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BO3: ocHOBHaA npuyuHa
CMepTH

BcemupHaAa opraHnsauna 3gpaBooxXpaHeHunA
coobLlaeT, 4TO NaTosSIornA CocynoB (Mwemmnyeckan
60/1e3Hb, MHCYNbLT U OpP.) ABNAETCA OCHOBHOM
NPUYNHOUN CMEPTW.

®
CocygucTana naTonorna pacTeT ¢ KaXXabIM roaom
No Tpem MpPUYNHaMm:

- CTapeHue
* [locTKOBMAOHbIE NBMEHEHUA;

 [logpnarHocTuka.

JHAOBaCKYyNApHaA Xxupyprua 6opeTtcAa ¢ AaHHON
naTosIornen.

JHOO0BACKYJIAPHAA HEUPOXUPYPIruAa — 3TO 06NacTb
XUpyprmun, KotopaAa MMeeT Oesio C NaToJIoOrMen cocynoB
mMo3ara: amb6onuma, TpPomb03, MHCYNbT, CTEHO3, aHEBPU3MA,
NOPOK pa3BmuTMA. Xo4 onepaTtuBHOro BMellaTenbCcTBa
XUPYPrn KOHTPOSNPYIOT C NMOMOLLIIO PEHTIEHA B
onepaunoHHOMU

Source: https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death

Leading causes of death globally

2000 @ 2019

1. Ischaemic heart disease

2. Stroke

3. Chronic obstructive pulmonary disease
4. Lower respiratory infections
o0
5. Neonatal conditions
& O
\»,
6. Trachea, bronchus, lung cancers

7. Alzheimer's disease and other dementias

8. Diarrhoeal diseases

& O

9. Diabetes mellitus

10. Kidney diseases
- ‘

0 2 - 6 8

Number of deaths (in millions)
@ Noncommunicable @ Communicable ‘ Injuries

Source: WHO Global Health Estimates.
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Kakue np06ﬂeMbl npuBenun Xupypros
K Ham?

1. HexBaTka cocyanCTbIX HEUPOXUPYPIoOB.

2. BbICOKNN pPUCK XUPYPrnNYeCKnX OCNOXXHEHUN,
CBA3aHHbIN C BbICOKOMN BapmabebHOCTbIO COCYyO0B
rOJIOBHOIO MO3ra 4yesnoBeka.

3. OTcyTCcTBUME cUCTEM OBYYEHUA, NPUOBNINXKEHHBIX K
peasibHOW aKcnayaTaunn. HauymHatrouwme xmpypri
TPEHUPYIOTCA HA NaUMeHTaXx.

4. PeHTreHonorn4dyeckoe obny4yeHme cocygucTbIX
XUPYPros.

NpoeAa komnaHny BO3HUKIIA MO npockbe
9HO0BAaCKYJIAPHbLIX HEMPOXUPYProB —
Poccunckoro obuectea aHOOBACKYNAPHbIX
HEUPOXMNPYProB.

OHO0BaCKYNAPHbIE HENPOXUPYPIIA
cTankmsaroTcA ¢ npobnemamuy, KOTopbie BpeoAT
Xxupypram n naumeHtam. OHM nonpocunun Hac
pewwnTb 3TN npobnemsbl. 1 Mbl MOHANN, YTO
MO>KEM. '*

RUSSIAN ENDOVASCULAR

NEURO SOCIETY
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[Mpo6nembl Henpoxupyprum 1:

Neurosputnik LLC
MaJio cneumasimCToOB.
[ToTpebHOCTU CoCyanCcCTON HENPOXUPYPrum B 6osiee 4Yem B 3 pa3a Bbille
BO3MO>XHOCTEMWN.
HoBble XNPyprn Moryt ObITb NoJsTy4eHbl N3 OPYrmnx XmMpyprmn4eckmnx crneumanbHOCTEWN, HO HET
TpeHa>kepoB, NMNo3TOMY 06yqu|/|e — pPuVCK OonAa nauneHToB N XNpPypros (06yqu|/|e noet noa
PEHTrEHOBCKOW YCTAHOBKOW).
[ToTPpebHOCTN B HEMPOXNPYPIrmn BhiLLiE o y
! [[000BOU POCT
HeM BO3MOXHOCTA 4 +1 3!8 /o Ton pocrt .
35 33
25
= 20 18 O
10 9 12
B B
Gene;al Gynaecolc;gy Urology Orthopa(;dics Neﬂuro ot;mer 2020 2021 2022 2023 2024 2025 2026 2027 2028
. [MoTpebHOCTHU OcyLecTBeHHbIe onepaumn Billions of dollars.

Source : https://statzon.com/insights/ . PEI.UeH me: M HTenneKTyan bHble Oﬁyqal-ou_lue CH Myn ﬂTopbl 4
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[ / 2.
poGieMbl HEUPOXUPYPTUN >

BbICOKMN PUCK OCJTIOXKHEHUWN, CBA3aHHbIN C
BbICOKOW BapmnabesibHOCTbIO aHaTOMMM COCYy00B MO3ra.

HopmanbHO pa3BuTbi BUNJIN3NEB f(pyr BCTpe4yaeTcn
TOJNIbKO B 25-50% cny4yaes.

B opyrux cny4vaAx cocynbl royTOBHOrO Mo3ra CUJSIbHO pasfinyatoTcA B
nonynAaunm no obuwen annHe, oobLemy, U3BUTOCTU U (ppaKTaIbHOCTMW.

AHrnorpadgpua (KTA) n marHMTHO-pe3oHaHcHaA anrmorpadgpua (MPA)
He OaloT NOJIHOrO NOHMMaHUA BCEX MHOMBKUAOYaNbHbIX OCOOEHHOCTEN
naumeHTa. Xupypram asia TO4HOro njaaHnpoBaHuA onepaunmn
TpebyeTcA 6onble, 4Yem nHpopmauma o KT/MPT/MPA/KTA.

Takum 06pasomM, XMPYpru MEHAIOT TaKTUKY MPU 3HA0BACKYIAPHbIX

onepaumAx 6osee 4Yem B 30% cnydaes. IameHeHne TaKTUKN
MOXEeT NPUBECTU K nepdopaumm cocyga n netasibHOMy ncxoay.

M PelwieHune: nepcoHaNM3npoBaHHaA XUPYPrua MoXxeT
CHU3UTb 3TOT PUCK A0 HYNA.
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[Tfpo6nemMbl HeMpoxupyprum 3: . )

OTcyTcTBME OOYy4YaloWKNX CUCTEM. HaunHaowme
XUPYPru TPEeHNpYKTCA Ha NaumMeHTax, a He Ha CUMYIATopax.

1) HaunHatowme Bpaym yyatca onepmpoBaTb NALMEHTOB, a
He B CUMYNAUMN. OTO PUCK 0719 300POBbA MaLNEeHTOB.

2) B HacToALWee BpemMA HET BO3MOXXHOCTM 0by4aTbCA

Xmpyprmmn gnuCctaHUMOHHO. BonblWMHCTBO XMPYProB MMPOBOIO

Knacca 6asmpyloTca B CToNmMuUax; Takmm o6pasom, CTyOeHTbl U
HaYMHatoLWme XMpyprm n3 HebobLLUNX FOPOaOB NULIAOTCA BO3MOXHOCTH

Nosly4nTb OOCTONHOE obpa3oBaHue.

3) B HacToALwee BpeMA B HEUPOXMNPYPrnyecKon noaroToBke

He UCNOoNb3YITCA METOObI TENEXUPYPrnn.
CnepoBaTtesnbHO, 3TO NPUBOAUT K TEXHO/IOTMYECKOMY

OTCTaBaHWUIO.
m PeweHune: MHTennektyanbHble o6y4yarome CUMYJIATOPbI
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[Tpo6nembl Hempoxupypruu 4:
PeHTreHOBCKOe 00J1y4yeHUue Xmpypros..

1) Henpoxupyprmn onepupyroT 1 TPEHUPYOTCA NMoL4
PEHTrEHOBCKMM 0O/Ty4EeHNEM

2) He ncnonbadyeTtca Tenexmpyprua, 4to npuBoauT K
TEXHOOrM4YeCcKOMY OTCTaBaHUIO.

B PeweHue: UHTenneKtyanbHble ody4yarowue
CUMYJIATOPbI U UHTENJIEKTYasIbHaA po60oTU3MpoBaHHanA

Tenexumpypruvs
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JBOJIIOLUMA XUPYyprun

AbooMuHanbHaA xmMpyprua

OTKpbITaA
XUpYyprma

Bpema peabunntauun
1-6 mon.

Heunpoxunpypruma

OTKpbITaA
XUPYPrunA

Bpema peabununtauum
6-12 mec.

Bce HanpaBneHnAa XMpyprmm npeTepnesardT MeTaMopdo3hil,
nepexonA oT TpaBMaTUYHbIX OTKPbLITbIX onepauun,
TpebyowWmnx gNnTenbHon peabunutaumn, K
MasIOMHBa3UBHOWN N NMHTENNEKTYasIbHOU XUPYPrnmn C
BO3MOXHOCTbIO peabunmtaumm 0o 0gHUX CYTOK.

Neurosputnik LLC

Henpoxupyprma otctaeTt ot abaoMmUHaNbHOU XUpYyprn

NHTennekTyanbHaA
XUPYprmnAa

(da Vinci)

JlanapockonuAa

Bpema peabununtauum
5-20 gHen.

Bpema peabununtaymm
1-10 gHen.

OTO Hall crieayrowmx war, KoTopbiv
nomMoraeT caenatb HenpocnyTHUK

OHOoBacKynApHaa __

NHTennekTyanbHaA
nepcoHann3mnpoBaH
Bpema peabununtaunm HaA
020 Aelt. Tenexvmpyprus

Bpema peabunmutaunn
1-10 oHen.
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dkocucrtema JleBLwa

1 TpeHnupyowmmn Jleewa

2 [lepcoHanmnanpoBaHHaA XMpyprmua e

3 Onepupytownin Jleswa ._\




Mbl penaem ébynyuiee. IcKkycCTBEeHHbIV MHTENNEKT B pa3paboTke MeauUMHCKNX YCTPOUCTB

PewleHue 1: TpeHaxeép JleBwa = 3D cumynaTop + cocyaucTbie
Moaenu + yCTpoucTsa BBoAa

Neurosputnik LLC

[lpeumyllecTBa BHegpeHUA

1) No3BoNIAET HAYMHaKOLWMM Xpypram ody4daTbCA
Knaccmyeckom n poboTmnsnpoBaHHOU Xmpyprum 6e3
yuwep6a aonAa nauMeHToB — B CUMYNALUN.

2) No3BonAeT nNpoBOONTb OHMANH-0Oy4YeHne n
noak/yaTbh XMPYyproB MUPOBOIro YPOBHA K
NpakTU4YeCKOMY KypcCy.

3) No3BoniIAeT HaYMHaLWUM Xnpypram oéy4yaTtbcA
COBpeMeHHbIM MeToAaM 3HO0BaCKYAPHOW
XUPYPrum  UHHOBALUMOHHbIM MeTO4aM Tenexmpyprmm
C UCnonb3oBaHMeEM aKocucTemsbl JleBwa. 3T1o
NPUBOOUT K TEXHNYECKOMY MNPOrpeccy.

4) TpeHa)xep 6e3onaceH anAa spavyen. ObyyeHmne
MOET 6e3 peHTreHOBCKOW Harpyskun. CnumynaTtop
MCNOJIb3YET PEHTIEHOBCKME N306pa keHUA,
NOEHTUYHbIE N300pa>KeHnAM B orepaLmoHHON BO
BpemMA orepaun.
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Co3paHHbIN TpeHa)kep JleBlia

Y4ebHbIN CUMYNATOP N NepcoHann3anpoBaHHaA XNpPyprma MoryT OblTb MHTErPUPOBaHbI B
CYLLECTBYIOLWME YCTpOMUCTBaA BBOAA. Hanpumep, ¢ HaWmMM yCTPOUCTBOM BBOAA C obpaTHOMU

CBA3bHO.

u
—i
-
i
" — —
o
¢ S
=:
——— +
'
- )
-

i

Iy
i

Neurosputnik LLC
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PelweHue 2:

[lepcoHanu3unpoBaHHaAa xupyprua = 3D cumynaTtop + UN-cepBep

[lepcoHannsnpoBaHHaA HEUPOXMPYpPrna — 3TO
MHTepakTuBHaA 3D-cumynAaumA, agantTunpoBaHHaA K
aHaTOMUM COCyn0B NauneHTa.

[pennonaraeT moaenMpoBaHne CocynoB KOHKPETHOro
nauueHTa, a 3aTem obydeHne Ha TPeHaxkepe nepeqn,
Ha4anoM onepauun.

Neurosputnik LLC

[lpemyLlecTBa BHeapeHUA

1) Mo>XeT CHU3UTb PUCK OCTOXKHEeHun ¢ 30% 1o
no4yTtn 0%.

[lepcoHannsnpoBaHHaA XMpyprmAa NO03BONAET
NpPoOBOOUTb HEOrPaHNYEHHOE KONMNYECTBO
obyyarouwmx onepauymm Ha MHOMBMAYyanbLHOU MOOENW
COCY[OOB roJI0OBHOroO Mo3ra naumeHTa.

2) Mo)eT CHU3NUTb AJIUTEJSIbHOCTb peadbunutauum
c 5-14 gpHewn po 1-5.

3) Mo)xeT ObITb UCNOSIb30BaHa AJ1A 0O0y4YeHuUA.

HoBble XMpyprn MoryT oby4aTtbCcA Ha CUMYNALUN
BMECTO NaLMeHTOB.

4) Mo)eT 6bITb MHTErpupoBaHa B TeNIeXupypruio
n opyrue peweHua, Takme kak OnepaumoHHbI
JleBlia 1 gp.
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PelwleHue 3:
Onepupyrowmn Jleeswa = 3D cumynatop + NN-cepsep +
YcTtpouctso BBoaa + Onepupyrouiee yCTpoucTBo

Neurosputnik LLC

Functions:

1) device authentication

2) 2D images segmentation
3) 3D simulation

4) personal risk assessment
5) recommendations on

red treatment tactics
4 A E“CW(SC{\O 6) data accumulation
COPt"Ol ’C&'&F/X‘f/a\f' 7) Ai training
. Unit #1 ) pau'ent‘s data
4 + )
MRI, X-ray and
other data
\_ )
4 N 4 N
Control Control
Unit #2 Unit #n
\ J - /
4 4 R 4 * h
MRI, X-ray and MRI, X-ray and
other data other data
\_ J N Y
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[Myonukauum

W ncnonb3dyeTcAa onAa peleHnA HECKOIbKUX 3a4ay: npenobpaboTka
MeOUNLUMHCKNX N300parkeHnn, noctpoeHne 3D-moaenen, pekomeHgaTtenbHanA
cuctema, 610K KnbepbesonacHoOCTU. Y Hac eCTb COBCTBEHHbLIN HAboP
OAHHbIX MeOULMHCKUX N300pakeHnn n opyrmx gaHHbIX.

Neurosputnik LLC

Intelligent Robotic Motion Copying System LevshAi for Neurosurgical
Endovascular Operations with Haptic Feedback and Preoperative

Personalized Simulation
Preoperative Personalized Vascular 3D Simulator of

the Intelligent Robotic Ecosystem LevshAl for

Ivan Menshikov!%, Alexandra Bernadotte'~»">+ @

Endovascular Neurosurgery

Ivan Menshikov
Neurospumix LLC;
Moscow Institute of
Physics and Technology (MIPT);
Moscow, Russia
menshivan @ phystech.edu

Vadim Berestov
Russia Endovascular Neuro Society (RENS)
Research Center of Endovascular Neurosurgery,
Federa! State Budgetary Institution
“Federal Center of Brain Research and
Neurotechnologies ” of rhe

Federal Medical Biological Agency,

Moscow, Russia

Abcstract—The paper presented a Personalized Intelligent Vas-
cular 3D Simulator as an cssential part of the Intelligent Robotic
Ecosystem LevshAl for remote endovascular neurosurgery. The
training LevshAl is equipped with intelligent haptic feedback
and Personalized 3D Simulator. The simulator creates a unique
personal vascular architecture according to the individual patient
parameters obtained from the medical images. The Personalized

3D Simulator allaws surgeons to practice on the simulator
and ochnnee the hoot tacticre hafora thoe anoratinn . norcanalized

Kirill Orlov
Russia Endovascular Neuro Society (RENS)

Research Center of Endovascular Neurosurgery,

Federal Staie Budgetary Institution
“Federal Center of Brain Research and
Neurotechrologies™ of the
Federal Medical Bialogical Agency.
Moscow, Russia

Alexandra Bernadotie *
Neurcsputnik LLC;
Faculty of Mechanics and Mathemarics,
Moscow Staie University,

The National University of
Science and Technoiogy MISIS;
Moscow, Russia
* — Major contribution
bernadotte alexandra@ intsys.msu.ru

solutions, facilitate the regulation of technology, introdu
compliance local standards and complement existing classic
medical treining with digital online training systems [1], [2

This paper presents the architecture of a comprehensi
solution in the field of endovascular neurosurgery. Ecosys
development is associated with the need for an inlegrat
approach to surgery. The presented ecosystem takes 1

Abstract— The paper presented an intelligent robotic motion
copying system LevshAi for remote neurosurgical endovascu-
lar operations. The LevshAi system follows the specialization
paradigm. The system is oriented to a particular class of
vperations, and, at the same lime, i is most convenient for
surgeons.

The system has intelligent haptic feedback identical to what
a surgeon would experience in an operating room performing
classical endovascular surgery on cerebral vessels.

The LevshAi system makes extensive use of artificial intelli-

Abstract—This paper highlights the progress toward securing
televperating devices vver Lhe past len years of aclive lech-

Thirdly, there 1s a need for artificial intelligence (Al
assistance in surgical work. Again, thanks to the architecture
of the motion copving system. it is possible to integrate intel
ligent modules into the operation process. Al modules have
a positive impact on the result of the operation in the long
term. In particular, the probability of critical consequences
of the aperation is reduced.

Fourthly, there is the problem of individual characteristics
of paticnts, which lcads to a change in tactics during surgery

Cyber Security for Surgical Remote Intelligent

Robotic Systems

Alexandra Bernadotte
LLC Neurospuinik,
Faculty of Mechanics and Mathematics,
Moscow State Universin:

The Nattonal Unitversity of Science and Technology MISIS;

Faculty of Computer Sciences,

Higher School of Economics, Moscow, Russia

bernadotte.alexandra@intsys.msu.ru

for the population in different regions of of the planet, less
hamm to surceons and patients during sureerv. less invasive

patients
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