозный
Бриль Е.В., к.м.н., ФМБЦ им. А.И.Бурназяна, Москва
Бушманов А.Ю., д.м.н., проф., ФМБЦ им. А.И.Бурназяна, Москва
Быстров М.В., к.м.н., НМХЦ им. Н.И.Пирогова, Москва
Войновский А.Е., д.м.н., ГКБ им. С.С.Юдина, Москва
Восканян С.Э., член-корр. РАН, ФМБЦ им. А.И.Бурназяна, Москва
Гаркави А.В., д.м.н., проф., Первый МГМУ им. И.М.Сеченова, Москва
Громут А.А., ЦМК Ханты-Мансийского АО, Ханты-Мансийск
Замятин М.Н., д.м.н., проф., НМХЦ им. Н.И.Пирогова, Москва
Кнопов М.М., д.м.н., проф., РМАНПО, Москва
Крюков Е.В., член-корр. РАН, ВМА им. С.М.Кирова, С.-Петербург
Курнявка П.А., Хабаровский ТЦМК, Хабаровск
Лобанов А.И., д.м.н., проф., Академия гражданской защиты МЧС Рос-
сии, Химки, Московская область
Миннуллин И.П., д.м.н., проф., ПСПбГМУ им. И.П.Павлова, 
С.-Петербург 

Мирошниченко А.Г., д.м.н., проф., СЗГМУ им. И.И.Мечникова, 
С.-Петербург
Нечаева Н.К., к.м.н., ФМБЦ им. А.И.Бурназяна, Москва
Партин А.П., к.м.н., ТЦМК Приморского края, Владивосток
Потапов В.И., д.м.н., НПЦ ЭМП ДЗМ, Москва
Простакишин Г.П., д.м.н., проф., ФМБЦ им. А.И.Бурназяна, Москва
Радивилко К.С., к.м.н., Кемеровский ОЦМК, Кемерово
Розинов В.М., д.м.н., проф., РНИМУ им. Н.И.Пирогова, Москва
Саввин Ю.Н., д.м.н., проф., ФМБЦ им. А.И.Бурназяна, Москва
Самойлов А.С., член.-корр. РАН, ФМБЦ им. А.И.Бурназяна, Москва
Праскурничий Е.А., д.м.н.,проф., ФМБЦ им. А.И.Бурназяна,
Москва
Шандала Н.К., д.м.н., проф., ФМБЦ им. А.И.Бурназяна, Москва

ИНОСТРАННЫЕ ЧЛЕНЫ:
Олаф Шедлер, д.м.н., проф., клиника «Хелиос», 
г. Бад-Зааров, Германия
Торстен Хаазе, д.м.н., проф., больница «Наеми-Вильке-Штифт», 
г. Губен, Германия
Яцек Качмарчик, д.м.н., проф., травматологическая больница, 
г. Познань, Польша 
Флавио Салио, магистр общественного здравоохранения,
ВОЗ, Швейцария

РОССИЙСКИЕ ЧЛЕНЫ: Ильин Л.А., акад. РАН, ФМБЦ им. А.И.Бурназяна, Москва; Лядов К.В., акад. РАН, ММЦ «Клиники
Лядова», Москва; Онищенко Г.Г., акад. РАН, Сеченовский университет, Москва; Попов В.П., д.м.н., ТЦМК СО, Екатеринбург;
Рахманин Ю.А., акад. РАН, ЦСП ФМБА России, Москва; Слепушкин В.Д., д.м.н., проф., Северо-Осетинская МА, Владикавказ;
Ушаков И.Б., акад. РАН, ФМБЦ им. А.И.Бурназяна, Москва; Фалеев М.И., канд. полит. наук, ЦСИГЗ МЧС России, Москва;
Федотов С.А., д.м.н., НПЦ ЭМП ДЗМ, Москва; Фисун А.Я., член-корр. РАН, филиал Военно-медицинской академии им. С.М.Кирова,
Москва; Шойгу Ю.С., канд. психол. наук, ЦЭПП МЧС России, Москва
ИНОСТРАННЫЕ ЧЛЕНЫ: Аветисян А.А., РЦМК МЧС Республики Армения; Пысла М.С., канд. мед. наук, РЦМК, Республика
Молдова; Сердюк А.М., акад. Национальной академии медицинских наук (НАМН) Украины, ИГМЭ им. А.Н.Марзеева, Украина

Никакая часть журнала не может быть воспроизведена каким бы то ни было способом (электронным, механическим,
фотокопированием и др.) без письменного разрешения ФМБЦ им. А.И.Бурназяна. Рекламные материалы, препринты 

и постпринты не публикуются. Осуществляется контроль заимствований и плагиата

https://doi.org/10.33266/2070-1004-2022-1
Электронная версия журнала «Медицина катастроф»: http://medkatjorn.ru; https://elibrary.ru/title_about.asp?id=8824

Правила рецензирования: http://medkatjorn.ru/journal/pravila-retsenzirovaniya
Рецензии на статьи представлены на сайте НЭБ: https://elibrary.ru/title_about.asp?id=8824

Правила представления рукописей для опубликования в журнале: http://medkatjorn.ru/journal/pravila-dlya-avtorov

© ФГБУ «Государственный научный центр Российской Федерации – Федеральный медицинский биофизический центр имени А.И.Бурназяна»

Отпечатано в ФМБЦ им. А.И.Бурназяна
Сдано в набор 01.03.22. Подписано в печать 04.04.22. Бумага Kumexcout, формат 60х901/8. Гарнитура Футура, печать офсетная 

Усл. печ. л. 9,25; уч.-изд. л.13. Тираж 1000 экз. (1-500); (501-1000). 1-й завод; заказ 1001

Адрес редакции: 123098, Москва, ул. Живописная, 46, ФМБЦ им. А.И.Бурназяна. Телефон +7 (499) 190 59 60. E-mail: rcdm@mail.ru 
Журнал зарегистрирован в Роскомнадзоре. Рег. номер: ПИ № ФС77-80924 от 17 мая 2021 г.

Подписной индекс 18269 (Каталог «Пресса России» Агентства «Книга-сервис»)
Научный и выпускающий редактор: Макаров Д.А. Ответственный секретарь редакции: Соколова И.К. 

Ком пью тер ная вер ст ка: Фролова А.А. 18+



SCIENTIFIC  JOURNAL.  FOUNDED  IN  1992

E D I T O R I A L   B O A R D   http://medkatjorn.ru/en/editorial-board-of-disaster-medicine-journal

No. 1 ● 2022

E D I T O R I A L   C O U N C I L   http://medkatjorn.ru/en/editorial-review-board

The Journal is in the leading scientific journals of the Supreme Examination Board (VAK), RSCI and Scopus

All issues of the journal are in the public domain. Publication is free of charge

ISSN 2070-1004 (print)
ISSN 2686-7966 (online)

Mission: The most important tasks of the journal are: generalization of scientific and practical achievements in the field of disaster 
medicine, improvement of scientific qualification and practical skills of doctors, exchange of experience in order to improve medical

technologies in providing medical care to victims of emergencies

Journal of State Research Center – Burnasyan Federal Medical Biophysical Center (FMBC) of Federal Medical Biological Agency

A.V. Akin'shin, Cand.Sc. (Med.), Burnasyan FMBC, Moscow
A.A. Alekseev, Dr.Sc, Prof., A.V.Vishnevsky Institute of Surgery, Moscow
S.F. Bagnenko, Dr. Sc, Prof., Acad. of the RAS, I.P.Pavlov SPb
SMU MOH Russia, St. Petersburg 
A.S. Bagdasar'yan, Cand.Sc. (Med.), Associate Prof., KSMU,
Krasnodar
N.N. Baranova, Cand.Sc. (Med.), Burnasyan FMBC, RMACPE,
Moscow
R.A. Bartiev, Cand.Sc. (Med.), RCDM of Chechen Republic, Grozny
E.V. Bril', Cand.Sc. (Med.), Burnasyan FMBC, Moscow
A.Yu. Bushmanov, Dr.Sc, Prof., Burnasyan FMBC, Moscow
M.V.  Bystrov, Cand.Sc. (Med.), N.I. Pirogov NMSC, Moscow
A.V. Garkavi, Dr.Sc, Prof., I.M.Sechenov First Moscow State Med-
ical University, Moscow
A.A. Gromut, Centre for Disaster Medicine, Khanty-Mansyisk
M.M. Knopov, Dr.Sc, Prof., RMACPE, Moscow
E.V. Kryukov, Dr.Sc, Prof., Corr. Member of the RAS, S.M.Kirov
Military Medical Academy, St. Petersburg 
P.A. Kurnyavka, Territorial Centre for Disaster Medicine,
Khabarovsk
A.I. Lobanov, Dr.Sc, Prof., EMERCOM Civil Protection Academy,
Khimki, Moscow Region
I.P.  Minnulin, Dr.Sc, Prof., I.P.Pavlov SPb SMU MOH Russia, St.
Petersburg 

A.G. Miroshnichenko, Dr.Sc, Prof., I.I.Mechnikov North-Western
State Medical University, St. Petersburg 
N.K. Nechaeva, Cand. Sc. (Med.), Burnasyan FMBC, Moscow
V.N. Olesova, Dr.Sc, Prof., Burnasyan FMBC, Moscow
A.P. Partin, Cand. Sc. (Med.), TCDM of Primorsky Krai, Vladivostok
V.I.  Potapov, Dr.Sc, Prof., Centre for Emergency Medical Aid, Moscow
E.A. Praskurnichiy, Dr.Sc, Prof., Burnasyan FMBC, Moscow
G.P. Prostakishin, Dr.Sc, Prof., Burnasyan FMBC, Moscow
K.S. Radivilko, Cand.Sc. (Med.), RCDM, Kemerovo
V.M. Rozinov, Dr.Sc, Prof., Pirogov Medical University, Moscow
A.S. Samoylov, Corr. Member of the RAS, Burnasyan FMBC,
Moscow
Yu.N. Savvin, Dr.Sc, Prof., Burnasyan FMBC, Moscow
N.K. Shandala, Dr.Sc, Prof., Burnasyan FMBC, Moscow
S.E. Voskanyan, Corr. Member of the RAS, Burnasyan FMBC, Moscow
A.Y. Voynovskiy, Dr.Sc, S.S.Yudin Municipal Clinical Hospital, Moscow
M.N. Zamyatin, Dr.Sc, Prof., N.I. Pirogov NMSC, Moscow

FOREIGN MEMBERS:
Olaf Schedler, DSc, Prof., Helios Clinic Bad Zarov, Bad-Zarov, Germany
Torsten Haase, DSc, Prof., Naemi Wilke Shtift, Guben, Germany
Yacek Kachmarchik, DSc, Prof., Trauma Hospital of Poznan, Poland
Flavio Salio, the World Health Organization, Switzerland

RUSSIAN EDITORIAL COUNCIL: M.I. Faleev, Cand.Sc.(Polit.), Centre for Strategic Studies of Civil Protection of EMERCOM, Moscow;
S.A. Fedotov, Dr.Sc, Centre for Emergency Medical Aid, Moscow; A.Ya. Fisun, Dr.Sc, Prof., Corr. Member of the RAS, Branch of Military
Medical Academy of S.M. Kirov, Moscow; L.A. Il’in, Dr.Sc, Prof., Acad. of the RAS, A.I.Burnazyan Federal Medical Biophysics
Centre, Moscow; K.V. Lyadov, Dr.Sc, Prof., Acad. of the RAS, Multidisciplinary Medical Center «Clinics of Lyadov», Moscow; 
G.G. Onishchenko, Dr.Sc, Prof., Acad. of the RAS, Sechenov University, Moscow; V.P. Popov, Dr.Sc. Territorial Centre for Disaster
Medicine, Ekaterinburg; Y.A. Rakhmanin, Dr.Sc, Prof., Acad. of the RAS, CSP of FMBA of Russia, Moscow; Yu.S. Shoygu,
Cand.Sc.(Psycholog.), Centre for Emergency Psychological Help, Moscow; V.D. Slepushkin, Dr.Sc, Prof., North Ossetian State Medical
Academy, Vladikavkaz; I.B. Ushakov, Dr.Sc, Prof., Acad. of the RAS, A.I.Burnazyan Federal Medical Biophysics Centre, Moscow
FOREIGN EDITORIAL COUNCIL: H.A. Avetisyan, Regional Centre for Disaster Medicine of EMERCOM, Armenia; M.S. Pysla, Cand.
Sc. (Med.), Republican Centre for Disaster Medicine, Moldova; A.M. Serdyuk, Dr.Sc, Prof., Academician of National Academy of Medical
Sciences of Ukraine, National Academy of Medical Sciences of Ukraine, A.N.Marzeev Institute for Hygiene and Medical Ecology, Ukraine

No part of the journal may be reproduced in any way (electronic, mechanical, photocopying, etc.) without the written permission of
Burnasyan FMBC. Promotional materials, preprints and postprints are not published. Control is carried out of borrowings and plagiarism

https://doi.org/10.33266/2070-1004-2022-1
Electronic version of the journal: http://medkatjorn.ru/en; https://elibrary.ru/title_about.asp?id=8824

Manuscript Review Rules: http://medkatjorn.ru/en/journal/manuscript-review-rules
Reviews of articles are presented on the NDL website: https://elibrary.ru/title_about.asp?id=8824

Manuscript Submission Requirements: http://medkatjorn.ru/en/journal/manuscript-submission-requirements

© State Research Center – Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency

Printed in Burnasyan FMBC. Paper Kumexcout. Format 60х901/8.. Font Futura. Sheets 9,25/13. Edition1000 copies. Order number1001

Editorial Office Address: 46, Zhivopisnaya street, Moscow, 123098, Russia, Burnasyan FMBC. Phone: +7 (499) 190 59 60. E-mail: rcdm@mail.ru 
The journal is registered by ROSKOMNADZOR. Reg. No.: PI № FS77-80924 dated May 17, 2021.

Index18269 (Catalog Pressa-RF Agency Kniga service). 
Scientific and final editor: D.A. Makarov. Executive secretary of the editorial office: I.K. Sokolova. Typesetting: A.A. Frolova

Editor-in-Chief: S.F. Goncharov, Dr. Sc. (Med.), Prof., Acad. of the RAS; State Research Center – Burnasyan Federal Medical Biophysical Center 
of Federal Medical Biological Agency, RMACPE, Moscow

Editor Emeritus: Eh.A. Nechaev, Dr. Sc. (Med.), Prof., Corr. Member of the RAS, Moscow
Deputy Editor-in-Chief for Science: B.V. Bobiy, Dr. Sc. (Med.), Burnasyan FMBC, RMACPE, Moscow

2 Disaster Medicine No. 1•2022



Медицина катастроф №1•2022 3

МЕДИЦИНА КАТАСТРОФ
№ 1 •2022

СОДЕРЖАНИЕ

DISASTER MEDICINE
No. 1 •2022
CONTENTS

КЛИНИЧЕСКИЕ  АСПЕКТЫ  
МЕДИЦИНЫ  КАТАСТРОФ

CLINICAL  ASPECTS  
OF  DISASTER  MEDICINE

Титов И.Г., Гончаров С.Ф., Бобий Б.В., Акиньшин
А.В. Типовые варианты создания группировки ме-
дицинских сил и средств при организации ле-
чебно-эвакуационного обеспечения поражённых
в результате террористического акта

Titov I.G., Goncharov S.F., Bobiy B.V., Akinshin A.V.
Standard Options for Creating a Grouping of Med-
ical Forces and Means in the Organization of Med-
ical and Evacuation Support for the Victims of a Ter-
rorist Attack

20

Поройский С.В., Доника А.Д., Еремина М.В.
Оценка влияния стресса на профессиональную
готовность врача

Poroyskiy S.V., Donika A.D., Eremina M.V.
Assessment of the Stress Impact on Physicians’
Professional Preparedness

44

БЕЗОПАСНОСТЬ  
В  ЧРЕЗВЫЧАЙНЫХ  СИТУАЦИЯХ

SAFETY  IN  EMERGENCY  
ENVIRONMENT

Самойлов А.С., Гончаров С.Ф., Бобий Б.В., Акинь-
шин А.В., Баранова Н.Н., Чубайко В.Г. ВЦМК «За-
щита» ФГБУ «ГНЦ – Федеральный медицинский
биофизический центр им. А.И. Бурназяна» ФМБА
России: итоги работы в 2021 г. и задачи на 2022 г.

Samoylov A.S., Goncharov S.F., Bobiy B.V., Akin-
shin A.V., Baranova N.N., Chubayko V.G. All-Russ-
ian Center for Disaster Medicine "Zashchita" of Fed-
eral Medical and Biophysical Center named after
A.I.Burnazyan of the Federal Medical and Biologi-
cal Agency of the Russian Federation: Results of
Work in 2021 and Objectives for 2022

5

Самойлов А.С., Рылова Н.В., Большаков И.В., Гал-
кина Е.В. Современные возможности коррекции
нарушений циркадных ритмов 

Samoylov A.S., Rylova N.V., Bolshakov I.V., Galkina
E.V. Modern Opportunities for Correction of Circa-
dian Rhythm Disorders

49

Замятин М.Н., Быстров М.В., Колодкин А.А.,
Кильник А.И., Белова А.Б., Исаева И.В.,
Багаев Г.А., Катаев А.С., Магазейщикова Н.Г.
Основные итоги деятельности Федерального
центра медицины катастроф ФГБУ «Нацио-
нальный медицинский хирургический центр им.
Н.И.Пирогова» и Службы медицины катастроф
Министерства здравоохранения Российской
Федерации в 2021 г.

Zamyatin M.N., Bystrov M.V., Kolodkin A.A., Kilnik
A.I., Belova A.B., Isaeva I.V., Bagaev G.A., Kataev
A.S., Magazeishchikova N.G. Key Results of Activ-
ities of the Federal Center for Disaster Medicine of
the Federal State Institution "National Medical and
Surgical Center Named after N.I. Pirogov” and of
the Disaster Medicine Service of the Ministry of
Health of Russia in 2021

13

Саленко Ю.А., Фролов Г.П., Грачёв М.И., Бог-
данова Л.С., Теснов И.К. Научно-методические
подходы к оценке противоаварийной готовности
медицинских организаций ФМБА России в
случае радиационной аварии

Salenko Y.A., Frolov G.P., Grachev M.I., Bog-
danova L.S., Tesnov I.K. Scientific and Methodical
Approaches to the Assessment of the Emergency
Preparedness of Medical Organizations of Fmba of
Russia in the Event of a Radiation Accident

31

ОБЩЕСТВЕННОЕ  ЗДОРОВЬЕ  
И  ЗДРАВООХРАНЕНИЕ

PUBLIC  HEALTH  
AND  HEALTHCARE

Радивилко К.С., Плосконосов П.В., Маслакова
Д.А. Мониторинг пациентов в тяжелом состоянии,
поступивших в стационары 1-го и 2-го уровня –
инструмент организации оказания медицинской
помощи больным и пострадавшим в чрезвы-
чайных ситуациях 

Radivilko K.S., Ploskonosov P.V., Maslakova D.A.
Monitoring of Patients in Severe Condition in Level 1
and Level 2 Medical Treatment Organizations – a
Tool for Organizing Medical Care for Patients and
Victims in Emergency Situations

40



Безчасный К.В. Расстройства адаптации у со-
трудников органов внутренних дел Российской
Федерации: стилистика приспособительного реа-
гирования в условиях профессионального функ-
ционирования 

Bezchasnyy K.V. Adaptation Disorders in Employees
of the Ministry of Internal Affairs of Russia: Style of
Adaptive Response in Conditions of Professional
Functioning

66

ВНИМАНИЮ  ЧИТАТЕЛЕЙ  ЖУРНАЛА  «МЕДИЦИНА  КАТАСТРОФ»!

Подписной индекс журнала в каталоге «Пресса России» – 18269.
С 1-го квартала 2022 г. в почтовых отделениях связи 

подписка на журнал приниматься не будет.
Оформить подписку на журнал можно по интернет-версии 

Объединенного каталога «Пресса России» на сайтах:
www.pressa-rf.ru и www.akc.ru (агентство «Книга-сервис»). 

Подписка оформляется с любого номера журнала

АКТУАЛЬНЫЕ ПРОБЛЕМЫ
МЕДИЦИНСКОЙ ЭВАКУАЦИИ

ACTUAL  PROBLEMS  
OF MEDICAL  EVACUATION

Гуменюк С.А., Алексанин С.С., Ярыгин Н.В.
Оценка эффективности работы и перспектив
развития санитарной авиации в условиях мега-
полиса на примере г. Москвы

Gumenyuk S.A., Aleksanin S.S., Yarygin N.V. Evalu-
ation of the Efficiency of Work and Prospects of San-
itary Aviation Development in Megapolic Environment
on the Example of Moscow City

71

Гацура В.Ю., Гуманенко К.Е., Санников М.В.,
Крийт В.Е., Пятибрат Е.Д., Пятибрат А.О. Влияние
токсичных продуктов горения на состояние мик-
робиоты кишечника у пожарных в патогенезе не-
алкогольной жировой болезни печени

Gatsura V.Y., Gumanenko K.E., Sannikov M.V.,
Kriyt V.E., Pyatibrat E.D., Pyatibrat A.O. Influence of
Toxic Combustion Products on the State of Intestinal
Microbiota in the Pathogenesis of Nonalcoholic
Fatty Liver Disease in Firefighters

59

4 Disaster Medicine No. 1•2022

МАТЕРИАЛЫ,  ОПУБЛИКОВАННЫЕ  
В  ЖУРНАЛЕ  «МЕДИЦИНА  КАТАСТРОФ»  
В 2021 г.

MATERIALS  PUBLISHED  
IN  THE  «DISASTER  MEDICINE»  JOURNAL  

IN  2021
78

Олесова В.Н., Иванов А.С., Олесов Е.Е., Романов
А.С., Заславский Р.С. Биомеханическое сравне-
ние керамических, титановых и хромкобальтовых
штифтовых вкладок при замещении посттравма-
тических дефектов зуба

Olesova V.N., Ivanov A.S., Olesov E.E., Romanov
A.S., Zaslavskiy R.S. Biomechanical Comparison of
Ceramic, Titanium and Chrome Cobalt Post Inlays in
Post-Traumatic Dental Defects Repair

53



https://doi.org/10.33266/2070-1004-2022-1-5-12 Оригинальная статья
УДК 614.8 «2021/2022» © ФМБЦ им.А.И.Бурназяна

ВЦМК «ЗАЩИТА» ФГБУ «ГНЦ – ФЕДЕРАЛЬНЫЙ МЕДИЦИНСКИЙ 
БИОФИЗИЧЕСКИЙ ЦЕНТР им. А.И.БУРНАЗЯНА» ФМБА РОССИИ: 

ИТОГИ РАБОТЫ В 2021 г. И ЗАДАЧИ НА 2022 г.

А.С.Самойлов1,С.Ф.Гончаров1,2, Б.В.Бобий1,2, А.В.Акиньшин1, Н.Н.Баранова1,2, В.Г.Чубайко1

1 ФГБУ «ГНЦ – Федеральный медицинский биофизический центр им. А.И. Бурназяна» ФМБА России,
Москва, Россия 
2 ФГБОУ ДПО «Российская медицинская академия непрерывного профессионального образования»
Минздрава России, Москва, Россия

5Медицина катастроф №1•2022

https://doi.org/10.33266/2070-1004-2022-1-5-12 Original article
UDC 614.8 «2021/2022» © Burnasyan FMBC FMBA

ALL-RUSSIAN CENTER FOR DISASTER MEDICINE "ZASHCHITA" OF FEDERAL MEDICAL 
AND BIOPHYSICAL CENTER NAMED AFTER A.I. BURNAZYAN OF THE FEDERAL MEDICAL 

AND BIOLOGICAL AGENCY OF THE RUSSIAN FEDERATION: RESULTS OF WORK 
IN 2021 AND OBJECTIVES FOR 2022

A.S. Samoylov1, S.F. Goncharov1,2, B.V. Bobiy1,2, A.V. Akinshin1, N.N.Baranova1,2, V.G.Chubayko1

1State Research Center – Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency,
Moscow, Russian Federation
2 Russian Medical Academy of Continuing Professional Education, Moscow, Russian Federation

Abstract. The need to protect the population of the territories and personnel of the facilities serviced by the Federal Medical and
Biological Agency in emergency situations by medical treatment organizations and mobile medical formations sets them an impor-
tant task — to provide timely emergency and urgent medical care to victims in an emergency in accordance with modern princi-
ples of medical evacuation routing.
The aim of the study is to analyze and to evaluate the main results of the activities of the All-Russian Center for Disaster Medicine
"Zaschita" as a part of Federal Medical and Biophysical Center named after A.I. Burnazyan of the Federal Medical and Biological
Agency of the Russian Federation, to develop proposals an to define objectives for further development and improvement of the
system to organize medical care and medical evacuation in emergencies at facilities and territories served by FMBA of Russia.
Materials and research methods. Materials: regulatory, legal and methodological documents governing the procedure for provid-
ing medical aid to the victims of emergencies; reports of the structural units of the All-Russian Center for Disaster Medicine "Zaschita",
including special exercises held in 2021; scientific papers on topical issues of medical support to the population in emergencies.
Research methods: analytical, statistical, method of direct observation.
Results of the study and their analysis. The results of the first year of operation of the the All-Russian Center for Disaster Medicine
"Zaschita" as a part of Federal Medical and Biophysical Center named after A.I. Burnazyan of the Federal Medical and Biological
Agency of the Russian Federation in 2021 are presented. The following results are considered and analyzed: special trainings of
the Field Multidisciplinary Hospital and Consolidated medical detachment; work on medical support of mass events — "Tavrida"
Forum of Young Culture and Arts Workers and "Silk Road" international rally.
The work of the laboratory of scientific and methodical problems of medical support in emergency situations established in the All-
Russian Center for Disaster Medicine "Zaschita" within the past year was characterized. Decrease of the Center of sanitary avia-
tion and ambulance services abroad activities due to borders closing, caused by COVID-19 pandemic, is highlighted.
The activities of the All-Russian Center for Disaster Medicine "Zaschita" in the field of civil defense in the interests of FMBA of Russia,
are listed. The main tasks for the All-Russian Center for Disaster Medicine "Zaschita" for 2022 are formulated.
Keywords: All-Russian Center for Disaster Medicine "Zashchita" of Federal Medical and Biophysical Center named after A.I.
Burnazyan, Consolidated medical detachment, emergency and urgent medical care, emergency situations, Federal Medical and
Biological Agency, field multidisciplinary hospital, mass events,medical evacuation, medical support, routing

Conflict of interest. The authors declare no conflict of interest
For citation: Samoylov A.S., Goncharov S.F., Bobiy B.V., Akinshin A.V., Baranova N.N., Chubayko V.G. All-Russian Center for Dis-
aster Medicine "Zashchita" of Federal Medical and Biophysical Center named after A.I.Burnazyan of the Federal Medical and
Biological Agency of the Russian Federation: Results of Work in 2021 and Objectives for 2022. Meditsina Katastrof = Disaster Med-
icine. 2022;1:5-12 (In Russ.). https://doi.org/10.33266/2070-1004-2022-1-5-12

SAFETY  IN  EMERGENCY  ENVIRONMENT
БЕЗОПАСНОСТЬ  В  ЧРЕЗВЫЧАЙНЫХ  СИТУАЦИЯХ

Резюме. Необходимость защиты в чрезвычайных ситуациях (ЧС) населения территорий и персонала объектов, обслужи-
ваемых Федеральным медико-биологическим агентством (ФМБА России), силами лечебных медицинских организаций
(ЛМО) и мобильных медицинских формирований (ММФ) ставит перед ними актуальную задачу – своевременно оказывать
неотложную и экстренную медицинскую помощь пострадавшим в ЧС в соответствии с современными принципами марш-
рутизации медицинской эвакуации.



The implementation of many measures of the National
Security Strategy of the Russian Federation1 provides for
an increase in the effectiveness of measures to prevent and
to eliminate the consequences of emergencies of natural
and man-made character, including those associated var-
ious infectious diseases.

In the Russian Federation the level of risks and hazards
caused by natural and man-made disasters, terrorist acts,
armed conflicts and other emergencies remains high. The
country's health care system was put to a great test in
2020-2021 due to the wave-like course of the pandemic
of a new coronavirus infection COVID-19 caused by
mutant strains. The results and analysis of the activities of
the All-Russian Disaster Medicine Service in recent years
are contained in a number of scientific publications
describing the goals, tasks, work experience and
prospects for improving the preparedness of the health
care sphere to eliminate medical and sanitary conse-
quences of the most probable emergencies [1, 2].

The need to protect in an emergency the personnel of the
facilities and the population of the territories served by the
Federal Medical and Biological Agency (FMBA of Russia)
determines as a priority task the timely provision of emer-
gency and urgent medical care to victims in emergencies in
accordance with the procedures of medical care and stan-
dards, clinical guidelines and in compliance with modern
principles of routing of medical evacuation.

It should be emphasized that the development of organi-
zational technologies for providing medical care to the
country's population determines the increased role of med-
ical organizations of the Federal Medical and Biological
Agency of Russia in the system of medical and sanitary
support for state, public, sport events, humanitarian actions
with mass participation of the population, large-scale
preventive medical examinations and dispensaries in
remote areas of the Russian Federation. In modern condi-
tions during such events special attention is paid to their
anti-epidemic support in the conditions of the COVID-19
pandemic [3].

In accordance with the Decree of the Government of the
Russian Federation from October 12, 2020 №16712

FMBA of Russia is entrusted with the creation and mainte-
nance of the functional subsystem of the Unified State
System of Prevention and Elimination of Emergencies
(RSChS), designed to provide medical and sanitary assis-
tance to victims in emergencies that occurred in organiza-
tions (at facilities) that are under the jurisdiction of FMBA of
Russia.

In addition, Decree of the Government of the Russian
Federation No. 2063 of April 11, 2005 entrusted FMBA of
Russia with the protection of personnel of organizations
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1. National Security Strategy of the Russian Federation: Approved by Presi-
dential Decree No. 400 of July 2, 2021
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Цель исследования – на основе анализа и оценки основных итогов в 2021 г. деятельности ВЦМК «Защита» в составе ФГБУ
«ГНЦ – Федеральный медицинский биофизический центр (ФМБЦ) им. А.И.Бурназяна ФМБА России» (далее – ВЦМК
«Защита») разработать предложения и определить задачи на 2022 г. по дальнейшему развитию и совершенствованию
системы организации оказания медицинской помощи и проведения медицинской эвакуации при возникновении чрезвы-
чайных ситуаций на объектах и территориях, обслуживаемых ФМБА России. 
Материалы и методы исследования. Материалы исследования: нормативные, правовые и методические документы, опре-
деляющие порядок оказания медицинской помощи пострадавшим в ЧС; отчеты структурных подразделений ВЦМК
«Защита», в том числе о проведенных специальных учениях, за 2021 г.; научные работы по актуальным вопросам меди-
цинского обеспечения населения в ЧС. 
Методы исследования: аналитический статистический, метод непосредственного наблюдения.
Результаты исследования и их анализ. Представлены результаты первого года функционирования ВЦМК «Защита» в соста-
ве ФГБУ ГНЦ ФМБЦ им. А.И.Бурназяна ФМБА России. Рассмотрены и проанализированы результаты: специальных уче-
ний Полевого многопрофильного госпиталя (ПМГ) и Сводного медицинского отряда (СВМО) ФМБА России; работы по
медицинскому обеспечению массовых мероприятий – Форума молодых деятелей культуры и искусств «Таврида» и между-
народного ралли «Шелковый путь».
Охарактеризована работа созданной в ВЦМК «Защита» в истекшем году лаборатории научно-методических проблем
медицинского обеспечения при чрезвычайных ситуациях. Отмечено сокращение объема деятельности Центра санитарной
авиации и скорой медицинской помощи (ЦСА и СМП) по проведению медицинской эвакуации из-за рубежа в связи закры-
тием границ, обусловленным пандемией COVID-19.
Показана деятельность ВЦМК «Защита» в области гражданской обороны в интересах ФМБА России и др.
Сформулированы основные задачи ВЦМК «Защита» на 2022 год.
Ключевые слова: ВЦМК «Защита» ФГБУ «ГНЦ – Федеральный медицинский биофизический центр им. А.И.Бурназяна
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and the population of the territories served, elimination of
the medical and sanitary consequences of man-made
emergencies, medical and sanitary measures to prevent
and eliminate the consequences of emergency situations,
radiation, chemical and biological accidents and inci-
dents, and the prevention of spread of infectious and mass
non-infectious diseases.

During implementation of measures to improve the sys-
tem of organization of medical care to victims of emergen-
cies and their medical evacuation in 2021 from the system
of the Russian Ministry of Health to the organizational
structure of the "State Research Center - Federal Medical
Biophysical Center named after A.I. Burnazyan" the All-
Russian Center for Disaster Medicine "Zaschita" was trans-
ferred, which, by order 324 of February 25, 2021 of
FMBA of Russia, was charged with improving and ensuring
the functioning of the system to save lives and preserve
public health in case of emergencies at facilities and terri-
tories served by the Federal Medical and Biological
Agency of Russia.

Undoubtedly, the results of the analysis of the first year of
operation of "Zaschita" Disaster medicine Center as part of
the State Research Center at the A.I. Burnazyan Federal
Medical and Biological Center of the Federal Medical and
Biological Agency of Russia are necessary to adjust the
activities to maintain and improve the readiness of both the
"Zaschita" and the relevant medical organizations of the
Federal Medical and Biological Agency of Russia to
respond and act in emergencies.

Considering the above, we can state that the study
aimed at studying and evaluating the activities of
"Zaschita" in 2021 is relevant, and its results will be in
demand in practice.

The purpose of the study is to develop and substanti-
ate the proposals on further development and improve-
ment of  the All-Russian Center for Disaster Medicine
"Zaschita" functioning and in general the system of organ-
ization of medical care and medical evacuation of victims
in emergencies at the facilities and territories served by the
Federal Medical and Biological Agency of Russia on the
basis of the analysis and assessment of the main results of
"Zaschita" activity in 2021.

Materials and methods. Materials of the study: regu-
latory, legal and methodological documents determining
the procedure for organizing and providing medical care
and medical evacuation of victims in emergencies; reports
on the activities of the structural units of the All-Russian
Center for Disaster Medicine "Zaschita", including the
results of scientific work in 2021; reports on special exer-
cises with medical organizations of FMBA of Russia; scien-
tific papers and publications on topical issues of medical
care in emergencies. Research methods: analytical statisti-
cal, method of direct observation, logical and information-
al modeling.

Results of the study and their analysis. As the results
of the study have shown, the practical and scientific activity
of the All-Russian Center for Disaster Medicine "Zaschita"
within the A.I. Burnazyan Federal State Budgetary Institution

Federal Medical and Biological Center in 2021 was diver-
sified, focused on maintaining and improving the level of
readiness of the Field Multidisciplinary Hospital (FMH), the
Center for Medical Aviation and Emergency Medical Care
and the Management and Methodical Support Center to
perform their tasks in likely emergencies.

In order to increase readiness to take adequate meas-
ures in emergency conditions and to study the capabilities
of medical formations, including the Joint Medical
Detachment (JMD) of FMBA of Russia, a tactical and spe-
cial exercise "Organization of the Joint Medical
Detachment of FMBA of Russia during the liquidation of
medical and sanitary consequences of the emergency situ-
ation" was conducted, with practicing the formation, nom-
ination and deployment of functional units, implementation
of measures for admission, medical triage, provision of
medical care and conducting medical treatment.

The exercise revealed a number of problematic issues
that need to be resolved. Among them: the insufficient
readiness of the JMD personnel for the operational
response to the emergency, due to the fact that most of the
involved medical specialists for the first time participated in
such an event and, as a result, it was difficult to qualitative-
ly and fully perform their tasks; the need for regular similar
exercises involving medical specialists not only of JMD, but
also medical health care organizations of FMBA Russia,
specialists of which will participate in the liquidation of the
medical and sanitary consequences. The experience of the
exercise made it possible to take appropriate measures to
equip the FMH with special equipment, medical diagnos-
tic and treatment devices, to clarify the level of profession-
al training of hospital staff and adjust a number of meas-
ures to maintain and improve it, taking into account the
most likely structure of sanitary losses arising in an emer-
gency and the specifics of work carried out in the emerg-
ing conditions. Proposals for changes in the reserve of con-
sumables (medicines, medical devices) are being
developed.

During the year, specialists of "Zaschita" participated in
8 command-staff exercises (CSE) and tactical-special
exercises conducted jointly with the Ministry of Health,
Rospotrebnadzor and the Ministry of Emergency Situations
of Russia. The most significant of them were:

- A command-staff exercise at the National Defense
Control Center (NDCC) of the Russian Federation with a
software and hardware complex to practice the issues of
improving the system of information interaction in the field
of national security of the Russian Ministry of Defense and
other security agencies and executive authorities of the
subjects of the Russian Federation (hereinafter referred to
as the subjects);

- "Organization and conduct of civil defense on the ter-
ritory of the Russian Federation" with the testing of meas-
ures to improve the efficiency and consistency of civil
defense forces when carrying out civil defense activities
and conducting rescue and other emergency work;

- Checking the readiness of multidisciplinary medical
units of the Center for Hygiene and Epidemiology of the
Department of Rospotrebnadzor for the Samara Region
and the territorial Disaster Medicine Centers of the regions
to fulfill their tasks";

Development of the Arctic Zone of the Russian
Federation (hereinafter — the Arctic Zone) is carried out
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within the framework of the realization of the Presidential
Decree of October 26, 2020 № 6455, which determines
the need to develop and improve the medical forces and
means of FMBA of Russia for the organization of medical
and evacuation support for the population and personnel
of the facilities located in this area and in the waters of the
Northern Sea Route, in various emergencies.

It should be noted that the organization of emergency
and urgent medical aid to the victims of emergencies in the
Arctic zone is influenced by the significant remoteness of
medical organisations of the 2nd and 3rd levels from the
waters of the Northern Sea Route and from the coastal
zone — from 500 km to 1.5 thousand km and more. Such
a situation requires to be ready to perform a great volume
of sanitary-aviation evacuation with the use of aviation
equipment, equipped with medical airplane and helicopter
modules, etc. At the same time, a number of difficulties
associated with the timely provision of medical care to vic-
tims have been overcome through the use of telemedicine
consultations. In 2019-2021 specialists of "Zaschita"
organized and conducted more than 35 thousand
telemedicine consultations in the Arctic regions (Table 1).

An important measure aimed at providing emergency
and urgent medical aid to the patients and victims of emer-
gencies is the creation of mobile medical formations
(mobile medical aviation complexes) in the organizational
structure of the Arctic rescue centers of the Russian
Emergencies Ministry, which will allow to move quickly to
the emergency area, to conduct comprehensive emer-
gency and rescue activities, if necessary — to deploy evac-
uation reception, medical triage, emergency medical aid
and preparation

As a part of the interdepartmental research exercise in
September 2021 on elimination of the consequences of a
fire on a cruise liner in the Kola Bay on the Northern Sea

Route, a harbor evacuation receiver was deployed at the
expense of the Murmansk Medical Center, FMBA of
Russia, to fulfill the above tasks. At the same time during the
exercise in Norilsk a multidisciplinary medical complex for
COVID-19 patients with thermal burns of varying severity
was deployed by the Rapid Response Team of the
Krasnoyarsk District Medical Center of FMBA of Russia.

The results of the exercise showed the need to develop a
system of interagency cooperation in organizing medical
assistance and — first and foremost — medical, sanitary
evacuation, evacuation of victims, as well as to create a
system of special training for medical personnel in the
appropriate mobile medical formations (MMF) in the Arctic
zone.

On behalf of the Russian Federal Medical and Biological
Agency, work was carried out in 2021 on a set of civil
defense measures. "Zaschita" specialists took part in the
development and revision of drafts of the Plan for civil
defense preparedness in the Federal Medical and
Biological Agency of Russia and the Regulation on the
organization and conduct of civil defense in the Federal
Medical and Biological Agency. We summarized informa-
tion from more than 280 reports of medical organizations
of the Federal Biomedical Agency and prepared a report
on the implementation in 2021 of the Russian Federal
Biomedical Agency Action Plan 2020-2024. (The report
on implementation of the Federal Medical and Biological
Agency's strategy in the field of civil defense, population
and territories protection against emergencies, fire safety
and safety of people at water objects in 2030 and the
draft report on the state of the civil defense at the Federal
Medical and Biological Agency were prepared. Plans of
the main activities in the field of civil defense, prevention
and elimination of emergencies, fire safety and anti-terror-
ist protection were agreed; Action Plans for emergencies of
different nature submitted by medical organizations of the
Federal Medical and Biological Agency of Russia.

On the basis of the study and analysis of the existing
organizational and methodological basis in the system of
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emergency medical evacuation of patients and victims,
including victims of polytrauma, patients with new coron-
avirus infection COVID-19 and other contingents, the basic
principles determining the routing of medical evacuation
were substantiated and developed, taking into account the
distance of the zone/area of emergency from populated
areas. The basic variants of the routing of the medical
evacuation of the injured in emergencies have been
revealed, which should be applied not only in the con-
ditions of the emergency, but also in the everyday
activity mode.

The activities of the Central Sanitary and Epidemiological
Service and ambulance services were aimed at providing
emergency medical care, including specialized emergency
medical care and medical evacuation of patients and vic-
tims in an emergency. In 2021, over 600 patients were
medically evacuated, including 168 patients with suspect-
ed COVID-19 (Table 2).

The decrease in the total number of medical evacuations
performed is due to the transfer of "Zaschita" to the juris-
diction of FMBA of Russia and the change in the scope of
medical evacuation tasks, as well as the closure of borders
in conditions of the COVID-19 pandemic.

Much work has been done to license the activities of the
Center for Emergency and Critical Care Medicine within
the State Research Center of A.I. Burnazyan Federal
Medical and Biological Center of the Federal Medical and
Biological Agency of Russia for the provision of emergency
medical care, including specialized ambulance services.
An appropriate license has been obtained.

The specialists of the Center for Emergency Medicine
took an active part in the development of "Proposals (prac-
tical recommendations) on the organization of internal
quality control and safety of medical activity outside a
medical organization" when providing emergency, includ-
ing specialized, medical care outside a medical organiza-
tion and the corresponding methodological recommenda-
tions [4]. In accordance with the created practical
recommendations, specialists from the Roszdravnadzor's
Quality Institute were the first in the country to audit the

internal quality control of emergency and ambulance spe-
cialized medical care and medical evacuations in
"Zaschita", which resulted in a certificate of compliance.

In 2021 the specialists of "Zashchita" as a part of the
Joint Medical Unit of FMBA of Russia performed a signifi-
cant amount of work to ensure medical support events with
mass participation of the population.

In order to provide medical support for the Forum of
Cultures and Arts "Tavrida" (hereinafter — the Forum) in
2021 on the territory of the "Art Cluster" using pneu-
mocage modules and container-type premises, the FMH
was deployed. Its tasks were: to provide emergency and
urgent medical care, if necessary — temporary isolation of
patients with infectious diseases; if necessary — medical
evacuation to the nearest medical organisations. The
increase in the number of guests and participants of the
Forum up to 10 thousand required additional medical
forces and means from the medical treatment organizations
of FMBA of Russia — emergency medical teams were on
duty at the most important and numerous events, which
took place simultaneously in different parts of the Forum
territory. In addition, a multidisciplinary coordination and
technical center was deployed to coordinate all medical
services and equipment involved in providing medical care
for the Forum. The medical organisations of the Republic of
Crimea were identified in advance for the hospitalization
of patients. Medical evacuation was carried out to the city
hospital in Sudak and in cooperation with the teams of the
Crimean Republican Center for Disaster and Emergency
Medicine to other medical organisations of the Republic.

In total, during the Forum, about 12,000 people sought
medical care at the FMH and emergency care stations,
including 23 with laboratory-confirmed COVID-19. 53
people were hospitalized, including 23 with COVID-19;
4963 tests for COVID-19 were performed. There were no
outbreaks of infectious diseases among Forum participants.

At the Forum venue, a training session entitled
"Organizing the Elimination of Medical and Sanitary
Consequences of the Fire on the Central Stage of the Forum
Territory" was held twice, with training on the interaction

9Медицина катастроф №1•2022



between Russian Federal Medical and Biological Agency
forces and the executive authorities of the Republic of
Crimea and other organizations participating in the elimi-
nation of the consequences of the fire.

In accordance with the Action Plan for the Russian stage
of the annual international Silk Road Rally (hereinafter —
the Rally) in 2021 the medical support of the whole route
through the territory of Russia and Mongolia for the first
time, without the involvement of international medical and
insurance organizations, was entrusted to FMBA of Russia,
which included more than 40 specialists from 11 FMBA
medical organisations and specialists of the All-Russian
Center for Disaster Medicine "Zaschita". During prepara-
tions for the Rally, areas of responsibility and ways to evac-
uate possible victims were identified along the entire route,
and interaction was organized with regional representa-
tives, health care authorities, ambulance stations and terri-
torial Disaster Medicine Centers. Particular attention was
paid to measures to ensure anti-COVID safety — PCR test-
ing was organized before the start of the Rally and the day
before the expected crossing of the border of the Russian
Federation. All in all 144 people got medical help during
the Rally; 141 out-patiently; 3 persons were sent to the
hospital. During the Rally six participants were evacuated
from the track by medical crews due to the malfunction of
vehicles.

The results of the activity on medical and sanitary support
of the event showed the necessity of the early solution of
such organizational issues as accommodation, provision
with the expendable drugs and medical products, diag-
nostic equipment, sanitary transport, engineering and tech-
nical equipment, etc.

In order to provide scientific and methodological support
for "Zaschita" activities in 2021 were created: in the struc-
ture of "Zaschita" — Laboratory of problems of medical
support in emergency situations (hereinafter —
Laboratory); in the Medical and Biological University of
Innovation and Continuing Education of A.I. Burnazyan

Federal Medical and Biological Center — Department of
Disaster Medicine. The main direction of scientific-method-
ological and educational activity of "Zaschita" is develop-
ment of the system of organization of medical aid render-
ing to victims of emergencies on objects and territories
serviced by the Federal Medical and Biological Agency of
Russia and training specialists in the field of "Disaster
Medicine".

Specialists of the laboratory have developed terms of
reference for the research work on the topic: "Development
of the system of organization of medical care, medical
evacuation in emergencies and emergency medical care in
everyday activities on sites and territories served by the
Federal Medical and Biological Agency of Russia" (code
number: "Zaschita"), which received a positive review by
the Department of Medical Sciences of the Russian
Academy of Sciences with a recommendation to FMBA
Russia to include this topic in the plan of research work. As
part of the first phase of the research and development
activities in 2021, medical and technical requirements for
the FMH and JMD of the Federal Medical and Biological
Agency of Russia were developed and received a positive
review from leading experts in disaster medicine.

The medical and technical requirements define the pro-
cedure for the creation, location, deployment and opera-
tion of the Field Multidisciplinary Hospital and the Joint
Medical Detachment when operating in the modes of dai-
ly operations, high readiness and emergency situations as
surgical, toxic-therapeutic, radiological and infectious dis-
ease hospitals (Figure 1).

A draft concept for the creation of a field multidiscipli-
nary hospital has been developed.

Decree of the Government of the Russian Federation on
October 12, 2020 № 1671 on FMBA of Russia is tasked
to create a functional subsystem of the RSChS. In pur-
suance of this Government Decree, specialists of "Zaschita"
developed a draft Regulation on the functional subsystem
of medical and sanitary aid to victims of emergencies in
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Рис 1. Варианты развертывания ПМГ и СМО
Fig. 1. Options for deployment of field multi and WSCs
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organizations (at facilities) under the jurisdiction of FMBA
of Russia — is currently under consideration in the Ministry
of Emergency Situations of Russia.

The Department of Disaster Medicine has developed
and approved additional professional development pro-
grams for specialists:

- "The Work of Medical Organizations of the Federal
Medical and Biological Agency of Russia in Emergency
Situations" (37 hours);

- "Organization of Internal Control over the Quality and
Safety of Medical Activities in Emergency Medical Care,
including Specialized Emergency Medical Care and
Medical Evacuation of Patients and Victims" (37 hours).

Special attention at the Department of Disaster Medicine
was paid to the training of specialists of aviation medical
brigades and training in first aid techniques (Table 3).

The specialists of "Zaschita" together with the professors-
scientists of the Military Medical Academy named after
S.M. Kirov prepared the textbook "Medicine of extreme sit-
uations" in two volumes, designed for training of medical
specialists of the power ministries — it was published in the
first half of 2021.

The main results of scientific and practical work of
"Zaschita" were presented at 16 All-Russian conferences
and symposiums, including those with international partici-
pation. In the reports the following issues were presented:
information support of the Federal Medical and Biological
Agency of Russia; activities of the FMH and JMD, medical
support activities with mass participation of the population,
providing medical care to patients and medical evacuation
of victims in emergencies, the medical response to emer-
gencies of biosocial nature, management of emergency
medical care. Final reports on all directions of "Zaschita"
activities were made at the jubilee international scientific
conference "Burnazyan Federal Medical and Biological
Center: 75 years on guard of human health".

As part of the activities of the Russian Academy of
Sciences at a meeting of the section of preventive medicine

and at the general meeting of the Department of Medical
Sciences the reports "Routing in the system of medical and
evacuation support in emergencies to improve the avail-
ability and quality of medical care provided to victims in
the Arctic zone of the Russian Federation" and "Medical
evacuation of COVID-19" were presented.

Dissertation works carried out by the staff of "Zaschita"
are devoted to solving problems of medical evacuation of
patients and victims in emergencies, including from
abroad; organization of medical care during liquidation of
medical and sanitary consequences of terrorist acts; nor-
mative regulation of the All-Russian Disaster Medicine
Service; organization of first aid and medical care at
Russian ski resorts; medical triage in radiation accidents;
information technologies of FMBA of Russia.

"Zaschita" specialists paid attention to the development
of the main aspects of the functioning and certification of
International Emergency Medical Teams (EMTs); partici-
pated in the creation of organizational, clinical and techni-
cal principles of EMTs activities. The principles they devel-
oped were laid out in the WHO Blue Book and Red Book,
published in 2021, which regulate the work of EMTs in
response to natural disasters, epidemic outbreaks, military
and armed conflicts.

A WHO working group on standardization of medical
evacuations at the international level was established in
2019. As part of the group's work, 8 meetings were held
in 2021, and a WHO medical evacuation manual is being
developed to regulate the organizational, clinical and
technical principles of medical evacuation teams at the
national and international levels.

Conclusion
The presented results of the work of the All-Russian

Center for Disaster Medicine "Zaschita" allow us to state
that within the framework of their competence the spe-
cialists of “Zaschita" of the State Research Center for
Medical and Biological Center named after A.I.
Burnazyan of FMBA of Russia are able to determine and
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to solve practical and scientific tasks on organization and
scientific substantiation of problematic issues, organization
of medical and sanitary support for victims in emergencies
at the facilities and territories served by FMBA of Russia, on
providing medical care and medical evacuation of patients
and victims in emergencies in compliance with the routing
principles.

The main tasks facing specialists of "Zaschita" in 2022
should be:

- achieving goals and priorities of medical-social and
sanitary-epidemiological safety of the population of the
Russian Federation, defined by the National Security
Strategy of the Russian Federation, approved by
Presidential Decree of 2 July 2021 № 400;

- ensuring readiness of mobile medical formations in the
system of medical organizations of FMBA of Russia —
FMH, JMD, rapid response brigades of specialized med-
ical care to respond and act in emergency conditions;

- Establishment and operation of mobile medical forma-
tions, such as FMH and JMDs, in the system of medical
support in emergencies;

- organizing the work of district medical centers and oth-
er medical organisations of the Federal Medical and
Biological Agency of Russia in emergencies;

- improving the system of organization and provision of
medical care, medical evacuation of victims in emergen-
cies at facilities and territories serviced by FMBA of Russia;

- development and implementation of information tech-
nologies in the activities of the Federal Medical and
Biological Agency as one of the components of the system
of medical and sanitary support of the employees at the

facilities and the population of the territories serviced by
the Federal Medical and Biological Agency of Russia;

- methodological support of activities to eliminate med-
ical and sanitary consequences of possible emergencies at
facilities and territories serviced by FMBA of Russia;

- conducting special exercises and training sessions
with the district medical centers of the Federal Medical
and Biological Agency of Russia to organize medical aid
to victims of emergencies at facilities and territories serv-
iced by the Federal Medical and Biological Agency of
Russia; improving the quality and efficiency of these exer-
cises;

- developing a system for providing emergency medical
aid and medical evacuation by the Federal Medical and
Biological Agency in emergency situations in the Arctic
Zone of the Russian Federation;

- developing requirements for specialists in medical units
to provide emergency medical aid and medical evacua-
tions as part of the Arctic Integrated Rescue Centers of the
Russian Ministry of Emergency Situations;

- improving the system for training medical specialists
involved in the liquidation of medical and sanitary conse-
quences of emergencies;

- development of educational and methodological mate-
rials for the training of specialists involved in the elimination
of medical and sanitary consequences of emergencies.

Solution of the above tasks will increase the readiness of
medical forces of FMBA of Russia to respond and act in
emergencies, the availability and quality of medical care
and medical evacuation of patients and victims in emer-
gency situations.
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Резюме. Готовность российского здравоохранения к реагированию на чрезвычайные ситуации (ЧС), вопросы организа-
ции и оказания медицинской помощи и проведения медицинской эвакуации пострадавших в ЧС неразрывно связаны с
деятельностью Службы медицины катастроф (СМК) Минздрава России – основной составляющей Всероссийской службы
медицины катастроф (ВСМК). С 1 марта 2021 г. функции и полномочия органа повседневного управления ВСМК и СМК
Минздрава России на федеральном уровне выполняет Федеральный центр медицины катастроф (ФЦМК) ФГБУ
«Национальный медико-хирургический центр (НМХЦ) им. Н.И.Пирогова» Минздрава России. 
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Abstract. The preparedness of the Russian health care to react to emergency situations, issues of organization and provision of med-
ical care and medical evacuation in emergencies are inextricably linked to the activities of the Disaster Medicine Service of the
Russian Ministry of Health, the main component of the All-Russian Disaster Medicine Service. Since March 1, 2021 day-to-day
administration of the All-Russian Disaster Medicine Service and of the Disaster Medicine Service of the Russian Ministry of Health is
performed by the Federal Center for Disaster Medicine of National Medical and Surgical Center named after N.I. Pirogov.
The aim of the study is to define the priorities for the year 2022 for the Federal Disaster Medicine Center, for Disaster Medicine
Service of the Russian Ministry of Health and for the All-Russian Disaster Medicine Service as well as for the whole system of
population medical support in emergencies. The priorities will be defined based on the analysis of the 2021 year activities for
the Federal Center for Disaster Medicine, for territorial centers of disaster medicine, for regional centers of emergency and dis-
aster medicine and for regional centers of disaster and emergency medicine.
Materials and research methods. Regulatory and methodological documents governing the organization and functioning of
the All-Russian Disaster Medicine Service and of the Disaster Medicine Service of the Ministry of Health of Russia, documents
setting the procedure for medical care and medical evacuation of victims in emergencies; reports of territorial centers of disas-
ter medicine, of regional centers of emergency and disaster medicine and of regional centers of disaster and of federal disaster
medicine centres on the medical and sanitary emergency response activities in 2021 as well as other documents; scientific
papers and publications on current issues of medical care in emergencies, on development of the Disaster Medicine Service
information environment and on digitalization of healthcare. Research methods: analytical statistical, method of direct observa-
tion, logical and informational modeling.
Research results and their analysis. The main results of activities of Federal Disaster Medicine Center and of Disaster Medicine
Service of the Russian Ministry of Health in 2021 were considered, including information interaction with the operational serv-
ices in conference mode, monitoring of the medical and sanitary situation, emergency data, measures to combat the COVID-19
pandemic, etc. The structure of Disaster Medicine Service at the regional level was analyzed. The main directions of Federal
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The aim of the study is to analyze the main results of
the activities of the Federal Center for Disaster Medicine
of N.I. Pirogov National Medical and Surgical Center,
Territorial Centers for Disaster Medicine, Regional Cen-
ters for Emergency and Disaster Medicine, Regional Cen-
ters for Disaster Medicine and Emergency Medical Care
and to develop proposals for further development and
identify priority activities in 2022 for the Federal Center
for Disaster Medicine, Disaster Medicine Service of the
Russian Ministry of Health and for the All-Russian Disas-
ter Medicine Service, as well as for the whole system of
medical care for the population affected in emergency
situations.

Materials and research methods. The sources of in-
formation were as follows: normative and methodical
documents determining the order of organization and
functioning of the All-Russian Disaster Medicine Service,
of the Disaster Medicine Service of the Ministry of Health
of Russia, the procedure of medical care and medical
evacuation of the emergency victims1-3; reports of the Ter-
ritorial Centers for Disaster Medicine, Regional Centers
for Emergency and Disaster Medicine, Regional Centers
for Disaster Medicine and Emergency Medical Care and
of the Federal Center for Disaster Medicine on the work
in the emergency medical care system in 2021; the re-
ports on the state of readiness of the regional Disaster
Medicine Service prepared by the specialists of the Fed-
eral Center for Disaster Medicine; the materials of the
special tactical, command-staff trainings and command-

staff exercises; scientific papers and publications on cur-
rent issues of medical care in emergencies, on the devel-
opment of the information environment of the emergency
medical response and digitalization of healthcare [1-4].
Research methods: analytical statistical, method of direct
observation, logical and information modeling.

Results of the study and their analysis. Coordina-
tion of interaction between management bodies, as well
as the use of forces and means of the All-Russian Service
for Disaster Medicine is implemented within the frame-
work of the Unified State System of Emergency Preven-
tion and Response.

In accordance with the Decree of the Government of
the Russian Federation from October 12, 2020 No.
16714 since March 1, 2021 the functions and powers of
the day-to-day management of the All-Russian Disaster
Medicine Service at the federal level are entrusted to the
Federal State Budgetary Institution "N.I. Pirogov National
Medical and Surgical Center" of the Ministry of Health of
the Russian Federation.

Based on the order of the Ministry of Health of Russia �
11335 from October 20, 2021 in the structure of the Fed-
eral State Budgetary Institution "N.I.Pirogov Scientific and
Surgical Center" of the Ministry of Health of Russia the
Federal Center for Disaster Medicine was established as
a separate unit and is functioning since March 1, 2021.

At the first stage the key task of Federal Center was to
provide continuity in solving all problems of the All-Russ-
ian Disaster Medicine Service and the Disaster medicine

1 On the Protection of the Population and Territories from Natural and
Man-Made Emergencies. Federal Law dated December 21, 1994, No.
68-FZ (In Russ.).

2 On the Fundamental Principles of the Public Health Protection in the
Russian Federation. Federal Law dated November 21, 2011, No. 323-
FZ (In Russ.).

3. On the Approval of Regulations of the All-Russian Service for Disas-
ter Medicine. Decree of the Government of the Russian Federation dated
August 26, 2013, No. 734 (In Russ.).
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Цель исследования – на основе анализа основных итогов деятельности в 2021 г. Федерального центра медицины ката-
строф, территориальных центров медицины катастроф (ТЦМК), региональных центров скорой медицинской помощи и
медицины катастроф (РЦ СМП МК) и региональных центров медицины катастроф и скорой медицинской помощи (РЦ МК
СМП) определить приоритетные направления деятельности в 2022 г. ФЦМК, СМК Минздрава России и ВСМК, всей
системы медицинского обеспечения населения, пострадавшего в чрезвычайных ситуациях.
Материалы и методы исследования. Материалы исследования: нормативные и методические документы, определяющие
порядок организации и функционирования ВСМК, СМК Минздрава России, порядок оказания медицинской помощи и
проведения медицинской эвакуации пострадавших в ЧС; отчеты ТЦМК, РЦ СМП МК, РЦ МК СМП и ФЦМК о деятельно-
сти по ликвидации медико-санитарных последствий ЧС в 2021 г. и другие документы; научные работы и публикации,
посвященные актуальным вопросам медицинского обеспечения населения в ЧС, развития информационной среды ВСМК
и цифровизации здравоохранения. Методы исследования: аналитический статистический, метод непосредственного
наблюдения, логическое и информационное моделирование.
Результаты исследования и их анализ. Рассмотрены основные результаты деятельности ФЦМК и СМК Минздрава России
в 2021 г., в том числе по информационному взаимодействию с оперативными службами в режиме конференц-связи, мони-
торингу медико-санитарной обстановки, данные о ЧС, мерах по борьбе с пандемией COVID-19 и др. Проанализирована
структура СМК на региональном уровне. Представлены основные направления деятельности ФЦМК и СМК Минздрава
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Service of Ministry of Health of Russia, to keep high pro-
fessional potential and good traditions of the Service,
established by "Zaschita" All-Russian Disaster Medicine
Center, headed by S.F. Goncharov, RAS academician,
main freelance specialist on disaster medicine of the Min-
istry of Health of Russia.

During the preparatory period, together with the profile
department of the Russian Ministry of Health, a great
work was carried out to solve personnel, legal, financial,
informational, technological, property, medical and other
issues. More than 70 experienced employees of "Zash-
chita" came to work to the Federal Center. In our opin-
ion, the task of ensuring continuity in the transfer of
authority has been successfully accomplished.

Starting from March 1, 2021 the Federal Center, as the
day-to-day management body of the All-Russian Disaster
Medicine Service and of Disaster Medicine Service of the
Ministry of Health of the Russian Federation, in accor-
dance with the Regulation, existing agreements and in-
teraction regulations, coordinates actions and carries out
interaction: with profile departments of the Russian Min-
istry of Health, the Main Directorate "National Center for
Crisis Management" of the Russian Ministry of Emergency
Situations, other units and working groups of the Russian
Ministry of Emergency Situations, the National Defense
Management Center of the Russian Federation and the
Main Military Medical Directorate of the Russian Ministry
of Defense, bodies and institutions of Rospotrebnadzor,
FMBA of Russia, Russian Academy of Sciences, territo-
rial and regional disaster medicine centres of the subjects
of the Russian Federation (hereinafter referred to as sub-
jects), with federal and regional medical organizations.

In 2021 information exchange with the operational
services in the videoconferencing mode was conducted:
with the Ministry of Emergency Situations of Russia — 960
sessions (in 2020 – 1,101); with the National Defense
Management Center of the Russian Federation — 290
sessions (in 2020 - 333).

The Federal Center specialists, in cooperation with the
specialists of the territorial and regional centers, monitor
the medical and sanitary situation. In 2021, 2,389 emer-
gencies with medical and sanitary consequences were
registered (2,102 in 2020).  

In 2021 the share of man-made emergencies in their
total number was 91.1%. The share of other types of ES
was much lower: biological and social ES — 8,0%; nat-
ural — 0,5%; social ES — 0,4%.

A special place among man-made ES was held by road
accidents and fires: 60,3% and 28,5% respectively of all
ES and 66,2% and 31,3% respectively of all man-made ES.

In 2021 the severity of the consequences (ratio of the
number of deaths to the number of victims, %) of man-
made emergencies was 45.7%. The most severe conse-
quences of man-made emergencies are observed in
accidents in life support systems (100%); accidents on
railway transport (83.9%); sudden collapse of buildings,
structures, rocks (73.1%); fires (68,1%); aviation acci-
dents (66,2%); accidents with water transport (55,8%);
accidents on the roads (37,3%), as well as natural
(25,8%), biological and social (17,7%) and social emer-
gencies (8,9%).

The rate of victims of man-made emergencies amounted
to 81,4% of the total number of victims, biological and
social emergencies — 15,5%, social — 2,0 %, natural
emergencies — 1,1%.

The share of children in the total number of victims of
emergencies was 22.4%.

The rate of death on the spot was: in man-made emer-
gencies 92,4%, including: in accidents on the roads —
53,6%, in fires — 34,8%; in bio-social emergencies —
6,4% — mainly in cases of poisoning by non-medical tox-
ins, carbon monoxide and household gas, alcohol surro-
gate and others; in natural emergencies — 0,7%; social
emergencies — 0,5%.

The children accounted for 11.4% of all killed in emer-
gencies and 19.2% of all injured in emergencies.

The structure of social ES was represented by social
conflicts with the use of weapons. The proportion of vic-
tims of social emergencies who died and were treated in
hospitals was 8.9% and 42.6% respectively.

The share of those hospitalized in the total number of
victims in emergencies was 44.2%. The rate of hospital-
ized persons in man-made emergencies was 79.5% in-
cluding accidents on highways — 66.6%; in bio-social
emergencies — 18%; in social emergencies — 1.9%; the
rate of hospitalized persons in natural emergencies was
0.6%.

Of the total number of victims of emergencies who re-
ceived medical care in hospital, 6.6% were in extremely
serious condition and 23.3% in serious condition.

In 2021 5,474 mobile medical teams were involved in
elimination of the medical and sanitary consequences of
emergencies, including 4,874 emergency medical teams;
336 rapid response teams of the territorial disaster med-
icine centers; 214 teams of specialized medical assis-
tance; 50 aviation medical teams (AMTs).

On the territory of the Russian Federation 6099 emer-
gency victims were evacuated, including 1644 children;
67 of them were evacuated by air, including 9 children.

On the instructions of the Ministry of Health of Russia
in order to coordinate the use of resources and means of
Disaster Medicine Service and interagency cooperation
between health authorities to provide practical and
methodological assistance and to conduct — if neces-
sary — medical evacuations in response to medical and
sanitary emergency situations the staff of the Federal Cen-
ter visited: Stavropol Krai (accident, May 2021); Kazan
(terrorist attack, May 2021); Kazan (fire in a hospital,
May 2021); Republic of Crimea (emergency case con-
nected with flooding: in 7 municipal districts — June,
2021); Bakhchisaray region (July, 4-5, 2021: for med-
ical support of actions of Tavrida art Festival (September,
2021); Republic of North Ossetia-Alania (violation of
medical oxygen supply in the Republican Clinical Hospi-
tal, August 2021); Noginsk, Moscow Oblast (gas ex-
plosion in an apartment house, September 2021).

In 2021, the staff of the Center for Sanitary Aviation
and Emergency Medical Care organized and conducted
medical evacuations of 893 people, including 519 chil-
dren. A total of 147 persons, including 65 children, were
evacuated by air. A total of 83 flights were performed,
including 61 within Russia and 22 to foreign countries.
The aviation medical teams evacuated 23 emergency vic-
tims in the Stavropol Territory, the Republic of Tatarstan
and the Perm Territory.

Analyzing the work of the Russian Ministry of Health's Dis-
aster Medicine Service in organizing and providing med-
ical assistance to victims of emergencies and their medical
evacuation to medical treatment organizations, it should be
noted that in all cases the forces and means of the regional
level were sufficient to eliminate the medical and sanitary
consequences of the emergency. At the same time, monitor-
ing of emergency victims in the hospital period was not es-
tablished in all territorial and regional disaster medicine
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centers. There were cases of medical evacuation of emer-
gency victims in medical organisations with violation of the
principles of optimal routing and delays in face-to-face and
remote consultations, as well as inter-hospital evacuation of
such patients to higher-level medical institutions. Telemed-
ical consultations for victims of emergencies by specialists
from federal medical organizations were insufficiently used.
In 2021 only 58 telemedicine consultations on emergen-
cies were carried out. In 2021, the Russian Ministry of
Health and the Federal Medical Center held a number of
meetings via videoconferencing with the heads of the exec-
utive authorities of the regional and territorial disaster med-
icine centers, at which the problematic issues were discussed
and measures were outlined to resolve them. As a result of
the meetings, provisional regulations for information inter-
action were developed; a monitoring system for children af-
fected by emergencies was introduced; a draft Concept for
Information Development was prepared and sent to the
Russian Ministry of Health taking into account the current
tasks, experience of digitalization of the Disaster Medicine
Service.

In 2021, the staff of the Center for Crisis Management
conducted daily monitoring and assessment of the med-
ical and sanitary situation in the regions, with subsequent
submission of consolidated information to the Ministry of
Health of Russia, including

- during mass events on holidays;
- during the flood and fire hazard period in the Far East-

ern, Siberian, Ural, Volga and Southern federal districts;
- on the number of people seeking medical assistance

who suffered from hypothermia and frostbite.
In addition, the medical and sanitary situation was

monitored of major and high-profile emergencies:
- explosion and shooting in Gymnasium No. 175 in

Kazan;
- shooting in Perm State National Research University;
- explosion of a passenger bus in Voronezh;
- accident on a small vessel in Murmansk Oblast;
- domestic gas explosions in the Moscow and Lipetsk

Regions;
- plane crash in the Irkutsk region;
- airplane crash in Khabarovsk region;
- helicopter crash in Kamchatka region;
- complex of unfavorable meteorological phenomena

in the Republic of Crimea and Krasnodar Krai;
- complex of adverse meteorological phenomena and

related waterlogging in the regions of the Far Eastern Fed-
eral District;

- natural fires in the Republic of Sakha-Yakutia, Irkutsk
Region and a number of other regions;

- acute intestinal infection among Russian tourists in
Egypt;

- emergency situation in the Listvyazhnaya mine in the
Kemerovo Region.

In 2021, the Federal Center specialists continued the
work on monitoring victims of emergencies who were in
serious and extremely serious condition in regional med-
ical treatment organisations, carried out by "Zaschita"
Disaster Medicine Center together with territorial and re-
gional disaster medicine centers since 2018. In 2021,
compared to 2018, there was a 16.0% decrease in the
number of medical evacuations of seriously injured per-
sons in emergencies to Level 1 medical organisations. In
the reporting year, the proportion of medical evacuations
of emergency victims to Level 3 medical organisations
was 31.9% of the total number of hospitalized victims.
The analysis also revealed a 3.0% decrease in hospital

mortality among the seriously injured in 2021 compared
to 2018.

In our opinion, these trends are the result of the work
carried out in recent years in the Ministry of Health's Dis-
aster medicine Service to organize the medical evacua-
tion of emergency victims, taking into account the
principles of optimal routing, including the monitoring of
emergency victims who were in serious and extremely se-
rious condition in regional medical institutions. Work on
this important area of the Ministry of Health's Disaster
Medicine Service will continue.

In 2021 in accordance with the regulatory requirements
of the order of the Ministry of Health of Russia �1202n6

from 06.11.2020 the material base of the Field multidis-
ciplinary hospital was formed.

Taking into account the urgent tasks of the Ministry of
Health of Russia Disaster Medicine Service, in coopera-
tion with the Department of organization of emergency
medical care and health risk management of the Ministry
of Health of Russia, and with the Ministry of Health of Rus-
sia chief freelance specialist on disaster medicine, S.F.
Goncharov as well as with the chief freelance specialists
on disaster medicine of the Ministry of Health of Russia in
federal districts, the Federal Center staff worked out pro-
posals on improvement of the regulatory legal base,
which regulates activities of the disaster medicine service.

A draft Regulation on information interaction between
the Ministry of Emergency Situations and the Ministry of
Health of Russia was agreed upon.

In accordance with the request of the Ministry of Emer-
gency Situations and the Russian Ministry of Health, the
Federal Center specialists reviewed the draft federal law
"On Civil Defense and Protection from Emergency Situa-
tions".

They analyzed the regulatory documents of the Russ-
ian Ministry of Emergency Situations regulating the issues
of emergency response and operational information ex-
change.

The Federal Center specialists prepared and submitted
to the Russian Ministry of Health for concurrence and ap-
proval:

- draft regulations on the Disaster Medicine Service of
the Ministry of Health of the Russian Federation;

- draft regulations on the functional subsystem"Medical
Resource Reserves";

- changes to the order of the Ministry of Health of Rus-
sia from 06.11.2020 № 1202n, adopted by the Min-
istry of Health of Russia on August 6, 2021.

Specialists of the Federal Center together with special-
ists of "Federal Resource Center for Informatization and
Technological Development" of the Ministry of Health of
Russia (from 01.06.2021 — "Central Research Institute
of Health Organization and Informatization" of the Min-
istry of Health of Russia), territorial and regional disaster
medicine centers are working on the introduction of the
incident management mechanism into the practice of the
Ministry of Health of Russia Disaster Medicine Service,
providing situational monitoring (control over the passage
of milestones and deadlines in accordance with the al-
gorithms of emergency response for each region).

In addition, the specialists of the Federal Center for
Emergency Medicine and the Central Scientific Research

6. On the Approval of the Procedure for Organizing and Providing
Medical Care in Emergency Situations, Including Medical Evacuation,
by the All-Russian Service for Disaster Medicine. Order of the Ministry of
Health of the Russian Federation dated November 06, 2020, No. 1202
(In Russ.).
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Institute of Emergency Medicine of the Ministry of Health
of the Russian Federation developed the information sys-
tem "System for Monitoring Disaster Medicine Centers",
which allows the collection and processing of the follow-
ing information:

- on the medical equipment reserve;
- on the health care institution's irreducible stock;
- on stocks of medical equipment for emergencies;
- on conducted exercises, drills and trainings;
- on conducted exercises, drills and trainings with in-

volvement of medical organizations;
- grouping of forces;
- grouping of equipment;
- grouping of aircraft;
- grouping of watercrafts;
- activity of medical organizations, providing emer-

gency medical assistance and medical evacuation in case
of field forms of work;

- demand for medical assistance during the flood pe-
riod;

- demand for medical care during the fire hazardous
period;

- demand for medical care of the citizens who suffered
from hypothermia and frostbite;

- indicators of the work of the outreach;
- information systems of emergency medical care and

the Regional Medical Information System.
The information system generates summary statistical

forms for any period of time and allows to analyze the
activities of the Russian Ministry of Health Disaster medi-
cine Service.

Standard algorithms were developed for the response
of the Russian Ministry of Health Disaster Medicine Serv-
ice to man-made emergencies (transport accidents (dis-
asters) on roads and social emergencies (terrorism,
banditry, the actions of organized criminal groups, mass
riots, etc.), providing methodological support to eliminate
the medical and sanitary consequences of these emer-
gencies, which constitute a large proportion of all emer-
gencies that occurred in 2021.

These documents were discussed, finalized and ap-
proved in the framework of the Russian Ministry of Health
Working Group on the development of standard algo-
rithms of response to emergencies, to monitor their actu-
alization and introduction into practice in the subjects of
the Russian Federation.

In order to ensure the readiness of the subjects' disaster
medicine service to respond to the medical and sanitary
consequences of emergencies, taking into account the
current tasks, the specialists of the Federal Center worked
out and adjusted the list of basic questions to assess the
state and readiness of the subject disaster medicine serv-
ice to respond to emergencies, which became the basis
for to conduct verification activities to assess the state and
readiness of the subjects' disaster medicine service.

Based on the results of the on-site inspections, an as-
sessment was made of the state and readiness of the re-
gional disaster medicine service forces and facilities, the
reports were prepared with recommendations based on
the assessment results — the reports were agreed with the
heads of the subject state authorities in the field of public
health protection: in Voronezh (March), Tula (April), Kursk
(May), Vologda (September), Tver (October) and
Ryazan (December) regions.

In the course of inspections the following was assessed:
readiness of the disaster medicine service management
bodies and medical organizations to act in emergencies;

plans for medical support of population in emergencies;
organization of interaction of disaster medicine service
with subdivisions and formations of other ministries and
organizations, participating in emergency response; pos-
sibility of application of sanitary aviation for medical avi-
ation evacuation of seriously injured to higher level
medical organisations; efficiency of existing system of
passing information about emergency and dispatchers in-
teraction; accumulation, storage and usage of medical
resources.

The analysis of the structure of disaster medicine serv-
ice at the regional level, including the field trips made by
the specialists of the Federal Center proves the existence
of different organizational models of disaster medicine
service  functioning at the regional level: territorial disas-
ter medicine center as an independent medical organi-
zation; territorial disaster medicine center within the
leading regional hospital; united emergency medical cen-
ter. In large subjects — Moscow, Moscow region,
Sverdlovsk region, Khabarovsk krai, Khanty-Mansi Au-
tonomous okrug — Yugra, Kemerovo region — "territor-
ial disaster medicine center as an independent medical
organization" model prevails. During the year 2021 the
tendency for the organizational unification of territorial
disaster medicine centers and the ambulance stations re-
mained; the number of the united regional centers of
emergency and disaster medicine (regional centers of dis-
aster and emergency medicine) increased to 34; the ter-
ritorial disaster medicine center functioning as an
independent medical organization — to 35; the number
of the territorial disaster medicine center as a part of the
leading regional hospital — to 16. In 2021 there were
processes of consolidation of emergency medical care
stations and territorial disaster medicine centers in the
Stavropol Krai, Tver and Smolensk regions, and the Re-
public of Mordovia. Chuvash Republic, Tula region, Re-
public of Crimea, etc. register positive impact on the
activities of the united centers. At the same time, in some
subjects during the process of reorganization and unifi-
cation of the stations, the "disaster medicine" functional-
ity was not properly provided in terms of staffing. The
relevant units responsible for performing the tasks of the
day-to-day management body of the disaster medicine
service at the regional level were not formed. This is un-
acceptable and requires measures from the management
of the executive authorities of these subjects and the
united regional centers to rectify the situation. The princi-
ple position of the Federal Center on this issue is that re-
gardless of the organizational model of functioning of the
disaster medicine service at the regional level, the func-
tions and powers of the daily management body of the
disaster medicine service and the whole disaster medi-
cine service of the subject must be carried out in full. It
should be noted that the recommended organizational
structure is presented in Appendix No. 9 to the Procedure
of organization and rendering of medical aid by the All-
Russian Disaster Medicine Service in emergencies, in-
cluding medical evacuation, approved by the order of
the Ministry of Health of Russia from 06.11.2020 No.
1202n.

In 2021, the efforts of regional-level specialists were
largely focused on the fight against the new coronavirus
infection COVID-19. Territorial and Regional Disaster
Medicine Centers were involved in solving various orga-
nizational, methodological and therapeutic-diagnostic is-
sues, organizing and conducting medical evacuation of
patients with COVID-19. The specialists of the Federal
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Center took an active part in this work and provided the
formation and coordination of 43 mobile multidisciplinary
teams from the staff of federal medical organizations.
These teams worked in the republics of Buryatia, Dages-
tan, Kalmykia, Karelia, Crimea, Sakha (Yakutia), North
Ossetia-Alania, Tyva, Khakassia, in the Chechen Repub-
lic, in Zabaikalsky, Krasnoyarsky, Perm and Khabarovsk
territories, Arkhangelsk, Astrakhan, Vladimir, Volgograd,
Irkutsk, Kurgan, Magadan, Novgorod, Orenburg, Pskov,
Rostov, Sakhalin, Tambov, Tula, Tyumen, and
Chelyabinsk regions.

The teams were staffed with 259 medical specialists,
including 226 specialist physicians and 33 mid-level
medical staff.

In 2021, the Federal Center specialists were actively
involved in the work of the reserve Federal remote con-
sulting center of anesthesiology and intensive care on the
diagnosis and treatment of the new coronavirus infection
COVID-19 and pneumonias. Employees of the center re-
ceived 1,537 telephone calls from citizens and organi-
zations providing medical care to patients with the new
COVID-19 coronavirus infection.

Every day, the Department of Digital Development and
Information Technology of the Russian Ministry of Health
submitted a report on the work of federal remote advisory
centers for anesthesiology and intensive care on the di-
agnosis and treatment of the new COVID-19 coronavirus
infection and pneumonia in adults, children and pregnant
women.

In 2021, in order to train specialists of the Russian Min-
istry of Health's Disaster Medicine Service, the Federal
Center staff conducted tactical-special and command-
staff exercises and staff trainings with management bod-
ies, formations and institutions of the federal and regional
levels, as well as international command-staff exercises
with participation of representatives of the CIS member
states and the People's Republic of China.

On April 13-15, 2021 within the framework of the All-
Russian staff-command exercises the Center specialists
worked through the issues of providing accident-free
floods passage, as well as protection of settlements, eco-
nomic objects and social infrastructure from natural fires.
All received signals were processed in the prescribed
manner, the notification scheme of the executive staff was
checked, 191 operative reports of 39 entities with deci-
sions on drill induction were received and processed.

Specialists of the Crisis Management Center of the Fed-
eral Disaster Medicine Center, together with specialists
of the Moscow region territorial disaster medicine center
worked on the solution of operational tasks for the three
introductory scenarios relating to the passage of the com-
plex adverse weather phenomena and disconnection of
water and electricity supply in socially important facili-
ties, including medical care organizations, in the Moscow
region with subsequent hearing in a video conferencing
mode and broadcast for visitors and participants of the
XIII International Salon "Integrated Safety and Security".

Employees of the Federal Center participated in the
preparation and provision of methodological assistance
to the participants in the Interagency Experimental and
Research Exercise in the Arctic Zone of the Russian Fed-
eration, held by the Ministry of Emergency Situations of
Russia in September 2021.

On September 26, 2021, an interregional interde-
partmental exercise on improving medical care to victims
of road accidents on the administrative border of the Tula
and Orel Regions and their border areas was held.

On December 15, 2021 within the framework of the
field evaluation of the condition and readiness of the
Ryazan region forces and means to respond in emergen-
cies, an emergency drill "Organization of liquidation of
medical and sanitary consequences of man-made emer-
gencies (accident with a bus) with a large number of vic-
tims" was held. During the exercise, the algorithm of
response of the regional and federal level disaster medi-
cine service to an emergency caused by a road traffic ac-
cident was practiced.

In 2021 with the participation of the Federal center spe-
cialists all-Russian conferences were organized and con-
ducted: in March — the online conference "Teaching First
Aid in Life Safety Course: New Textbooks and Contem-
porary Recommendations", which was attended by more
than 800 registered users from many regions; in October
— the All-Russian scientific and practical conference with
international participation "First Aid — 2021" and a mas-
ter class at the VIII All-Russian interdisciplinary scientific
and practical conference "Socially significant and ex-
tremely dangerous infectious diseases”; in December,
within the framework of the scientific and practical forum
"Russian Health Care Week - 2021", together with the
Moscow Territorial Center for Disaster Medicine — "First
Aid and Disaster Medicine" section.

Since March, 1, 2021 the specialists of the Federal
Center worked on cooperation with WHO, CIS countries
and People's Republic of China, making the following: in-
teraction with profile departments of the Ministry of Health
of Russia; informing — through the Ministry of Health of
Russia — WHO, profile State Committee of the People's
Republic of China, Executive Committee of CIS.

To execute the point 7 of the protocol of XXXIV session
of the Council for Cooperation in the field of Public Health
of the CIS countries the Federal Center with the support of
the Ministry of Health of Russia and the CIS Executive
committee held 2 international events — a web confer-
ence and a command-staff exercise on November 25-
26, 2021.

On November 25, 2021, the Federal Center staff or-
ganized an international web conference "Medical Re-
sponse to Biosocial Emergencies (outbreaks of infectious
diseases)". The conference was attended by specialists
from the Central Office of the Russian Ministry of Health,
Federal Center, chief freelance specialists of the Russian
Ministry of Health for Disaster Medicine and Infectious
Diseases, representatives of Rospotrebnadzor, FMBA of
Russia, CIS Executive Committee, CIS member states (Re-
publics of Armenia, Belarus, Uzbekistan, Moldova, Kyr-
gyz Republic), China, Russian Red Cross, territorial and
regional disaster medicine centers of the subjects of the
Russian Federation.

“Organization of medical assistance and medical evac-
uation of victims in case of emergency of biosocial nature
(outbreak of infectious disease)" event was organized
and conducted on November 26, 2021. At this event,
reports were presented by specialists from the Federal
Center and regional disaster medicine center of Tula re-
gion, Shanghai Eastern Hospital and specialized agen-
cies from the Republic of Armenia and the Republic of
Belarus.

It should be noted that the specialists of the Federal
Center together with staff from other departments of N.I.
Pirogov Institute of the Russian Ministry of Health did a lot
of work to prepare for the move of the federal disaster
medicine service to a new base, to equip its departments
with modern equipment and transport, which will signifi-
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cantly increase its technological capabilities to solve cur-
rent and future problems.

Conclusion
The analysis of the results of the activities of the Disas-

ter Medicine Service of the Russian Ministry of Health at
federal and regional levels allows us to state that the tasks
set for it in 2021 have generally been accomplished. In
the reporting period, the Russian Ministry of Health Dis-
aster Medicine Service carried out its activities under dif-
ficult conditions associated with the spread of the new
coronavirus infection COVID-19, as well as with organi-
zational and functional changes in the management bod-
ies at the federal level and in a number of subjects of the
Russian Federation.

In 2022, the Federal Center and Disaster Medicine
Service of the Russian Ministry of Health will work in the
following main areas:

- Improvement of the regulatory legal and method-
ological framework at the federal and regional levels;

- organization and rendering of medical aid, medical
evacuation of victims in emergencies, taking into account
the three-level system of medical aid at the regional level,
involving, if necessary, federal medical organizations;

- organization and monitoring of emergency medical
aicare in pre-hospital and hospital periods to patients and
victims of emergencies, including usage of telemedicine
technologies, in various modes of operation;

- information and technological development of the Dis-
aster Medicine Service of the Russian Ministry of Health,
introduction of a system of emergency response based on
incident management;

- formation and implementation of algorithms for re-
sponse of the Disaster Medicine Service of the Russian
Ministry of Health and medical organizations to various
emergencies;

- updating the system of forecasting and monitoring
medical and sanitary consequences of emergencies;

- development of outreach forms of medical care, in-
cluding the system of emergency consultative medical
care and medical evacuation (air ambulance);

- improvement of the structure and activities of Disaster
Medicine Service at regional and federal levels; control
of the performance by the territorial and regional disas-
ter medicine centersl;

- conducting operational training activities with the
management bodies, organizations and formations of the
Ministry of Health of the Russian Federation and medical
organizations involved in the provision of medical care
to victims of emergencies, on the issues of emergency re-
sponse preparedness;

- training of managers and specialists of the manage-
ment bodies, organizations and formations of the Min-
istry of Health of the Russian Federation Disaster Medicine
Service and medical organizations on the issues of dis-
aster medicine;

- development and implementation of measures aimed
at improving the first aid system;

- organization of work on the effective functioning of
the reserve of medical resources of the health manage-
ment body of the subject of the Russian Federation in the
event of an emergency.
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Резюме. Цели исследования – изучить и проанализировать опыт организации оказания медицинской помощи и прове-
дения медицинской эвакуации пораженных при террористических актах (терактах), совершенных с применением обыч-
ных средств поражения; определить типовые варианты создаваемой группировки медицинских сил и средств, их воз-
можный состав и основные задачи, решаемые при осуществлении лечебно-эвакуационного обеспечения пораженных.
Материалы и методы исследования. Материалы исследования: нормативные и методические документы, регламенти-
рующие порядок оказания медицинской помощи и проведения медицинской эвакуации пораженных при террористи-
ческих актах; донесения и отчеты территориальных центров медицины катастроф (ТЦМК) о ликвидации медико-сани-
тарных последствий терактов, классифицируемых как чрезвычайные ситуации (ЧС); данные карт экспертной оценки по
теме исследования; научные работы и публикации, посвященные организационным технологиям оказания медицин-
ской помощи и проведения медицинской эвакуации пораженных при терактах.
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The experience of liquidation of medical and sanitary
consequences of acts of terrorism, especially of those
accompanied by a great number of wounded, by capture
and detention of hostages with the threat to their lives; the
contents of the scientific works and publications devoted to
the organization of medical aid and medical evacuation of
the wounded during the attacks show that one of the first-
rate organization measures is the determination or specifi-
cation (if it was done beforehand based on the forecasted
data) of the medical care and evacuation of the wounded.

The following must be taken into account: the number
and structure of the wounded; the location of medical treat-
ment facilities, especially hospitals, and their ability to pro-
vide medical aid to the wounded, to deal with traumas and
diseases; number and location of: mobile medical forma-
tions, ambulance teams and the Disaster Medicine
Service; number and condition of medical evacuation
routes from the emergency area (a list of means of trans-
portation, medical evacuation, and location of the medical
evacuation routes).

In connection with the stated above attention should be
paid to the fact that the officials, making decisions on the
liquidation of medical and sanitary consequences of ter-
rorist acts, and the specialists of Disaster Medicine Service
developing proposals to support such decisions, must be
competent and trained professionally and methodological-
ly in the issues of creating an appropriate group of medical
forces and means. Compliance with this requirement is also
due to the fact that as a rule, terrorist acts result in rapid
emergencies, rate of spread of which often does not allow
to give an adequate assessment of the situation and in
which a high-preparedness mode is not introduced. It is
known that within the time frame of this mode of operation

there should be opportunities for some kind of preparatory
activities.

The study and analysis of normative and methodological
documents of the Ministry of Health of Russia, scientific
works and other literature sources have shown that so far
that there is practically no scientifically described and sys-
tematized technology of creating a group of medical
forces and means and definition of tasks assigned to it dur-
ing the implementation of complex medical and evacua-
tion measures to liquidate medical and sanitary conse-
quences of terrorist attacks1,2.

These circumstances required a scientific study, using the
method of retrospective analysis, of topical issues of the
technology of creation and functioning of a group of med-
ical forces and facilities designed to save lives and pre-
serve health of victims of terrorist attacks.

The above emphasizes the relevance of the results of the
study presented in this article and their relevance to practi-
cal health care.

At first glance it may seem that the article is overloaded
with information. However, from the methodological point
of view, it is done intentionally in order to give a more com-
plete description of the system of possible options for group-
ing medical forces and facilities, to define their typical tasks
and composition, which, in the authors' opinion, will even-
tually contribute to a more objective understanding of the
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organization of medical and evacuation support of the vic-
tims of terrorist attacks.

The authors understand that the presented typical vari-
ants of the grouping of medical forces and means will not
always fully correspond to such groupings created in prac-
tice, because the grouping elements and tasks of its eche-
lons will largely depend on the number and structure of the
contingent of the injured, on specific conditions affecting
the organization of their medical and evacuation support.

We consider it necessary to draw attention of specialists
in disaster medicine to the fact that the concept of "creation
of group of medical forces and means" should not be
understood literally — as the creation of new medical
organizations and formations. It concerns mainly the exist-
ing and functioning in the real situation specific formations
and subdivisions, public health authorities and other med-
ical organizations involved in the liquidation of medical
and sanitary consequences of the terrorist attacks.

The aim of the study is to determine the typical variants
of the created group of medical forces and means, their
possible structure and the main tasks to be solved by the
medical and evacuation support of the wounded by terror-
ist acts with the use of the conventional means of destruc-
tion on the basis of the study and analysis of the experience
of medical aid organization and carrying out medical
evacuation of the wounded.

Materials and research methods. Materials: norma-
tive and methodical documents regulating the organization
of medical aid and medical evacuation of the wounded at
acts of terrorism; reports and accounts of territorial centers
of disaster medicine on liquidation of medical and sanitary
consequences of acts of terrorism classified as emergen-
cies; data of expert evaluation maps on the topic of
research; scientific works and publications devoted to the
organizational technologies of medical aid and medical
evacuation of the wounded.

Research methods: content analysis method, method of
expert estimation, logical and informational modeling and
analytical method.

Research results and their analysis. The research of
state of the problem question, concerning the order of cre-
ation and functioning of the grouping of medical forces of
means, intended for rendering medical aid and carrying
out medical evacuation of victims at acts of terrorism, first
of all of large scale ones, has shown that quite often there
are difficulties at its practical solution. In this regard, it
became necessary to identify the causes of this situation. It
turned out that this is connected mainly not only with the
peculiarities of terrorist acts, with the conditions in which
they were committed, and the factors influencing the
organization of medical aid and the medical evacuation of
the wounded, but also — to a large extent — with the lack
of sufficient practical experience of specialists of health
care administration, medical organizations and formations
involved in the liquidation of medical and sanitary conse-
quences of various terrorist acts, and shortcomings in its
generalization.

To a certain extent, this situation is confirmed by the
results of the examination of the regulatory and method-
ological documents on the organization of medical and
evacuation support of the population affected by terrorist
acts, which are in effect in healthcare as part of this study.
The following results were obtained in the analysis of
expert evaluations: 6.1% of experts believed that the cur-

rent official documents allow "fully" to organize medical
and evacuation support; 72.3 — only "partially"; 15.9 —
"do not allow"; 5.7% of experts found it difficult to give a
specific assessment of the state of the regulatory and
methodological base, which regulates such an important
direction in healthcare activity.

The results of the assessment of the state of the regulato-
ry and methodological framework on this issue indicate the
need to take measures for its development and improve-
ment, coordinated with the general set of activities carried
out within the framework of counter-terrorism. In addition,
such a provision obliges the heads of authorities and med-
ical organizations to bring the provisions of these docu-
ments to the relevant medical specialists in a timely manner
and monitor their knowledge.

Some scientific works and other sources have already
discussed the issues of grouping medical forces and facili-
ties in response to the medical and sanitary consequences
of emergencies to a certain extent [5-8]. At the same time,
there is reason to believe that some of the provisions set out
in them do not sufficiently generalize the experience of the
organization of medical care and the medical evacuation
of the injured specifically in terrorist attacks, which does not
create a holistic view of these issues and thereby does not
allow more substantiated practical recommendations to be
developed 3-5.

It should be noted that in the normative, methodological
and other documents of the Russian Ministry of Health the
term "grouping of forces and means" is practically never
used. At the same time, in other subsystems of the Unified
State System of Emergency Prevention and Response,
including the Ministry of Emergency Situations and the
Ministry of Defense of Russia, this concept is used quite
widely 6,7. 

In view of this, we consider it necessary to give a defini-
tion of this concept in relation to medical forces and means.
According to the authors, it is the most successful and com-
plete and reflects its essence.

A group of medical forces and facilities should be under-
stood as organizationally, functionally and territorially unit-
ed in a particular system of various health care management
bodies, medical units and formations, medical organizations
involved to perform specific tasks of medical and evacua-
tion support of the affected during a terrorist attack.

In the course of the study it was found that the creation of
a group of medical forces and means should be initiated in
advance based on the forecast of medical and sanitary
consequences for stationary objects — railway stations,
airports, shopping and cultural and entertainment centers,
stadiums and other facilities where activities involving a
large number of people, objects with a high risk of danger

3 Documents from the emergency situation with hostage-taking in the
Palace of Culture "Nord-Ost" / Case No 11-04/20 VTSMC "Protec-
tion" of the Ministry of Health of the Russian Federation, 2002. 258 p.
4 Documents from the emergency situation, the terrorist act in Beslan /
Case #11-04/21 "Zashchita" Disaster Medicine Center of the Ministry
of Health of Russia, 2004. 522 p.
5 Documents on the emergency situation — the terrorist act in the
Moscow metro / Case #11-04/53 VSMC "Protection" of the Ministry
of Health of Russia, 2010. 155 p.
6 Grazhdanskaya Zashchita = Civil Protection. Encyclopedia in 4 vol-
umes. Ed. Puchkov V.A. Vol.1 (A-I). Moscow, FGBU VNII GO CHS(FTS)
Publ. P. 391 (In Russ.).
7 Melnichenko P.I., Popov V.I. Entsiklopedicheskiy Slovar Voyenno-Profi-
lakticheskikh Terminov = Encyclopedic Dictionary of Military-Prophylac-
tic Terms. Voronezh, Izdatelstvo-Poligraficheskiy Tsentr "Nauchnaya
Kniga" Publ., 2016. P. 140-141 (In Russ.).
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to the population, etc., and then finally — in the decision to
eliminate medical and sanitary consequences of the attack.
Consequently, the grouping of medical forces and means
should be created in relation to the specific emergency
conditioned by an act of terrorism. This methodical
approach should probably be seen as a necessary condi-
tion for creating a potentially and functionally stable sys-
tem of medical and evacuation support for the victims of
terrorist attacks.

The main conditions that affect the formation of such a
grouping of medical forces and means are presented in the
authors' article [9].

It should be emphasized that the determination of possi-
ble variants of creating a grouping of medical forces and
means to eliminate the medical and sanitary consequences
of terrorist acts will take place in the conditions of formation
and functioning on the territory of subjects of the Russian
Federation (hereinafter - subjects) of a three-tier system of
organization of medical aid to population, medical dis-
tricts, interregional medical centers and regional centers of
emergency and disaster medicine — [10].

In the course of the study, the question naturally arose —
what medical forces and facilities can be part of such a
grouping? While studying and analyzing, using the
method of expert evaluation, the experience of liquidation
of medical and sanitary consequences of terrorist acts,
especially large-scale ones, it was established that, except
for medical treatment organizations, the created group of
medical forces and means, a variant of the system of
organization of medical aid and medical evacuation of
victims of terrorist acts, should include first of all: EMTs;
emergency response teams of the Regional Center of
Emergency and Disaster Medicine.

From the results of the research and the content of the
concept of "grouping of medical forces and facilities" it is
clear that its elements may have unequal, even intrade-
partmental (Ministry of Health of Russia) affiliation —
include forces and facilities not only of the regional and
federal level health care, but also subordinate to other fed-

eral bodies of executive power (Table). For example, dur-
ing the terrorist attack in the St. Petersburg metro (2017)
almost 20.0% of the injured, who needed medical care in
hospital conditions, were sent to the clinic of the S.M. Kirov
Military Medical Academy of the Ministry of Health of the
Russian Federation [11].

Such cases of liquidation of the consequences of terror-
ist attacks require a clear organization of dispatching the
wounded, interagency cooperation (military-civilian coop-
eration) and coordination of medical forces and means
involved in providing medical assistance and conducting
the medical evacuation of the wounded.

Apparently, we can agree that in order to study, to ana-
lyze the results of the study and to clearly distinguish the
location and deployment of medical forces and means
involved in the elimination of the medical and sanitary con-
sequences of terrorist acts; for their purpose and procedure
of application, it is appropriate to use the term "echeloned
grouping of medical forces and means".

Obviously, in this case, the concepts of "echelon" and
"grouping" of medical forces and means, located on a sep-
arate territory (area) and designed to solve the specific
tasks, coincide in essence. At the same time, it does not
exclude the expediency of introducing the concept of "ech-
elon", which implies the presence of a unified holistic (mul-
tilevel) health care system, carrying out the liquidation of
medical and sanitary consequences of a single terrorist
attack.

The study of the experience of liquidation of medical and
sanitary consequences of the terrorist attacks showed that
during the organization of the medical care for the affect-
ed people the medical care was provided by the special-
ists of the EMT and Disaster Medicine teams, including the
Field Multidisciplinary Hospital of the "Zaschita" All-
Russian Disaster Medicine Center, teams of the regional
and federal level. Consequently, the creation of the system
should be based on the availability of various options for
the use of medical forces and facilities included in the med-
ical constellation.



Disaster Medicine No. 1•202224

On the basis of the results of the research of the issues of
the methodology of the creation of the grouping of medical
forces and means, 3 main variants of the grouping were
developed in relation to the organization of the liquidation
of medical and sanitary consequences of terrorist acts,
which are to a great extent typical. The main criteria deter-
mining the creation of this or that typical variant of group-
ing are: the place of the terrorist attack — within a large
city; in a suburban area — at a distance of 100 km from the
city; at a considerable distance from medical organisations
of the 2nd and 3rd levels or in rural areas; the number of
casualties requiring, first of all, medical care in hospital
conditions; the structure of the casualty contingent, the
capability of medical organisations of the region where the
attack has occurred, to provide medical care, treatment
and medical evacuation of the casualties.

In studying the procedure for liquidating the medical and
sanitary consequences of terrorist attacks it was found that
if as a result of such emergencies there is a significant num-
ber of victims (as a rule — more than 150), in need of spe-
cialized, including high-tech, medical care in hospital,
medical organisations often not able to provide all the vic-
tims the necessary medical care in full in optimal time and
to provide complete treatment. Therefore, in order to elimi-
nate the medical and sanitary consequences of such a ter-
rorist attack, it is necessary to create an appropriate ver-
sion of the group with the involvement of medical forces
and means not only of the regional, but also of the federal
level of healthcare with a certain number of elements and
echelons included in its composition.

In the course of this study such a variant of grouping of
medical forces and means was developed in relation to a
large-scale terrorist act (explosion of a house, hotel,
administrative building, cultural or shopping center, stadi-
um, transport vehicle — passenger train, plane, bus —
located at a considerable distance from the medical
organisation of the 1st — 3rd level, etc.) or terrorist act with
a great number of hostages and a threat to their lives and
possibility of operation of mobile medical forces in the
focus (on the border of the focus) of emergency (Fig. 1).
The terrorist act of capturing and keeping hostages in
Beslan is a convincing evidence of the possibility of com-
mitting such terrorist acts and creating a group of medical
forces and means for liquidating their medical and sanitary
consequences (Fig. 2). As a rule, to eliminate the medical
and sanitary consequences of such terrorist acts requires
quite a long time, which will be spent on searching for and
releasing injured people from under rubble, collapsed
buildings, damaged vehicles, and negotiating with terror-
ists who have taken hostages.

The first echelon of this grouping of medical forces and
means is located within the area/area of the terrorist
attack. Its typical composition is advisable to include:
ambulance and emergency medical teams; a task force of
specialists from the regional health authority, regional or
territorial centers of disaster medicine; ambulances (reani-
mobiles) and other vehicles; medical stations, including a
point (office or equipped room) for medical and psycho-
logical assistance. In addition, in some cases the first ech-
elon of the group may include a mobile medical unit, an
aviation mobile medical complex; a task force of the
Ministry of Health of Russia.

Attention should be paid to the following requirement,
which must be met in the first echelon of medical forces and

means — in the area of a large-scale terrorist attack it is
necessary to have an additional fund of medical stretchers
and — depending on the air temperature — means for
warming the injured (blankets, sleeping bags, etc.), which
are acquired and stored in advance in the property reserve
at the emergency rescue organizations of the Ministry of
Emergency of Russia, designed for emergency response,
and are delivered to the emergency zone.

The analysis of real work of medical specialists during
liquidation of consequences of terrorist acts, scientific
works and publications on the problem under study, as
well as the results of modeling of organization of medical
aid rendering and carrying out of medical evacuation of
the injured during solution of thematic situation tasks and
trainings with virtual usage of forces and means of health-
care, included into the first echelon of the group, allowed
to formulate the following main tasks, which are advisable
to entrust the forces and means of this echelon

- organizing and conducting medical triage of the
wounded in order to identify those in need of emergency
medical assistance provided in the area of the terrorist
attack; 

- determining the procedure for medical evacuation (the
order of evacuation, destination medical organisation,
type of transport and method of evacuation);

- providing emergency medical assistance to the wound-
ed — mainly in an emergency form — and preparing them
for medical evacuation to the medical organisation;

- medical evacuation of casualties from the terrorist
attack zone to the medical organisation, in accordance
with the principles of routing and taking into account the
medical and tactical situation and the functioning system
for organizing the medical evacuation of casualties requir-
ing hospital care;

- providing medical assistance to members of emergency
teams involved in the response to the terrorist attack;

- medical and psychological assistance to the wounded,
participants in rescue operations and others;

- coordinate the activities of medical teams and mobile
medical formations working in the terrorist attack
zone/area;

- control over the arrival and activities of mobile medical
formations, medical teams working in the terrorist attack
zone, carried out by the operational management team;

- presenting information on the health situation in the ter-
rorist attack zone/area to the appropriate medical institu-
tions by the command and control unit;

- interaction with management bodies, subdivisions and
formations of other ministries, services and organizations
acting as part of the first echelon of the overall group of
forces and means involved in the response to the terrorist
attack, to agree on joint activities to ensure timely medical
assistance and the medical evacuation of the injured from
the terrorist attack zone/area to medical treatment organ-
izations (trauma centers).

As the results of the study have shown, the second eche-
lon of the grouping should mainly include: regional med-
ical organisations of the 1st — 3rd level, including trauma
centers involved in the elimination of medical and sanitary
consequences of a terrorist attack, as well as federal med-
ical treatment organizations, stationed on the territory of the
region; teams of specialized medical care of regional and
federal level medical organisations; clinics; regional emer-
gency and disaster medicine centers; sanitary transport,
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Рис. 1. Принципиальная схема организации лечебно-эвакуационного обеспечения пораженных в результате крупномасштабного теракта
с применением обычных средств поражения
Fig. 1. Principle scheme of organization of medical evacuation support of the wounded in a large-scale terrorist attack with the use of conventional
means of destruction

Рис. 2. Схема лечебно-эвакуационного обеспечения пораженных в результате террористического акта в г. Беслане (на 11 сентября 2004 г.)
Fig. 2. Scheme of medical evacuation support of the wounded in the act of terrorism in Beslan (as of September 11, 2004).
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including sanitary and aviation, means, reserve of medi-
cines.

It is reasonable to assign the following most important
tasks for elimination of medical and sanitary consequences
of terrorist attacks to the specialists of medical organiza-
tions of the second echelon, as evidenced by the results of
the study:

- clarification (development) of the plan of medical and
evacuation support of the victims of the terrorist attack;

- provision of specialized, including high-tech, medical
care, as well as, in some cases, emergency medical care,
including specialized emergency medical care, during the
admission of the wounded and primary medical care for
those in need of outpatient treatment;

- selection and referral to federal medical treatment cen-
ters (organizations) and medical organisations in other
regions for treatment of patients with the most complex
pathologies;

- coordination of issues concerning the order of referral
and medical evacuation of the wounded to regional and
federal medical treatment organizations;

- organization of inter-hospital transfers of the injured;
preparation of the injured for medical evacuation and its
implementation;

- selection and deployment of medical specialists to
work in medical organisations involved in the elimination of
the medical and sanitary consequences of the terrorist
attack;

- organization and implementation of uninterrupted sup-
ply of medicines and necessary medical equipment to
medical formations, units and organizations of the first and
second echelons, providing medical assistance and carry-
ing out medical evacuation of the wounded;

- management of medical organizations, subdivisions
and formations called in to provide medical assistance and
the medical evacuation of the wounded, and also the
coordination of the activities of specialized medical assis-
tance teams from federal medical treatment organizations
arriving and working on the basis of hospital facilities;

- interaction with the relevant regional and territorial
administrations of the Federal Security Service, the Ministry
of Internal Affairs, the Ministry of Emergency Situations and
the Ministry of Defense and with other services and organ-
izations involved in the response to the terrorist act in order
to provide timely medical assistance and medical evacua-
tion of the wounded.

A specific feature of the grouping of medical forces and
means of the first and second echelons is that they are ter-
ritorially located within the borders of the subject where the
terrorist attack took place. Thus, medical organizations and
health care of the region as a whole bear the main load
and responsibility for elimination of medical and sanitary
consequences of the terrorist attack. Consequently, such an
organizational decision to implement medical support of
the victims of the terrorist attack fully complies with the pro-
visions specifying responsibility and order of liquidation of
the emergency consequences, which were regulated by
the Government Decree of the Russian Federation dated
December 30, 2003 No. 7948 .

An analysis of the experience of organizing medical
and evacuation support for the victims of large-scale
emergencies caused by terrorist attacks suggests that the
group of medical forces and facilities often has to create a
third echelon, which is represented mainly by medical
organisations of the federal level [8]. This echelon, as a
rule, includes: multidisciplinary and specialized medical
organisations, medical centers and research organiza-
tions with clinics subordinated to the Ministry of Health of
Russia and the RAS; reserve of specialized beds, located
in the above medical organisations; reserve of medical
equipment of the Ministry of Health of Russia for emer-
gency response; Federal Medical Center of the Federal
State Budgetary Institution N.I. Pirogov Medical and
Surgical Center; Federal Medical Center for Emergency
Medicine; Russian Ministry of Health (Commission for
Emergency Prevention and Response and Fire Safety)
and, if necessary, other federal medical organizations. In
addition, in some cases the third echelon may include mul-
tidisciplinary or specialized medical organisations locat-
ed on the territory of neighboring subjects [8]. Thus, dur-
ing the elimination of the medical and sanitary
consequences of the terrorist attack in Beslan (2004), 11
victims (all children) were evacuated by air to Rostov-on-
Don.

The study analyzed and summarized the experience of
federal medical treatment organizations and public health
authorities in organizing and providing medical care and
medical evacuation of the wounded during the liquidation
of, first of all, large-scale terrorist attacks. The results
obtained made it possible to formulate the main tasks to be
performed by the third echelon of medical forces and
means:

- provision of specialized, including high-tech, medical
care to the injured with the most complex pathology
(wounds, combined trauma and polytrauma);

- selection and dispatching of the operative manage-
ment group, mobile medical formations and individual spe-
cialists from federal health care authorities, from N.I.
Pirogov Federal Medical and Surgical Center and medical
treatment organizations subordinate to the Russian Ministry
of Health and the RAS to work in the medical and evacua-
tion support for the injured, functioning within the territory
of the region where the terrorist attack took place;

- participation in the selection of patients in need of spe-
cialized, including high-tech, medical care from among the
wounded who are hospitalized in the region, for their
transfer to federal medical organisations for treatment;

- organizing and conducting medical evacuation of the
wounded — mainly by air transport — from medical organ-
isations of the region to the federal medical treatment facil-
ities (sometimes — to the regional medical organisations of
other subjects);

- organizing the dispatch of the necessary medical
equipment to ensure the uninterrupted operation of med-
ical treatment organizations, medical formations, partici-
pating in the liquidation of the medical and sanitary conse-
quences of the terrorist attack;

- Ministry of Health and N.I. Pirogov Federal Medical
and Surgical Center as authorized to manage and coordi-
nate the activities of mobile medical teams, medical treat-
ment teams, and other medical organizations involved in
the medical care and medical evacuation of the victims of
the terrorist attack;

8 On the Unified State System of Prevention and Liquidation of Emer-
gency Situations. The Decree of the Government of the Russian Federation
dated December 30, 2003, No. 794 (as amended on 26.01.2017) (In
Russ.).
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- organization of interaction with federal executive bod-
ies, management bodies of the subsystems taking part in
the response to the terrorist attack, in order to effectively
implement measures of medical treatment of the wounded.

As can be seen, a significant part of the tasks performed
by this echelon of the group does not belong to the cate-
gory of managerial tasks alone.

The results of the study showed that almost all (98.7%)
experts were in full agreement with the proposals on the
composition and tasks assigned to the corresponding ech-
elons of the standard versions of the grouping of medical
forces and means created to provide medical aid and con-
duct medical evacuation of the injured in acts of terrorism.
Only 1.3% of the experts had difficulty formulating a spe-
cific conclusion on these problematic issues. It turned out
that these experts included medical specialists who were
either not involved in, or had little experience in, organiz-
ing the medical and sanitary consequences of emergen-
cies, including terrorist attacks. At the same time, as a rule,
they had little experience in the health care management
bodies, in the service of the emergency medical services.
This situation, naturally, requires appropriate measures to
improve the professional training of these persons in disas-
ter medicine.

During the study it was found that the above described
variant of the system (scheme) of organization of medical
care in large-scale terrorist attacks as applied to such cities
as Moscow and St. Petersburg, where there are head and
large medical organisations, centers subordinated to city
health care, as well as federal medical treatment facilities
(clinics, centers, research institutes, including RAS), in
which specialized, including high-tech, medical care is
provided, can hardly be considered typical. This provision
has been repeatedly confirmed by the practice of eliminat-
ing the medical and sanitary consequences of such terror-
ist attacks as Nord-Ost (Moscow, 2002), in the St.
Petersburg metro (2017), and at other sites in these cities -
Fig. 3 [11].

In such cases, the system of medical care for victims of
a terrorist attack may include a grouping of medical
forces and means, consisting, as a rule, of two echelons
(Fig. 4). The first echelon of such a grouping fully corre-
sponds to the first echelon of the above-described ver-
sion of the standard scheme of organization of the med-
ical care. The situation with the second echelon of the
grouping is quite different. It is represented by medical
organisations, which, depending on their distance from
the terrorist attack zone and their ability to provide the
necessary medical care to the wounded in view of the
available pathology, may be segregated and thus form
separate echelons in the city. This solution for establishing
and operating a grouping of medical forces and
resources makes it possible, as a rule, to send the casu-
alties in an extremely grave or serious condition to the
nearest terrorist attack zone, and those in a moderately
grave condition to more distant medical organisations.
An important role is played by the organization and
implementation of clear and continuous monitoring of:
the number of casualties in the terrorist attack zone; the
structure of the contingent of casualties and their need for
medical care; the availability of free hospital beds of the
required profile; the readiness of the medical organisa-
tions to receive and to provide medical care to the casu-
alties; the routing of the casualties.

It should be noted that in the case of terrorist attacks in
the above and some other cities (Nizhny Novgorod,
Kazan, Yekaterinburg, Novosibirsk, etc.), where there is a
developed network of medical organisations, which have
great opportunities for providing specialized, including
high-tech, medical care, the emergency medical services
will have a high level of readiness and equipped with med-
ical transport, including air ambulances, which creates
more favorable conditions for the implementation of the
routing principles of the affected. The affected people can
be immediately sent to medical organisations, where, as a
rule, they will be provided with comprehensive medical
care and full treatment before the onset of the outcome.
Consequently, the transfer of casualties from one medical
treatment organization to another is unlikely, and inter-hos-
pital medical evacuation is practically unnecessary due to
the effective application of the above-mentioned monitor-
ing and rapid preparation of hospital beds in the respec-
tive medical organisations.

At the given variant of organization of medical support,
except medical treatment organizations, composition of
the second echelon of group, as a rule, will include: center
of disaster medicine, ambulance station; polyclinics; sani-
tary transport, including sanitary helicopter; reserve of
medicines and medical equipment for liquidation of med-
ical and sanitary consequences of emergency, contained
at center of disaster medicine and in organizations of med-
ical equipment supply; management body of city health
care.

Depending on the situation, the second echelon of the
grouping may also include other medical organizations.

It should be noted that in the event of terrorist attacks in
these cities the system of medical and evacuation support
for the wounded and, consequently, the grouping of med-
ical forces and facilities will be located within one city
(Moscow, St. Petersburg, etc.). Naturally, such a situation
makes it possible to solve problems on forming a group of
medical forces and means, on managing the involved
medical organisations and medical formations, including
more effective implementation of the necessary interaction,
to achieve better results in saving lives and preserving the
health of the affected people.

The study has shown that in terrorist acts accompanied
by a small number of casualties in need of medical care in
hospital, and if there is a regional health care system that is
able to provide the necessary medical care to the casual-
ties in full within the optimal time frame and their treatment
based on the existing pathology, the basic scheme of the
organization of the medical aid will be somewhat different
than in large-scale acts of terrorism. In this regard, the com-
position of the created group of medical forces and means
involved in the liquidation of medical and sanitary conse-
quences of terrorist attacks will be mainly focused on the
regional level of healthcare (Fig. 5).

It is necessary to pay attention to two principal provi-
sions. The first is that the system of medical and evacuation
support for the victims of such terrorist attacks is territorially
located within the borders of a particular subject. The sec-
ond is that the period of liquidation of medical and sanitary
consequences of these terrorist attacks, as a rule, is not
long [9]. Except for those cases, when as a result of terror-
ist act there is considerable destruction of buildings and at
that time is required for removal of rubble in order to find
and release the affected people.
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Рис. 4. Принципиальная схема организации лечебно-эвакуационного обеспечения пораженных при теракте, совершенном в мегаполисе с
применением обычных средств поражения
Fig. 4. Schematic diagram of the organization of medical evacuation support of the wounded in a terrorist attack committed in a megapolis with the
use of conventional means of destruction

ЛМО

ЛМО

Рис. 3. Схема организации лечебно-эвакуационного обеспечения пораженных при теракте в культурно-развлекательном центре шарико-
подшипникового завода (Москва, октябрь 2002 г.)
Fig. 3. Scheme of the organization of medical evacuation support of the wounded in the act of terrorism in the cultural-entertaining center of the ball
bearing factory (Moscow, October, 2002)
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In such terrorist attacks the first echelon of the group of
medical forces and facilities performs the same tasks as a
similar echelon of the group created to eliminate the med-
ical and sanitary consequences of large-scale terrorist
attacks.

In this case the composition of the first echelon is advis-
able to include: ambulance teams; reanimobiles, if avail-
able — ambulance helicopter; operational group of the
health management body, consisting mainly of specialists
from regional and territorial disaster medicine centers
(according to the situation). In addition, at the beginning of
the liquidation of medical and sanitary consequences of
the terrorist attack it is reasonable to entrust the tasks solved
by the operative management group to one of the best pre-
pared teams which first arrived at the site of the event.

Since the terms of elimination of medical and sanitary
consequences of these terrorist attacks are not so long, this
situation virtually eliminates the need to deploy a medical
and psychological aid station near the emergency area.

All of the above makes it possible to formulate the fol-
lowing conclusion, which has an important practical value.
The created grouping of medical forces and facilities for
liquidation of medico-sanitary consequences of terrorist
acts of municipal and regional scale with use of conven-
tional means of destruction includes, as a rule, two eche-
lons which solve practically the same tasks as similar eche-
lons of grouping of medical forces and facilities created
during large scale terrorist acts. Their main difference is that
the echelons will not include medical forces and means of
the federal level stationed outside the region.

Conclusions
1. The study has shown that one of the basic requirements

to be met in establishing an echelon group of medical forces

and facilities is to ensure the provision of all kinds of medical
aid to the wounded in a terrorist attack, an uninterrupted
supply of medical equipment to the medical formations and
organizations involved in the liquidation of the medical and
sanitary consequences of the terrorist attack and the man-
agement of these medical forces and facilities.

2. In view of the above, attention should be paid to sev-
eral very important organizational provisions concerning
the echelons of the grouping of medical forces and means,
created when eliminating the medical and sanitary conse-
quences of terrorist attacks:

2.1 The location of stationary medical organisations and
placement of mobile medical formations, sanitary trans-
port, management bodies and other medical organiza-
tions on the relevant territory, the order of their use deter-
mines the need for an organizational system of medical
assistance and medical evacuation of victims of terrorist
attacks on the relevant territory. In addition, the specified
organizational system must be comprehensive in nature
and be in its composition an optimal grouping of health
care forces and means.

2.2 Depending on the specific conditions, the system of
medical and evacuation support for the wounded as a
result of a terrorist attack (grouping of medical forces and
means) may consist of several echelons, which mainly
solve problems peculiar to them alone.

2.3 The echelons of the grouping of medical forces and
facilities may be located not only in one, but also in sever-
al subjects of the Russian Federation, which necessitates
the participation of relevant specialists and structural sub-
divisions of the Russian Ministry of Health in the response
to the medical and sanitary consequences of such a terror-
ist attack.

Рис. 5. Принципиальная схема организации лечебно-эвакуационного обеспечения пораженных при теракте муниципального или региональ-
ного масштаба, совершенном с применением обычных средств поражения (вариант)
Fig. 5. Principle scheme of organization of medical evacuation support of the wounded in an act of terrorism of municipal or regional scale, committed
with the use of conventional means of destruction (variant)
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2.4 The medical forces and means included in the echelon
of the grouping may be subordinate to different levels of
health care (the Ministry of Health of Russia), sometimes to
other ministries and organizations, which requires the organ-
ization of clear interaction and coordination of their actions.

2.5 The echelon of medical forces and means involved
in the elimination of the medical and sanitary conse-
quences of a terrorist attack should be considered a forced
measure in the general system of organization and provi-
sion of medical care and the medical evacuation of the
wounded.

3. The implementation of the proposed approaches to
the order of creation and functioning of the echeloned
grouping of medical forces and means, designed for
medical and evacuation support of the victims of terror-
ist acts, may create conditions for a more reasonable,
rational and effective use of medical organizations and
formations, sanitary transport, public health authorities
in order to achieve better results in saving lives and
health of victims and minimize medical and sanitary
evacuations.
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Резюме. Цель исследования – разработка подходов к обоснованию критериев и способов количественной оценки готов-
ности медицинских организаций ФМБА России к работе в случае возникновения чрезвычайных ситуаций (ЧС) радиацион-
ного характера.
Материалы и методы исследования. Использованы экспертный (аналитический) и компьютерный методы оценки показате-
лей готовности медицинских организаций ФМБА России на основе консенсусных представлений о возможных медико-
санитарных последствиях радиационных аварий (РА). 
Результаты исследования и их анализ. Сформулированы общие подходы к количественной оценке противоаварийной
готовности медицинских организаций ФМБА России в случае радиационной аварии на обслуживаемых предприятиях и
территориях. Особенностью рассматриваемого подхода при определении должного (базового) уровня готовности к ава-
рийному реагированию является выявление масштаба (величины) медико-санитарных последствий на основе градации доз
облучения и числа пораженных. Предложены подходы к обоснованию федерального, регионального и территориального
(местного) уровней аварийного реагирования медицинских организаций ФМБА России.

Ключевые слова: аварийное реагирование, медико-санитарные последствия, медицинские организации ФМБА России,
научно-методические подходы, оценка противоаварийной готовности, радиационные аварии, радиационные поражения
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Introduction
The establishment of nuclear industry and energetics in our

country, as well as in other developed countries, was ac-
companied by radiation accidents of different types and
scales [1]. During its 75-year history the State Research
Center — A.I.Burnazyan Federal Medical Biophysical Cen-
ter (hereinafter referred to as the Center) has accumulated
unique scientific and practical experience of eliminating
medical and sanitary consequences of such accidents. The
specialists of the Center directly participated in organization
and implementation of large-scale radiation-hygienic activ-
ities. The treatment of the injured with severe forms of acute
radiation syndrome (ARS), local radiation, lesions was or-
ganized and performed.

The basic elements of readiness of specialized organiza-
tions of FMBA of Russia to carry out a set of treatment, ra-
diation-hygienic and physical-dosimetric measures are the
availability of competent specialists and the possibility to
transfer the accumulated "live" experience to the modern
generation of doctors and hygienists. Conducting emer-
gency drills and exercises on a regular basis is crucial for
emergency preparedness. The importance of motivation
and conscious understanding of risks for own health among
the medical personnel working in conditions of complicated
radiation should not be underestimated.

The aim of the study is to substantiate the necessity of im-
provement of quantitative methods for evaluation of readi-
ness of medical organizations of FMBA of Russia to liquidate
medical and sanitary consequences of radiation accidents
and expert evaluation by the criterion "dose — number of ex-
posed (involved) persons" to establish minimum (mandato-
ry) and maximum (conservative) readiness levels which can
be provided with available resources.

Materials and research methods. Expert (analytical)
and computer methods of quantitative assessment of readi-
ness indicators of medical organizations of FMBA of Rus-
sia — REDIAS program — were used. The algorithm of
readiness level evaluation is based on the analysis of con-
formity of the available resources of the medical organiza-
tion intended for the effective performance of the necessary
volume of medical and radiation-hygienic measures with the
formal requirements (indices) calculated in an experimental
way with reference to the probable scale of medical and san-
itary consequences in case of RA at the served enterprise. The
program takes into account: the characteristics of the med-
ical base of the organization — capacity of the hospital,
polyclinics, laboratories; availability of formations for emer-
gency response, their provision with medical equipment;
training and motivation of medical personnel and other crit-
ical indicators, as well as the demographic parameters of the
territory served. Calculations of the predicted health conse-
quences are limited to the number of casualties and persons
requiring medical support. REDIAS also takes into account
the probability of occurrence of combined lesions.

The methodology is recommended for testing and used in
the current activities of the regional emergency medical
dosimetry centers of FMBA of Russia for assessing and im-
proving the preparedness of medical organizations with the
development of substantive recommendations, as well as for
calculating the probable medical and sanitary consequences
of RA during the exercises.

Results of the study and their analysis. Domestic and
foreign authors for defining the concept of "preparedness in
case of emergency" use the term "capability", i.e. pre-
paredness is considered as a certain capacity to perform (im-
plement) certain functions, such as a rescuer, a doctor, an
institution as a whole or a management body [2].

Preparedness is closely related to the existence of a sys-
tem of emergency planning. It is important to emphasize the
importance of realistic planning and implementation of med-
ical and radiation-hygienic measures in the required volume
and within the established timeframes. This means, firstly,
compliance of the capabilities of medical organizations of
FMBA of Russia to receive and treat the victims or to carry
out a set of sanitary and hygienic measures with those med-
ical and sanitary consequences, which can be estimated for
a given enterprise or territory in case of a radiation accident,
and, secondly, the possibility of prompt allocation of addi-
tional forces and means and their delivery both within the de-
partmental system of emergency response, and at the na-
tional level.

Excessively conservative assessments of the degree of
potential radiological threat and, as a consequence, es-
tablishment of big planning zones of protective measures can
lead to unjustified economic costs and to difficulties in the
management of emergency response. To a certain extent this
may also apply to the estimation of possible medical and
sanitary consequences and, consequently, to the emer-
gency preparedness of the medical organizations of the
territorial and federal level.

Table 1 presents a list of indicators used to analyze the pre-
paredness of the centers for hygiene and epidemiology of
FMBA of Russia in case of emergency of radiation charac-
ter [3]. The above indicators, in a sense, are administrative
in nature and must be formulated for a specific medical or-
ganization of FMBA of Russia, taking into account the
specifics of the enterprise served. At the same time, the offi-
cial approval of such indicators and their introduction into the
reporting forms will make it possible to create an electronic
database for continuous dynamic monitoring and formula-
tion of promising tasks for preparedness management and
improvement.

The purpose of response is not only to ensure the imple-
mentation of emergency measures, but also to perform them
in accordance with the established time parameters. One of
the main elements of evaluation of preparedness of the re-
sponse system as a whole as well as its separate elements
are time parameters: time of deployment of emergency re-
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sponse facility; time of notification of the managerial and per-
sonnel personnel; time of gathering of the formations; time
of performance by emergency formations of separate op-
erations and tasks, including medical and sanitary orienta-
tion, etc. Taking into account the IAEA recommended time
parameters for emergency response activities at radiation
hazardous facilities, during exercises and drills the optimal
time is determined, which is formalized in time parameters
of emergency preparedness [4, 5].  

Table 2 presents the possibilities of a differentiated ap-
proach to preparedness management and planning of med-
ical and sanitary support in accordance with the level of an-
ticipated radiological threats or the scale of RA in case of its
occurrence. The unique features of the Russian Federal Med-
ical and Biological Agency system are the maximum ap-
proximation of the medical base to the serviced radiation
hazardous facility, knowledge of the medical and hygienic
specificity of harmful industrial factors, including the char-
acteristic factors of possible RA. All previous experience of
FMBA of Russia emergency response organization is based
on the staged system of medical care and close combination
of therapeutic and radiation-hygienic measures depending
on specific conditions and consequences of radiation acci-
dent — see Table 3 [3, 6]. Scientific and methodological sup-

port from leading scientific centers and regional emergency
medical and dosimetry centers created on their basis, in-
cluding specialized emergency brigades, occupies an im-
portant place. At the same time in case of a major RA a large
number of interaction issues are supposed to be solved, in-
cluding those with territorial health care authorities and
medical organizations.

One of the important features of the differentiated ap-
proach, established, in particular, in the Decree of the Gov-
ernment of the Russian Federation "On the classification of
emergencies of natural and man-made character" from May
21, 2007 No.304, as well as formulated in the IAEA pub-
lications — the desire to avoid excessive planning and com-
plex decisions when putting into operation the system of
emergency response [4, 5, 7, 8]. Without considering the
fundamental differences between the classification of emer-
gencies of natural and man-made nature and the classifi-
cation of the RA, we should emphasize the failure of direct
comparisons, for example, by the number of deaths, direct
economic damage, etc. Thus, in practice, often even in the
case of overexposure of a single person, the issues of diag-
nosis and subsequent treatment are addressed at the feder-
al level in a specialized clinical center. Of course, an im-
portant role is also played by the territorial (local) link:
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a health unit, a medical-sanitary unit, a professional pathol-
ogy center, a regional department, an interregional de-
partment and the Federal Medical and Biological Agency
of Russia.

The peculiarity of the approach under consideration in de-
termining the proper (baseline) level of preparedness of the
medical organization of FMBA of Russia for an emergency
of radiation character is the identification of the scale of med-
ical and sanitary consequences based on the gradation of
exposure doses and the number of affected persons. Besides,
this approach is based on the analysis of the historical ex-
perience of liquidation of radiological consequences of ra-
diation accidents and the established ideas about the ca-
pability of FMBA organizations to carry out the necessary di-
agnostic procedures and treatment of patients with various
forms of radiation injuries. In the initial period of the accident,
the assessment of doses to the personnel and population may
imply significant errors associated with the shortcomings of
the used calculation methods and incompleteness of the
obtained information. Therefore, clinical manifestations of ra-
diation exposure and operational dosimetric values are
used in medical triage, medical care of the injured and as-
sessment of the severity of their condition [9, 10]. Never-
theless, exposure dose is a universal integral indicator,
which allows assessing the level of participation of FMBA or-
ganizations in the emergency response taking into account
the number of exposed persons (Table 4).

Thus, for example, in the case of availability of more than
5 people with radiation doses higher than the threshold val-
ues for deterministic effects it is necessary to ensure the
readiness of all specialized clinics of FMBA of Russia, and
in the case of a considerable number (several dozens) of pa-

tients with severe forms of acute radiation sickness it may be
necessary to cooperate with medical institutions of other
ministries and departments. According to the above-men-
tioned expert evaluation, the use of the resources of medical
organizations of the Federal Medical and Biological Agency
of Russia at the federal level should also be envisaged in case
of a need for an in-depth medical and dosimetric examina-
tion of over 50 people with radiation doses exceeding 200
mSv. In this case it may be necessary to involve several lab-
oratories for human radiation spectrometry and biophysical
laboratories, to use cytogenetic techniques for examination
and verification of dose burdens. The mentioned situations
will most likely concern the personnel of the emergency fa-
cility and the emergency rescue teams who took part in the
liquidation of the RA consequences.

Exposure in the dose range of 50-200 mSv, including
those within the limits of doses used as criteria for making ur-
gent decisions in accordance with the Radiation Safety Stan-
dards, can affect a larger number of people. The exposed
contingents can be both the personnel of the enterprise and
emergency rescue teams and separate groups of population,
applying protective measures to which have been insuffi-
ciently effective. In any case, the proposed mandatory lev-
el of preparedness, which requires participation in the emer-
gency response of the Federal Medical and Biological
Agency of Russia organizations of the federal level, is the
availability of 500 people with dose loads in the specified
range. The peculiarity of organizing and, therefore, ensur-
ing preparedness for mass clinical dosimetry examination of
the population is the need to plan not only for specialized
medical centers, but also for several mobile specialized
emergency response teams. At the same time, the tasks to be
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solved by them should include: conducting selective dosi-
metric examination of the population using mobile com-
plexes; blood sampling for cytogenetic studies; radiation and
hygienic examination of the territory of settlements and their
agricultural areas.

The above examples, to a certain extent, will also be
characteristic of preparedness at the regional level. With the
above scale of medical and sanitary consequences, there is
reason to believe that the FMBA organizations of Russia can
provide a sufficient level of preparedness and to carry out
medical-diagnostic and radiation-hygienic activities in full
scope.

At any scale of a radiation accident, participation in the
medical and sanitary support and emergency response of the
units of FMBA of Russia is certainly a priority and will be
mandatory. In the medical-sanitary unit, when it is necessary
to treat the injured with high radiation doses, the main at-
tention should be paid to stabilizing their condition and to
preparing them for evacuation to the specialized hospital of

the federal level. Important measures are to conduct a sim-
plified dosimetric examination (preliminary assessment of sur-
face radioactive contamination of the injured, as well as the
intake of radioactive substances into the body), selection,
preparation and transfer of biological samples of the re-
quired volume for subsequent research in specialized labo-
ratories.

In the case of RA, the development of spatial and tempo-
ral models of the formation of dose loads on personnel un-
der uncontrolled exposure is associated with even greater un-
certainties than the results of forecasting of radiological con-
sequences for the population in the event of an accidental
release. For this reason, expert approaches, based on the his-
torical experience of liquidation of the consequences of
past radiation events, are used to assess the possible med-
ical and sanitary consequences.

The data of the Burnazyan Federal Medical and Biolog-
ical Center and the information published by the IAEA on the
RA consequences in 1945-2010 suggest that as a result of
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a single emergency event (with the exception of the accident
at the Chernobyl NPP in 1986) the number of victims of acute
radiation injury of varying severity ranges from several peo-
ple to several dozens of them [11]. To illustrate a conserva-
tive estimation of possible medical and sanitary conse-
quences of different scales of RA, quantitative characteristics
and structure of affected persons from among the personnel
of the NPP at the operating power unit with RBMK-1000 re-
actor are presented in Table 5. These calculations were per-
formed using the computer program REDIAS on the basis of
the data on the number of the affected persons and the
structure of the radiation injuries of the personnel and the liq-
uidators of the Chernobyl accident as well as on the avail-
able data on the medical and sanitary consequences of the
RA in our country and abroad (Fig. 1). Such modifying fac-
tors as the number of personnel on maximum shift, combined
lesions as a result of thermal and mechanical injuries and oth-
er factors were taken into account by expert judgment.

On Fig. 2 there is a principal scheme of algorithm of med-
ical organization preparedness in case of RA on the object
of I category of potential radiation danger - according to
sanitary rules 2.6.1.2612-10 (ОSPORB 99/2010).

The presented assessments are indicative, but at the same
time the use of the calculation program allows to quickly as-
sess the structure of radiation injuries, depending on the ini-
tial data and the scenario under consideration. The resulting
tables can be analyzed by experts to determine whether the
estimates are realistic.

In general, in determining the level of preparedness of
medical institutions of FMBA of Russia in case of large-scale
RA (level 6-7 according to the INES scale) it should be ori-
ented (according to maximum estimates) on the need to
provide medical care to about 100 patients with various
forms of radiation injuries, including 10 patients with life-
threatening indications (see Table 5). These values corre-
spond to a two-threefold reserve in planning the medical and
sanitary provision of the injured in full and in an optimum time.
We should also take into account the possibility of a large
number of the wounded as a result of overdiagnosis and their
self-referral for medical help.

It is assumed that the severely injured will be mainly with
combined lesions, and almost always there will be a need
to carry out their sanitary treatment in the organization of the
sanitary-access regime in the medical institution[12].

Currently, the developed indicators and methodology for
assessing the preparedness of medical organizations of
FMBA of Russia are used as a research and analysis tool. On
this basis, consultations are conducted and targeted rec-
ommendations are prepared to improve certain readiness in-
dicators. In our opinion, taking into account the accumulat-
ed experience and existing comments, the pilot version of the
methodology and the REDIAS program can be officially
used in the practice of FMBA organizations of the medical
and sanitary-hygienic profile. The main arguments in favor
of adopting this proposal are the possibility of identifying the
"weak link", independent control and management of readi-
ness to eliminate emergencies of radiation nature.

Conclusion
The article formulates general approaches to the quanti-

tative assessment of emergency preparedness of Russian
Federal Medical and Biological Agency organizations in
case of emergency situations at the enterprises and territo-
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Рис. 1. Интерфейс программы REDIAS
Fig. 1. REDIAS Program Interface

ries they serve. The maintained level of preparedness must
correspond to the potential or situational threat of RA and be
based on the results of assessments of radiation conse-
quences. As a rule, these results contain significant uncer-
tainties associated with the complexity of modeling the fac-
tors and conditions of emergency development. Therefore,
quantitative assessments of medical and sanitary conse-
quences contained in site plans for personnel protection
measures should be treated with a fair degree of caution. For
example, the experience of participation in comprehensive
emergency drills at NPPs shows that the maximum medical
and sanitary consequences, included by the operating or-
ganization in the exercise scenario, are, as a rule, 1-3 peo-
ple from among the NPP personnel. In this case the radiation
consequences are also minimal. The practical conclusion
from this experience is the necessity of developing medical
scenarios for exercises and drills in order to work out the the-
matic issues of preparedness of the organizations of FMBA
of Russia [13]. An important element of maintaining the pre-
paredness of the stages of medical care in the pre-hospital
period is the close interaction between the emergency serv-
ices and the medical organization of the Federal Medical
and Biological Agency of Russia. In 2016, for effective im-
plementation of measures to provide first and subsequent

medical aid to the injured in emergencies at NPPs, the "Mod-
el Agreement on Cooperation between the Branch of Rosen-
ergoatom JSC — Operating Nuclear Power Plant and Med-
ical Organization of FMBA of Russia during establishment
and operation of the NPP rescue medical service" was put
into effect.

The Burnazyan Federal Medical and Biological Center has
developed a standard program of exercises and drills aimed,
among other things, at studying such issues as medical
triage of the injured; assessment of the capacity of medical
and sanitary departments; time parameters for a set of
dosimetry and laboratory tests.

At present, it is necessary to introduce into the practice
of FMBA organizations of the medical and sanitary-hy-
gienic profile a pilot version of the methodology and
computer program REDIAS to assess the readiness for
emergency response. One of the mechanisms for assess-
ing and managing preparedness is the creation of an in-
formation-management system (database), which great-
ly simplifies the collection and storage of necessary in-
formation and maintenance of documentation, allowing to
assess the dynamics of development of the emergency re-
sponse system, to draw conclusions and justifications for
its further development.
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MONITORING OF PATIENTS IN SEVERE CONDITION IN LEVEL 1 AND LEVEL 2 MEDICAL
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Abstract. The objective of the study was to analyze the effectiveness of the "Monitoring" program for patients with new coronavirus
infection and to evaluate its preparedness to work in emergency situations, as well as to substantiate the effectiveness of the program
as a monitoring tool for patient care management in level 1 and level 2 medical treatment organizations when there is a shortage of
intensive care beds at level 3 medical institutions.
Materials and research methods. Materials of the research: normative legal documents regulating the order of application of
telemedicine technologies in Russia and Kuzbass, including in the field of the Disaster Medicine Service, scientific publications, per-
sonal work experience in the organization of remote consultations.
The research was based on the data on the provision of consultative medical care to the patients with the diagnoses “new coron-
avirus infection” and “community-acquired pneumonia”, who were hospitalized in the intensive care departments of level 1 and lev-
el 2 medical treatment organisations.
Research results and their analysis. The retrospective analysis of the calls to the monitoring center from the patients in severe condi-
tion, being treated in level 1 and level 2 medical treatment organizations for the diagnoses of new coronavirus infection and pneu-
monia, who needed monitoring by the specialists of the consulting center (mainly by intensive care specialists), was performed.
Inclusion criteria in the study: adult patients with new coronavirus infection and pneumonia; receipt of call to the monitoring center
during the study period – 01.11.2020-31.01.2022; availability of patient counseling using "Monitoring" program.
Conclusion was made, that the system, linking major hospitals with local hospitals, which have the maximum load in periods of peak
morbidity, through conducting emergency and urgent telemedicine consultations was created in Kuzbass. The analysis of the
obtained data testifies to the effective work of the monitoring center for severe patients as a type of telemedicine tool when working
in high alert mode.
Key words: emergency situations, Kuzbass Disaster Medicine Center, level 1 and level 2 medical treatment organizations,
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Резюме. Цели исследования – проанализировать эффективность работы программы «Мониторинг» с пациентами с новой
коронавирусной инфекцией в условиях режима повышенной готовности; оценить готовность данной системы к работе в
режиме чрезвычайной ситуации (ЧС).
Материалы и методы исследования. Материалы исследования: нормативные правовые документы, регламентирующие
порядок применения телемедицинских технологий (ТМК), в том числе в сфере деятельности Службы медицины катастроф
(СМК) Минздрава России, в Российской Федерации в целом и в Кузбассе, в частности, научные изыскания коллег в дан-
ной области исследования; личный опыт работы по организации проведения дистанционного консультирования. В основе
исследования – данные об оказании консультативной медицинской помощи пациентам с диагнозами «новая коронавирус-
ная инфекция» и «внебольничная пневмония», находившимся на стационарном лечении в отделениях реанимации лечебных
медицинских организаций (ЛМО) 1-го и 2-го уровня Кемеровской области. 
Критерии включения в исследование: взрослые пациенты с пневмонией и новой коронавирусной инфекцией; поступление
заявки в центр мониторинга в период с 01.11.2020 г. по 31.01.2022 г.; выполнение консультации пациента через про-
грамму «Мониторинг».
Результаты исследования и их анализ. Проведен ретроспективный анализ заявок, поступивших в центр мониторинга паци-
ентов в тяжелом состоянии, находившихся в ЛМО 1-го и 2-го уровня с диагнозом «пневмония» и «новая коронавирусная
инфекция», нуждавшихся в контроле специалистов консультативного центра по различным профилям – в основном, по про-
филю «реаниматология». 
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The relevance of the problem of "complex" patients, es-
pecially when they are admitted to a hospital with an insuf-
ficient level of equipment or staffing capacity is of no doubt.
Timely medical evacuation to the appropriate medical treat-
ment organization certainly plays a significant role in the
outcome of the disease [1-3].

Health care in Kuzbass (Kemerovo region) has a number
of peculiarities. In the densely populated region there are
only two major cities with a population of more than 600
thousand people — Novokuznetsk and Kemerovo. Patients
from small towns are routed according to the agglomera-
tion principle — patients in severe condition need to be trans-
ferred for treatment to medical treatment organisations of
these cities. At the same time, neither in Kemerovo, nor in
Novokuznetsk there are multidisciplinary hospitals, which
would take a patient with a complex diagnosis without prior
approval. The organizer of the transfer of such patients is
the Emergency Consultative Medical Care (ECMC) de-
partment of the Kuzbass Center for Disaster Medicine,
whose staff often encounter situations in which the patient's
diagnosis or condition does not comply with existing regu-
lations on routing. Often such a patient remains in the district
hospital and his condition requires special monitoring by
Level 3 medical organisation specialists until the patient is
transferred or his condition improves.

In the conditions of health care reform and against the
background of staff shortages in small hospitals, this period
of patient care requires the solution of a strategically im-
portant task. That is the remote provision of highly qualified
medical care using modern information technologies and
the intellectual potential of specialists of large multidiscipli-
nary hospitals [4, 5].

In order to solve this problem and to monitor patients re-
quiring special attention, in 2018 on the basis of the
Kuzbass Disaster Medicine Center the project "Monitoring
center for patients in serious condition" (hereinafter — "Mon-
itoring", Program) was created and put into practice as a
type of telemedicine [6]. When developing the Program,
the following requirements were taken into account: 24/7
accessibility, ease of use for all participants of the process,

including the ordinary medical staff of Level 1 — Level 2 hos-
pitals. The program was installed in all inpatient units of
Kuzbass, accepting patients for emergency indications 1,2.

With the beginning of the pandemic of a new coronavirus
infection COVID-19 "Monitoring" has become even more
relevant, especially during the periods of peak waves of
morbidity and organization of treatment of patients in reas-
signed hospitals with a small number of transfers to large
ones. With the development of the epidemiological process,
approaches to the treatment of new coronavirus infection
have changed and continue to change, placing new de-
mands on specialists [7, 8]. The software product is also ca-
pable of change. For example, the latest change in the
Program was a simplified form of telemedicine consultation
protocol with the possibility of uploading and attaching it to
the patient history.

Thus, in order to monitor the condition of critically ill pa-
tients in the intensive care unit of a Level 1 to Level 2 hospi-
tal, a system was created in Kuzbass, which ensures the
collection of information in a short time according to speci-
fied parameters with the ability to assess the condition of
patients by Level 3 medical organisation specialists, to con-
duct telemedicine consultations with protocol execution and
determination of subsequent tactics.

During the COVID-19 pandemic about 70 patients with
a new coronavirus infection who were in a serious condi-
tion were monitored through “Monitoring” at one time,
which proved the effectiveness of its work in the emergency
preparedness mode that was in effect in Kuzbass. The au-
thors believe that in the emergency situation mode, this

Контактная информация: 
Радивилко Ксения Сергеевна – кандидат медицинских
наук, главный областной специалист по скорой
медицинской помощи и медицине катастроф Кемеровской
области-Кузбасса 
Адрес: 650992, (ГСП) г. Кемерово, пр. Кузнецкий, 56,
Россия
Тел.: + 7 (904) 371-41-38
E-mail: du-ks@mail.ru

Contact information: 
Kseniya S. Radivilko – Cand. Sci. (Med.), Chief Regional
Specialist in Emergency Medicine and Disaster Medicine of the
Kemerovo Region-Kuzbass
Address: 56,Kuznetsky Ave.,Kemerovo,650992,Russia
Phone: + 7 (904) 371-41-38
E-mail: du-ks@mail.ru

1 On the Approval of the Development Concepts of the Telemedicine
Technologies in the Russian Federation and its Implementation Plan. De-
cree of the Ministry of Health of the Russian Federation, Russian Academy
of Medical Sciences dated August 27, 2001, No. 344/76 (In Russ.) URL:
https://base.garant.ru/4177911/ (Date of access 17.03.2022).

2 On the Approval of the Procedure for the Organization And Providing
of Medical Care Using Telemedicine Technologies. Decree of the Ministry
of Health of the Russian Federation, Russian Academy of Medical Sciences
dated November 30, 2017, No. 965n (In Russ.). URL:
https://www.garant.ru/products/ipo/prime/doc/71751294/ (Date of
access 17.03.2022).

Анализ результатов исследования позволяет говорить об эффективной работе центра мониторинга тяжёлых пациентов как
разновидности телемедицинской системы при работе в режиме повышенной готовности.
Крупные стационары в лице врачей-консультантов могут оказывать значимую организационно-методическую поддержку
при лечении большого числа пациентов ЛМО 1-го и 2-го уровня.
Оценку работы профильных консультативных центров в режиме повышенной готовности в системе мониторинга тяжелых
пациентов можно считать подтверждением возможности использования данного инструмента в чрезвычайных ситуациях.
Ключевые слова: больные, Кузбасский центр медицины катастроф, лечебные медицинские организации 1-го и 2-го уров-
ня, медицинская помощь, новая коронавирусная инфекция, пациенты в тяжелом состоянии, пневмония, пострадавшие, про-
грамма «Мониторинг», режим повышенной готовности, режим чрезвычайной ситуации, телемедицинские консультации
Конфликт интересов. Авторы сообщения подтверждают отсутствие конфликта интересов
Для цитирования: Радивилко К.С., Плосконосов П.В., Маслакова Д.А. Центр мониторинга пациентов в тяжелом состоя-
нии, поступивших в стационары 1-го и 2-го уровня в Кузбассе – инструмент организации медицинской помощи, в том
числе при чрезвычайных ситуациях// Медицина катастроф. 2022. №1. С. 40-43. https://doi.org/10.33266/2070-
1004-2022-1-40-43



Disaster Medicine No. 1•202242

product will be able to adjust to the specific features of the
event and to provide comprehensive organizational and
methodological support in solving complex clinical issues
during the elimination of medical and sanitary conse-
quences of emergency situation.

The aim of the study was to analyze the effectiveness
of the "Monitoring" program with patients with new coron-
avirus infection COVID-19 in conditions of high readiness
and to assess the readiness of this system to work in emer-
gency situations.

Study Objectives:
1. To analyze the effectiveness of profile advisory centers

in the conditions of high readiness mode — under the threat
of emergency.

2. To substantiate the effectiveness of "Monitoring" as a
tool to control the organization of treatment of patients in
medical organisations of level 1 and 2 in conditions of short-
age of intensive care beds in medical organisation of level 3.

Materials and methods. Materials of the study are the
normative legal documents regulating the order of applica-
tion of telemedicine technologies, including in the field of
the Disaster Medicine Service of the Russian Ministry of
Health — in the Russian Federation as a whole and in
Kuzbass, in particular; scientific researches in this field; per-
sonal experience in organization of consultations. The study
was based on the data on the provision of consultative med-
ical care to patients with diagnoses of "new coronavirus in-
fection" and "community-acquired pneumonia" who were
hospitalized in the intensive care units of medical organisa-
tions of Level 1 and Level 2 of Kemerovo region. Inclusion
criteria for the study: adult patients with pneumonia and new
coronavirus infection; submission to the monitoring center in
the period from 01.11.2020 to 31.01.2022; patient con-
sultation through the monitoring program.

Results of the study and their analysis. A retrospective
analysis of the monitoring center applications received from
patients in a serious condition, who were in medical organ-
isations of Level 1 and Level 2 with diagnoses "pneumonia"
and "new coronavirus infection", who needed monitoring by
specialists of the consulting center in different profiles —
mainly in the profile "resuscitation" was carried out.

A total of 32 patients were enrolled in "Monitoring", of
which 17 were Level 1 medical organisation patients  and
15 — Level 2.

Patients were monitored according to the following
scheme: when a patient meeting the criteria regulated by
the order of the Ministry of Health of the Kemerovo region
was admitted to the hospital, a Level 1 or Level 2 medical
organisation physician entered his data into a special pro-
gram (developed by the Kuzbass Medical and Analytical
Center). A monitoring center paramedic (a disaster medi-
cine center employee) determined the patient's profile and
sent the patient's chart to the appropriate profile center. Ac-
cording to the current bicenter agglomeration model of
Kuzbass health care, to help patients with new coronavirus
infection, 5 profile advisory centers were organized on the
basis of large re-profiled hospitals in the cities of Kemerovo
and Novokuznetsk. The responsible consulting physician de-
termined the tactics of patient management, the frequency of
data entry, the advisability of a face-to-face consultation
and transfer to a higher level hospital. In addition to leading
intensive care specialists, consultations were conducted by
"narrow" specialists — infectious disease specialists, pulmo-
nologists, cardiologists and neurologists. A mechanism for
paying consultants was developed and implemented. If nec-
essary, a telephone conference call with recording of the
conversation was conducted. In addition, a full-time em-
ployee of the monitoring center, an anesthesiologist and re-
suscitator, competently and timely resolved issues related to
the patient's clinical condition and routing. In particularly
complicated or controversial cases, the chief out-of-staff spe-
cialist, a departmental employee, or other competent per-
sons could be involved in consultations.

All 3,159 patients diagnosed with pneumonia and/or
new coronavirus infection who underwent "Monitoring" dur-
ing the study period received full remote consultative assis-
tance from specialists at consultative centers (Figure 1). The
dynamics of severe patients' need for counseling had a
wave-like character and coincided with the growth of the
number of patients in the region. The number of monitored
patients peaked in November 2020, July, and November
2021.

During the entire period of monitoring, as a result of the ef-
fective work of the specialists from the profile counseling
centers: 1081 patients with persistent positive dynamics
(34%) were transferred to somatic departments; 541 pa-
tients (17%) were transferred to a higher level organisation.

11.20  12.20  01.21  02.21 03.21 04.21 05.21 06.21  07.21  08.21 09.21 10.21 11.21 12.21 01.22

400

350

300

250

200

150

100

50

0

375

Рис.1 Динамика числа тяжёлых пациентов (чел.), поступивших в ноябре 2020 – январе 2022 гг. в Единый
центр мониторинга (ЕЦМ) для проведения дистанционного консультирования
Fig. 1. Dynamics of the number of patients with severe severity admitted to the UMC for remote consultation  for No-
vember 2020 - January 2022
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The proportion of patients removed from the monitoring due
to death was 48% — 1,537 people. The high proportion of
lethal outcomes was due to the fact that the following pa-
tients were monitored: initially in a serious condition; with
polymorbid background; on high-flow ventilation; resistant

to treatment and conditionally untransportable. Expert work
with chief out-of-staff specialists showed that only 5% of
cases were "conditionally preventable" of lethal outcomes
(Fig. 2).

Conclusion
1.The analysis of the results of the study allows us to speak

about the effective work of the center for monitoring severe
patients as a kind of telemedical system when working in
high readiness mode.

2. In the Kemerovo region there is a system that links large
hospitals with small hospitals, which have the maximum load
in the periods of peak morbidity, by carrying out urgent and
emergency telemedicine consultations.

3. Large hospitals, represented by consulting physicians,
can provide meaningful organizational and methodologi-
cal support in treating a large number of patients in medical
organisations of Level 1 and Level 2.

4. Evaluation of the work in high availability mode of pro-
file advisory centers in the system of monitoring of severe
patients allows to judge about its effectiveness and readi-
ness to work in conditions of emergency.

Рис.2 Результаты работы единого центра мониторинга за ноябрь
2020 - январь 2022 гг, %
Fig. 2. Results of the work of the unified monitoring center for Novem-
ber 2020 - January 2022 

�Доля пациентов со стойкой
положительной динамикой,
переведенных в соматиче-
ские отделения 

� Доля пациентов, переведён-
ных в МО более высокого
уровня

� Доля пациентов, снятых с
мониторинга по причине
смерти
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Резюме. Цель исследования – определение подходов к исследованию влияния стресса, вызванного пандемией COVID-
19, на профессиональную готовность врача.
Материалы и методы исследования. Рабочая гипотеза исследования базируется на модели трехмерной структуры про-
фессионального выгорания К.Маслак. В исследовании приняли участие врачи медицинских организаций г.Волгограда –
N=112, средний возраст – (40,2±1,4) лет, средний стаж работы – (6,2±1,7) лет. В целях психодиагностического тести-
рования применялись методики «Диагностика психологической ригидности» и «Определение нервно-психической устой-
чивости и риска дезадаптации в стрессе» («Прогноз»). Экспресс-опрос, в котором приняли участие медики г.Волгограда
и Волгоградской области, чья профессиональная деятельность связана с оказанием медицинской помощи пациентам с
COVID-19, был проведен на базе электронной платформы Google с использованием Google Formsт (N=236). Для модель-
ной группы врачей была разработана дополнительная анкета, цель которой – субъективная оценка мнения респондентов
о необходимости определения готовности врачей к профессиональной деятельности в экстремальных условиях. 
Результаты исследования и их анализ. Результаты исследования показали востребованность социально-психологическо-
го сопровождения профессиональной деятельности врача в экстремальных условиях для повышения качества оказания
медицинской помощи.
Ключевые слова: врачи, пандемия COVID-19, профессиональная  готовность, профессиональный стресс, психологиче-
ская готовность 
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ASSESSMENT OF THE INFLUENCE OF STRESS ON THE PROFESSIONAL READINESS
OF A DOCTOR
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Abstract. The aim of the study is to determine approaches to investigate the impact of COVID-19 pandemic stress on the profes-
sional preparedness of a physician.
Materials and research methods. Working hypothesis of the research is based on K. Maslach's model of three-dimensional struc-
ture of professional burnout. The physicians of Volgograd medical organizations took part in the study — N=112, mean age —
(40,2±1,4) years, mean length of service — (6,2±1,7) years. As psychodiagnostic testing methods "Diagnosis of psychological
rigidity" and "Determination of neuropsychological resistance and risk of maladaptation to stress" ("Prognoz") were used. The
express interview, in which physicians of Volgograd city and Volgograd region, whose professional activity is connected with ren-
dering of medical aid to patients with COVID-19 took part, was conducted on the basis of Google electronic platform using
Google Forms (N=236). An additional questionnaire was developed for the model group of doctors, the purpose of which was
to subjectively assess the respondents' opinion on the necessity of determining the preparedness of physicians for professional
activity in extreme conditions.
Research results and their analysis. The results of the research showed the relevance of socio-psychological support of physicians
working under extreme conditions in order to improve the quality of medical care.
Key words: COVID-19 pandemic, physicians, professional preparedness, professional stress, psychological preparedness
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Introduction. The influence of stress factors connected
with professional activity has long been a subject of interest
of specialists in the field of medicine, psychology, sociology,
etc. The coronavirus infection pandemic made the study of
the problem highly relevant for the professional group of doc-
tors, as their professionalism today determines life and health
of the population.

The aim of the study is to determine the approaches to
study the influence of stress caused by the COVID-19 pan-
demic on the professional preparedness of a physician.

Research objectives:
1. Based on the review of domestic and foreign literature

to show the relevance of the problem under consideration.
2. To determine the possibility of application of the meth-

ods used in the course of psychodiagnostic diagnostics with
the aim to evaluate the socio-psychological preparedness of
doctors to work in pandemic.

Materials and research methods. Scientific publications
posted on eLIBRARY.RU, CrossRef, Google Scholar,
PubMed, Scopus, etc. were used for literature review.

Doctors of medical treatment organizations of Volgograd
took part in the study: N=112, mean age — (40.2±1.4)
years, mean length of service — (6.2±1.7) years. According
to the working hypothesis, assessment of the impact of
COVID-19 pandemic stress in its ongoing spread cannot be
reliable due to the incompleteness of the process by the time
of the study. Thus, psychodiagnostics of physicians involved
in the care of patients with COVID-19 creates an additional
burden on the professional group and therefore seems un-
ethical. Therefore, we used data obtained from psychodi-
agnostic testing of emergency medical teams doctors in the
pre-pandemic period (November 2019). These are the
doctors whose professional activity is associated with in-
creased stress corresponding to pandemic conditions (un-
certainty factor, need for emergency decisions, reaction to
patient mortality, complex work schedule, etc.), which allows
us to consider them as a model group. Volgograd medical
treatment organisations general practitioners were involved
as a control group. Confidentiality norms were observed in
relation to the respondents.

For psychodiagnostic testing the methods "Diagnostics of
psychological rigidity" and "Determination of neuropsy-
chological stability and risk of desadaptation under stress"
("Forecast") [1] were applied. The method "Diagnosis of
psychological rigidity" allows to identify a high level of
rigidity, which indicates the usage of protective mechanisms
under the influence of professional stressors, accompanied
by a shortage of time, and complicates the decision-making
process. Rigidity reaction as a stable personal characteris-
tic interferes with the formation of mental readiness in the sit-
uation of changes in the external environment. And, thus, it
reduces the abilities of implementing the professional role of
the doctor [1].

The “Forecast” (“Prognoz”) method for determining the
neuropsychological stability and risk of maladaptation in

stress developed at the Kirov Military Medical Academy for
the professional selection of doctors involved in emergency
situations has shown sufficient validity and informativeness in
numerous studies [2, 3].

According to the working hypothesis of our study, the se-
lected techniques involve the use of oppositely directed as-
sessment scales, allowing to determine the personal quali-
ties of the study group in gradations "+" and "-" in the context
of resistance to stressogenic factors.

The express survey was conducted on the basis of Google
electronic platform using Google Forms (N=236). Medical
specialists of Volgograd city and Volgograd region, whose
professional activity is connected with rendering medical care
to patients with COVID-19, took part in the survey.

An additional questionnaire was developed for the model
group of doctors. It’s purpose was the subjective evaluation
of respondents' opinion on the necessity to determine doc-
tors' readiness for professional activity in extreme condi-
tions.

In the study we analyzed a publicly available question-
naire developed at Stanford University to assess the impact
of stress caused by COVID-19 pandemic.

The data were mathematically processed by methods of
variance statistics, calculating parametric (Student t-criterion)
criteria of variance using the Excel for Windows Statistica
17.0 software package.

Results of the study and their analysis. The analysis of
modern scientific research data has shown a significant in-
fluence of professional stress on the realisation of the doctor’s
professional role. The data refers to the three-dimensional
structure of professional burnout syndrome by K. Maslak in-
cluding emotional exhaustion, depersonalization and per-
sonal achievements decrease [4]. Emotional exhaustion is
manifested by fatigue (doctors have "compassion fatigue"),
somatic symptoms, decrease of emotional resources and
characterizes a state of emotional overstrain that turns into
exhaustion. Depersonalization of doctors manifests itself in
a negative, impersonal, cynical attitude toward patients. A
decrease in personal achievements means a feeling of in-
competence and ineffectiveness of professional activity [5].

Symptom manifestation and formation of professional
burnout syndrome phases determine the degree of profes-
sional stress influence on professional role realization —
from initial manifestations to the symptoms of emotional de-
tachment and depersonalization [6]. In addition, the mani-
festation of the exhaustion phase is expressed by psycho-
somatic symptoms reducing the professional functionality of
doctors. A number of publications report that physicians ex-
periencing a burnout are subjected to a higher risk of erro-
neous judgment or medical errors, refusal to work, demon-
stration of hostility towards patients, as well as to a higher risk
of conflicts within the team [7].

Some aspects of the prevalence of professional burnout
syndrome among physicians have been assessed differently
in foreign studies. For example, publications in the United
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States report a higher prevalence of professional burnout
syndrome among female physicians, while European stud-
ies report the opposite trend, i.e., a higher prevalence of pro-
fessional burnout syndrome among men [8, 9]. In general,
foreign works show the influence of a number of demo-
graphic factors on the increased risk of professional burnout
syndrome, such as young age, female gender, unstable
marital status, long working hours, and low level of job sat-
isfaction [10].

A number of studies have shown a more pronounced re-
sistance to the influence of occupational stress in doctors with
a higher level of satisfaction with their medical practice —
dermatologists, pediatricians, specialists in preventive med-
icine, obstetrics and gynecology. Interestingly, a number of
studies also showed that specialists in general surgery and
therapy, despite the lowest work-life balance satisfaction in-
dexes, had lower than average burnout indexes. Whereas
specialists, for example, in neurology, with high burnout in-
dexes were not necessarily the least satisfied with their work
[11]. This allows to conclude that achieving a work-life bal-
ance or increasing job satisfaction can counteract a burnout
and, hence, determine psychotherapeutic strategies of
burnout management in doctors.

Despite the discrepancies in the data on certain indicators,
the observed prevalence of professional burnout syndrome
in the professional group of doctors is of an international na-
ture, which allows us to use the data of foreign researchers
to design research tasks in Russian realities.

The modern scientific works determine the risk factors of
professional burnout syndrome. They include not only those
related to saving life and health (feeling of helplessness, frus-
tration, professional failures), but also those of organizational
nature (bureaucracy, necessity of constant improvement of
knowledge and skills in conditions of rapidly developing
medical technologies, compulsory informatization of med-
ical reporting, etc.). Thus, the impact of professional stressors
occurs not only within the doctor-patient relationships, but
also outside them. So, in the publication of the World Med-
ical Association it was noted: "In many countries doctors ex-
perience great disappointment in professional practice both
because of limited resources, governmental or corporate
management, and because of sensational media reports
about medical errors and unethical behavior of doctors or
their professional incompetence...". [12: с.14].

The situation is much similar in Russia. On the eve of the
coronavirus pandemic there was an aggressive media atti-
tude towards doctors, provoking the growth of patients' dis-
satisfaction with the quality of medical care provided. It
should be noted that in Russia, perhaps more than in any
other country, during the pandemic the position of the mass
media sharply changed in the direction of glorification of the
medical profession against the background of the obvious
growth of doctors' authority. At the same time, the effect of
stress has a prolonged effect, and the positive effect of 2-3
months cannot absolutely neutralize the previous information
pressure.

Our express survey using Google Forms service (N=236)
confirms the influence of COVID-19 pandemic as a stress
factor on the professional activity of doctors. When asked,
"Do you consider the impact of the COVID-19 spread to be
a stressor?" 100% of respondents gave a positive answer. At
the same time, when answering the question, "Do you think
that the COVID-19 proliferation stress negatively affects

your professional activity?" the respondents' opinions were
distributed as follows: 37.3% thought "negatively affects";
58.9 thought "does not affect"; and 3.7% thought "rather mo-
bilizes", p<0.5.

The results of testing physicians using the Diagnostic of Psy-
chological Rigidity technique did not reveal statistically sig-
nificant differences between the average rigidity values of the
model (30.19±2.04) and control (30.05±2.49) groups
(table).

At the same time, according to the distributional analysis,
a high level of rigidity was observed in 32.7% of doctors in
the model group and in 57.1% in the control group, p>0.5.
In both groups, the average gradations of the index prevail
— 58.8 and 57.1%, respectively, p>0.5. Among women, the
traits of rigidity manifested: in the control group — 76.9%, in
the model group — 61.2%. In the control group, 65.2% of
men and 23.1% of women possess rigidity traits, p<0.01. For
the model group, the indicated values were 45.1 and 38.7%
for men and women, respectively, p>0.5.

The results of testing according to the "Forecast" tech-
nique showed that the majority of the examinees in both
groups had levels of neuro-psychological stability of the
gradation "average" or higher. The average score on the
NPU scale (M±m) was 13,8±0,74 in all the examinees
and had no significant differences in the groups, p>0,05.

At the same time, the distributional analysis revealed reli-
able differences between individuals with different levels of
neuropsychological stability in the groups. Thus, the model
group revealed fewer individuals with a low level of neu-
ropsychological stability than the control group - 8,2%;
p<0,01. The majority of physicians in the model group had
an "above average" level of neuropsychological stability -
74.3%; p<0.05. At the same time, in the control group, ap-
proximately half of the examinees had levels of neuropsy-
chological stability of average and above average —
49.2%: 42.4% — average level, 6.8% — above average,
p<0.5.

A survey of physicians in the model group showed that
most of them (87.8%) believe that not every physician can
effectively perform their professional functions in extreme
conditions. At the same time, 56,7% of respondents noted
that in order to work in such conditions a doctor must have
specific personal qualities, and 47,8% of respondents be-
lieved that such qualities are formed as a result of profes-
sional training. Of interest is the fact that the doctors in the
model group almost unanimously denied a gender ap-
proach to the problem in question. Thus, to the question



Медицина катастроф №1•2022 47

"Do you think that female doctors are more sensitive to stress
and therefore less prepared to work in extreme conditions?"
89.2% of respondents chose the answer options "no" and
"more likely no than yes." Physicians were also unanimous
in recognizing the advisability of socio-psychological mon-
itoring of professional activity in extreme conditions in order
to prevent and to timely diagnose psychosomatic reactions
to stress — 92.3%.

Thus, the influence of stress associated with the professional
activity of the doctor is clearly demonstrated by the high
prevalence of professional burnout syndrome noted in mod-
ern studies. Its symptomatology and severity characterizes
the influence of stress on the realization of the professional
role — from "compassion fatigue" to "cynical attitude towards
patients". Currently, physicians themselves note the influ-
ence of an additional stressor caused by the spread of coro-
navirus infection. In this connection, an important element in
improving the quality of medical care in the current realities
is the diagnosis of doctors' preparedness for professional ac-
tivity in extreme conditions.

Our study has shown that doctors choose their professional
field in accordance with their personal characteristics. In the
model group of doctors, whose activity is associated with
higher neuro-emotional stress, individuals with a high level
of neuro-psychological stability and less often individuals
with high levels of rigidity, exhibiting excessive emotional im-
pressionability and inability to self-regulate under stressful
conditions are observed more frequently.

At the same time, in the model group there were observed
from 8.5 to 32.7% of persons with personality traits indica-
tors that do not meet the requirements for the implementation
of the professional role in extreme conditions, which allows

to predict an increase in the number of doctors with profes-
sional burnout syndrome and other signs of professional
maladaptation in pandemic conditions.

To detect COVID-19 stress, a Stanford University-based
questionnaire with the ability to progressively fill the database
and to statistically process it online has been developed [13].
The questionnaire is the result of a collaboration with the
Stanford Department of Neurosurgery and the Stanford De-
partment of Psychiatry; the development team was led by Dr.
Maheoo Mausoof Adamson. The developers stated the
purpose of the survey was to measure stress levels during the
pandemic, with the ability to describe them according to lo-
cation, gender, income, occupation and other factors —
homeschooling, full-time remote work, social distancing,
etc. The proposed Coronavirus Anxiety Scale (CAS) is a self-
assessment psychoanalytic screening of dysfunctional anx-
iety associated with the spread of coronavirus, identifying
symptoms that may require further assessment or treatment.
A separate block of questions is related to professional ac-
tivity, which suggests the emergence of data on the impact
of the stress on the professional group of doctors as well, tak-
ing into account a number of socially conditioned criteria.

Conclusion 
1. The authors consider, that for increase of efficiency of

medical aid rendering in the conditions of pandemic, the psy-
chodiagnostic techniques allowing to estimate both resist-
ance to stress and readiness for work under stress are in great
demand.

2. The application of the techniques considered in our work
will make it possible to screen doctors for work in the "red
zone", which is especially relevant in the case of the pre-
dicted second wave of coronavirus infection.
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MODERN POSSIBILITIES OF CORRECTION OF CIRCADIAN RHYTHM DISORDERS
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Abstract. The aim of the study is to systematize data on modern opportunities for correction of circadian rhythm dis-
orders.
Materials and research methods. The domestic and foreign literature on the prevention and treatment of desyn-
chronosis was analyzed. The search was performed using electronic databases MEDLINE, Embase, Scopus, Web of
Science, and eLIBRARY for 2012-2021. The keywords "desynchronosis", "treatment", "prevention" and their combi-
nations were used for the search.
Research results and their analysis. The results of the research showed that the following methods of correction of cir-
cadian rhythm disturbances are currently available: diet, taking melatonin, changing sleep regime, changing physi-
cal activity schedule. It was noted that when forming an optimal training schedule, it is important to take into account
the chronotype of the athlete. Exogenous melatonin can be used to normalize sleep, but turning off artificial light 1.5-
2 hours before sleep and not eating at night is considered a better option. This approach will allow the athlete to max-
imize his/her potential, to achieve better athletic performance and to prevent desynchronosis.
Key words: athletes, chronotype, circadian rhythms, correction, desynchronosis
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Резюме. Цель исследования – систематизация данных о современных возможностях коррекции нарушений
циркадных ритмов.
Материалы и методы исследования. Проанализированы данные отечественной и зарубежной литературы о
профилактике и лечении десинхронозов. Поиск проводился с использованием электронных баз данных MED-
LINE, Embase, Scopus, Web of Science, eLIBRARY за 2012–2021 гг. Для поиска использовались ключевые сло-
ва «десинхроноз», «лечение», «профилактика» и их сочетания.
Результаты исследования и их анализ. Результаты исследования показали, что в настоящее время существуют
следующие методы коррекции нарушений циркадных ритмов: диета, прием мелатонина, изменение режима
сна, изменение графика физической активности. Отмечено, что при формировании оптимального трениро-
вочного графика важно учитывать хронотип спортсмена. Для нормализации сна допустимо применять экзо-
генный мелатонин, но более оптимальным вариантом считается выключение искусственного освещения за
1,5–2 ч до сна и отказ от приема пищи в ночное время. Данный подход позволит спортсмену максимально
эффективно использовать свой потенциал, добиться более высоких спортивных результатов и предотвратит
развитие у него десинхроноза.
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Circadian rhythms (from the Latin words circa, "about,
around" and dies, "day") are systematically repeated
changes in various biological processes in the human body
associated with the changing times of the day. Many cir-
cadian rhythms have been identified, including the rhythms
of internal body temperature, rhythms of cortisol and mela-
tonin secretion, sleep and wakefulness cycles [1]. In all
mammals, the part of the nervous system responsible for the
organization of circadian behavior is located in a paired
structure in the hypothalamus known as the suprachias-
matic nuclei (SCN). The suprachiasmatic nuclei are con-
sidered to be the main regulator coordinating circadian
rhythms. Information about daylight hours is transmitted
from the subcortical center via the retinohypothalamic path-
way directly to the SCN [2]. The received information is in-
tegrated by the brain, which changes the activity of its neu-
rons and forms neural and humoral signals for the whole or-
ganism. Thus, SCNs influence other body systems like a
clockwork mechanism [3].

Nowadays, especially in an urban environment, humans
are subjected to a chaotic life rhythm, which leads to a de-
terioration in the quality of sleep and daytime activity. In peo-
ple who work at night or frequently travel in different time
zones, disturbances in the rhythm of sleep and wakefulness
lead to a conflict between the circadian system and the sig-
nals received from the environment [4, 5]. At the same time,
a balanced circadian organization is necessary to prepare
the body for daytime activity and requires a well-coordinated
synchronization with the day-night cycle. Epidemiological
and experimental studies show that constant exposure to fac-
tors that cause circadian rhythm disruption increases the risk
of metabolic, cardiovascular and cancer diseases [5].

Thus, the influence of desynchronosis on the human or-
ganism is exclusively negative. At the same time, it can be ar-
gued that in the future, the deleterious effects of circadian
rhythm disturbances caused by frequent time zone changes
and unbalanced lifestyle will become more widespread.
Therefore, it is currently very relevant to consider the need for
pharmacological and non-pharmacological correction of cir-
cadian rhythm disturbances. This issue is particularly relevant
for athletes, because the state of desynchronosis can reduce
the effectiveness of training and ultimately affect athletic
performance.

Chronotypes
Because many people have a certain similarity and reg-

ularity in the functioning of biorhythms, several so-called
chronotypes have been identified. A discrepancy between
training timetable and an athlete's chronotype can lead to a
chronic state of desynchronosis. In this case a decrease in
performance, poor well-being, headache and bad mood
can be observed. In this connection, it is important to consider
the issue of circadian typology.

A chronotype is an expression of circadian activity in a per-
son. Three categories of chronotypes have been defined: the

morning type (M-type), the evening type (E-type), and the
intermediate type (N-type), which does not belong to the first
two. While the M-type shows a peak of activity of a person's
psychophysiological parameters mainly in the morning
hours, the E-type is characterized by a peak of activity in the
evening, the N-type is something in between the M and E-
types [6]. Thus, a chronotype is a characteristic predisposi-
tion of a person to morning or evening activity, usually as-
sessed with the help of questionnaires. The most commonly
used questionnaire is the Morningness-Eveningness Ques-
tionnaire — MEQ [7].

Studies have shown that exogenous, endogenous and
psychobiological (lifestyle) factors simultaneously influence
fluctuations in daily performance. Body temperature is con-
sidered to be an endogenous indicator of the human circa-
dian rhythm. There is a connection between body tempera-
ture and sports performance: increased body temperature
contributes to more intensive use of carbohydrates and fa-
cilitates muscle fiber contraction mechanism during physical
activity, which in its turn increases an athlete's performance
[8]. An important endogenous indicator of circadian rhythm
is also cortisol, whose peak concentration is observed in the
early morning hours. This substance is considered a marker
of psychophysiological stress and is associated with a de-
crease in athletic performance [9].

In different chronotypes, the time of reaching the maximum
values of oral temperature and cortisol levels differs. E-types
were found to have a maximum serum cortisol concentration
on average 55 min later, and maximum body temperature
values 2 h later than M-types. In addition, M-types show an
increase in serum melatonin concentration about 3 h earli-
er than E-types. Consequently, M-types tend to wake up and
to go to bed earlier than other chronotypes. It is important to
note here that age and gender have a significant effect on
chronotype: women and the elderly demonstrate a strong
predisposition to morning type activity compared to young
people [10]. There is also evidence that M-type athletes feel
better when they perform submaximal exercise in the morn-
ing, while E-type athletes expend more effort to achieve the
same results in the morning hours [11,12].

Based on the above, it should be emphasized that the
determination of an athlete's chronotype can be crucial for
the design of effective training programs and the preven-
tion of desynchronosis. It is necessary to take into account
the activity features of each type: M-types are most active
in the morning; E-types in the evening; N-types in the mid-
dle of the day.

Nutrition and desynchronosis
In addition to preparing the body for daytime activity, the

circadian system regulates eating behavior. The rate of peri-
stalsis and motility of the human gastrointestinal (GI) tract
peaks in the morning hours. Experimental studies have shown
that during wakefulness a certain type of bile acid and pro-
tein transporter secretion optimizes digestive functions [5].
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It has also been found that diurnal rhythms of the human gut
microbiota improve energy metabolism during the active
phase of wakefulness and promote detoxification during
the sleep phase [5, 13]. Thus, eating during daylight hours
is most optimal. However, with the proliferation of artificial
light, people have deviated from the original eating regimen
only during daylight hours. It has been shown that food in-
take that does not coincide with natural circadian rhythms
negatively affects human health. In particular, disruption of
the normal sleep-wake cycle and eating at night have been
associated with an increased risk of obesity and metabolic
syndrome [5].

Based on the data on the variability of the functional state
of the gastrointestinal tract during the day and the influence
of meal timing on circadian rhythms, diets potentially effec-
tive for the treatment of desynchronosis have been pro-
posed. In particular, a study was conducted on the Argonne
diet, which can be used when traveling to another time
zone and is based on a diet based on the principle: PIR —
fasting — PIR — fasting [14]. Four days before the day of ar-
rival at the destination, the diet begins according to the fol-
lowing pattern. The first day is PIR: on this day breakfast and
lunch should be rich and high in protein, and dinner should
be high in carbohydrates. The second day is a FAST, light
meals, low-carbohydrate foods. The third day is FAST again.
The fourth day is a FAST, which continues until breakfast at
the destination. All four days alcohol intake is prohibited.
High-protein breakfasts and lunches stimulate an active
physical waking cycle, providing a burst of strength and en-
ergy, while high-carbohydrate dinners induce sleep [15].
Light unloading days of "fasting" help restore the biological
digestive clock, adapting it to the conditions of the new en-
vironment even before arriving in the new time zone.

Another way to restructure circadian rhythms of nutrition
is to use the technique of time-restricted feeding (TRF)[16].
The essence of the method consists in fasting intervals, so-
called "food windows" between meals. The duration of a
food window is 4-10 hours. The general theory behind TRF
is that the diet mimics natural eating patterns based on cir-
cadian rhythms. Applying TRF in humans results in eating dur-
ing daylight hours, when the body is in an active waking
state, and not eating at a time when the body is preparing
for sleep. The results suggest that the use of this diet reduces
the risk of weight gain, increases blood lipoprotein levels,
provides optimal glucose homeostasis, and promotes faster
adaptation to a new time zone [13]. In contrast, disruption
of diet and eating at night have a disruptive effect on circa-
dian synchronicity and alter metabolism [17]. Although the
relationship between circadian rhythms and metabolism
and nutrition still requires further study, it would not be in-
correct to state that there is a close relationship between bio-
rhythms and diet.

Thus, in order to adapt more quickly and adjust circadian
rhythms to the new regime, one can use a change of habit-
ual diet. This can be done either in advance of the planned
trip, or immediately after the flight. Using a diet accelerates
adaptation to a new time zone, prevents circadian desyn-
chronization, and has a favorable effect on the metabolism.

Sleep as a criterion for biorhythm optimization
Sleep is the most important function of the body, provid-

ing rest and recovery for the entire body. Athletes often have
strict training schedules and business trips with a change of
time zones, which against the background of mental stress
can have a negative impact on the quality and duration of

sleep [18]. Also the frequent use of electronic devices con-
tributes, as many of those devices are capable of increasing
nighttime light levels. Some of these devices emit mono-
chromatic blue light (λ max, 460-480 nm), to which light-
sensitive retinal ganglion cells are particularly sensitive. Ex-
posure to such light suppresses melatonin production at
night [19]. As a result, even low light levels at night delay the
onset of sleep, which leads to a worsening of morning well-
being in the form of drowsiness and lethargy.

Most adults require 6-8 hours of sleep per night, while ath-
letes may require more. Inadequate sleep in the general pop-
ulation is associated with many negative health outcomes,
including neurocognitive, metabolic, immunological, and
cardiovascular dysfunction [19]. Sleep disturbance also
negatively affects growth hormone and cortisol secretion. It
was found that when the circadian rhythm is disturbed and
the total duration of sleep is reduced, cortisol levels in-
crease, which leads to the predominance of catabolic
processes in the body over anabolic ones [20]. Conse-
quently, athletes who maintained an adequate sleep regimen
prior to competition are likely to have an advantage in terms
of maximal performance. Increased sleep duration in athletes
improves sprint times, accuracy of serve when playing ten-
nis, and increased time spent training with exertion. Cogni-
tive test scores, reaction time, and attention levels also im-
prove [21].

The issue of daytime sleep also deserves attention. If an
athlete cannot get a good night's sleep, incorporating day-
time sleep into his regimen for the next 24 hours will have
a positive effect. This method is worth using when the coach
or the athlete himself is aware of the impending disruption
of full sleep due to a late return to the place of rest, travel
or flight [22].

Melatonin and Sleep
Sleep patterns are mainly regulated by light exposure

and melatonin secretion. Melatonin is a derivative of sero-
tonin and is secreted by the pineal gland, which synthesizes
and secretes melatonin constantly, but most intensively at
night. This process peaks between 2:00 and 4:00 a.m. and
is followed by a gradual decrease in secretion. Melatonin
has a sedative effect and promotes sleep, which is due to its
action on the suprachiasmal nuclei of the hypothalamus. In
addition, melatonin causes a hypothermic effect, reducing
the temperature of the internal environment of the body,
has an antioxidant and immunomodulatory effect [23].

The use of exogenous melatonin has been found to be ef-
fective for the prevention and treatment of circadian rhythm
disturbances after crossing several time zones. This drug
acts as a chronobiotic and can shorten the time needed to
restore one's own circadian rhythms after traveling. Mela-
tonin is recommended when crossing 5 or more time zones.
In particularly predisposed individuals, it can be used when
crossing time zones. Recommended two to four doses are
0.5 to 5 mg. Higher doses have not been shown to be ef-
fective in adapting to a new time zone, but have been more
effective as a sleeping aid [24].

In addition to melatonin, benzodiazepine-type medica-
tions can be used, but there is a high risk of side effects such
as daytime lethargy, somnolence, and development of drug
dependence [25]. Since these side effects can reduce the ef-
fectiveness of the training process and affect the sports results,
the use of these drugs in athletes is limited.

Thus, desynchronosis is a rather urgent problem in the
modern world. This problem is especially serious for athletes.
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In this regard, making an optimal training schedule taking
into account your chronotype is the main method of pre-
venting chronic desynchronosis. It is also important to stick to
a healthy diet and to get enough sleep. Athletes are allowed
to use exogenous melatonin to normalize sleep, but elimi-

nation of artificial light 1.5-2 hours before sleep and avoid-
ing meals at night are considered more optimal. The above
measures will improve athletic performance, increase train-
ing efficiency, and prevent the development of desyn-
chronosis.
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И ХРОМКОБАЛЬТОВЫХ ШТИФТОВЫХ ВКЛАДОК ПРИ ЗАМЕЩЕНИИ

ПОСТТРАВМАТИЧЕСКИХ ДЕФЕКТОВ ЗУБА
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Резюме. Цель исследования – биомеханическое обоснование восстановления разрушенной вследствие травмы коронки
зуба с использованием керамических штифтовых вкладок.
Материалы и методы исследования. В целях экспериментального сравнения прочности штифтовых вкладок, корня зуба и
керамической коронки в зависимости от материала вкладок проведено трехмерное математическое моделирование
напряженно-деформированного состояния (НДС) штифтовой конструкции с использованием метода конечно-элементного
анализа. Физико-механические свойства и размер однокорневого зуба с разрушенной коронкой (верхний центральный
резец), керамической коронки и штифтовой вкладки из хромкобальтового сплава, титана или керамики соответствовали
естественным. Расчеты проводились с использованием свойств как девитального, так и интактного зуба. Моделировались
ситуации ранних сроков эксплуатации штифтовой конструкции с плотным контактом корня, вкладки и коронки, а также воз-
можного разрушения кариесом тканей зуба по краю коронки в отдаленные сроки эксплуатации конструкции.
Функциональная нагрузка 150Н прилагалась к двум зонам: режущему краю и верхней трети нёбной поверхности корон-
ки на штифтовых вкладках с изменением направления нагрузки от 0 до 90°.
Результаты исследования и их анализ. По данным математического моделирования функциональной нагрузки, прочность
штифтовой конструкции, замещающей посттравматический дефект зуба, достаточна при использовании как металличе-
ских, так и керамических штифтовых вкладок; изменение физико-механических свойств зуба с увеличением времени от
момента девитализации повышает напряжение в керамической коронке, а разрушение корня по краю коронки вызывает в
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BIOMECHANICAL COMPARISON OF CERAMIC, TITANIUM AND CHROME COBALT POST INLAYS
IN POST-TRAUMATIC DENTAL DEFECTS REPAIR
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Abstract. The aim of the study is the biomechanical substantiation of restoration of tooth crowns destroyed due to trauma using
ceramic post inlays.
Materials and research methods. In order to experimentally compare the strength of pin inlays, tooth root and ceramic crown
depending on the material of the inlays, three-dimensional mathematical modeling of the stress-strain state of the pin structure using
the method of finite element analysis was carried out. The physical and mechanical properties and size of a single-rooted tooth
with a fractured crown (upper central incisor), a ceramic crown and a peg inlay made of a chrome-cobalt alloy, titanium or ceram-
ics corresponded to the natural ones. Calculations were performed using the properties of both the devital and the intact tooth.
Situations of early operation of the post construction with close contact of the root, inlay, and crown, as well as possible decay of
tooth tissues along the edge of the crown in the long-term operation of the construction were simulated. A functional load of 150N
was applied to two areas: the incisal edge and the upper third of the palatal surface of the crown on post inlays with a change in
load direction from 0 to 90°.
Research results and their analysis. According to the data of mathematical modeling of functional load, the strength of a post-trau-
matic tooth defect replacement is sufficient when using both metal and ceramic post inlays; changes in physical and mechanical
properties of the tooth with increasing time from the moment of devitalization increase stress in the ceramic crown, and root failure
along the edge of the crown causes the ultimate stress at a horizontal shift of load direction.
The biomechanical rationale allows: in case of complete destruction of the crown part of the tooth — to recommend milled dowel
ceramic inlays as a support of metal-free artificial crowns; to stick to the technology of their fixation in the root canal and of the
fixation of crowns to the inlays; to ensure a strict dispensary of patients with a ceramic crown on milled dowel ceramic inlay to
detect and to eliminate tooth root caries in the long term; to provide direction of functional load within 30° from the axis of the
restored tooth during prosthetics.
Key words: ceramics, chrome-cobalt, mathematical modeling, post inlays, post-traumatic tooth defects, stress-strain state
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Рис. 1. Модель штифтовой конструкции при замещении по-
сттравматического дефекта зуба
Fig. 1. Model of a pin construction for the replacement of a post-
traumatic tooth defect
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Research relevance. The elimination of medical, sani-
tary and other consequences of emergency situations is
associated with a significant stressogenic impact on those
who take part in it (disaster medicine specialists, rescuers,
workers of rescue units, etc.). This impact is manifested, in
particular, in hypertonus of the muscles of the maxillofacial
area and in increased strength and duration of the occlusal
load on the teeth. Under these conditions, in the presence
of extensive carious cavities, crown restoration with light-
curing composites is ineffective and short-lived. In this case
there is often a loss of fillings and chipping of dental hard
tissue, which is associated with the lack of strength of light-
curing composites, as well as the brittleness of the enamel
of the remaining tissues of the tooth. In addition, adhesive
bonding with bonding materials is not sufficient to retain
large fillings. The high occlusal load on the filled teeth due
to muscle hypertonicity aggravates these problems in liq-
uidators of accidents and disasters.

In these cases the application of methods of orthopedic
dentistry is required. Significant defects of the crown of
teeth in orthopedic dentistry are restored by post inlays as
supports of artificial crowns [1-7]. The vast majority of post
inlays are made using casting of chromium-cobalt alloys;
titanium and gold alloys are used much less frequently.

Metal inlays are adequate to the metal-ceramic crowns
that cover them, but reduce the aesthetic results of ceramic
crowns. Empress pressed or CAD/CAM milled dioxide-zir-
conia frameworks, ceramic crowns are gradually replac-
ing metal-ceramic crowns among prosthetic replacements
[7-12].

In this regard, milled ceramic post inlays are of interest,
but the biomechanical substantiation of such inlays is cur-
rently insufficient [13].

The aim of the study was to provide a biomechanical
justification for the restoration of a tooth crown destroyed
due to trauma using ceramic post inlays.

Materials and methods of research. In order to
experimentally compare the strength of pin inlays, tooth
root and ceramic crown depending on the material of the
inlays, three-dimensional mathematical modeling of the
stress-strain state of the pin structure using the method of

finite element analysis and Solid Works program [14, 15].
The physical and mechanical properties and size of a sin-
gle-rooted tooth with a fractured crown (upper central inci-
sor), ceramic crown, and pin inlay made of a chrome-
cobalt alloy, titanium, or ceramic corresponded to the
natural ones (Fig. 1, Table 1). Calculations were per-
formed using the properties of both the devitalized and
intact tooth, in the latter case to simulate the situation of the
functioning of the post structure in the early period after
tooth devitalization. Tooth devitalization — removal of the
tooth pulp — is always performed after a tooth trauma with
a fractured crown; over time, the physical and mechanical
properties of the remaining tooth root tissues deteriorate.

Situations of early operation of the post construction with
close contact of the root, inlay, and crown were simulated,
as well as possible destruction of tooth tissues by caries on
the edge of the crown in the long term operation of the con-
struction. A functional load of 150N was applied to two
areas: the incisal edge and the upper third of the palatal
surface of the crown on post inlays with a change in load
direction from 0 to 90°.

Maximum stress (MPa) was reflected in the graphs for all
situations of modeling the stress-strain state (SSS) of a tooth
with posttraumatic defect replaced by a crown on a post
inlay (Fig. 2).

нем предельное напряжение при горизонтальном смещении направления нагрузки.
Биомеханическое обоснование позволяет: при полном разрушении коронковой части зуба – рекомендовать в качестве
опоры безметалловых искусственных коронок фрезерованные штифтовые керамические вкладки; соблюдать технологию
их фиксации в корневом канале и коронок – к вкладкам; проводить строгую диспансеризацию пациентов с керамической
коронкой на фрезерованной штифтовой керамической вкладке для выявления и устранения кариеса корня зуба в отдален-
ные сроки; обеспечивать при протезировании направление функциональной нагрузки в пределах 30° от оси восстанавли-
ваемого зуба.
Ключевые слова: керамика, математическое моделирование, напряженно-деформированное состояние, посттравматиче-
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Those differences were considered statistically significant
if the probability of error in deviating from the null hypoth-
esis did not exceed 5%, p<0.05. Arithmetic mean (M) and
standard deviation (SD) as (M±SD) were used to record
numerical values.

Results of the study and their analysis. Mathematical
modeling has shown the dependence of the SSS in the peg
construction (tooth root, peg inlay, ceramic crown): on the
material of the peg inlay; the presence of tight contact of
the artificial crown with the tooth root; on the direction of
the load, as well as on the time elapsed since the tooth
devitalization, affecting the physical and mechanical prop-
erties of the root dentin.

Under standard conditions, the maximum stress in the
metal inlay (149.876 MPa under horizontal loading;
24.611 MPa under vertical loading) was far from the
strength limit of chromocobalt when using the chromo-
cobalt post inlay (Table 2, Fig. 3). In the tooth root, the
stress approached the strength limit: when the incisal edge
was loaded at an angle of more than 30° (from 26.332
MPa at 30° to 50.515 MPa at 90°); when the palatal sur-
face was loaded at an angle of more than 45° (from
27.498 MPa at 45° to 41.430 MPa at 90°). In the artifi-
cial crown, maximum stress above the strength limit
appeared: when the incisal edge was loaded at an angle
of more than 45° (from 311.196 MPa — at 45° to
436.003 MPa — at 90°); when the palatal surface was
loaded at an angle of more than 60° (from 298.534 MPa
— at 60° to 360.323 MPa — at 90�).

The same patterns were repeated when using a titanium
post inlay.

When a milled ceramic inlay was used as a support for
the artificial crown, no critical stress was detected in the
inlay itself (from 11.343 MPa for vertical loading of the
incisal edge of the crown to 65.982 MPa for horizontal
loading; from 15.177 MPa for vertical loading of the
palatal surface of the crown to 56.309 MPa for horizontal
loading). In the tooth root, the ultimate stress was detected:
with a load of more than 30° of the incisal edge (from
26.030 MPa — at 30° to 48.940 MPa — at 90°); with a
palatal surface load — with a load direction more than
45° (from 27.084 MPa — at 45° to 40.061 MPa — at
90°). In the artificial crown, the maximum stress in the
incisal edge or palatal surface loading was detected: in the
loading angle more than 45° (from 309.942 MPa — at
45° to 439.857 MPa — at 90°); in the loading angle
more than 60° (from 296.980 MPa - at 60° to 363.457
MPa - at 90°).

In the pin loading situation, no marginal stress was
detected in the VAT of pin inlays and artificial crowns a
short time after devitalization of the tooth; in the tooth root,
marginal stress was detected with chrome-cobalt and tita-
nium inlays at the same load directions as the dentin mod-
el, with a longer time after devitalization, and marginal
stress in the dentin developed later when ceramic inlays
were used: at 45° loading of the incisal edge and 60°
loading of the palatal surface of the crown.

According to the data of mathematical modeling of the
post construction, when the contact of the crown edge with
the root of the tooth is disturbed due to root caries, there is
a strong increase in stress in the post inlays themselves — up
to the ultimate stress of 709.505 MPa in the chrome-cobalt

Рис. 2. Графики напряжения (МПа) в керамической вкладке (а), ден-
тине корня (б), керамической коронке (в) при нагрузке режущего
края штифтовой конструкции в ранние и отдаленные сроки после де-
витализации (Vital и Non-Vital)
Fig. 2. Graphs of stresses (MPa) in the ceramic insert (a), root dentin (b),
ceramic crown (c) under the loading of the incisal edge of the post con-
struction in the early and long term after devitalization (Vital and Non-Vital)
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inlay at 75° load direction of the incisal edge of the crown.
In ceramic crowns — irrespective of the pin inlay material —
the stress is considerably reduced. At the same time, the
stress in the tooth root increases: when the vertical load is
displaced by 15°, the ultimate stress when the load is
applied to both the incisal edge and the palatal surface is
recorded: with chrome-cobalt inlay — 26.683 and 19.005
MPa respectively; with titanium inlay — 30.555 and
20.946 MPa respectively; with ceramic inlay — 38.355
and 25.351 MPa respectively.

Thus, tooth devitalization followed by the fabrication of
a ceramic crown on a post support does not cause ultimate
stress in the crown and post support regardless of its mate-
rial — chrome-cobalt, titanium or ceramic; in dentin ulti-
mate stress appears when the incisal edge is loaded at 30°

and the palatal surface at 45°. The stress in inlays does not
change with increasing time from tooth devitalization; it
decreases 1.5-3 times in dentin — with a corresponding
decrease in tooth strength and increases up to two times in
a ceramic crown. Fracture of a devitalized tooth with an
inlay on the crown margin, especially after a long period of
time, significantly reduces the stress in the crown, but
increases the stress in the inlays and — especially — in the
dentin, in which the strength limit appears at 15-30° of the
incisal edge and the palatal slope of the crown.

Conclusion
1. According to the data of mathematical modeling of

functional load, the strength of the post-traumatic tooth
defect replacement is sufficient when using both metal and
ceramic post inlays; the change in the physical and
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mechanical properties of the tooth with increasing time
from the moment of devitalization increases the stress in the
ceramic crown, and the root destruction along the edge of
the crown causes a limit stress in it when the load direction
is shifted horizontally.

2. In case of complete destruction of the crown part of
the tooth the biomechanical justification allows to recom-
mend milled post ceramic inlays as a support of metal-free

artificial crowns. At the same time it is necessary to strictly
observe the technology of their fixation in the root canal
and fixation of crowns to the inlays. As the lifetime of the
ceramic crown on a milled ceramic inlay increases, a strict
follow-up examination is required to identify and eliminate
tooth root caries. When fabricating a milled dowel-
retained ceramic crown, the direction of the functional load
must be within 30° of the axis of the tooth to be restored.

Рис. 3. Сравнение максимального напряжения в компонентах штифтовой конструкции в зависимости от материала штифто-
вой вкладки, сроков от момента девитализации зуба и целостности тканей корня: а – вертикальная нагрузка, режущий край;
б – 90º, режущий край; в –  вертикальная нагрузка, нёбная поверхность; г – 90º, нёбная поверхность
Fig. 3. Comparison of the maximum stresses in the components of the pin structure, depending on the material of the pin inlay, the tim-
ing of the devitalization of the tooth and the integrity of the root tissue: a) vertical load, cutting edge; b) 90º, cutting edge; c) vertical
load, palatal surface; d) 90º, palatal surface
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Резюме. Медико-психологические сопровождение профессиональной деятельности пожарных не учитывает их хрониче-
ского отравления токсичными продуктами горения. Такие диагнозы сотрудникам Государственной противопожарной служ-
бы Федеральной противопожарной службы (ГПС ФПС) МЧС России ставятся только при острых отравлениях. Недостаточное
внимание, уделяемое воздействию токсикантов, специфических для пожаров, в том числе диоксинов, не позволяет свое-
временно выявлять нарушения регуляции физиологических систем организма пожарных, что приводит к возникновению бо-
лезней.
Цель исследования – определить влияние диоксинов на состояние микробиоты. 
Материалы и методы исследования. В исследовании участвовали 246 пациентов – мужчин, из них 121 – сотрудники ГПС
ФПС МЧС России; 125 – гражданские лица и спасатели МЧС России.

https://doi.org/10.33266/2070-1004-2022-1-59-65 Оригинальная статья
УДК 614.841:616.84:616.36 © ФМБЦ им.А.И.Бурназяна

ВЛИЯНИЕ ТОКСИЧНЫХ ПРОДУКТОВ ГОРЕНИЯ НА СОСТОЯНИЕ 
МИКРОБИОТЫ КИШЕЧНИКА У ПОЖАРНЫХ В ПАТОГЕНЕЗЕ НЕАЛКОГОЛЬНОЙ

ЖИРОВОЙ БОЛЕЗНИ ПЕЧЕНИ

В.Ю.Гацура1, К.Е.Гуманенко2, М.В.Санников3, В.Е.Крийт4, Е.Д.Пятибрат5, А.О.Пятибрат2

1 ФКУЗ «Медико-санитарная часть МВД России по г. Санкт-Петербургу и Ленинградской области», Санкт-
Петербург, Россия
2 ФГБОУ ВО «Санкт-Петербургский государственный педиатрический медицинский университет», Санкт-
Петербург, Россия
3 ФГБУ «Всероссийский центр экстренной и радиационной медицины им. А.М.Никифорова» МЧС России,
Санкт-Петербург, Россия
4 ФБУН «Северо-Западный научный центр гигиены и общественного здоровья», Санкт-Петербург, Россия
5 ФГБВОУ ВО «Военно-медицинская академия им. С.М.Кирова» Минобороны России, Санкт-Петербург,
Россия

5ttps://doi.org/10.33266/2070-1004-2022-1-59-65 Original article
UDC 614.841:616.84:616.36 © Burnasyan FMBC FMBA
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Abstract. Medical and psychological support of professional activity of firefighters does not take into account their chron-
ic poisoning by toxic products of burning. Such diagnoses are made to the firefighters of the State Fire Service of the
Federal Fire Service of EMERCOM of Russia only in case of acute poisoning. Insufficient attention paid to the impact
of fire-specific toxicants, including dioxins, does not allow timely detection of disturbances in the regulation of physi-
ological systems of firefighters’ organisms, which leads to the emergence of diseases.
The aim of the study was to determine the effect of dioxins on the state of the microbiota.
Materials and research methods. The study involved 246 male patients, of whom 121 were employees of the State Fire Serv-
ice of the Federal Fire Service of EMERCOM of Russia and 125 were civilians and rescuers of EMERCOM of Russia.
Research results and their analysis. The data obtained in the study of the blood microbiota by chromatography-mass
spectrometry of microbial markers indicate a pronounced intestinal dysbiosis in firefighters with non-alcoholic fatty liver
disease due to decreased number of microbial markers of the normal microbiota along with increased total number of
microbial markers and opportunistic microorganisms.
The dysbacteriosis revealed in the firefighters having no health complaints can be a predictor of liver pathology de-
velopment that testifies to necessity of control and timely correction of microecological status.
Key words: combustion products, dioxins, dysbiosis, Firefighterstoxic microbiota.
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Introduction
The professional activity of firefighters in conditions of

extreme influence of physical, chemical and psychophysi-
ological factors of fires is one of the most dangerous kinds
of activity.

The urgency of revealing the chronic intoxication by sub-
stances with cumulative effect is determined by the lack of
registration in the system of Russian Ministry of Emergency
Situations the duration of the influence of toxic products of
burning on the organism of firemen. Substances with a high
cumulative effect and a very long elimination period
include persistent organic pollutants, among which there
are dioxins and dioxin-like substances [1]. Analysis of the
morbidity of firefighters, presented by the scientific depart-
ment "Medical registry of the Ministry of Emergency
Situations of Russia" of the All-Russian Center of
Emergency and Radiation Medicine named after A.M.
Nikiforov of EMERCOM of Russia, testifies that the struc-
ture of morbidity of firefighters differs from the average val-
ues in the population.

Thus, in contrast to population data, where cardiovascu-
lar diseases prevail, firefighters face mostly diseases of the
gastrointestinal tract (GIT), a quarter of which accounts for
non-alcoholic fatty liver disease (NAFLD).

Liver damage, manifested by its fatty degeneration, is one
of the main manifestations of intoxication and is accompa-
nied, as a rule, by disorders of fat-soluble vitamin metabo-
lism, porphyrin metabolism and insulin regulation [2].

Despite the fact that dioxins (even in extremely low con-
centrations) have a negative impact on metabolic process-
es, mechanisms of intoxication in firefighters are poorly
studied. In chronic poisoning by dioxins there is a mutual
aggravation of interaction between intestinal microbiota
and immune system[3-5].

Y.I. Chernyak noted that cellular enzymatic disorders
associated with the activation of detoxification enzymes of
such xenobiotics as cytochrome CYP1A2 through aryl
hydrocarbon receptor complex with dioxins can lead to
disruption of hepatocyte metabolism [6]. One of the mech-
anisms of gut microbiota composition disorders are
changes in the process of synthesis and excretion of bile
components, which lead to disorders of internal organ
function and microbiota composition. Currently, increased
interest in the role of the microbiota in the formation of var-

ious pathologies is due to the widespread introduction of
innovative molecular genetic DNA sequencing technolo-
gies that allow to identify numerous bacterial species that
cannot be cultivated [7].

The aim of the study was to investigate the complex
effect of persistent organic pollutants, component of toxic
products of combustion, on the organism of firefighters dur-
ing firefighting; to analyze the peculiarities of liver diseases
formation in persons of this contingent.

Materials and methods of the study. The study cov-
ered 246 male patients, including 121 state fire-fighting
service personnel of the Federal Fire-Fighting Service of the
Russian Ministry of Emergency Situations and 125 civilian
rescuers of the Russian Ministry of Emergency Situations
(hereafter, "civilians"). The age of the subjects was 31-46
years; mean age was (38.5±7.5) years. All employees of
the state fire-fighting service of the Russian Ministry of
Emergency Situations had at least 5 years of work experi-
ence in firefighting. None of the civilians were exposed to
toxic products of combustion. The groups of Russian EMER-
COM personnel and civilians were divided into persons suf-
fering from nonalcoholic fatty liver disease (128), including
63 EMERCOM of Russia and 65 persons of other profes-
sions, and those without NAFL (118), including 58 EMER-
COM of Russia and 60 persons of other professions.

Based on the blood lipid dioxin concentration estimation
the firefighters were divided into 3 groups: Group 1 con-
sisted of 41 people with blood lipid dioxin concentration
under 100 pg/g; Group 2 consisted of 37 people with
lipid concentration from 101 to 350 pg/g; Group 3 con-
sisted of 43 people with lipid concentration over 350
pg/g. The control group consisted of 125 people with
blood lipid dioxin concentrations below 55 pg/g lipids. In
36% of the observed firefighters, blood lipid dioxin con-
centrations exceeded 350 pg/g lipids. Twenty-five per-
cent of firefighters with NAFL had dioxin concentrations
above 350 pg/g lipids; 14% had 101 to 350 pg/g
lipids; and 11% of firefighters with NAFL had less than 100
pg/g lipids.

For reference: pg (picogram) is 10-12 grams, i.e., 350
pg of dioxins in 1 g of lipids

Dysbiosis, diagnosed in accordance with OST
91500.11.0004-2003, was determined in 104 firefighters
(86%), of which 52% were firefighters with a concentration
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mostat heating rate 7 °C/min in the range 135-320 °C.
Delay time at initial temperature — 1.5 min. Evaporator
temperature — 250 °C, interface — 250-300 °C.

Results of the study and their analysis. The results of
the WHO-TEQ estimation of the blood serum dioxin con-
centration in lipids of the Federal Fire-fighting Service of
Russia and the control group examined show a 16-fold
increase in the blood lipid dioxin concentration in firemen
compared to the control group.

The analysis of correlation between concentration of
blood lipid dioxins and level of microbiota according to
OST 91500.11.0004-2003 shows the reduction of
concentration of normal microflora of bifidobacteria,
eubacteria and lactobacilli among firemen. The
decrease in normal microflora values depended on the
content of blood lipid dioxins. A more pronounced dys-
bacteriosis was observed in the groups with a higher
concentration of blood lipid dioxins. Along with a
decrease in the normal flora there was an increase in the
conditionally pathogenic microflora Bacteroides fragilis,
Fusobacterium/ Haemophylus, Clostridium perfringens,
Peptostreptococcus anaerobius, Enterobacteriacae (E.
coli), Staphylococcus intermedius, Bacillus cereus,
Bacillus megaterium, Mycobacterium/Candida com-
pared to firefighters with lower blood lipid dioxin con-
centration as well as control group.

Analysis of the quantitative content in the blood of micro-
bial markers of different groups of microorganisms showed a
number of significant differences in the groups examined. A
significant increase in the number of microbial markers of
aerobic or facultative gram-positive cocci was observed in
firefighters with NAFL compared to patients with NAFL of
other professions and healthy firefighters. There was a signif-
icant increase in microbial markers of aerobic or facultative
gram-positive cocci in healthy firefighters compared with
healthy individuals in other professions, and a number of
indicators exceeded the limits of reference values (Table 1).

The data presented in Table 2 indicate that the increase
in the number of microbial markers of opportunistic patho-
genic flora in firefighters is mainly due to anaerobic
microorganisms. When examining the microbiota in the
blood (adherent microbiota) in all examined firefighters
was found to increase by more than 35% the total number
of microbial markers compared with the examined persons
of other professions. At the same time the number of con-
ditionally pathogenic microflora increased by more than
2 times. Also according to a number of indicators there was

of dioxins above 350 pg/g lipids; 21% — firefighters with
a concentration from 101 to 350 pg/g lipids; 13% — fire-
fighters with a concentration of less than 100 pg/g lipids.

Exclusion criteria were: cancer, gross somatic patholo-
gy, and alcohol abuse.

To assess the state of intestinal microbiota we performed
gas chromatography-mass spectrometry (GC-MS) study of
microbial markers in blood [8]. The method is based on
quantitative determination of microbial markers (fatty acids,
aldehydes, alcohols and sterols) directly in clinical material.
This method enables the decomposition of the entire pool of
microbial markers, which allows the contribution of each of
the hundreds of species of microorganisms inhabiting differ-
ent systems and organs to be assessed.

Whole venous blood with heparin or ethylenediaminete-
traacetic acid (EDTA) was pipetted into a 1.5 ml vial with a
screw cap and Teflon-lined gasket and dried in the ther-
mostat at 80 °C with 40 µl methanol added to accelerate
drying, while the cap was removed. To the thickened sam-
ple, 400 µl of 1M hydrochloric acid (this means that 1 L of
solution contains 1 mol HCl = 36.5 g HCl) in methanol was
added, the lid was tightly screwed on, and acid methanol-
ysis was performed at 80 °C for one hour. To the cooled
reaction medium 300 ng (ng — nanograms — 10-9 grams)
of the standard, tridecanoic acid deuteromethyl ester dis-
solved in hexane, was added. The mixture was then
extracted in two 200 µl portions of hexane by shaking it on
a vortex and allowing it to stand for 5 min at room temper-
ature. The combined extract was transferred to a clean
vial, dried for 5-7 min at 80°C, and the dry residue was
treated with 20 �l of N, O-bis(trimethylsilyl)-trifluoroac-
etamide for 15 min at 80°C with the lid closed. To the
reaction mixture 80 µl of hexane was added — in this form
the sample is suitable for analysis for one week if it is her-
metically sealed and no evaporation occurs.

For the analysis, a 2 µl mixture of esters was injected into
the injector of an Agilent 7890 gas chromatograph with an
Agilent 5975C mass-selective detector (Agilent
Technologies, USA) through an automatic sample intro-
duction system (autosampler), which provides repro-
ducibility of the retention times of chromatographic peaks
and increases the accuracy of automatic data processing.
The chromatographic separation of the samples was car-
ried out on a capillary column with methyl silicone grafted
phase HP-5ms (Agilent Technologies, USA), the length of
25 m and an inner diameter of 0.25 mm; the carrier gas
was helium. Analysis mode — programmed, column ther-
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a reliable increase in conditionally pathogenic microflora
in firefighters with NAFL relative to patients of other profes-
sions. It is worth noting a reliable decrease in firefighters in
comparison with patients with NAFL and healthy other pro-
fessions, as well as a clear trend to a decrease in microbial
markers (Bifidobacterium) in healthy firefighters relative to
healthy other professions. The multidirectional changes in
the microbiota, a decrease in bifidobacteria, actino-
mycetes and, at the same time, an increase in bacteroides
and ruminococci in firefighters with NAFL in comparison
with NAFL patients from the control group, draw attention.  

The results of the evaluation of the content of microbial
markers of aerobic or facultative Gr(+) bacilli indicate that
firefighters suffering from NAFL have significantly higher
values of microbial markers of aerobic or facultative Gr(+)
bacilli compared with patients from the control group and
healthy firefighters. Noteworthy is the significant decrease
(Lactobacillus) in all firefighter groups compared to other
occupational groups (Table 3).

Evaluation of microbial markers of aerobic or facultative
Gr(-) bacilli showed a significant increase in markers of
some microorganisms (Helicobacter pylori, h 18,
Enterobacteriacae (E. coli) ) in firefighters with NAFL com-
pared to those in other occupations and increased markers

of some microorganisms (Helicobacter pylori, h 18,
Achromobacter, Enterobacteriacae (E. coli) ) compared to
sick and healthy control groups (Table 4).  

The results of the analysis of the content of microbial
markers of fungi, viruses and other microorganisms in fire-
fighters with NAFL indicate significantly higher content indi-
cators (Mycobacterium/ Candida, Streptomyces, Micr.
fungi, sitosterol) than in patients from the control group. At
the same time, the content of microbial markers in firefight-
ers with NAFL is also significantly higher than in healthy
firefighters. At the same time the indices of content of micro-
bial markers in healthy firefighters are reliably higher than
in the patients and healthy control group.

The increased viral load (Herpes) in firefighters of both
groups also draws attention (Table 5).

Table 6 shows the distribution of reduced content of nor-
mal microbiota, draws attention to the decrease in the num-
ber of microbial markers Bifidobacterium, Eubacterium/Cl.
Coocoides and Lactobacillus in the blood of firefighters
both with and without GI disease.

It was found that more than half of the firefighters with
NAFL had increased total number of microbial markers in
the blood. At the same time, the main changes in the
microbiota composition occur due to the increase of
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opportunistic-pathogenic flora against the background of
a decrease in the normal microflora.

The vast majority of firefighters with NAFL have
increased concentrations of Bacteroides fragilis,
Fusobacterium/ Haemophylus, Clostridium perfringens,
Peptostreptococcus anaerobius, Enterobacteriacae (E.
coli), Staphylococcus intermedius, Bacillus cereus, Bacillus
megaterium, Mycobacterium/ Candida.

Conclusion
The research of the blood microbiota by chromatogra-

phy-mass-spectrometry method of microbial markers testi-

fies to the presence of the expressed intestinal dysbiosis at
the examined firemen which is much more expressed at the
firemen with NAFL which is caused by the increase of the
total number of microbial markers and conditionally-path-
ogenic flora as well as the reduction of the number of
microbial markers of normal microbiota.

It is known that, in chronic liver disease, the concentration
of normal microflora, which includes bifidobacteria, bac-
teroides and lactobacilli, decreases. At the same time, the
concentration of conditionally pathogenic flora increases.
Nonalcoholic fatty liver disease is accompanied by
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changes in composition of human microflora, which is man-
ifested by deficiency of obligate microorganisms and micro-
bial insemination of small intestine, resulting in formation of
vicious circle, which supports mutual aggravation of patho-
logical changes of intestine and liver. A key link in patho-
genesis of formation of intestinal microbiota composition
disorders are changes in synthesis and excretion of bile
components, which result in dysfunction of internal organs.
At the same time excessive bacterial growth leads to
increased intake of products of bacterial life activity and
putrefaction into the blood stream, which results in distur-
bances of immune system regulation, increased cytokine
production, dysregulation of secretory immunoglobulins
(IgA), decreased phagocytic activity, changes of water and
electrolyte balance and acid-base equilibrium. Studies
have shown the ability of microorganisms to recombinant
DNA changes during their phagocytosis, which can lead to
the synthesis of specific antibodies to these DNA fragments.

Most of the mechanisms of NAFL are realized through an
increase in fat deposition and development of insulin resist-
ance (IR), which has a significant impact on the regulation
of metabolism in general. Also a number of products of
bacterial life activity have hepatotoxicity. In the pathogen-
esis of NAFL there is a theory of "two blows" — entry of
unesterified fatty acids into the hepatocyte and damage of
hepatocytes by oxidative stress. When analyzing the
pathogenesis of NAFL, it is necessary to pay special atten-
tion to the weighty contribution to the formation of pathol-
ogy of bile acids dysregulation, which play an important
role in lipid metabolism. Activation of systemic inflammato-
ry response against oxidative stress is aggravated by acti-
vation of proinflammatory cytokine synthesis by tissue
macrophages influenced by increased concentration of
bacterial lipopolysaccharides.

The results of the present study indicate that firefighters
are characterized by peculiarities in the pathogenesis of

NAFL that do not fit into the mechanisms presented in the
scientific literature. It should be taken into account that fire-
fighters are exposed to many toxic products of combustion
while performing professional tasks. One such product is
dioxins, the collective name for polychlorinated biphenyls,
which include a large number of different congeners.
Despite the fact that the main route of dioxin intake into the
human body is alimentary, their commulative properties,
high concentration and long exposure to firefighting allow
dioxins to accumulate in firefighters’ bodies.  According to
scientific publications, the metabolic activity of dioxins is
mediated through the aryl hydrocarbon receptor (AhR),
which is a metabolic regulator and is expressed on almost
all cells in the body. Through aryl receptors, dioxin affects
the regulation of glucose and lipid metabolism and modi-
fies the expression of genes regulating insulin transport and
receptor interactions in human adipose tissue, and also
affects cholesterol biosynthesis, fatty acid synthesis,
adipocyte differentiation and leptin regulation.

Thus, firefighters had a syndrome of excessive growth of
intestinal microbiota due to an increase in the number of
conditionally pathogenic flora on the background of a
decrease in the number of normal microflora. The revealed
increases and changes in the composition of the intestinal
microbiota suggest the presence of dysbiosis of the intes-
tinal wall flora in the examined firefighters, which seems to
be associated with a decrease in both general and local
immunity against the background of exposure to toxic
products of combustion, including dioxins, when perform-
ing professional tasks of firefighting. The presence of severe
dysbiosis, typical for firefighters with NAFL, significantly
complicates the course of the disease. Manifestations of
dysbiosis detected in healthy firefighters can serve as pre-
dictors of liver pathology development, which indicates the
need for monitoring and targeted correction of somatic
condition and microecological status of this contingent.
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Резюме. Цели исследования – определить устойчивость личности к воздействию стрессогенных факторов, предупредить
возможные срывы адаптации и дифференцировать стилистические нарушения реагирования от формирования искажен-
ных схем приспособительного ответа.
Материалы и методы исследования. Исследование проводилось на базе поликлиники ФКУЗ «Медико-санитарная часть
МВД России по г. Москве» в 2019–2020 гг. В группу исследования вошли 74 сотрудника подразделений МВД России по
г. Москве, страдающие расстройствами адаптации. Распределение пациентов по полу: мужчин – 23 (31%); женщин – 51
(69%); возраст пациентов – 20–45 лет; средний возраст – 35,2 года. Средняя длительность заболевания – 3–4 мес.
Результаты исследования и их анализ. Анализ результатов исследования показал:
– все элементы, характеризующие профиль приспособительного реагирования пациентов с расстройством адаптации,
оказываются в разной степени связанными как с определенными защитными механизмами, так и с аффективными состоя-
ниями. Последнее свидетельствует о том, что эти сложные и многомерные психические состояния взаимосвязаны и взаи-
мообусловлены особенностями приспособительного реагирования; 
– сформировавшийся индивидуальный профиль защитно-совладающих механизмов и предпочтительная стилистика реа-
гирования у сотрудников органов внутренних дел (ОВД) позволяют прогностически благоприятно оценивать перспективу
«успешного» приспособления лиц этой категории; 
– напряженность профессиональной деятельности и высокие повседневные трудности деятельности сотрудников ОВД
обусловливают включение приспособительных механизмов, ориентированных на стабилизацию внутриличностного
состояния, а степень переплетения связей внутри индивидуального защитного профиля тесно связана с особенностями
астенизации, тревожности и депрессивности; 
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Abstract. The objectives of the study are to determine the resistance of personality to stressogenic factors, to prevent possible adap-
tation failures and to differentiate stylistic disorders of adaptive response from the formation of distorted schemes of adaptive response.
Materials and research methods. The study was conducted on the basis of the polyclinic of the Federal Medical and Health Care
Department of the Russian Ministry of Internal Affairs in Moscow in 2019-2020. The study group included 74 employees of the
Moscow subdivisions of the Russian Ministry of Internal Affairs, suffering from adaptation disorders. Distribution of patients by sex:
men — 23 (31%); women — 51 (69%); age of patients — 20-45 years; average age — 35.2 years. Mean duration of the disease
was 3-4 months.
Research results and their analysis. Study results showed:
- all the elements characterizing the profile of adaptive response of patients with adaptive disorder turn out to be associated to vary-
ing degrees both with certain protective mechanisms and with affective states. The latter testifies to the fact that these complex and
multidimensional mental states are interconnected and interdependent with the features of the adaptive response;
- formed individual profile of protective-adaptive mechanisms and preferred response style in employees of internal affairs bodies
allow to favourably assess the prospects of "successful" adaptation of persons of this category;
- professional activity tensions and daily difficulties of employees of internal affairs bodies cause activation of adaptive mechanisms
focused on stabilization of intrapersonal state. The degree of intertwining of connections within individual protective profile is closely
connected with features of asthenization, anxiety and depressiveness;
- process of defensive mechanisms formation is determined, in particular, by individual predisposition to certain ways of regulation,
peculiarities of personal response, flexibility and stability of links formation between response variants in order to achieve effective
adaptive response.
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The comparative studies of the issues of adaptation dis-
orders (F.43.2) are rather complicated and often have
fragmentary and even contradictory character [1, 2].
Moreover, the field of "minor" psychiatry urgently requires
not only the study of psychological aspects of adaptation
in these disorders, but also a system analysis of patients'
personality aspects, which turns out to be important in the
issues of early diagnosis and psychohygienic measures [3,
4]. In this connection, the view on disorders of adaptation
from the standpoint of compensatory-adaptive mecha-
nisms is justified, which allows not only to better understand
the whole range of phenomena related to the category
"adaptation" and helps to identify a number of specific
mechanisms, as well as to study the level of their interac-
tion, which can be called adaptive [5-7].

Understanding the determining role of compensatory
mechanisms in the pathogenetic picture of the disease is
fundamental in the context of the adaptive response of indi-
viduals whose professional activities are often accompa-
nied by out-of-the-ordinary situations [8]. In this connec-
tion, the interpretation of adaptation disorders in the
framework of compensatory-adaptive processes allows to
present the problem of their early detection and treatment
in connection with the tasks of psychohygiene differently.

An attempt has been made to formulate and to present a
holistic structural-dynamic picture of adaptive reactions
disorders, determined by the complexity of compensatory-
adaptive response, which allows to analyze the stylistics
and variability of defense mechanisms from the position of
personality behavior in conditions of disease. In other
words, prediction of adaptive behavior is designed to
determine resistance of the individual to stressors, to antic-
ipate possible breakdowns of adaptation and to differenti-
ate stylistic disorders of response from the formation of dis-
torted schemes of adaptive response.

Materials and research methods. The study was con-
ducted on the basis of the Polyclinic of the Federal Clinical
Hospital of the Medical and Healthcare Unit of the
Russian Ministry of Internal Affairs in Moscow in 2019-
2020. The study group included 74 employees of the
Moscow subdivisions of the Russian Ministry of Internal
Affairs, suffering from adaptation disorders. Distribution of
patients: by sex — men 23 (31%) and women — 51
(69%); age of patients — 20-45 years, average age —
35.2 years. Average duration of the disease was 3-4
months. The study was conducted by a panel of psychia-

trists using the clinical method and the developed
Psychosocial Questionnaire. Diagnostic selection of
patients was performed on the basis of ICD-10 criteria
under heading (F. 43.2), among those who gave volun-
tary informed consent for the study. Exclusion criteria:
presence of somatic disease or refusal to participate.

The following psychological instruments were used for
the study:

1. Asthenic state scale (Malkova L.D., 1977).
2. Depression Detection Questionnaire — BDI — (Beck

A., et al., 1961).
3. Scale of personal and situational anxiety (Spielberger

C.D., 1972; Khanin Y.L., 1976). 4.
4. Plutchik-Kellerman-Conte (1979) method of evalua-

tion of psychological defense mechanisms.
5."Strategies of coping behavior" questionnaire by

Lazarus (1988).
Statistical processing of the material was performed

using SPSS-22.0 application software package. Most of
the indicators in the study group were characterized by a
normal distribution. Data evaluation was performed using
parametric Student's t-criterion. Pearson's criterion (r) was
used to identify correlation. A difference of at least p<0.05
was considered statistically significant.

Results of the study and their analysis. The study
group was divided into male and female samples, whose
socio-professional characteristics were taken into account
in further work.

Fig. 1 shows that in the study subgroups, the ratio of mar-
ried, single/unmarried, and divorced IAB officers was dif-
ferent. Obviously, the number of married men was 2.5
times more than the number of married women. At the same
time the number of divorced women was almost twice the
number of divorced men.
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Рис. 1. Семейное положение пациентов в подгруппах исследования, %
Fig. 1. Family status of patients in study subgroups, %

– процесс оформления защитных механизмов определяется, в частности,  индивидуальной предрасположенностью к тем
или иным способам регуляции, особенностями личностного реагирования, гибкостью и устойчивостью образования свя-
зей между вариантами реагирования в целях достижения эффективного приспособительного ответа.
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The number of women with an education was twice as
high as the number of men with an education, and in most
cases it was higher education (Fig. 2).

Accordingly, women were significantly more likely to
hold leadership positions (Fig. 3). It is also noteworthy that
men with higher education continued to work as privates
and junior officers because they were satisfied with their
work schedule (daily shifts, internal posts), which gave
them the opportunity to earn extra money or to leave more
time for household and domestic chores (Fig. 3).

As for a length of service, we should note the greater
proportion of women in all its stages, with the highest pro-
portion of women (30%) being in the 11-20-year stage,
which characterizes this period of service as a "turning
point" in the life of internal affairs officers and their desire
to "serve up" to retirement / pre-retirement age, to retire on
illness and in this regard ready to add to their "therapeutic
baggage" (Fig. 4).

Patients' complaints were reduced to general weakness,
increased fatigue, difficulty concentrating, unstable mood,
blood pressure fluctuations, sleepiness during the day and
difficulty falling asleep at night, and absent-mindedness. A
significant manifestation of these conditions was a distorted
sleep pattern both quantitatively (superficial intermittent
sleep with frequent awakenings) and qualitatively (no
sense of rest in the morning after awakening, difficulty
falling asleep, disturbing dreams). As the disease pro-
gressed, anxiety, joylessness increased, along with vege-
tative-somatic manifestations.

The average values of asthenic manifestations, com-
plaints of depressive state and anxiety were within the
norm (Fig. 5). It should be noted, however, that the level of
depression in both men and women corresponded to the
level of mild depression — 8.6 and 9.7 points, respective-
ly. At the same time, the level of situational anxiety in
women was higher than in men — 40.3 and 36.4 points,
respectively. Significant correlations were observed for
asthenia (r=0.227; p=0.01), depression (r=0.168;
p=0.01), personality anxiety (r=0.190; p=0.01) and situ-
ational anxiety (r=0.251; p=0.01) in women. Thus, it is evi-
dent from these data that women are more prone to asth-
enization, irritability and mood instability in the conditions
of the disease. Probably, it is not only a clinical expression
of a disease, but also serves the purpose of the adaptive
response to a difficult situation.

According to the "Strategies of coping behaviour" tech-
nique, the results obtained in the study subgroups were
within the normative interval (40-60 T-points), which indi-
cated a moderate degree of strategy preference.
However, a comparative analysis of coping strategies

revealed that men preferred "seeking social support",
"planning problem solving", "distancing", and "confronta-
tion" (Table 1). Such behavior is understood as purposeful
efforts to change the situation by seeking help, advice from
other people who have the necessary information. Taking
into account the new information, the situation and possi-
ble options and ways of solving the problem are analyzed.
Men also resort to attempts to subjectively reduce the sig-
nificance of a problematic situation by excessive rationali-
zation, shifting attention, withdrawing from it or devaluing
it. In this case, difficulties in planning one's behavior and
predicting its consequences are revealed, sometimes even
unjustified obstinacy and stubbornness.

Women are characterized by strategies of "planning a
solution to a problem" and "distancing", which indicates
their ability to purposefully analyze a situation and possi-
ble options for behavior, to develop a tactical plan of
action taking into account their life experience and objec-
tive conditions, which indicates their constructive approach
to solving difficult problems. As well as men, women resort
to attempts to subjectively lower the significance of a prob-
lem situation by way of reducing their emotional involve-
ment in it by switching their attention or treating it ironical-
ly. It should be noted that men and women have both
similarities and differences in the use of a repertoire of cop-
ing strategies. If men were more inclined to search for peo-
ple who could help them, with whom they could discuss the
problem situation and often to distance themselves from it
by excessive rationalization, detachment and lack of tar-
geting, they nevertheless planned ways to solve the prob-
lem and ways out of it. At the same time, women were
characterized by an analysis of the situation, an assess-
ment of the options for getting out of a difficult situation,
and a depreciation of its significance by reducing the
degree of emotional involvement. However, along with
this, they underestimated the significance and possibilities
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of effectively overcoming a problematic situation. An
analysis of the structure of defensive mechanisms in men
and women using the Life Style Index technique showed
the following differences: the total intensity of defensive
mechanisms did not exceed a threshold value of 50 points:
in men — (27,69±2,4) points; in women — (28,2±1,77)
points, which denotes the absence of significant unresolved
conflicts.

It is necessary to note enough "motley" picture of protec-
tive psychological mechanisms: so, for example, men gave
preference to such mechanisms, as "displacement",
"denial" and "rationalization". The justifying attitude to the
behavior, the inconsistency explained by the presence of
painful manifestations led ultimately to a kind of "flight into
illness", but there was no "pleasant conditionality and
desirability" of the disorders — on the contrary, patients
were weighed down by their condition and tried to strug-
gle with it according to their concept of illness. The suffi-
cient level of "rationalization" was combined with a low
level of disadaptive manifestations, impaired interpersonal
interaction: its activity correlated with personal maturity
and a high level of self-esteem. In an effort to suppress the
fear for their health, the patients sought help from internal
medicine doctors, underwent numerous examinations, and
received symptomatic treatment, which brought them relief
for a while.

In women, "regression", "substitution", "projection" and
"hypercompensation" mechanisms were significantly more
prevalent, which, in general, can be viewed as an infantile
attitude toward dependent behavior and receiving help
from others. At the same time, weakness of emotional-will
control can induce the personality to provoke conflict situ-
ations. This is realized through indirect aggression, and

high commitment to social norms and lack of confidence in
their own abilities does not allow them to openly show
aggressive behavior. Women were highly critical and
demanding of those around them, which allowed them to
justify their behavior and thereby cope with the feeling of
insecurity. They were characterized by over-normativity,
excessive sociality and a high desire to conform to gener-
ally accepted standards of behavior, which indicates the
suppression of aspirations that are socially disapproved of.

At the same time, the cross-cutting character of the mech-
anisms of "denial," "compensation," and "rationalization,"
preferred by patients with adaptation disorders, forming a
stable configuration, can be interpreted as a marker of
prolonged and pronounced intrapsychic conflict, as a
manifestation of a greater tension of the general level of
neurotic protective reactions. Obviously, the presence of
such a configuration of protective mechanisms reflects a
weakness of the defense system, indicating its low adapt-
ability, which complicates the awareness of intrapersonal
problems. At the same time, it is possible to specify some
features of such configuration — the presence of high criti-
cism and insistence on others allows patients to justify their
behavior and to cope with the feeling of inferiority.

The results of comparing the mechanisms of defensive
reaction in the study group indicate a rather wide range of
adaptive reactions in the conditions of the disease: the
women's preferred repertoire of defense and the degree of
its intensity allow us to conclude that they are based on a
sense of insecurity and a low degree of self-sufficiency.
Men were characterized by a distorted perception of the
surrounding reality, which allowed a more sober assess-
ment and a less painful perception of the events around
them even in the conditions of the disease.

мужчины женщины

Рис. 5. Расстройства адаптации у сотрудников ОВД, баллы
Fig. 5. Adaptation disorders in police employees, points
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Conclusions
1. All of the elements that characterize the adaptive

response profile of patients with adaptation disorder
appear, to varying degrees, to be associated with both
certain defensive mechanisms and affective states. The lat-
ter indicates that these complex and multidimensional men-
tal states are interconnected and interdependent on the
features of the adaptive response.

2. Formed individual profile of protective-cooperative
mechanisms and preferable response style in internal
affairs employees allows to assess the prospect of "suc-
cessful" adaptation of the persons of this category as prog-
nostically favorable.

3. Tension of professional activity and high daily difficul-
ties of activity of internal affairs employees cause applica-
tion of adaptive mechanisms, oriented on stabilization of
intrapersonal state, degree of intertwining of connections
within individual protective profile is closely connected with
features of asthenization, anxiety and depressiveness.

4. The process of formation of protective mechanisms, in
a sense, is determined by individual predisposition to these
or those ways of regulation, features of personal reaction,
flexibility and stability of formation of connections between
variants of reaction in order to achieve an effective adap-
tive response.



Медицина катастроф №1•2022 71

https://doi.org/10.33266/2070-1004-2022-1-71-77 Оригинальная статья
УДК 614.883 (470.25) © ФМБЦ им.А.И.Бурназяна

ОЦЕНКА ЭФФЕКТИВНОСТИ РАБОТЫ И ПЕРСПЕКТИВ РАЗВИТИЯ САНИТАРНОЙ АВИАЦИИ
В УСЛОВИЯХ МЕГАПОЛИСА НА ПРИМЕРЕ г.МОСКВЫ

С.А.Гуменюк1, С.С.Алексанин2, Н.В.Ярыгин3

1 ГБУЗ особого типа «Московский территориальный научно-практический центр медицины катастроф
Департамента здравоохранения города Москвы», Москва, Россия
2 ФГБУ «Всероссийский центр экстренной и радиационной медицины им. А.М.Никифорова» МЧС России,
Санкт-Петербург, Россия
3 ФГБУ ВО «Московский государственный медико-стоматологический университет им. А.И.Евдокимова»,
Москва, Россия

ACTUAL  PROBLEMS  OF  MEDICAL  EVACUATION
АКТУАЛЬНЫЕ  ПРОБЛЕМЫ  МЕДИЦИНСКОЙ  ЭВАКУАЦИИ

https://doi.org/10.33266/2070-1004- 2022-1-71-77 Original article
UDC 614.883 (470.25) © Burnasyan FMBC FMBA

EVALUATION OF THE EFFICIENCY OF WORK AND PROSPECTS FOR THE DEVELOPMENT
OF AMBULANCE AVIATION IN THE CONDITIONS OF A MEGAPOLIS ON THE EXAMPLE 

OF THE CITY OF MOSCOW

S.A.Gumenyuk1, S.S.Aleksanin2, N.V.Yarygin3

1 Moscow Territorial Scientific and Practical Center for Disaster Medicine (TSEMP)  оf the Moscow City Health
Department, Moscow, Russian Federation
² The Nikiforov Russian Center of Emergency and Radiation Medicine, EMERCOM of Russia, St. Petersburg,
Russian Federation
3 Moscow State University of Medicine and Dentistry A.I. Evdokimova, Moscow, Russian Federation

Abstract. The objectives of the study are to develop a structural and functional model, principles and algorithms of organizational
and methodological support of helicopter evacuation of patients to specialized medical organizations of megapolis; to evaluate their
effectiveness analysing the results of treatment of patients with significant urgent pathology.
Materials and research methods. The results of treatment of 241 patients with urgent pathology at the treatment facilities of the
Moscow Health Department — City Clinical Hospital No.15 named after O.M. Filatov, S.S. Yudin State Clinical Hospital  and N.S.
Sklifosovskiy Research Institute of Emergency Medicine in 2016-2019 — were analyzed. Inclusion criteria: patients with bleeding
(isolated or in combination with acute trauma) requiring surgical intervention; with acute coronary syndrome (unstable angina pec-
toris, myocardial infarction with and without ST-segment elevation); with vascular pathology of central nervous system or cranio-
cerebral trauma, requiring emergency hospitalization of the patient in a specialized medical institution — provided that the time of
delivery of all these patients to the hospital was at least 30 minutes from the time of call.
Exclusion criteria: patients with mental illness, infectious-inflammatory processes, severe comorbid somatic diseases in decompen-
sation stage (established by anamnesis, examination or autopsy reports); incurable cancer patients and any urgent patients whose
delivery time to the specialized hospital was less than 30 minutes from the time of call.
All patients included in the study were divided into 2 groups:
The main — 1st group — included 112 patients delivered to the profile medical institution of the megapolis on a medical helicopter.
The comparison group — 2nd group — consisted of 129 patients with similar urgent pathology, hospitalized to the specialized hos-
pitals of the city by ground ambulance transport.
Research results and their analysis. The analysis of the study results showed:
- performance of air medical teams is comparable to or exceeds that of ground ambulance teams;
- number of total bed-days in the group hospitalized by air ambulance was higher than in the comparison group;
- inpatient outcomes and long-term outcomes were comparable in both groups;
- pilot study of the use of mobile diagnostic ultrasound in providing emergency and urgent medical care allows us to consider this
method as a promising one, but it requires further evidence accumulation.
Thus, the performance of medical aviation is not inferior to the performance of ground ambulance teams, and in some aspects, even
exceed them, which confirms the high potential of its use in megapolis conditions and in remote and hard-to-reach areas.
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In our country and abroad every third inhabitant applies
annually for emergency medical assistance (EMT), and
every tenth of them are immediately hospitalized after-
wards. The reasons for people seeking EMT are: in 45-
55% of cases — diseases of the cardiovascular system; 15-
20 — diseases of the central and peripheral nervous
system; in 8-10% of cases — respiratory diseases and
acute surgical abdominal pathology. In Moscow in 2018,
emergency and urgent medical care was provided to more
than 3.9 million people. [1-7].

In addition, the number of emergencies in the world is
increasing every year, including man-made ones, accom-
panied by a large number of victims, requiring emergency
medical care and often requiring immediate medical evac-
uation [4, 8, 9]. World experience shows that the use of
medical helicopters for evacuating victims and patients to
hospitals leads to a high survival rate and a decrease in the
level of disability [10-14].

In the Russian Federation, the development, improve-
ment and new aspects of the use of helicopters for
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Резюме. Цели исследования – разработать и внедрить в практическое здравоохранение структурно-функ-
циональную модель, принципы и алгоритмы организационно-методического обеспечения вертолетной эвакуа-
ции пациентов в профильные медицинские организации мегаполиса; оценить их эффективность на примере
результатов лечения пациентов со значимой ургентной патологией.
Материалы и методы исследования. Для сравнительной оценки работы санитарной авиации в условиях мега-
полиса были проанализированы результаты лечения 241 пациента с ургентной патологией, осуществлявшего-
ся в лечебных учреждениях Департамента здравоохранения г.Москвы (ДЗМ) – городской клинической боль-
нице (ГКБ) №15 им. О.М.Филатова, ГКБ им. С.С.Юдина и НИИ скорой помощи им. Н.В.Склифосовского – в
2016–2019 гг. 
Критерии включения в исследование – пациенты с кровотечениями (изолированными или в сочетании с острой
травмой), требующими оперативного вмешательства; с острым коронарным синдромом (нестабильная стено-
кардия, инфаркт миокарда с подъемом и без подъема сегмента ST); с сосудистой патологией центральной
нервной системы (ЦНС) или черепно-мозговой травмой (ЧМТ), требующими экстренной госпитализации паци-
ента в профильное медицинское учреждение – при условии, что время доставки всех указанных пациентов в
стационар составляло не менее 30 мин от момента вызова.
Критерии исключения из исследования – пациенты с наличием, помимо основной ургентной патологии, психиче-
ских заболеваний, инфекционно-воспалительных процессов, тяжелых сопутствующих соматических заболеваний
в стадии декомпенсации (установленных по анамнезу, обследованию или по протоколам вскрытия); инкурабель-
ные онкологические пациенты и любые ургентные пациенты, время доставки которых в профильный стационар
составляло менее 30 мин от момента вызова. 
Все пациенты, включенные в исследование, были разделены на 2 группы: 
В основную – 1-ю – группу вошли 112 пациентов, доставленных в профильное медицинское учреждение мега-
полиса с использованием медицинского вертолета. 
В группу сравнения (2-ю группу) вошли 129 пациентов с аналогичной ургентной патологией, госпитализиро-
ванных в профильные стационары города наземным транспортом скорой медицинской помощи (СМП). 
Результаты исследования и их анализ. Анализ результатов исследования показал:
• проанализированные в ходе исследования показатели эффективности работы авиамедицинских бригад
(АМБр) сравнимы или превышают таковые у наземных бригад СМП;
• количество общих койко-дней в группе госпитализированных санитарным вертолетом было больше, чем в груп-
пе сравнения;
• результаты лечения в стационаре и отдаленные исходы у пациентов обеих групп были сравнимы;
• пилотное исследование использования мобильного диагностического УЗИ при оказании неотложной и экс-
тренной медицинской помощи пациентам АМБр позволяет расценить данный метод как перспективный, но тре-
бующий дальнейшего накопления доказательной базы. 
Таким образом, показатели эффективности работы санитарной авиации не уступают аналогичным показате-
лям наземных бригад СМП, а в некоторых аспектах – даже превышают их, что подтверждает высокий потен-
циал использования АМБр в условиях мегаполиса и большие перспективы применения авиамедицинских бри-
гад на удаленных и труднодоступных для автомобильного транспорта территориях.
Ключевые слова: авиамедицинские бригады, алгоритмы, г.Москва, мегаполис, организация, пациенты, пер-
спективы развития, санитарная авиация, ургентная патология, эффективность
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emergency medical evacuation in metropolitan conditions
require the development of an appropriate organizational
structure and regulatory legal framework. At the same time,
it should be noted that direct extrapolation of foreign expe-
rience to the conditions of Russia is impossible, given the
significant socio-economic peculiarities of regions and,
especially, megacities.

The aim of the study is to develop and to implement in
practical healthcare a structural and functional model,
principles and algorithms of organizational and method-
ological support of helicopter evacuation of patients to
specialized medical organizations of a megacity with
assessment of their efficiency.

Principles of air ambulance operation in the megacity
At the present time the work of the sanitary aviation of

Moscow is realized by the interaction of two departments —
the Moscow Health Department and the Moscow
Department of Civil Defense and Fire Safety, the work of
which is coordinated by the Moscow City Government.
Based on the regulations, in day-to-day operation mode it
is now possible for an air ambulance helicopter to fly over
the administrative territory of the city; in emergency mode,
an air ambulance helicopter can fly to any place in
Moscow region or any other region, provided it is able to
return safely to its base and Moscow mayor issues relevant
directives.

The work of sanitary aviation in the megacity begins with
training of highly qualified personnel. The Moscow
Territorial Scientific and Practical Center of Disaster
Medicine of the Moscow Department of Health has formed
individual training programs for all specialists participating
in the process of medical and air ambulance evacuation.
The main principles of training of the medical specialists
are: understanding of the mechanisms of pathological
processes in patients during takeoff, flight and landing of
the helicopter, as well as the skills of their prevention and
correction.

Important components of the work of aviation medical
teams (AMTs) specialists are: knowledge and observance
of helicopter safety techniques; observance of the algo-
rithm of interaction with flight personnel, employees of
medical organizations and other services involved in trans-
porting and providing assistance to patients; organization
of safe work on board the air ambulance helicopter and
near the aircraft.

The development of air ambulance and the increase in
the number of indications for the use of AMTs in the metro-
politan area required additional medical resources, which
were calculated on the basis of the population of the city
and the need for emergency medical care. Since January
2016, 3 helicopters have been on permanent duty in
Moscow, which is optimal for the metropolis; 2 more heli-
copters, if necessary, can fly to an emergency with a large
number of victims at any time. Given the optimization of the
service, the number of flights increased from 222 — in
2005-2007 to 743 — in 2017-2019 years, that is 3.35
times.

In addition, the following algorithms for the use of a hel-
icopter to provide medical assistance to the population of
Moscow have been developed and, since 2009, have
been successfully used:

- "Arrival of helicopter before ambulance";
- "Arrival of helicopter after ambulance";
- "Medical evacuation from medical facilities";

- "Work of AMT in an emergency situation";
- "Transfer of a victim from the ambulance to the ambu-

lance if the flight is impossible".
The use of these algorithms allows in each case to deter-

mine the most optimal indications, to reduce time and to
adapt approaches to the hospitalization of patients in spe-
cialized medical institutions using a medical helicopter in a
metropolitan area.

An important criterion in providing medical care is the
time of doctor's arrival to the patient. The overwhelming
majority of EMTs (78.6%) arrived to patients within 15 min
from the moment of call. The average time taken to prepare
an ambulance helicopter for a flight was: in 2005-2007 —
(26.48±1.91) min; in 2017-2019 —(10.97±1.34) min.

Thus, in 2017-2019, the total time — from call receipt to
arrival to the patient — in 91.8% of flights did not go
beyond 40 min, while in 2005-2007, only 88.3% of
flights fell within this time frame. The time of flight to and
return of a patient from the place of his localization to the
specialized medical institution was not more than 10 min,
the average time — (6.83±0.49) min, in 2007 and 2019
it actually did not differ.

Materials and methods of the research. For a com-
parative assessment of air ambulance performance in met-
ropolitan conditions, we analyzed the results of treatment
in 2016-2019 of 241 patients with urgent pathology, car-
ried out in specialized departments of hospitals of the
Moscow Department of Health: City Clinical Hospital No.
15 named after O.M. Filatov, City Clinical Hospital named
after S.S. Yudin, and Research Institute of Emergency
Medicine named after N.V. Sklifosovsky.

Inclusion criteria — patients with bleeding (isolated or
combined with acute trauma) requiring surgical interven-
tion; with acute coronary syndrome (unstable angina pec-
toris, myocardial infarction with and without ST-segment
elevation); with vascular pathology of central nervous sys-
tem (CNS) or craniocerebral injury (CCI), requiring emer-
gency hospitalization and medical evacuation to special-
ized medical institution; medical evacuation time — at least
30 min from the moment of call.

Exclusion criteria from the study — in patients with urgent
pathology: mental illness, infectious inflammatory process-
es, severe comorbid somatic diseases in decompensation
stage, established on the anamnesis, examination or
autopsy reports; incurable cancer patients and any urgent
patients whose evacuation time to a specialized hospital
was less than 30 minutes from the time of the call.

Taking these criteria into account, all the patients under
study were divided into 2 groups:

The main (1st) group consisted of 112 patients delivered
to the profile medical institution of the metropolis by med-
ical helicopter, whose causes of hospitalization were acute
coronary syndrome (ACS), acute stroke, traumatic brain
injury and bleeding of various genesis, requiring urgent
surgical intervention.

The control group comprised 129 patients with the simi-
lar urgent pathologies hospitalized to the specialized hos-
pitals of the city by ground ambulance transport.

The distribution of patients in the study groups by age
and sex is presented in Table 1.

There were no significant differences between the num-
ber of men and women in the main group and the com-
parison group, p=0.893. There were also no differences in
the distribution of men and women within age groups,
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p=0.794. The mean age of patients hospitalized for emer-
gency indications was: in the main group — (59.9±1.7)
years; in the comparison group— (61.1±1.7); no signifi-
cant differences were found, p=0.47.

Methods of medical evacuation of patients to the
hospital

А. Hospitalization using an ambulance
In the comparison group, a class C ambulance was used

to transport patients to the specialized departments of hos-
pitals.

These resuscitation ambulances are designed to perform
therapeutic measures of emergency medical care by a
resuscitation or specialized team, as well as to evacuate
and to monitor the condition of evacuated patients in the
prehospital period.

B. Hospitalization using an air ambulance helicopter
BK-117C-2 helicopters were used for medical evacuation

of the main group patients to medical treatment facilities.
Each aircraft is equipped with a dielectric floor, which

allows performing electropulse therapy in flight. All equip-
ment used for the work is certified for use on aircrafts.

The stock of drugs and dressing material in the helicop-
ter is designed for 25 patients. For mobile work, medical
personnel of AMTs use medical offloading vests with a set
we developed.

Both in ambulances and in air ambulance helicopters,
patients were examined to confirm the main diagnosis and
possible concomitant pathology, including electrocardiog-
raphy (ECG), pulse oximetry, glucometry in all patients, as
well as ultrasound examination, conducted on portable
diagnostic ultrasound scanners in patients of the main
group: in 22 cases for combined trauma; in 24 cases for
cardiac pathology and suspected pulmonary embolism;
and in 69 cases for the purpose of ultrasound navigation
during central vein catheterization.

Comparing the standard equipment of ambulance heli-
copter and ambulance car class C, we can note the pres-
ence in the ambulance basic set of medical equipment and
equipment, similar to those used in medical helicopters,
except for medical vest unloading, which allows to opti-
mize the work of AMT doctor in conditions of lack of time
and limited space.

Conditions in the air ambulance helicopter allow inten-
sive therapy at the scene and in the process of medical
evacuation of patients, including full resuscitation and
anesthesia allowance — in a volume sufficient to maintain
a stable condition of severe and extremely severe somatic
patients and victims of emergencies during their medical
evacuation to the hospital.

In the pre-hospital period the methods of treatment in the
ambulance and ambulance helicopter were almost identi-
cal and were carried out in accordance with the standards

of medical care — the orders of the Department of Health
of Moscow dated 27.01.2016 and 10.10.2018. All
patients were admitted to the hospital within 118 minutes
of first contact with a medical professional. Treatment of
patients in the hospital was carried out in accordance with
international and Russian clinical guidelines.

Total number of invasive interventions (surgeries) per-
formed was: in the main group — 112 patients — 102
interventions (91,1%); in the comparison group — 129
people. — 107 interventions (83,0%).

The patients of both groups were examined 6 months
after discharge from the hospital to assess the long-term
results of treatment.

Statistical analysis of the data was performed using the
software package IBM SPSS Statistics 26. The data for the
analysis were preliminarily prepared and analyzed for out-
liers. In all statistical studies, the level of significance of dif-
ferences was taken as 0.05.

Results of the study and their analysis. The spectrum
of nosologies (main and concomitant pathology) and the
distance of patients from the specialized hospital were
studied in hospitalized urgent patients of both groups. The
main diagnosis, which was made by the doctors of emer-
gency medical teams taking into account clinical examina-
tion data and objective examination methods, was con-
firmed in the specialized hospital, where a comprehensive
clinical and diagnostic examination was carried out. The
comparative number of nosologies encountered in the
study groups is presented in the figure.

The main and concomitant pathologies occurred in the
groups with approximately equal frequency. Overall, more
than 2/3 of those hospitalized (81.7%) had one or more
comorbid chronic diseases that were in remission and
therefore patients did not require additional treatment.

The remoteness of patients from the specialized medical
institution is presented in Table 2.

The mean distance from the patient's location to the spe-
cialized hospital was: in the main group — (62,6±2,1) km;
in the comparison group — (12,7±1,1) km, thus, there
were significant differences between the groups with
regard to this parameter, p<0,05.

The maximum distance from the patient's location to the
specialized hospital was: in the study group, 129.2 km; in
the comparison group, 50.3 km.

In order to assess the efficiency of air ambulance use in
a metropolitan area, we performed a comparative analy-
sis of a number of indicators: duration of stay of patient
groups in hospital departments; mortality rate and long-
term results of treatment.

At the initial examination the condition of patients in the
study groups was as follows: satisfactory condition — 7
persons. (2,9%); moderate — 79 (32,8%); severe — 133
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(55,2%); extremely severe — 22 persons. (9,1%). The
patients of the main group were hospitalized in a more
severe condition. Severe and extremely severe were 77
patients (68.8%) in the study group and 78 patients
(60.9%) in the control group; impaired consciousness of
varying severity was detected in 11 patients (9.8%) in the
study group and in 1 patient (0.8%) in the control group.

Cardiopulmonary resuscitation (CPR) was performed by
helicopter in 12 cases (10.7%) and only in one case
(0.8%) in a comparison group patient — by ambulance.
The indication for resuscitation measures was cardiac
arrest. There were no complications of mechanical chest
compressions using an automatic compression device. All
patients of both groups were delivered to the hospital alive.

The efficacy of central venous catheterization using ultra-
sound on a mobile scanner was confirmed: in the main
group — in 83 cases of invasive procedures with 100%
success; in the comparison group — in 94 successful cases
(91.3%) out of 103 attempts with the "blind" method.

The use of diagnostic ultrasound during air ambulance
evacuations can be considered as a near-term prospect,
since in some cases the presence and approximate volume
of intracranial hematomas can be diagnosed, including by
indirect signs (optic nerve edema). The technique requires
high proficiency in diagnostic ultrasound and experience
in performing such examinations — it is currently at the
stage of implementation and accumulation of experience.

During the initial examination, use of an ultrasound on a
mobile device allowed 11 patients of the main group to be

admitted directly to the operating room of the surgical hos-
pital, without additional diagnostic and therapeutic meas-
ures in the emergency room or in the anesthesiology and
intensive care unit of the hospital. At the time of surgery,
intracavitary bleeding of 1.5 liters or more was present in
6 patients with helicopter ultrasound and in 13 patients
without it. Thus, if ultrasound and laparoscopy were per-
formed on an emergency patient with in-hospital bleeding,
it resulted in time loss and increased mortality from 9.1 to
28.6%. When the diagnosis was confirmed in flight with
the mobile ultrasound from the moment of helicopter arrival
to the hospital until the start of surgery, it took 2.5 times less
time, which allows us to recommend its use by all AMT
doctors and ambulance service for suspected intracavitary
bleeding.

One of the controversial points of using prehospital ultra-
sound in an emergency patient in an air ambulance heli-
copter is the possible loss of time for the examination.
However, if rationally organized, in-flight ultrasound can
be performed quickly and without compromising other
therapeutic and diagnostic manipulations. According to
scientific publications, the average duration of pre-hospital
ultrasound examination of an emergency patient usually
does not exceed 5-6 min [15, 16].

The mean number of bed-days spent in the intensive care
unit was (2.93±0.38) and (3.3±0.41) in patients in the
study and control groups, respectively. Daily mortality dur-
ing hospitalization by ambulance was 5.5%, during hospi-
talization by ambulance helicopter — 2.8%. Total mortality
in the main group and comparison group was 16.1 and
19.5%, respectively.

The total number of bed-days was 1.91 more in the main
group, which could be explained by a more severe contin-
gent and almost 2 times higher mortality in the comparison
group in the first day of hospitalization. When patients who
died in the first day were excluded from our statistics, this
difference was insignificant at 1.7 bed-days, 10.6 and 8.9
bed-days, respectively.

There was no correlation between the distance to the
specialized medical organization and mortality in the stud-
ied groups. Priority in hospitalization by ambulance heli-
copter in a metropolitan area should be given to patients in
severe and extremely severe condition, since no lethal out-
comes were observed when it took up to 30 minutes to get
to a profile hospital from the moment of doctor's call to the
patient.

This confirms the fact that with ACS, CCI, stroke and
massive bleeding, there is a correlation between the out-
come of the disease and the time it took to get to a spe-
cialist. And we are talking not only about hours, but also —
in some cases — about minutes.

During the hospitalization of patients with urgent pathol-
ogy, the following patients received high-tech medical
care: in the main group — 47 patients (45.9%), in the com-
parison group — 40 patients (32.3%), which emphasizes
the effectiveness of the created algorithms of hospitaliza-
tion when providing medical care by AMT doctors in a
megapolis.

Within 6 months after discharge from the specialized
hospital, the disability was established in 79 patients, 35
(31.3%) in the main group and 44 (34.8%) in the com-
parison group, mainly as a consequence of neurological
pathology. According to the results of treatment of patients
with bleeding disorders, disability was observed only in

Рисунок. Нозологии в сравниваемых группах, %
Figure Nosologies in compared groups, %
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one patient when the main diagnosis was combined with
pelvic bone fractures. Disability as an outcome of ACS 6
months after the event was a rare issue: one patient in the
main group versus three in the comparison group, which
shows a high level of medical care for this category of
patients in Moscow and is a natural result of the coordi-
nated and algorithmic functioning of the "heart attack" net-
work of vascular hospitals in the capital [17].

The need for palliative care in patients of both groups
was not recorded.

Conclusion .
1. The main directions of improvement and development

of AMTs operation in the metropolitan area include: train-
ing and education of qualified AMT personnel; equipping
the ambulance helicopter with modern medical equipment;
using pre-hospital diagnostic ultrasonography in flight;
improving and strictly observing the algorithms of interac-
tion between AMT personnel and employees of ground
services and medical organizations; determining the opti-
mal number of helicopters used in a particular locality.

2. The application of the developed algorithms for the
use of ambulance aviation in a megacity makes it possible
to evacuate urgent patients from remote areas of the
megacity to specialized medical institutions in the same
time as it takes ambulances to pick up patients within a
radius of up to 15 km from the hospital; at the same time
daily and overall mortality during hospitalization by ambu-
lance helicopter was lower and was 2.8 and 16.1%
respectively; total number of bed-days in the study group
was greater than in the comparison group — 10.36 and
8.45 respectively — due to more severe contingent hospi-
talized and comparable figures of ICU stay (3.12 — in the
study group; 3.27 — in the comparison group). The pro-
portion of persons who were disabled after discharge from
hospital was comparable in both groups (31.3% — in the
main group; 34.8% — in the comparison group).

Thus, the performance indicators of the air ambulance
are not inferior to those of ground ambulance teams and
even, in some aspects, exceed them, which makes the use
of air ambulance promising and indicates its great poten-
tial when used in remote areas of the metropolis.
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