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YOK 616.832-001.5-053.2-06:616.98 .
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HayuHbIi 0630p

3NEeKTPOCTUMYNALMUA KaK METOJ, KOppeKLuU
pecnupaTopHbIX pacCTPOMCTB Y NALUEHTOB C TPaBMOA
WweWHOro oTAena cnuHHoro Mosra (063op nuTeparypbl)

B.I. Topus, C.B. Buccapuonos, M.B. CasuHa, A.l. banngypalusunm

HaumoHanbHbIN MEAVLMHCKIIA UCCE0BaTENbCKUIA LIEHTP TpaBMatonorum u optoneamn uMenn U, TypHepa, CankT-Iletepbypr, Poccus

06ocHoeaHue. Y NaLWEHTOB C TPaBMO LLEIHOTO 0TAEeNa CIMHHOTO Mo3ra HauboMbLUMIA PUCK Pa3BUTUS AbIXaTeNbHOMN AuC-
(YHKLMM 1 CONYTCTBYIOLLMX OCNOMKHEHMIA, TaKUX KaK MHEBMOHWS, aTeNeKTas U AblxaTeNlbHash HeLOCTaTOYHOCTb. [lbixaTesbHble
paccTpoicTBa — BeAyLLas NPUYMHA PasBUTUA COMYTCTBYIOLLIEHA COMATUYECKOM, MHDEKLIMOHHOM NaToNorui U CMepTHOCTM Mo-
Cfie TPaBMaTUYECKOro NOBPEXAEHMS LLEHHOro OTAeNa CNUHHOM Mo3ra. MexaHnuyecKas BEHTUNALMSA NErKUX SBNSETCA cnacu-
TeNbHbIM CTaHAAPTOM JIEHEHWS TakMX BOMBbHBIX M accouMmMpoBaHa c atpoduen 1 auchyHKumein auadparmbl.

Llene — npoaHanuaupoBaTb UTepaTypHble AaHHbIE, CoAepKaLLme MHQOPMALMIO 0 METOLMKAX INEKTPOCTUMYASALMM CMIUH-
HOTO MO3ra, HePBOB W MbILLIL, LTS KOPPEKLIMM PECTIMPATOPHBIX PACCTPOMCTB Y NALMEHTOB C TPABMOIA LUEMHOIO OTAENa CMUHHOIO
Mo3ra.

Mamepuanel u Memodel. B cTaTbe npeactaBneHbl pe3ynbTaThl NOMCKA W aHanM3a peLeH3vpyeMblX CTaTed, B KOTOPbIX
M3y4ann BIUSIHWE Pa3fIMYHBLIX METOAMK 3NMEKTPOCTUMYNALMM Ha AbiXaTenbHylo (yHKLMIO Y MaLMEHTOB C TPaBMOM LLEHHO-
ro oTAena cruHHoro Mosra. Mouck BbiMosHeH Ha nnatdopMax ScienceDirect, Google Scholar, PubMed 3a nepuog ¢ 2000
no 2022 r.

Pe3ynemamel. B HacTosiee BpeMsi pa3paboTaHbl HOBble BapuaHTbl IEYEHUS NALMEHTOB C TeTpansierveid, co CHUXEHHOM
BEHTUNALMOHHOW (yHKLMEN nerkux. MHOXKeCTBO UCCea0BaHuiA MOKA3bIBAIOT NOMOXMUTENIbHOE BO3AEACTBUE METOAMK 3NeK-
TPOCTUMYNSALMN Ha BEHTUNALMOHHYI0 QYHKLIMIO NErOYHON TKaHM B BULE YMEHbLUEHUS CPOKOB HaXOXKAEHWS Ha UCKYCCTBEHHOM
BEHTUNALMM NIETKUX, KOIMYECTBA MHPEKLIMOHHBIX M LPYrUX OCOMHEHUIA CO CTOPOHbI JIETKMX.

3axmoqeHue. INeKTPOCTUMYNALMS CNOCOBCTBYET HEPBHO-MbILLEYHOW NAACTUHHOCTU U YNYYLIEHWIO CMIOHTAHHOW aKTUBa-
Umn gnadparMbl U AblXaTebHbIX MbILLLL. BKIOYeHWe 3NeKTPOCTUMYNALMM B KOMIJIEKCHYHD NPOrpaMMy BOCCTAHOBMTENIbHOTO
NeYeHns BoNbHbIX C TPAaBMaTUYECKUMI NMOBPEXAEHUAMM CMMHHOMO MO3ra Ha LUEHOM YpOBHe — CTpaTerus, Ucnosb3yeMas
B HacTosiLLiee BpeMSA [1S1 COLeNCTBUS OTMEHE UCKYCCTBEHHOW BEHTUNALMW NIETKUX 1 Bopb0e C CONYTCTBYIOLMMU HEraTUBHBIMM
3 deKTaMm, TaKUMU KaK [ibIXaTe/lbHas Hel0CTaTOYHOCTb, MHEBMOHUA, aTefieKTas. [ToMUMO MHBA3MBHOM 3NEKTPOCTUMYNALMM
AvadparMantHoro HepBa /MK CMIMHHOTO MO3ra, CYLLECTBYIOT MEHEE MHBA3WBHbLIE METOZbI 3NIEKTPOCTUMYNIALMM, KOTOpPbLIE He-
06X0AMMO U3y4aTb ANS NPUMEHEHMS Y NALMEHTOB C HapyLUEHUEM QYHKLMW AblxaHUM NpY TPaBMe CMIUHHOMO Mo3ra.

KntoueBble cfioBa: TpaHCKyTaHHas CTUMYNALMA CMIMHHOTO MO3ra; CTUMYMALUMS CMIMHHOMO MO3ra; 3nuUaypasbHas CTUMYNALMS
CMWHHOTO MO3ra; HeNPOMOAYNSALMS; HEPONpPOTE3MPOBaHUE; SMEKTPOCTUMYNALMS; GYHKLMOHANbHAS 3NEKTPOCTUMYNALMNS; CTU-
MYNISILMS MbILUILL; AbIXaHUE; Kalleslb; UHCMMPATOPHIiA; SKCMPATOPHBIN.
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Review

Electrostimulation as a method of correction
of respiratory disorders in patients
with cervical spinal cord injury: A review

Vachtang G. Toriya, Sergei V. Vissarionov, Margarita V. Savina, Alexey G. Baindurashvili

H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery, Saint Petersburg, Russia

BACKGROUND: Patients with cervical spinal cord injury have the highest risk of developing respiratory dysfunction and as-
sociated complications such as pneumonia, atelectasis, and respiratory failure. Respiratory dysfunction is the leading cause of
comorbid, somatic, and infectious pathology, and mortality following traumatic cervical spinal cord injuries. Mechanical venti-
lation of the lungs is the standard treatment for such patients; however, it is associated with atrophy and diaphragm dysfunction.

AIM: To analyze literature data on the use of electrical stimulation techniques of the spinal cord, nerves, and muscles for
the correction of respiratory disorders in patients with cervical spinal cord trauma.

MATERIALS AND METHODS: This study presented the results of the search and analysis of peer-reviewed articles that
examined the effects of various electrical stimulation techniques on respiratory function in patients with cervical spinal cord
injury. ScienceDirect, Google Scholar, and PubMed were searched from 2000 to 2022.

RESULTS: Currently, new treatment options are available for patients with tetraplegia, with reduced ventilatory function.
Many studies have shown the positive effect of electrostimulation techniques on ventilatory function such as reduced time
spent on mechanical ventilation and reduced incidence of infections and other lung complications.

CONCLUSIONS: Electrical stimulation promotes neuromuscular plasticity and results in improved spontaneous activation
of the diaphragm and respiratory muscles. Electrostimulation in a comprehensive rehabilitation program of patients with
traumatic spinal cord injuries at the cervical level is currently employed to promote weaning from mechanical ventilation and
prevent accompanying complications such as respiratory failure, pneumonia, and atelectasis. In addition to invasive electrical
stimulation of the diaphragmatic nerve and/or spinal cord, existing less invasive electrostimulation techniques require further
investigation in patients with spinal cord injury and respiratory dysfunction.

Keywords: transcutaneous spinal cord stimulation; spinal cord stimulation; epidural spinal cord stimulation; neuromodula-
tion; neuroprosthesis; electrical stimulation; functional electrical stimulation; muscle stimulation; respiration; cough; inspira-
tory; expiratory.
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