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MornowatoLas >XMaKoOCTb - TepMOKaBMTa L'.Mﬂ

BOAA WM 3TAHON C OPraHMYECKUM KPacUTENEM,
a=100 cm1?

1. B na3sepHOM KaBUTATOPE HArpeBaTeNeM CIy>XUT
4acTb 06bEMA XUAKOCTU, B KOTOPOM
TEpMasiM3yeTcsl ONTUYECKOE U3NYYEHNE, a
XONOAUNBHUKOM - OCTallbHast XWUAKOCTb

2. Jla3epHbln KaBUTATOP NPEACTABISET CO6ON
TENMOBYIO MalliMHY, KOTopas "cama cobon"
npeobpa3yeT TeNn0, 3anaceHHOE B NeperpeTomn
XXNAKOCTW, B KMHETUYECKYIO SHEPIUIO ABVKEHUS
XXNAKOCTH

AproHoBbIN nlasep — CUHUA 488 HM.,
HEMpPEpPbIBHOE U3/TyYeHNE

MpW NNOTHOCTAX MOLWHOCTU M3aydeHusa >10° BT/cm? , XMAKOCTb BCKMMasa, YTO COMPOBOXKAaN0Ch 06pa3oBaHNEM
MHOKeCTBa Me/IKMX BCM/IbIBAIOLLMX NY3bIPbKOB U XapaKTEPHbIM XaOTUYECKMM TPECKOM.

Mpw nnotHocTM mowHocTh (0,4—1)-10% Bt/cm? ¢ vactoTtoi 20-1000 My, 06pa3oBbiBasicA M CX/10MbIBAICA OAUHOUYHbIN
ny3bipeK MaKkCMMaabHbIM pasmepom 1 mm n BpemeHem xunsHu 0,1-0,7 mc, NpoLEecc ero cxaomnbiBaHUA
COMPOBOXKAANCA CUMAbHBIM TMAPABANYECKUM YAAPOM.

C. ®. Pactonos, A. T. Cyxogonbckmui CaMoopraHu3aumsa TENIOBOro Lukia
Npu TepMOKaBMUTaLUMM B NpOLECCe HeMnpepbIBHOMO /la3epHOro Harpeea
XXNOKOCTH,

Aokn. AH CCCP, 1987, Tom 295, Homep 5, 1108-1112



Medical short-wave infrared (SWIR) lasers
MeanuyHCcKune na3epbl KOPOTKOBOJIHOBOIO MH(PaKpacHOro AnanasoHa
(SWIR* — 1.4-3 um)

NAZEPHbBbIA MEOVLMHCKWMIA AMNMAPAT FNCHA -"UP3-MNONoc"

1,55 + 1,94 pm



Absorption coefficients of oxyhemoglobin, melanin and water depending on the
wavelength of laser radiation (um)
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Optical fiber of the quartz-quartz type with direct radiation output (flat end)
Diameter 400 or 600 um, End area 0.13-0.28 mm?Z2
At a power of 4 W, the power density at the end is 30.8-14.3 MW/m?2!!!




Laser or thermal cavitation

On the end surface of the fiber: absorption of laser radiation, boiling, formation and collapse of a bubble with
the formation of jets (1-9).

Ha TopLe BoNoKHa — NOroWEHNE M3ny4YeHns, 0bpa3oBaHME U CXI0MNbIBAHME My3bIps C DOPMUPOBAHNEM CTPYW.
Radiation (n3ny4deHne) 1.94 um. Power (MowHocCTb) 1.3 W. Fiber (BonokHo) 0.4 mm (0.13 mm=2). Power
density at the end 10 MW/m?2.

Shooting speed (ckopocTb cbeMkun) 10,000 f/s. Frame duration (annTenbHOCTb kKagpa) 10 ps.



Treatment of lymphangioma of the upper limb and chest wall: 1.9 um laser
ablation and thermotherapy of lymphangioma - thermocavitation (supercooled
boiling) — 05.2011

2013 - TV Russia 1; 2013 - WOFAPS (Berlin, Germany)
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Surgery with Competence & Heart
October 13" - 167, 2013 - Berlin - Germany

www.wofaps 2013.com



Institute of Applied Mathematics Vladivostok (digital analysis and
modeling)
(undpoBOM aHanNn3 n MoAENNPOBAHNE)
Pacific Oceanological Institute (acoustics, high-speed photography,
etc.) (aKyCcTuKka, BbICOKOCKOPOCTHasi CbeMKa)
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Academician, Doctor of Physical and Mathematical Sciences V.M. GuzeV (in the center), Doctor of
Biological Sciences, Candidate of Physical and Mathematical Sciences V.M. Chudnovsky (on the right)



Study design
[n3anH nccneaoBaHus

Experiment:
Clinic - ? —_ phyglcal . Mathematical model_> Clinical
In vitro technology

In vivo
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Spread of a hot liquid jet from a FeO-coated light guide. Heat transfer path:;
PacnpocTpaHeHne CTpymn ropsiyen XXuaKkocTn oT CBETOBOAA NMOKPbITOro FeO.

a, ¢ — mathematical model b, d — experiment

0.5 W free convection

3 W - forced convection




TepmokaBuTaums B cpeae 0.9% NaCl c obpasoBaHMEM ropsumnx
3aTOM/IEHHbIX CTPYM
N3nyyeHue 1.9 MKM, HenpepbiBHOE, 4 BT, onTnyeckoe BoO/IOKHO 0.4 MM,
naowaab Topua 0.13 mm?, nNoTHOCTb MoLHOCTK 13.8 MBT/Mm?

OnTnyeckoe BO/IOKHO Tepmonapa







Model - pig (in vitro) and rabbit (in vivo) liver.
Laser interstitial thermotherapy under ultrasound control in real time




Photonicx West 2019, San Francisco

Laser induced subcooled boiling and heat propagation through
vessels by forced convectionin pig liver in vitro, rabbit liver in
vivo, tubular and cystic structures of vascular anomalies in the
clinic

J1azep nHAyUMpPOBAHHOE HEQOrpeToe KUMNeHNe u
panpoCTpaHeHNe Tenna rno cocyaaM MnyTeM BblHY>XAEHHOW
KOHBEKLNN

B MEeYEeHN CBMHbM in Vitro, MeYyeHn Kposnka in vivo, TybynspHbIX
N KMCTO3HbIX CTPYKTYpax COCYANCTbIX aHOMaIMN B KJIMHUKE
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Echogram of blood boiling in the vicinity of the end of an optical fiber in the liver vessels of a rabbit at
different moments of time at 1, 3, 6 and 9 seconds from the onset of laser radiation with a wavelength of 1.9
Mm.

SX0orpaMMa KurneHus Kposu B6M3M KOHLA ONTUYECKOro BOIOKHA B COCYAaX MeYeHn KpPonvKa B pasfinyHble
MOMEHTbI BpeMeHu: Yepe3 1, 3, 6 1 9 cekyHA Nocne Hayana Na3epHoro U3nyyeHus ¢ AIMHON BOMHbI 1,9 MKM.,
1. optical fiber (400 pm), 2. the boiling region (obnactb kunexus), 6s - fan-shaped distribution of hot jets
(BeepHOe pacnpoCTpaHEHNE FropsAYnX CTPyn)
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Endothelial lesion of a vessel with a diameter of 0.1 mm outside the coagulation focus of the rabbit
liver in vivo by double (1.5 + 1.9 pm) radiation (indicated by arrows)
Hematoxylin-eosin staining. Magnification 10x0.25 and 40x0.65
IHopa:xkenue 3n0Te M cocyna nuamMerpom 0.1 MM KHapyKH OT 04ara KoaryJsiiuu ne4eHu
KpoJMKa IN ViVo aBoiHBIM (1,5+1,9 MxM) n3nydyeHrneM (YKa3aHO CTpPeJIKaMu)

Oxpacka remaToKCUIMH-3031H. YBeaunuenue 10x0.25 u 40x0.65




Venous malformation of the right foot Echogram during and after 1.55+1.94 ym-LITT
light guide and vapor-gas bubbles (submerged hot jets)
BeHo3Hasi ManbghopMaLms NpaBov CTOMbI
JxorpamMmma Bo BpeMsd 1 nocne 1,55+1,94 mkM-JINTT
CBETOBO/ M NMaporasoBble Ny3blpbKK (3aTOM/IEHHBIE FOPSiUME CTPYMN)
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Venous malformation of the right foot.
Appearance before and after 1.55+1.94 um — LITT (1 session)
BeHo3Has ManbdopmMaLlms npaBov CTorbl
BHeLH1N BMA A0 M nMoc/e oaHoro ceaHca 1,55+1,94 MM - JINTT




Venous malformation of the first finger of the right hand Before and
after interstitial 1.56 um laser thermotherapy (1 session)




Arteriovenous malformation in the left knee joint area Before and after
1.56 um laser thermotherapy (3 sessions)




Venous malformation of the orbit of the left eye.
1.3 yr. — OPT, subtotal excision., 2yr. — Propranolol for 3 m., 2 yr. 4 m. — 1.56 um LITT (1-4
after 4-5 m., 5-8 — after 6-12 m., 9 — after 1.5 yr. (9 sessions)
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=5 | Arteriovenous malformation of the face on the left
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= before and after interstitial and non-contact 1.56

e um laser thermotherapy (4 sessions)




Patient M., arteriovenous malformation of the upper jaw and face on the left.

Facial asymmetry since 03.2016 (12 years old). 05.2016 biopsy - bleeding - ligation of the left external carotid artery. 10.2016 -
embolization of collateral branches of the internal carotid artery. 10.2016 - resection of the upper jaw with preservation of the
alveolar process. 11.2016 - opening of an abscess of the face on the left. 2017-2018 - bleeding gums, facial asymmetry.
1.5 pm — LITT: 05 and 10.2018; 05.2019; 07.2020; 06.2021. (5 sessions)

04.2025 — asymmetry has decreased, teeth and gums are healthy

04.2025 — 21 yr.

4?“}
1t
| f'ﬂ!'&f*-. |
| R |
GO o
&/ 4]
=

T ) SNNCHNN



Frequency (%) of repeated LITT of vascular malformations — VM (76 p.)
and AVM (69 p.) until a good clinical result is achieved — disappearance of
pain, significant improvement in appearance

YactoTa (%) noBTopHbIX JINTT cocyancTbix Manbdopmaunn - BM (76 6-x)
n ABM (69 6-x) A0 nosly4yeHns XOpoLLero KNMHNYECKOro pesysbtaTta —
ncyesHoBeHne 60K, CyLLeCTBEHHOE YyylleHe BHELIHero Bnaa

NIR SWIR SWIR
0.97 or 1.064 um 1.5 pm 1.5+1.9 um
VM-AVM VM-AVM




Aneurysmal cyst of the left fibula in a 10-year-old girl
(0.97 um laser thermotherapy - no effect)

NatepaneHblit
KOXHBIA HEPB FCNeHn

ManobepLoBeIi Heps : ' 30Hbl KOXHOR MHHEepBELMK

CnyGokui
manobepuoebiit HEpB

HnnuHHas
ManobepLosan Mol
KopoTkas
ManobepuoBas MeILLE

MepuanbHLIA
KOXHBIW HEpB
NepegHra

NatepansHbi
KOXHEIW HEpB




Aneurysmal cyst of the left fibula in a 10-year-old girl

Before and after 1.56 pum intracystic laser thermotherapy (1 session):

a-before  b-in7 months. ¢c—in 2 years



Condition 2 years after a single 1.56 um laser intracystic thermotherapy of an
aneurysmal cyst in the third of the left fibula in a 12-year-old girl.
There are no disorders of the left lower limb function.

a — appearance; b —atrophic scar after skin burn during LTT; ¢ —X-ray of the
bones of the left leg



Laser cavitation in a tube — the suction effect after the bubble collapses
J1asepHas kaBuTauus B Tpybke —

a(peKT BCacbiBaHMS NMOC/E CXI0MbIBAHUS My3blpbKa
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Experiment with coffee



Experiment with coffee







Laser cavitation of acute and chronic infected wounds
(RU patent No. 2842721 dated 01.07.2025)

Ne 2842721

Cnocob J1a3ep-aKTHBHPOBAHHOI HPPHTanHH
HH(HIHPOBAHHBIX OCTPHIX H/H/IH XPOHHYECKHX PaH H
YCTPOICTRO 1151 OCYUIECTBJICHHH ITOrO cnocoba
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Muxaitnosuy (RU), I'vzee Muxaun Anexcanopoeuy (RU)
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Meire M., De Moor R.J.G. Principle and
antimicrobial efficacy of laser-activated irrigation: A
narrative review // International Endodontic
Journal. - 2024. - N 7 (57). - P. 841-860. DOI:
10.1111/iej.14042.




Stand for laser-activated irrigation
(cavitation) of a wound

1. Irrigator
2. solution infusion system

3. Optical fiber quartz-quartz secondary
coating polyamide, diameter 600 microns

4. Laser device — radiation 1.91 microns,
power 40 W

5. Sterile silicone tubes



Scheme and appearance of the working part of the laser cavitator

1. — Optical fiber (quartz-quartz),
600 um

2. Plastic tube (cut off cap from
intravenous needle)

3, —Silicone tube, length 55 mm,
inner diameter 5 mm

4, — Needle for intravenous

injections, length 40 mm,
diameter 0.8 mm




Indications for LCW:

Use in complex treatment of infected acute and chronic wounds in
conditions:

- of resistance of microorganisms to antibiotics

- tissue hypoxia

- Impaired immune status of the patient

- gunshot wounds, including shrapnel wounds




Patient M, 12 years old

St.epidermidis,
103 27.01.25

16.01.25 22.01.25 24.01.25

28.01.25 30.01.25

30.01.25

21.11.24 — excision of an extensive nevus on
the right shin, complicated by necrosis of the
displaced counter skin flaps
16.01.25 — necrectomy
17.01-29.01 - 9 sessions of laser wound
cavitation 24.01.25
30.01.25 — free skin grafting with a
dermatome perforated flap

05.02.25



Patient K., 77 years old, post-thrombophlebitic syndrome, ulcer of the left leg

07.-17.06.2024
St. aureus 107
Enterobacter
aerogenes 107
Pseudomonas
stutzeri 107

13.02.25



1.9 MKM - nasepHast KaBUTaLMOHHAs LWIMGOBKA KOXMU
(3aKunaHue BoAbl B COCOYKOBOM C/1I0€ C OTC/IONKOW 3nNnaepmMmnca)

CosmBlpegia Crpoetme koxu

Porogoi cnoi anuaepmuca




Conclusions

1. Thermotherapy of liquid pathological tubular and cystic
structures with SWIR radiation, well absorbed by water, IS
accompanied by the effect of laser cavitation with the
formation of hot flooded jets and effective heat transfer by
forced convection

2. Thermotherapy of venous and arteriovenous
malformations with dual 1.55 + 1.94 um radiation Is
significantly more effective than that with 1.5 um
radiation, and especially with - 0.97 um radiation.




3. It Is expected that laser cavitation of infected acute
and chronic wounds, as well as laser-assisted irrigation
of root canals, will be more effective than low-frequency
ultrasonic cavitation of wounds

4. Laser cavitation technologies in surgery are
minimally invasive, often outpatient and can be
recommended for widespread use Iin clinical practice




5. Creation of laser technologies for surgery is a joint
work of

Clinicians - Physicists — Mathematicians
with close interrelation of
Experiment - Theory - Practice

GENTLEMEN
FELFER,

Love is a good

thing, but a

gold bracelet

stays forever Theory is a good thing, but a correct
(Lorelei Lee, experiment remains forever

1925) (L.P. Kapitsa, 06.02.1962)



6. Working with in vitro models is an effective way to train doctors in laser
technologies
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PCPHBHOIO JIA3CPHOIO
Y™y BOTHHKAIOMMY TIPH CXI0TBIBAH
3aHO, 4TO B CBOBONHOM NPOCTPAHCTEE CTPYH NCPCHOCHT TCILIO Yepes
HCHHOM XIIKOCTHIO TPYGKH BOAT K HHECPCHOHHOMY ABIKCHIIO XiakocTi. Mpakr
NOALIOBAHKE YCTAHORICHHHX 3heToB B MEANMLIMHE NOIBONAET Gonee YeneuHo NPpoBOAMTE XHPYPII
ICYCHIE COCYAMCTRIX 3aB0NcBaHiil, KHCT, OCTPHIX H XPOHHYCC hHIMPOBAHHBIX PaH

Knowessie crosa: nasep, KABMTALMA, MHCICHHOC MO/C!
paHbl, KOAry/siLHs KMCT M COCYA0B.

DOI: 10.31857/50869587325080016, EDN: DSVYFC

Paspaborka GHOMEIHIMHCKHX TEXHOMOTHIT — He-
obXOMMOE YCIIOBHE Pa3BHTHA BBICOKOTEXHOMOTHY-
HOM MeTHIMHCKOH oMoy, ManoHHBa3HBHLIE Me-
JAHUMHCKHE TEXHONOTHH € HCIIOALI0BAHHEM JIA3EPHOTO
HATYMCHHS NMO3BONAI0T COBEPUICHCTBOBATE TEPATTHIO
B CIVHAE VCTOIMHBOCTH MHKPOOPTaHHIMOB K aHTHOHO-
THKAM, FHITOKCHI TKAHEH M HAPYIEHHA HMMYHHOTO
CTaTyca nalMeHTa. B 4acTHOCTH, NP Ae4eHHH OCTPRIX
H XPOHHYECKHX HH(HUHPOBAHHLIX PAH H COCYIHCTHIX
3abos1e BaHHI JTa3¢ PHEIE MATOWHBAIHBHEIE TEXHOOTHH,

IPOBAHNE, OCTPBIC H XPOHHYC HHBHLIHPOBAHHBIC

NMOMHMO PAIHKATLHOTO COKPAIEHHA CPOKOB BIZIO0-
POR/IEHHA, CYIECTBEHHO CHIDKAIOT PHCK OCTIOXKHEHHIT,
B TOM 4HC/IE HH(EKIHOHHEIX.

CroiicTea nazepuoii KasuTammm. Yuéusie n3 Muci-
TyTa npuknanHoi matemarikn J1BO PAH (MTTM J1IBO
PAH), THX00OKeAHCKOTO OKEAHONOTHHECKOTO HHCTH-
TyTa M. B.U. Maenuéea [IBO PAH (TOH J1IBO PAH)
u OxHO-YpanbcKoro rocyIapcTBeHHOIO MeIHIHH-
ckoro yHueepcuTera (KOYTMY) npexnoxunm HoBH
€rocod NevcHUA PaH M YCTPAHEHHA NMATONOTHYECKHX

I'V3EB Muxain AneKcaHIpOBHY — aKa-
nemuk PAH, mipexrop UIIM JIBO PAH.
YYAHOBCKHUH Bramusup Muxaiino-
BH' — JOKTOP GHOMOTHYECKHX HAyK, BEAY-
il HaysHsl cotpyaEnk TOMW JIBO PAH.
ABYIIKHH Hpan Anckceesini — IOKTOp
MEAHLMHCKHX HayK, npodeccop Kadeaps
obmeit n neTckoil xupypris KOYITMY,
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