®ELOEPABHBIN HAYYHO-KNTMHNYECKIA LIEHTP

CMEUMAMN3NPOBAHHbBIX BUAOB MEAVLIMHCKOWM MOMOUWM 1 MEAULIMHCKINX TEXHOMOT AN

OMBA POCCHI

KITMHNYE CKA L

2024

ISSN 2618-8627 (Online)
ISSN 2220-3095 (Print)

1DAKTINKE me

bapnatpuyeckas xupyprus
Yy nauueHToB NoXXKWaoro Bo3pacra
Bariatric surgery in elderly patients

XKYPHAJ1 BKJIKQUYEH B NEPEYEHb BAK

AHECTE3MONOrMYeCKU MOHNTOPUHT
93l y repmaTpmyeckux naumeHToB
B JIOP-xupyprum

Anesthesiological EEG monitoring
in geriatric patients during ent-surgery

AYTOTPaHCNIAHTAT CYX0XNNNS
DNVHHOW Mano6epLoBoil MbilLbi
NS NNAcTUKN nepeaHen
KPecToo0pa3Hoi CBA3KM:
cucTemaTuyeckuii 063op

Peroneus longus tendon autograft

for anterior cruciate ligament reconstruction:
a systematic review

JOURNAL OF CLINICAL PRACTICE

Volume 15 Issue 4

https://journals.eco-vector.com/clinpractice



| multidisciplinary peer-review medical journal

FOUNDERS

FRCC FMBA of the Federal Medical Biological Agency
Address: 28 Orekhovy blvd, 115682 Moscow, Russia
WEB: https://journals.eco-vector.com/clinpractice

PUBLISHER

Eco-Vector

Address: 3 liter A, 1H,
Aptekarsky pereulok, 191181
Saint Petersburg, Russia
E-mail: info@eco-vector.com
WEB: https://eco-vector.com

EDITORIAL OFFICE
Executive editor: Ulyana G. Pugacheva
E-mail: upugacheva@yandex.ru

SUBSCRIPTION
For print version:
www.journals.eco-vector.com

OPEN ACCESS
Immediate Open Access is mandatory
for all published articles

PUBLICATION ETHICS

Journal’s ethic policies are based on:
- ICMJE

- COPE

- ORE

- CSE

- EASE

INDEXATION
+ Russian Science Citation Index
+ Scopus
Google Scholar
+ Ulrich’s Periodicals Directory

TYPESET

compleate in Eco-Vector
Copyeditor: M.N. Shoshina
Proofreader: M.N. Shoshina
Layout editor: E.A. Trukhtanova
Managing editor: E.L. Lebedeva

ISSN 2618-8627 (Online)
ISSN 2220-3095 (Print)

Vol. 15, N 4 (2024)

Published since 2010. Issued quarterly

Editor-in-Chief:

Troitsky A.V., MD, PhD, Dr. Sci. (Med.), Professor,
FRCC FMBA (Moscow, Russia);

ORCID: 0000-0003-2411-6043

Deputy Editor-in-Cheif:

Baklaushev V.P., MD, PhD, Dr. Sci. (Med.), Assistant Professor
Federal Center of Brain Research

and Neurotechnologies (Moscow, Russia);

ORCID: 0000-0003-1039-4245

Scientific Editor:

Smirnov A.V., MD, PhD,

FRCC FMBA (Moscow, Russia);
ORCID: 0000-0003-3897-8306

SCIENCE SKOPE:

+  Medicine (miscellaneous)

- Basic Medical Science (Molecular medicine/
Biochemistry/Neuroscience)

The journal is registered with Federal Service for Supervision
of Communications, Information Technology and Mass Media
and Federal Service for Monitoring Compliance with Cultural
Heritage Protection Law PI N2 FS77-38032 November, 11, 20009.

The editors are not responsible for the content of advertising
materials.

The point of view of the authors may not coincide
with the opinion of the editors.

Open Access, under the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International
License (CC BY-NC-ND 4.0).

Cover photo:

The endoscopy room of the Federal State Budgetary Institution
Federal Scientific and Clinical Center of the Federal Medical
and Biological Agency of Russia. Head of the endoscopy
department, PhD D.V. Sazonov (right) and endoscopist,

doctor of medical sciences, honored doctor of the Russian
Federation S.L. Khankin (on the left) perform an examination

of the gastrointestinal tract.


https://orcid.org/0000-0003-2411-6043
https://orcid.org/0000-0003-1039-4245
https://orcid.org/0000-0003-3897-8306
https://journals.eco-vector.com/clinpractice
mailto:info@eco-vector.com
https://eco-vector.com
mailto:upugacheva@yandex.ru

EDITORIAL BOARD

Medicine (miscellaneous)

Abakirov M.D., MD, PhD, Dr. Sci. (Med.), Professor,

Peoples’ Friendship University of Russia; FRCC FMBA;

Petrovsky National Research Centre of Surgery (Moscow, Russia)
ORCID: 0000-0002-5842-5904

Akimkin V.G., Full member of Russian Academy of Sciences, MD, PhD,
Dr. Sci. (Med.), Professor, Central Research Institute for Epidemiology
(Moscow, Russia)

ORCID: 0000-0003-4228-9044

Akhpashev A.A., MD, PhD, FRCC FMBA (Moscow, Russia)

ORCID: 0000-0002-2938-5173

Alekseev L.P., MD, PhD, Dr. Sci. (Med.), Professor, Corresponding
Member of the RAS, Institute of Immunology (Moscow, Russia)
Altynnik N.A., MD, PhD, Dr. Sci. (Med.), Professor, FRCC FMBA
(Moscow, Russia)

Scopus Author ID: 57192084869

Averyanov A.V., MD, PhD, Dr. Sci. (Med.), Professor,

Corresponding Member of the RAS, Pulmonology Scientific Research
Institute (Moscow, Russia)

ORCID: 0000-0003-1031-6933

Belopasov V.V., MD, PhD, Dr. Sci. (Med.), Professor,

Astrakhan State Medical University (Astrakhan, Russia)

ORCID: 0000-0003-0458-0703

Boyko A.N., MD, PhD, Dr. Sci. (Med.), Professor, N.I. Pirogov Russian
National Research Medical University, (Moscow, Russia)

ORCID: 0000-0002-2975-4151

Chupin A.V., MD, PhD, Dr. Sci (Med.), Professor (Moscow, Russia)
ORCID: 0000-0002-5216-9970

Daminov V.D., MD, PhD, Dr. Sci. (Med.), National Medical and Surgical
Center named after N.I. Pirogov (Moscow, Russia)

ORCID: 0000-0001-7141-6052

Dundua D.P., MD, PhD, Dr. Sci. (Med.), Professor,

FRCC FMBA (Moscow, Russia)

ORCID: 0000-0001-7345-0385

Ekusheva E.V., MD, PhD, Dr. Sci. (Med.), Professor,

FRCC FMBA (Moscow, Russia)

ORCID: 0000-0002-3638-6094

Ishchenko R.V., MD, PhD, Dr. Sci. (Med.), Lomonosov Moscow

State University (Moscow, Russia)

ORCID: 0000-0002-7999-8955

Ivanov Yu.V., MD, PhD, Dr. Sci. (Med.), Professor,

FRCC FMBA (Moscow, Russia)

ORCID: 0000-0001-6209-4194

Ivanova G.E., MD, PhD, Dr. Sci. (Med.), Professor,

National Medical and Surgical Center named after N.I. Pirogov;
Federal center of brain research and neurotechnologies

(Moscow, Russia)

ORCID: 0000-0003-3180-5525

Kedrova A.G., MD, PhD, Dr. Sci. (Med.), FRCC FMBA (Moscow, Russia)
ORCID: 0000-0003-1031-9376

Khabazov R.l., MD, PhD, Dr. Sci. (Med.), Professor,

FRCC FMBA (Moscow, Russia)

ORCID: 0000-0001-6801-6568

Klypa T.V., MD, PhD, Dr. Sci. (Med.), FRCC FMBA (Moscow, Russia)
ORCID: 0000-0002-2732-967X

Kopetskiy I.S., MD, PhD, Dr. Sci. (Med.), National Medical

and Surgical Center named after N.I. Pirogov (Moscow, Russia)
ORCID: 0000-0002-4723-6067

Kozlova M.V., MD, PhD, Dr. Sci. (Med.), Central State Medical Academy
(Moscow, Russia)

Kryuchko D.S., MD, PhD, Dr. Sci. (Med.), FMBA (Moscow, Russia)
ORCID: 0000-0001-9047-6050

Lazko F.L., MD, PhD, Dr. Sci. (Med.), Buyanov City Clinical Hospital
(Moscow, Russia)

ORCID: 0000-0001-5292-7930

Lelyuk V.G., MD, PhD, Dr. Sci. (Med.), Professor, Vascular clinic

on Patriarchs (Moscow, Russia)

ORCID: 0000-0002-9690-8325

Lesnyak V.N., MD, PhD, FRCC FMBA (Moscow, Russia)

ORCID: 0000-0002-2739-0649

Mally Ju., Dr. Habilis, PhD, Professor, Institute of neurorehabilitation
(Sopron, Hungary)

ORCID: 0000-0001-7299-2692

Mamoshin A.V., MD, PhD, Dr. Sci. (Med.), Professor,

Institute of neurorehabilitation (Orel, Russia)

ORCID: 0000-0002-1799-6778

Martynov M.Y., Corresponding Member of the RAS, MD, PhD, Dr. Sci.
(Med.), Professor, Federal center of brain research

and neurotechnologies (Moscow, Russia)

ORCID: 0000-0003-2797-7877

Medvedev M.V., MD, PhD, Dr. Sci. (Med.), FRCC FMBA (Moscow, Russia)
Scopus Author ID: 57192084583

Olesov E.E., MD, PhD, Dr. Sci. (Med.), Clinical Center of Dentistry
(Moscow, Russia)

ORCID: 0000-0001-9165-2554

Orekhov P.Y., MD, PhD, FRCC FMBA (Moscow, Russia)

Scopus Author ID: 400834

Ovechkin I.G., MD, PhD, Dr. Sci. (Med.), Professor,

FRCC FMBA (Moscow, Russia)

ORCID: 0000-0003-3996-1012

Panchenkov D.N., MD, PhD, Dr. Sci. (Med.), Professor, A.l. Yevdokimov
Moscow State University of Medicine and Dentistry (Moscow, Russia)
ORCID: 0000-0001-8539-4392

Pisarev V.M., MD, PhD, Dr. Sci. (Med.), Professor, Federal Research and
Clinical Center for Critical Care Medicine and Rehabilitology (Moscow, Russia)
ORCID: 0000-0002-5729-9846

Polunina E.G., MD, PhD, Dr. Sci. (Med.), Professor, FRCC FMBA (Moscow,
Russia)

ORCID: 0000-0002-8551-0661

Reshetov L.V., Full member of Russian Academy of Sciences, MD, PhD,
Dr. Sci. (Med.), Professor, Sechenov University (Moscow, Russia)
ORCID: 0000-0002-0909-6278

Shamalov N.A., MD, PhD, Dr. Sci. (Med.), Federal Center of Brain Research
and Neurotechnologies (Moscow, Russia)

ORCID: 0000-0001-6250-0762

Shirshova E.V., MD, PhD, Dr. Sci. (Med.), Professor,

FRCC FMBA (Moscow, Russia)

ORCID: 0000-0001-9193-0534

Skvortsov D.V., MD, PhD, Dr. Sci. (Med.), Professor,

FRCC FMBA (Moscow, Russia)

ORCID: 0000-0002-2794-4912

Struchkov P.V., MD, PhD, FRCC FMBA (Moscow, Russia)

ORCID: 0000-0002-2218-7529

Soodaeva S.K., MD, PhD, Dr. Sci. (Med.), Professor,

Pulmonology Scientific Research Institute (Moscow, Russia)

ORCID: 0000-0001-6453-0017

Trubilin V.N., MD, PhD, Dr. Sci. (Med.), FRCC FMBA (Moscow, Russia)
ORCID: 0000-0001-9123-909X

Turuspekova S.T., MD, PhD, Dr. Sci. (Med.), Kazakh National Medical
University named after S.D. Asfendiyarov, (Almaty, Kazakhstan)
ORCID: 0000-0002-4593-3053

Voytenkov V.B., MD, PhD, Pediatric Research and Clinical Center

for Infectious Diseases (Saint Petersburg, Russia)

ORCID: 0000-0003-0448-7402

Wang Guowen, PhD, MD, Tianjin Medical University Cancer Institute
and Hospital (Tianjin, China)

ORCID: 0000-0001-6549-1144

Xin Wang, PhD, First Affiliated Hospital, Army Medical University
(Tianjin, China)

ORCID: 0000-0001-9325-3194

Yakovleva T.V., MD, PhD, Dr. Sci. (Med.), FMBA (Moscow, Russia)
ORCID: 0000-0002-9109-000X

Zabozlaev F.G., MD, PhD, Dr. Sci. (Med.), FRCC FMBA (Moscow, Russia)
ORCID: 0000-0002-7445-8319

Zhang Chao, PhD, MD, Tianjin Medical University Cancer Institute
and Hospital (Tianjin, China)

ORCID: 0000-0001-7096-8488

Zotov A.S., MD, PhD, FRCC FMBA (Moscow, Russia)

ORCID: 0000-0003-2385-7456

Zykov K.A., MD, PhD, Dr. Sci. (Med.), Professor, Corresponding Member
of the RAS, Pulmonology Scientific Research Institute (Moscow, Russia)
ORCID: 0000-0003-3385-2632

Basic Medical Science (Molecular medicine/
Biochemistry/Neuroscience)

Belousov V.V., Corresponding Member of the RAS, PhD, Dr. Sci. (Biol.),
Professor, Federal center of brain research and neurotechnologies
(Moscow, Russia)

ORCID: 0000-0001-6637-8098

Gurina 0.1., Corresponding Member of the RAS, PhD, Dr. Sci. (Med.),
Professor, Serbsky Federal Medical Research Center of Psychiatry

and Narcology (Moscow, Russia)

ORCID: 0000-0002-1066-5423

Devichenskiy V.M., PhD, Dr. Sci. (Biol.), Professor, FRCC FMBA (Moscow,
Russia)

ORCID: 0000-0003-4642-2295

Khaitov M.R., Corresponding Member of the RAS, MD, PhD, Dr. Sci.
(Med.), Institute of Immunology (Moscow, Russia)

ORCID: 0000-0003-4961-9640

Kochubey A.V., MD, PhD, Dr. Sci. (Med.), FRCC FMBA (Moscow, Russia)
ORCID: 0000-0002-7438-7477

Konoplyannikov M.A., MD, PhD, FRCC FMBA (Moscow, Russia)
ORCID: 0000-0003-1180-2343

Lutskiy D.L., MD, PhD, Dr. Sci. (Med.), Astrakhan State Medical
University (Astrakhan, Russia)

ORCID: 0000-0002-1412-3322

Pavlova G.V., PhD, Dr. Sci. (Biol.), Professor, Institute of Gene Biology;
Sechenov University; Burdenko Neurosurgical Institute (Moscow, Russia)
ORCID: 0000-0002-6885-6601

Savina M.l., PhD, Dr. Sci. (Biol.), Professor of the RAS, National Medical
and Surgical Center named after N.I. Pirogov (Moscow, Russia)

Scopus Author ID: 000000000049

Zateyshchikov D.A., MD, PhD, Dr. Sci. (Med.), Professor, Central state
medical academy of department of presidential affairs (Moscow, Russia)
ORCID: 0000-0001-7065-2045


file:///D:/Rabota/BROSHURI/0_%d0%ad%d0%ba%d0%be-%d0%b2%d0%b5%d0%ba%d1%82%d0%be%d1%80/%d0%9a%d0%bb%d0%b8%d0%bd%d0%b8%d1%87%d0%b5%d1%81%d0%ba%d0%b0%d1%8f%20%d0%bf%d1%80%d0%b0%d0%ba%d1%82%d0%b8%d0%ba%d0%b0/Klin_praktika_3-2023/javascript:openRTWindow('https://journals.eco-vector.com/clinpractice/about/editorialTeamBio/86386')
http://orcid.org/0000-0002-5842-5904
https://orcid.org/0000-0003-4228-9044
https://orcid.org/0000-0002-2938-5173
file:///D:/Rabota/BROSHURI/0_%d0%ad%d0%ba%d0%be-%d0%b2%d0%b5%d0%ba%d1%82%d0%be%d1%80/%d0%9a%d0%bb%d0%b8%d0%bd%d0%b8%d1%87%d0%b5%d1%81%d0%ba%d0%b0%d1%8f%20%d0%bf%d1%80%d0%b0%d0%ba%d1%82%d0%b8%d0%ba%d0%b0/Klin_praktika_3-2023/javascript:openRTWindow('https://journals.eco-vector.com/clinpractice/about/editorialTeamBio/74775')
https://orcid.org/0000-0003-1031-6933
https://orcid.org/0000-0003-0458-0703
https://orcid.org/0000-0002-2975-4151
https://orcid.org/0000-0002-5216-9970
https://orcid.org/0000-0001-7141-6052
https://orcid.org/0000-0001-7345-0385
https://orcid.org/0000-0002-3638-6094
https://orcid.org/0000-0002-7999-8955
https://orcid.org/0000-0001-6209-4194
https://orcid.org/0000-0003-3180-5525
https://orcid.org/0000-0003-1031-9376
https://orcid.org/0000-0001-6801-6568
https://orcid.org/0000-0002-2732-967X
https://orcid.org/0000-0002-4723-6067
https://orcid.org/0000-0001-9047-6050
https://orcid.org/0000-0001-5292-7930
https://orcid.org/0000-0002-9690-8325
https://orcid.org/0000-0002-2739-0649
https://orcid.org/0000-0001-7299-2692
https://orcid.org/0000-0002-1799-6778
https://orcid.org/0000-0003-2797-7877
https://orcid.org/0000-0001-9165-2554
file:///D:/Rabota/BROSHURI/0_%d0%ad%d0%ba%d0%be-%d0%b2%d0%b5%d0%ba%d1%82%d0%be%d1%80/%d0%9a%d0%bb%d0%b8%d0%bd%d0%b8%d1%87%d0%b5%d1%81%d0%ba%d0%b0%d1%8f%20%d0%bf%d1%80%d0%b0%d0%ba%d1%82%d0%b8%d0%ba%d0%b0/Klin_praktika_3-2023/javascript:openRTWindow('https://journals.eco-vector.com/clinpractice/about/editorialTeamBio/50056')
http://orcid.org/0000-0003-3996-1012
https://orcid.org/0000-0001-8539-4392
https://orcid.org/0000-0002-5729-9846
https://orcid.org/0000-0002-8551-0661
https://orcid.org/0000-0002-0909-6278
https://orcid.org/0000-0001-6250-0762
https://orcid.org/0000-0001-9193-0534
https://orcid.org/0000-0002-2794-4912
file:///D:/Rabota/BROSHURI/0_%d0%ad%d0%ba%d0%be-%d0%b2%d0%b5%d0%ba%d1%82%d0%be%d1%80/%d0%9a%d0%bb%d0%b8%d0%bd%d0%b8%d1%87%d0%b5%d1%81%d0%ba%d0%b0%d1%8f%20%d0%bf%d1%80%d0%b0%d0%ba%d1%82%d0%b8%d0%ba%d0%b0/Klin_praktika_3-2023/javascript:openRTWindow('https://journals.eco-vector.com/clinpractice/about/editorialTeamBio/3209')
https://orcid.org/0000-0002-2218-7529
https://orcid.org/0000-0001-6453-0017
https://orcid.org/0000-0001-9123-909X
https://orcid.org/0000-0002-4593-3053
https://orcid.org/0000-0003-0448-7402
https://orcid.org/0000-0001-6549-1144
https://orcid.org/0000-0001-9325-3194
https://orcid.org/0000-0002-9109-000X
https://orcid.org/0000-0002-7445-8319
https://orcid.org/0000-0001-7096-8488
https://orcid.org/0000-0003-2385-7456
https://orcid.org/0000-0003-3385-2632
https://orcid.org/0000-0001-6637-8098
https://orcid.org/0000-0002-1066-5423
https://orcid.org/0000-0003-4642-2295
https://orcid.org/0000-0003-4961-9640
https://orcid.org/0000-0002-7438-7477
https://orcid.org/0000-0003-1180-2343
https://orcid.org/0000-0002-1412-3322
https://orcid.org/0000-0002-6885-6601
https://orcid.org/0000-0001-7065-2045

Journal of Clinical Practice. 2024;15(4)

CONTENTS

ORIGINAL STUDY ARTICLES

A.V. Smirnov, V.R. Stankevich, E.S. Danilina, V.I. Sychev, E.M. Voronets, VLI. Sharobaro, N.A. Solovyev,
Yu.V. lvanov, R.l. Khabazov
BARIATRIC SURGERY IN ELDERLY PATIENT S . . .o e e e e e e et e e e e 7

D.V. Skvortsov, D.A. Lobunko, G.E. lvanova

THE FUNCTIONAL INSTRUMENTAL TEST OF FLEXION-EXTENSION MOTION IN THE RADIOCARPAL
JOINT: REFERENCE PARAMETERS. . . .. .o e e e s 18

M.H. Altoufaili, T.V. Klypa, I.A. Mandel, M.S. Orekhova

NON-INVASIVE ELECTROENCEPHALOGRAM-BASED ANESTHESIOLOGICAL MONITORING
IN GERIATRIC PATIENTS IN THE ENT-SURGERY . . . ... e 28

A.V. Smirnov, V.R. Stankevich, D.V. Sazonov, A.R. Akhmedianov, A.A. Keshvedinova, N.A. Solovyev,
Yu.V. lvanov, R.l. Khabazov

STAGING IN THE TREATMENT OF CHRONIC CALCULOUS CHOLECYSTITIS, COMPLICATED
BY CHOLEDOCHOLITHIASIS. . . . e et et 38

REVIEWS

N.A. Adamenkov, A.V. Mamoshin, V.V. Dremin, E.V. Potapova, V.V. Shupletsov, Yu.V. lvanov,
D.N. Panchenkov, A.V. Dunaev
INTRAOPERATIVE EVALUATION OF THE INTESTINAL WALL VIABILITY . . oo e e e et 46

A.P. Prizov, A.M. Vostrikov, D.V. Skvortsov, F.L. Lazko, M.F. Lazko, E.A. Belyak, A.V. Krytaeva

THE USE OF THE LONG PERONEAL MUSCLE TENDON AS AN AUTOGRAFT DURING THE PRIMARY
PLASTICS OF THE ANTERIOR CRUCIATE LIGAMENT: A SYSTEMATIC REVIEW . . . .. ... . . e 59

0.A. Zhukova, lu.V. Ozerskaya, D.V. Basmanov, V.Yu. Stolyarov, V.G. Bogush, V.V. Kolesov, K.A. Zykov,
G.M. Yusubalieva, V.P. Baklaushev
“LUNG-ON-A-CHIP” AS AN INSTRUMENT FOR STUDYING THE PATHOPHYSIOLOGY OF HUMAN RESPIRATION .. . ... 70

A.N. Nikolaenko, M.A. Postnikov, N.V. Popov, A.P. Borisov, A.A. Kiiko
THE EFFECTS OF DENTAL IMPLANT MACRODESIGN ON THE SUCCES OF PROSTHETIC REPLACEMENT ........... 89

E.K. Ovchinnikova, S.l. Gilfanov

THE POSSIBILITY OF EFFECTIVE USING THE CONSERVATIVE AND THE MINIMALLY INVASIVE TREATMENT
METHODS AT VARIOUS STAGES OF THE DUPUYTREN DISEASE . . . . .. .. e 97

CASE REPORTS
0.l. Nikitin, A.O. Khalimalova, A.L. Yudin, E.A. Yumatova

UNILATERAL REEXPANSION PULMONARY EDEMA (CLINICAL OBSERVATIONS) . . . ..o e e e 104
G.A. Baksiyan, A.A. Zavialov, S.V. Lishchuk
PRIMARY PULMONARY MENINGIOMA — A RARE LUNG TUMOR. . . . ..o e e e 110

S.l. Tolstaya, V.V. Belopasov, E.V. Chechukhin
SPINAL ISCHEMIA: THE REHABILITATION POTENTIAL. A CLINICAL CASE. . .. ...t e i e e 115



/]

O

ISSN 2618-8627 (Online)
ISSN 2220-3095 (Print)

2024, Tom 15, Ne 4

MYNbTUANCUUMNNVHAPHbIA PeLeH3npyeMbl XypHan ans Bpayven

YYPEOUTEJb

OHKL cneumann3npoBaHHbIX BULOB
MeANLUHCKOWN MOMOLLUN U MeAULIMHCKNX
TexHonorun ®MBA Poccuu.

Appec: 115682, MockBa, OpexoBblil 6-p, 4. 28.
https://journals.eco-vector.com/clinpractice

N3AATEJIb

000 «3ko-BekTtop Ai-Mn»

Appec: 191181, CankT-lNeTepbypr,

AnTekapckui nep., 4. 3, nutepa A, 1H

E-mail: info@eco-vector.com; WEB: https://eco-vector.com

PEOAKLUA

3aBepnytowlan pepakumen: Y.I. yzauésa
E-mail: upugacheva@yandex.ru

Appec: 115682, MockBa, OpexoBblii 6-p, A. 28

noAaNMUCKA

Mopnucka Ha NeyaTHYO BEPCUIO Yepes MHTEPHET:
+  www.journals.eco-vector.com

«  www.akc.ru.

MoanucHon nHpekc: 383336

OTKPbITbI/ #OCTYN
B anekTpoHHOM Bufje XXypHan pacnpocTpaHsaeTca
6ecnnaTtHo — B peXXMMe HeMeASIEHHOrO OTKPbITOro AocTyna

NMHAEKCALMA
« PUHU

+ Russian Science Citation Index (RSCI)

«  CrossRef

+ Scopus

» Google Scholar

+ Ulrich's Periodicals Directory

MKypHan BK/OYEH B NepeyeHb Neprogmnyeckmx ngaHun BAK,
B KOTOPbIX peKoMeHJoBaHa nNy6nukauua paboT conckaTenei
YUEHbIX CTerneHel KaHanAaTa v JOKTopa HaykK.

OPUT'MHAN-MAKET

NOAroTOBMEH B N3AaTeNbCTBE «DKO-BeKTop».
JlntepatypHbin pegaktop: M.H. llowuHa
KoppekTtop: M.H. WowuHa

Bépctka: E.A. TpyxmaHosa

Boinyckatowwin pegaktop: E.J1. Jlebedesa

CpaHo B Habop 20.12.2024.
MoanucaHo B nevatb 28.12.2024.

Qopmat 60x841/s. MNeyatb odpceTHasn.
Meu. n. 15,5. Ycn. neu. n. 14,4. Yu.-u3a. n. 8,5.
LleHa cBo6opaHas. Tupak 1000 3k3. 3akas 4-12953-Iv.

OtneyataHo B OO0 «Tunorpadus Oypcosan.
196105, CaHkT-MNeTepbypr, yn. bnarogaTtHas, a. 69.
Ten.: +7 (812) 646-33-77

M3paetcs ¢ 2010 r. BeixoguT YeTblpe pasa B rof,

FnaBHbIN pepgaKkTop:

Tpouukui A.B., .M.H., npodeccop,

QepepanbHblil HAYYHO-KIIMHUYECKMIA LLEHTP
crneumnann3npoBaHHbIX BUAOB MEAULIMHCKOW MOoMOLLN
1 MmeanumHcKnx TexHonorum (Mockea, Poccus);
ORCID: 0000-0003-2411-6043

3amecTuTenb rNaBHOro pegakropa:
baknaywes B.I., g.M.H., goueHT,
DepepanbHbll LEHTP MO3ra

n HempoTexHonorun (Mocka, Poccus);
ORCID: 0000-0003-1039-4245

HayuHbill pepakTop:

CmupHoB A.B., K.M.H., OUEHT,

MepepanbHbIii HAYYHO-KNMHUYECKNI LEHTP
cneuvann3npoBaHHbIX BUAOB MeaANLIMHCKON MOMOLLM
1 MmeauumHcknx TexHonorum (Mockea, Poccus);
ORCID: 0000-0003-3897-8306

HAYYHbIE HAMPABJIEHUA:

+  KnuHnyeckasa meguuymHa (xvpypruyeckun npopunb,
TepaneBTUYeCKUin Npodusb, AMAarHOCTNKA)

+ OyHpameHTanbHaA MeguLMHa (MonekynapHas
MeAMLUMHA, 6BroXnmMunsa, HeMpPOoHayKw)

KypHan 3apernctprpoBaH QefiepanbHoii cnyx6om

no Hag3opy B chepe cBA3UN, MUHPOPMALIMOHHBIX TEXHONOTUIA
1 MacCoBbIX KOMMYHWKaLwuii. CBUAETENbCTBO O perncTpauum
cpepacTBa maccosoi uidopmauuu M NeOC77-38032

oT 11 HoA6pA 2009 T.

Pepakuua He HeceT OTBETCTBEHHOCTU 3a COAepKaHme
peKnaMHbIX MaTepranos.

Touka 3PEeHNA aBTOPa MOXET He coBMNadaTb C MHEHUEM pefaKkunin.

ABTOPbI COXPaHAIOT 3a cobOI aBTOPCKUe NpaBa Ha paboTy
W NPEefOoCTaBNAT XKypHany nNpaso Nepsoi nyonnkayum
paboTbl Ha ycnoBuax nuueH3sum Creative Commons
Attribution License (CC BY-NC-SA 4.0), koTopasa no3sonsaet
APYrM pacnpoCcTpaHATb AaHHYo paboTy c 06A3aTenbHbIM
CoxpaHeHVeM CCbTIOK Ha aBTOPOB OPUTMHaJIbHOW PaboTbl
1 OPUTUHANbHYI0 MY6NNKaLmMio B 3TOM XKypHane.

®doTo Ha 06N0XKKe:

dHpockonunuyecknin KabuHet Prey OHKL ®MBA Poccun.
3aB. oTaeneHnem sHgockonuu K.M.H. [1.B. CazoHoB (cnpasa)
1 BPay-3HLOCKOMUCT, A.M.H., 3aC/y»KeHHbI Bpay PO

C.J1. XaHKuMH (cneBa) BbINOMHAT UCCnefoBaHne
XKenyaoUYHO-KMLLIEeYHOro TpaKTa.


https://orcid.org/0000-0003-2411-6043
https://orcid.org/0000-0003-1039-4245
https://orcid.org/0000-0003-3897-8306
https://journals.eco-vector.com/clinpractice
mailto:info@eco-vector.com
https://eco-vector.com
mailto:upugacheva@yandex.ru

PEAAKLIMOHHAA KOJUJIETUA

KnuHnyeckasa megnynHa

A6akupos M.[1., a.M.H., npod., Poccniickmnin yHuBepcuteT ApyKObi
HapoaoB UM. M. Jlymym6bl; POCCUIACKWIA HaYYHBIN LEHTP XUpyprum
M. akap. b.B. Metposckoro; ®HKL ®MBA (MockBa, Poccus)

ORCID: 0000-0002-5842-5904

ABepbaHoB A.B., 1.M.H., npod., un.-kopp. PAH, HayuHo-nccneposatenbckuin
MHCTUTYT nynbmoHosnorun ®MBA Poccun (MockBa, Poccus)
ORCID: 0000-0003-1031-6933

AKUMKUH B.T., i.M.H., npod., akagemunk PAH, LieHTpanbHblii Hay4HoO-
NccnepaoBaTenbCkmn MHCTUTYT snmuaemuonorum (Mocksa, Poccus)
ORCID: 0000-0003-4228-9044

Anekcees J1.M., a.M.H., npod., un.-kopp. PAH, locyaapcTBeHHbIi
HayuyHbI LeHTp «MHCcTUTyT nmmyHonorum» (Mocksa, Poccus)
AntbiHHUMK H.A., 1.M.H., npod., ODHKL OMBA (Mocksa, Poccus)
Scopus Author ID: 57192084869

Axnawes A.A., K.M.H., DHKL| ®MBA (Mocksa, Poccus)

ORCID: 0000-0002-2938-5173

Benonacos B.B., A.M.H., npod., ACTpaxaHCKWI roCyfapCTBEHHbII
MeAVLMHCKNI yHuBepcuTeT (ACcTpaxaHb, Poccus)

ORCID: 0000-0003-0458-0703

Boiiko A.H., A.M.H., npod., Poccniickmnii HaLumMoHanbHbIN NCCNeA0BaTENbCKIN
MeguLUHCKUI yHBepcuTeT nmenn H.U. Muporosa (Mocksa, Poccus)
ORCID: 0000-0002-2975-4151

BoinTeHkoB B.B., K.M.H., [IeTCKW Hay YHO-KNMHNYECKUIA LIeHTP
MHPeKLMOHHbIX 6one3Hen (CaHkT-MeTepbypr, Poccus)

ORCID: 0000-0003-0448-7402

AamuHos B.[., A.M.H., HaLuyoHanbHbIn MeANKO-XMPYPruyecknin LeHTp
M. H.W. Muporosa (Mocksa, Poccus)

ORCID: 0000-0001-7141-6052

Ayuaya A.N., g.m.H., npod., OHKL OMBA (MockBsa, Poccus)

ORCID: 0000-0001-7345-0385

Exkywesa E.B., i.M.H., npo¢., ®HKL| ODMBA (Mocksa, Poccus)
ORCID: 0000-0002-3638-6094

3a6o3naeB Q.. 1.m.H., DHKL OMBA (MockBsa, Poccus)

ORCID: 0000-0002-7445-8319

3oToB A.C., K.M.H., DHKL, ®MBA (Mocksa, Poccus)

ORCID: 0000-0003-2385-7456

3bikoB K.A., o.M.H., un.-kopp. PAH, HayuHo-uccneposatenbckuin
MHCTUTYT NynbMoHonorun ®MBA Poccun (Mocksa, Poccus)

ORCID: 0000-0003-3385-2632

MBaHoB 10.B., a.M.H., npod., DHKL| DMBA (MockBa, Poccus)

ORCID: 0000-0001-6209-4194

MBaHoBa l.E., o.M.H., npod., DefepanbHblil LEHTp Mo3ra

1 HelpoTexHonormin ®MBA Poccuu; POCCMncKUiA HaLMOHaNbHbINA
nccnepoBaTenbCkmin MeAULMHCKAN yHUBEpCUTET

nmeHn H.W. Muporosa (Mocksa, Poccus)

ORCID: 0000-0003-3180-5525

NweHko P.B., 1.M.H., MOCKOBCKMI1 FOCYAapCTBEHHbIN YHUBEPCUTET
M. M.B. lomoHocoBa (MockBa, Poccus)

ORCID: 0000-0002-7999-8955

Keaposa A.T., a.m.H., ODHKL ®MBA (Mocksa, Poccus)

ORCID: 0000-0003-1031-9376

Knbina T.B., .M.H., ODHKL| ®DMBA (MockBa, Poccuis)

ORCID: 0000-0002-2732-967X

Koznosa M.B., i.M.H., npo¢., LleHTpanbHas meguumMHCKan akagemms
(MockBa, Poccun)

Koneukuii U.C., 5.M.H., npod., POCCMnCKMIA HALMOHaNbHbIN
nccnepoBaTenbCkmin MEANLIMHCKII yHMBepcnTeT nmeHn H.M. Muporosa
(MockBa, Poccus)

ORCID: 0000-0002-4723-6067

Kptouko A.C., 1.M.H., DMBA Poccun (Mockea, Poccus)

ORCID: 0000-0001-9047-6050

JNazko P.J1., a.m.H., fopoacKasn KNnMHMYeckas 60nbHMLA MEeHN

B.M. BysiHoBa (MockBa, Poccus)

ORCID: 0000-0001-5292-7930

Nenwok B.T., a.M.H., npod., MIMMLL (MockBa, Poccus)

ORCID: 0000-0002-9690-8325

JlecHak B.H., k.m.H., goueHT, DHKL| ®MBA (MockBa, Poccus)

ORCID: 0000-0002-2739-0649

MamouwuH A.B., a.M.H., npod., OpnoBckas 061acTHasA KNMHNYeCKas
605bHMLA, OPNOBCKMNIA rOCYAAPCTBEHHBIN YHNBEPCUTET UMEHM

N.C. TypreHeBa (Open, Poccus)

ORCID: 0000-0002-1799-6778

MaptbiHoB M.10., A.M.H., npod., un.-kopp. PAH, OefepanbHblil LEHTP
Mo3ra u HenpoTtexHonoruii ®MBA Poccun (Mockea, Poccusn)

ORCID: 0000-0003-2797-7877

MepBeges M.B., o.m.H., DHKL| ®MBA (Mocksa, Poccus)

Scopus Author ID: 57192084583

OBeukuH W.T., g.m.H., npod., ODHKL ®DMBA

ORCID: 0000-0003-3996-1012

Onecos E.E., g.M.H., KnuHnyeckuin ueHtp ctomatonorun ®MBA Poccun
(MockBa, Poccun)

ORCID: 0000-0001-9165-2554

OpexoB I.10., kK.m.H., DHKL, ®MBA (Mocksa, Poccus)

Scopus Author ID: 400834

NaHuyeHkoB [.H., 4.M.H., npod., MOCKOBCKUIN rocyfapCTBEHHbIN
Me[MKO-CTOMaTONorn4ecknin yHusepcutet nmeHn A.U. EBRoKnmMoBa;
[ocynapCTBEHHbIN HayYHbI LeHTp nasepHol meauumnHbl (MockBa, Poccus)
ORCID: 0000-0001-8539-4392

Mucapes B.M., a.M.H, npo¢., DefiepanbHblil HayYHO-KIMHNYECKNN LIeHTP
peaHumatonorum n peabunutonorum (Mockea, Poccus)

ORCID: 0000-0002-5729-9846

MonynuHa E.T., 1.M.H, npod., ®HKLL ®MBA (MockBa, Poccus)

ORCID: 0000-0002-8551-0661

PeweToB U.B., a.M.H., Npod., akapemuk PAH, CeueHOBCKMIA YHUBEpCUTET
(Mocksa, Poccus)

ORCID: 0000-0002-0909-6278

CkBopuos [.B., a.m.H., npod., OHKL, OMBA; Poccuiicknin
HaLMOHanbHbI NCCNe[oBaTENbCKNA MeSULNHCKIIA YHUBEPCUTET
nmenn H.W. Muporoea (Mockea, Poccun)

ORCID: 0000-0002-2794-4912

Coopaesa C.K., o.M.H., npod., HayuHo-nccnenoBaTenbCkuin UHCTUTYT
nynbmoHonoruun (Mocksa, Poccus)

ORCID: 0000-0001-6453-0017

Crpyukos I.B., g.m.H., DHKL ®MBA (Mocksa, Poccus)

ORCID: 0000-0002-2218-7529

Tpy6unuH B.H., A.M.H., DefiepanbHblii MeAULIMHCKIWIA 6UOodU3NYeCKnii
ueHTp nmenn A.U. Byprasana; OHKLL ®MBA (Mocksa, Poccus)

ORCID: 0000-0001-9123-909X

TypycnekoBa C.T., A.M.H., Ka3axcKkni HaLuMoHanbHbIN MeANLMHCKNR
yHuBepcutet um. C.1. AcbeHansapoBsa (AnmaTbl, KazaxcTaH)

ORCID: 0000-0002-4593-3053

Xa6asos P.U., 1.M.H., npod., OHKL ®MBA (Mocksa, Poccus)

ORCID: 0000-0001-6801-6568

YynuH A.B., a.M.H., npod., HaumoHanbHbIN MeAULIMHCKINIA NCCefoBaTeNbCKUIA
LeHTp xupyprum nm. A.B. BuwwHesckoro (Mocksa, Poccns)

ORCID: 0000-0002-5216-9970

LWamanos H.A., a.M.H., DLUMH OMBA (Mocksa, Poccus)

ORCID: 0000-0001-6250-0762

LWnpwosa E.B., g.m.H., npod., ODHKL ®MBA (Mocksa, Poccus)

ORCID: 0000-0001-9193-0534

filkosnesa T.B., 1.Mm.H., DMBA Poccum (MockBa, Poccus)

ORCID: 0000-0002-9109-000X

Mally Ju., Dr. Habilis, PhD, Professor, Institute of neurorehabilitation
(WonpoH, BeHrpusa)

ORCID: 0000-0001-7299-2692

Wang Guowen, PhD, MD, Tianjin Medical University Cancer Institute
and Hospita (TaHxuH, Kutait)

ORCID: 0000-0001-6549-1144

Xin Wang, PhD, First Affiliated Hospital, Army Medical University
(TAHXKH, Kntain)

ORCID: 0000-0001-9325-3194

Zhang Chao, PhD, MD, Tianjin Medical University Cancer Institute
and Hospital (TaHxuH, Kutain)

ORCID: 0000-0001-7096-8488

QdyHpameHTanbHaa meguLviHa

benoycos B.B., 1.6.H., un.-kopp. PAH, DeaepanbHbiii LeHTp Mo3ra

1 HenpoTexHonoruin (Mocksa, Poccus)

ORCID: 0000-0001-6637-8098

T'ypuna O.U., a.M.H., npo., un.-kopp. PAH, HaumoHanbHbI MeguLmnHCKUiA
NCCNeA0BATENbCKNIA LEHTP NCUXMATPUN U HAPKOSTOT UMEHN

B.MN. Cepbckoro (Mockea, Poccus)

ORCID: 0000-0002-1066-5423

DeBuueHckun B.M., 1.6.H., npod., ODHKL OMBA (Mocksa, Poccus)
ORCID: 0000-0003-4642-2295

3areiiwmkoB [1.A., 1.M.H., npod., LieHTpanbHaa rocyaapcTBeHHas
MeAVLMHCKanA akafeMua YnpasneHua genamu MpesvgeHTa
Poccuiickon Oepepauum (Mocksa, Poccun)

ORCID: 0000-0001-7065-2045

KoHonnauumnkoB M.A., kK.6.H., DHKL| ®MBA (Mocksa, Poccus)

ORCID: 0000-0003-1180-2343

Kouy6ei1 A.B., a.m.H., DHKL ®MBA (Mockga, Poccus)

ORCID: 0000-0002-7438-7477

JNyukunin 4J1., 0.M.H., foueHT, ACTpaxaHCKNI rocyapCTBEHHDbIA
MeAULMHCKUIA yH1BepcnTeT (AcTpaxaHb, Poccus)

ORCID: 0000-0002-1412-3322

Masnosal.B., 4.6.H., npod. PAH, HcTuTyT 6Gronornm reHa PAH, CeueHoBCKMiA
YHuBepcuteT, HaunoHanbHbIn MegULMHCKAIN NCCNIefoBaTeNbCKUA LEHTP
Hempoxupyprum um. ak. H.H. Bypaerko (Mockea, Poccus)

ORCID: 0000-0002-6885-6601

CaBuHa M.U., 1.6.H., npod., Poccuinckmin HaLMOHaNbHbIN UCCefoBaTeNbCKIIA
MeanLMHCKNIA yHuBepcuTteT uMmeHn HW. Muporosa (Mocksa, Poccus)
Scopus Author ID: 000000000049

Xaurtos M.P., .M.H., un.-kopp. PAH, focyaapCTBeHHbIN Hay4YHbIN LEHTP
«MHCTUTYT MMMyHonorumn» (MockBa, Poccus)

ORCID: 0000-0003-4961-9640


file:///D:/Rabota/BROSHURI/0_%d0%ad%d0%ba%d0%be-%d0%b2%d0%b5%d0%ba%d1%82%d0%be%d1%80/%d0%9a%d0%bb%d0%b8%d0%bd%d0%b8%d1%87%d0%b5%d1%81%d0%ba%d0%b0%d1%8f%20%d0%bf%d1%80%d0%b0%d0%ba%d1%82%d0%b8%d0%ba%d0%b0/Klin_praktika_3-2023/javascript:openRTWindow('https://journals.eco-vector.com/clinpractice/about/editorialTeamBio/86386')
http://orcid.org/0000-0002-5842-5904
https://orcid.org/0000-0003-1031-6933
https://orcid.org/0000-0003-4228-9044
file:///D:/Rabota/BROSHURI/0_%d0%ad%d0%ba%d0%be-%d0%b2%d0%b5%d0%ba%d1%82%d0%be%d1%80/%d0%9a%d0%bb%d0%b8%d0%bd%d0%b8%d1%87%d0%b5%d1%81%d0%ba%d0%b0%d1%8f%20%d0%bf%d1%80%d0%b0%d0%ba%d1%82%d0%b8%d0%ba%d0%b0/Klin_praktika_3-2023/javascript:openRTWindow('https://journals.eco-vector.com/clinpractice/about/editorialTeamBio/74775')
https://orcid.org/0000-0002-2938-5173
https://orcid.org/0000-0003-0458-0703
https://orcid.org/0000-0002-2975-4151
https://orcid.org/0000-0003-0448-7402
https://orcid.org/0000-0001-7141-6052
https://orcid.org/0000-0001-7345-0385
https://orcid.org/0000-0002-3638-6094
https://orcid.org/0000-0002-7445-8319
https://orcid.org/0000-0003-2385-7456
https://orcid.org/0000-0003-3385-2632
https://orcid.org/0000-0001-6209-4194
https://orcid.org/0000-0003-3180-5525
https://orcid.org/0000-0002-7999-8955
https://orcid.org/0000-0003-1031-9376
https://orcid.org/0000-0002-2732-967X
https://orcid.org/0000-0002-4723-6067
https://orcid.org/0000-0001-9047-6050
https://orcid.org/0000-0001-5292-7930
https://orcid.org/0000-0002-9690-8325
https://orcid.org/0000-0002-2739-0649
https://orcid.org/0000-0002-1799-6778
https://orcid.org/0000-0003-2797-7877
http://orcid.org/0000-0003-3996-1012
https://orcid.org/0000-0001-9165-2554
https://orcid.org/0000-0001-8539-4392
https://orcid.org/0000-0002-5729-9846
https://orcid.org/0000-0002-8551-0661
https://orcid.org/0000-0002-0909-6278
https://orcid.org/0000-0002-2794-4912
https://orcid.org/0000-0001-6453-0017
https://orcid.org/0000-0002-2218-7529
https://orcid.org/0000-0001-9123-909X
https://orcid.org/0000-0002-4593-3053
https://orcid.org/0000-0001-6801-6568
https://orcid.org/0000-0002-5216-9970
https://orcid.org/0000-0001-6250-0762
https://orcid.org/0000-0001-9193-0534
https://orcid.org/0000-0002-9109-000X
https://orcid.org/0000-0001-7299-2692
https://orcid.org/0000-0001-6549-1144
https://orcid.org/0000-0001-9325-3194
https://orcid.org/0000-0001-7096-8488
https://orcid.org/0000-0001-6637-8098
https://orcid.org/0000-0002-1066-5423
https://orcid.org/0000-0003-4642-2295
https://orcid.org/0000-0001-7065-2045
https://orcid.org/0000-0003-1180-2343
https://orcid.org/0000-0002-7438-7477
https://orcid.org/0000-0002-1412-3322
https://orcid.org/0000-0002-6885-6601
https://orcid.org/0000-0003-4961-9640

KITMHNYECKASA MNMPAKTUKA, 2024, Tom 15, Ne 4

COAEPXAHUE

OPUI'NHAJIbHBIE UCCNEANOBAHUSA

A.B. CmunpHoB, B.P. CtaHkeBuy, E.C. [laHunuHa, B.U. Cbiues, E.M. BopoHeu, Bn.W!. LLapo6apo,
H.A. Conosbes, 10.B. UBaHoB, P.1. Xa6a3oB

BAPUNATPUHECKAA XUPYPTUA Y MALUMEHTOB NMOXUMNOIO BO3PACTA. . . . . e e 7

A.B. CkBopuos, [1.A. JlTo6yHbko, IE. UBaHOBa

®YHKLUVOHATBbHASA MHCTPYMEHTANBHASA MPOBA OBVXXEHWIN CTUBAHNA-PASIVIBAHNA
JIYHESAMACTHOIO CYCTABA: HOPMATUBHBIE MAPAMETPDI . . ... e 18

M.X. Anb-Tydhainu, T.B. Knbina, U.A. Manpenb, M.C. OpexoBa

HEMHBAS3VBHbIV AHECTE3MONOMMYECK MOHUTOPWHIT HA OCHOBE 3NTEKTPOSHLIEE®ATIONPAMMBI
Y TEPUATPUHECKUX MALIMEHTOB B JTOP-XUPYPI U . . . . e 28

A.B. CmunpHoB, B.P. CtaHkeBu4, [1.B. CazoHoB, A.P. AxmepgbsiHOB, A.A. KewuBegnHoBa, H.A. ConoBbes,
10.B. UBaHoB, P.1. Xa6a3oB

STANHOCTb B JIEYEHNW XPOHUYECKOIO KAJbKYNE3HOIO XONELNCTUTA, OCITIOXKHEHHOO
XONMEOOXOIMUTUABOM . . e e e et e e e 38

HAYYHbIE OB30PbI

H.A. ApameHkoB, A.B. MamowuH, B.B. AipémuH, E.B. NMoTtanosa, B.B. LUynneuos, 0.B. UBaHoB,
A.H. NaH4eHkoB, A.B. flyHaeB

VHTPAOMNEPALIMIOHHASA OLIEHKA XKM3HECMNOCOBHOCTU KNLLEYHOWM CTEHKU ... ... 46

A.IN. Npusos, A.M. BocTtpukos, A.B. CkBopuos, ®.J1. JlTasko, M.®. Jlasko, E.A. bensik, A.B. KpbiTaeBa

MPUMEHEHWNE CYXOXWNNSE ANNHHOW MATOBEPLIOBOV MblLLILIbI B KAHECTBE AYTOTPAHCIIIAHTATA
NPV NEPBUYHOW NNACTVKE NEPEOHEN KPECTOOBPA3HOW CBSA3KWN: CUCTEMATUHECKUI OB30P. ... .. ... ... 59

0.A. XXykoBa, l0.B. O3epckas, [1.B. BacmaHoB, B.1O. Ctonsipos, B.I. Boryw, B.B. Konecos, K.A. 3bIkoB,
M. KOcy6anueBa, B.l. baknaywes

«MEFKOE-HA-YUME» KAK MUHCTPYMEHT OJ19 USYYEHNSA MATO®U3NONOM N ObIXAHNA YENOBEKA . ........... 70

A.H. HukonaeHnko, M.A. lNMocTtHukos, H.B. Monos., A.ll. Bopucos, A.A. Kniiko
B/INAHNE MAKPOONSANHA OEHTAJTbHOIO UMIMJTAHTATA HA YCIEX NMPOTE3UPOBAHVA . . ... ..o 89

E.K. OBunHHUKOBa, C.U. MmnbcaHoB

BO3MO>XHOCTb 3®PEKTUBHOIO NMPUMEHEHWNA KOHCEPBATVBHBLIX 1 MANTOVIHBA3VBHbIX
METOOOB NIEYEHNA HA PASJTMHHBLIX CTAOUAX BONE3HU OKOMOUTPEHA ... ... 97

KITIMHNYECKUE CJTYHAU

0.U. HukntuH, A.O. XanumanoBa, A.J1. OguH, E.A. OmatoBa
OOHOCTOPOHHUI PESKCMNAHCWBHbIV OTEK JIEFTKOMO (KNUHUYECKWE HABMKOOEHUS) . . ... ... 104

IA. bakcusiH, A.A. 3aBbsinos, C.B. Jiuwyk
MNEPBUYHASA NETOYHAS MEHUHIIOMA — PEOKASA OMYXOJSTb JIETKOTO . . o oottt et e e e e e e 110

C.WU. ToncTas, B.B. Benonacos, E.B. YeuyxuH
CMUHATBHAA NLLEMWSA : PEABUTUTALUVIOHHBLIA MOTEHLUWAI. KIMHUYECKU CIYYAR ... oo 115



ORIGINAL STUDY ARTICLE

BARIATRIC SURGERY IN ELDERLY PATIENTS

A.V. Smirnov', V.R. Stankevich, E.S. Danilina', V.I. Sychev', E.M. Voronets', VI.I. Sharobaro?,
N.A. Solovyev', Yu.V. lvanov', R.l. Khabazov'

1 Federal Research and Clinical Center of Specialized Medical Care and Medical Technologies, Moscow, Russia;

2 Smolensk State Medical University, Smolensk, Russia

ABSTRACT

BACKGROUND: Bariatric surgery is indicated to patients with morbid obesity and aged 18-60 years. In older
aged patients, such surgery can also be taken into consideration, however, the procedure of selecting the
patients is not included into the clinical recommendations, which determines the topicality of the research.
AIM: To establish a protocol for surgical treatment of morbid obesity in patients older than 60 years.
METHODS: The research included 800 patients operated during the period of 2018-2023 at the Federal
State Budgetary Institution “Federal Scientific and Clinical Center” of the Federal Medical-Biological
Agency of Russia due to the presence of morbid obesity, of which 38 had an age of 61 and older. All the patients
underwent only two types of surgery — laparoscopic longitudinal resection and laparoscopic Roux gastric
bypass surgery. All the patients of the older age group underwent personalized selection for surgical treatment,
screening procedures were arranged in order to detect the senile asthenia syndrome and, retrospectively,
to stratify them using the GeriBari prognostic scale. During one year of follow-up, the remote results were
assessed in all the patients along with the quality of life. RESULTS: There were no postoperative complications
in the older age group, the 30-day mortality was 2.6% (1 patient has died from the complications of the
coronaviral infection). The weight loss was found to be significantly less in the older age group (61 and older)
comparing to the main group of patients (18—60 years): for laparoscopic longitudinal resection — 55.5% versus
73%, respectively (p=0.01), for laparoscopic Roux gastric bypass surgery — 58% versus 77.5% (p=0.0008).
The remission of type 2 diabetes was achieved in 70.6% of the patients of the older age group. The quality of
life among the patients of the older age group, even with the slight decrease of the excess body weight, was
significantly better 12 months after surgery. CONCLUSION: Among the elderly patients with morbid obesity,

it is possible to perform bariatry surgeries safely and effectively when following the proposed protocol.
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BACKGROUND

Bariatric  surgery, according to  clinical
recommendations issued by the Ministry of Health of
the Russian Federation (ID:28), is indicated to patients
aged 18-60 years with morbid obesity, in which
conservative procedures had no effect. The comments
specify that, in the other age groups, surgical treatment
can also be taken into account, however, the procedure
for selecting the patients was not established [1].
The number of the elderly population irreversibly
grows world-wide. According to official data from the
Federal State Statistics Service, in Russia as of the
1st of January 2023, there were a total of 29.38 million
people aged older than 60, or approximately 20% of
all the citizens'. With this, the maximal occurrence

' Federal State Statistics Service [Internet]. Distribution of
population by age groups. Access mode: https://rosstat.gov.ru/
folder/12781.

The article can be used under the CC BY-NC-ND 4 license /
Jvuensmns CC BY-NC-ND 4

of obesity is reported specifically in the age group
of 60-70 years and, according to some estimates,
reaches 57.76% in men and 80.99% in women [2].
Physiological changes occurring with aging can
affect the efficiency of metabolic and bariatric surgery,
the rate of postoperative complications and the ability
of elderly patients to restore after surgery [3-5]. Just
a while ago, the majority of clinical recommendations
worldwide concerning the treatment of obesity
in the elderly age, have prioritized conservative
procedures [6], however, in the last 10 years, a steady
growth was reported in the number of trials on the
efficiency and safety of bariatry surgeries in patients
aged over 60-65 years. The treatment results were
positive, while the risk of complications and lethal
outcomes was more related with the presence of
severe concomitant diseases, smoking, cognitive
disorders and senile asthenia syndrome [7]. In 2022,
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OPUTUHAJIbHOE NCC/TIEAOBAHUE

BAPUATPUYECKAA XUPYPITA Y NAUUNEHTOB
MOXXUJIOIo BO3PACTA

A.B. CmupHoB!, B.P. CtaHkeBud', E.C. laHunuHa', B.U. Cbiues', E.M. BopoHel',

Bn.U. LLapo6apo?, H.A. Conosbes’, 10.B. UsaHoB', P.U1. Xa6a3os'

1 depepasnbHbIii HAYYHO-KIVHUYECKNIA LEHTP Creuuani3npoBaHHbIX BUAOB MEAULIMHCKONA NMOMOLLM 1 MEAULMHCKNX TEXHOSOMWN,
Mocksa, Poccus;

2 CMOJIEHCKWIA roCYAapCTBEHHbI MEAVLIMHCKUI YHUBEepcuTeT, CMoneHcK, Poccusi

AHHOTALUSA

O6ocHoBaHue. bapuatpuyeckas ornepayuvsi nokasaHa 60JibHbIM MOPOUAHBIM OXUPEHNEM B BO3pacTe
18-60 net. B 6onee cTapLiem BO3pacTe Takasi ornepaumsi TakXkKe MOXXET paccMaTpuBaTbCs, 04HaKo r1o-
PS[OK OTOOpa NauneHToB B KIIMHUYECKUX PEKOMEHZauusix He OroBOPEH, YTO n 0OyCrIOB/INBAET aKTy-
asibHOCTb nccnefoBanvis. Llenb nccnegoBaHnsa — paspaboTatb MPOTOKOJ XUPYPruYEeCKOro J1e4eHus
MOp6uAHOro oXxupeHns y naymeHToB cTaple 60 net. Metogbl. B nccnegoBaHue BkadeHo 800 na-
UneHToB, npoonepupoBaHHbix B nepuog 2018-2023 rogos B ®I'bY ®HKL] ®MEA Poccumn rno nosogy
MOPOUAHOro OXUpPeHUs, N3 HUx 38 bblim B Bo3pacTe 61 roga m ctapLue. Bcem nayvweHTam BbINoiHS-
J10Cb TOJILKO fiBa Byfa orepauyui — 1anapocKonuyeckasi npof4osibHas pe3eKUyusi U 1anapoCKONm4ecKoe
racTpoLUuyHTUpoBaHue rno Py. Bce nayueHTbl cTapLuei BO3pacTHOM rpynrbi NPOLLU epCoOHNpULnpPo-
BaHHbIi OTOOP Ha XVPYPrudeckoe e4eHue, npoBOANINCE CKPUHUHI Ha CUHAPOM CTap4YeCKOU acTeHuu
Y PETPOCMNEKTUBHO CTPaTUuKayms ro nporHoctnydeckon wkane GeriBari. B Te4eHne roga HabsrogeHunst
Yy BCEX NaymeHToB OLEeHVBaIN OTHaNEHHbIN Pe3ybTaT U Ka4ecTBO Xu3Hu. Pesyneratsl. [1ocneonepa-
LMOHHBIX OCJIOXXHEHWN B CTapLLes BO3PacTHOM rpynne He 6bii0, 30-gHeBHas /1eTasibHOCTbL CcocTaBma
2,6% (nmorub 1 naymeHT OT OCJ/IOXKHEHUI KOPOHaBmpyCHOM nHpekynm). [loTepsi Beca okasasiacb 3Ha4YMMO
MeHbLLE B CTapLueyi Bo3pacTHow rpyrnne (61 rog v ctapLue) B cpaBHEHUN C OCHOBHOU rpy oy naymneH-
T0B (18-60 s1eT): NMPWM NaNapPOCKONMYECKON NPoaoIbHON pesekumn — 55,5% npotns 73% coOOTBETCTBEH-
HO (p=0,01), Npy nanapoCKONUYECKOM racTpOLLyHTUpOBaHuu no Py — 58% npotus 77,5% (p=0,0008).
Pemuccus caxapHoro gnabeta 2-ro turna gocturHyta y 70,6% naymeHToB cTapLUesi BO3pacTHOM rpyrinbi.
Ka4yecTBO XXn3Hu nayneHToB CTapLLesi BO3PacTHOM rpyrinbi faxke rnpy HeboIbLLIO NoTepe n3bbiTka Mac-
Cbl TeJs1a CTaTUCTUHECKU 3HAYUMO YI1yHLLUUIIOCh B Te4YeHue 12 Mecsues rnocse onepauny. 3akrodeHue.
Y noxunbix 60/1bHbIX MOPOUAHBIM OXUPEHUEM BO3MOXKHO 6e30rnacHoe n agh@eKTNBHOE BbINOJIHEHNE
bapuaTpudeckux onepaLuii npu cobangeHny npeaaaraemMoro rnpoToKoa.

KnroyeBbie cnoBa: 6apManM'-IeCKa57 oriepauyuns; raCtpoLLUyHTUpoOBaHne, rnpoh4oJibHasl Pe3eKUns XXesyn-
Ka, OXKnpeHwne; roXxnsnom BO3pacT, cTap4eckas aCTeHus.

Ans yutuposaHus:

CmupHoB A.B., CtaHkeBuy B.P., Oanununa E.C., CelveB B.W., Boponey E.M., Llapo6apo Bn.W.,
ConosbeB H.A., VisaHoB 10.B., Xa6asos P./. Bapuatpudeckas xupyprus y naymeHToB NOXXUnoro BO3-
pacTta. KnuHndeckas ripaktuka. 2024;15(4):7-17. doi: https://doi.org/10.17816/clinpract642653
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the recommendations from the American Society
for Metabolic & Bariatric Surgery (ASMBS) and
from the International Federation for the Surgery of
Obesity and Metabolic Disorders (IFSO) have stated
that the age itself cannot be the contraindication for
undergoing surgery, however, thorough selection is
recommended among the aged patients, including
the tests for senile asthenia syndrome [8]. Senile
asthenia is the central geriatric syndrome, including
the age-associated decrease of the physiological

reserves and of the functions in the organism, which
makes it more vulnerable for the effects from the
internal and external factors, which determined the
high risk of unfavorable events [9]. For the purpose
of screening evaluation of senile asthenia, multiple
scales were proposed, however, in Russia, only the
“Age is not a drawback” questionnaire was validated,
approved by the clinical recommendations on “Senile
asthenia” (approved by the Ministry of Health of the
Russian Federation, ID: 613) [10].

8 https://doi.org/10.17816/clinpract642653
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In the accessible national literature, we could not
find any research works with the assessment of senile
asthenia among the bariatric surgery patients. Thus,
the conduct of national research aimed at developing
the protocol for selecting patients from the older age
group for bariatric surgery, is still topical.

Research aim — to develop a protocol for surgical
treatment of morbid obesity in patients older than
60 years.

METHODS

Research design

A retrospective comparative single-center research
was arranged with the evaluation of the direct and
remote results of surgical treatment of morbid obesity
in two groups of patients — 18-60 years inclusive
(the main group) and aged 61 and older (the elderly
group). The medical aid for the patients with morbid
obesity was provided in accordance with the “Obesity”
clinical recommendations from the Ministry of Health
of the Russian Federation (ID: 28).

Conformity Criteria

Inclusion criteria: body mass index over 40 kg/m?;
body mass index ranging from 35 to 40 kg/m? with
the presence of diseases associated with obesity
and requiring constant therapy (type 2 diabetes,
hypertensive disease, chronic cardiac insufficiency,
sleep apnea syndrome).

Non-inclusion criteria: presence of oncological
diseases with currently under treatment or follow-up;
acute myocardial infarction; acute disorders of
cerebral circulation; thromboembolic complications of

cardio-vascular diseases in the last 2 months;
terminal stages of renal injury; decompensated state
of the organs or systems; presence of depression or
psychiatric disorders.

Research facilities

The research was carried out within the premises
of the Federal State Budgetary Institution “Federal
Scientific and Clinical Centre for Specialized Types of
Medical Care and Medical Technologies of the Federal
Medical-Biological Agency” (FSBI Federal Scientific
and Clinical Center of the Federal Medical-Biological
Agency of Russia), where during the time period from
2018 until 2023, a total of 800 bariatry surgeries were
conducted in morbid obesity patients.

Medical Procedure Description

All the patients were treated with strict following
the protocol of perioperative management and
performing the bariatric manipulations, which was
previously described by the authors of the present
article [11]. Additionally, patients aged from 61 and
older had a screening assessment for the presence
of senile asthenia syndrome using the “Age is
not a drawback” questionnaire (table 1). With the
result of 0-4 points, no additional procedures
were conducted, while when having 5 points and
higher, the patient was referred to the geriatrician
and the further tactics was defined together during
the consilium. Special attention was paid to the
consultation by the Psychiatrist, with the presence of
depression or psychiatric disorders being considered
a contraindication for surgical treatment.

Table 1

The “Age is not a drawback” questionnaire

Did you lose 5 kg and more during the last 6 months?*

Do you experience any restrictions in everyday life due to decreased vision or hearing?
During the last year, did you have any injuries caused by falling, or episodes of falling

without traumas?

Did you feel depressed, sad or anxious within the last weeks?
Do you have problems related to memory, orientation or planning abilities?

Do you suffer from urine incontinence?

Do you have difficulties moving around the house or outdoors (walking up to 100 m

or climbing a single staircase)?
For each positive answer, 1 point is scored.

Yes/No
Yes/No

Yes/No

Yes/No
Yes/No
Yes/No

Yes/No

Legend (interpretation): <2 points — no senile asthenia, 3—-4 points — probable pre-asthenia, 5-7 points — probable

senile asthenia.

Note. * Meaning unintentional weight loss. If the patient was losing weight voluntarily (by following the special diet or regular

physical activity), the point is not scored.
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The first surgery in the patient aged older than
60 years was carried out after accumulating the
experience of 100 bariatric interventions in other age
categories. The surgeries in patients older than 61 were
carried out by a single surgeon with the assistants
being the physicians having an experience of not less
than 100 episodes of assisting during the bariatric
surgeries (no trainees were allowed to participate in the
surgical team). Anesthesiological aid was performed by
the anesthesiologists trained on the specific features
of anesthetic support in bariatry patients and having
an employment experience of not less than 5 years in
the same occupation.

Two types of bariatry surgeries
the laparoscopic gastric bypass (GB) and the
laparoscopic longitudinal gastric resection (LGR).
The surgery technique in all the patients was the
standard one with its description provided in earlier
publications from the authors [11].

were used —

Methods for registration of outcomes

Retrospective assessment was used to evaluate the
risk of bariatric surgery based on the GeriBari prognostic
scale (table 2), developed based on the analysis of the
data bases of The Metabolic and Bariatric Surgery
Accreditation and Quality Improvement Program in the
USA (40,199 operated geriatric patients) [12]. Partially
dependent functional status was reported in case of
the necessity of the aid of another person during the
everyday activities.

ORIGINAL STUDY ARTICLE

During the postoperative period, the rates of
postoperative  complications  (classification by
Clavien-Dindo, 2004), of repeated hospitalizations and
of the mortality within the nearest 90 days from the
surgery were evaluated.

After 12 months, the evaluated parameters included
the percentage of excess weight loss, the rates of
type 2 diabetes remission, as well as the cases of
developing thromboembolic complications, acute
myocardial infarction or acute disorders of the cerebral
circulation along with the mortality.

The percentage of excess body mass index loss
(%EBL) was calculated as the ratio of weight loss to the
baseline excessive body weight. In order to calculate
the excessive body weight, the ideal body weight was
subtracted from the body weight value before surgery
(body length in centimeters — 100). For example,
if the person having a body height of 170 cm had
a body weight of 120 kg before surgery, and after 1 year
his weight has decreased to 80 kg, the %EBL equals
80%: 100x(120-80)/(120—(170-100))=100x40/50.

The remission of diabetes type 2 was defined as
the level of glycosylated hemoglobin (HbA1c) being less
than 6.5% for not less than 3 months in the absence of
sugar-reducing therapy.

Separate evaluations in patients of the older age
group were performed to define the quality of life in
accordance with non-specific SF-36 questionnaire
(Short Form-36) before bariatric surgery and after
12 months.

Table 2

GeriBari Prognostic scale [12]

Parameter

Points

Roux gastric bypass (comparing to longitudinal gastric resection) 6

Partially dependent functional status
Intake of anticoagulants

Chronic kidney disease

Oxygen dependence

Myocardial infarction in the past
Chronic venous insufficiency

Venous thromboembolic complications
“Major” heart surgeries in the past
Chronic obstructive pulmonary disease
Gastroesophageal reflux disease

Surgery time

N W W W ks~ b b o oo

2 for each hour

Interpretation

Low risk (less than 6% of serious complications)
High risk of (more than 6% of serious complications)

<14
>14

10 https://doi.org/10.17816/clinpract642653
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Ethical review

All the research participants have signed the
voluntary informed consent for treatment and surgery.
The conduct of the research was approved by the
local Ethics Committee of the Federal State Budgetary
Institution “Federal Scientific and Clinical Center”
of the Federal Medical-Biological Agency of Russia
(protocol No. 11, dated November 11, 2019).

Statistical analysis

The sample size was not preliminarily calculated.

During the statistical analysis, the nonparametric
methods were used. The data were presented as the
median with defining the upper and lower quartiles
(Me [Q1; Q3]). The differences between quantitative
characteristics were calculated using the Mann-Whitney
test. The comparison of qualitative characteristics was
done using the x2 (chi-square) method. The software
used was IBM SPSS 27. The obtained differences
were considered statistically significant in case when
the p value was <0.05 (95% of confidence).

RESULTS

Research sample (participants)

During the research period, the in-patient
examination procedures for the purpose of defining
the indications for bariatric surgery at the Federal
State Budgetary Institution Federal State Budgetary
Institution “Federal Scientific and Clinical Center”
of the Federal Medical-Biological Agency of Russia
were arranged for 74 individuals older than 60 years
(64 years [62.5; 65.5]). The bariatric surgery was
approved for 38 (51.35%) individuals aged 64 years

[62.5; 67] with maximum age of 74 years. There was
no significant difference in the age of the patients
between the operated ones and those assigned for
conservative treatment tactics (p=0.08). In all the
cases, the decision of excluding the patient from the
bariatric surgery group was made individually during
the multidisciplinary consilium and it was based on
the evaluation of the surgery risk due to the somatic
status, the presence of senile asthenia syndrome, as
well as the subjective factors, such as the patient’s
compliance and the readiness of strict following
the recommendations, as well as the need for
social-household aid and care. The characteristics of
the research participants are provided in table 3.
When analyzing the data in the group of operated
patients, it was found that only in 2 (5.3%) cases,
the results of using the “Age is not a drawback”
screening questionnaire were 0 points, 1 point was
scored by 3 (7.9%) patients, 2 points — by 16 (42.1%),
3 points — by 15 (39.5%) and 4 points — by 2 (5.3%).
In 23 (60.5%) patients, senile asthenia syndrome was
not found, while 15 (39.5%) were diagnosed with
pre-asthenia. Thirty-six out of 38 (94.7%) operated
patients had mobility difficulties, 16 (42.1%) have
reported problems with memory, orientation and
planning abilities, 15 (39.5%) cases were associated
with restrictions caused by diminished hearing and
vision, 13 (34.2%) patients felt depressed and sad, other
13 (34.2%) had episodes of falling within 1 year and
6 (15.7%) had urinary incontinence-related problems.
Constant intake of 5 and more medicinal products was
reported for 9 (23.7%) patients; 8 (21%) had chronic pain
syndrome; 8 (21%) have informed about living alone.

Characteristics of the patients

Parameter

Males, n (%)

Females, n (%)

Age, years

Baseline body mass index, kg/m?

Type 2 diabetes, n (%)

Laparoscopic Roux gastric bypass, n (%)
Laparoscopic longitudinal gastric resection, n (%)
Post-operative complications, Clavien-Dindo I-Il, n (%)
Post-operative complications, Clavien-Dindo IlI-1V, n (%)
Mortality within 90 days from surgery, n (%)

%EBL in 12 months

Note. * Cause of death — traffic accident.

Table 3

Older group Main group

n=38 n=762 P
8 (21) 214 (28) >0.05
30 (79) 548 (72) >0.05

64 [62; 66] 42 [35; 50] -

45 [62.5; 67] 42 [35; 50] >0.05
17 (44.7) 318 (41.7) >0.05
21 (55.3) 381 (50) >0.05
17 (44.7) 299 (39.2) >0.05

0 6 (0.8) >0.05

0 20 (2.6) >0.05
1(2.6) 1(0.1)* >0.05
56.5 [45; 69.5] 75 [66.5; 82.25] <0.00001
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The assessment of elderly patients using the
GeriBari prognostic scale has shown high surgery risk
only for 5 (13.2%) patients (table 4).

Primary findings

None of the patients of the older age group had
surgical complications in the perioperative period.
The postoperative bed day count did not differ from
that in the main group (3—4 days). During the next
90 days after surgery, there were 2 hospitalizations
caused by heart rhythm disorder and by hypertensive
crisis. One female patient (2.6%) aged 66 has died on
day 14 after LGR with the cause being the multi-organ
insufficiency and multisegmental pneumonia with
a background of diagnosed coronaviral infection, with
this background, there were no any signs of surgical
complications found.

The remote results were accessible for evaluation
in all the patients.

A man aged 65 has died 11 months after
laparoscopic gastric shunting due to acute cardio-
vascular insufficiency.

The numbers of the loss of excess body weight
after 12 months are provided in Fig. 1. Twelve months
later, the %EBL after the LGR was 55.5% [39.15; 69.75],
after GB — 58% [54.5; 69]. Three patients after LGR
had the %EBL values not exceeding 1/3 (17%, 20%
and 28%, respectively). The maximal %EBL value after
LGR was 93%; the minimal %EBL after GB was 40%
with the maximal being 102%, however, the statistical

ORIGINAL STUDY ARTICLE

%

120 ~ .
S

100 - 8 T

80 T

60 l

40 1 -

20 A l

1 2 3 4
0

Fig. 1. Loss of excess body weight in 12 months after bariatric
surgery: 1 — laparoscopic longitudinal gastric resection
(older age group), 2 — laparoscopic gastric bypass surgery
(older age group), 3 — laparoscopic longitudinal gastric

resection (main group), 4 — laparoscopic gastric bypass
surgery (main group). The differences were statistically
significant: p <0.05 (*) and p <0.001 (***).

differences between two types of surgeries were
insignificant (p=0.43). In the main group, the %EBL was
significantly higher both for LGR (73% [61; 80], p=0.01)
and for the GB (77.5% [67; 85], p=0.0008).

Before surgery, type 2 diabetes, requiring
sugar-reducing therapy, was diagnosed in 17 persons,
with two of them receiving insulin therapy, while the
other 15 were taking tableted medicines. In 12 months,
16 (94%) of patients had clinical improvement. Complete
remission was achieved in 12 cases (70.6% of the

Table 4

Characteristics of the patients in accordance with the GeriBari scale

Parameter

Roux gastric bypass (comparing to longitudinal gastric resection)

Partially dependent functional status

Intake of anticoagulants

Chronic kidney disease

Oxygen dependence

Myocardial infarction in the past

Chronic venous insufficiency

Venous thromboembolic complications in the past
“Major” heart surgeries in the past

Chronic obstructive pulmonary disease
Gastroesophageal reflux disease

Surgery time, min

Patients
n=38 (%)

21 (55.3)
15 (39.5)
4 (10.5)
2 (5.3)

0
3(7.9)
4(10.5)
1(2.6)

0
1(2.6)

6 (15.8)

110 [70; 160]

Interpretation

Low risk (<14)
High risk of (>14)

33 (86.8)
5(13.2)

12 https://doi.org/10.17816/clinpract642653
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total number of diabetes patients and 80% of the total
number of patients taking only tableted drugs). Both
patients receiving (before surgery) insulin therapy
were switched to taking only tableted medicines. Two
patients had achieved a decrease in the dosage of the
tableted antihyperglycemic drugs. Only 1 (6%) patient
aged 64 years after GB had his diabetes course
characteristics at the same level.

The quality of life of the patients in the older age
group has significantly increased (Fig. 2), with this, we
did not note any relation between the parameters of
the quality of life and the extent of losing excess body
weight. Even in patients with insignificant weight loss
(%EBL 17-28%), significant improvement was reported
in the quality of life.

DISCUSSION

Over the past decades, the developed countries
were showing an increase in the duration of life along
with the simultaneous growth of the occurrence of
obesity. The percentage of adipose tissue increases
with age, while the muscle/bone mass decreases as
a result of lower levels of basal metabolism, decreased
production of anabolic hormones, as well as due to
the decreased reactivity to thyroid hormones and
leptin. If younger individuals have a muscle mass of
approximately 40%, to the age of 75 it corresponds to
about 25% of the whole body volume. Shortening of

Before surgery

the volume of skeletal muscles results in a decrease
in the rate of basic metabolism after the age of
20 years by 2-3% a year, and after the age of 50 —
by 4% every year [13].

The advances in medical technologies have provided
a possibility of performing bariatric interventions in
elderly patients with a sufficient level of safety, which is
why we can see a progressive growth in the number of
publications in this issue. Some authors suppose that
bariatric surgery gives comparable results in younger
and elderly patients, while the other trials have proved
a longer postoperative bed day count and lesser
excess body weight loss among the patients older than
60 years [14, 15].

The recent systematic review and meta-analysis
conducted by J. Kapata et al. [16] and including the
operated patients older than 70 years (n=3923), has
shown that, in one year after surgery, the mean loss of
excessive body weight was 54.66%, the improvement
of the diabetes course was reported in 50% of
observations, arterial hypertension — in 36%, reflux-
esophagitis — in 50%, sleep apnea — in 36% and
hyperlipidemia — in 25%. The rate of postoperative
complications was ~2% with the fatal outcomes
showing 1%.

P. Gerber et al. [17], based on the analysis of the
Swedish register involving 57,215 operated patients,
inform that patients older than 60 years have strong

After surgery

General health*

90
80
70
60
50
40
30
20
10
Role emotional 0

Social functioning*

Mental health

Role physical*

Physical functioning*

Bodily pain*

Vitality*

Fig. 2. Changes in the quality of life among the morbid obesity patients of the older age group after bariatric surgery
(* marks the parameters with the statistically significant differences).
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and stable improvements of the physical and
obesity-related quality of life even 5 years after bariatric
surgery. As for the metabolic results, the conducted
trials confirm the efficiency of bariatric surgery in
terms of treating diabetes. However, longer duration of
diabetes causes irreversible loss of beta-cells, which
is why the metabolic mechanism of GB and LGR is
predictably less effective in the older age comparing
to younger patients. A number of research works has
shown the absence of differences in the efficiency of
the LGR and GB in terms of diabetes in elderly patients,
which is also confirmed by our results [18, 19].

Despite the already accumulated vast data
on bariatric surgeries in elderly patients, there
are controversial opinions on the postoperative
complications. Thus, according to data from USA
registries, the mortality after bariatry surgeries among
the elderly is 0.27% (3 times higher than in younger
cohort) [12]. Upon analyzing the Scandinavian obesity
register, the similar mortality value was observed
among the elderly — 0.27%, while the total mortality
was at the level of 0.03% [20]. However, according to
data from the national register of the Netherlands, the
30-days mortality after bariatric surgery did not differ
in the younger and older cohorts, being 0.2% [21]. In
a recent review by N.C. Basaran [22] it was reported
that the mortality after bariatric surgery among the
elderly in various trials is within the ranges of 0-0.34%,
and this level is comparable to the mortality data for
cholecystectomy (0.2-6%).

The investigators have no unified opinion on the
best variant of bariatric surgery in elderly from the point
of view of the risks and results, but only two options
of standard surgical interventions were considered —
the LGR and the Roux GB. LGR is the most commonly
conducted bariatric surgery world-wide. A meta-
analysis by S. Giordano et al. [23] involving 2259 patients
after laparoscopic LGR from 11 research works, has
shown comparable results from the point of view of
safety and resolving the associated diseases among
the elderly and the younger patients, even though in the
patients of the older age group, lower weight loss was
noted. A randomized multicenter research has shown
that, in patients older than 65 years, GB comparing
to LGR is associated with better loss of excess body
weight (68% versus 60%, respectively; p=0.044) and
higher rates of diabetes remission (85.7% versus
46.15%, respectively; p=0.27) [24]. According to data
from M. Kermansaravi et al. [25], obtained as a result
of the systematic review and “umbrella” meta-analysis
(6 meta-analyses), the elderly persons undergoing LGR
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had lower (comparing to GB) mortality parameters, the
same was shown for the early and late complications
(by 55%, 55% and 41%, respectively), however,
the noted findings also included lower efficiency in
terms of the results related to weight loss and to the
recurrences of obesity-related disease. The research
by J.S. Frieder et al. [26] has analyzed the largest
single-center experience of bariatric surgery among
the elderly patients (LGR and GB were carried out in
2486 morbid obesity patients) and has shown that the
number of complications was significantly higher in
the GB group comparing to LGR (27.7% versus 9.4%;
p <0.01). In general, the majority of research works
note that LGR in elderly patients is a safer surgery
comparing to the GB.

The principles of selecting older patients for bariatric
surgery are still not clearly developed, while in practice
they often involve individualized decisions by the
consilium of physicians. The IFSO recommendations
(2022) state that one of the objective criteria for
patient assessment could be the presence of senile
asthenia syndrome [8]. This recommendation is based
on the research by A.B. Gondal et al. [7], involving
21,426 patients aged from 60 years and older, in which
it was shown that the weakness evaluation scale could
be used as a method for stratifying the risks for patients
before bariatric surgery. In the research performed by
the group headed by R. Sebastian [27], based on the
analysis of the treatment results from 650,882 patients
(72% LGR, 28% GB), the authors came to the conclusion
that the presence of senile asthenia syndrome is
associated with higher surgery risks, which is related
to the “cumulative deficit” (when the cumulative effect
from the number of pre-existing concomitant diseases
is higher than in cases of their separate assessment).

J.T. Dang et al. [12], based on the analysis of the
data on the results of GB and LGR in 40,199 geriatric
patients, have developed the GeriBari prognostic scale,
showing a sensitivity of 46.0% and the specificity of
100%, which was used in our retrospective research.
The fact that high risk was detected only in 13% of our
patients, indirectly confirms the efficiency of the scale.
The benefit of the scale is its controllability: in case of
the patients having significant diseases and conditions,
refusing to perform GB in favor of LGR allows leaving the
patient in the low risk group. However, this scale does
not take into account the presence of senile asthenia
syndrome, and in our research, none of the participants
had senile asthenia. During the present trial, for selecting
the patients for bariatric surgery, we have used the only
screening questionnaire validated in our country on the
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presence of senile asthenia syndrome “The Age is not
a drawback”. This questionnaire is generally similar to
the ones used by the authors of the abovementioned
trials. According to our opinion, the combined use of
the “Age is not a drawback” screening questionnaire
and the GeriBari scale can allow for determining the
category of patients older than 60 years, in which
performing bariatric surgery is safe.

We have obtained the data similar to the global
ones, indicating the safety of bariatry surgeries among
the elderly patients with the condition of following
a number of principles:

1) individual selection of patients, including the use of
screening questionnaire for the purpose of ruling
out senile asthenia;

2) strict following the perioperative protocol of
following the patients;

3) performing the surgery by means of an experienced
surgical team;

4) justified type of surgical intervention.

CONCLUSION

Currently, the possibility of performing bariatry
surgeries in patients older than 60 years in the Russian
Federation is, in fact, considered being the “grey
zone”, for it is not clearly regulated by the clinical
recommendations. The current research, according to
out data, is the first in Russia.

As a result of analyzing the obtained data, the
following conclusions can be drawn. In particular,
bariatric surgeries in patients older than 60 years are
plausible and safe, just as in younger patient, but with
following a number of conditions. The efficiency of
bariatric surgery in terms of decreasing the excess body
weight after 60 years is significantly lower, however, the
metabolic effects are at the high level, which determines
higher quality of life in the patient after surgery. Patients
older than 60 years, having conventional indications for
bariatric surgery, should undergo additional selection
procedures: it is necessary to rule out senile asthenia
syndrome in them (based on using the screening
questionnaire and on the conclusion by the geriatrician),
to take into account the presence of surgery risk
factors, as well as a number of subjective factors, such
as the compliance level, the readiness to strictly follow
the recommendations, the need for social-household
aid and care. Currently, for the older age group,
only two types of bariatry surgeries were justified —
the Roux laparoscopic gastric bypass surgery and
the laparoscopic longitudinal gastric resection. The
protocol of perioperative managing the patient from

the older age group should be strictly followed,
while the surgery itself shall be performed solely by
an experienced surgical team (with an experience of
more than 100 bariatry surgeries).
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OF FLEXION-EXTENSION MOTION IN THE RADIOCARPAL
JOINT: REFERENCE PARAMETERS
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' Federal Center of Brain Research and Neurotechnologies, Moscow, Russia;

2 The Russian National Research Medical University named after N.I. Pirogov, Moscow, Russia;
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ABSTRACT

BACKGROUND: The stroke represents a significant medical-social problem due to its high morbidity
and mortality with a tendency towards increasing the overall occurrence rates. A total 80% of the
patients show persisting impaired functions of the upper limb. The current approaches, such as
Clinical scales and Questionnaires, are being criticized for subjectivity and insufficient precision.
It is necessary to develop an instrumental method for evaluating the functions of the upper limb,
the method that is applicable in the clinical settings. AIM: To develop a functional test for the
objective diagnostics of the wrist joint functions, applicable in the clinical settings. METHODS:
A functional test was proposed for evaluating the biomechanics of the radiocarpal joint by means
of using the inertial sensors. The research sample was a group of 15 healthy volunteers (5 males
and 10 females aged from 23 to 33 years), not having any joint diseases or neurological disorders.
The research was carried out within a period of one year (2022-2023). The primary endpoint was the
determination of the amplitude, the time and the motion trajectory in the wrist joint when performing
two tests — the “Wrist-0” and “Wrist-flex”. An assessment was done of the duration of the motion
cycle, of the motion maximal amplitude and phase. RESULTS: The evaluation of the upper limb
functions using the clinical scales (ARAT, FMA-UE, MRC) has demonstrated, that the parameters
correspond to the ones in healthy individuals. When using the “Wrist-0” test, the motion amplitude
was significantly lower than in the «Wrist-flex» test (p <0.05). No statistically significant differences
were found in the motion amplitude between the right and left limbs determined using both tests
(p >0.05). The maximal flexion phase for the “Wrist-0” tests occurs significantly earlier than for the
“Wrist-flex” test for the right hand (p <0.05). The duration of the motion cycle did not significantly differ
between the tests for the right hand (p >0.05) and was significantly higher for the “Wrist-flex” test in
the left hand (p <0.05). CONCLUSION: A set of reference values was established for the functional
tests. Insignificant differences were reported for the functions of the right and left radiocarpal joints.
The test proposed requires insignificant time for its implementation and it can be used for objective
diagnostics of the radiocarpal joint functions in patients.

Keywords: cerebral stroke; upper limb; wrist joint; function; kinematics.
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BACKGROUND

The stroke represents an important medical-social
problem due to its high morbidity and mortality rates.
In Russia, the annual registered number of cases
reaches 170-380 cases per 100 000 of population with
a total number of stroke cases being ~380 000 a year.
The World Health Organization predicts an increase
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in the numbers of acute cerebrovascular event cases
by 30% within a period until year 2025 [1].

The stroke causes the development of disorders in the
motor, sensory, visual, affective, cognitive and speech
aspects. About 80% of ischemic stroke survivors have
persisting impaired functions of the upper limb, despite
the conducted rehabilitation activities [2].

The article can be used
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OPUTUHAJIbHOE NCCJTIEAOBAHUE

OYHKUNOHAJIbHAA UHCTPYMEHTAJIbHAA NMPOBA
ABUXEHUN CTUBAHUA-PA3TMBAHUA JTYYE3ANACTHOIO
CYCTABA: HOPMATUBHDbIE MAPAMETPDI

0.B. Ckeopuos' 23, [1.A. Nlo6yHbko', I.E. UBaHoBa' 2

1 depepasbHbI LIEHTP MO3ra U HelipoTexHosioruin, Mockea, Poccust;

2 POCCUINCKII HAaLOHasbHbIN UCCenoBaTenbCKUii MEAULIMHCKUI YHUBepcuTeT uMmeHn H.W. Muporoea, Mocksa, Poccus;

3 ®epeparbHbIil HayYHO-KIIMHUYECKUI LIEHTP CrieuanvanpoBaHHbIX BULOB MEOULMHCKON MOMOLLY Y MEQVLIMHCKIX TEXHOOTIA,
Mocksa, Poccust

AHHOTALMUA

O6ocHoBaHue. VIHCynbT npegcTaBsieT cob0M 3HaYUMY0 MeaNKo-coumasbHyr npobiemy n3-3a Bbi-
COKOVi 3ab0/1eBaEMOCTY U CMEPTHOCTU C TEHAEHUMEN K YyBEJIMHYEHWIO ObLero 4ucsra 3abosieBLUNX.
Y 80% naumeHTOB COXpaHSOTCS HapyLLUeHUST DYHKLMM BEPXHEN KOHEYHOCTY. CyLyecTBYOLYME NOAX0AbI,
Takne Kak KJIMHUYECKNE LUKaJsIbl Y ONPOCHUKU, KDUTUKYHOTCS 3a CyOBLEKTUBHOCTb U HEAOCTATOYHYH TOY-
HocTb. Heobxofgmnma paspaboTka MHCTPYMEHTA/IbHOrO MeToAa OLEeHKU (PYHKUNM BEPXHEN KOHEYHOCTH,
MPUMEHUMOro B KIIMHUYECKuX ycaoBusix. Ljenb nccnegoBaHmns — paspaboratrsb (hyHKUMOHAIbHYH MPO-
Oy A/ OOBEKTUBHON ANArHOCTUKU (DYHKUMU JIy4e3arsiCTHOro CcycraBa, MPUMEHUMYI B KITMHUYECKUX
ycnosusix. Metopgbl. [NpennoxeHa yHKUMOHabHas rnpoba 47189 OUeHK BUOMEXaHUKN JlyHe3arnscTHOro
cycraBa C UCMOJb30BaHNEM UHEPLMOHHbIX ceHCopoB. OOBLEKTOM vccaenoBaHus ctamm 15 340poBbIx
fobpososbLes (5 myxynH n 10 XxeHLMH B Bo3pacTte ot 23 4o 33 s1eT), He umeroLmx 3abosieBaHnii cycTa-
BOB 1 HEBPOJIOrMHYECKMX HapyLLUeHWI. ViccnegoBaHue npoBoanoCk B TeHeHne ogHoro roga (2022-2023).
[NepBUNYHONM KOHEYHOU TOYKOM Obi/I0 ONMPefesIeHNe aMrinTyabl, BDEMEHU U TPAEKTOPUN ABVIXKEHWI J1y-
4e3arisiCTHOro cycraBa rnpwv BbINOJHEHUN ABYyX TecToB — «KucTb-0» n «Kucte-Crub». [NpoBogunack
OUEeHKa [J/IMTESIbHOCTY LUMKIIa OBUXKEHWS, MaKCUMasibHOV aMIiyINTyabl v ¢padbl ABvKeHus. Pe3ynbTartsl.
OuyeHka hyHKLMM BEPXHEN KOHEYHOCTM C MOMOLYbIO KiMHnYeckux wkasa (ARAT, FMA-UE, MRC) noka-
3asa, 4To napameTpbl COOTBETCTBYIOT r1oKasaresisiM 340poBbix aofen. B tecte «Kucto-0» amnantyga
ABV>KeHWN Bblia JOCTOBEPHO HVXXe, Yem B TecTe «Kuctb-crnb» (p <0,05). He HanigeHo cTtatucTu4ecku
3HaYUMbIX Pa3INYnil B aMinTyae OBVXKEHUA MeXy Mpasoui U J1eBOM KOHEYHOCTSIMU B 000X TecTax
(p >0,05). ®aza makcumasnbHOro crmbaHusi B tecte «Kucte-0» HacTyrnaet JOCTOBEPHO paHbLLe, YeM
B TecTe «Kuctb-crub» g npasovi pyku (p <0,05). AnmtenbHOCTb UnKia ABYXKEHWS HE OTainm4Yanacek f4O-
CTOBEPHO MeXXAy TecTamu 4715 rpaBovi pyku (p >0,05) n 6bi1a JOCTOBEPHO Bbille B TeCTE «KUCTb-Crnb»
4ns nesovi pyku (p <0,05). SaknroveHune. YcTaHOB/IEHbI HOPMATVBHbIE NMapaMeTpbl 415 PYHKLNOHA Ib-
How npobbl crnbaHvsi-pas3rnbaHvsi ay4e3arsicTHoro cycrasa. lNpennoxxeHHasi npoba TpebyeT He3Ha-
YUTEJSIbHOIO BPEMEHU A4J151 MPOBEJEHNS Y MOXET ObiTb MCMOIb30BaHa A/ OObEKTUBHOW ANarHOCTUKN
byHKLMM J1yHe3arnsicTHOro cyctasa y 60J/IbHbIX.

KnroueBbie cnoBa: LjepebpasibHbili HCYIIbT; BEPXHSISI KOHEYHOCTb, JTy4e3ansiCTHbI cycTas; (yHKLUS;
KUHeMaTyKa.

Ans yntupoBaHus:

Ckeopuos [.B., JTobyHbko [.A., NBaHoBa IE. ®yHKLMOHaNbHAsA MHCTPYMEHTanbHasa npoba oBuKeHni
crnbaHunsa-pasrnbaHns ny4e3anscTHOro cycrtaea: HOpMaTuBHblE NapameTpbl. KiMHUuYeckas npaxkTyka.
2024;15(4):18-27. doi: https://doi.org/10.17816/clinpract636242
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When assessing the functions of the upper limb, The main methods for the diagnostics of the

special attention is paid to the active extension in
the radiocarpal joint, for this motion is required for
grasping [3, 4] and for fulfilling the basic household
activities [5, 6]; the active extension of the wrist is also
the predictor of restoring the upper limb functions [7].

upper limb functions are still the clinical scales and
questionnaires. Such an approach is often criticized
due to its low accuracy and high degree of subjectivity.
The objective diagnostics methods are being actively
researched by the scientific community, but the
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information on the real functioning of the upper limb is
still lacking [8].

The important aspect of rehabilitation after
a cerebrovascular stroke is the instrumental evaluation
of the motor activity and dynamic registration of the
rehabilitation using objective methods. An example
of the objectivization of the upper limb movements
is the video-analysis method [9-11]. Despite the high
accuracy of motion capture systems, this method is
relatively more costly, requiring significant amount
of time for obtaining and processing the results, with
the data evaluation performed only in the settings of
a specialized laboratory.

As an objectivization instrument, myography can
also be used. In the research by I.S. Hwang et al. [12],
when using this method, it was found that the
synkinesia level in the arm after a cerebrovascular
stroke is related to its functionality. Despite the fact
that electromyography is an important diagnostic tool
for evaluating the muscle functions, the method only
provides information on the electric activity of the
muscles and does not allow for receiving information
on the limb motion, not to mention such parameters as
the motion amplitude and coordination.

The effective tool for motion registration is the
goniometry method, often used during an evaluation of
the motion amplitude in various joints of the upper and
lower limbs [13], however, it is important to note that, as
of today, the method of manual measuring the motion
amplitude using the goniometer should be considered
obsolete. Besides, the goniometry method allows
for obtaining information about the maximal motion
amplitude, but not about the motion process itself.

The inertial sensors used in the strap down
navigation technology are a new generation of
devices, showing high automatization degree and
measurement accuracy [14, 15]. The inertial sensors
were shown to be beneficial comparing to the motion
video analysis method, for their use, not supposing the
presence of special laboratory settings for collecting
the information, requires significantly less time when
preparing for testing. Recent trials have demonstrated
that inertial sensors provide sufficient measurement
accuracy comparing to the motion video analysis
systems [16].

There are also other methods of objectivization of
the upper limb functions, such as electrogoniometry
and videoradiography, however, they are complex in
terms of reproducibility and they are accompanied
with large numbers of internal errors when performing
the tests [17, 18].

ORIGINAL STUDY ARTICLE

Despite the significant number of high-accuracy
instruments available for the evaluation of the wrist
functions, there is no unified methods established
at the present moment. For example, in the research
by Y. Li et al. [19], a diagnostic protocol was compiled,
consisting of 11 test movements for the upper limb,
with the movements taken from the Fugl-Meyer
Assessment scale (FMA), however, in clinical practice,
its use is quite labour-intensive due to the large amount
of information obtained from various sources.

During the course of their research work, C.I. Renner
et al. [7], when evaluating the dynamic parameters
and strength parameters of the upper limb in patients
after a cerebrovascular stroke using the dynamometry
and inertial sensors with its further comparison to
the clinical scales, have accented the importance of
dynamic parameters in the evaluation of restoring the
upper limb functions, but the authors were not using
the analysis of motion trajectory.

In the research by S.. Lee et al. [20], small
autonomous inertial sensors were used for evaluating
the regularity of using the right and left palms in
everyday household activity among healthy subjects.
The proposed method, though it can be used for the
evaluation of the motor functions of the upper limbs
with determining multiple parameters, is more intended
for quantitative evaluation of the motor functions. In
turn, such parameters as amplitude, time and trajectory
can be the key ones when compiling and adjusting
the programs of rehabilitation activities in patients
with impaired upper limb functions, nevertheless, the
possibility of registering the household motions within
a long-term period is very attractive.

Thus, the existing methods used for evaluating
the upper limb functions, including the clinical scales
and questionnaires, are criticized for their subjectivity,
fragmentarity and often doubtful results, while the
objective diagnostics methods include, for example,
kinematic parameters, functional electromyography
and motion dynamics parameters. The application of
the whole set of biomechanical analysis tests appear
to be a complex technical and methodical problem.
Besides, the majority of devices capable of performing
such a biomechanical analysis, are limited in terms of
its use in the clinical settings. On the other hand, such
technologies as inertial sensors allow for registering
the previously inaccessible parameters, including the
settings that were not previously even considered
(for example, daily household activities).

The biggest problem, however, is that there is yet
no unified and all-purpose method developed for
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evaluating the functions of the radiocarpal joint, while
the existing methods are difficult to reproduce [21].
Upon designing such a test, it is important to keep in
mind the specific features of muscle functioning and,
in particular, the fact that the muscle can demonstrate
significant force characteristics in the position of
maximal tension [22]. Creating the all-purpose
method for objective diagnostics, accessible for
use in the settings of an average physician’s office,
could significantly promote to spreading the use of
instrumental evaluation methods in private offices,
in-patient departments and medical rehabilitation units.

Research aim — to develop a functional test
for registering the flexion-extension motions in the
radiocarpal joint with the possibility of using it in the
clinical settings.

METHODS
Research design
Experimental, longitudinal, pilot research.

Conformity Criteria

Inclusion criteria: healthy volunteers without the
locomotor system diseases or neurological disorders;
aged from 23 to 33 years; absence of joint injuries or
diseases in the past medical history; presence of written
informed consent for participation in the research.

Non-inclusion criteria: presence of chronic joint
diseases or neurological disorders; presence of injuries
or recent traumas which may affect the functions of
the upper limbs; intake of medicinal products, which
may affect the motor function or kinematics; presence
of cognitive disorders, which may hamper the
implementation of the research protocols.

Exclusion criteria: incompliance of the research
protocols or follow-up requirements; developing
complications or adverse effects during the research.

Research Duration

The research was carried out during the time period
from 2022 until 2023 at the laboratory of the Scientific-
Research Center for Medical Rehabilitation under the
Federal State Budgetary Institution “Federal Center
of Brain Research and Neurotechnologies”, subdivision
of the Federal Medical-biological Agency of Russia.

Medical Procedure Description

Biomechanical evaluation method. For evaluating
the functions of the radiocarpal joint, a functional test
was developed, consisting of two tests, which include
isolated wrist joint movements. For the purpose of

performing the test, two inertial sensors were used,
which are a part of “Stadis-Kinematika” set (Neurosoft,
Russia) with attaching them to the human body using
elastic bands with Velcro fasteners (Hook-and-loop),
along with a personal computer with standard software
installed and a writing desk with a chair.

When performing the test, the subject was
positioned sitting on a chair touching the back of the
chair with his trunk, with the legs bent at 90 degrees
angle, with the feet firmly touching the floor surface.
The writing desk was positioned on the test limb side.
The forearm of the test limb was positioned on the desk
at the pronated position (palm down). The sensors must
be attached to the upper limb with their base facing
the patient in the following way: sensor Ne 1 should be
attached to the lateral surface and in the proximal part
of the forearm (Fig. 1), sensor Ne 2 — to the edge of
the palm. The test proposed consists of two kinematic
tests — the “Wrist-0” and the “Wrist-flex”.

The “Wrist-0” test should be performed at a limited
amplitude and includes the extension of the wrist joint
from the 0 degrees position. At the beginning of test,
the wrist and the forearm of the patient are positioned
on the surface of the writing desk (pronated), while
the shoulder is abducted by ~20-30 degrees.
Upon receiving the “Start” order, the patient needs
to perform, at least, 3 (maximum -10) extension
movements in the radiocarpal joint, reaching the
maximum angle and following the rate chosen by the
patient. The testing procedure shall be ceased upon
receiving the “Stop” order.

The “Wrist-flex” test should be performed at the
wrist flexion position (with the wrist freely hanging from
the desk) and using the full amplitude. At the beginning
of the test, the patient’s forearm is positioned on the
surface of writing desk at the pronated position, with the
shoulder being abducted by ~20-30 degrees, the wrist
is positioned at the flexing position (freely hanging from
the desk). Upon receiving the “Start” order, the patient
needs to perform the same number of movements as
during the “Wrist-0” test, at a rate convenient for the
patient. The testing procedure shall be ceased upon
receiving the “Stop” order (see Fig. 1).

The software provides the following information:
duration of the complete movement cycle (from the
beginning of extension until returning to starting
position) in seconds; the mean movement goniogram
(the amplitude-time function) of the performed
movement cycles; the maximal mean motion amplitude
in degrees; the mean maximal amplitude phase
(the time of maximal amplitude onset during the
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“Wrist-0”

“Wrist-flex”

4

5 6

Fig. 1. The attachment of the sensors to the upper limb: “Wrist-0” test (1 — positioning of the upper limb before
the movement initiation; 2 — positioning with wrist extension; 3 — upper limb position at the end of the motion cycle)
and the “Wrist-flex” test (4 — positioning of the upper limb before the movement initiation; 5 — maximal wrist extension
position; 6 — positioning of the upper limb at the end of motion cycle).

motion cycle) as a percentage (%) of the whole motion
cycle time (Fig. 2).

Having two variants of the test allows for receiving
more information on the functioning of the upper limb
in a patient, as well as for evaluating the minimal,
but conscious movements made by the patient at
the position of maximal tension of wrist extensor
muscles due to the effects of the palm’s own weight
(“Wrist-flex”).

Research outcomes

The main research outcome. The obtained data
include the biomechanical functional parameters of
the radiocarpal joint, evaluated using two functional
tests (“Wrist-0” and “Wrist-flex”). The key parameters
are the motion amplitude, the maximal flexion phase
and the duration of motion cycle. These parameters
are necessary for achieving the research aim, for they
allow for performing an objective evaluation of the
efficiency of the functional tests proposed.

Additional  research  outcomes. Insignificant
differences were found in the functions on the left
and right sides.

Ethical review
The conduction of the research was approved
by the local ethics committee of the Federal State

Budgetary Institution “Federal Scientific and Clinical
Centre for Specialized Types of Medical Care and
Medical Technologies” under the Federal Medical-
Biological Agency of Russia (protocol No. 11/25-04-22
dated 25.04.2022).

Statistical analysis

The processing of the obtained results was carried
out using standard methods of descriptive variation
statistics with calculating the median, the 25% and
75% quartiles. The “Statistica 12” software pack was

Angle, °

146
97
49

0

-49

0 10 20 30 40 50 60 70 80 90 100

Motion cycle, %

Fig. 2. Goniogram: A — motion amplitude; ® — maximal
angle phase of the flexion (within the complete motion
cycle).
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used. The evaluation of the significance of differences
was done using the Wilcoxon test with the p <0.05.
Comparative evaluation was performed for similar
parameters of the left and the right wrists, as well as
for the “Wrist-0” and “Wrist-flex” tests.

RESULTS

Research sample (participants)

The research included a total of 15 practically
healthy volunteers, not having a past medical history
of injuries or diseases of the locomotor system,
of which 10 were females and 5 were males; the
mean age was 26.5+3.5 (23-33) years. The informed
consent was obtained from all the subjects before
the research initiation. The healthy subjects did
not have any diseases of the joints and did not
have neurological disorders or injuries. Before the
conduction of the research, all the participants had
an assessment of the functions of the upper limbs
using the following clinical scales: muscle strength
assessment (Medical Research Council, MRC),
Fugl-Meyer Assessment of Upper Extremity (FMA-UE),
an assessment of motor possibilities in the upper limb
(Action Research Arm Test, ARAT).

Primary findings

The results obtained when using the evaluation by
means of the clinical scales are provided in table 1.
As expected, they correspond to the parameters of
a healthy individual.

The results for the tested parameters are provided
in table 2. The motion amplitude registered when
performing the “Wrist-0” test was significantly lower
comparing to the motion amplitude obtained when
performing the “Wrist-flex” test (p <0.05). When
comparing the motion amplitude in the right and left

“Wrist-flex” test for the right side (p <0.05). On the left
side, the maximal flexion phase shows no significant
differences (p >0.05).

The duration of motion cycle did no significantly
differ between the “Wrist-0” and “Wrist-flex” tests for
the right side (p >0.05), being significantly higher for the
“Wrist-flex” test on the left side (p <0.05).

DISCUSSION

Based on the results of the research, all the test
subjects (healthy volunteers) have demonstrated the
maximal points when using the clinical scales, which
was the expected result.

The amplitude parameters have demonstrated
complete matching between the left and the right
arms in both tests, however, some differences were
found in the maximal amplitude phase and in the
motion duration. In particular, the maximum extension
angle phase in the “Wrist-0” test occurs significantly
earlier for the right side, while on the left such
differences were not detected, which can indicate the
presence of asymmetry in the motion control among
the right-handed subjects, which corresponds to the
data on the interhemispheric differences in terms of
controlling the motor skills. The duration of the motion
cycle for the right hand was similar for both tests,
despite the presence of almost two-fold difference in
motion amplitude. For the left arm, the motion cycle
duration with the “Wrist-flex” test was significantly
higher, which may indicate the specific features
of motor activity in the left arm of the right-handed

Table 1

Evaluation of the upper limb functions using
the clinical scales

. . - . Parameter Right Left
limbs, no statistically significant deviations were found .
ARAT, points 57 57
for both tests (p >0.05). -
The maximal flexion phase during the “Wrist-0” test FMA'UE’. points 126 126
was registered significantly earlier comparing to the  MRC. points 5 5
Table 2
Tested parameters of the amplitude, phase and cycle duration for the right and the left radiocarpal joints
Right Left
Parameter Amplitude, Phase, Cycle, Amplitude, Phase, Cycle,
Degrees. % Sec Degrees. % Sec
Wrist-0 79 41 1.78 80 46 1.85
[67; 86]* [38; 45]* [1.53; 2.46] [74; 86]* [39; 48] [1.4; 2.06]*
Wrist-flex 137 47 2.27 138 43 2.07
[123; 156] [42; 58] [1.7; 2.57] [124; 158] [39; 53] [1.74; 2.67]

Note. * Statistically significant difference comparing to the same parameter during of the “Wrist-flex” test (p <0.05).

www.clinpractice.ru 23

2024

Vol 15 4



individuals. With this, the direct comparison of the
same parameters in the right and left arms did not
show significant differences: this allows for making
a conclusion that the interhemispheric differences
have a rather indirect type. The obtained data show that
the interhemispheric differences were insignificant,
which allows for supposing the possibility of compiling
the general references for both limbs.

The research work by P.S. Santos et al. [23], just
like our research, has employed similar positions
of the hand and of the palm for evaluating the wrist
functions, however, the main attention was paid
to studying the tremors, not the characteristics
of motion amplitude.

The research works headed by V. Costa [15] and
M.A. Wirth [16], were also focused on the amplitude
characteristics of wrist flexion-extension, and their
results are comparable to ours: in particular, the
parameters of wrist extension (~68° in the research by
V. Costa [15] and 79° in our research for the “Wrist-0”
test, as well as the value of ~126° in the research by
M.A. Wirth [16] and 137° for the “Wrist-flex” test in
our research) correspond to data obtained during
these research. The pronated position of the wrist
in our research could affect the muscle activity and
the motion amplitude, especially in patients with
neurological disorders. For example, the position in
which the forearm is located at the table with the wrist
protruding outside the borders of the working surface
and experiencing tension, being parallel to the floor,
like it was done by V. Costa [15], can be acceptable for
healthy subjects, but it is associated with difficulties
in patients with muscle weakness. Taking this into
consideration, our research can be more applicable for
patients with neurological disorders, for the position,
in which the forearm muscles are initially in the relaxed
state, better reflects the real motor capabilities. In
the research work by M.A. Wirth [16], unlike our
research, the wrist (during the evaluation process) was
positioned with the thumb pointed upwards between
the pronation and supination modes, while our research
has employed the pronated positions. The position
used by the authors, allows for practically ruling out
the effects of the wrist’s own weight. This difference
may also significantly affect the results, especially
in patients with neurological disorders, for the wrist
position affects the distribution of the muscle activity
and movement coordination.

The amplitude parameters obtained during the
research works headed by P.S. Santos [23] and
M.R. Pourahmadi [24], were also similar to our “Wrist-0”
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test results, however, the evaluation in theses research
works was carried out using accelerometers built
into a smartphone. In this case, one should take into
consideration the mass-inertial characteristics of the
smartphone, which may hamper the conduction of the
test movement in paresis patients.

As for the comparability of the results obtained
during the evaluation of the biomechanical and clinical
methods, the article by S. Patel et al. [25] reports
high correlation between the results of evaluating
the upper limb movement quality in each functional
task (Functional Ability Scale, FAS) and the data
from inertial sensors. A similar result was reported
in terms of the ARAT and FMA tests for the upper
limb in the article by M.N. McDonnell et al. [26],
which shows the comparability of the data obtained
using inertial sensors and the traditional clinical
assessment methods.

The comparability of the data obtained using
the inertial sensors and the golden standard — the
motion video analysis, was evaluated for the given
localization in the research by R. Pérez et al. [27].
The authors have reported high correlation between
the motion analysis system based on inertial
sensors and the video-analysis of the movements,
which confirms the reliability of the inertial systems.
However, the difference between the signals, resulting
due to specific locations of placing the sensors on
the clothes of the test subjects, can be the source
of errors, which accentuates the necessity of strict
calibration of sensors for the purpose of increasing
the measurement accuracy. These data are useful
for keeping in mind when developing the protocols of
future research works. With this, the inertial technology
allows for conducting the measurements in real life
settings, which is inaccessible for video-systems.

Thus, in the healthy test subjects, the wrist position
and the effects of gravity are not significant factors that
limit the motion amplitude. This fact can also be used
in clinical practice.

In the research works analyzed by us, the main
attention was paid to the motion amplitude parameters,
while the evaluation of movement cycle duration was
less frequent. However, none of them contained the
examples of analyzing the maximal angle phase, which
constitutes an important underestimated aspect. This
parameter plays the key role in the evaluation of the
movement exercise quality, for it reflects the moment
of achieving the maximal amplitude during the motion
cycle. Besides, the analysis of the maximal angle
phase allows for indirect evaluation of the degree of
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controlling of motion by a test subject at all the phases
of the exercise. In particular, the synchronicity and the
precision of the phase distribution within the motion
may indicate the coordination of the muscle works and
the presence of interhemispheric differences, which
makes this parameter especially important for the
objective diagnostics of motor functions.

Based on this research, reference values were
obtainedforthe proposedfunctionaltests. Thefunctional
tests for the evaluation of flexion-extension in the
radiocarpal joint provide more detailed quantitative and
qualitative information comparing to the conventional
clinical scales. The test is easy to perform, it takes only
several minutes and it can be implemented in everyday
clinical practice for the diagnostics and monitoring of
the rehabilitation of patients, for example, with paresis
due to cerebral stroke.

Research Limitations

This research had a number of limitations. First of
all, the small sample size (the number of test subjects).
The small sample size can also decrease the statistical
power of the analysis, especially when evaluating the
small differences between the right and the left hand.
The important direction for further research works
could be increasing the sample size, which could
increase the validity of the conclusions and include
a wider spectrum of variations of the motor functions of
the wrist in various categories of individuals.

Another limitation is that the research did not include
the use of myography methods for the evaluation
of muscle activity. This could provide more detailed
information on muscle coordination and its contribution
to the motion characteristics. In order to further
improvement of the method and its implementation
into clinical practice, additional research are required
with using myography, which allows for more precise
evaluation of the participation of the main muscles
within the movement. It is also important to note
that the positions of attaching the inertial sensors
and the specific features of their calibration could
affect the results. The individual differences in the
limb biomechanics among the participants, such as
anatomic features, could also affect the data, which
requires additional analysis.

We suppose the future research should pay more
attention to widening the sample size with including
the patients having impaired functions of the wrist for
more precise evaluation of the kinematic parameters
and for their comparative analysis to a group of healthy
test subjects. This should allow for defining the specific

features of the impairment and for more precise
determining the diagnostic value for the parameters,
such as the maximal angle phase, the amplitude and
duration of the motion cycle.

Besides, the perspective direction is the inclusion of
the functional electromyography method together with
the kinematic assessment. This could help determining
how the muscles work during various phases of the
motion, and performing a simultaneous monitoring of
the muscle activity. Such an approach should provide
a more complete insight on the mechanisms of motion
and it should allow for comparing the kinematic data
with the muscle control, which is of special importance
when detecting small differences in the movement
coordination and which has a great importance when
working with the patients suffering from neurological
abnormalities.

CONCLUSION

The reference data were obtained for the proposed
functional tests of flexion-extension motions in the
radiocarpal joint. The sensitivity of biomechanical
diagnostics allows for obtaining the differences
between the left and the right arms, with this, the
characteristics of the differences allow for applying the
general reference ranges.

The proposed functional test can be used for
objective evaluation of the functional status and
of dynamic changes in patients with neurological
disorders of the upper limb and with impaired functions
of the radiocarpal joint.
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ANESTHESIOLOGICAL MONITORING IN GERIATRIC PATIENTS
INTHE ENT-SURGERY
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ABSTRACT

BACKGROUND: Demographic ageing of the society and the growing demand for medical service
among the elderly citizens require perfecting the anesthesiology approaches. AIM: Evaluation
of the efficiency of using various types of electroencephalography-based monitoring when performing
general anesthesia in the settings of ENT-surgery in geriatric patients. METHODS: The randomized study
included 99 patients (70-85 years old, ASA Ili-1V) who underwent surgery under general anesthesia for
ENT pathology. The patients were distributed into three groups: Group A (n=33) — anesthesia controlled
by CONOX — monitoring, Group B (n=33) — no cerebral monitoring, Group C (n=33) — controlled by
BIS monitoring. The controlled parameters included the dosage of the medicinal products (Propofol,
Fentanyl, Sevoflurane), the hemodynamics, the rates of intraoperative awakenings, postoperative nausea
and vomiting, the need for additional pain medications and the parameters of the cognitive functions before
and after surgery. RESULTS: The Propofol dosage in Group B was higher than in Groups A and C (p=0.016
and p=0.012 respectively). The concentration of Sevoflurane in Group C was lower (p=0.016), than in
Groups A and B. Hemodynamic disorders and postoperative nausea/vomiting were more often observed in
group B. Intraoperative awakenings were reported in 3% of the patients in Group A, in 9% for Group B and
in 6% patients in Group C. Additional pain management was required in 39% of the patients in Groups
A and B along with 42% in Group C, no statistical difference was found between the groups. Cognitive
functions were better preserved in Group A with the duration of general anesthesia being more than
120 minutes (p=0.044). CONCLUSION: Anesthesiology monitoring based on electroencephalogram
parameters, optimizing the dosages of the medicinal agents, decreases the rates of hemodynamic
disorders, of intraoperative awakenings and of postoperative nausea and vomiting. Combined with the
clinical monitoring of the electroencephalogram parameters, this accelerates rehabilitation and improves
the surgery outcomes. The optimization of the dosage of opioids with controlling the anesthesia depth
index (the Nociception Index, gNOX) positively affects the postoperative cognitive status of the patients.
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BACKGROUND

In parallel with the development of anesthesiology,
a necessity has appeared to control the efficiency of
general anesthesia components (syncope or hypnosis,
analgesia, neurovegetative block and myorelaxation),
for both the insufficient anesthesia level, resulting
in subconscious sensation of pain or anesthesia
awareness, and the excessive anesthesia depth can
serve as the predictors of negative consequences
with increasing the neurotoxic effects of anesthetic

28 https://doi.org/10.17816/clinpract637234

drugs, which is especially important among the
aged and elderly patients [1-3]. Inadequate level
of sedation and analgesia in such patients can act
as an inductor of the onset and further progression
of encephalopathy. Multiple research works have
correlated the development of postoperative delirium
and postoperative cognitive dysfunctions with
excessive sedation depth, with its duration being more
than 120 minutes and with the age of the patients —
older than 65 years [4-6]. Besides, possible effects of
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AHHOTALUMUA

O6ocHoBaHue. [emorpagpuyeckoe cTapeHne obLyecTsa M pacTyljasi noTpebHOCTb B MeAULMHCKOM
obcayxuBaHUM MOXWUAbIX rpaxaaH TPeOyrT yCOBEPLUEHCTBOBAHWSI aHEeCTEe3UNO0MM4YeCcKuX Moagxoa0B.
Lenb nccnegosaHmnsi — oLeHNTb 3(hHEKTNBHOCTL MPUMEHEHNS PA3/INYHBIX BUAOB MOHUTOPVHIa Ha OC-
HOBE 3JIeKTPO3HLepanorpagpui npu nposegeHnn obLyer aHectesun B JIOP-xupyprim y naymneHToB re-
puatpudeckoro rnpoguns. Metogsel. B paHgomuaupoBaHHOe vccaefoBaHne Bk/oYeHbl 99 naymeHToB
(70-85 net, ASA llI-1V), npoonepupoBaHHbIX B ycioBusix obLyen aHectesunu rno nosody JIOP-natonorvm.
lNaymeHTbI pasgeneHsl Ha Tpuy rpynnsi: rpynna A (n=33) — aHecTesus nog koHTposaem moHutopa CONOX,
rpynna B (n=33) — 6e3 LepebpasibHoro MoHuTopuHra, rpynna C (n=33) — nog KoHTposem moHuTopa BIS.
OueHvBamcb [O3MPOBKU MpenaparoB (Mporogosn, ¢eHTaHwua, ceBogypaH), reMoguHamvka, 4Yactora
VHTPaornepaymoHHbIX MPOBY)XAEHWH, MOCeonepaymnoHHast TOLHOTa 1 pPBOTa, MOTPEOHOCTb B JOMOJIHU-
TeJIbHOM 06e360/IMBaHNN Y KOrHUTUBHbIE (YHKLMY [0 1 rocse onepayun. Pe3yneratel. [Jo3a rnponogo-
na B rpynne B 6bina Beilwe, 4em B rpynnax A n C (p=0,016 n p=0,012 coOTBETCTBEHHO). KOHLEHTpaumns
ceBogniypaHa B rpyrnne C 6bina HWxe (p=0,016), 4em B rpynnax A n B. [emoguHammn4eckue HapyLLeHUs
v rocieornepaymoHHas TOLLUHOTa 1 pBoTa Habagaance vaLye B rpynne B. VIHTpaonepaumnoHHbIe npobyk-
LeHnsi oTmeyeHbl y 3% nayveHToB rpynnbl A, y 9% — rpynnsi B, y 6% — rpynnsl C. [JonoaHuTensHoe
ob6e3bosmBaHne notTpeboBasock 39% nauymeHToB rpynn A v B, 42% — rpynnel C 6€3 cTaTucTn4eCcKo pas-
HULbI Mexay rpynnamu. KorHUTUBHbIE (hyHKLMK JTyHLLIE COXPaHSINCK B rpyrne A npy 4/IMTesIbHOCTY 06-
Lev aHectesuy 6onee 120 MuHyT (p=0,044). SaknroyeHune. AHeCTE3NOIOrNHECKNI MOHUTOPUHI HA OCHOBE
371EKTPO3HLEehanorpaMmmbl, ONTUMUINPYST JO3UPOBKY MpPernaparoB, CHUXAET YacTOTy reMoanHaMn4eCKmx
HapyLUeHUN, NHTPAaornepaLoHHbIX MPOBYXXAEHWI 1 NOCIeonepaLMoHHbIX TOLLUHOTbLI U PBOThI. B coyeTaHum
C KJIMHUHECKUM MOHUTOPVIHIOM 3/1EKTPO3HLEehanorpaMmbl YCKOPSIIOTCS BOCCTAHOBIEHNE W YITy4LLIaIOTCS
vcxogel onepayun. OnTyuMm3aums O3VPOBKY OMYUOMLOB 104 KOHTPOJIEM MHAEKCAa yOuHbI aHaslbre3mm
(QNOX) nonoXXuTesibHO B/NSIET Ha MOCE0MNepPaLMOHHbIA KOrHUTUBHBIN CTaTyC naLueHTOB.
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anesthesia were shown with regard to the manifestation
and progression of the Alzheimer’s disease [3].

Due to the advances in the methods of obtaining
and processing the electroencephalography (EEG)
signals, from 1990s, the set of tools available to
anesthesiologists was supplemented with the methods
to evaluate the anesthesia depth in the real time mode
during surgical interventions [7]. The widely known
methods of additional monitoring in anesthesiology

include the EEG bispectral index (BIS) — the parameter
that measures the sedation depth [8, 9]. The CONOX
monitor (Fresenius-Kabi, Germany), along with the
sedation depth index (quantitative consciousness index,
qCON), using the frontal electroencephalography /
electromyography data, also calculates the quantitative
nociception index (QNOX) using the neuronal network to
calculate the power ratios for various EEG frequencies
(adaptive neuro-fuzzy inference system, ANFIS) and
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the suppression splashes [10-12]. Both indexes —
qCON and gNOX — can reflect the EEG changes in
response to pain stimuli, though the gNOX reaction is
more dynamic than gqCON. This is due to the fact that
the increase of gNOX is a consequence of developing
EEG changes directly from pain stimulation, while the
increase of qCON is resulted by the secondary effect of
pain stimulation. The calculations of gCON and gNOX
can be affected by the use of muscle relaxants [12].

Research aim — to evaluate the efficiency of various
types of electroencephalography-based monitoring
upon performing the general anesthesia in the settings
of ENT-surgery among the geriatric patients.

METHODS

Research design

A single-centre open-label prospective randomized
controlled research was arranged.

Several results of the present research were
published earlier and were describing the intraoperative
monitoring of sedation depth and analgesia in patients
older than 70 years in the settings of ENT-surgery.
The present article is the continuation of previously
performed research work with the inclusion of Group C
(the use of BIS-monitoring) and with summarizing the
results for all the three research groups [13].

Conformity Criteria

Inclusion criteria: age from 70 years and older;
patients operated due to the presence of ENT-diseases.

Non-inclusion criteria: psychiatric and neurological
diseases (including chronic alcoholism or drug abuse);
significant decrease in the cognitive functions (MMSE
scores <24).

Exclusion criteria: the use of artificial ventilation
during the postoperative period.

Research facilities

The research was carried out within the premises
of the Federal State Budgetary Institution “National
Medical Research Center for Otorhinolaryngology” of
the Federal Medical-Biological Agency (FSBI NMRCO
of the Russian Federal Medical-Biological Agency).

Research Duration
From January 2021 until June 2024.

Medical Procedure Description

The research included 99 patients aged 70-85 years
with a grade Ill-IV physical status according to the
surgical-anesthesiological risk scale from the American
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Society of Anesthesiologists (ASA) and undergoing
ENT surgeries. All the patients were receiving general
combined anesthesia using the endotracheal method.
Intravenous induction of anesthesia — consequential
administrations of Fentanyl (1-2 ug/kg) and Propofol
(0.60-1.90 mg/kg). Tracheal intubation after relaxation
with Rocuronium bromide (0.6-0.8 mg/kg), maintaining
relaxation with the fractional dosages of 0.2-0.4 mg/kg.
All the patients were receiving anesthesia with
Sevoflurane using the low-flow method with the flow
of air-oxygen mixture at a rate of 1 I/min. The oxygen
concentration in the air mixture is 30-50%.

In all the groups, the evaluation of minute pulmonary
ventilation, the respiratory capacity, the concentration
of Sevoflurane and the partial pressure of carbon
dioxide upon inhaling and exhaling was carried
out using the anesthesia machines manufactured
by General Electric (USA): GE Care Station 620,
GE AVANCE CS 2, GE DATEX-OHMEDA.

The patients were divided into three groups. In
Group A (n=33), general anesthesia was carried out
with the controls by means of the CONOX monitor;
patients of Group B (n=33) were not controlled by
cerebral monitoring; patients from Group C (n=33) were
receiving general anesthesia with the BIS monitoring
(BIS VISTA manufactured by Medtronic, USA). All the
patients were undergoing standard intraoperative
monitoring (non-invasive measurements of blood
pressure, heart rate, respiration rate and blood
hemoglobin saturation with oxygen).

For the evaluation of the cognitive status, all the
patients underwent the MMSE test (mini-mental state
examination) [14]. The testing was carried out twice
within 24 h — before surgery and in 24 hours after
surgery. In Group A, the anesthesia tactics was based
on analyzing the gCON and gNOX indexes.

After the induction of anesthesia and tracheal
intubation, Sevoflurane inhalations were beginning
from the concentration of 5-8% by vol. with
a background of moderate hyperventilation (etCO,
30-34 mmHg). Upon achieving the minimal alveolar
concentration (MAC) of 1.0, normoventilation was
initiated (etCO, 34-42 mmHg), with the beginning of
surgical intervention taking place with a background
of decreasing the Sevoflurane concentration to
1.0-1.5% by vol. and with the MAC reduced to 0.7-0.8
(15-20 minutes after the induction with further
correction of the concentration of the anesthetic agent,
if necessary). Fentanyl was fractionally administered
with portions of 1 pg/kg (once every 15-20 minutes).
Constant registration was set for the gCON and gNOX
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indexes (every 15 minutes). During surgery, the gqCON
value was maintained at the level of 40-60. When the
values were dropping below <40, the Sevoflurane
concentration was also decreased, while in cases of
elevation above >60, the concentration was increased,
maintaining the gNOX value at the level of 40-60.
If the gNOX index was increasing above 60, the patient
was additionally receiving 1 pg/kg of Fentanyl.

In Group B, analgesia was provided by Fentanyl
calculated as 1-2 pg/kg every 30-35 minutes,
additional administrations of Fentanyl and/or
changes in the Sevoflurane concentration in the
inhaled air mixture were regulated empirically with
analyzing the hemodynamic parameters (decreased
or increased mean blood pressure and/or heart rate
by more than 20% comparing to the baseline), the
half-elimination time of the medicinal products and
the intensity of the pain stimuli (depending on the
stage of surgery).

In Group C, similar to Group A, the dosages of the
anesthetic agents (Propofol and Sevoflurane) were
adjusted based on the BIS levels. The Fentanyl dosage
was taken empirically, just like in Group B. During the
course of the surgery, the BIS levels were maintained at
the level of 40-60. If the levels were dropping below 40,
the concentration of Sevoflurane was decreased,
if the levels were exceeding 60 — increased.

For the evaluation of the postoperative pain, Pain
Visual Analogue Scale (VAS) was used, according to
which, the score under 4 cm was classified as weak,
4-7 cm — moderate, =7 cm — severe pain [15].
The presence of postoperative delirium (confused
consciousness) in patients was evaluated using the
CAM-ICU scale (Confusion Assessment Method for
Intensive Care Unit) [16].

Research outcomes

After surgery, the analyzed parameters included
the total consumption of Propofol, Sevoflurane
and Fentanyl; the intraoperative hemodynamical
profile (blood pressure, heart rate); the cases of
postoperative delirium; the rate of initial manifestations
of intraoperative awakening (initial vegetative changes
expressed as the acceleration of pulse, developing
spontaneous respiratory movements and elevation of
airway pressure were considered as being the initial
manifestations of intraoperative awakening, in all the
cases theses manifestations lasted for 1-3 minutes,
during the postoperative period, all the patients had
no memories of intraoperative awakening) as well as
postoperative nausea and vomiting.

Subgroup analysis
The subgroup analysis was based on the duration
of general anesthesia (<120 or >120 minutes).

Methods for registrations of outcomes

We have used the medical records and the protocols
of anesthesiology aid along with the parameters
recorded by CONOX and BIS monitors.

Ethical review

The conduct of the research was approved by the
local Ethics Committee of the Federal State Budgetary
Institution “NMRCOQO” of the Russian Federal Medical-
Biological Agency (protocol No. 4/23, dated 27.11.2023).

Statistical analysis

Taking into consideration the research aim, the
correlation between the intraoperative dosages of
hypnotic and narcotic medications and the levels
of sedation depth (BIS) or the depth of sedation
and analgesia (CONOX), in order to calculate the
sample size, we have used the significance level of
0.05 to avoid the type | error (alpha level, bilateral),
and the level 0.20 to avoid the type Il error (beta),
using the Spearman’s correlation coefficient of 0.5.
Thus, each group needed to contain not less than
32 patients [17, 18].

The statistical processing of the research results
was carried out using the SPSS software (version 26,
IBM, USA). For the purpose of defining the
correctness of sample distributions, the Kolmogorov—
Smirnov non-parametric test was used. Data were
provided as absolute values (rates in percentages)
or medians with the 25th and 75th percentile
(Me [25%; 75%)]) depending on the type of data. The
analysis of differences between the groups was done
using the Mann-Whitney method or the chi-square
test and the Fisher’s exact test, depending on the
data. The dynamic analysis of intragroup data
differences was carried out using the Wilcoxon
test. The correlation analysis was conducted
using the Spearman’s test (rho). The direction
(direct or reverse) and the strength of correlational
relationships were determined by the coefficient
level: in case of rho >0, the relation was considered
direct, while the rho <0 was considered reverse. The
strength of the relation (rho) was evaluated as weak
if the value was <0.3, as moderate — if the value was
0.3< rho <0.7 and as strong for the levels of >0.7. The
statistically significant level was stated for the p value
being <0.05.
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RESULTS

Research sample (participants)

The patients of three research groups did not differ
in terms of clinical-demographic characteristics, the
severity of surgical interventions and concomitant
diseases also did not statistically differ (p >0.05). The
perioperative evaluation of the patient’s cognitive
status (MMSE) between the groups before and after
surgery did not differ (p >0.05).

Main research outcomes

Monitoring the analgesia depth (in group A) has
allowed for administering lesser dosages of Fentanyl
boluses (0.5-1 pg/kg every 15-20 minutes instead of
1-2 pg/kg every 30-35 minutes in Groups B and C),
though more frequent (every 15-20 minutes) depending
on the analgesia level, not causing any sudden changes
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in the hemodynamic parameters. The use of BIS in
Group C has allowed for decreasing the total Sevoflurane
dosage. The dosages of Propofol in Group B (where
empirical calculation was used) were higher than in
group A, and higher than in Group C (table 1).

The difference in the number of cases of
hemodynamic disorders (p=0.240), postoperative
nausea and vomiting (p=0.538), initial manifestations
of intraoperative awakening (p=0.587), postoperative
delirium (p=0.771) and postoperative pain (p=0.959)
between Groups A, B and C was insignificant (Fig. 1).

The rate of postoperative nausea and vomiting
was 18% in Group B, 9% — in Group A, 12% —
in Group C, which, according to the correlation
analysis data, was related to the duration of the
surgical intervention [(rho)=0.472; p=0.001)], to
the usage of insufficient dosages of Fentanyl

Table 1

The comparison of the dosages of the anesthetic agents and opioid analgesics between groups, Me [25%:; 75%]

Group P
Drug A (CONOX) B (control) C (BIS)
(n=33) (n=33) (n=33) A/B B/C A/C A/B/C
Propofol, mg/kg 1.6 [1.30; 1.77] 1.76 [1.54; 1.90] 0.71 [0.62; 1.14] 0.016 0.012 0.325 0.129
Fentanyl, ug/kg 1.92 [1.62; 3.13] 2.21 [1.35; 3.71] 2.07 [1.71; 2.38] 0.672 0.439 0.428 0.444
Sevoflurane, MAC 1[1; 1] 1[1; 1] 1[0.80; 1.07] 0.539 0.135 0.067 0.016
Note. Semi-bold font indicates statistically significant parameters (p <0.05).
%
45 4 42
40 | 39 39
35 -
30 4
25 | 24
20 4 18 18
15 1 12
10 4 9 9 9
6 6
5 4 3 l 3 3
0
PONV POD Pain Hem. dis. Awakening
A HB c

Fig. 1. The adverse effects in the peri-operational period. A, B, C — study groups; PONV — postoperative nausea and
vomiting; POD — postoperative delirium; Pain — postoperative pain; Hem. Dis. — hemodynamic disorders; Awakening —

initial manifestations of intraoperative awakening.
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[(rho)=-0.259; p=0.010)] and to the presence of
postoperative pain [(rho)=0.411; p=0.001)].

Postoperative delirium, expressed as mild short-
term disorders, has resolved with no special therapy
within several hours after surgical intervention. The
rates of developing postoperative delirium did not
statistically differ between the groups (p >0.05) and it
was showing weak correlation to the duration of surgery
[(rh0)=0.249; p=0.013)] or intraoperative variability of
blood pressure [(rh0)=0.302; p=0.002)].

Additional research outcomes

When analyzing the duration of anesthesia, it
was found that Fentanyl dosage with the duration of
anesthesia being <120 minutes was higher than for the
duration of >120 minutes (table 2).

The MMSE cognitive status parameters after surgery
were higher in Group A for the duration of surgery
being >120 minutes and with lesser Fentanyl dosages,
respectively (table 3); in Groups B and C, the MMSE
parameters after surgery did not differ depending
on the duration of general anesthesia (p=0.679 and
p=0.255 respectively), though the Fentanyl dosages
were different (p=0.002 and p=0.024 respectively).

The comparison of the dosages of anesthetics and
analgesics inside each group depending on the duration
of anesthesia has shown that Fentanyl dosages for
higher duration of general anesthesia (>120 minutes)
were less than in cases when general anesthesia
lasted <120 minutes (table 4). In Group A, Propofol

dosage was higher for long-term general anesthesia
(>120 minutes), than in cases of general anesthesia
lasting <120 minutes (see table 4). The Sevoflurane
concentration did not differ between the groups
depending on the duration of general anesthesia.

In Group A, the gNOX5 index (the parameter of
analgesia depth during extubation and right after
extubation) was higher for the anesthesia duration
being >120 minutes comparing to the duration of
<120 minutes (93.5 and 92 respectively; p=0.004),
which is probably, related to relatively high dosages of
Fentanyl when the surgery duration was <120 minutes.
Other noted findings include a moderate positive
correlation between the duration of anesthesia and the
gNOX5 [(rho)=0.501; p=0.003)] along with mild negative
correlation between the Fentanyl dosages and the
gNOX5 [(rho)=-0.385; p=0.027)].

Undesirable phenomena

No undesirable phenomena were reported as related
to using the sedation and analgesia depth monitors
(CONOX) and the sedation depth monitors (BIS).

DISCUSSION

In the current anesthesiology practice, the
EEG-based anesthesia monitoring methods are being
used quite widely, of which, the most conventional is
the BIS sedation depth monitoring [9], however, a very
promising option is the possibility of monitoring not
only the sedation level, but also the analgesia level. The

Table 2

The use of anesthetic agents and opioid analgesics in the groups depending on anesthesia duration,
Me [25%; 75%]

Duration, minutes

Parameter P
<120 >120
Number patients, n (%) 59 (59.6) 40 (40.4) -
Propofol, mg/kg 1.36 [0.76; 1.71] 1.60 [1.03; 1.83] 0.095
Fentanyl, ug/kg per hour 2.56 [1.87; 3.75] 1.75 [1.22; 2.08] 0.001
Sevoflurane, MAC 1[1;1] 1[0.8; 1.0] 0.276

Note. Semi-bold font indicates statistically significant parameters (p <0.05).

Table 3

The dependence of the cognitive functions on the duration of general anesthesia and dosages
of opioid analgesics in Group A, Me [25%; 75%)]

Duration, minutes

Parameter p

<120 >120
Fentanyl, uyg/kg per hour 2.85 [1.75; 3.56] 1.70 [1.06; 1.86] 0.001
MMSE after surgery 27 [27; 27] 28 [27; 29] 0.044

Note. Semi-bold font indicates statistically significant parameters (p <0.05).
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Table 4

The use of anesthetic agents and opioid analgesics in study groups depending on anesthesia duration,

Me [25%; 75%]

Duration, minutes

Parameter p
<120 >120
Group A
Number of patients, n (%) 21 (63.6) 12 (36.4) -
Propofol, mg/kg 1.57 [1.13; 1.68] 1.76 [1.5; 1.84] 0.013
Fentanyl, ug/kg per hour 2.85 [1.75; 3.56] 1.70 [1.06; 1.86] 0.001
Sevoflurane, MAC 1[1;1] 1[0.8; 1.0] 0.058
Group B
Number of patients, n (%) 19 (57.6) 14 (42.4) -
Propofol, mg/kg 1.76 [1.40; 1.84] 1.80 [1.68; 2.00] 0.114
Fentanyl, ug/kg per hour 3.52 [1.87; 4.22] 1.59 [1.11; 2.37] 0.002
Sevoflurane, MAC 1[1;1] 1[0.8; 1.0] 0.212
Group C
Number of patients, n (%) 19 (57.6) 14 (42.4) -
Propofol, mg/kg 0.71 [0.62; 0.97] 0.72 [0.62; 1.28] 0.815
Fentanyl, ug/kg per hour 2.22 [1.98; 2.81] 1.88 [1.55; 2.09] 0.024
Sevoflurane, MAC 1[0.80; 1] 1[0.8; 1.16] 0.304

Note. Semi-bold font indicates statistically significant parameters (p <0.05).

use of extended monitoring of anesthesia depth is of
special importance among the high risk group patients,
which, certainly, include geriatric patients.

During the course of our research, the usage of
CONOX and BIS monitors has allowed for decreasing
the dosage of Propofol required for anesthesia
induction (in mg/kg) in Groups A and C comparing
to the dosages in the control group B (see table 1).
Taking into consideration that the hypotensive effect
of Propofol is dose-dependent, optimizing its dosages
helps to stabilize the hemodynamics in the patient,
decreasing the rates and the severity of perioperative
complications, including the neurological ones [19].
Arterial hypotension often develops during the induction
or in case of low intensity pain stimulus (the vegetative
component of pain reaction in the organism) depending
on the surgery stage, while the blood pressure
increase or heart rate increase usually occurring during
intubation or extubation, as well as upon untimely
administration of the analgesic agent [20-22], which
was more often observed in Groups B and C. The
hemodynamic parameters in Group A were more
stable comparing to two other research groups. This
result, on the one hand, provides the justification for
using auxiliary methods of EEG-based anesthesiology
monitoring, on the other hand — the insufficiency of
controlling only the sedation depth without monitoring

the analgesia level, which was discussed in previous
research works [23-25].

Due to monitoring the sedation depth in Group C
(BIS), Sevoflurane concentration during the MAC was
lower comparing to other research groups (see table 1),
however, this was not enough for decreasing the rates
of hemodynamic disorders [9, 26].

The Fentanyl dosages in cases of longer duration
of general anesthesia (>120 minutes) were less than
in cases of shorter general anesthesia (<120 minutes)
(see table 2), which is apparently related to the
pharmacokinetics of the medicinal product in the said
categories of patients. Upon multiple administrations
of Fentanyl, some kind of plateau was formed in terms
of its concentration in tissues and blood, which was
specifically decreasing the demand for additional
dosages, which could eventually and positively affect
the cognitive status of the patients from Group A,
in which the CONOX monitor, besides sedation
depth, has allowed for controlling also the analgesia
level [27]. The medical literature contains data on the
benefits of uninterrupted administrations of analgesics
(for example, via the infusion pump with adjusting
the infusion rate, if necessary) comparing to bolus
administrations [28].

In Group A, the MMSE cognitive status parameters
after surgery were higher with the surgery duration
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of >120 minutes (with lesser Fentanyl dosages,
respectively). This phenomenon is not conflicting
with the theory about the neurotoxicity of anesthetic
agents, especially in elderly and aged patients [1-3].
In Group A, the gNOX5 index (analgesia level at the
moment of extubation) was also higher for the general
anesthesia duration being >120 minutes, where the
Fentanyl dosage was lower, which indicates lesser
residual concentration of Fentanyl in such patients,
which shortens the time of their restoration.

The initial manifestations of intraoperative awakening
in our research, followed by vegetative symptoms,
such as hypertension, tachycardia, developing
single spontaneous respiratory movements without
remembering anything occurring during the anesthesia
in the postoperative period (which, most probably, was
the sign of the transition from the stage of mild surgical
anesthesia grade IlI-2 to the stage of superficial
anesthesia grade Ill-1) were reported (in a descending
order) in Groups B, C and A. With this, the attempts to
obtain deeper narcosis took 1-3 minutes [17].

Hypotension during surgery is a risk factor for
postoperative delirium. According to our data,
postoperative delirium has correlated to the impaired
hemodynamics [(rh0)=0.358; p=0.001)]. The decrease
of cerebral circulation as a result of hypotension is
considered a significant risk factor for postoperative
delirium, especially if it is following the course
of surgical intervention for a long period of time
[29, 30]. Intraoperative pain is also the risk factor
for developing cognitive dysfunctions, for the areas
of the brain that participate in pain perception and
in the cognitive functions, are interconnected [30].
The rates of postoperative nausea and vomiting may
depend on the duration of the surgical intervention
(in our research (rh0)=0.472; p=0.001) and on using
excessive /insufficient dosages of sedative and
narcotic medications, as well as on the excessive
anesthesia depth [31].

Research limitations

The limitations of this research were resulting
from several important factors. First of all, the
research was conducted in a single medical center
with a limited number of participants, which
limits the representativity of data and hampers its
extrapolation. The use of a single research facility and
the limited patient sample do not allow for ruling out
the effects of local factors.

Secondly, the absence of validating the results in
other medical institutions decreases the versatility of

the conclusions, which is important for the practical
application of the obtained data. Besides, the limited
follow-up period and the absence of follow-up data
complicates the evaluation of the long-term effects
of using the EEG-based anesthesiology monitors,
especially in patients with peri-operational adverse
effects.

Thus, despite the significance of the obtained data,
the said limitations embound the justification and
summarizing of results.

CONCLUSION

The implementation of non-invasive anesthesiology
monitoring of sedation and analgesia depth based on
EEG parameters in geriatric patients within the settings
of ENT-surgery allows for more precise optimizing the
dosing of sedative and narcotic medications, which
promotes to decreasing the rate and the severity
of hemodynamic disorders, to decreasing the rates
of intraoperative awakenings and postoperative
complications when comparing to using the sedation
depth monitors. Combined with conventional clinical
monitoring, EEG-monitoring accelerates the recovery
after anesthesia and improves the outcomes of surgical
interventions. Besides, the optimization of the dosing of
opioid analgesics with controlling the analgesia depth
index (QNOX) favorably affects the cognitive functions
among geriatric patients during the postoperative
period. Nevertheless, EEG-based anesthesiology
monitoring methods are only the valuable addition to
the traditional clinical-instrumental monitoring, but
they do not replace it.
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STAGING IN THE TREATMENT OF CHRONIC CALCULOUS
CHOLECYSTITIS, COMPLICATED BY CHOLEDOCHOLITHIASIS

A.V. Smirnoy, V.R. Stankevich, D.V. Sazonov, A.R. Akhmedianov, A.A. Keshvedinova,
N.A. Solovyev, Yu.V. lvanoy, R.l. Khabazov

Federal Scientific and Clinical Centre for Specialized Types of Medical Care and Medical Technologies, Moscow, Russia

ABSTRACT

BACKGROUND: Chronic calculous cholecystitis is the most widespread disease in scheduled surgery
departments, which in 10-15% of observations is complicated by choledocholithiasis. As of today, the
commonly acknowledged staged treatment tactics includes first an endoscopic lithoextraction, later
followed by the laparoscopic cholecystectomy, with the durations of performing the latter not being
defined. AIM: To define the optimal timings of performing the laparoscopic cholecystectomy after an
endoscopic lithoextraction in cases of chronic calculous cholecystitis, complicated by choledocholithiasis.
METHODS: The research included patients with chronic calculous cholecystitis, complicated by
choledocholithiasis, which during the period of 2016-2023 years have received surgical aid at the Federal
State Budgetary Institution “Federal Scientific and Clinical Center” of the Federal Medical-Biological
Agency of Russia (n=87). Simultaneous endoscopic lithoextraction and laparoscopic cholecystectomy
were carried out in 20 patients; 19 patients were operated within a single hospitalization with undergoing
endoscopic lithoextraction and in 3 days — laparoscopic cholecystectomy (early cholecystectomy);
in 48 patients laparoscopic cholecystectomy was delayed by 1-2 months after the endoscopic
lithoextraction (interval cholecystectomy). RESULTS: When comparing the treatment results in three
groups of patients, no statistically significant differences were observed, however, in the group of interval
cholecystectomy, a tendency was shown for increasing the surgery duration, the conversion rate and the
number of complications. CONCLUSION: In patients, not having signs of severe course of the disease,
it is possible to perform simultaneous endoscopic lithoextraction and laparoscopic cholecystectomy.
In the absence of complications, the applicable options include early (within 3 days) conducting the
laparoscopic cholecystectomy, which does not worsen the results, however, it alleviates the necessity of
repeated hospitalization and, probably, slightly decreases the risk of complications.

Keywords: cholecystectomy; choledocholithiasis; gall stone disease; chronic cholecystitis; endoscopic
retrograde cholangiopancreatography.
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BACKGROUND

Cholecystectomy caused by the presence
of chronic cholecystitis is the most widespread
scheduled surgery in Russia. According to data from
the information-analytical bulletin “Surgical Aid in the
Russian Federation”, the number of cholecystectomies
in 2023 was 152 220 [1]. The occurrence rate of
choledocholithiasis caused by the gall stone disease,
according to different estimations, varies from 5 to
30% (with a mean of 10-15%) among the total number
of gall stone disease patients [2]. In the existing clinical
recommendations, after endoscopic lithoextraction in
cases of chronic calculous cholecystitis, complicated
by choledocholithiasis, a necessity is postulated of
performing laparoscopic cholecystectomy [3], however,
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the optimal timings of its execution are determined
only in local guidelines [4]. The accumulated data
indicate that, when choosing the follow-up tactics,
the prognosis in the patients significantly worsens: an
increase is reported in the rates of recurrences (2-fold)
and in the total mortality [5].

There are three principally different tactical
approaches —  simultaneous  surgery, early
cholecystectomy, which, in turn, is divided into
cholecystectomy conducted in 3, 7 and 14 days, and
the interval cholecystectomy (within the periods from
14 days to several months). The option that is widely
acknowledged is the interval cholecystectomy. In this
case, there are no unfavorable risk factors of developing
complications, such as the mechanical jaundice and local
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OPUTUHAJIbHOE NCCJTIEAOBAHUE

3TANMHOCTb B IEYEHUN XPOHUYECKOIO KAJIbKYJIE3HOIO
XONEUUCTUTA, OCJIOXKHEHHOIO XOJIEQOXOJINTUA3OM

A.B. CmupHoB, B.P. CtaHkeBuu4, [1.B. Ca3zoHoB, A.P. AxmegbsiHoB, A.A. KewuBegnHoBa,

H.A. Conosbes, H0.B. UBaHoB, P.1. Xa6a3soB

depepasnbHbIi HAYHHO-KIMHUYECKNI LIEHTP CNeunann3npoBaHHbIX BUAOB MEQULIMHCKON NMOMOLUM N MEAULMHCKUX TEXHOMOTN,
Mocksa, Poccus

AHHOTALMUA

O60ocHoBaHue. XpOHNYECKUI KaslbKyIE3HbIN XONeLncTuT — Hanbosiee pacrnpocTpaHEHHOe 3abosieBaHne
B riaHoBow xvpyprm, kotopoe B 10-15% HabmogeHnn OCIOXKHSIETCS X0Ae[0X0mMTna3om. Ha cerogHsL-
HU ieHb OBLUernpu3HaHa rnoatanHas TakTuka JIeHeHUs, Korga nepBoHadYasibHO Mpou3BOANTCS SHOOCKO-
nu4yeckasi IMTOIKCTPAKLMS, a 3aTeM J1arnapoCKONM4ecKast XoaeynCToKTOMUS, MPu 9TOM CPOKU BbIrOJIHE-
HUS1 ocsiegHen He onpeesieHsl. Lenb nccnegoBannsi — onpesemTs ONTUMAsIbHbIE CPOKU BbIMOJIHE-
HUS1 71anapOCKOMNNYECKO XOJIELMCTIKTOMUM M10C/I€ SHAOCKOMMHYECKOWN JIMTOSKCTPAKLMY MNPu XPOHUHECKOM
KaslbKy1E3HOM XONeLUCTUTE, OCJIOKHEHHOM Xxosnefoxonutnasom. Mertopgsel. B vccrnenoBaHne BKIOHEHbI
OO0/IbHbIE XPOHUYECKUM KaslbKyNE3HbIM XOJIELMCTUTOM, OCJIOXKHEHHBIM XOIE40X0/MTNA30M, KOTOPLIM
B 2016-2023 rogax okasbiBasiv Xvpyprudeckyto rmomouyb B ®rbyY ®HKL] ®MBA Poccun (n=87). Cumysib-
TaHHasi 3HHOCKOMNUYECKasi IMTOIKCTPAKUMS M NanapoCKOMMYecKasi XoneyncTakToMus nposegeHs 20 na-
ymeHtam; 19 60/1bHbIM B paMKkax O4HOM rocrnuTannsaLuy BblfoJHEHb! SHAOCKONUYECKash JIMTOSKCTPaKUUs
M B Te4eHne 3 fHeN nanapoCKOnMYecKasl XOneUnCTIKTOMUS (DaHHSSI XONEUNCTIKTOMUS); 48 naymeHTam
J1arnapoCKonM4YecKasi XoJ1eUnCcTaKToMUs Obisla OTCpoYeHa Ha 1-2 mecsya rnocse dHAOCKOMUYECKON JINTO-
IKCTPaKLUun (MHTepBaJsibHasi XONeLnCTaKToMus). Pe3yneratel. [1py cpaBHEHU Pe3Y/IbTaToB J1Ie4YEHNST TPEX
rpyn naumeHToB CTaTUCTUHECKN 3HAYUMbIX OT/INHMIA HE MOJTyHYEHO, O4HAaKO B rpyrine UHTepBasibHOM XOJie-
LNCTIKTOMUM OTMEYEHa TeHAEHUMS K YBEJINYEHWUIO A/INTE/IbHOCTY onepaumy, 4aCToTbl KOHBEPCUA U YUC-
J1a OCJIOXKHEHWUN. 3aKJmoveHue. Y nayneHToB, He UMEIOLYMX MPU3HAKOB TSXKEOro TeHeHUs 3ab0ieBaHus,
BO3MOXXHO BbIMO/THEHNE CUMYJITAHHOW 3HLOCKOMNYECKOM JIMTOIKCTPAKLMN 1 N1anapOCKOMUYECKON XoJsie-
ymctakTomun. [py OTCYTCTBUM OCTIOXHEHWI LIe1eco0bpasHoO paHHee (B TedeHue 3 [Hel) BbIrnoIHEHVE fa-
rapOCKONUYECKOM XONELNCTIKTOMUY, KOTOPasi He MPUBOAUT K yXYALUEHWIO Pe3y/ibTaToB, O4HaKo n3baB/is-
€T OT HeobX0AUMOCTY NMOBTOPHOU roOCNTaIM3aLmnm v, BEPOSTTHO, HECKOJIBKO CHUXKAET PUCK OCJIOXKHEHW.

Knro4deBble crioBa: XONELUMCTIKTOMUS, XOJIEAOXO/ITHNA3; XKeHYHOKaMeHHasi 60/1e3Hb, XPOHUHYECKUI
XONIeLUCTUT; 3HAOCKOMUYECKas PeTporpagHas XoaaHrnonaHkpearTorpagusl.

Ans yntuposaHus:
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inflammatory reaction resulting due to the concrement
passage and endoscopic manipulations. However,
in a number of research works, it was demonstrated
that interval cholecystectomy is associated with the
risk of iatrogenic injury of the common bile duct and
of the duodenum, with larger conversion rates and
higher rates of purulent-septic complications, there
is also a risk of developing repeated unfavorable
biliary events (repeated choledocholithiasis, acute
cholecystitis, cholangitis, acute biliary pancreatitis),
which even more aggravate the patient status and
lead to long-term therapy. Simultaneous endoscopic
retrograde cholangiopancreatography (ERCP) and
cholecystectomy (hybrid surgery) allow for avoiding

repeated general anesthesia and provide a possibility
of shortening the treatment duration, however, they
require coordination of the surgical and endoscopic
teams along with the corresponding equipment required
in the surgery room, which is not available in all the
medical organizations. Besides, in case of developing
complications, their correction can be difficult.

Due to the abovementioned, it is necessary
to analyze the experience of treating the patients
with chronic calculous cholecystitis combined with
choledocholithiasis with further drafting specific
recommendations.

Research aim — to define the optimal timings for
conducting the laparoscopic cholecystectomy after
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an endoscopic retrograde cholangiopancreatography
with lithoextraction in cases of calculous cholecystitis
combined with choledocholithiasis.

METHODS

Research design

A retrospective comparative research was carried
out, which has analyzed the treatment results in three
groups of patients with gall stone disease, chronic
calculous cholecystitis and choledocholithiasis, which
were treated using the staged treatment tactics. The
groups were assigned according to the intervals of
performing cholecystectomies after the endoscopic
intervention: group 1 — interval cholecystectomy
after =1 month; group 2 — early cholecystectomy
within the nearest 3 days; group 3 — simultaneous
cholecystectomy.

In order to provide better relevance of the research
conclusions, the following conformity criteria were
applied.

Conformity criteria

Inclusion  criteria:  clinical-instrumental  signs
of chronic calculous cholecystitis combined with
choledocholithiasis; patients aged 18 years and older;
absence of previous surgeries involving the organs of
the hepatopancreatobiliary zone, as well as absence
of developmental defects in the bile ducts; completed
cases of using staged treatment tactics (conducted
and successful endoscopic removal of concrements
from the bile ducts, and cholecystectomy).

Non-inclusion criteria: class B and C mechanical
jaundice (according to the classification by E.l. Galperin);
signs of acute cholecystitis and/or cholangitis; signs
of acute biliary pancreatitis; presence of oncological
diseases during the treatment process; acute
myocardial infarction, acute impairment of cerebral
circulation, thromboembolic complications of cardio-
vascular diseases within the last 2 months; terminal
stages of kidney damage; decompensated status of
the organs or systems; coagulation disorders. The
non-inclusion of patients with class B or C mechanical
jaundice means that, with the initial presence of
complications of the disease, significantly aggravating
it, namely the renal failure, the encephalopathy (hepatic
failure), gastro-intestinal hemorrhages and sepsis, the
patients were not included into the research.

Exclusion criteria. A total of 2 patients were
excluded from the research, in which, after the ERCP,
endoscopic papillosphincterotomy and lithoextraction,
there was insufficient data to rule out the retroduodenal
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perforation due to significant quantities of free gas in
the abdominal cavity, which required open-access
surgical intervention at the extent of laparotomy,
cholecystectomy and duodenal mobilization (The
Kocher manoeuvre). Perforation was not confirmed
in both cases, the patients underwent external
cholangiostomy via the cystic duct, followed by draining
of the abdominal cavity and of retroperitoneal space.

Research facilities

The research work was carried out within the
premises of the Federal State Budgetary Institution
“Federal Scientific and Clinical Centre for Specialized
Types of Medical Care and Medical Technologies of
the Federal Medical-Biological Agency” (FSBI Federal
Scientific and Clinical Center of the Federal Medical-
Biological Agency of Russia).

Research Duration

The research work was arranged within a time
period from January 2016 until December, 2023
(8 years).

Medical Procedure Description

Simultaneous intervention was carried out in the
following order. Initially, laparoscopic access was used
to resect the gall bladder (after the ERCP, the small
intestine gets expanded with gas, which complicates
the course of laparoscopic cholecystectomy), then
followed the carbon dioxide desufflation from the
abdominal cavity, but without extracting the troacars.
The next step was the endoscopic intervention,
which included the ERCP, the endoscopic
papillosphincterotomy and lithoextraction. According
to indications, lithotripsy was also conducted
(mechanical or laser-assisted) with the endoprosthetic
treatment of the bile ducts. Upon the completion of
the endoscopic intervention, pneumoperitoneum was
applied once again with the control assessment of the
surgical intervention zone. The draining was done at
the discretion of the operating surgeon.

Laparoscopic cholecystectomy was conducted at
the conventional manner using four ports in accordance
with principles of the critical view of safety (CVS).
The bladder was extracted after being put into the
container via the troacar access at the umbilical area
or through the epigastric troacar.

The endoscopic intervention was carried out by
a single endoscopist in the settings of the general
anesthesia. The detailed description of the ERCP is
provided in earlier publications [6]. In all the patients,
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prophylaxis of acute post-manipulation pancreatitis
was arranged by means of rectal administration of
100 mg Diclofenac directly before intervention (2 h)
and intravenous drip infusion of Octreotide at a dosage
of 600 ug/day.

After the ERCP, all the patients were prescribed
(for 24h) control testing for blood pancreatic amylase
level along with the ultrasound examinations of the
abdominal cavity. Hyperamylasemia with the value
exceeding 3x the upper margin of the reference
ranges and the presence of infiltration in the area
of the hepatoduodenal ligament was considered
a contraindication to the early conduct of laparoscopic
cholecystectomy.

Research findings

The assessment included direct cholecystectomy
results, such as surgery time, intraoperative
complications, the number and the type of postoperative
complications (classification by Clavien-Dindo, 2004),
the duration of stay at the In-Patient Department. The
surgery duration in the simultaneous surgery group was
evaluated with subtracting the endoscopic intervention
time. The postoperative bed days were counted only
after cholecystectomy. The remote results were
followed up within not less than 1 year after surgery.

The criteria for “complex” choledocholithiasis used
were the commonly acknowledged ones and they were
previously described by the number of authors [7].

Ethical review

The research work was carried out in accordance
with the ethical standards of the Helsinki Declaration
of the World Medical Association “Ethical Principles
for Medical Research Involving Human Participants”
amended in 2013. All the research participants were
informed about the duration and the type of research.
All the patients have signed an informed voluntary
consent for treatment and undergoing surgeries, as well
as for using the anonymized data on their health status
for scientific purposes. The research was approved
by the local Ethics Committee of the Federal State
Budgetary Institution “Federal Scientific and Clinical
Center” of the Federal Medical-Biological Agency of
Russia (protocol No. 5, dated 15.05.2024.).

Statistical analysis

The minimal required sample size included
19 participants in each group in order to have the
possibility to reject the null hypothesis with 80% power
at the level of a=0.05. The calculations of the sample

size were done using the PS Power and Sample Size
Calculations software (version 3.0.11 for MS Windows).
The qualitative data were provided as absolute values
and percentages, while the quantitative ones — as
the mean values with standard deviations. In order
to test the differences for significance, we have used
the following tests: qualitative variables were analyzed
using the chi-square test (x2), the quantitative ones —
using the Mann-Whitney test. The software used was
IBM SPSS 27. The p value was set at the level of <0.05
for significant results.

RESULTS

Research sample (participants)

Within the time period of 2016-2023, at the Federal
State Budgetary Institution “Federal Scientific and
Clinical Center” of the Federal Medical-Biological
Agency of Russia, a total of 1429 cholecystectomies
and 278 endoscopic interventions in the biliary
tracts were carried out for the reason of gall stone
disease and its complications. The research included
87 patients with a combination of chronic calculous
cholecystitis and choledocholithiasis (6% of the total
number of cholecystectomies), which had a successful
endoscopic removal of concrements from the bile
ducts and laparoscopic cholecystectomy: 20 patients
had simultaneous laparoscopic cholecystectomy and
ERCP, 19 had received laparoscopic cholecystectomy
in 3 days after ERCP within a B single hospitalization,
48 — ERCP and laparoscopic cholecystectomy,
delayed by 1-6 months. The groups of patients were
comparable in terms of demographic characteristics.
The characteristics of the patients and the treatment
results are provided in table 1.

Primary findings

In the group of interval laparoscopic
cholecystectomy, there were significantly more reports
of having a “complex” choledocholithiasis (18.75%)
and mechanical jaundice (39.6%), however, statistical
significance for these differences was not achieved
(p >0.05). The duration of surgery was the highest in
the group of interval laparoscopic cholecystectomy,
however, the statistical significance was not shown
(p >0.05). Hyperamylasemia during the first 24 hours
after ERCP was reported in 10 (11.5%) cases out of 87,
in 8/48 (16.6%) for the group of interval tactics and in
2/20 (10%) in the group of simultaneous intervention.
In the group of early laparoscopic cholecystectomy,
there were no reports of hyperamylasemia, for its
presence served as a contraindication to performing
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Table 1
Characteristics of the patients and treatment results
Laparoscopic cholecystectomy
Parameter simultaneous early interval
n=20 n=19 n=48
Age, years 55.4+7.2 61.6+11.2 64.5+13.7
Males, n (%) 9 (45) 8 (42.1) 21 (43.75)
Females, n (%) 11 (55) 11 (57.9) 27 (56.25)
“Complex” choledocholithiasis, n (%) 2 (10) 0 9 (18.75)
Mechanical jaundice, n (%) 5 (25) 3 (15.8) 19 (39.6)
Surgery time 52.5+23.7 60.4+24.8 72.3+30
Conversion, n (%) 0 0 3 (6.25)
Postoperative bed days 3.5+0.6 3.8+0.7 41+£2.45
Complications, n (%) 0 0 2 4.2

Note. Upon the statistical analysis of data, none of parameter has shown significance of the differences (p <0.05).

laparoscopic cholecystectomy. In 4/87 (4.6%) patients
hyperamylasemia was combined with signs of acute
pancreatitis. None of the patients has required
repeated invasive interventions or treatment at
the Intensive Care Unit. There were no cases of
intraoperative hemorrhages (intra-abdominal ones
and the ones from the zone of the major duodenal
papilla). During the laparoscopic cholecystectomy,
none of the reports had iatrogenic damage of the bile
ducts. No conversions were reported in the group of
simultaneous and early intervention, while the group
of interval laparoscopic cholecystectomy had 3/48
(6.25%) of conversions (p >0.05).

After laparoscopic cholecystectomy, the groups of
simultaneous and early surgery had no reported cases
of complications. In the group of interval laparoscopic
cholecystectomy, there was one case of laparotomy
wound suppuration (in a patient with conversion) and
a single case of suture sinus in the area of the epigastric
troacar access, developing in one month after surgery.

The duration of hospitalization after laparoscopic
cholecystectomy was the most long-term in the group
of interval approach, however, no statistical significance
was demonstrated for these differences (p >0.05). In
the group of interval laparoscopic cholecystectomy,
repeated hospitalizations before undergoing surgery
due to the recurrence of choledocholithiasis or
developing acute cholecystitis were reported in
3 (6.25%) cases. There were no fatal outcomes.

DISCUSSION

The optimal surgical tactics for the complicated
course of the gall stone disease, when the patient
has both the chronic calculous cholecystitis and the
choledocholithiasis, is still a matter of discussion.

42

Currently, the commonly acknowledged tactics is
the staged one, when the patient initially undergoes
an endoscopic intervention, aimed at the sanitation
of the bile ducts from the concrements, followed by
cholecystectomy. A recent meta-analysis including
13 research works (n=2598), published during the period
from 2002 until 2019, has shown that cholecystectomy
is statistically significantly resulting in a decrease in the
risk of biliary events and mortality (odds ratio, OR, 0.38;
p=0.03) [8]. And, if the necessity of cholecystectomy
was justified, the optimal timings of its conduct with
regard to the endoscopic intervention in the biliary
ducts with the presence of choledocholithiasis are
not defined. The simultaneous approach, when the
laparoscopic cholecystectomy and the endoscopic
intervention are performed simultaneously, has shown
its benefits as a significant decrease of therapy
durations [9]. Besides, during the simultaneous surgery,
the “rendezvous” method can be used — which is the
antegrade transvesical cannulation of the bile duct,
during which, the surgeon uses the vesical duct to
introduce the endoscopic guide wire, which, in turn,
can be extracted using the duodenoscope [10]. This
method allows for successfully performing endoscopic
papillosphincterotomy and endoscopic lithoextraction
in case of difficult cannulation of the major duodenal
papilla. However, simultaneous surgery is only
possible in the settings of good coordination between
the surgical and endoscopic services of the clinical
institution, while the equipment level of the operating
room should allow implementing a hybrid approach
expressed as using the X-ray apparatus (the C-arch).
Taking into consideration the highlighted organization
difficulties, it is not applicable to recommend the
routine implementation of simultaneous interventions.

https://doi.org/10.17816/clinpract642585
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The passage of the concrements along the common
bile duct and performing endoscopic manipulations in the
bile ducts with the administration of the contrasting agent
inevitably results in the development of local inflammatory
reaction, the swelling of the hepatoduodenal ligament,
which makes difficult performing cholecystectomies.
Besides, in part of the patients, mechanical jaundice
develops, which can also negatively affect the number
of cholecystectomy complications. Within this context,
in the routine clinical practice, the interval approach
has become widespread, when cholecystectomy is
delayed by 2 weeks up to several months to allow
for a regress of inflammatory-infiltrative changes in
hepatopancreatobiliary area. However, the inflammatory
reaction can progress into tissue scarring, when the
manipulations in the Calot’s triangle become more
complex than at the acute phase of the inflammation.
In the research by E. Bergeron et al. [11], it was shown
that, when sparing the gall bladder after the endoscopic
treatment of choledocholithiasis, repeated biliary events
(acute cholecystitis, choledocholithiasis, cholangitis,
cholangiogenic liver abscesses, pancreatitis) develop in
28.5% of the cases within a median time of 34 days with
a rate of 2.5% already in 1 week. As opposed to this,
after cholecystectomy, biliary events were reported only
in 1.9% of the patients. Patients with repeated biliary
events had significantly longer hospitalization time,
more long-term post-operative hospital stay and higher
rates of open-access surgeries.

A.M. Beliaev et al. [12] inform that the delay of
laparoscopic  cholecystectomy after endoscopic
lithoextraction (double-stage approach with an interval
of 16 weeks) is associated with a 10-fold higher risk
of serious iatrogenic damage to the biliary ducts and
3-fold higher risk of converting the laparoscopic
surgery to the open-access one. With this, 23% of
the patients were repeatedly hospitalized with the
diagnosis of acute calculous cholecystitis or acute
pancreatitis after ERCP and sphincterotomy, which
indicates the necessity of performing preventive
laparoscopic cholecystectomy as earlier as possible.
R. Senocak et al. [13], when comparing the patients
undergoing staged interventions, came to the following
conclusion: laparoscopic cholecystectomy needs to be
performed 2 weeks after the ERCP, upon exceeding
this time, the risk of conversion significantly increases.
C. Friis et al. [14] have published a systematic review of
observational and randomized trials, which allowed the
authors to state that the safest option is the laparoscopic
cholecystectomy within the first 24 hours after ERCP
(4.2% of conversions). With the delay by 24-72 hours, the

risks of conversion increase up to 7.6%, with the delay
time exceeding 2 weeks — up to 14%. The systematic
review and meta-analysis by N. Poprom et al. [15],
including 4 randomized and 4 retrospective trials with
total number of patients being 1327, has shown that, in
patients undergoing cholecystectomy after ERCP at the
same day or within 72 hours, the risk of complications
(with insignificant but notable absolute decrease of the
duration of stay at the In-Patient Department and of the
surgery time) was decreased by 37-73%.

In 2022, a research was published that was
headed by the Head Surgeon of the Moscow
Healthcare Department, an academician of the RAS,
A.V. Shabunin [4]. Within the premises of the Surgical
Clinical Unit of the Botkin Hospital, an analysis was
done for the treatment results of 229 patients. It was
found that laparoscopic cholecystectomy, conducted
simultaneously and early after the ERCP along with
lithoextraction, is characterized by significantly
lesser surgery duration, as well as by significantly
lesser number of postoperative complications. The
authors make a conclusion that, for patients with
complicated gall stone disease, the most preferable
is the simultaneous or earlier conduct of laparoscopic
cholecystectomy after ERCP.

Our results correlated with the results from other
authors: we have similar data on surgery duration,
hospitalization duration and the number of conversions.
The small number of complications in our research can
be explained by the fact that all the surgical interventions
were carried out by highly qualified surgeons.

Research limitations

As a result of analyzing the publications on the given
topics, an overwhelming impression has developed that
the important unfavorable events in all the trials occurred
rarely, while the confidence intervals were located
over a wide range. The same has also happened upon
analyzing our own experience. None of the patients had
iatrogenic damage of the common bile duct or duodenum,
no lethal cases were registered. The obtained differences
on the conversion rate and surgery duration, despite
being worse in the group of interval cholecystectomy,
were not supported by statistical significance due to the
small sample size. It is worth noting that, after applying
the non-inclusion criteria for ensuring the relevance of
the results, the number of patients in our clinics was
small — 87 for 8 years (or 9-11 patients per a year).
However, a recent systematic review has presented
only 1327 patients enlisted into the trials during the time
period from 2005 until 2020 [15]. This circumstance
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makes out experience significant. Arranging further
multicenter research works with a unified methodology
should allow for obtaining more specific answers to
the question about the optimal tactics for treating this
category of patients.

CONCLUSION

Modern technologies allow for providing medical aid
to the patients with chronic calculous cholecystitis and
choledochoalithiasis at high levels of efficiency and safety.
In patients not having signs of the severe course of the
disease, it is possible to perform simultaneous ERCP,
endoscopic papillosphincterotomy and lithoextraction
along with laparoscopic cholecystectomy. In the
absence of ERCP complications, the practicable option
is the early (within 3 days) performing laparoscopic
cholecystectomy, which does not worsen the results,
however, it relieves from the necessity of repeated
hospitalization and, probably, slightly decreases the
risk of complications.
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ABSTRACT

An analysis of data from national and foreign literature was carried out in terms of intraoperative
determination of the intestinal viability in cases of developing the diseases in the abdominal cavity organs,
associated withimpairedintestinal blood supply. The basis ofthis workis the analysis of the modernliterature
on the methods of intraoperative evaluation of mesenteric ischemia. Impaired mesenteric blood supply is
often the consequence of a number of reasons of developing critical conditions (mesenteric thrombosis,
acute adhesive intestinal obstruction, incarcerated hernia etc.), also representing a high risk factor for
lethal outcomes. Special attention is paid to the occlusion-related pathogenetic mechanism of developing
mesenteric ischemia, which is accompanied by rapid development of irreversible morphological changes
in the tissues and by significant disorders in the homeostasis systems of the organism. The generally
available method for visual evaluation of the intestine viability is not always valid in terms of determining
the degree of intensity of the ischemic changes in the intestinal wall. The algorithm of determining the
intestine viability includes the determination of the intestine color, the peristaltic motions, the pulsation
and the blood filling of mesenteric vessels with dynamic evaluation of these signs after the injecting the
local anesthetic drug solution into the mesenterium and after “warming” the intestine with towels soaked
in warm sodium chloride solution. In the current surgical conditions, a more precise method is required
for intraoperative determination of the tissue viability. For the purpose of the objective evaluation of the
intestinal blood supply, the recommendations include using intraoperative ultrasonic and laser Doppler
flowmetry, as well as the regional transillumination angiotensometry of the intramural vessels in the small
intestine. At the same time, a number of optical spectroscopy and visualization methods show high
sensitivity to changes in blood microcirculation without using exogenous contrasting, which can also be
successfully used when evaluating the intestinal circulation. According to data from modern literature,
there is still controversy on the efficiency of various methods for intraoperative evaluation of disorders
of the regional blood microcirculation and the intestine viability, which justifies the conduct of further
research works.
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INTRODUTION related or a non-occlusive origin. The occlusion-related

According to clinical recommendations from the
World Society of Emergency Surgery (WSES), acute
mesenteric ischemia develops in case of sudden
cessation of intestinal blood supply, leading to cell
damage, necrosis of the intestinal wall and death of
the patient. Intestinal ischemia can have an occlusion-
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pathogenetical mechanism includes the embolism
of the mesenteric artery (50%) and the thrombosis of
the mesenteric artery (15-25%) or vein (5-15%) [1].
The prevalence of non-occlusive ischemia, according
to data from J. Canceco et al. [2] from the California
University, is 25%. Non-occlusive ischemic lesions
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AHHOTALUSA

lNpoBegéH aHann3 gaHHbIX OTEYECTBEHHOU n 3apybexxHOU nutepaTtypbl o BorpocaMm MHTpaorie-
pPaUMOHHOIro onpeneseHns1 XXU3HeCrnoCOOHOCTU KULLEYHVKa Npu 3abosieBaHnsIX OpraHoB BPHOLLIHON
r10J10CTH, COMPOBOXAAILNXCS HapyLIEHNEM KPOBOCHabXXeHWST KULWEeYHNKa. HapylieHne me3eHTe-
pranbHOro KPOBOCHAOXEHUST 4acTO SBJISIETCS CAEACTBUEM psifa MPUYnH KPUTUHECKUX COCTOSIHUI
(Me3eHTepuaibHOro TPOMb03a, OCTPON CrIae4YHON KULLEYHOM HEMPOXOAUMOCTH, YLUEMIIEHHON rPbIKU
n ap.) n ¢pakTopOM BbICOKOIrO pucka aetasnbHoro ucxoga. Ocoboe BHUMaHNE yaesISeTCs OKK/I3U-
OHHOMY MaToOreHeTUYECKOMY MEXaHU3My BO3HUKHOBEHUS ME3EeHTepUasbHON VLEeMUU, KOTopas Co-
rnpoBoxxgaeTcsi ObICTPbIM pPa3BUTNEM HEOBPaTUMbIX MOPEOIOrNYECKNX N3MEHEHUN TKaHel 1 Bbl-
Pa>kKeHHbIM HapyLIeHNeM CUCTEMbI romeocTtasa opraHnama. O6Lye[oCTyrnHbIi MeToq BWU3yasbHOM
OL|EHKU XXN3HECNOCOBHOCTU KULLIKU HE BCerga JOCTOBEPEH B ONPEAEIEHN CTENEHU BbIPaXXeHHOCTU
NLIEMUNYECKUX N3MEHEHWI KULLEYHOW CTEHKN. B anroputm onpeneneHns XN3HecrnocobHOCTY KULLKU
BXOAUT onpeneseHne UBeTa KULLEYHUKa, NepUCTasnbTUKu, MynbcaLum U KPOBEHaroIHEeHUS 6pbixe-
€YHbIX COCY[OB C AUHAMUYECKOU OLEHKOWM 3TUX MPU3HAKOB [0C/Ie BBEAEHUS B OPbIKENKY KULLIKU
pacTBopa MECTHOIO aHECTETUKA U «COrPEeBaHUs» KULLIKU casigheTkamm, CMOYEHHbIMY TEMIbIM pac-
TBOPOM XJ/10puAa HaTpus. B coBpeMeHHbix yCa0BUsSX BO BPEMSI XUPYPrndeCcKom onepauum Heobxoqmm
60s1€€ TOYHbIVI UHTPAoNepPaLMoOHHbLIM Criocob onpeaeeHNs XN3HeCcrnocobHOCTH TKaHel. [is 06bek-
TUBHOW OLEHKN KPOBOCHAOXEHUSI KNLLEYHUKA PEKOMEHAYETCS UCMOIb30BaTh NHTPAONEPALNOHHYIO
YNIbTPAa3BYKOBYIO, J1a3€PHYH AOMNMIEPOBCKYO (DII0YMETPUIO, PEMNOHAPHYIO TPaHCUITOMUHALNOHHYIO
aHrMOTEH30METPUIO BHYTPUCTEHOYHbIX COCYAO0B TOHKOM KULLKW. PSg onTndeckux MeTtoqoB CrieKTpo-
CKOMUW 1 BU3yaan3aumy UMEET BbICOKYIO YyBCTBUTE/IbHOCTb K UBMEHEHWIO MUKPOLMPKYISLNN KPOBU
6€e3 1Ccrosib30BaHnsl 9K30reHHOro0 KOHTPAacTUPOBAaHUS, YTO TakXKe MOXXET ObiTb yCreLIHO UCMOJIb-
30BaHO B OLEHKE KPOBOTOKa Kule4yHuka. OTCyTCTBUE OAHO3HaYHbIX PEKOMEHAaUni B OTHOLLIEHUN
9 PHEKTUBHOCTU Pa3/INYHbIX METOLOB MUHTPAONEPaLUNOHHON OLEHKUN HapyLUeHUN pernoHapHon re-
MOMUKPOLMPKYASALNN N XKNIHECTTOCOBHOCTU KULLKU OBYC/0BINBAET HEOOXOAUMOCTL MPOBEAEHUS
AaslbHeNLINX NCCeq0BaHunn.
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can develop in the patients with severe concomitant
abnormal conditions, hypovolemia, as well as in the
patients using vasoconstricting medicines [3, 4].

The surgical abdominal disorders causing intestinal
ischemia also include such nosologies as incarcerated

hernia, acute intestinal obstruction and mesenteric
thrombosis.

According to clinical recommendations, the
“Incarcerated hernia” [5] term is defined as the
presence of an acute or gradual compression of one
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or several abdominal cavity organs within the hernial
orifice, which is accompanied by an impairment of
the organ’s blood supply and results in its necrosis.
The hernial defects occur in 5% of population with
a risk of incarceration being 1-3% of all the cases [6].
The prevalence of incarcerated hernia in the Russian
Federation, according to data from A.Sh. Revishvili
et al. [7], has been persisting for the last 3 years at
a high level and equals to 36-37 cases per 100 000 of
the adult population. In 2022, the number of patients
hospitalized with incarcerated hernia was 19.3% higher
comparing to the numbers reported during the last
20 years. V.I. Struchkov et al. [8] in their research work
report that the hernial sac in 50% of the cases contains
small intestine and in 21% — large intestine. Necrosis of
the intestinal wall was observed in 9% of the cases [9].

By the degree of intestinal coverage, the
incarceration can be complete and incomplete.
The incomplete type of lumen coverage in the
incarcerated organ includes the parietal Richter’s
hernia and the Littre’s hernia [5]. The Richter’s hernia
is the incarceration of the antimesenteric part of the
intestinal wall. As evaluated by the C.M. Regelsberger-
Alvarez et al. [10], up to 10% of all the hernias are
Richter’'s type ones. The frequency of developing
necrosis with this hernia type reaches up to 69% at the
moment of surgery. The Littre’s hernia is a herniation
of the Meckel’s diverticulum and it is an extremely rare
complication with a prevalence of up to 0.09% [11].

The main form of intestine incarceration within
the hernial orifice, causing ischemia, is the antegrade
one, which most frequently develops in case when
a small opening exists in the muscle tissue along
with a significant quantity of content within the hernia
itself [6]. The retrograde form of incarceration, known
as the Maydl’s hernia, is represented by two intestinal
loops in the hernial sac along with the third loop
connecting them inside of the abdominal cavity [12].
Besides, another possible variant is the sudden
incarceration at the hernial orifice in the absence of past
medical history of hernia [5]. In case of the incarcerated
hernia, the strangulation causes the venous stasis,
which results in swelling of the intestinal wall, its
impaired permeability and with blood/plasma elements
entering the intestinal wall and the hernial sac. With
this background, in the limited space of the hernial sac,
the processes of intestinal content decomposition take
place with the formation of toxins [13].

Acute intestinal obstruction is a syndrome integrating
various non-oncological diseases, resulting in the
impaired intestinal passage due to mechanical
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obstruction or insufficiency of the intestine’s motor
functions. By the mechanism of developing the
acute intestinal obstruction, ischemia can be caused
primarily by the strangulation form that includes the
peritoneal adhesions of the abdominal cavity, the
intestinal volvulus, the invagination and the closed-
loop obstruction [14].

Adhesions of the abdominal cavity is a symptomless
(developing without the impairment of the functions in
the abdominal cavity organs) adhesion of the parietal
and visceral peritoneum developing as a result of
altered normal mesothelization stages [15]. The
prevalence of peritoneal adhesions in the abdominal
cavity reaches up to 93% in patients undergoing
repeated abdominal cavity surgeries [16]. In the
research work by R.P. Ten Broek [17], the rates of
developing acute adhesive intestinal obstruction were
reaching 2% of the total number of surgical patients
admitted to the in-patient units. Adhesive obstruction
of the small intestine represented 55-75% of the small
intestine obstruction cases [18]. According to data
from A.Sh. Revishvili et al. [7], the number of acute
adhesive intestinal obstruction cases has increased
by 8.6% comparing to 2021, while the hospital and
postoperative mortality has decreased to the level of
2019 equaling 4.33% and 4.03%, respectively. There is
no unambiguous opinion on the causes of developing
adhesion process in the abdominal cavity [19], but
most frequently it develops with a background of
peritoneal impairment during surgical procedures [20].
The loss of tissue integrity during surgical intervention
causes the activation of angiogenesis in the basal
layer of the peritoneum, which causes the disruption of
the fibrinolytic processes and initiates the formation
of adhesions [21]. Upon damaging the peritoneum,
the delaminated mesothelial cells express cellular
adhesion molecules and various chemotaxis factors,
which results in greater inflow of inflammatory cells,
predominantly macrophages, producing inflammatory
cytokines, such as interleukins 1 and 6 (interleukin,
IL-1, IL-6) and the tumor necrosis factor (TNF). In the
adhesion process, the main role belongs to IL-6, the
potent inductors of which are IL-1 and TNF. These
inflammatory reactions are directly proportional to the
degree of peritoneal damage [22].

K.R. Pashkin et al. [23] report that the mesenteric
volvulus represents 4-5% of all the types of intestinal
obstruction. As for the location, the most common one is
the sigmoid volvulus (60-75%), less frequent is the cecal
one (20-35%), the jejunal (7-18%) and transverse colon
volvulus (8-5%). Generally, the pathological process
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involves a large area of the intestine with significant
necrobiotic changes and severe hemodynamical and
systemic alteration of hemostasis [14]. According to
the research by T.A. Nikanorova et al. [24], intestinal
volvulus can be found in 5% of the whole cases in
adults. In the pathogenesis of this type of intestinal
obstruction, the main role is played by the strangulation
and the obturation components. The obturation
mechanism is caused by rigidity-related narrowing
of the intestinal lumen resulted from the introduction
of one part of intestine into the other part’s lumen,
while the strangulation mechanism is caused by the
compression of mesenteric vessels of the intestine
between the middle and internal segments of the
invaginated part [25].

Among the severe forms of strangulation-related
intestinal obstruction, 3-4% is represented by
closed-loop obstruction, in which compression of the
mesenteric vessels of both intestinal loops occurs,
with one of which always being the jejunum [9].

In case of strangulation-related intestinal obstruction,
the primary impaired component is the blood supply
of the intestine involved into the process, which is
caused by the compression of mesenteric vessels
supplying the intestine and, as a result, it causes
rapid necrosis of the intestinal wall. The second most
often variant of developing intestinal obstruction is
the obturation related intestinal obstruction. The main
etiological factors of this type of intestinal obstruction
include tumors of the large intestine, developing in
15-20% of the patients and occurring in all the age
groups [26]. According to data for 2022 [7], the number
of acute intestinal obstruction cases of tumor-related
origin in the Russian Federation has decreased by
2.3% comparing to 2021, however, the hospital and
postoperative mortality has increased, equaling 17.75%
and 19.57% respectively. According to the materials
from A.G. Khasanov et al. [27], the prevalence of
gallstone-related obturation-type intestinal obstruction
relative to the total number of observed intestinal
obstruction ranges from 0.17% to0 6.2%.

During the second phase of the acute intestinal
obstruction (intoxication), an impairment of the
intramural intestinal blood circulation takes place [28].
The blood supply of the area located above the
obstacle is being impaired secondarily in connection
with the over-extension with the intestinal contents
due to massive fluid inflow into the intestinal wall and
into the intestinal lumen, which results in systemic
hypovolemia and hemoconcentration. The developing
intestinal edema and decreased blood inflow/

outflow lead to intestinal ischemia [29]. The ischemic
impairment of the intestine is accompanied by
a decrease in the adenosinetriphosphate production
by cell mitochondria, by the activation of hydrolase,
by the decreased selective permeability of cellular
membranes and by the increase of calcium inflow
into the ischemic cells. When the intestinal ischemia
becomes critical, polyorgan insufficiency develops,
being the main cause of mortality [30].

The traditional method for intraoperative determination
of intestine viability is the Kerte’s visual method [31]
based on the color, the presence of peristaltic waves,
pulsation, blood filling of vessels in the intestine, as well
as the dynamic changes of these signs after injecting
the local anesthetic agent into the mesenterium and
after “warming” the intestine up using towels soaked
in warm sodium chloride water solution (NaCl) with the
weight percentage of NaCl being ~0.9% [14]. According
to data from A. Karliczek et al. [32], the sensitivity of
visual evaluation of the intestine viability is 61.3% with
the specificity being 88.5%.

In 2020, a group of authors headed by
A.A. Zakharenko [33] has published a review of such
methods for objective intraoperative assessment
of the intestinal viability as the ultrasonic Doppler
sonography, the polarographic method, the laser
Doppler flowmetry, the laser speckle-contrast
visualization, the fluorescent angiography, the
side-light dark-field microscopy, the optical coherent
tomography and the micro-peritoneal dialysis. Laser
fluorescent spectroscopy of oxidative metabolism
co-enzymes was marked by this review as the potentially
perspective intraoperative method for objective
determination of the viability of the intestinal wall.

In 2022, a group of authors from Saint-Petersburg,
headed by D.A. Vedyanskaya [34], has published
a scientific review devoted to the modern methods of
intraoperative evaluation of the perfusion of tissues,
with the review focused on assessing the cutting
edge methods for defining the microcirculation in the
intestinal wall, in particular, the hyperspectral and
ICG-visualization, as well as the photoplethysmography,
taking into consideration the potential for its practical
use and the necessity of large clinical trials.

In a literature review by A.A. Valiev et al. [35],
devoted to the modern methods of assessing the
viability of the intestine, it was reported that the most
widespread method for intraoperative evaluation of the
microcirculation in the intestinal wall is the visual one.
In the opinion of the authors, fluorescent angiography,
which is the widely used and most studied method,
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along with the hyperspectral visualization and the
multi-modal coherent tomography are the most
promising methods of intraoperative assessment
of the viability of the intestine.

In the research work from our group of authors,
we have summarized the data from the current foreign
and national literature on the methods of intraoperative
objective assessment of the intestinal wall viability
in case of acute surgical disorders associated with
intestinal ischemia, on the types and the efficiency of
the methods used, along with the demonstration of the
results obtained when personally using the technologies
of assessing the perfusion of the intestinal wall during
an animal model experiment with using hyperspectral
visualization.

METHODS OF INTRAOPERATIVE OBJECTIVE

ASSESSMENT OF THE MICROCIRCULATION

IN THE INTESTINAL WALL DURING

THE COURSE OF SURGICAL PROCEDURES

Ultrasonic Doppler sonography

Ultrasonic Doppler sonography is a variation of
ultrasound examination using the Doppler effect
for the purpose of defining the level of circulation
within blood vessels [36]. Intraoperative evaluation
of the blood flow ultrasonography parameters in the
mesenteric vessels is a credible criterion of intestinal
viability [33]. In the research work by M. Cooperman
et al. [37], involving more than 200 patients with colon
resection, the usage of intraoperative ultrasonic
Doppler sonography resulted in a decrease in the
rates of anastomosis failure during the postoperative
period down to 1%. However, the method, according to
literature data, has a high number of false-positive and
false-negative results [38], being practically comparable
to visual evaluation [39]. The sensitivity of the method
diminishes its contribution to the informative signal
from the examined area due to the interference from
the surrounding vascular structures [33].

Polarographic method

The polarographic method is based on registering
the levels of interstitial fluid oxygen during the
electrolysis process upon interacting with the charged
electrode [40]. Based on the results of the research
work by W.G. Sheridan et al. [41], direct intraoperative
tissue oxymetry of the human gastrointestinal tract
is applicable as the mean of evaluating the degree
of oxygen saturation in the tissues. However, for the
purpose of defining the viability of the intestinal wall,
direct contact is required between the electrode and
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the serous layer of the intestine, while the precision of
evaluating the perfusion of the intestinal wall does not
exceed 57.7%.

Micro-peritoneal dialysis

Micro-peritoneal dialysis represents a method of
obtaining biological fluids from the tissue during the
metabolic process within the organism with its further
compositional analysis [42-50]. The method is based
on the diffusion of the analyte into the perfused fluid
via the micro-peritoneal dialysis catheter, which is
introduced into the tested tissue or near it [49, 50]. The
differences in the perfusion of the intestinal wall are
determined based on the levels of lactate, pyruvate,
glucose and cytokines in the peritoneal dialyzate
[44-46]. The invasiveness and the cost of the analyzers
along with its expendables are the main downsides of
this method [47].

Laser Doppler flowmetry

Laser Doppler flowmetry provides contactless
optical measurements of blood perfusion in the
microcirculation [48-51]. The method is based on
the effect of Doppler shift used for the purpose
of measuring the velocity of red blood cells by
means of laser radiation [52]. This method is easily
reproducible and it has sufficiently high sensitivity,
also allowing for evaluating the perfusion degree
and the microcirculation status in the examined
tissue area. The specific feature of the method
is the ability to assess the microcirculation in the
examined area. This image is the result of overlaying
the multidirectional movements of particles in
great numbers of microvessels and the changes
in the concentration of these particles in the given
area [53]. A.l. Khripun et al. [54] have demonstrated
the capabilities of intraoperative application of laser
Doppler flowmetry as a fast, easily interpretable and
effective method for assessing the perfusion of the
intestine in cases of acute mesenteric arterial blood
flow impairment, which was studied in a group of
109 patients. The method has shown high (91%)
sensitivity when determining the viability margins for
the small and large intestines. A significant decrease
was demonstrated in the cases of intestinal necrosis
in the early post-surgery period (from 48.6 to 9.1%)
along with the decrease in the rates of postoperative
complications (from 67.6 to 40.9%) [54]. The laser
Doppler flowmetry method, being non-invasive and
showing high measurement speed, does not reflect
the whole variety of the capillary network of the
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intestinal wall, providing the possibility of registering
the measured parameters in relative units only at
a small examined area.

Laser speckle-contrast visualization

Laser speckle-contrast visualization is based
on registering the accidental speckle-interference
patterns, back-scattered from the surface of the tissue
illuminated with the coherent laser with a wave length
of A=635 nm. The obtained image contains darker
and lighter colored areas, based on the accidental
speckle-interference figure, formed by changes in
the back-scattered light. The shift of the intensity of
particles moving inside the lighted area changes the
fluctuation of the scattering radiation, registered by the
detector, leading to changes in the patterns and in the
spatial contrast of the speckles. The trial by S. Kojima
et al. [55] has demonstrated the ability of laser speckle-
contrasted visualization to adequately measure the
changes in the perfusion of the intestine with outstanding
reproducibility. Similar results were reported by
R. Ambrus et al. [56], showing that the changes in
the laser speckle-contrasted visualization show good
correlation when assessing the microcirculation in
the stomach, liver and small intestine (r2 0.857, 0.956
and 0.946; variation coefficients 6.0%, 3.2% and
6.4%). Laser speckle-contrast visualization, due to the
absence of the probe contacting the tissue and due to
the ability to investigate large impaired areas in the real-
time mode, is a perspective method for intraoperative
assessment of the intestinal viability. However, the
authors report that respiratory movements strongly
affect the data obtained [56]. The benefits of this method
include the possibility of performing contactless wide-
field measurements of microcirculatory abnormalities
in real scale and real time modes [57-60]. The factors
decreasing the informativeness of laser speckle-
contrasted visualization, are the effects on the
registered transmittable pulsation data inflicted by
the cardiovascular system and by the mechanical
movements of the internal organs [34], as well as the
relativity of microcirculation parameters, which affects
the objectiveness of the tests conducted.

Side-light dark-field visualization

The method of side-light dark-field visualization
includes obtaining contrasted images of biological
tissue perfusion due to selective absorption of
stroboscopic light with a wave length of 530 nm
by hemoglobin molecules in red blood cells [61].
F.J. de Bruin et al. [62] were using the side-light dark field

to evaluate the intestinal viability in 17 patients using
such microcirculation parameters as the microvascular
circulation index, the percentage of perfused vessels,
the density of perfused vessels and the total vessel
density. The measurements were carried out in each
patient using the sublingual area and the serous
membrane of the intestine. The authors came to the
conclusion that the technology is very promising in
terms of visualizing and evaluating the microcirculation
in the intestinal wall. C.M. Treu et al. [63] report that this
visualization method is cost-effective, safe and very
sensitive, which provides obtaining reliable diagnostic
data. However, S.M. Jansen et al. [64] report in their
research work that the method requires direct contact
between the probe and the serous membrane of the
intestine, which affects registration due to the effects
of interfering factors from the operator’s side (hand
tremors, uneven probe application pressure) and
from the examined object (respiratory movements,
transmitted pulsation of the cardiovascular system).

Optical coherent tomography

Optical coherent tomography is a visualization
method, which provides information on the cross-
section of tissues with high resolution and does not
require direct contact with the examined objects. The
method is based on the analysis of backward reflected
radiation with measuring the delay for the purpose of
defining the depth, at which the reflection occurs. The
optical coherent tomography uses the near infrared
range light. The delay of backward-reflected waves
cannot be measured directly, which is why reference
measurement is used. When using the interferometer,
the part of light is directed to the sample, while the
other part — to the reference arm of known length [65].
Y. Tian et al. [66], when performing the experimental
research using small laboratory animals, have measured
the changes of density, the length and the mean
diameter of vessels in various layers of the intestinal
wall in the normal conditions and during the ischemia.
As a result of the research, significant decrease was
registered in the density of vessel perfusion in all the
layers of the intestine when exposed to ischemia. The
most significantly affected part is the mucosa [66].
The method of registering data using optical coherent
tomography requires direct contact between the probe
and the serous membrane of the intestine, with this,
there are no standardized approaches to sterilizing
the equipment of the optical coherent tomography,
raising the necessity of using aseptic gaskets between
the device and the zone of interest. Optical coherent
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tomography, being an operator-dependent method due
to the necessity of equipment sensor positioning at the
zone of interest by the hand of an operator, is subject
to the effect of such factors as the hand tremors, the
transmissive pulsation from the major vessels and the
respiratory movements of the patient. According to the
opinion from S.M. Jansen et al. [67], optical coherent
tomography can be implemented for the intraoperative
evaluation of intestinal perfusion, but the existing
devices require technical rework for enabling their use
during surgeries.

Fluorescent spectroscopy

The basis of fluorescent spectroscopy is the
assessment of the content of various fluorophores,
reflecting the metabolic status of the biological tissues
within the wavelength range of 340-370 nm and 450 nm
[68-72]. A.A. Zakharenko [73] reports that measuring
the fluorescence levels of the oxidative metabolism
co-enzyme NADH is promising in the intraoperative
evaluation of intestinal perfusion. The main downside
of this technology is the required contact between
the equipment’s optical probe with the examined
tissue [74]. However, the use of fluorescent visualization
can solve this issue.

ICG-visualization (indocyanine green imaging)

ICG-visualization (indocyanine green imaging) is
based on the ability of the staining agent (Indocyanine
green) to emit fluorescent signal when being excitated
by the light source with a specific wavelength (nearest
infrared spectrum — 700-900 nm). The method
has gained wide spreading during scheduled and
urgent gastrointestinal tract surgeries [75]. K. Nohara
et al. [76] in their research work have demonstrated
the use of ICG in two patients with strangulation-
type intestinal obstruction when evaluating the
compromised area of the intestine. Both patients
have resolved successfully and with no complications
after surgery. The authors have found that fluorescent
ICG visualization can be considered a method for
making a decision on the intestinal resection-type
intervention in patients with strangulation-related
intestinal obstruction, however, with the warning
that no quantitative evaluations of the fluorescence
were carried out and the optimal ICG dosage for the
evaluation of intestine is not currently well-defined.
Certain difficulties were reported for the macroscopic
identification of the fluorescence borders that allow
for predicting the viability of the ischemic intestine.
The authors note that ICG cannot be used in patients
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with allergy to iodine-containing medications [76]. Two
meta-analyses have found a 70% decrease in the rates
of anastomosis insufficiency when using the ICG [77].
The downside of the method is its invasiveness.
The literature describes cases of allergic reactions
developing when Indocyanine green was used [35].
The important aspect is the absence of quantitative
evaluation of signal intensity, which depends on the
distance between the intestine and the camera, along
with the surgeon’s subjective opinion [78].

Infrared thermography

Infrared thermography is based on detecting
infrared radiation emitted by the surface of the
object. This allows for registering the distribution of
thermal fields in the biotissues, developing due to the
microcirculatory, metabolic and vegetative activity [79].
Thermography cameras are capable of registering the
radiation in the infrared range (0.9-14.0 ym) [80]. The
benefits of the method may include its cost-effective
implementation, low operating costs, significant
comfort and operability. Besides, using the infrared
thermography, single evaluations can be performed
along with the repeated ones for the purpose of
dynamic assessment [81]. Nevertheless, G.J. Tattersall
et al. [82] report that this method does not allow for
registering minimal thermal changes occurring in cases
of inflamed tissues. Besides, a group of authors headed
by A. Repez [83] reports that the temperature shift is
not always correlating with the intestinal perfusion.

Photoplethysmography

Photoplethysmography is a non-invasive method
for measuring the changes in the blood volume in the
microcirculation, based on the optical properties, such
as absorption, scattering and transmission of certain
light wavelengths by the tissues [84]. The absorption
and reflection of light by the intestinal wall are influenced
by its hemoglobin content and by the total volume of
circulating blood. Using the RGB-camera (red, green
and blue ranges) allows for registering the shifts of the
reflected light resulting due to changes in the blood
volume. Among the benefits of this method, of note
are the absence of the necessity of using exogenous
contrasting reagent, the possibility of constant tracking
the circulation in the intestinal wall, the accessibility of
the equipment and simultaneous reading of several
parameters (blood oxygen saturation, or saturation,
SpO,; heart rate; respiratory rate) [85, 86]. The downside
of this method is the time delay required for obtaining
the image of the intestinal wall perfusion. Besides,
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the fluctuations in the parameters of central blood
circulation and the changes of blood pressure can also
add interference to the measured parameters [34]. The
use of RGB-camera together with the magnification
system and with corresponding image processing
algorithms allows for implementing the circulation rate
measurements in the capillaries at any spontaneously
selected area of the body [87]. Such an approach
potentially allows for early detecting various diseases
associated with microcirculation abnormalities. The
disadvantage of this method also includes its sensitivity
to respiration and body movements. Besides, uneven
surface of the tissue can hamper the process of
obtaining reliable data.

Hyperspectral visualization

Hyperspectral visualization is based on spatial
spectrometry using the three-dimensional set of data
(hypercube) and representing spatial coordinates
in wide and continuous range of electromagnetic
spectrum. Hyperspectral visualization allows for
measuring the spectral characteristics of every
pixel having a spectral curve [88-92]. During the
last 5 years, more and more publications were
found in the foreign literature, where the method
used for assessing the viability of the intestine
is the hyperspectral visualization. The method
demonstrates high efficiency of analyzing intestinal
ischemia with high sensitivity to changes in the
microcirculation, especially in the near infrared range
of the spectrum [93-95].

Within the premises of the Research and
Development Center of Biomedical Photonics under
the Federal State Budgetary Educational Institution of
Higher Education “Orel State University (named after
I.S. Turgenev)”, experimental research was performed
in rats with evaluating the capabilities provided by
the hyperspectral visualization method for analyzing
the intestinal ischemia [96]. The trial involved an
original developed hyperspectral visualization system,
consisting of a broad-band radiation source with
the FRIG1F50 fiber ring light source (Thorlabs, Inc.)
and the Specim IQ hyperspectral camera with the
range of 400-1000 nm (Specim, Spectral Imaging
Ltd., Finland). The camera has the dimensions of
207x91x74 mm (objective — 125.5 mm), which is
comparable to the size of Canon EOS 650D Kit EF-S
photo-camera (133x100x79 mm) and which does not
create any issues in terms of its mobile use when
operating in the surgery room. The time required for
evaluating the perfusion of the intestinal wall during

the experiment, was not more than 5 minutes, which
could not negatively affect the course of the surgical
intervention. It was demonstrated that hyperspectral
camera allows for obtaining information on the status of
the microcirculation in the intestinal wall by examining
the saturation of the tissues. Besides, this technology
allows for evaluating the oxy-/deoxyhemoglobin and
water indexes. Our research has shown that colored
dimeric saturation maps compiled when modeling the
intestinal ischemia, allow for specifying several SpO,
intervals corresponding to the morphological changes
in the intestinal wall, and thus allowing for judging on
the reversibility of the intestinal damage.

CONCLUSION

Each method of assessing the microcirculation in
the intestinal wall has its limitations. The intraoperative
system intended for supporting the physician’s
decisions about the viability of the intestinal wall,
based on quantitative parameters, is the indispensable
element of surgical procedures in cases of intestinal
ischemia. The methods of optical spectroscopy and
visualization, in particular, hyperspectral visualization,
represent the promising non-invasive equipments for
assessing the ischemic damage in the intestinal wall,
allowing for obtaining a complex information on the
microcirculation status of the intestinal wall. However,
it is important to define the indications and the place of
each objective approach for evaluating the perfusion
in the algorithm of intraoperative diagnostics of acute
intestinal ischemia.
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THE USE OF THE LONG PERONEAL MUSCLE TENDON
AS AN AUTOGRAFT DURING THE PRIMARY PLASTICS
OF THE ANTERIOR CRUCIATE LIGAMENT: A SYSTEMATIC REVIEW

A.P. Prizov' 2, A.M. Vostrikov', D.V. Skvortsov® 4, F.L. Lazko' 2, M.F. Lazko" 2, E.A. Belyak' 2,
A.V. Krytaeva®

1 Peoples’ Friendship University of Russia, Medical Institute, Moscow, Russia;

2 City Clinical Hospital named after V.M. Buyanov, Moscow, Russia;

 Federal Research and Clinical Center of Specialized Medical Care and Medical Technologies, Moscow, Russia;
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5 The First Sechenov Moscow State Medical University, Moscow, Russia

ABSTRACT

The anterior cruciate ligament injuries take the leading place among all the injuries of the knee joint. The
rupture of the anterior cruciate ligament most frequently occurs during sports-related and high-energy
traumas. The aim of the present systematic review is to compare the results obtained after the anterior
cruciate ligament plastics with using the long peroneal muscle tendon and the autograft made from the
common tendon of the semitendinous and gracilis muscles. The analysis includes the original articles
from the PubMed, Google Scholar, eLibrary, Scopus and Web of Science search systems. The key
words for the search included (“peroneus longus tendon” or “fibularis longus tendon”) and (“anterior
cruciate ligament reconstruction” or “ACL reconstruction”). In the Russian data bases, the same terms
were used. From the articles found, the following parameters were extracted: the evaluation of the
functional results using the Tegner-Lysholm scale and the questionnaire for subjective assessment of
the status among the patients with various knee joint injuries — IKDC (International Knee Documentation
Committee); the evaluation of the mean diameter of the autotransplant; the instability of the knee joint;
as well as the possible complications; the evaluation of the functions in the ankle joint and the foot using
the AOFAS (American Orthopaedic Foot and Ankle Society) and FADI (Foot and Ankle Disability Index)
scales. These parameters were used for evaluating the clinical research works on using the autograft
made from the long peroneal muscle tendon for the reconstruction of the anterior cruciate ligament.
The authors have analyzed the treatment results in 2322 patients which underwent anterior cruciate
ligament plastics using the long peroneal muscle tendon (n=1660) and the semitendinous muscle tendon
(n=662) autotransplants. The parameters of the postoperative status according to the AOFAS and FADI
scales for the long peroneal muscle tendon were 96.47+2.71 and 97.72+2.58, respectively, which does
not differ from the uninjured side (p >0.05). The best IKDC scale scores were 94.13+4.66 for the long
peroneal muscle tendon and 95.12+0.73 for the semitendinous muscle tendon, while the scores of the
Tegner-Lysholm scale were 99.15+2.89 and 99.85+0.37, respectively. Thus, the autograft made using
the long peroneal muscle tendon is a proper alternative for the reconstruction of the anterior cruciate
ligament, for it is located outside the area of the knee joint.

Keywords: arthroscopy; anterior cruciate ligament; long peroneal muscle tendon; semitendinous muscle
tendon; gracilis muscle tendon.
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INTRODUCTION traumas, for example, motor-vehicle accidents or
The injuries of the anterior cruciate ligament take the falling on the knee, in which the foot is positioned with
leading place among all the injuries of the knee joint [1].  plantar flexion [2]. The anatomic reconstruction of the
The rupture of the anterior cruciate ligament is most anterior cruciate ligament is a modern gold standard for
frequently caused by sports-related and high-energy restoring the stability in the knee joint, for decreasing

The article can be used under the CC BY-NC-ND 4 license / ) )
Muuenans CC BY-NC-ND 4 www.clinpractice.ru 59

2024

Vol 15 4


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/clinpract629185

HAYYHbI OB30P

NMPUMEHEHUE CYXOXUNNA BJAIMHHOU MAJNTIOBEPLLIOBOI
MblLLbl B KAYHECTBE AYTOTPAHCIIJIAHTATA

NMPU NEPBUYHOW MNJIACTUKE NEPEAHEN
KPECTOOBPA3HOW CBA3KU: CACTEMATUYECKN OB30P

A.I. Mpusos’ 2, A.M. Boctpukos', [1.B. Cksopuos? 4, ®.J1. Jlasko' 2, M.®. Jlasko' 2, E.A. Bensk' 2,

A.B. KpbiTaeBa®

1 Poccuinckuii yHBEpCUTET Apy»6bl HaponoBs nMeHn Matpuca Jlymym6bl, MeguumuHekumii nHeTuTyT, Mocksa, Poccus;

2 Topopckas KnuHndeckas 6onbHuLa nmerHn B.M. ByaHosa, Mocksa, Poccus;

3 depepanbHbIil HayYHO-KIIMHUYECKUI LEHTP CNELMan3vpoBaHHbIX BULOB MEAULMHCKOM MOMOLLY N MEAULIMHCKIX TEXHOMOMUA,
Mocksa, Poccusi;

4 POCCUINCKII HaLOHasbHbIN NCCNefoBaTeNbCKMii MEQULIMHCKII YHUBepcuTeT umeHn H.W. Muporosa, Mockea, Poccus;

5 MepBblii MOCKOBCKUIN rOCYAaPCTBEHHBI MEOVLIMHCKIIA YHUBEPCUTET MMeHUn V.M. CeyeHoBa (Ce4eHOBCKMIA YHUBEPCUTET),
Mocksa, Poccus

AHHOTALMUA

lNoBpexxaeHns nepenHer KpecToobpasHOW CBA3KU 3aHNMaroT INQUPYIOLLEE MECTO CPEAUN BCEX TPaBM
KOJIEHHOrO cycTaBa. K pa3pbiBy nepenHel KpecToobpasHo CBS3KM YaLLe BCEro npuBOA4ST CIOPTUBHbIE
Y BbICOKOSHEPreTU4ecKne Tpasmbl. Ljesib HaCTOSLLEero cucTeMaTni4eckoro 063opa — CpaBHUTL Pe3dy/ib-
Tatbl MIacTUKY NnepeaHer KpecToobpasHoi CBSA3KU Mpv MOMOLLYM CYXOXXWUNS OJIVMHHOM ManobepLioBoi
MbILLLbI Y @YTOTPAHCI/IaHTaTa U3 CyXOXWUJIUSI MOJTYCYXOXUIIbHON N HEXHON MbiLUL. [lpoaHannsnpoBa-
Hbl OpUrMHasibHble CTaTbu U3 NoUckoBbix cuctem PubMed, Google Scholar, eLibrary, Scopus n Web
of Science. Knto4eBbie crioBa [/ rnovucka BkoYaan «peroneus longus tendon» or «fibularis longus
tendon» n «anterior cruciate ligament reconstruction» or «ACL reconstruction». B pycckosi3bl4HbIx 6a-
3ax AaHHbIX UCMOb30BaM aHaa0rM4yHble TepPMUHbI. VI3 cTaten n3BsiedeHbl CaeayrLme napameTpbl:
OUEeHKa (PyHKLUMOHA IbHbIX PE3Y/IbTaToB Mo Lwkase TerHepa-/incxonbma v OnpoOCHUKY 4J151 CYObEKTUBHOM
OL|EHKW COCTOSIHMSI NaLNEeHTOB C pas/indyHbIMy oBpexaeHnsiMm kKoseHHoro cycrasa IKDC (International
Knee Documentation Committee); oyeHka cpegHero guameTpa ayToTpaHcriaHTara;, HecTabuibHOCTb
KOJIEHHOIO CycTaBa; BO3MOXHbIE OCJIOXKHEHUSI; OLeHKa OyHKLMW rOJIEHOCTOMNHOMO cycTaBa v CTOrbI M0
wkanam AOFAS (American Orthopaedic Foot and Ankle Society) n FADI (foot and ankle disability index).
OTu napameTpbi MPUMEHSINCL A1 OLEHKU KJIMHUYECKUX UCCEA0BaHUA UCMOb30BaHUS ayToTpaHC-
rnnaHTara u3 CyXOXuivs OJIMHHON Ma06epLOoBOM MbILLLbl /1S PEKOHCTPYKUMM rnepenHen KpecToob-
pasHoW CBA3KU. ABTOpamMu rnpoaHaan3npoBaHbl pesysbraTtsl 1e4eHus 2322 nauneHToB, KOTOpbIM bblia
BbIMOJIHEHA M1aCTVKa rnepeaHe KpecToobpasHOW CBS3KU C UCIMO/Ib30BaHUEM ay TOTPAHCI/IaHTaToB U3
CYXOXWNS ASIMHHOM Mai06epLoBovi MbiLlLbl (h=1660) 1 CyXOXXnns MOIyCYyXOXn/IbHOU MbiLLLbl (N=662).
lNokazaTtesm nocneonepaymoHHOro coctosiHns no wkanam AOFAS n FADI gns cyxoxunns SAMHHONM
Mano0bepLoBovt Mbilllbl cocTaBuam 96,47+2,71 n 97,72+2,58 COOTBETCTBEHHO, YTO HE OT/INYAETCS OT
340p0BOM CTOPOHbI (P >0,05). Jlyuume 6annbi no wkane IKDC coctaBunn 94,13+4,66 gnsi Ccyxoxxunnms
A/MHHOM Mas106epLoBoV MbiLULbl 1 95,12+0,73 47151 MOYCYyXOXKN/IbHOM MbILLLbI, 110 Wkane TerHepa-/lic-
xonbma — 99,15+2,89 n 99,85+0,37 cooTBETCTBEHHO. TakumM 0bpa3oM, ayToTpaHCIaHTaT U3 CyXOXu-
JINST BSTMHHOW MaJsio6epLOBON MbiLLLbl SBJSIETCS MOAXOASALYEN aflbTepHaTUBOW 4151 PEKOHCTPYKLMN e-
penHer KpecToobpa3HOoV CBA3KU, TaK Kak HaxoguTcsl BHe 06/1acTv KOJIEHHOO cycTaBa.

KnroueBble crioBa: apTpPOCKOMUS; MepenHsisl KpecToobpasHasi CBS3Ka;, CYXOXWU/ne LJ/IMHHON Masio-
6epLI0BOI MbILLILbI; CYXOXXMIINE MOJTYCYXOXUSIbHOM MbILLILbI; CYXOXKNIING HEXKHOI MbILLIL|.

Ans yntupoBaHus:

Mpu3sos A.l., Boctpukos A.M., Ckeopuos [.B., Jlasko ®.J1., Jlasko M.®., Bensik E.A., Kpbitaesa A.B. Npu-
MEHEHNE CYXOXXUNUS OJIMHHOW ManobepLoBO MbllLbl B KA4eCcTBe ayToTpaHCcnnaHTaTta npu nepeuy-
HOW NNacTuKe nepenHen KPecToobpasHol CBA3KM: cucTeMaTudeckuin 063op. KanHn4yeckas npakTuka.
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the rates of secondary ruptures of the menisci and,
as a result, for decreasing the rates of post-traumatic
osteoarthritis [3, 4]. For performing the reconstruction
of the anterior cruciate ligament, an autotransplant or
an allotransplant or a synthetic prosthesis is required.
The autograft made of the semitendinous and gracilis
muscle tendons (SGMT (in Russian: CIMHM) is the most
commonly used transplant for the reconstruction of the
anterior cruciate ligament worldwide [5]. Along with the
SGMT, other used autotransplants include the bone-
patellar tendon-bone and the tendon of the quadriceps
muscle, however, all of the abovementioned variants
are associated with complications, in particular,
the instability of the knee joint or the quadriceps/
hamstring-imbalance, pain in the area of the patella
and of the thigh, contractures of the knee joint and
patellar fractures [6-8.]. In case of multiple injuries of
the ligamentous apparatus of the knee joint, the SGMT
autotransplant can be insufficient for the plastics of all
the damaged structures. In a number of countries, the
use of allotransplants and synthetic transplants is not
possible [8]. Within this context, currently the surgeons
more often use the alternative autografts for the anterior
cruciate ligament plastics — the ones made from the
long peroneal muscle tendon (LPMT) [9].

The use of the LPMT as an autograft for the
reconstruction of the anterior cruciate ligament was
first described by S. Kerimoglu et al. in 2008 [10].
In 2012, J. Zhao et al. [11] have also demonstrated the
efficiency of using LPMT as an autograft. In a research
work performed in 2017 by R. Lukman et al. [12], the
biomechanical properties of the SGMT and LPMT were
studied ex vivo. Based on the research results, there
was no significant difference in the tensile strength
between the LPMT (446.1N+233.2N, where N is the
force in newtons) and the quadruple SGMT transplant
(405.8N+202.9N) with a similar cross-sectional area.
In 2021, J. He et al. [12] have described the LPMT
autograft as the comparable alternative option to the
SGMT one from the point of view of the functional
results, also, the authors have concluded that the use of
the LPMT autograft provides better clinical results in the
knee joint, expressed as the decrease in the knee joint
pain syndrome and thigh muscle weakness, however,
the assessment by the American Orthopaedic Foot &
Ankle Society (AOFAS) was much lower comparing to
the preoperational one [14].

The results of the abovementioned research works
confirm that the LPMT autograft is a strong donor tissue
for reconstructing the anterior cruciate ligament. Later
on, a large cohort of clinical research works [15-21]

have demonstrated good clinical results and minimal
pain in the area of the autotransplant installation, by
this proving the efficiency of using the LPMT as an
autograft, nevertheless, the variability of the methods
and parameters in various research works, as well as
small number of cases in each research, add to the
uncertainty, especially when comparing the results
between various transplants [21].

This systematic review was carried out for the
purpose of comparing and analyzing the results of
anterior cruciate ligament plastics using the LPMT in
terms of restoring the functions and the biomechanics
of the knee joint and of the foot with restoring the knee
joint stability, in the aspect of pain or paresthesia in the
area of the transplant application, its survival rate, also
included were the clinical research works, comparing
the LPMT and SGMT autotransplants during the
reconstruction of the anterior cruciate ligament [22].

METHODOLOGY OF SEARCHING THE SOURCES

The systematic review was compiled in accordance
with recommendations of the PRISMA international
protocol (Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses) issued on March 1,
2020 [23]. The research includes original articles,
containing data with full text in English or Russian
languages, accessible in the Internet (search systems:
PubMed, Google Scholar, eLibrary, Scopus and Web
of science) from 2018 until 2024. During the search,
the following key words were used: (“peroneus
longus tendon” or “fibularis longus tendon”) and
(“anterior cruciate ligament reconstruction” or “ACL
reconstruction”), while for the Russian data bases —
“long peroneal muscle tendon”, “anterior cruciate
ligament plastics” or “the use of long peroneal muscle
tendon during the anterior cruciate ligament plastics”.
The publications were informing about the clinical
research works on the reconstruction of the anterior
cruciate ligament (single-bundle or double-bundle)
using the LPMT autotransplant (the anterior half or
its whole thickness), the research works, in which
direct comparison was made between the results of
using the LPMT and the SGMT, as well as about the
biomechanical research works. All the surgeries were
initial, performed due to the onset of acute or chronic
damage of the anterior cruciate ligament, with or
without the meniscus damage.

The review did not include irrelevant articles or
non-original research works, such as literature reviews,
editorial opinions, corrections, meta-analyses, as
well as publications, which contained the research
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on allotransplants and research works analyzing the
results after the reconstruction of other ligaments
outside the knee joint using the LPMT autotransplant.

Quality assessment

For the evaluation of methodological quality of the
research works included in the review, we have used
the Methodological Index for Non-randomized Studies
(MINORS), as well as a set of specialized instruments
for quality evaluation developed in 2013 by the National
Heart, Lung and Blood Institute (NHLBI).

Extraction and analysis of data

The parameters analyzed in this review were
reflecting the functional results, including the mean
points of the Lysholm scale, in which the percentage
of points was more than 84 (excellent or good result);
the mean subjective point of the International Knee
Documentation Committee (IKDC) and the percentage
of normal or almost normal subjective IKDC points; the
mean diameter of the autotransplant; the instability of
the knee joint, including the percentage of negative
anterior drawer test cases; the possible complications,
including paresthesia or pain syndrome in the area
of the graft installation and the rates of unsuccessful
transplantations; the results of treating the developing
abnormalities of the foot and of the ankle joint after
extracting the LPMT, including the mean parameters
before and after surgery, assessed using the American
Orthopaedic Foot and Ankle Society scale (AOFAS)
and the Foot and Ankle Disability Index (FADI), as well
as the evaluation of the biomechanical parameters of
the foot and of the ankle joint.

All the data collected by us were presented in
tables; a formal meta-analysis was carried out using the
RevMan software (version 5.4, Cochrane Collaboration).
Continuous variables were extracted and analyzed as the
mean values with standard deviation (Standard Deviation,
SD). The standard deviation was calculated using the
available data in accordance with previously approved
formula: [(the highest value of the range — the least
value of the range)] or (interquartile range / 1.35). If the
standard deviation was impossible to calculate using
this approach, the highest standard deviation was used.
For continuous variables, the mean difference (MD) was
calculated along with the 95% confidence interval (95% CI).

We have also checked the sample heterogeneity
using the ¥? and Higgins I? tests. According to the
Cochrane recommendations, the mean heterogeneity
was calculated in case of 1> >30% or p <0.5. We have
used the conservative statistical approach, applying

REVIEW

the Mantel-Haenszel random effects model in case of
having the mean heterogeneity and the fixed effects
model for cases when the p values were <30% and
>0.5, respectively. The statistically significant p level
was <0.5 for all the results.

LITERATURE SEARCH,

SELECTION OF RESEARCH WORKS

AND THEIR CHARACTERISTICS

Initially, as a result of literature search, a total of
927 articles were found (Fig. 1) [23]. After excluding the
duplicate publications, 917 articles wereremaining, while
after screening the titles and abstracts — 26 articles
were obtained, the full texts of which were verified for
conformity to the inclusion criteria. All the selection
criteria after the double-staged screening were met by
21 articles [24-43]: 16 articles, which were reporting
about the results of reconstructing the anterior cruciate
ligament using the LPMT autotransplant, and 5 articles,
in which comparison was made for the results of using
LPMT and SGMT autografts. All the articles (n=21)
were compiled into a summary table (table 1). The
total set of analyzed results included 2322 patients,
of which 1660 had a reconstruction of the anterior
cruciate ligament using the LPMT autotransplant, while
the results for remaining 662 patients were extracted
from the publications, in which comparison was made
for the use of LPMT and SGMT autografts.

Assessment of the autotransplant diameter

Of the 21 research works included into the literature
review, 16 have described using the whole thickness of
the LPMT, while 5 have used the anterior LPTM part.
In 8 publications, the mean transplant diameter was
evaluated in 520 patients. In 5 research works, in which
the LPMT and SGMT were compared [22, 40-43],
the mean diameter of the LPMT autotransplant was
significantly higher comparing to the SGMT transplant.
The research by G. Wierer et al. [43] has also investigated
the inter-relation of the body mass index and of the hip
and shin circumference with the transplant diameter.
Based on the research results, it was found that the
body mass index and hip circumference parameters
affected only the diameter of the SGMT transplant,
while the shin circumference and body mass index had
no significant effect on the LPTM transplant diameter.
However, based on the results from the research work
by D. Ertilav [31], a statistically significant correlation
was found between the weight of the patient, the
height, the body mass index, the length of the lower
limb, the hip circumference, the shin circumference

62 https://doi.org/10.17816/clinpract629185
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Fig. 1. Literature search diagram [23].

and the transplant diameter. In the research works
evaluating the LPMT autotransplant diameter, the mean
dimension was 7-9 mm.

Evaluation of the results using the American
Orthopaedic Foot and Ankle Society (AOFAS)
scale and the Foot and Ankle Disability

Index (FADI)

Using the scale compiled by the American
Orthopaedic Foot and Ankle Society (AOFAS) and
using the Foot and Ankle Disability Index (FADI),
a total of 1000 of patient data sets were analyzed with
the patients operated using the LPMT (table 2). The
post-operative mean AOFAS scores on the side of
LPMT extraction were comparable to the mean values
of the FADI index, with the difference from the uninjured
side being statistically insignificant (p >0.05). This
have demonstrated good functional results and the
possibilities of safely using the LPMT as an autograft
without significantly affecting the functions of the foot
and of the ankle joint.

Evaluation of the flexion and extension force

in the ankle joint

In a series of clinical cases from S. Rhatomy
et al. [33], a complex approach was used to evaluate

Publications excluded after searching
for repeated publications
(n=917)

Excluded publications
(n=891)

Excluded publications (reasons):
e allotransplant (n=1)
e repeated original data (n=1)
e restoration of the posterior cruciate
ligament (n=1)
e biomechanical research only (n=2)

the functions of the foot and of the ankle joint during
the postoperative period. The results of muscle
strength tests were collected in 31 patients in
6 months after surgery. For the purpose of measuring
the isometric muscle strength, the patients were using
the special hydraulic double-acting dynamometer.
A research was conducted on the bilateral angled
eversion and plantar flexion of the great toe. Each
measurement of the muscle strength was carried
out 3 times with registering the highest value. Foot
eversion was measured in lying position. Based on
the results of muscle strength testing, the mean
foot eversion force was 65.87+7.63N in the area
of the autotransplant installed and 66.96+8.38N
on the unaffected side. The mean strength of
plantar flexion was 150.64+11.67N on the side of
the autograft installed and 152.10+12.16N on the
unaffected side. As a result of this research work,
no difference was observed in the strength of foot
eversion and plantar flexion between the operated
and the uninjured side.

Evaluation of the functions and stability

of the knee joint

A total of 336 results of LPMT autotransplantations
and 326 SGMT autotransplantations were analyzed.
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Author

[24]
(25]
(26]
(27]
(28]
(29]

(30]

(31]
[32]
[33]
(34]
[35]
(36]
[37]
(38]
(39]

(22]

[40]

[41]

[42]

[43]

64

Year

2020
2023
2021
2023
2019
2023

2020

2021
2022
2019
2022
2021
2020
2020
2018
2024

2019

2023

2023

2022

2023

Country

Publications selected for analysis

Study
design

Gender:
males/
females

Age
(min-
max),
years

Follow-up
period,

months (SD)

Research works with using only the long peroneal muscle tendon (LPMT)

China
China
China
Turkey
Vietham
Bangladesh

Indonesia

Turkey
India
Indonesia
India
India
Russia
China
China
China

Retrospective
Retrospective
Case series
Retrospective
Case series
Prospective

Cohort,
retrospective

Retrospective
Prospective
Case series
Case report
Prospective
Prospective
Prospective
Prospective
Prospective

as an autograft

19/16
55/32
13/8
74/8
19/11
348/91

59/16

38/14
78/35
22/9
1, male
36/12
407/171
20/12
11/5
6/14

18-60
20-45
18-45
16-66
18-51
18-45

18-45

17-51
17-39
18-45
25
18-36
35.29+12
16-45
35-65
18-44

6.5+3.61
24.51:14
6.5+3.61
46.6+30.3
14.5+8.22
12.5+7.1

5+2.74

12+6.8
11.5+6.5
11.5+6.5

12

17+9.67
24.5+14
6.5+3.61
27+15.44

41216

Research works comparing the results of using the long peroneal muscle tendon (LPMT)

and the semitendinous and gracilis muscles tendon (SGMT)

Indonesia

Pakistan

India

Iran

Austria

Prospective

Prospective
cohort

Prospective
cohort

Comparative
cross-section

Cross-section

Hamstring
group:
24/4
Peroneus
longus group:
20/4

138/20 (158),
of which
peroneus

longus: 85;

hamstring: 73

Hamstring
group:
57/39
Peroneus
longus group:
68/30

Hamstring
group:
58/7
Peroneus
longus group:
61/4

Hamstring
group: 64
Peroneus
longus
group: 64

16-45

18-51

16-50

18-50

18-45
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12.5+7.1

36.5+20.92

10+5.63

12.5+7.1

6.5+3.61
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Table 1

Tendon
used

Layered
Layered

Anterior part

Layered

Anterior part

Layered
Layered

Layered
Layered
Layered
Layered
Layered
Layered
Layered
Layered

Anterior part

Layered

Layered

Layered

Layered

Anterior part
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Table 2

Comparison of the results of the AOFAS and the FADI scales

AOFAS scale

In the first two groups, there were
no significant differences in the AOFAS scores
after surgery. In Group 1 — 94.61+3.48; -
in Group 2 — 94.00+3.82. In patients from
Group 3, the values were lower — 89.47+3.37

Mean score — 97.63+3.20
(range 89.00-100.00)

Mean score — 94.7+6.8 -
Mean score — 96.8+3.01

Post-operative results, assessed in 3 years,
comparable with pre-operational data

FADI scale

Mean score — 98.46+2.31
(range 86.20-100)

Mean score — 97.6+2.66

On the side of autotransplant extraction —

98.7+3.3 (range 87-100); -

on the contralateral side — 100

Mean score — 98.71+3.03 on the side
of the autograft extraction and 99.03+3.00
on the contralateral uninjured side

Mean score 99.71+0.57
on the side of the autograft
extraction and 99.71+0.61
on the contralateral
uninjured side

Based on the research results, no significant difference was shown
for the AOFAS and FADI scores between the extraction side

and the contralateral side

Mean score — 98.4+1.23 -

Function of the ankle joint and foot before

surgery — 97.3+1.67, after surgery — 97.3+1.54 -

(lesser score — 93, maximal — 100)

Mean score on the side of the transplant
extraction — 93.42+1.7 (range 84-100;
“excellent” — 90-100 points, “good” —

75-89 points, “satisfactory” — 60-74 points,
“poor” — <60 points). Comparing
to the uninjured side, no difference
was observed

Mean score — 98.93+3.10

Mean score — 99.79+0.59

Mean score on the side
of the transplant
extraction — 92.78+0.57
(range 94-102) and
98.91+0.62 on the
unaffected side.

No significant difference
comparing
to the unaffected side

Mean score — 96.2+0.95,
in 12 months — 99.05+3.56

Mean AOFAS score — 97.3+4.2

Mean FADI score — 98+3.4

Mean AOFAS score on the operated

Source Number of patients
87, divided by body
mass index:
[25] normal
excessive
obesity
[29] 439
[37] 32
[26] 21
[27] 82
[33] 31
[35] 48
[28] 30
[30] 75
[42] 65
[41] 98
[22] 24
[39] 20

side — 98.05+1.73, on the unaffected -

side — 98.30+1.66

In the research work by A. Agarwal et al. [41],
98 patients were operated using the LPMT and 96 —
using the SGMT. The results of the anterior drawer
test in 187 patients in both groups in 12 months
after surgery were negative. The “+” test result was
reported for 6 patients. A single patient from the LPMT
group had a (+++) positive anterior drawer test due to
a repeated injury. According to the Lachman test data,
177 patients had a negative test result in 12 months;

16 patients had a positive test result. The functional
results were evaluated using the IKDC and Lysholm
scales (table 3).

In a research by S. Rhatomy et al. [22], an evaluation
of the results registered before surgery and in
12 months after surgery using the Lysholm and IKDC
scales was carried out in 28 patients, in which the SGMT
autograft was used, as well as in 24 patients with the
LPTM autograft used. Based on the research results,
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no significant differences were observed between the
Tegner-Lysholm and IKDC scores before surgery and
after a 1 year of follow-up (p >0.05).

No significant differences were observed in the
publications which have compared the LPMT and
SGMT using the IKDC and Tegner-Lysholm scales.
The Lachman test has shown satisfactory results in
the majority of patients.

Thus, no statistically significant (p >0.05) differences
were reported between two groups with the SGMT
and LPMT autotransplants in terms of the functional
parameters and stability parameters of the knee joint.

Complications

In the research work by U. Yadav et al. [34], a single
clinical case was reported that was associated with
iatrogenic neurological deficit in the foot after the
extraction of the LPTM autotransplant. Surgical revision
of the common peroneal nerve was performed for the
purpose of ruling out the nerve damage when using the
stripper. The revision surgery has revealed the presence
of an intraneural hematoma. The nerve decompression
was carried out by means of neurolysis. During further
patient follow-up, the function of the anterior cruciate
ligament was deemed satisfactory. The functioning of

REVIEW

the area of the lateral malleolus, while 2 patients had
hyperalgesia in the area of the distal part of the scar.
Two cases of compartment syndrome were described,
in both cases fasciotomy was carried out with
complete regress of symptoms in 5 days. One patient
had experienced a transient peroneal nerve injury and
a neurological deficit in the foot: the functions have
restored in 6 months.

CONCLUSION

Our research did not detect statistically significant
differences (p >0.05) when using the Tegner-
Lysholm and IKDC scales comparing to the SGMT
autotransplant, also revealing a slight and statistically
insignificant (p >0.05) decrease of AOFAS and FADI
scores after extracting the LPTM autograft. Thus,
it is deemed justified to make a conclusion that the
LPMT autograft is a good alternative material for the
reconstruction of the anterior cruciate ligament.
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In 6 months of follow-up in LPMT patients, the subjective function of the knee joint
was significantly better than in a group of SGMT patients
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“LUNG-ON-A-CHIP” AS AN INSTRUMENT FOR STUDYING
THE PATHOPHYSIOLOGY OF HUMAN RESPIRATION

O.A. Zhukova' 2, lu.V. Ozerskaya', D.V. Basmanov?, V.Yu. Stolyarov3, V.G. Bogush?, V.V. Kolesov?>,
K.A. Zykov' %, G.M. Yusubalieva® "8, V.P. Baklaushev' 278

1 Pulmonology Scientific Research Institute, Moscow Russia;

2 Federal Center of Brain Research and Neurotechnologies, Moscow, Russia;

3 Lopukhin Federal Research and Clinical Center of Physical-Chemical Medicine, Moscow, Russia;

4 National Research Center «Kurchatov Institute», Moscow, Russia;

5 Kotelnikov Institute of Radio Engineering and Electronics, Moscow, Russia;

6 Russian University of Medicine, Moscow, Russia;

7 Federal Research and Clinical Center of Specialized Medical Care and Medical Technologies, Moscow, Russia;

8 Engelhardt Institute of Molecular Biology, Moscow, Russia

ABSTRACT

“Lung-on-a-chip” (LoC) is a microfluidic device, imitating the gas-fluid interface of the pulmonary alveole
in the human lung and intended for pathophysiological, pharmacological and molecular-biological studies
of the air-blood barrier in vitro. The LoC device itself contains a system of fluid and gas microchannels,
separated with a semipermeable elastic membrane, containing a polymer base and the alveolar cell
elements. Depending on the type of LoC (single-, double- and three-channel), the membrane may contain
only alveolocytes or alveolocytes combined with other cells — endotheliocytes, fibroblasts, alveolar
macrophages or tumor cells. Some LoC models also include proteinic or hydrogel stroma, imitating
the pulmonary interstitium. The first double-channel LoC variant, in which one side of the membrane
contained an alveolocytic monolayer and the other side — a monolayer of endotheliocytes, was developed
in 2010 by a group of scientists from the Harvard University for maximally precise in vitro reproduction of
the micro-environment and biomechanics operations of the alveoli. Modern LoC modifications include
the same elements and differ only by the construction of the microfluidic system, by the biomaterial of
semipermeable membrane, by the composition of cellular and stromal elements and by specific tasks
to be solved. Besides the LoC imitating the hematoalveolar barrier, there are modifications for studying
the specific pathophysiological processes, for the screening of medicinal products, for modeling specific
diseases, for example, lung cancer, chronic obstructive pulmonary disease or asthma. In the present
review, we have analyzed the existing types of LoC, the biomaterials used, the methods of detecting
molecular processes within the microfluidic devices and the main directions of research to be conducted
using the “lung-on-a-chip”.

Keywords: lung-on-a-chip; blood-alveolar barrier; respiratory diseases; microfiluidic devices.
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INTRODUCTION

The diseases of respiratory organs take the
leading positions within the structure of the total
morbidity of the population in Russia. In the last
decades, the prevalence of respiratory disease
irreversibly grows world-wide. During the period
from 2000 until 2022, the incidence rates in Russia
have increased from 317.2 to 422 per 100 000 of the
population [1]. The reasons of growing morbidity are

70 https://doi.org/10.17816/clinpract637140

caused by the fact, that humans constantly inhale
toxic components of the modern urban environment,
including various combustion products, micro- and
nanoparticles, bacteria, viruses, fungal spores etc.,
which, in turn, result in chronic alteration of the
terminal segments of the respiratory system with
developing chronic obstructive diseases, asthma,
pneumonia, interstitial and oncological diseases. The
respiratory insufficiency that develops as a result of
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AHHOTALMUA

«Jlérkoe-Ha-unne» (0T aHr. Lung-on-a-Chip, LoC) — muKpogaougHoe yCTPONCTBO, UMUTHPYOLLEE
ras’oXXugKoCTHbIV MHTEPEENC NEro4YHoON asbBeosibl HYeoBeKa U rnpegHasHa4YeHHoe 47151 naTtogusnosio-
rmy4eckux, apMakosIOrn4eCcKnX v MOJIEKYJISIPHO-OUOIOMNHECKNX NCCIE40BaHWI reMaToasibBeO0sIsSIPHOIO
bapbepa in vitro. YcTporncTeo LoC BK/IOHYAET CUCTEMY XULKOCTHBIX Y ra30BbiX MUKPOKaHa 0B, pasneiéH-
HbIX 10J1yrIPOHULAEMO 37aCTUHHON MEMBPaHOW, cogep KaLLle rnoMMEPHYO OCHOBY U K/IETOYHbIE 3J1e-
MEHTbI asibBeosbl. B 3aBucumocty ot Buga LoC (ogHo-, ABYX- M TPEXKaHasbHOE) Ha MemMbpaHe MOoryT
HaxoauTbCSsl TOJIbKO a/1bBE0JIOLNTEI NN a/lbBEOSIOLNTBI B COHMETaHU C APYMMMU KIETKaMU — 3HAOTENO-
ymtamu, pubpobriactamy, asnbBEOISIPHbLIMU Makpogaramu, OryxoaeBbiMu KeTkamu. HekoTopsie mogesm
LoC Takxxe BK/O4arOT 6E/IKOBYIO M/ TYGPOrENIEBYIO CTPOMY, UMUTUPYIOLLYIO JIEFOYHbIN MHTEPCTULIMIA.
lNepBbii aAByxKaHabHbIM BapmaHT LoC, B KOTOPOM C O4HOW CTOPOHbI MEMOPaHbl HaxXo[UTCsl MOHOC/ION
a/1bBE0J/IOYNTOB, a C APYroi — MOHOCJ/ION SHAOTENMOUMTOB, bbli padpabotaH B 2010 rogy rpynnou y4é-
HbIX [apBapACKoOro yHuBepcuTeTa C LeJiblo MakCuMasabHO TOYHOIrO BOCMPOU3BEAEHNS in Vitro MUKPOOKPY-
JKEHUVsT 1 BrnomexaHuKy paboTsl anbBeosibl. CoBpemeHHble Mogugukamm LoC BKIOHYaKT Te Xe 3/1eMEH-
Thl Y OT/INHAKOTCS JINLLL KOHCTPYKUMEN MUKPOMIIOUAHON CUCTEMBI, BrioMaTepuasioMm roJsiyrnpoHNLaemMor
MeMbpaHbl, COCTaBOM KJ/IETOYHBIX Y CTPOMAaJIbHbIX SJIEMEHTOB Y PELLaeMbIMy CrieynasibHbIMY 3a4a4amu.
lMomumo LoC, BOCripon3BogsLymx reMatoasibBeosIsapHbI 6apbep, CyLLeCTBYOT MogugdvikaLmm 4151 nCcrie-
[oBaHWUs1 OnpefenéHHbIX naTtopuanNonorndeCcKmux rnPoLECCOB, CKPUHUHIa JIEKaPCTBEHHbIX pPernaparos,
MOAeINPOBaHNST KOHKPETHbLIX 3ab01eBaHUI, HArpPyYMep paka J1IErkoro, XpOHN4YeCKou 0O6CTPYyKTUBHOM 60-
JIE3HU NIErKMX MM acTMbl. B gaHHOM 0630pe Mbi NpoaHann3vupoBaan CyLecTBYyoLme pa3HOBULHOCTY
LoC, npumeHsiembie buomatepuasibl, METOAbI AETEKLMU MOJIEKYSISPHBIX MPOLECCOB B MUKPOMIOULHbIX
YCTPOVICTBax  OCHOBHbLIE HarpPaBJ/IEHVS UCCIE[0BaHWI C MOMOLLBIO «/IEFKOro-Ha-4yurne».

KnroueBbie cnoBa: «J1Erkoe-Ha-4une»;, remMaroasbBeosIsipHbIii bapbep;, 60e3HN OpraHoB AblXaHus;
MUKpPOIouaHbIE YCTPONCTBA.
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such abnormalities, takes the third place among the
mortality causes world-wide [2].

An essential requirement for studying the respiration
pathophysiology and for developing the methods of
pathogenetic therapy is the presence of an adequate

biological model. Most commonly, in vivo trials are
being used for this purpose, involving the use of small
rodents, which allow for investigating the pulmonary
reactions in a real cellular environment with specific
signals and with registering the functional changes.
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Mice and rats are being used as an animal model and
when testing the efficiency of medicinal products,
including the screening of the functional activity. The
animal experiments are complex, cost-intensive and
long-term, besides, there is a number of important
differences between the respiratory systems of
rodents and humans, restricting the extrapolation of
data obtained in mice to humans. For example, the
epithelium of murine airways contains shorter columnar
cells with large number of ciliated cells and lesser
number of submucosal glands comparing to the similar
epithelium of the human body [3]. These differences
can result in obtaining artifacts when modeling the
pathophysiological processes in the lungs, leading to
the opposite-type reactions when testing the medicinal
products on animals and in humans [4]. Despite the
high percentage of successful pre-clinical tests, the
probability of approving the drug candidates for clinical
application by all the parameters is a little higher than
10%, which confirms the insufficient relevance of
pre-clinical animal models [5].

Air

Environment

REVIEW

Creating an alternative in vitro model, allowing
for recreating the complex physiological reactions
of the human lung in a medium that is convenient for
further evaluation, is a promising direction of scientific
research, which can both broaden our knowledge on
the lung pathophysiology and act as a cost-effective
and high-performance platform for screening the
efficiency of therapeutic interventions.

Human lungs have a complex multi-level
organization. The main structural and functional unit
of the lungs is the acinus — the terminal bronchiole
with an alveolar sac, consisting of alveoli (intensive
vascularised bubble-like structures; Fig. 1, a; [6-8]).
Upon deep inhaling, the functionally significant
surface area of the alveoli, in which the gas exchange
takes place, can expand up to 3.3-fold in the normal
conditions. Thus, the high expansibility of the alveoli,
which, in total, equals up to 0.2 I/gPa, is an essentially
important morphological and functional parameter.
The uniqueness of the alveolar system is that the
alveoli represent the only gas-fluid exchange interface

Microfluidic system schemes

Air Air Environment

Environment

Lung-on-chip variants

NA
PDMF membrane Fibroblast in hydrogel
Environment Air All Air
Al Al A Al Al AM
NnB re
Air Environment
Expansibility of lungs i M
0.2 gPa Endothelium Environment
Bronchiole @ Single-channel Double-channel Three-channel
Alveole
Side
All channels
(0] Vacuum
AMe Acinus
Al
3 K R up 10 200/0
on
expanst

2]

Fig. 1. The principal structure and the variants of the “lung-on-a-chip”: a — human lung acinus structure; b — schemes,
developed as of today for the microfluidic devices and LoC variants (from the left side to the right: single-channel —
Y. Zhu et al., 2022 [6]; double-channel — D. Huh et al., 2010 [7], three-channel — A. Varone et al., 2021 [8]); ¢ — imitation
of respiratory movements using the negative pressure in the lateral LoC channels (courtesy of D. Huh et al., 2010 [7]).
NIA — pulmonary artery; JIB — pulmonary vein; 'B — smooth-muscle fibers; AMe — alveolar sac; JIK — pulmonary
capillaries; Al — type | alveolocyte; All — type Il alveolocyte; AM — alveolar macrophage.
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present in mammals, with multiple biochemical and
biophysical parameters. This is why the modeling of
the alveole in the in vitro settings is considered a quite
difficult task [9].

Usually, the screening in vitro research involve the
dimeric (2D) cell cultures, which cannot imitate the
microenvironment and by using which, it is not possible
to assess the pathophysiological reaction of the tissue
as a combination of various cells [10, 11]. In the last
decades, the in vitro research began using the three-
dimensional (3D) cellular spheroids of tissue-engineering
constructions, which allow for imitating a more realistic
biochemical and biomechanical microenvironment
of the tissue or the organ, including the intercellular
interactions, the space-time distribution of oxygen, of
nutrients and of the final metabolites [12, 13]. However,
for the purpose of modeling the functions of the
pulmonary acinus, as we have mentioned before, one
of the critically important pathophysiological factors is
the expansibility of the alveolar structures.

“Lung-on-a-chip” (LoC) is a microfluidic device
intended for cell cultivation, which imitates the 3D
micro-architecture, the microenvironment and the
main physiological functions of human alveoli [14, 15].
The microfluidic technologies allow for generating and
precisely adjusting the dynamic flows of fluids with a
microliter range, for creating the space-time pressure
gradients and other parameters. The LoC technology
has a number of significant advantages comparing
to the 3D-cultures, in particular, the reproduction of
respiratory movements, the possibility of monitoring
the transepithelial resistance, the partial pressure
of gases in the in-flow and out-flow microchannels,
the biochemical composition of the environment and
other physico-chemical parameters [16-18]. The LoC
technology allows for modeling the specific functional
elements of the human lung, such as the blood-air
barrier or the mucociliary barrier of the airways. With
this, one can recreate both the normal conditions and
the specific abnormalities, for example, the condition
of the alveoli in a patient with chronic obstructive
pulmonary disease or with asthma [19]. The lively
interest among the researchers with regard to this
direction is confirmed by almost tenfold increase in the
number of publications related to the “organ-on-chip”
technology during the period from 2010 until 2020 [20].

This review has analyzed the existing varieties of
LoC, the biomaterials used, the methods of detecting
the molecular processes in the microfluidic devices,
as well as the main directions of research involving the
“lung-on-a-chip” technology.

THE CELL COMPOSITION OF THE ALVEOLE

AND THE LIMITATIONS OF 3D-CULTURES

According to the data from transcriptome analysis
of separate cells (single cell RNAseq), in the human
lungs, a total of 58 various cellular populations were
identified [21]. The alveolar barrier develops as a result
of a complex interaction between the type | and Il
alveolocytes, macrophages, endothelial cells and
the extracellular matrix, including the ultra-thin basal
membrane. The total thickness of the alveolar-capillary
barrier is appr. 1 ym, with the thickness of the basal
membrane being less than 100 nm [22].

The basal membrane is porous and elastic (the linear
deformation in the physiological settings reaches
up to 10%) with the Young’s module of 3-7 kPa [23].
Alveolocytes located at the border between the
surrounding environment and the organism fulfill
multiple important functions, including the barrier one,
the maintaining of hydration balance, the elimination of
solid particles, the initiation of immune reactions, the
production of surfactant and glycocalyx, as well as the
regeneration [24]. The unique feature of the pulmonary
epithelial cells is the air-fluid interface required for the
polarization of the epithelial cells along the apical-basal
axis and the secretion of the protective surfactant
nano-layer, which reduces the superficial tension and
prevents the development of the atelectasis during the
inhaling-exhaling [25].

When cultivated in the 3D settings, the alveolar
cells form spheroids and organoids, partially imitating
the lung acinus structure [26, 27]. Spheroids represent
a relatively homogeneous spherical accumulation of
cells. The spheroids show quite limited applicability for
screening research, for they face problems both with
the cultivation of spheroids of similar size and with
the control of cell ratios in the co-cultures [28]. Unlike
the spheroids, organoids can imitate several basic
functions of the lungs in the in vitro settings, such as
the functional signaling pathways and generating cells
with functional cilia [27]. The benefit of the organoids is
the relative simplicity of technology and much higher
performance comparing to LoC. With this, the organoids
practically do not contain the circulatory system and it
is impossible to imitate the hematoalveolar barrier, as
it is implemented in the LoC device. For solving some
screening research tasks, besides organoids, acute
slices of the lungs were used which remain viable for
some time after its preparation [29]. Currently, the LoC
technology in some areas of in vitro screening research
has completely replaced spheroids, organoids and
acute slices.
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STAGES OF THE “LUNG-ON-A-CHIP”
MICROFLUIDIC DEVICE DEVELOPMENT
Initially, the alveolar pulmonary chip was
developed in 2010 by the American cell biologist and
bio-engineering specialist Donald E. Ingber, which
was describing it as a living three-dimensional
cross-section of the functional unit of the lung [7].
The organ chip consists of a transparent elastic
polymer, which contains hollow microfluidic canals
colonized with living human alveolar cells, connected
to the artificial vascular network layered with human
endotheliocytes (see Fig. 1, 6; [6-8]). For the reason
the chip is manufactured using the transparent
material, it is suitable for microscopy using the
conventional biological microscope for the purpose of
personal observing the processes that take place in it.
The presence of two air chambers in the chip allows
for creating the rarefication and by this imitating the
respiratory movements, expanding the semipermeable
membrane containing the cells (see Fig. 1, B; [7]) [30].
The technology was rapidly adapted for creating
the microfluidic devices, imitating a number of other
tissues or organs, including the liver [31], kidneys [32],
intestines [33], bones [34], blood vessels [35], the
cardiac muscle [36] etc. From the moment of developing
the first lung chip, the technology has significantly
progressed, becoming more and more complicated.

Single-channel “lung-on-a-chip”

The single-channel microfluidic devices contain only
the alveolar epithelium cells [24]. Such a single-channel
microfluidic model does not imitate the hematoalveolar
barrier, but it can be useful for studying the functional
changes in the alveolar epithelium during the respiratory
movements, which are imitated by cyclic air injections.
For the purpose of the microphysiological visualization
of respiration cycles, the composition of the elastic
membrane, onto which the alveolocytes were seeded,
was augmented with silicon oxide nanoparticles with
the size ranging from 225 to 300 nm. Upon expanding
the membrane, a shift took place in the wavelength of
the reflected light, thus, the respiration cycles could be
visualized [6]. This model was used for investigating
the dynamic interrelations between the deformations
of cells and the phenotypes of the diseases, such as
idiopathic pulmonary fibrosis.

More simple devices, containing only one type
of cells cultivated in the hydrogel consisting of the
extracellular matrix components, were used for
studying the dynamic morphogenetic processes,
such as the formation of blood vessels, the migration
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of immune and tumor cells through the epithelial layer
into the interstitial space [24, 37]. A simplified single-
channel microfluidic device consisting of proximal
airways epithelium precursor cells, obtained from
the induced pluripotent human stem cells, allowed
for studying the development of ciliated cells and for
modeling the primary ciliary dyskinesia [38].

Multichannel “lung-on-a-chip”

The first double-channel lung chip, constructed by
D.E. Ingber et al.,, has imitated the structure and the
functions of a human alveole by creating separate
parenchymatous and vascular compartments (see
Fig. 1, 6; [6-8]). The channels in this case were defined
as the microfluidic system with specific cell type. For
the reason that, in this case, there are two types of
cells — alveolocytes and endotheliocytes, the chip is
considered double-channel. The microfluidic system
has gas and fluid channels, separated by a flexible
porous polydimethylsiloxane membrane. On the side
of the gas channel, alveolocytes are cultivated on the
membrane, forming an air-fluid interface in the manner
similar to the one in the alveole. On the side of the
fluid micro-channels, the membrane is seeded with
endotheliocytes with the cultural fluid being perfused,
imitating the microcirculatory network of capillaries,
while the additional lateral vacuum channels imitate
respiratory movements [7, 24, 37].

The three-channel LoC device includes an
additional channel containing fibroblasts and the
components of extracellular matrix, which, on the
side of air channels, are layered in alveolocytes
(see Fig. 1, 6; [6-8]). The mechanical effects on the
hydrogel during the respiratory movements, imitated
by vacuum channels, promote to the production
of extracellular matrix proteins. The presence of
an additional stromal channel allows for modeling
the interstitial diseases of the lungs.

The unique feature of the multichannel organ
chips in general and of the LoC in particular is that,
within the gas channel, just like in the alveolar cavity,
co-cultivation can be performed for human alveolar
cells with the viable symbiotic microbes within a long
period of time (from days to weeks). Currently, it is
the only method capable of letting us study how the
complex microbiome of the human lungs affects the
status of the human tissues over time [39, 40].

High-performance “lung-on-a-chip” systems
With the technologies being improved, chip models
were developed for studying various pathological
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conditions of the respiratory organs [8, 26]. For example,
during the COVID-19 pandemic, a group headed by
C.R. Fisher [41] has developed a PREDICT96-ALI
high-performance “organ-on-chip” microfluidic platform
for the selective screening of pathogenetic medications
intended to fight the SARS-CoV-2 virus in the settings
of virus -infected alveolar epithelium. The platform
consists of a plate with 96 individual devices and
a perfusion system, activated by 192 microfluidic
pumps, built into the plate cover.

Noteworthy is the AX12 Lung-on-Chip inhalational
in vitro platform, developed by a Swiss company
named “AlveoliX”, which represents not just a chip, but
a multiplex analyzer based on the microfluidic device
allowing for seeding the cells directly along both sides
of the ultra-thin membrane [42]. The company has
created an immortalized cell line consisting of alveolar
epithelial cells (AXiAECs), alveolar macrophages
(THP-1) and endothelial cells (HLMVEC). The system
is intended for toxicology studies of aerosols, for
example, when screening the inhalational drugs being
developed.

Using the examples of the projects listed above,
it could be assumed that modern biomedical
technologies will more and more integrate the
microfluidic “organs-on-chip” into the analytical
equipment, adding new technologies based on
nano- and micro-electronics, acoustic electronics,
optoacoustics for genetically coded biosensors,
NGS-sequencing and other omics approaches.

Certain perspectives for creating the high-
performance artificial lung platforms become available
with the 3D-bioprinting [43]. This is a relatively novel
technology, allowing for creating the organ-like
structures by means of printing with living cells,
mixed with hydrogel bioink. The carcass of the bioink
usually consists of extracellular matrix protein or
other natural biopolymer — collagen, gelatin, alginate,
fibrin, chitosan or hyaluronic acid [44]. Recently,
W. Kim et al. [45] have used the technology of
piezoelectric 3D-bioprinting using the bioink to print
the cellular components of the “lung-on-a-chip” on
a polycarbonate membrane. The bioink (following the
corresponding proportions) had admixtures of cells
mimicking the alveolar epithelium of types | and I
(the NCI-H1703 and NCI-H441 lines, respectively), of
pulmonary fibroblasts (MRC-5) and of the endothelial
cells found in human microvessels (HULEC-5a). As
a result of bio-printing, a hematoalveolar interface
was created, showing the acceptable parameters of
transepithelial electric resistance.

THE MATERIALS OF MEMBRANES USED

FOR BUILDING THE HEMATOALVEOLAR

BARRIER IN THE LUNG CHIP

The basis of any LoC device is the porous and
expansible membrane, which should have sufficient
biocompatibility for cultivating the monolayer of
epithelial or endothelial cells on its surface [40]. For
recreating the structure of the hematoalveolar barrier,
maximally similar to the physiological one, the choice
of the membrane material with proper gas permeability,
biocompatibility and expansibility is an actual problem
[8, 23, 41]. In the text below, we shall discuss the
materials most commonly used for manufacturing the
lung chip membrane.

PDMS-membrane

In the last 15 years, the most commonly used
membranes are the ones made of the linear polymer
of dimethylsiloxane [46, 47]. Polydimethylsiloxane
(PDMS) is biocompatible, elastic, permeable for
gases, optically transparent and relatively simple in
small-scale production, which, in total, makes it one
of the most convenient polymers for creating the
“organs-on-chip” [48]. Modern microfluidic devices based
on PDMS, are most frequently created using the soft
lithography method [7]. PDMS is the most commonly used
polymer for manufacturing the carcasses of microfluidic
devices due to the simplicity of its microprocessing
and the adjustable underlayer mechanics [49, 50].

Due to the ubiquitous spreading of PDMS as the
material for manufacturing the “organs-on-chip”, we
would like to examine in detail the downsides and
limitations of this material (thickness limitations; poor
cell adhesion; sorption of hydrophobic molecules; high
rigidity; complexity of moulding automatization).

Thickness limitations. There are difficulties in the
manufacturing of ultrathin porous PDMS slices [52].
The actual thickness of the hematoalveolar barrier is
less than 1 um [22], with the most commonly conducted
research often requiring the thickness of the LoC barrier
membrane being 10 ym [37]. For the comparison —
in earlier publications, the membrane thickness was
up to 40 ym. With this, the Swiss company AlveoliX
has developed a LoC having a membrane thickness of
3.5 ym. Such a membrane thickness is the most similar
to the very thin hematoalveolar barrier and, to the best
of our knowledge, as of today, it is the thinnest porous
PDMS membrane used in the “organ-on-chip” device.

Poor cell adhesion. Due to the fact the PDMS
membranes do not show good cell adhesion properties,
various coatings must be used — fibronectin, collagen

www.clinpractice.ru 75

2024

Vol 15 4



etc. [23, 26], with this, the additional coating increases
the membrane thickness (~10 um) and decreases its
porosity, which should be kept in mind when modeling
the hematoalveolar barrier. The improvement of
adhesion characteristics of PDMS can be achieved
by single application of polydophamine (PDA) onto the
PDMS surface. In the samples where the PDMS wells
were not preliminary coated with PDA, cell adhesion
abnormalities took place within the first 4 days
of cultivation, ultimately resulting in the complete
delamination and spontaneous destruction of all the
tissue constructions in 10 days [52].

Sorption of hydrophobic molecules. When modeling
the functional processes, one should also keep in
mind that the PDMS membrane can actively absorb
hydrophobic biologically active compounds, as well as
hydrophobic low molecular weight medicinal products
[43, 53, 54], which decreases the available dosage of
the drug, shifting the dose dependency curve and,
thus, limiting the prognostic value of the research with
testing a number of medicinal products [55].

In order to minimize the error caused by the
PDMS absorption, strategies were described on the
computational correction of the absorption effect by
means of quantitative determination of the medicinal
product content using mass-spectrometry [56].
M.W. Toepke et al. [53] have studied the absorption of
hydrophobic small molecules in a qualitative manner using
the fluorescent analysis, but this was not a quantitative
method. J.D. Wang et al. [54] have conducted
a quantitative evaluation of the final concentration of the
compound over time and have determined the threshold
value, which has distinguished the compounds with
insignificant absorption and the ones with the significant
one, based on the hydrophobicity parameter. Besides,
for the purpose of decreasing the compound binding,
methods are being tested that involve covering the
PDMS with non-absorbing coatings [57], that involve
alternative flexible elastomeric materials showing lesser
absorbing capabilities (for example, some polyurethanes,
styrole block copolymers, polycarbonate hybrids and the
thermoplastic elastomer) [58, 59]. Tests are also being
carried out for the coatings made of rigid thermoplastic
materials (polystyrene or polycarbonate) [60], titanium
dioxide [61], parylene [62] etc. The accessible literature
has few research works on the direct comparison of
absorbing various compounds by PDMS and other, more
inert substrates, while the issue of cell cultures affecting
the absorption was not studied at all. The use of lipophilic
coatings may be useful for preventing the absorption of
low molecular weight compounds by the PDMS.

REVIEW

High rigidity. The modulus of elasticity of the
PDMS, depending on the thickness of the expanded
membrane, can vary from 0.4 to 1.5 MPa, while in the
alveolar tissues, according to various estimations, it
varies from 1.4 to 7.2 kPa [63, 64]. Such a significant
difference complicates the process of modeling the
inhaling/exhaling processes on the membrane. Due to
this cyclic expansion of the PDMS membrane, during
the imitation of respiratory movements, deformations
may develop in the porous membrane, which may
corrupt the data on the integrity of the hematoalveolar
barrier, affecting the adhesive properties of the cells and
changing the permeability for various substances [65].
The deformation applied to the thin porous membrane,
strongly depends on the viscoelastic properties of the
expanded material and on the dimensions, in particular,
on the PDMS wall thickness, which is why the most
“physiologic” LoC can be considered the one with the
thinnest PDMS membrane.

Complexity of moulding automatization. PDMS
moulding still remains a complex process in terms
of complete automatization and it significantly slows
down the transition to serial research [66]. The need
for materials to replace the PDMS is so important
for this field, that The Small Business Innovation
Research in the USA has recently funded the research
on exploring the alternative materials different
from the PDMS, but meeting the requirements of
producibility, transparency, biocompatibility and
minimal non-specific adsorption [67].

Due to all the limitation listed above, currently
there is an urgent need for searching the alternative
material, which could be optimal for modeling the
hematoalveolar barrier.

PMMA, PET and PC membranes

Polymethylmethacrylate (PMMA), polycarbonate
(PC), cyclic olefin polymers/copolymers (COP/COC)
and polystyrene (PS) are some of the wide-spread
materials which were used as a scalable alternative
option during the earlier “organ-on-chip” models. Their
main benefits include the commercial availability and
the relative manufacturing simplicity for mass market.
For example, a group of Chinese scientists, when
researching the toxic effects of finely dispersed solid
particles on the human respiratory system, have used
the membrane made of microporous polycarbonate
film with the pore size of 10 um [68].

As an alternative option, the earlier LoC
models were employing the membranes made of
polyethyleneterephthalate (PET) and polycarbonate,
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showing the optical properties similar to the ones of
the PDMS, however, the important modulus of elasticity
values were within the range of 1-3 MPa. They are
more convenient for integrating into the microfluidic
device, they have pores with various sizes and they are
commercially available.

The main downside of such membranes is their
extremely high rigidity, which limits their use to
only perfusion platforms (or flow cells) in the static
cultivation settings (without imitating the respiratory
movements) [69, 70].

PLA and PLG membranes

One of the most wide-spread new alternatives to
PDMS is the polylactide (PLA) — the biodegradable,
biocompatible and thermoplastic polymer, the
monomer of which is the lactic acid. PLA is widely
used in medicine and its biocompatibility is well
established in a number of research works, which
show absence of inflammatory processes after the
implantation and compatibility with the surrounding
tissues [71-72]. Besides, PLA can be easily processed,
it can be moulded as sheets, it can be processed
mechanically or using the laser, it can be integrated
into other structures and assembled into complex
microfluidic devices.

As for the manufacturing the LoC membranes,
a group of Chinese scientists has used the modified
version of this polymer — the PLG (a copolymer
of lactic and glycolic acids) for testing the anti-tumor
drugs. Its main distinguished benefits include small
thickness (~3 pm), porosity, and permeability for
molecules and good biocompatibility [74, 75].

OSTE membrane

OSTE (off-stoichiometry thiol-enes) is an non-
stoichiometric mixture of thiols and allyls, developed as
an alternative to PDMS in the field of “organ-on-chip”
technologies for the purpose of overcoming the gap
between the research prototyping and the commercial
manufacturing of microfluidic devices. One of the main
benefits of OSTE is that the mechanical properties
can be precisely adapted to the requirements of the
specific use by adjusting the non-stoichiometric ratio
without changing the composition of the monomer [76].

A group of scientists from Latvia has tested the
OSTE as the membrane material for the hematoalveolar
barrier and compared its properties to the PDMS. As
for the benefits of OSTE, they have reported much
lower sorption of small hydrophobic molecules and
simpler moulding process. The main disadvantage

is low transparency, which significantly complicates
monitoring the cells covering the membrane [77].

Gelatin-methacryloyl (GelMA) membrane

The materials in all the above mentioned
“lung-on-chip” models, of which the membranes for
the hematoalveolar barrier was made, have a very
serious limitation — non-physiologically high rigidity,
due to which the mechanical stimulation (modeling
of inhaling/exhaling) is either very weak or completely
absent. In one of the research works, for overcoming
this disadvantage, a group of scientists has used
the three-dimensional porous gelatin-methacryloyl
hydrogel. The resulting structure has a close similarity
to the natural human alveoli, in particular, in terms of
their sac-like structure, their pores and rigidity. In order
to create it, the authors have used the densely packed
alginate microgranules (20112 um), the distance
between which was filled with 7% GelMA solution.
After this, the granules were dissolved in 0.01 M
ethylenediaminetetraacetic acid (EDTA) solution. Due
to the fact that the hydrogel cannot leak in the areas of
contacting granules, the final structure not only forms
the alveoli-like sacs, but also has pores connecting
them [78]. The authors have followed the requirements
on the mean size of the alveoli — ~200 pm [79], also, a
very low rigidity was reported for gelatin-methacryloyl:
the modulus of elasticity equals to 6.23+0.64 kPa,
while in the alveolar tissues, according to various
estimations, it varies from 1.4 to 7.2 kPa [63, 64].

Biological membrane

The material for the semipermeable biological
membrane is the key factor for creating the “lung-on-
a-chip”. As we have discussed before, PDMS, being
the most applicable material for manufacturing the
membrane, has multiple disadvantages.

In one of the recent LoC research works, a carcass
made of golden combs was used, onto which, a thin
layer of collagen | and elastin mixture was applied. The
thin golden mesh with the pore size of 260 ym was used
as a carcass, supporting the structure of 40 alveoli. The
resulting membrane is stable and it can be cultivated
on both sides for several weeks [80]. This method was
used to model the expansible alveolar sacs, in which
the thickness and the rigidity of the membrane can be
adjusted by the ratio of collagen and elastin in the gel
mixture. The prepared membrane was integrated into
the microfluidic chip, where it was compressed between
the two microfluidic parts, the upper PDMS part with
the apical reservoir and the lower polycarbonate part,
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together forming the basolateral chamber. These
membranes can be stored in the lyophilized state,
retaining their properties for not less than 3 weeks
at room temperature. The membranes shall be
rehydrated by submerging it into the cultural medium
2 hours before the cell seeding [53]. Such a membrane
is in many regards better than PDMS, it does not bind
the hydrophobic medicinal products, being biogenic
and biodegradable, with the capabilities of obtaining
a very thin membrane (approximately 4 ym), but it was
reported that the degree of its strength is insufficient.

The Canadian authors have made an “airway-on-
a-chip” device which contained an ultra-thin membrane
formed using the mixture of type | collagen and the
Cultrex Basement Membrane Extract (BME) at a ratio
of 1:2 (Cultrex is a soluble form of the basal membrane,
made by the purification of the Engelbreth—-Holm-Swarm
tumor, which gelates at 37°C, forming a reconstituted
basal membrane) [81]. The important feature was the
device generating the bidirectional oscillating air flow,
imitating the respiratory cycles. Such a combination of
an ultra-thin biomimetic membrane and the oscillating
air flow has resulted in the first ever demonstration of
the glycocalyx layer formed on the airway epithelium
in the “lung-on-a-chip” device and induced by air flow,
with the glycocalyx layer being known for its important
role in regulating the epithelial functions. The authors
managed to demonstrate significant differences in the
viability of airway epithelial cells and in the formation
of dense connections, cilia or mucus depending on
the speed of oscillating air flow. It was shown that
the mechanic-biological effect of the shearing stress
applied for a long period of time, has increased the
formation of dense contacts among the epithelial cells
and decreased the diffusion permeability.

Another team with a long and successful history
of working in the field of replacing the PDMS with
biomaterials having the properties and functions similar
to the pulmonary tissue, has developed a biomimetic
microfluidic platform, which reminds the multi-layer
architecture of the alveolar-capillary barrier and
the composition of the alveolar extracellular matrix,
physiologically consisting of a thin basal membrane
and dense fibrous interstitial spaces [82]. The “alveole-
on-a-chip” included the membrane produced by
electro-spinning of PCL-Gel (polycaprolactone-gelatin)
between the two microstructurized PDMS layers,
moulded using two master-models, obtained by means
of poly-jet 3D-printing. Within this chip, three types of
cells were cultivated simultaneously: on the surface of
the membrane, there was a type | collagen hydrogel
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containing MRC-5 fibroblasts for reproducing the
alveolar interstitial spaces; on the top of the hydrogel,
the A549 epithelial cells were seeded for recreating
the alveolar epithelium, while the basolateral chamber
of the device was seeded with the HVEC endothelial
cells. By means of the immunofluorescence assay,
confirmation was obtained for the formation of the
dense endothelial and epithelial barrier, while the high
viability of cells remained for 10 days. The authors have
demonstrated that exactly the presence of collagen
hydrogel provided the optimal biomimetic environment
for co-cultivating of fibroblasts and epithelial cells,
while the presence of the interstitial layer significantly
improving the bio-mimicry of the “alveoli-on-a-chip”
model comparing to other systems, focused mainly on
recreating the epithelial and endothelial barrier.
Though the hydrogel-based microfluidic technologies
show the potential for in vitro — recreating the key
properties of the tissues, they possess a wide nhumber
of disadvantages, mainly related to the low stability/
reproducibility caused by swelling and limited rigidity
range of the membrane and of the whole chip in
general, which significantly restricts their applicability.
Within this context, the interesting new methodological
approach is the development of a soft microfluidic
device with the cell filling based on hydrogels made
of enzymatically cross-linked silk fibroin (€SF) and
of the spider web silks (recombinant spidroins). The
enzymatic processing of silk proteins with peroxidase
induces the formation of intermolecular covalent
bonds between the oxidized forms of tyrosine, which
results in a sudden increase of strength and elasticity
of the hydrogel. With this, the microfluidic platform
with 14% eSF has demonstrated an outstanding
structural stability, having the Young’s module of
11.79 kPa, the elasticity (103%) and the capabilities
of perfusing the fluid, while showing the biological
reactions similar to the ones found in vivo [83]. Even
though the research work has employed a combination
of eSF and microfluidics for recreating the native
dynamics of the three-dimensional microenvironment
of the colorectal cancer and its reactions to
chemotherapy, nevertheless, the demonstrated
eSF properties (elasticity, strength, transparency,
structural stability within not less than 7 days) give
ground for expecting that these materials can be
successfully used in designing the “lung-on-a-chip”
platforms, especially keeping in mind that another
research [84] has demonstrated that the tyrosine
residues within the recombinant spidroins resulting in
after processing with recombinant tyrosinase, migrate
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to dihydroxyphenylalanines (DOPA) and further into
DOPA-quinones and other more oxidized forms
that take part in the formation of the intermolecular
covalent links in these proteins, which results in the
formation of a hydrogel.

CELLULAR CULTURE SOURCES FOR

CREATING THE LUNG CHIP

In the vast majority of the research works, all the
sources of cellular cultures used for creating the “lung-
on-a-chip”, are allogenic cell lines originating from tumor
or embryonic cells, for the primary cell cultures are not
standardizable and operating with them requires special
settings [81]. The primary cultures of alveolocytes upon
passaging significantly change the phenotype. With
this, it was reported that the differentiation of human
bronchial epithelium into the ciliated and secretory cells
has ceased after two passages [26]. As the analogues
of the alveolar epithelium, the cell lines were used that
originate from the biomaterial of resected pulmonary
adenocarcinomas [81]: for example, the NCI-H1703
line, morphologically similar to type | alveolocytes
and originating from the sample of the non-small-cell
lung cancer, the NCI-H441 line — from the papillary
adenocarcinoma of the lung, the SW-1573 line — from
the alveolar carcinoma [85]. The cells of the NCI-H441
line, as well as the A549 line, originating from the lung
adenocarcinoma, are morphologically similar to type Il
alveolocytes. Even more closer to the native primary
alveolocytes are the immortalized lines of alveolar
epithelial cells, originating from the primary cell
cultures, as, for example, the AXiAECs line [42].

As for the pulmonary fibroblasts, the immortalized
lines of embryonic lung fibroblasts are being used,
originating from the abortive material, for example,
the MRC-5, HFL1 or IMR-90 lines. For creating the
microcapillary layer in two- or three-channel LoC,
human endotheliocyte lines are used that originate from
the endothelium of fetal lung capillaries, for example,
the HLMVEC line, or from the lung endothelium of
adult humans, for example, the HULEC-5a line [45].
The ones considered applicable are also the primary
and immortalized HUVEC cells — the endotheliocytes
of the fetal umbilical vein. There are also cell lines
corresponding to the alveolar macrophages, for
example, the monocyte line from the patient with
acute monocytic leukemia (THP-1), as well as the cell
lines corresponding to the upper airway epithelium,
for example, the Calu3 tumor cell line. Practically all
the cell types required for creating the LoC, can be
obtained using the induced pluripotent human stem

cells by targeted differentiation using the biologically
active factors and small molecules [86].

The important requisite for the correct differentiation
and polarization at the basolateral and apical poles
of the alveolar epithelium cells is the cultivation at
the air-fluid interface. Creating the gas-fluid interface
and imitating the respiratory movements promotes to
the formation of the polarized mucociliary epithelium,
including the ciliary, the glomerulate, the goblet-like and
the basal cells, with the formation of the surfactant and
the glycocalyx, which in total maximally corresponds
to the natural epithelium of the human alveole [87, 88].

RESEARCH METHODS IMPLEMENTED

IN THE “LUNG -ON-CHIP”

The “lung-on-a-chip” system is compatible with
a number of standard methods of laboratory and
chemical analysis, including the electrochemical
detection of various analytes, the registration of
transepithelial electrical resistance (TEER), the
permeability analysis of specific factors using the
method of enzyme-linked immunoassay or the
polymerase chain reaction, immunostaining, flow
cytometry, confocal laser microscopy, multi-photon
microscopy, FLIM-microscopy, optical coherent
tomography, omics technologies etc. [89] (Fig. 2).
The sensors and biosensors used during the “lung-
on-a-chip” studies to detect oxygen, temperature
and specific biomarkers, measure the additional
biochemical and biophysical parameters [88]. The
limiting factor for a number of methods is the relatively
small number of cells in the micro-channels. For
example, the recommended number of cells for the
RNA-Seq single-cell assay is 1 000 000, while the
number of cells contained within the microfluidic
devices, can only reach thousands [51].

The LoC technology allows for analyzing the
pathophysiological processes within the structures of
the hematoalveolar barrier in the real time mode. For
this purpose, the devices are made of transparent
material and its walls are made being maximally
thin and optimized for fluorescent microscopy; the
microfluidic system is constructed in such a way that
samples could be drawn from the incoming and out-
coming micro-channels with reading the numbers from
the sensors built into the chip [53]. For the intravitam
fluorescent microscopy, the cells on the membrane
have the genetically coded fluorescent proteins and
biosensors included; the actine cytoskeleton of the cell
can be labeled using phalloidin with the organellae being
labeled using the selective tracer substances, etc. [90].

www.clinpractice.ru 79

2024

Vol 15 4



REVIEW

Fluorescent labeled
particle

. Detection
Flow Air . of bacteria
cytometry Flow evaluation and viruses

Optical c

biosensors 2

pH, H,0,, 0, 3

o

Temperature S

Metabolites  pembrane 2> TEER

Pathogens =

o
(1]
. )
Environment £
Expansion Flow evaluation g." PCR
sensors (acoustic-electronic) g
omics
technologies
Electrochemical
Cytokines/lg/enzymes Microscopy detection
ELISA Fluorescent
Superficial Confocal
plasmon Double-photon
resonance FLIM
FRET

Fig. 2. Methods of “lung-on-a-chip”-associated research with an example of double-channel chip. JIA — pulmonary
artery; J1IB — pulmonary vein; 'B — smooth-muscle fibers; AMe — alveolar sac; JIK — pulmonary capillaries; Al — type |
alveolocyte; All — type Il alveolocyte; AM — alveolar macrophage; 3@ — endotheliocytes; FLIM — Fluorescent Lifetime
Imaging Microscopy; FRET — Forster Resonance Energy Transfer.

TEER is considered the gold standard of cell barrier
integrity monitoring. However, the integral registration
of TEER in the microfluidic device has its limitations,
for even a small area of impaired integrity of the cells
significantly decreases the total TEER, despite the
presence of a dense monolayer in all the other areas [91].
This problem can be solved using the microelectrode
matrices, but this makes the device significantly more
expensive [92]. The biophysical evaluation of the
monolayer characteristics can be performed using the
impedance analysis when cultivating on the golden
microelectrodes, however, their presence reduces the
transparent window for microscopy.

The important aspect of alveolar functioning are the
mechanical-biological parameters of cells interacting
with each other and of the cells interacting with the
intercellular matrix. For the purpose of high-precision
evaluation of the mechanical-biological properties
in a cell, the traction force microscopy (TFM) and
optical tweezers are being used, as well as the optical
biosensor based on the Forster Resonance Energy
Transfer (FRET) [93]. One of the sensors reacting to

mechanical stimuli, to the rigidity and expansibility
of the matrix, is the YAP/TAZ transcription factor
[Yes-associated protein (YAZ) + WW domain-containing
transcription regulator protein 1 (WWTR1, also known
as the TAZ)]. This is the main effector of the Hippo
pathway, activated during the mechanotransduction
and in the settings of the mitochondrial stress [94].
Another method of gaining additional information
on the processes taking place within the LoC is the
use of acoustic-electronic technologies. In this case,
the information-containing signal is the measured
frequency or the attenuation of acoustic waves of various
types in the piezoelectrical materials [95]. These wave
parameters change as a result of changing the both
the electrical and the mechanical parameters of the
interacting biological objects. Acoustic waves are being
actively used in the microfluidic devices for manipulating
the biological objects, for changing the direction of
movement, for detecting of viability etc. [96, 97]. Such
an approach is quite promising in case of limitations
applied to performing the direct optical measurements.
The intravitam LoC tests using the methods mentioned
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above, allow for better understanding the molecular
aspects of pathophysiology and mechanotransduction
in human alveoli.

PRACTICAL APPLICATION

OF THE “LUNG-ON-A-CHIP”

“Lung-on-a-chip” is a multi-purpose in vitro
platform, which can be used for large numbers of
research tasks. After the first publication of creating
the model of alveolar lung chip, the team headed by
E. Ingber has published several research works on
modeling various respiratory diseases, including the
models of pulmonary edema [98], pulmonary artery
thrombosis [99] and lung cancer [100]. They have
also developed LoC devices for modeling the chronic
obstructive pulmonary disease and asthma [101],
and just recently — the microfluidic system modeling
the human airways for studying the diseases caused
by the influenza virus and other viruses affecting the
bronchoalveolar system (the “human-airway-on-a-chip”
device) [102].

Models for asthma and chronic obstructive

pulmonary disease

K.H. Benam et al. [101] have constructed
a double-channel LoC with differentiated mucociliary
bronchiolar epithelium and with the underlying
lung vessel endothelium for studying the complex
inflammatory changes in cases of asthma and chronic
obstructive pulmonary disease. The chip was made of
PDMS using soft lithography, with its upper channel
having the height and the width of 1 mm (similar to
the human bronchiole radius) and separated from
the parallel lower microvascular channel [0.2 mm
(height) x 1 mm (width)] with a thin (10 ym) porous
(0.4 um pores) polyester membrane, on both sides
covered in type | collagen. The immune cells were
circulating through the underlying liquid flow. Using this
device, it was shown that the contact of small airways
with the Interleukin 13 (interleukin, IL) increases the
number of goblet-like cells, increasing the production
of inflammatory cytokines and decreasing the rate of
ciliary beats in the epithelium, which is comparable
to the changes in the mucosa observed in asthma
patients [103, 104].

The team headed by K. Benam et al. [101] has
also arranged a series of experiments on using the
lipopolyssacharide endotoxin and viral particles to
stimulate the airways channel of the chip containing
healthy epithelial cells and of the chip containing
the epithelial cells taken from the patient with

chronic obstructive pulmonary disease. It was
shown that the chips with the cells from the patient
with chronic obstructive pulmonary disease show
increased secretion of the M-CSF and IL-8 cytokines
comparing to the chips with normal epithelial cells.
M-CSF promotes to the differentiation and survival
of the macrophages, while the IL-8 is the attractant
for neutrophils, both of which being the main types
of immune cells observed in patients with chronic
obstructive pulmonary disease [105]. Thus, using
the LoC, it is possible to detect synergic effects of
the pulmonary endothelium and epithelium in terms
of cytokine secretion, to identify new biomarkers
of disease exacerbation and to measure the
anti-inflammatory reactions.

Modeling the thrombosis of pulmonary

capillaries

The LoC platform can recreate complex reactions,
including the dynamic interactions between the
platelets and the endothelium, proposing a new
approach to investigating the pathophysiology
of the thrombosis of pulmonary microvessels in
humans and promoting the development of medicinal
products. A. Jain et al. [99] have modified the existing
“lung-on-a-chip” model [98] and have covered the
walls of the lower vascular channel with endothelial
cells from the vessels, in order to create the lumen of
the vessel followed by the vessel perfusion with whole
human blood instead of the cultural medium. The
inflammatory activation of the vascular endothelium
with tumor necrosis factor alpha (TNF-a) has caused
rapid recruiting of platelets and resulted in the
formation of the thrombus, similarly to the manner
in which it happens in the inflammatory-modified
microvessels in vivo [106]. The dynamic changes of
platelet binding have imitated the formation of thrombi
in the in vivo murine model [107]. This model was also
used to show that the lipopolyssacharide endotoxin
indirectly stimulates the intravascular thrombosis,
activating the alveolar epithelium, but not interacting
directly with the endothelium. This model was
also used to analyze the inhibition of the activation
of the endothelium and of the thrombosis with
protease-activated receptor-1 (PAR-1) [99].

Lung cancer model

B.A. Hassell et al. [100] have created a model
of human non-small-cell lung cancer in chip for
the purpose of investigating the behavior of cancer
cells, the variations of growth and invasion in various
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micro-environments, as well as for investigating the
anti-tumor effects of tyrosine kinase inhibitors. The
research has demonstrated that the presence of cyclic
mechanical movements, imitating the respiration
patterns, has significantly suppressed the growth of
tumor cells. The tumor cells localized on a small area,
were growing in the absence of movement, replacing
the alveolar epithelium layer, migrating and invading
the vascular layer. This discovery shows that the
exponential proliferation of tumor cells in the alveolar
space develops due to the loss of lung mobility.

As it was mentioned before, the model cells for
LoC, fulfilling the functions of the alveolocytes, often
include the tumor cell lines, which is why such devices
can be easily adapted for investigating the anti-tumor
medicines — in the setting of the “breathing”
microenvironment. X. Yang et al. [76] have developed
a “lung-on-a-chip” with PLG electro-spinning nanofiber
membrane as a chip base and as a cells carcass. The
PLG membrane with the controlled thickness of ~3 um
is porous and permeable for molecules, it shows high
biocompatibility and suits well for imitating the alveolar
respiratory membrane. On the chip, co-cultivated were
the human non-small-cell lung cancer cells (line A549)
and the human fetal lung fibroblasts cells (HFL1) with
an evaluation of the effects of the Gefitinib antitumor
medication targeting the epidermal growth factor
receptors (EGFR).

The LoC devices are significantly inferior comparing
to the 2D-cultures in terms of their throughput, which
is why they cannot completely replace the initial
cytotoxicity screening which is performed using cell
cultures, however, the final selection of anti-tumor
medicines can be implemented in such devices, taking
into consideration the evaluation of the effects of the
tumor microenvironment, the mechanic-biological
factors and the hematoalveolar barrier parameters [15].
The chips contain tumor cells with specific mutations
providing resistance to chemotherapy agents, also
including the personified tumor lines [108].

Pulmonary edema model

The team headed by E. Ingber has studied the
possibility of using the “lung-on-a-chip” device for
the purpose of micro-engineered modeling of the
pulmonary edema, characterized by the accumulation
of intravascular fluid in the alveolar air spaces and
in the interstitial tissues of the lung, caused by the
impaired mechanisms of the homeostatic fluid
balance [98, 109]. It was experimentally proven that
the injection of IL-2 into the vascular channel of the

REVIEW

LoC device resulted in an increase in the permeability
of the cellular layer and the accumulation of fluid in
the upper alveolar channel. With this, the increasing
effect on the filling of air channel with the fluid,
imitating the pulmonary edema, has resulted in the
development of cyclic mechanical tension, imitating
the respiratory movements. Further research has
confirmed that mechanical respiratory movements
play a significant role in the IL-2 -induced leakage
from the vessels, leading to pulmonary edema [98].
A research from the E. Ingber team [98] has also
revealed that the reaction to the leakage from the
pulmonary vessels, induced by IL-2, does not require
circulating immune cells, which differs from the
previous in vitro and in vivo researches, showing
that the blood-transported immune cells, such as
lymphocytes and neutrophils, when activated by
IL-2, play a central role in the induction of leakage
from the pulmonary vessels [110]. This model has
also recreated the sedimentation of fibrin clots
in the alveolar areas due to enzymatic reactions
between plasma proteins during the progression and
exacerbation of pulmonary edema.

The obtained results show that the developed
human pulmonary edema model with the aid of the
“lung-on-a-chip” device can potentially replace the
pre-clinical pulmonary edema animal models, currently
used for developing the pharmacological products.

Toxicological research

Currently, more and more topicality is gained by
the problem of air contamination with nanoplastics,
which can easily reach the lungs and get accumulated
there, leading to pathological processes [111]. The
latest research works have demonstrated that
microplastics are present in the lungs of birds [112],
in the lower airways and in the lungs of humans, as
well as in the sputum of the patients with chronic
obstructive pulmonary disease [113]. Microfluidic lung
chip was used by a group of Chinese investigators to
estimate the relation of polystyrene nanoplastics and
the pathogenesis of chronic obstructive pulmonary
disease. It was shown that the viability of cells has
significantly decreased along with the increase in
the concentration of polystyrene nanoplastics, while
the levels of transepithelial/transendothelial electric
resistance were decreasing with an increase in the
permeability of the alveolar-capillary barrier [114].
In general, the LoC combined with high-flow
technologies, which we have mentioned previously, is
a novel platform for investigating the pulmonary toxicity
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of nanoplastics and other inhalable substances, such
as nanoparticles of titanium oxide (TiO,) and zinc
oxide (ZnO), silicon dioxide etc. [115]. When using the
LoGC, it was shown that the effects of silicon dioxide
nanoparticles in the alveolar epithelium result in
an activation of the underlying endothelium and an
increase in the number of type 1 intercellular adhesion
molecules (ICAM-1).

It is expected that, in the nearest future, the “organ-
on-chip” models could be used when testing the
toxicity, replacing or, at least, decreasing the need for
animals testing.

The platform for personalized medicine

Theoretically, nothing except for high cost and
methodological difficulties, is in the way of developing
the personalized “lung-on-a-chip” devices, containing
the cells obtained from separate patients or from the
patient cohorts with a certain genetic profile, for the
purpose of arranging the specific research and testing
the individual reaction to drugs. Using such devices,
personalized chemotherapy can be adjusted based
on the individual drug resistance, along with the
personified dosage adjustment, but it is worth noting
that, for achieving these two tasks, more simple 2D
or 3D personified cell cultures can be used. At the
same time, personified LoC devices unveil the unique
possibilities for creating individual or grouped in vitro
platforms for investigating the chronic obstructive
pulmonary disease, the idiopathic pulmonary fibrosis,
the mucoviscidosis and other diseases, altering the
alveole and the hematoalveolar barrier. The patient-
specific cells or cells from a specific genetic group
can be used for developing the patient-specific
or cohort-specific “personalized lung-on-chip”,
reflecting the biometric parameters, the genetics
and the physiology of a specific individual [116]. The
authors understand that, currently such a concept
sounds utopian, however, the development of
biotechnologies can radically change everything. Just
some 30 years ago, obtaining humanized antibodies
to certain human cytokines also seemed utopian,
while currently they are quite routinely used as the
medications for clinical practice.

CONCLUSION

The “lung-on-a-chip” technology is an important
achievement in a path of discovering the fragile
pathogenetic mechanisms of pulmonary diseases
and a promising in vitro platform for screening the
medicinal products. The microfluidic technologies

allow for recreating the respiratory movements
and for real time monitoring the status of the
elements in the epithelial and endothelial layers, for
evaluating the transepithelial resistance, the partial
gas pressures in the in-flowing and out-flowing
microchannels, the biochemical composition of the
environment, the concentration of cytokines and
pathogens, the mechanotransduction, the acoustic-
electronic phenomena and other physico-chemical
parameters. We suppose that further improving the
microfluidic lung chip is a perspective scientific field
that shall allow for studying the pathophysiology
of the hematoalveolar barrier, the molecular and
cellular features of alveolar diseases, the cold and
pressure injuries, the inhalable toxins, the bacterial
and viral pathogens, as well as for arranging the
efficient screening of pharmacological products, by
this increasing the total efficiency, the validity and
economical practicability of pre-clinical research.
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THE EFFECTS OF DENTAL IMPLANT MACRODESIGN
ON THE SUCCES OF PROSTHETIC REPLACEMENT

A.N. Nikolaenko, M.A. Postnikov, N.V. Popov, A.P. Borisov, A.A. Kiiko
Samara State Medical University, Samara, Russia

ABSTRACT

Currently dental implantation is widely used in the areas of denture defects during the orthopedic
rehabilitation of the patients. The clinical success of the implantation-related prosthetic replacement
depends on multiple factors, including the macrodesign of the implant (the specific features of its
structure: the shape, the characteristics and the number of thread turns). However, there are not so
many comparative clinical trials exploring the effects of the main characteristics of the implant on the
success of prosthetic procedures. For the practical dentist, the problem of selecting the implant system
remains topical, which is why the proposed review is focused on the effects of the dental implant
macrodesign on the success of implantation. The search of publications was arranged in the PubMed
and eLibrary search engines using the “dental implant”, “dental implant macro-design”, “number of
dental implant turns” and “implant thread characteristics” search enquiries with focusing on the research
works evaluating the effects of the main characteristics of the implant in terms of primary stability and
osteointegration. Various geometric parameters of the implant were analyzed, such as the shape, the
length, the diameter and the thread characteristics, with further evaluating their significance for optimal
tension distribution, as well as the effects on bone remodeling during the process of osteointegration.
The successful implantation is being achieved by synergetic combination of numerous factors. The
majority of investigators adhere to the opinion that implants shall be selected individually for each
specific case with taking into consideration the local and general factors. However, the characteristics
of the implant thread and the number of its thread turns improve the primary stability and represent
a prerequisite for successful osteointegration. The choice of implant thread construction plays an
important role for a treatment result. It was shown that the macrodesign of the implant, specifically its
shape (cone), its length and diameter, higher thread width and depth, lesser thread pitch and higher
numbers of thread turns influence the primary stability. Specifically these characteristics, according to
our opinion, assure the success of dental implantation.

Keywords: dental implant; dental implant macro-design; number of dental implant turns; implant thread
characteristics.
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INTRODUCTION

Dental implantation is being successfully used in
dentistry for orthopedic rehabilitation of the patients
with dental arch defects. The topicality of using the
implants is resulting from high occurrence rates of
partial or complete absence of teeth along with the
patients’ need for effective restoration of the dental
arch integrity [1, 2]. According to the World Health
Organization data, complete absence of teeth can be
found in 15% of adult patients, while the prevalence
of patients with their partial absence is approximately
75% [3]. In cases of complete absence of teeth, the

The article can be used under the CC BY-NC-ND 4 license /
Jvuensmns CC BY-NC-ND 4

problem of rational prosthetic replacement is especially
topical, for the majority of patients (up to 56%) do not
wear the manufactured dental prostheses because
of their unsatisfactory stabilization [4]. The benefits
of dental implants in dentistry practice include high
reliability, long service life, multi-functionality and, which
is important, psychological comfort of the patient [5, 6].

Currently, reviewing and comparing the
characteristics of dental implants, according to our
opinion, is quite difficult for the reason of marketing
and advertising campaigns from the manufacturers,
for practically all the systems promise high-level
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HAYYHbI OB30P

BJIMAHVUE MAKPOAU3AVNHA OEHTAJIbHOIO UMIMJIAHTATA
HA YCNEX NMPOTE3UPOBAHUA

A.H. HukonaeHko, M.A. NMocTtHukoB, H.B. MNMonos., A.l. Bopucos, A.A. Kuiiko
Camapckunii rocygapCTBEHHbI MeaMUMHCKUIA yHuBepcuTeT, Camapa, Poccusi

AHHOTALUA

B HacTosiLee BpeMsi AeHTa lbHasi UMIaaHTaLus LUMPOKO MPUMEHSIETCS Npu eeKTax 3yOHbIX PsiAO0B C Lesbio
opTONEeAnN4EeCcKon peabunutaymy naumeHToB. KImHUHYECKUA yCriex UMIiaHTaLuoHHOro npoTe3npoBaHus 3a-
BUCHT OT MHOrux ¢hakTopoB, B TOM YUCJIe OT Makpogm3sariHa uMmraaHTaTa (0COOGEHHOCTeN ero CTPOEHUS:
hOpPMbI, XapaKTEPUCTUKN, KOJINYECTBA BUTKOB Pe3bbbi). OgHaKo He TaK MHOIMO CPaBHUTEIbHbIX KIIMHUYECKNX
nccnenoBaHnii, NOCBSILEHHbIX B/INSIHUIO OCHOBHbIX XapakTEPUCTUK UMITIaHTaTa Ha yCcriex rnpoTe3npoBaHusl.
[ns npakTndeckoro Bpayva-cromarosiora npobema Bbibopa CUCTEMbI UMIIIAHTaTOB OCTaéTCs aKTyasbHOM,
roaToMy B rpesiaraéMoM 0630pe paccMaTpUBaETCs BAUSHUE Makpoau3anHa AeHTabHOro uMriaHTara
Ha ycrniex umnnaHTaumn. [ovuck nybavkaLmi npoBoausIcsl B MOUCKOBbIX cuctemax PubMed u eLibrary no
MOVICKOBbLIM 3arpocam «AeHTaslbHbIV UMIIaHTaT», «MakKpoaN3aiH AEeHTaIbHOro UMIIaHTaTas», «KOJIM4eCTBO
BUTKOB VIMIM/IAHTaTa», «XapaKTepUCTUKu pe3b0bl MMIiIaHTaTa» C (hOKyCOM Ha paboTbl O B/IMSIHUM OCHOBHbIX
XapaKTepUCTUK MMIIIaHTaTa Ha nepBuYHY0 CTabu/ibHOCTb M OCTeoMHTerpaumio. poaHann3npoBaHbl pas-
JINYHbIE FEOMETPUYECKNE MapaMeTpbl UMIIaHTaTa, Takne Kak ¢opma, AMHa, QUamMeTp, XapaKTepUCTUKN
PEe3b0bI, C OLIEHKOM VX 3HAYUMOCTU 4J151 ONTTUMAaJIbHOIrO PacrpenesieHNs HarpsXKeHs, a TakXKe peakuymni pe-
MOZENNPOBaHUSI KOCTU B NPOLIECCE OCTEOUHTErpaunn. YCrex nMrnnaHTaumm JOCTUraeTcs 3a CHET CUHEPINY-
HOro co4YeTaHnsi MHOrOYUCEHHbIX (hakTOPOB. BObLUMHCTBO UCCe[0BaTenel NpUaepXXnBaoTCS MHEHUS,
4YTO MMIIaHTaTkl CAeayeT noabupartb MHANBULYaIbHO A4J151 KaXX4oro cjy4asi C y4€TOM MECTHbIX U OOLMX
¢akTopoB. OgHaKo xapakTepuCcTuka pe3bbbl MIIaHTaTa v KOJINYECTBO €ro BUTKOB YJ/Ty4LLAKT MEpBUYHYIO
CTabu/IbHOCTb U SBJISIKOTCS 3aJ10IOM YCIELLHOW OCTEOUHTErpauun. Beibop KOHCTPYKUMY pe3bbbl uMriiaH-
Tara urpaet BaXKHyr POJib B pesynbrate siedeHus. [lokasaHo, 4TO MaKpoausariH uMraaHTara, a UMeHHO
ero ¢oopma B Bufe KoHyca, A/mHa n auametp, 60bLLas LnpuHa v rilybuHa pesbbbl, MEHbLUWI LAl Pe3b0bl,
00/1bLLIEE KOINHYECTBO BUTKOB, OKa3bIBAET BVNSIHNE Ha NMEPBUYHYIO CTabuIbHOCTb. VIMEHHO 3Ty XapaKTepu-
CTUKU, MO HaLLEeMy MHEHWIO, 0BECNEYNBAIOT yCrexX AeHTaIbHON NMITIaHTaLmy.

KnroueBbie cnoBa: [EHTa/IbHbINI UMIIaHTarT; MaKpO,QMSaIZH AeHTaJIbHOro vMriziaHTara, KoJin4ectBoO
BUTKOB MMIJiaHTaTa, XapakTepuCcTtmku pe3b6bl nmMmrijiaHTara.

Ans yntnpoBaHus:

HukonaeHko A.H., MNoctHukos M.A., lMonos H.B., Bopucos A.ll., Kuinko A.A. BnnsHue makpopusain-
Ha [EeHTanbHOrO UMMfaHTaTa Ha ycnex npoTesupoBaHus. KimHudeckasi rpaktuka. 2024;15(4):89-96.
doi: https://doi.org/10.17816/clinpract636998
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osteointegration outcomes [7, 8]. In the real-time
practice of the dentist, the choice of the implant system
depends on multiple factors, including the costs,
the accessibility of training and the reputation of the
brand. However, the issues of the best macrodesign
parameters (number of thread turns and thread
characteristics) taking into consideration the individual
characteristics of the patients, as of today, remain
topical in modern literature.

MACRODESIGN OF THE DENTAL IMPLANT:

CLINICAL SUCCESS OF IMPLANTATION-

RELATED PROSTHETIC REPLACEMENT

We have reviewed modern literature sources,
which are focused on the dental implant macrodesign

affecting the success of prosthetic replacement with
further justification of the choice of implant.

Methodology of searching the sources

The literature review was carried out based on
searching the scientific literature, related to the
research topic, in the PubMed and eLibrary systems.
The search of publications was performed using the
following search queries: “dental implant”, “dental
implant macro-design”, “number of dental implant
turns” and “implant thread characteristics”.

After analyzing the obtained data, certain patterns
and trends were found in the results, based on which,
conclusions were made on the effects of dental
implant macrodesign, including its shape, the number
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of thread turns and the thread characteristics, in terms
of achieving the successful prosthetic replacement
outcome.

Implant survival

Dental implants are the constructions that are
installed into the bone tissue of the jaws for fixating the
prostheses for the purpose of orthopedic rehabilitation
of dentistry patients [9]. The macrodesign of the dental
implant means the geometry of the implant (shape,
length and diameter) and the thread geometry (pitch,
shape and depth) [8, 10].

According to the opinion from many investigators,
the most important criteria for the success of implant
functioning is its survival [7-10]. Thus, during the
research conducted by the American scientists headed
by S. Jain [10] in the State of Indiana in 2021-2022,
91.4% of early survival was shown (in 128 patients
undergoing a single implantation procedure, after
the intervention, 117 implants have survived). The
success of implantation was favored by the age of
the patients — under 60 years old (odds ratio, OR,
2.54), immediate implantation (OR 3.74) and the
implant length being less than 10 mm (OR 3.97). From
2006 until 2017, early survival of the implants was
also studied by the Chinese researchers: the survival
rate value was 96.15% (1078 cases were enlisted
with a total of 2053 implants) [11]. The long-term
survival of dental implants (for 20 years) was studied
by J.R. Kupka et al. [12]: the authors have published
five retrospective research works with a survival rate
of 88% (95% Cl 78-94) and with emphasizing the
necessity of long-term follow-up after the implantation.
In the Seoul National University, a research was carried
out on evaluating the long-term implant survival during
the period of 10 — 15 years [13]: the research included
86 patients and 247 implants, the total rate was 92.5%,
17 implants were extracted due to implant fracture
(4.0%), peri-implantitis (2.4%) and screw fracture (0.4%).

B.R. Chrcanovic et al. [14] have structurized the
main factors, which affect the implant survival:

e factors related to the selection of patients (nicotine
dependence, bruxism, diabetes, alcoholism);

e factors related to the installation of the implant
(primary stability, bone density, implant positioning
at the alveolar process);

e factors related to the implant system (surface type,
length, diameter, construction);

e factors related to the prosthetic replacement;

® biological factors (the assessment of periodontal
tissues, the level of dental hygiene etc.).

OSTEOINTEGRATION AND PRIMARY

STABILITY OF DENTAL IMPLANTS

One of the important criteria for implant survival
is the osteointegration process. Osteointegration is
the direct attachment of the bone tissue to the
implant surface without introducing the connective
tissue layer [15]. For successful attachment of blood
components with forming the fibrin “bridges” for
the purpose of osteogenic cell proliferation and
developing the contact osteogenesis, the presence of
well-developed topography of the intraosseous part
of implant is necessary [16]. The long-term successful
integration is affected by the primary stability of dental
implants, which is determined by the size and the type
of the direct first contact between the implant and the
prepared bone tissue bed [17]. The measurements
of the stability by means of the resonance frequency
analysis (RFA) are being carried out using the
measuring equipment (for example, Osstell), with the
result provided, which lies within a range from 1 to
100 1SQ units (implant stability coefficient) [18].

The primary stability is mainly affected by such
parameters as bone density, thickness of the cortical
bone and the height of the alveolar process [19].
Within this context, various implant macrodesigns
were developed. With this, according to the opinion by
S. Kreve et al. [20], the dental implant thread directly
affects the primary stability and the osteointegration,
for which, it is necessary to evaluate the isolated
characteristics, such as the design-related ones,
including the shape, the length and the diameter of
the implant, as well as the thread pitch, the thread
width and the implant face angle. F. Javed et al. [21],
upon evaluating the primary (mechanical) stability of
the implant by analyzing the data base for the period
of 1983-2013, have emphasized the importance of
achieving primary stability for successful implant
integration, pointing out that the primary stability of the
implant is significantly affected by the quality and the
quantity of the bone, by the implant geometry and by
the surgical technique.

Implant body shape

The implant body shape (cylindrical, conical,
mixed-type) also influences the primary stability and
osteointegration (Fig. 1) [22, 23].

Currently, more and more popular are the conical
implants, considering the simplicity of their clinical use,
the shortened sequence of preparing the bone tissue
and the lesser healing period. N. Lozano-Carrascal
et al. [24], in particular, have defined that conical dental
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Fig. 1. Design of dental implants. Property of Conexao
Sistemas e Prétese Company, Brazil, distributed under the
terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 license [23].

implants achieve higher primary stability (as measured
using the 1SQ) and higher torque values. The thing
is that conical implants provide compressing lateral
effects to the cortical bone, which can be the main
reason for their increased primary stability. D. Heimes
et al. [25] report that, among the hybrid forms, the
increased primary stability is demonstrated by
apical-conical implants.

Various forms of the integrated implant is also
justified by the density of the bone tissue: for
example, cylindric types are being installed into the
dense bone (type D1-D2), the cone-shaped ones —
into the D3-D4 type bone, while the root-shaped —
into the D2-D4 type bone [26].

Implant length

The choice of such a parameter as the implant
length is often defined by the extent of bone tissue loss
and by the installation area (Fig. 2) [27]. For example,
long dental implants are often used with high density
and height of the bone tissue [28], the short ones
are recommended for use in the areas, where its is
necessary to decrease the probability of damaging the
adjacent structures, for example, the maxillary sinuses.

Some research works describe that the primary
stability significantly increases with the increase of the
implant length [29], while the other state that various
lengths do not define the difference in the primary
stability parameters [25]. The conducted meta-analysis
has demonstrated that short (<6 mm) and longer
(=8.5 mm) implants do not show significant differences
in terms of survival rates, which leaves the discussion

REVIEW

open for further research [30]. D. Heimes et al. [25], on
the contrary, report that higher implant length provides
better primary stability, however, the linear dependence
ends at 12 mm [25].

Implant diameter

The diameter of the implant also matters. There
are implants of small and large diameter. The research
works show that larger diameter implant provides
better primary stability, which is why the diameter
is considered the most important parameter for
distributing the tension and the construction load [31].
With this, the survival rates of the implants with
decreased diameter comparing to usual diameter
(Straumann dental implants with a SLActive surface)
during the comparative research by J. Herrmann
et al. [32] were 97.4% and 98.5%, respectively. The
RFA analysis has shown statistically significant lower
values for implants with decreased diameter, while the
satisfaction of the patients did not show significant
difference. Thus, the Straumann dental implants with
decreased diameter were demonstrating much lesser
values than the ones in the usual diameter implants,
also showing excellent values of survival rates and
resonance frequency.

A research by G.E. Romanos et al. [33] has shown
that narrow diameter implants (NDI; diameter <3.5 mm)
can be installed even in the areas with limited space
and bone volume. NDI represent an alternative option
to standard diameter implants (SDI), which can be
used to expand the range of indications for prosthetic
replacement. The 5-year values of survival rate and
successful implantation for NDI (97.3%) were slightly
higher than the ones of the SDI (94.9%) [33]. A research
conducted among 186 patients in Saudi Arabia [34],
has provided other results: the implants with diameter

a b]

Fig. 2. Implant Length (l): a — standard (13 mm) and short
(7 mm) cylindrical and conical implants (4 mm diameter);
b — implants with abutments. The images are distributed
under to the terms of the Creative Commons Attribution 4.0
license (CC-BY 4.0) [27].
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of 5 mm had the highest values of early survival rate
(98.72%), while the implants with a diameter of 3.5 mm
have shown the rates of 94.57%.

Implant thread

The construction of the implant thread is a significant
decisive factor for initial primary and further secondary
stability [35].

The following characteristics can be described in
terms of the implant macro-construction: thread pitch;
width and depth of thread; thread slope angle; apical
surface angle (Fig. 3) [25].

The thread pitch of the implant is the parameter
which is measured from the center of one thread to the
next thread along the longitudinal axis of the implant [31].
A dental implant with lesser pitch is characterized by
larger number of threads, which increases the surface
of the implant and promotes to rational distribution of
the load. However, this question is controversial, for the
research work by L.C. Carmo Filho et al. [36] did not
detect any statistically significant difference between
the thread pitch of 0.6 mm, 1.0 mm and 1.5 mm in
terms of implant stability. The ideal one, on the opinion
of the authors, is the 0.8 mm pitch for V-shaped thread.

The width of the implant thread represents the
distance between the most coronal and the most
apical part of thread. The width largely determines the
direction of the implant moving during its installation.
According to the results of the research works, the
optimal thread width in terms of its biomechanical
characteristics can be considered the value
of 0.19-0.23 mm [25].

The width of the thread is closely related to such
a parameter as the thread depth, i.e. the distance
between external contour of the thread and the implant
base body. The thread depth is defined as the distance,
by which the threads protrude from the implant
base [37]. Larger thread depth is beneficial because of
increasing the functional surface of the implant, which
increases primary stability, however, it can decrease
the precision of installation. Thus, implants with larger
thread depth can increase primary stability without
decreasing the mechanical strength [24]. According to
the research by M. Menini et al. [38], the most optimal
thread depth is 0.34-0.5 mm. However, despite the
data provided, additional trials are necessary, both
in vivo and clinical, to support these observations.

The thread slope angle defines the movement
of the implant upon its installation: the bigger is the
slope, the lesser number of turns is required for the
implant to be installed at its whole length. However,

Thread depth

Apical surface
angle
Thread width

Thread slope
angle

Thread pitch

Fig. 3. Main characteristics of the implant thread (apical
surface angle — the angle between the thread surface
and the horizontal to the longitudinal axis of the implant;
pitch — the distance from the thread center to the next
thread turn along the longitudinal axis of the implant, or the
length of the implant, divided by the number of thread turns;
thread slope angle — the angle between the thread spiral
and the horizontal to the longitudinal axis of the implant;
thread width — the distance between the most coronal and
the most apical part of the said thread; thread depth — the
distance between the external contour of the thread and
the implant base body) [25]. The images are distributed
under the terms of the Creative Commons Attribution 4.0
International License.

larger slope angle of the thread helix can result in
longitudinal rotation of the implant under axial load.
The slope angle directly depends on the thread shape:
thus, the V-shaped thread is characterized by an
optimal frontal angle of 30°, while the reverse counter-
force thread has an angle of 15°. K. Sadr et al. [39]
have defined that the most favorable for successful
osteointegration are the implants with a reverse
thread with angles of 20° and 30°, as well as with the
trapezoid thread with an angle of 35°.

However, the choice of thread characteristics is
often defined by the individual characteristics of the
patient, predominantly depending on the type of the
bone tissue. For example, for the D1-D2 type bone
tissue, the recommended implants are the ones with
cylindrical thread profile, as well as the ones with
V-shaped thread with small thread pitch and depth.
For the bone tissue of D3-D4 type, the implants
recommended for installation are the ones with
V-shaped thread and with increased pitch and depth.
This is why it is not possible to definitely state the
benefits of one or another thread characteristic [40].

www.clinpractice.ru 93

2024

Vol 15 4



Besides the thread properties, the important,
though insufficiently studied in modern literature,
characteristic is the number of thread turns of the
dental implant, for the small number of them cannot
create the necessary surface area, which, upon
loading, can negatively affect the functioning of
the construction. In particular, during the research
conducted by D. Kaplun et al. [41], it was found that
10 thread turns in a MegaGen Implant dental implant
comparing to 5 thread turns of the Vitaplant VPKS
device provides larger surface area, which increases
the success rates regarding the primary stability and
further osteointegration. In the research by A. Falco
et al. [42], implants with larger and self-tapping
threads have demonstrated significantly lower values
of micro-mobility (p <0.05) comparing to the implants
with small threads. The authors report that the
implant geometry and the bone density are the main
factors affecting the degree of primary stability of the
prosthetic device, also reporting that the large thread
constructions are preferable for low bone density.

In general, the implants shall be selected individually
for each case with taking into consideration the local
and general factors. It is important to evaluate the
biological status of the patient and to examine various
mechanical features in general for the specific clinical
situation. The research works from many authors
prove that the characteristics of the implant macro-
construction improve primary stability and represent
a pre-requisite for successful osteointegration. Upon
analyzing the obtained data, a conclusion can be
made that the parameters of the dental implant thread
(thread pitch, width and depth, as well as the slope
angle) along with the number of thread turns directly
affect the surface of the implant contacting the bone
tissue, hence, affecting the primary stability and further
successful osteointegration of the implants, which
defines the efficiency of orthopaedic therapy.

CONCLUSION

Based on the presented research data from the
literature sources, a conclusion can be made that the
macrodesign of the dental implant affects the success
of prosthetic replacement. The correct choice of the
implant is defined by the conical shape, by larger
diameter and length (up to 12 mm), as well as by larger
width and depth of the thread, by lesser thread pitch
and by higher number of thread turns, which provides
primary stability to the construction (resulting from
larger area of contact between the dental implant and
the surrounding bone). These specific characteristics,

REVIEW

according to our opinion, assure the success of dental
implantation.

In cases of low bone density, the implants with
lesser thread pitch are useful due to enlarged area of
the implant contacting the bone. The configuration of
the micro-thread located at the neck of the implant can
improve the formation of the bone and the distribution
of tension for implants installed into the spongeous
bone in cases of immediate loading.

Further ftrials are required for studying the
interactions of the organism tissues with the dental
implants, as well as for analyzing the effects of various
parameters on the stimulation of bone tissue formation.
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THE POSSIBILITY OF EFFECTIVE USING THE CONSERVATIVE
AND THE MINIMALLY INVASIVE TREATMENT METHODS
AT VARIOUS STAGES OF THE DUPUYTREN DISEASE

E.K. Ovchinnikova', S.lI. Gilfanov": 2

1 Central State Medical Academy of Department of Presidential Affairs, Moscow, Russia;
2 Central Clinical Hospital of the Management Affair of President Russian Federation, Moscow, Russia

ABSTRACT

A literature review is presented on the conservative and minimally invasive methods of treating the
Dupuytren contracture. The investigators discuss both the methods implemented into clinical practice
and those, which are currently at the stage of clinical and laboratory trials, including the minimally invasive
methods, which can be used not only at the later stages, but also in cases of early manifestations of
the disease. Among them there are the combined use of conservative methods, the radiation therapy,
the injections of collagenase and steroids, the use of immunodepressive medicines and the needle
aponeurotomy. These methods can be used at the earliest stages of the disease, however, the absence
of proper evidence base often hinders their wide implementation. Up to the present moment, there is no
commonly acknowledged approach to managing and treating the patients with early stage of the disease.
The modern approach is focused on the invasive treatment of only later disease stages and of the severe
contracture cases. This is why we would like to emphasize the potential of minimally invasive methods
at the early stages of the Dupuytren disease, as well as the necessity of further research in this direction
along with the importance of implementing such methods into everyday practice of the physicians.
Keywords: Dupuytren contracture; palmar fibromatosis; needle aponeurotomy; percutaneous (needle)
aponeurotomy.
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INTRODUCTION

Dupuytren disease is a fibroproliferative disease,
which affects the palmar fascia of the hand and results
in the formation of the various degree fibrotic nodes
and strands. Eventually, the disease may progress to
developing a flexural contracture, which hampers and
compromises the operation of the palm, decreasing
the quality of life of the patients [1].

According to data from a comprehensive systematic
review and meta-analysis with the total sample size
of 6,628,506 individuals, conducted by a group of
investigators from Iran, Great Britain and Malaysia, the
occurrence rate of the Dupuytren disease worldwide
is 8.2% (95% confidence level — 5.7-11.7), which
confirms the worldwide topicality of the problem [2].

The most widespread methods currently used for
the treatment of the Dupuytren disease include the
needle aponeurotomy, the collagenase injections, the
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limited (segmental) fasciotomy (the gold standard) and
the radiation therapy. The decision on using one of the
methods should be based on the combination of factors,
including the degree of contracture severity, the degree
of joint involvement into the pathological process, the
probability of recurrence and the complications, as well
as the experience of the physician in performing the
procedure [3]. The absence of pathogenetic therapy
along with predominantly providing surgical aid to
the patients that already have a disease degree of
-1V with the background of the currently available
variety of treatment methods for this disease keeps the
problem of recurrence very topical.

The provided review summarizes the updated
data on the techniques of conservative and minimally
invasive treatment of the Dupuytren disease at various
stages of the disease, as well as on the options of the
pathogenetic approach to solving this problem.
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HAYYHbI OB30P

BO3MOXHOCTb SO0OEKTUBHOIO NPUMEHEHNA
KOHCEPBATUBHbIX U MAJIOMHBA3UBHbLIX METOL1OB
NIEYEHUNA HA PA3JINYHDBIX CTAAUAX BOJIE3HU AIOMNIOUTPEHA

E.K. OBumHHukoBa', C.WU. nbcdaHoB 2

1 LleHTpanbHas rocyfapcTBeHHas MeauLyHCKasn akagemus Ynpasnenus genamu MNpesngeHta Poccuiickoi Pepepaumu,
MockBa, Poccus;

2 LleHTpanbHasn KnmHu4Yeckas 60sbHMLA C MONVKINHIKON YnpasneHus genamu MNpesugeHta Poccuiickon ®epepaumu,
Mocksa, Poccus

AHHOTALUA

lNpegcTtasneH 0630p AMTEPATypPbl MO KOHCEPBATUBHBLIM U MasIONHBa3NBHbLIM METO4aM JIeHEHWST KOHTP-
akTypbi JrorrontpeHa. Viccnenosatesn obCyxaat0T Kak MeToAbl, BHEAPEHHbBIE B KIMHNYECKYIO MPaKkTy-
KY, Tak ¥ Te, KOTOPbl€ B HACTOSILLEE BPEMS HAXOAATCS Ha CTaanu KIMHUYECKUX 1 1abopaTopHbIX NCCie-
[0BaHWi, B TOM YUC/Ie MasIONHBa3NBHbIE METOANKM, KOTOPbLIE MOryT ObiTb MCM0/Ib30BaHbI HE TOJIbLKO Ha
ro34HUX CTaausix, HO v MPY PaHHWUX MPOsIBAEHUsIX natosorun. Cpeamn HUX KOMIMIEKCHOE MPUMEHEHNE
KOHCEPBATUBHbLIX METOAOB, JlyHeBasi Teparnmsi, MHbEKLUN KOJiareHasbl, CTEPOULOB, MPUMEHEHNE UMMY-
HOZENPEeCCUBHbIX MPEnNaparos, UroJibHasl arioHEBPOTOMUS. DTV METOAbI MOrYT MPUMEHSITLCS Ha CaMbIX
paHHUX cTaausix 3abosieBaHus, OHaKO OTCYTCTBUE LOJIKHON foKa3aTes/ibHO 6a3bl 4acTo rpernsiTcTBy-
€T UX LUMPOKOMY BHegZpeHuto. [Jo HacTosLero BpeEMeHN HET CTaH[aPTOB Tepanuy NauneHToB C PaHHEe
ctaauen 3aboneBaHvsi. COBPEMEHHbIV NoAX0A YOKYCUPYETCS Ha MHBa3UBHOM JIEHEHUN TOJIbKO MO34HUX
cTaguii 3a6o1eBaHUsi C BbICOKOU CTErNeHbI0 KOHTPaKTypbl. [T03TOMY Mbl XOTUM MOAYEPKHYTL NOTEHUMaN
MUHUMAaJIbHO MHBa3VBHbIX METOLOB Ha paHHUX cTaausix 601e3H1 JononTpeHa, a TakXke HeobxoanMoCTb
AanbHeLLnx nccie[0oBaHni B faHHOM Harpas/IeHUN U BaXKHOCTL BHEAPEHUS] 3TUX METOLOB B 10BCEAHEB-
HYIO MPaKTUKY Bpade.

KnrouyeBble cnoBa: KOHTPaKTypa [rononTpeHa; nagoHHbI ¢pnbpomMaTos; UrosibHatasi anoHeBPOTOMUS;
4YPECKOXKHas (MroJibHasi) arloHEBPOTOMUSI.
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CONSERVATIVE THERAPY

OF THE DUPUYTREN DISEASE

Among the methods employed during the treatment
of the early stages of the Dupuytren disease, there
are manual methods, radiation therapy, injections of
collagenase, steroids and immunodepressive medicines.

At the initial stages of the disease, many patients
consider the primary conservative therapy as
a treatment option. The latter includes using various
types of ortheses, therapeutic exercises, laser
and shock-wave therapy. According to the Dutch
interdisciplinary guideline on Dupuytren disease, the
primary conservative therapy can not be recommended
as the primary treatment of the disease [4]. A systematic
review of non-surgical treatment methods, conducted
by our colleagues [5], shows that the combined use of

conservative methods (ultrasound, nighttime splinting
using wrist splints, stretching exercises and massage)
at the early stage of the disease leads to the positive
functional result (increased angle of active extension
and the grip strength). Due to the qualitative and
quantitative non-representativity of the sample in the
provided trials, these methods cannot be considered
evidence-based. The use of shock-wave therapy for
decreasing the intensity of the disease symptoms was
researched by the physicians of the Isfahan University
and shows a tendency to decreasing the pain intensity
within 14 weeks from the therapy date [6].

Radiation therapy
As of today, there are limited evidences of the
efficiency of radiation therapy. The issue of the
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mechanism of action remains open for discussion,
however, it is considered that the histological changes
during the Dupuytren disease can be compared to
the formation of keloid, while the mitotic cycle of the
fibroblasts can be interrupted using radiotherapy,
decreasing the development and the growth rate
in the latter, as well as in the myofibroblasts [7].
A systematic review of the articles devoted to the use
of this method [3] indicate that the most widespread
daily radiation dosage was 30 Gr. According to data
from J. Nanchahal et al. [5], doubtful results were
obtained when using this method in more than 50% of
the analyzed trials. The progression of the disease after
radiation therapy is observed in 3-10% of the patients;
also, the decrease of treatment efficiency was reported
as the degree of the flexural contracture increases [8].

Among the main complications, skin dryness
and redness were reported along with the erythema,
edema and skin atrophy with telangiectasias. There
were no reports on the radiation-induced malignant
neoplasms, but the use of ionizing radiation does not
rule out the probability of developing mutations. The
risk calculations have demonstrated that, for medium
age humans, radiation therapy increases the risk of
deadly oncological process within the course of the
statistical life expectancy by 0.02-0.05%. For younger
individuals (aged up to 25 years), the risk percentage
should be multiplied by 2, for elderly people (older than
60 years) — divided by 2.

Due to the low evidentiality, according to the Dutch
interdisciplinary guideline, it is recommended to limit
the application of radiation therapy to only clinical
research.

MINIMALLY INVASIVE METHODS

OF TREATING THE DUPUYTREN DISEASE

Collagenase injections

The Clostridium histolyticum collagenase is an
injectable mixture of two purified collagenases
(AUXI and AUXII), which predominantly cleaves type |
and Il collagen to form aminopeptide fragments,
not interacting with the type IV collagen — the main
component of the basal membranes of the blood
vessels and of the epineurium.

The use of collagenase for the treatment of
early stage diseases, due to its doubtful safety and
efficiency, is not approved by the US Food and Drug
Administration (FDA), just like in none of the European
countries [9].

According to data from the double-blinded
placebo-controlled trial [10], the registered findings

included a decrease of the area and the density of
the nodes. Two years of follow-up conducted by the
American colleagues, demonstrate an improvement
in the extension of the metacarpophalangeal joints
by A=33.7°, of the proximal interphalangeal joints —
by A=18° [11]. After three years of follow-up, the
authors have reported the 16% rate of recurrences
(defined as =20) for the metacarpophalangeal joints
and 38% — for the proximal phalangeal joints, which
has increased to 39% and 66%, respectively, to the
end of 5 years.

The complications of using this method happen in
approximately 80% of the patients. Among the most
frequent ones are the swelling and the hematoma,
the lymphadenopathy and the skin rupture. The rate
of serious complications, such as tendon ruptures
or neurovascular injuries, was reduced to the level
of 1% [12]. When comparing to the open fasciotomy,
lower complication rate was reported with the
complications including neurovascular injuries and
combined regional pain syndrome with the equal
efficiency in terms of resolving the contracture and
preventing recurrences [9]. The absence of certified
collagenase medicines in some countries of Europe
and Asia also acts as one of the main limitations for
using this method.

Steroids

The justification of intranodular and intralesional
injections of steroids was based on the early clinical
and experimental research works exploring their
inhibiting effects on the development of the connective
tissue [13-15] and the degradation of mature collagen in
the hypertrophic scars [16]. At the present moment, the
largest trial is the retrospective review by L.D. Ketchum
et al. [16], which included 63 patients (75 palms) with
the early stage of Dupuytren disease. The patients
were receiving injections at a dosage of 80-120 mg of
Triamcinolon acetonide into each node with 6 weeks
intervals. In 6 months, if necessary, the course
could be repeated. The follow-up period lasted from
30 months to 27 years. The regression of the nodes
by 60-80% was defined in 73 palms. In this group,
there were no changes in the finger contractures. One
patient with bilateral contracture (palms 74 and 75) has
required surgical treatment. The repeated activation
of the disease, leading to additional injections, has
occurred in 50% of the patients in 1-3 years after
the last injection. The adverse effects, including the
transient depigmentation or subcutaneous atrophy in
the injection area, which have resolved spontaneously

www.clinpractice.ru 99

2024

Vol 15 4



within 6 months after the last injection, were registered
in 50% of the patients.

The use of hydrocortisone acetate in the treatment
of the disease was studied by L. Zachariae et al. [14]
within the research including 9 patients (9 palms)
with the early stage of the disease, defined as palmar
fibrosis without contractures or the contracture in
all the joints of the finger by <30°. Six patients were
receiving a total of 3 injections (25 mg), 1 patient —
2 injections of 50 mg, 1 patient — 2 injections of 10 mg,
followed by 1 injection of 25 mg, and another patient
had 2 injections of 25 mg. All the injections were
given with an interval of 2-3 weeks within a period
of 2-5 weeks. The follow-up period lasted from 2 to
24 months. The result was assessed clinically along
with the subjective information on the decrease of
pain with a background of decreasing dimensions
of the nodes or their softening in all the cases. The
recurrence was registered in 14 months in 1 patient
who had two injections of 10 mg and a single 25 mg
injections.

The research works evaluating the efficiency of
intralesional injections of steroid medications are limited
due to their insufficient number, due to the absence
of blinded method or randomization, as well as due to
using the subjective assessment of the results.

The research on the local application of steroids
in cases of Dupuytren disease was described by
the American colleagues in 1993 [17]. The research
included 6 patients with the disease of interest and
employed the local application of the Clobetasol cream
twice daily and application of 0.1% Tretinoin before
going to sleep. The average course duration and the
details of the methods were not described by the
authors. They have reported a positive treatment effect
in all the patients expressed as the relief of pain and as
the decrease of the contracture. No remote results of
the research were provided.

The use of immunosuppressive medicines

(Adalimumab, Pirfenidone)

The ideal therapy for Dupuytren disease should
be aimed at the patients with the early stages of
the diseases for preventing the progression and
developing strands and further flexural contractures
in the fingers. Currently, there is no approved therapy
or the evidence-proven treatment in terms of the early
stages of the disease.

Based on the results of examining the dissected
fibrous tissue of the palmar aponeurosis from the
patients, it was found that myofibroblasts in cases of
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Dupuytren disease get aggregated into nodules located
near the affected joints, while the patients with later
stages of the disease do not have such nodules [18].
The nodule contains the disseminated immune cells,
including macrophages, T-cells and mast cells, with
the nodular cells producing various cytokines — the
interleukins (IL) 6 and 1B, the transforming growth
factor beta (TGF-B) and the tumor necrosis factor
(TNF). The comparison of the effects of each of these
cytokines has shown that only TNF has turned the
palmar fibroblasts of the Dupuytren disease patients
into myofibroblasts with the observed low ex vivo
concentrations, but not the non-palmar fibroblasts.
On the contrary, TGF-B was unselectively turning all
the fibroblasts into myofibroblasts. Unlike the TNF,
other pro-inflammatory cytokines (IL-6 and IL-1f) did
not affect the contractility of the cells. The Dupuytren
myofibroblasts have demonstrated a dose-dependant
decrease of their contractility during the treatment
with anti-TNF with the concomitant decrease in the
expression of the alpha-smooth muscle actin (a-SMA).
All the approved anti-TNF agents that were clinically
studied, were efficient in decreasing the contractility
of the Dupuytren myofibroblasts in vitro, while the two
completely human immunoglobulin G (IgG) molecules,
the Adalimumab and the Golimumab, were shown as
the most effective at the tested dosages [19].

The clinical and double-blind placebo-controlled
research conducted by J. Nanchahal et al. [20],
provides the evidence that the intranodular injections
of 40 mg (0.4 ml) Adalimumab result in a significant
decrease in the expression of a-SMA and | type
procollagen, hence, the anti-TNF suppresses the
phenotype of the myofibroblasts found in the
Dupuytren nodules. Data from the next phase
clinical research has allowed for supposing that the
intranodular injections of Adalimumab can be efficient
in delaying and preventing the progression of the early
stage Dupuytren disease.

Due to the absence of the possibility to rule out the
effects of the abovementioned TGF-f1 in the active
recurrence of contractures in patients with Dupuytren
disease, a group of American investigators [21] has
studied the use of the TGF-B1 inhibitor (Pirfenidone)
in vitro. 1t was found that Pirfenidone can inhibit
the proliferation of cells and the contractions of the
Dupuytren fibroblasts, also being able to suppress
the expression of collagen and fibronectin — the two
key components of the extracellular matrix in cases
of the Dupuytren disease. The proven efficiency of
Pirfenidone in vitro against the pathological fibroblasts
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in contracture patients can show similar in vivo
efficiency, potentially softening the progression of
the disease and its recurrence. The issue of the
administration route for this medication for the purpose
providing better effects in the target cells is still open
for investigators.

Needle Aponeurotomy

Despite the short-term success of the open-
access surgical methods, there are still cases
of disease recurrences reported, as well as the
presence of postoperative complications, such as
delayed healing of the wounds and the vascular-
neural damage. This has led to searching the
minimally invasive treatment variants, including the
transcutaneous needle aponeurotomy [22], which
was done by means of mechanical disruption of the
strands of cicatrically modified palmar aponeurosis at
several levels using the percutaneous introduction of
needles. The absence of radical excision of the palmar
aponeurosis along with the absence of affecting the
pathogenetical mechanisms of fibrosis results in high
risk of recurrence (68%) [23].

With the development of plastic surgery in the
treatment of Dupuytren contracture, the wide spreading
was provided to the methods of combined surgical
treatment with the transplantation of autologous
adipose tissue — the lipofilling. The method includes
the introduction (after previous needle aponeurotomy)
of non-centrifugable sedimented lipo-aspirate at
the volume of 8 to 10 ml to the supra-aponeurotic
space [24]. The contents of the adipose tissue (which
originates from the embryonic mesenchyma) in the
adult human, besides fat cells, includes the so called
stromal-vascular  fraction cells: pre-adipocytes,
endothelial and smooth muscle cells of the blood
vessels, perivascular fibroblasts, the supporting
fibrous collagen stroma and a number of immune
cells, such as the adipose tissue macrophages. In the
stromal-vascular fraction, a population of stem cells
was found, showing the multi-linear differentiation
potential, which are similar to the mesenchymal stem
cells, originating from the bone marrow, which allows
for using the stromal-vascular fraction of the adipose
tissue for transplantation and tissue engineering. The
easily available material (unlike the bone marrow)
can be obtained in a sufficient quantity by means of
lipo-aspiration of the subcutaneous fat under topical
anesthesia [25]. The research conducted by A.A. Bogov
et al. [26] on the application of the needle aponeurotomy
combined with lipofilling, has demonstrated that, in
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patients with grade lI-lll contracture, the restoration
of the palm functions in full range has occurred within
the first 24 hours after surgery, and this was explained
by the fact that the stromal cells of the adipose tissue
(the adipose tissue-derived stromal cell, ADSC) inhibit
the proliferation of contractible myofibroblasts, which
are the key cells promoting the development of fibrosis.
However, in patients with grade IV-V contracture,
dermal ruptures were observed (due to the decreased
elasticity of the skin), as well as the disease recurrences
in 3 years after treatment (in 17% of the patients of the
total number of examined individuals).

According to the Dutch interdisciplinary guideline
on the Dupuytren disease, conducting the needle
aponeurotomy is indicated to young patients willing
to undergo minimally invasive interventions, as well
as to elderly patients in case of the presence of the
palpable strand with pointing out the high percentage
of recurrences [4].

CONCLUSION

Currently, the surgical intervention for the treatment
of the Dupuytren contracture is conducted only
in case of later stages of the disease, in cases of
significantly damaged functions of the palm. At early
stages of the disease, taking into consideration the
needs of patients for decreasing the post-operative
pain, the faster restoration of the palm functions,
and, respectively, its working capacity, as well as in
cases of decreased quality of life after developing
a severe contracture, there is a necessity of using
the safe and effective treatment methods. Many of
the described treatment methods show good results,
helping in avoiding surgical interventions, simplifying
the treatment and by this attracting the attention of
the patients. For example, with the development of
collagenase injections, the treatment of the Dupuytren
disease has notably changed and started being more
prone to the out-patient practice. Some patients in
the hands of the experienced surgeons stay satisfied
with the good result from the needle aponeurotomy,
resulting in rapid recovery and helping with returning
to everyday life. The detailed understanding of the
molecular basis of the disease, the identification of TNF
and TGF-B1 as a therapeutic target helps implementing
a new pathogenetic approach with using the medicinal
and cellular methods, capable of preventing both the
progression and the recurrences of the disease.

Despite the presence of multiple publications
describing the use of various minimally invasive
methods, they often lack the clear pathogenetic and

101

2024

Vol 15 4



biological justification, and the research works are
starting to look empirical. The clinical results are
reported without using the control groups, without
blinding, bringing into question the benefits of the
methods described. It is necessary to continue the
conduct of more precise research works for better
objectivization of the results from the conservative
and minimally invasive approaches for the purpose
of developing the standards of early treatment and
prevention of contracture recurrences, as well as for
preventing surgical interventions.
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CASE REPORT

UNILATERAL REEXPANSION PULMONARY EDEMA
(CLINICAL OBSERVATIONS)

O.l. Nikitin, A.O. Khalimalova, A.L. Yudin, E.A. Yumatova
Pirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT

BACKGROUND: In clinical practice, pulmonary edema still remains one of the threatening conditions
with high mortality, despite the sufficiently large attention from the investigators. The classic pulmonary
edema is well studied, having its specific x-ray signs, while the unilateral pulmonary edema occurs rarely
and causes difficulties in the differential diagnostics performed by the radiologist. CLINICAL CASE
DESCRIPTION: The presented material includes cases of ipsi- and contralateral unilateral reexpansion
pulmonary edema. These complications have developed as a consequence of rapid evacuation of
the pathological content from the pleural cavity. CONCLUSION: Reexpansion pulmonary edema is
a rare, though potentially life-threatening condition, which usually occurs as a result of rapid expansion
of long-term collapsed lung, for example, in cases of pneumothorax and pleural effusion. The edema may
develop several hours after the expansion of the atelectasis.
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OAHOCTOPOHHUIN PESKCMNAHCUBHbIW OTEK JIETKOIO
(KMMHWYECKUE HABJIIOQEHINA)

O.N. HukntuH, A.O. XanumanoBa, A.J1. OauH, E.A. lOmaToBa
Poccuincknii HaumoHanbHbIn MCCnegoBaTebCKUn MegUUMHCKNIA yHnBepcuteT umenn H.W. Muporosa, Mocksa, Poccus

AHHOTALMUA

O60CcHOBaHMe. B KnnHU4eCcKo npakTuke OTEK IErKux rnpogosiKaeT ocTaBaTbCsi O4HVIM U3 MPO3HbIX CO-
CTOSIHWI C BbICOKOW J1I€Ta/IbHOCThIO, HECMOTPS HAa AOCTATOYHO 60JIbLLIOE BHUMAaHMNE CO CTOPOHbI NCCIe-
gosaresieli. Knaccu4eckuii OTEK IErKnx XopoLUO n3yHeH, UMEET OrnpeaeEHHbIE PEHTreHOI0MMYeCcKne
NpU3HaKu, a 0OgHOCTOPOHHUIA OTEK JIErKOro BCTPEHaeTCs PEeAKO U Bbi3biBAET 3aTpyaHeHue B augge-
PeHUnanbHON AnarHOCTUKe y Bpada-peHTreHosora. OnucaHne KnmHun4eckoro cayyas. [lpencrassie-
HbI ABa CJiy4asi urcy- v KOHTpasarepasbHOro 0OgHOCTOPOHHEro Pe3KCrnaHCUBHOIro oTéka nérkux. [aH-
HbIE OCJIOKHEHWIST Pa3BUIINCh KaK ClefCTBue ObICTPON 3BaKyauuy naTo0rn4eckoro CO4ep>XXxnumMoro u3
raeBpasibHoN roJsiocTv. 3akardeHne. PesKCriaHCUBHBLIN OTEK JIErKOro — peakoe, HO roTeHUymasibHoO
ornacHoe A/151 XNU3HW COCTOSIHNE, KOTOPO€E OObIYHO BO3HUKAET B pe3ysibTate ObICTPOro pacripas/ieHs
A/MTEIbHO CraBLUEroCsi JIEFKOro, HarpyuMep, rnpyi MHEBMOTOPAKCE U riespasisHOM BbirnoTe. OTEK MOXXET
COCTOSITbCS B TEYEHNE HECKOJIbKMX HacoB 0CJ/1e pacrpaB/ieHNs atesiekTasa.

KnroueBbie cnioBa: KOMMbIOTEPHas1 TOMOrpagusi; Pe3KCrnaHCUBHbIN OTEK JIEFKOro; KOHTpanarepasbHbil
OTéK; uricunateparsbHblii OTEK.
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BACKGROUND

In the normal conditions, the lungs have the part
of blood plasma penetrating from the pulmonary
circulation into the interalveolar space through the
pulmonary capillaries and via the resorption of the
interalveolar fluid into the venous part of pulmonary
capillaries; the fluid is also being eliminated via the
lymphatic vessels, by this maintaining the dynamic
balance, the quantitative concept of which is the Starling
equation [1, 2]. Pulmonary edema is a life-threatening
pathological condition resulting due to the increased
content of extravascular fluid in the interstitial and/or
alveolar space of the lungs.

Pulmonary edema can be divided into four types:
hydrostatic edema; edema with diffuse alveolar
damage; edema that is not related to the diffuse alveolar
damage and mixed-type pulmonary edema [2]. In an
overwhelming number of cases, the edema develops
in both lungs.

In everyday practice, the radiologist can face the
unilateral form of pulmonary edema, which is a quite rare
pathological condition, capable of presenting challenges
upon the interpretation of the examination results and
requiring thorough differential diagnostics between
various pathological unilateral pulmonary lesions [1, 2].
During the last 15 years, in the accessible literature, we
were able to find only the description of single cases of
unilateral reexpansion pulmonary edema [3-5].

Here we provide our own clinical observations.

DESCRIPTION OF THE CASES

Clinical observation 1

Patient info. The female patient K., 38 years of age,
was admitted to the hospital with a history of three days

2]

Fig. 1. Female patient K., 38 years of
age. Radiology image of the thoracic
cavity: subtotal shadowing of left half
of the chest cavity to the level of the
anterior segment of the 2nd rib on
the left side, resulting due to pleural
effusion (arrow).

edema (arrow).
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of progressing excruciating shortness of breath at rest,
with pain in the chest area on the left side. Recently
diagnosed with ovarian adenocarcinoma.

Laboratory and instrumental diagnostics. Upon
performing the X-ray and computed tomography of
the chest, pleural effusion was found, occupying the
lower, the middle and partially upper segments of the
left lung, along with the atelectasis of the lower lobe of
the left lung (Fig. 1, 2, a).

Therapy. 12G draining tube was installed along the
left anterior axillary line in the fourth intercostal space.
One hour after the installation of the draining tube and
after removing ~1.6l of serous-hemorrhagic fluid into
the air-locked hermetically sealed draining container,
the patient started experiencing coughing with
developing an acute shortness of breath and tachypnea
with desaturation (SpO,) down to 83% (when inhaling
oxygen, 5l/minute, via the simple breathing mask),
accompanied by hypotension and tachycardia. Upon
the computed tomography of the chest, the findings
included a decreased transparency of the left lung
(ground glass-type) with multiple intralobular foci of
“consolidation” (see Fig. 2, 6).

Diagnosis. Taking into consideration the
anamnestic data and the clinical signs, the definitive
diagnosis set was the following: “Reexpansion
edema of the left lung, secondary in terms of
hydrothorax of the left lung and in terms of the
atelectasis in the lower lobe of the left lung”.

Outcomes and prognosis. The draining tank was
lifted up and up to 400 ml of pleural fluid were returned
into the pleural cavity. Then followed the controlled
periodical draining of pleural fluid at a rate of not more
than 500 ml/h until achieving the “dry” condition. Each

5]

Fig. 2. Female patient K., 38 years of age. Computed tomography image of
the thoracic cavity: a — effusion in the pleural cavity (arrow), collapsed lower
lobe of the left lung (point of arrow); b — one hour after draining the pleural
cavity: decrease transparence of the pulmonary tissue (ground glass-type), foci
of consolidation within the basal segments left lung, caused by the reexpansion
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time the patient was assessed for presence of cough
symptoms and shortness of breath.

The complete radiological resolving of pulmonary
edema occurred in 2 days. The female patient was
discharged with no complications for further follow-up
by the district Oncologist.

As it can be suggested from the observations
provided, the reexpansion pulmonary edema has
developed as a result of rapid removal of large
quantities of fluid from the pleural cavity.

Clinical observation 2

Patient info. The female patient A., aged 53,
with chronic obstructive pulmonary disease of
emphysematous type, has visited the hospital due
to having pain in her chest and due to developing
progressive shortness of breath.

Laboratory and instrumental diagnostics. The
initial assessment has revealed tachypnea (respiratory
rate — 39 per minute), tachycardia (heart rate 115 per
minute) with the blood pressure levels of 110/70 mm
Hg along with the blood oxygen saturation (SpO,)
levels being 93%. The parameters of the clinical
hematology and biochemistry panels were within the
reference ranges. Upon the radiography of the chest
cavity organs: status post resection of segments |-l
of the left lung, signs of massive spontaneous
pneumothorax on the right side (Fig. 3).

Therapy. Thoracostomy was performed with further
draining of 1500 cm? of air. Upon the control computed
tomography, the findings included an incomplete
expansion of the right lung and emphysema in the soft
tissues of the chest cavity (Fig. 4, a). The female patient
has tolerated the procedure well and the symptoms
of her pathological condition have decreased. The

4]

Fig. 3. Female patient A., aged 53.
Radiology image of the thoracic cavity:
spontaneous pneumothorax on the
right side, the collapsed right lung
(arrow).

CASE REPORT

next morning, the patient had increased shortness of
breath and her oxygen saturation (SpO,) has dropped
to 86%. Upon the repeated computed tomography,
multiple intralobular foci of decreased transparency
were found in the left lung (ground glass-type) with
gravity-related density gradients (see Fig. 4, 0).
Combined with the anamnestic data, this symptom
has provided the possibility to come to the conclusion
on the development of reexpansion edema, for the
patient had no fever or leukocytosis, characteristic for
pneumonia; there were no signs of aspiration or fluid
overload, as well as signs of renal or cardiac failure.

Diagnosis. The definitive diagnosis was stated as
the following: “Reexpansion contralateral edema of the
left lung, secondary in terms of pneumothorax in the
right lung”.

Outcomes and prognosis. After proper oxygen
therapy along with the administration of corticosteroid
medications and draining of the pleural cavity (using
the Bulau’s method), within 5 days the right lung has
completely expanded without the development of
ipsilateral reexpansion edema, while the reexpansion
edema of the left lung has completely resolved.

As it can be suggested from the observations
provided, reexpansion pulmonary edema also can
develop in the contralateral lung.

DISCUSSION

Unilateral pulmonary edemas can be divided into
two large groups — the ipsilateral and the contralateral
ones [6]. Ipsilateral pulmonary edemas develop on
the side of the pathological process. Such a type of
pulmonary edema includes the aspirating form [7],
the edemas with a background of pulmonary vein
thrombosis [8], the cases of cardiac defects with severe

5]

Fig. 4. Female patient A., 53 years of age. Computed tomography image
the thoracic cavity: a — air accumulation in the right pleural cavity (arrow),
emphysema in the soft tissues in the anterior wall of the chest; b — air
accumulation in the right pleural cavity (arrow), emphysema in the soft tissues
in the anterior wall of the chest; decreased airness in the parenchyma of the left

lung (ground glass-type), resulting due to reexpansion edema (point of arrow).
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mitral regurgitation [9] and the edemas developing
after pulmonary thrombendarterectomy [10]. The left
ventricular insufficiency can also be the reason of
unilateral pulmonary edema upon the forced attitude
of the patient being positioned on one side [5, 11].

The contralateral edemas are characterized by
swelling of the unaffected lung and they occur due to
an increase of hydrostatic pressure in the normal
lung. The unilateral pathological conditions include
asymmetrical emphysema, the Swyer-dJames—-MaclLeod
syndrome and the status post lobectomy [12, 13].

A remarkable example of unilateral conditions is
the reexpansion pulmonary edema. Most frequently,
it an ipsilateral edema, developing with 24 hours
after rapid fluid or gas evacuation from the pleural
cavity. The clinical manifestations of reexpansion
pulmonary edema may vary from the changes in the
radiography images without any clinical symptoms
to hypoxia or even haemodynamic instability of the
patient. The computed tomography images in cases
of reexpansion pulmonary edema contain peripheral
focal areas of decreased transparency (ground
glass-type) with perivascular distribution, which is
usually associated with interstitial indurations and,
probably, with consolidation.

The pathogenesis of reexpansion pulmonary
edema is not yet clearly studied. The main reasons
of developing this pathological condition should
be considered the changes in the permeability of
capillaries, playing the most important role in this
process, as well as the increase of hydrostatic
pressure. The possible predisposing factors to
the development of this type of edema include the
hypoxic and mechanical damage of the pulmonary
capillaries and of the alveolar membrane, along with
the decrease in surfactant production. Oxidative stress
that develops during long-term collapsing of the lung,
results in an increase of the superficial tension in the
alveolar membrane, preventing the resorption of fluid.
Due to rapid evacuation of the pleural cavity content,
there occurs a rapid decrease in the pleural cavity
content pressure, which results in rapid restoration of
the circulation in the damaged capillaries. Re-perfusion
induces the release of cytokines and free radicals,
damaging the alveolar-capillary membrane, which
results in fluid transudation into the interstitial and
alveolar space [2, 14].

Very occasionally, but still possible, reexpansion
edema can develop in a contralateral non-collapsed
lung. The hypotheses of developing the contralateral
reexpansion pulmonary edema include the

www.clinpractice.ru

subconscious aspiration; the compressing forces
caused by significant dislocation of the mediastinum;
the systemic inflammatory reaction that follows
the reexpansion in patients with lung diseases; the
significant increase of cardiac output after rapid lung
expanding [15]. In case of the presence of radiology
findings, corresponding to the reexpansion edema, this
type of lung disease can be diagnosed by means of
exclusion method in the absence of signs of aspiration,
fluid overload, renal or cardiac failure or infection, as
well as based on the good response to steroid therapy.

The challenges in the differential diagnostics of
unilateral pulmonary edemas may occur in cases
of carcinomatous lymphangitis, radiation-induces
damage and pneumonias. In the differential diagnostics,
the main role is played by the anamnestic data, for the
presence of radiation therapy for malignant neoplasms
in the affected hemithorax can aid in setting the
correct diagnosis, while the presence of such significant
clinical signs as fever, coughing, leukocytosis and
unilateral shadowed area shall lead the physician to
stating the diagnosis of pneumonia [12].

The risk factors of developing the reexpansion
edema shall include the time of existing pleural effusion
(more than 72 hours) and the proposed volume of fluid/
air evacuated (more than 1500 ml). It is also necessary to
keep in mind the presence of pulmonary hypertension,
hypoxemia and cardio-vascular diseases. In case of the
presence of various levels of deficit in the contractility
of myocardium, the haemodynamic consequences,
which may occur after emptying the pleural cavity,
have a tendency of deteriorating. The diseases of lungs
or other organs contribute to the increased general
risk by altering the pulmonary or cardio-vascular
compensation capabilities [16]. In the majority of the
research works, the rate of developing the reexpansion
edema after relieving the pneumothorax or draining
the pleural cavity ranges from 0 to 1%.

The recommendations issued by the British Thoracic
Society (BTS) suppose that, during a single procedure,
not more than 1.51 of pleural fluid should be drained. In
the absence of respiratory symptoms, it is practicable
to drain larger volumes “until dry”, but caution should
be exercised to avoid creating high negative intrapleural
pressure. The gradual evacuation of the pleural cavity
content may be required in patients with high risk of
developing the reexpansion edema, namely — in case
of extended pneumothorax, in patients of young age,
in cases of pneumonia with a duration of more than
7 days and, probably, in patients having more than 3l of
pleural fluid [17].
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CONCLUSION

Thus, unilateral pulmonary edemas may have both
the cardiogenic and the non-cardiogenic origin; there
can be both ipsilateral and contralateral locations. It is
important to know about the probability of developing
the reexpansion pulmonary edema, for this condition
is a rare iatrogenic complication of draining the pleural
cavity. The complexity of pathogenesis and the low
knowledge among the radiologists about this disease
can result in incorrect interpretation of the examination
results and, hence, the loss of time required for
adequate treatment of the patient.
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PRIMARY PULMONARY MENINGIOMA — A RARE LUNG TUMOR

G.A. Baksiyan, A.A. Zavialov, S.V. Lishchuk
State Research Center — Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency, Moscow, Russia

ABSTRACT

BACKGROUND: Primary pulmonary meningioma is a rare and clinically non-diagnosable tumor. Foreign
literature describes not more than 70 cases of this disease. The tumor represents a single solid node, not
having any specific features, which does not allow for setting the clinical diagnosis before the pathologic
examination. The disease has various occurrence rates both among women and men. The diagnosis is to
be set based on the morphological examination of the surgical material with small dimensions of the tumor
(or biopsy samples for cases of large tumor). CLINICAL CASE DESCRIPTION: The patient A. (54 years of
age) with a history of combined treatment 9 years ago due to being diagnosed with pT2aN1MO, stage IIIB
cervical cancer. According to the results from the computed tomography of the chest cavity organs,
in segments S8/9 of the lower lobe of the right lung, the findings included a subpleural solid mass lesion
with the size of 14x11 mm. According to data from further examinations (computed tomography of the
chest cavity organs, of the abdominal cavity and of the minor pelvis; magnetic resonance tomography of
the brain; esophagogastroduodenoscopy; colonoscopy), no other abnormalities were detected. Surgical
treatment was arranged at the extent of thoracoscopic atypical resection of the lower lobe of the right
lung. Anatomic pathology examination report on the resected tumor indicates the presence of “Pulmonary
meningioma”. CONCLUSION: This clinical case represents the first documented experience of surgical
resection of primary pulmonary meningioma in Russia.

Keywords: primary pulmonary meningioma; rare tumor of the lung; surgical treatment; thoracoscopic

resection of the lung.
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BACKGROUND

The first case of pulmonary meningioma was
described by P. Kemnitz et al. in 1982 [1]. Meningiomas
are the most commonly occurring primary tumors of the
central nervous system (more than 1/3) [2]. In extremely
rare cases (not more than 2%), primary meningioma can
be found in the extracranial and extraspinal organs [3].
Malignant forms of primary pulmonary meningioma
can also develop, with the exception of pulmonary
metastases in cases of atypical meningiomas of the
brain [4]. The numbers of primary malignant pulmonary
cases do not exceed 10% of all the pulmonary locations
for this tumor [5].

The English-speaking literature sources reviewed
for the period of the last forty years reveal 70 cases of
primary pulmonary meningioma [6], while the Russian
literature sources do not contain a single clinical case
of this rare tumor until the present moment [7]. Our
article reflects the first experience of surgical treatment
of primary pulmonary meningioma in Russia.

The majority of primary pulmonary meningioma
cases show an asymptomatical course, being detected
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accidentally during radiology examination as an
isolated solid node with relatively small dimensions
(the mean diameter is 2 cm). Very rare are the cases
when the tumor dimensions exceed 5 cm [8]. The
largest ever described primary pulmonary meningioma
was measuring 9.5x8.4x5.3 cm — presented in the
research work by Chinese surgeons [9].

CLINICAL CASE DESCRIPTION

Patient’s info

Patient A., (F) aged 54 years. Past medical history
(9 years ago) of combined treatment of cervical cancer
(pT2aN1MO, stage IlIB). During the process of dynamic
follow-up (during scheduled examination), according to
data from computed tomography of the chest cavity
organs, a solid mass lesion was found in the lower
lobe of the right lung. On admission to the in-patient
department, the patient had no complaints.

Physical, laboratory and instrumental diagnosis
Upon scheduled out-patient radiology examination,
in the lower lobe of the right lung, the findings included
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KJIMHUYECKWNIA CNTYYAN

NEPBUYHAA NETOYHAA MEHUHTUOMA —
PEAKAA ONYXONb JIETKOIo

lA. BakcusiH, A.A. 3aBbsinos, C.B. Jinwyk
[ocymapcTBeHHbI Hay4HbIN LieHTp Poccuiickon ®epepaunmn — PegepanbHblil MEOULIMHCKNA 61MOMN3NYECKUIA LIEHTP
nmenun A.W. bBypHassiHa, MockBa, Poccusi

AHHOTALMUA

O6ocHoBaHue. [lepBuyHasi MEHUHrMoMa JIErkoro SIBASIETCS PeaKou U KIMHUYECKU HE ANarHoCTu-
pyemoii oryxosibto. B 3apybexxHon autepatype onucaHo He bosee 70 cayvaeB 3TOro 3abosieBaHus.
ObpasoBaHuie rpefCcTasisseT cOO0W eQUHNYHBIA CONMAHBIN Y3€s1, HE MEIOLLNI HUKaKNX OT/IMYNTESIbHBIX
4YepT, YTO He r03BOJISET NOCTaBUTb KITMHUYECKUI anarHo3 4O naTo0roaHaToMU4eCcKoro UCc1e0BaHUsI.
3abosieBaHye ¢ pas3IMYHOM HYaCTOTOM BCTPEYAETCS KaK Yy XEHLUUH, TaK Uy My>X4uH. [JuarHo3 yctaHaB-
JINBAETCS1 Ha OCHOBaHUM MOPOSIOrNHECKOro UCCIEOBaHUS OnepaLoOHHOro Marepuana rnpu Masbix
paamepax ornyxosam wam bmorntara — rpu 6osbLumx. OnucaHne KJaMHUYeckoro ciy4as. bonbHas A.
(54 roga) nepeHecna 9 neT Ha3al KOMIIEKCHOE /leHeHue o rnoBoAy paka wetiku matku pT2aN1Mo,
ctagwus llIB. CornacHo pesynstataM KOMIbIOTEPHOV TOMOrpaguv opraHoB rpyaHoOM KNeTku, B S8/9 Hux-
Hel [oav npasoro JIErkoro umeeTcs cybriespasibHoe comaHoe obpa3oBaHne pasmepom 14x11 mm.
o gaHHbIM 06C1Ie[0BaHWN (KOMILIOTEPHAas TOMOrpagpus opraHoB rpyLHON KIETKWU, OPIOLLIHOM M0JI0CTU
M Masioro tasa; MarHUTHO-pPe30HaHCHas ToOMorpagusi roJloBHOro Mo3sra; 330¢haroractpoyoieHOCKO-
Mysi; KOJIOHOCKOIWS) VHOM NaTosioruy He BbISIBJEHO. BbinosiHeHO xupyprudeckoe sedeHue B 0O6bEMe
TOPaKOCKOMUYECKON aTUMNYHON Pe3eKUNN HYKHeN oM npaBoro aérkoro. lNatosoroaHatoMuyeckoe
3aksiroHeHne yaanéHHow onyxoaun: «MeHuHrnoma nérkoros. 3aknrodeHme. [JaHHbIi KIMHUYECKUIA Crly-
vaui npefcTaBsiseT cob0/ rnepBbiii 3a40KYMEHTUPOBAaHHbINA OMbIT XUPYPru4eCcKoro yaaneHus nepBuyHomN
MeHUHrnoMsl nérkoro B Poccun.

Knro4yeBblie cnoBa: rnepBn4YHass MeEHUHrnoma JIErkoro; pengkas oryxoJsib JIErKoro; Xvpyprmndeckoe siede-
Hne; TopakoCKornnyeckas peseKkuyns JIérkoro.

Ans yntupoBaHus:
BakcunsH NA., 3aebsnos A.A., Jlnwyk C.B. MNepBryHas néroyHas MeHMHIrMomMa — pegkas onyxosb nér-
Koro. KnuHn4yeckas npaktuka. 2024;15(4):110-114. doi: https://doi.org/10.17816/clinpract631794

MocTtynuna 08.05.2024 MpuHsaTa 31.10.2024 Ony6nukosaHa online 19.11.2024

a single hyperdense focal mass, due to which, the
patient was referred to the in-patient department
for comprehensive examination and further surgical
treatment.

Computed tomography of the chest cavity organs
with contrasting (Fig. 1): in segments S8/9 of lower
lobe of the right lung, there is a subpleural solid mass
(in the lower lobe of the right lung) with the dimensions
of 14x11 mm.

According to data from pre-operational examinations
(computed tomography of the abdominal cavity and
of the minor pelvis with intravenous contrasting;
magnetic resonance tomography of the brain;
esophagogastroscopy; colonoscopy; consultation
by an oncologist-gynecologist), no other abnormalities
were detected.

Diagnosis

Based on the findings from the pre-operational
examination and on the data from computed
tomography of the chest cavity organs, the diagnosis
set was the following: “Peripheral mass of unknown
etiology in the lower lobe of the right lung”.

Treatment

Taking into consideration the solitary type of
tumor, as well as the absence of other tumor-related
diseases, including the absence of data confirming
the progression of cervical cancer, a thoracoscopic
atypical resection of the lower lobe of the right lung
was carried out.

Pathohistological examination of the surgical

material: a fragment of the lung (Fig. 2): subpleurally,
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2] 5]

Fig. 1. Computed tomography of the chest cavity organs:
axial (@), sagittal (b) and frontal (c) projections.

/

/

2] [b]
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solid solitary focus in the lower lobe of the right lung for

e
e

9]

Fig. 2. Pathohistological examination of the lung fragment, staining with hematoxylin-eosin: a (x40) — subpleural clearly
contoured node (arrow); b (x100) — circular growth pattern and concentric structures (arrow); ¢ (x400) — psammoma
bodies (arrow); d (x400) — characteristic nuclear inclusions (arrow).

but with the involvement of the visceral pleura, there
are signs of growth of unclearly contoured tumor with
lobular locular and concentric structures, with circular
growth patterns, containing cells of polygonal shape,
weakly eosinophilic dust-like cytoplasm and oval
moderately polymorphous nuclei with lumpy chromatin
and small nucleoli, with nuclear inclusions and with
no visible mitotic activity. Other findings include
calcification foci and psammoma bodies (see Fig. 2, B).
The tumor structures contain trackable intact (flattened)
small bronchioles. No perineural or lymphovascular
invasion was detected. The visceral resection margin
is intact. Maximal tumor size — 1.3 cm.

2] 5]

Differential diagnosis

For the purpose of differential diagnosis with
squamous cell cancer and solitary fibrous tumor of
the pleura, further immunohistochemical examination
was performed (Fig. 3): the tumor cells express the
following markers: focal significant nuclear expression
of progesterone receptors (PR), focal membranous
expression of epithelial membrane antigen (EMA),
significant expression of vimentin with complete absence
of keratin expression (data not provided). No expression
was detected for p63 and STAT6 (data not provided).

Thus, the morphological pattern and the
immunophenotype confirm the diagnosis of primary

Fig. 3. Immunohistochemical examination using the antibodies: a (x200) — to progesterone (PR), nuclear expression;
b (x200) — to epithelial membrane antigen (EMA), membrane expression; ¢ (x200) — to vimentin.
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pulmonary meningioma (WHO Grade 1, similar to
meningotheliomatious meningioma).

Outcome and prognosis

The postoperative period was smooth. The female
patient was discharged on day 4 after surgery. The
control examinations after 3 months did not reveal
any abnormalities. The prognosis is favorable.

DISCUSSION

From the moment of the first publication in 1982,
only 70 cases of primary pulmonary meningioma
were described. All the articles on this rare tumor
were published by foreign authors in the international
journals. The article brought to your attention and
describing the clinical case of operated primary
pulmonary meningioma in a female patient aged 54,
is the 71st documented clinical example in the world
practice and the first ever described in the Russian
scientific medical literature.

The extremely low occurrence rate of primary
pulmonary meningioma, the relatively small dimensions
of the disease focus in the lung, as well as the absence
of any specific features allowing for differentiating this
neoplasm from other pulmonary neoplasms — all of
these preclude the possibility of precise diagnosing
this disease (in case the biopsy was not performed).
In all the clinical cases, the tumor itself is occasionally
identified upon the anatomic pathology examination of
the surgical or biopsy material.

CONCLUSION

The presented clinical case is the first ever
documented experience of surgical resection of
rare and clinically non-diagnosable tumor (primary
pulmonary meningioma) in Russia. The differential
diagnosis of primary pulmonary meningioma shall
include with a number of other solid lesions located
in the pulmonary tissues, including both the malignant
(initial lung cancer or secondary foci) tumors and the
foci of benign origin.
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SPINAL ISCHEMIA: THE REHABILITATION POTENTIAL.
A CLINICAL CASE
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ABSTRACT

BACKGROUND: Spinal myeloischemia is a rare but severe neurological disease, associated with high
incapacitation level and high social-economical costs due to complications developing during the acute
phase. The reasons for its development can include vascular malfomations, spinal stroke, extra- and
intramedullary tumors, compression of the spinal cord in cases of vertebral fractures, intervertebral disc
herniations, stenosis of the spinal canal at the cervical segment, medical manipulations and impaired
segmental circulation during the anesthesia, lumbar puncture and surgical interventions. CLINICAL
CASE DESCRIPTION: The presented clinical observation provides a description of the iatrogenic
complication that has developed in a patient aged 52 years after discectomy and installation of the disc
prosthesis due to the development of disco-radicular and spinal conflict, resulting due to the C5/C6
dorsomedial intervertebral hernia, the clinical manifestations of which, besides pain, included weakness
in the left upper limb, causally related to the focus of intramedullary ischemia at the unilateral side. At the
early post-surgery period, asymmetrical tetraparesis was revealed with the predominance in the distal
segments of the left upper limb and with impaired functions of the pelvic organs, caused by the expansion
of the ischemia zone in the gray and white matters in the anterior areas of the lower cervical segments
of the spinal cord. CONCLUSION: The timely initiation of combined medication therapy and the staged
rehabilitation, conducted by the multi-disciplinary team, have provided the restoration of the impaired
functions and the quality of life for the patient. The proposed methods can be useful in the treatment of
patients with compression-related and non-compression-related vascular myelopathies.

Keywords: discectomy; spinal stroke; myeloishemia; rehabilitation.
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BACKGROUND

Spinal stroke, spinal ischemia and vascular
myelopathy are the forms of acute or subacute
impairment of circulation in the spinal cord, caused
by the thrombosis of spinal arteries or veins, by
their compression during the vertebral column
injury, during the stenosis of the spinal canal, after
surgical interventions in the vertebral column, aorta,
brachiocephalic arteries and after their concomitant
hemodynamic complications with further segmental
focal softening in the ischemia zone, with developing
neurological syndromes characteristic for each level
of decreased perfusion [1].

The diagnosis of spinal stroke is more often
set clinically, while the visualization methods are
employed for the purpose of ruling out the presence of

The article can be used under the CC BY-NC-ND 4 license /
Jvuensmns CC BY-NC-ND 4

myelopathies of other etiology [2, 3]. The outcomes of
impaired spinal circulation represent a medical-social
economical problem. Though their occurrence is not
high (from 1% to 2% [4]), the reasons and forms may
vary [2, 5]. The difficulties occurring during setting
the diagnosis include the defects of collecting the
anamnestic data, the assessment of neurological
symptoms, as well as low confidence levels of the
results obtained during the electrophysiological tests
and neurovisualization.

With all the variety of methods and means of
rehabilitation therapy, there is no consensus on
managing such patients and no widely acknowledged
criteria for the clinical evidences of their use both
during the post-surgery period and at the later stages
of rehabilitation.
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CLINICAL CASE

Patient info

Male patient aged 52, hospitalized to the
Neurosurgery Department in Astrakhan city with the
complaints of moderate pain in the cervical segment
of the vertebral column (5 points of the visual analogue
scale), weakness in the left upper limb, numbness in
the shoulder, forearm and fingers I-II.

Case history. The anamnestic data show that the
patient has been suffering from the neck pain for
5-6 years, repeatedly receiving courses of conservative
therapy prescribed by the neurologist with temporary
positive effect. A year before admission, based on the
results of magnetic resonance imaging (MRI) of the lower
area of the cervical spine, degenerative-dystrophic
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changes and the dorsal-medial subligamentous left-
sided hernia was found in the C5/C6 intervertebral
disc, measuring 0.7 cm and showing signs of caudal
migration at an area with a length of up to 0.5 cm,
spreading into the intervertebral foramen, with signs
of discal-radicular conflict. The spinal cord and the
radices show no signs of any changes. There were no
clinical manifestations of compression. The dimensions
of the spinal canal corresponded to the age-corrected
reference ranges (1.4 cm).

laboratory and instrumental diagnosis

Paresis, hypotension in the muscles of the left
upper limb (2 points), anisoreflexia D>S, radicular-type
hypesthesia in segments C5 and C6. No pathological
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reflexes or symptoms of longitudinal-transverse
damage of the spinal cord were found. The tests of
scalenus syndrome or Adson syndrome on the left side
were positive.

Due to the presence of distal paresthesia, ultrasound
examination of the radices and nerves of the upper
limbs was carried out: no solid evidence of their local
compression were obtained.

MRI findings obtained using the modes T2-WI,
T2-STIR (1.5 Tesla, slices thickness — 3 mm):
disco-radicular conflict at the level of C5/C6; in the
lower cervical segments of the spinal cord, the findings
included a local intramedullary “pin” type focus —
the marker of vascular myelopathy.

Taking into consideration the obtained data, surgery
was performed at the extent of discectomy of C5/C6,
resection of the disc hernia and prosthetic replacement
(M6 disc prosthesis).

On the next day after surgical intervention, the
aggravation of already existing neurological symptoms
was noted: decreased muscle strength in the limbs
(tetraparesis), more in the left (palm and foot);
impaired functions of the pelvic organs expressed as
insufficient control of urination. Upon the examination,
the following was noted: the tendon reflexes are
intensified, more on the right side; impaired superficial
sensitivity matching the segmental radicular type on
the left side (C5/C6); decreased muscle tone and
strength S>D (down to 2 points). The proprioceptive
sensitivity was intact. After assessing the data from
the MRI scans of the cervical spine at the sagittal and
axial planes, MRI-signs of postoperative changes were
revealed along the surgical access area. Comparing to
previous images, negative changes were reported —
enlarged area of the myelopathy focus at the level of
the lower segments with damaging the gray and white
matters, predominantly in the left half of the spinal
cord, which indicates that the patient is developing an
iatrogenic complication — focal spinal ischemia (the
anterior cord syndrome, the impairment of the afferent
branches of the left lower cervical radiculomedullary
artery), manifesting with asymmetrical tetraparesis
and with the dysfunction of pelvic organs. No local
hyperintensity was found in the slices obtained using
the diffusion weighted images (DWI), but additional data
obtained at the ventral-lateral area of the C5 vertebral
body, showing the presence of a hyperintensive ovoid
shape focus of bone tissue remodeling for modes T1,
T2-WI, T2-STIR with unclear and uneven contours —
the extramedullary sign of local ischemia, which was
not found in the previous images.

www.clinpractice.ru

Treatment
The physician has prescribed analgesics
(Ketoprofen — 100 mg twice daily), hormonal

medications (Dexamethasone — 8 mg, intravenous);
the gastroprotective drug Omeprazol (40 mg);
Pentoxifyline (100 mg + 200 ml 0.9% NaCl
solution, intravenous); antioxidants, neurometabolic
drugs (Cytoflavin — 10 ml intravenous, thioctic
acid — 600 mg, intravenous); for the prevention of
thromboembolic and infectious complications —
Fraxiparine at a dosage of 0.4 ml subcutaneously
and Ceftriaxon (1.0 g, intramuscular), respectively.
Insignificant positive changes were noted in terms of
the neurological status (level D of the ASIA scale).

The patient had received the recommendations to
continue medication treatment at the 2nd stage, with
further courses of individual differentiated medical
rehabilitation taking into consideration the potential
present, the parameters of the functional independence
status and the clinical recommendations [6, 7].

Diagnosis

On admission to the Medical Rehabilitation Unit,
the patient was examined by the physicians of the
multidisciplinary rehabilitation team, consisting of the
neurologist, the Head of Medical Rehabilitation Unit,
the rehabilitation therapist, the medical psychologist,
the physical therapist and the nurse. According
to the examination results, the patient had his
rehabilitation diagnosis set according to the categories
of the International functional classification (table 1)
and underwent an assessment of the motor and
psychosomatic status in accordance with the scales
(table 2).

Medical rehabilitation

The short-term objective of the second stage
medical rehabilitation was restoring the ability of
self-care (dressing/undressing, personal care) and the
ability to walk with additional support to Day 21. The
objective of the motor and household rehabilitation
were the following: to restore the motor function of the
left limbs, to have the capability of fully move in the bed,
to be able to sit down without assistance, to sit and to
use the technical means of rehabilitation (walking aid,
walking cane), to stand up, to go to bathroom and to
dress/undress.

Taking into consideration the age of the patient,
the severity degree of the neurological deficit, his
rehabilitation potential was assessed as medium,
with the thing to be taken into account being the
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Table 1

Rehabilitation diagnosis in the categories of the International functional classification

Diagnosis'
b28010.1
Pain in the head
and neck
b620.2
The urination
functions
b7603.3
Supporting functions
of the hand or the leg
b7352.2
Muscle tone
on one side
b 7302.3
Muscle strength on
one side of the body

S120.2

The spinal cord
and related
structures

d4500.44
Walking short
distances

d465.44
Moving using
technical aids

d4153.23
Staying at the sitting
position

d445.34
Using the palm
and hand

d540.03
Dressing

d550.02

Taking meals
e1101.0
Medicinal
substances
e310.0

Family and near
relatives

e340.0
Personnel, providing
care and aid

Note. 1

Key words?

Pain with a background
of degenerative changes
in the vertebral column

Control of urination

Leaning
on the damaged leg

Hypotension
on the left side

Hemiparesis 3 points

Focus at the level

of the lower segments
of the spinal cord

C5/C6 with damaging

the substance of the

spinal cord, according
to data from MRI
Getting up, going

to the toilet and to the wash

basin with support

Walking with the walking
aids

Sitting down and holding
the sitting positions

Using the palm
and hand

in the household
situations

Dressing and undressing
the upper and lower half
of the body, putting
on the shoes

Eating and drinking
Symptomatic,
pathogenetic therapy

Discussions
with the relatives
and the patient

Assisting with the care
for the patient

Specialist®

Neurologist

Neurologist
Physical

therapist

Physical
therapist,
neurologist

Physical
therapist,
neurologist

Neurologist

Physical
therapist

Physical
therapist

Physical
therapist

Physical
therapist

Nurse

Nurse

neurologist

Nurse,
psychologist

Nurse

Intervention*

Medication therapy,
physiotherapy

Medication therapy,
physiotherapy

Training of leaning
on the leg

Active and passive
gymnastics, robot-assisted
mechanotherapy

Active and passive
gymnastics, robot-assisted
mechanotherapy

Learning the correct
algorithm of supported
walking

Training on the correct
walking with the walking
aids to a distance
of not less than 50 m

Training of long-term
staying at the sitting
position
Training of leaning on the
hand, of using the hands
in everyday situations,
such as taking meals,
washing, dressing,
other hygienic activities,
the use of walking aids

Training the patient
on the methods of dressing
and putting on the shoes

Training on eating
and drinking

Symptomatic,
pathogenetic therapy

Discussions
with the relatives
and the patient

Assisting with the care
for the patient

Qualifier®

b28010.0

b620.2

b7603.2

b7352.1

b 7302.2

$120.2

d4500.23

d465.02

d4153.00

d445.12

d540.01

d550.00

e1101.+4

e 310.+4

e340.+4

The rehabilitation diagnosis according to the categories of the International functional -classification;

2 Key words for understanding what exactly the multidisciplinary rehabilitation team is discussing; ® Specialist of the
multidisciplinary rehabilitation team, responsible for the issue; + Rehabilitation intervention, allowing for solving the problem
in the patient; > Repeated assessment.

118

https://doi.org/10.17816/clinpract636207



CASE REPORT
2024

Vol 15 4

Table 2
Assessment using the scales
Assessment
Scale On On
admission discharge

Rehabilitation routing scale (RRS) 5 4
Modified Rankin Scale (mRS) 5 4
Hauser Ambulation Index (HAI) 8 5
Rivermead Mobility Index (RMI) 3 7
Visual Analogue Scale (VAS) for pain in the cervical segment of the vertebral column 3 1
Functional Independence Measure (FIM) 63 88
American Spinal Injury Association (Asia) D
Hospital Anxiety and Depression Scale (HADS): anxiety
Hospital Anxiety and Depression Scale (HADS): depression 6

high motivation of the patient in terms of undergoing

rehabilitation and achieving the positive treatment

result. Taking this into consideration, an individual

rehabilitation program of activities was compiled:

® individual sessions of physiotherapy exercises with
the physical therapist at the initial lying position with
further verticalization of the patient (twice daily);

e verticalization using the “Imitron” active-passive
mechanotherapy device;

®* mechanotherapy (Thera-vital active-passive
rehabilitation device, treadmill with the Rea-terra
suspension system);

® physiotherapy (laser therapy — cervical spine,
electrostimulation of the urinary bladder muscles);

* manual massage of limbs, electrostatic massage of
the left limbs using the Ha “Hivamat” apparatus;

® medical psychologist sessions;

[&]

® medication treatment: neuroprotection (Cerebrolysin
at a dosage of 10 ml, intravenous; Neuromidin,
15 mg/1.0 ml, intravenous); hormonal therapy
(Dexamethasone at a dosage of 8 mg, intravenous),
vascular medicines (2.4% Euphylline + 200 ml 0.9%
NaCl, intravenous) and metabolic drugs (Thioctic
acid — 600 mg, intravenous); multivitamin therapy.

Follow-up and outcomes

After the conducted treatment course, positive
dynamic changes were noted — the gradual increase
of the strength in the left upper limb up to 3 points, in
the left lower limb — up to 4.0 points. The patient was
verticalized using the walking aids, besides, he started
moving with support within the hospital ward.

The everyday activities of the patient were restored
to the level of self-care with minimal assistance (Fig. 1):

b

Fig. 1. The degree of compensation of the impaired functions before (a) and after (b) the first stage of the rehabilitation

therapy.
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the patient is capable of using the toilet by himself, to
perform the daily hygiene and to walk not less than
100 m using the walking aids, also having full control of
his urination.

Thus, the intermediate objectives of rehabilitation
were achieved, a good level was reported for restoring
the motor and pelvic functions.

Prognosis
The prognosis for life and functioning in this patient
with a background of conducted therapy is favorable.

DISCUSSION

The surgical treatment of vertebral column
diseases is always associated with a risk of developing
iatrogenic (early and delayed) intra- and postoperative
complications, such as spinal ischemia, vascular
myelopathies, spinal ischemic or hemorrhagic stroke
and venous congestive (hypertensive) myelopathies
[8-13]. The local anterior and posterior compression of
arteries and veins by the intervertebral disc herniations;
the damage or compression of the vessels in the
spinal cord during injuries; the congenital and acquired
deformations of the vertebral column; the stenosis of the
spinal canal; the presence of vascular malformations,
tumors, episodes of arterial hypotension, blood loss,
thrombosis, fibrotic-cartilage embolism during surgery
and after it — all of these are significant causes
of impaired spinal circulation [14-17]. The clinical
manifestations and the mechanisms of developing the
hypo-perfusion, the vasogenic myelopathy and the
spinal stroke cord, to a significant extent, depend on
the anatomic features of spinal circulation supply —
the level of vessel origination, the diameter, the number
of anterior and posterior afferent arteries [1, 18, 19].
The main ones, located along the spinal cord, are the
azygos anterior cerebral artery, formed as a result
of the confluence between the ascending and the
descending branches of the radiculomedullary arteries
and supplying the anterior 2/3 of the spinal cord,
and the paired posterior spinal artery, supplying its
posterior third. The level and the type of blood supply,
the individual variants of origination and dimensions
of the vessels lumen, the involvement of borderline
zones (watershed/border zone infarct), the duration
of occlusion, the dimensions of the infarction focus,
the length of the transverse-longitudinal injury of the
structures, the absence of anastomoses, the venous
stasis and the variations of blood pressure are the
factors defining the degree of severity, the duration, the
reversibility of neurological deficit and the restoration
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of impaired functions [20-22]. Spontaneous and
iatrogenic damage of spinal circulation most frequently
develops during the aortic stenosis, coarctation,
aneurism, arteriitis, parietal thrombosis, dissection of
aorta, embolism in the bifurcation area, massive blood
loss, clamping of aorta, as well as upon reconstructive
or emergency surgical interventions related to it
[23-27], much less frequently — during the dissection,
stenosis and thrombosis of the vertebral artery, in
cases of discal-osteo-arterial conflict or scheduled
surgeries in the cervical and thoracic segment of the
vertebral column [28-31].

The diagnosis of the forms of spinal arterial or
venous ischemia is usually set clinically, but the
neurovisualization of the spinal cord structure for its
verification is the obligatory option. The magnetic
resonance imaging (MRI) using T1- and T2-weighted
images (T1-WI, T2-WI) with using the fat suppression
program (Short Tau Inversion Recovery, STIR), with
the administration of the paramagnetic contrasting
agent and with the evaluation of the DWI signal is
also, besides CT and MRI-angiography, the gold
standard of examining the patients at the acute phase
of developing complication. Additional information,
allowing to define the cause and the rehabilitation
potential of the segmental injury, can be obtained
upon digital subtraction angiography and functional
MRI [1, 32-36].

The acute focus of ischemia, the spinal stroke in
the sagittal T2-WI and T2-STIR is most commonly
represented by the rod-shaped (looking like a “pencil”,
“white cord”, or the “pin”) hyperintensive signal within
several damaged spinal segments (white cord syndrome)
[37-39]. Due to the high susceptibility of the gray
matter to ischemia, using the T2-WI at the axial plane,
during the first 24 hours, one can also detect the other
characteristic pattern — the bilateral hyperintensive
signal in the area of the anterior horns (snake-eye
appearance or owl’s eyes), in case of venous congestive
myeloischemia (venous hypertensive myelopathy,
Foix-Alajouanine syndrome) — hyperintensive signal
along the posterior surface of the brain, the “flow voids
sign” in the sagittal slice, the axial one is showing
the “black round dots” (perimedullary dilated veins)
[12, 13, 40-45]. The assessment of these markers at
all stages of treatment and rehabilitation is important,
for it additionally characterizes the local sanogenesis
and the reparation mechanisms in the damaged zones.
The ischemia focus not related to the injury is rarely
visualized within the first hours after developing the
neurological symptoms [1, 45].
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The analysis of clinical manifestations and of the
obtained images allows for detecting not only the
type, but also the circulation segment involved in the
development of ischemia. The reasons for circulation
“switch-off” in the blood supply zones of the anterior
and posterior spinal artery along with its branches and
anastomoses (hypo-perfusion) include the significant
decrease of blood pressure, the local stenosis, the
occlusion of the lumen by the thrombus, the embolism,
the vasogenic swelling of the spinal cord, the impaired
collateral circulation, the venous outflow during the mass
effect, the narrowness of the spinal canal, the prolapse
of the intervertebral disc, as well as the compression
by hematoma, by bone tissue (during the fracture), by
hypertrophic/ossified posterior longitudinal ligament
(in case of type | and Il ischemia), developing after
the restoration of the lumens of the magistral arteries
and after the surgical decompression; re-perfusion of
ischemic zones [46-49]. The clinical manifestations, the
dimensions and the degree of transverse-longitudinal
injury for all the types are defined by the anatomical
features of the blood supply at this level. The blood
supply of the lower-cervical segments of the spinal
cord is provided by the azygos anterior cerebral artery,
by the paired radiculomedullary and sulcal arteries, as
well as by the spinal vasocorona [50, 51].

Depending on the reason, the ischemia zone can
be limited to the anterior horns of the spinal cord
(the poliomyeloischemia syndrome), to the half of the
cross-section (incomplete ischemic Brown-Séquard
syndrome); it may involve the anterior segments
(ischemia syndrome of the ventral and central
zones), the lateral or the posterior funiculi (“lateral” or
“posterior” damage syndromes, Posterior Funiculus
syndrome (Williamson’s)), the whole cross-section (the
syndrome of complete transverse damage in cases of
totally impaired circulation) [1, 35, 45, 52-56]. Besides,
there are also descriptions of other verified phenotypes,
reflecting the damage of the spinal structures in the
cross-section involving the same segments: isolated
post-surgical upper monoparesis, paraparesis [57-60];
the man-in-the-barrel syndrome [61, 62]; the sulcal
artery syndrome [63-65]; the symmetrical lower
paraparesis [66]; the ipsilateral hemiparesis [67, 68];
the symmetrical and asymmetrical tetraparesis [69, 70],
as well as the extremely rare combined variants, and,
like in our case, with the ischemia/infarction of the
vertebral body [45, 71, 72].

Currently, there are no commonly acknowledged
recommendations on the treatment of vascular
myeloischemia. The absence of clear recommendations
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on managing the patients at the acute and subacute
periods of the arterial infarction or venous thrombosis
significantly complicates and oftentimes negatively
affects the process of treatment and restoring the
impaired functions in cases of iatrogenic complications.
The rehabilitation potential in cases of spinal stroke
depends on the correct assessment of the initial
neurological deficit: more significant neurological deficit
determines the less favorable outcome [6, 25, 26].
Using the individual approach when prescribing the
medicinal products, when selecting the methods and
the means of medical-social rehabilitation, allows for
sufficiently restoring the damage of the spinal cord
within a short period of time and adapting the patient
to various aspects of life-sustaining activity [73-80].

CONCLUSION

Spinal ischemia, myelopathy and spinal stroke
are serious complications, caused by vascular,
compression-related or other reasons, less
frequently — by surgical interventions. The damage
pattern depends not only on the hemodynamical
characteristics and the capabilities of the collateral
circulation in the spinal cord, but also on the location,
on the extent and the length of the ischemic focus. The
commonly used protocols and clear recommendations
on the treatment of vascular myelopathies are lacking;
the degree of evidence of the applied programs of
rehabilitation therapy corresponds to classes II-IV.
The important direction in the rehabilitation of patients
with acutely developing neurological deficit is the
obligatory participation of the dedicated specialists
within the cross-disciplinary teams at all the stages of
rehabilitation.
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