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Bbi6op napameTpoB BO3AEUCTBUSA TY/INEBOIO
BOJIOKOHHOro nasepa (anuHa BonHbl — 1,94 MKM)
ANA NOAC/U3UCTON KOArynsLm HUKHUX
HOCOBbIX PaKOBMUH

C.A. KapnuweHko, M.A. Pabosa, M.K0. Ynynos, 10. lOkuHa, E.I. CyxopykoBa, X.0. PaxmoHoB

MepBbiit CaHKT-TeTepbyprekuin rocyaapcTBEHHbIA MeAMLIMHCKMIA YHUBEpCUTET MMeHN akasemuka W.M. Maenosa, CankT-[etepbypr, Poccus

AHHOTALIUA

Ob6ocHoeaHue. MeIMKaMeHTO3HOE JIeYeHWe Ba30OMOTOPHOMO PUHUTA YacTo OKasblBaeTcs Mano3ddeKTMBHLIM. XUpypruyeckue
MeTozbl Ie4eHNs Ba3OMOTOPHOMO PUHMTA MOTYT BbITh CpaBHUTENBHO 3G (EKTUBHBIMU, OAHAKO OHW HEPEAKO COMPSIKEHBI C pU-
CKOM KPOBOTEYEHMSA U MOTYT NoTpeboBaTh TaMMNOHazbl NOAOCTM HOCA W NOCEAYIOLLEro CTaLMOHapHOro NeveHus. [ns Buibopa
MapaMeTpoB N1a3epHOro BO3AEHCTBUSA ASIMHOM BOMHbI 1,94 MKM Ha HOCOBbLIE PaKOBMHbI NpU JIEYEHUW Ba30MOTOPHOMO PUHMTA
UCCNeaoBaHbl KoarynsLUMOHHbIE BO3MOXHOCTM MHTEPCTULMANBHOMO BO3AEHACTBUA 3TUM J1a3epOM Ha TKaHU TeNAYbel MOYKM
C OLLeHKOW MOPQONOrnYecKUX U3MEHEHMUIA.

Llene — onpenennTb ONTUMarbHbIA PEXWUM WHTEPCTUUMANBHOTO BO3AECTBUS S1a3epoM C JJIMHOW BOMHbI 1,94 MKM Ha TKaHb
TeNAYLEN NOYKU L1 AOCTUKEHUS MAKCUMANbHOM KOarynsauum.

Mamepuanel u Memodel. 3afaya UCCNEN0BaHUS — BbIMOSHUTD UHTEPCTULMAMBHYK0 KOATYNALMIO Ha TKaHW TeNAubeil MoYKH
Ha MowwHocTax oT 1 go 5 BT ¢ uHTepeanoM 1 BT. CKopocTb ABMMKEHWS BONOKHA cOCTaBnsnia 4 MM/c. [Ins cTaTUCTMYeCKoro
aHan13a BO3[e/CTBME C KaAbIM YPOBHEM MOLLHOCTU Obifo MOBTOPEHO NATh pa3, NoAYy4YeHo No AecATb 00pa3L0B MaTepuanos
ANSA TUCTONOTUYECKOro UCCeaoBaHust U MOPQOMETPUN.

Pesynemamel. Mpu MHTEPCTULMANBEHOM BO3AEHCTBUM HaubonbLUWIA pa3Mep 06NnacT Koarynauum 0TMeYaeTcs Npy MOLLHOCTH
3 Br, 0bwmin amameTp BO3AeCTBUA COCTaBNSAET B cpeaHeM 2,57 + 0,1 Mm.

KnioyeBble cnoBa: Ba3OMOTOPHLIA PUHMT; MHTEPCTULMANBHOE Nla3epHoe BO3LEWCTBME; Nlasep C AJMHOW BOJHbI U3NydYeHHs
1,94 MKM.
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Selection of 1.94-pm thulium fiber laser parameters
for the submucosal coagulation of the inferior
turbinates
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ABSTRACT

BACKGROUND: Medical treatment often provides only short-term relief and is ineffective in many cases. Although surgical
interventions for vasomotor rhinitis are effective, they are also associated with significant bleeding, nasal tamponade, and
hospitalization.

AIM: This study aimed to determine the optimal parameters for laser treatment using a 1.94-pum wavelength on nasal turbi-
nates in vasomotor rhinitis.

MATERIALS AND METHODS: The coagulation potential of the 1.94-pm wavelength on calf kidney tissue was investigated to
guide the selection of laser parameters for nasal turbinates. Interstitial coagulation was performed on calf kidney tissue at
power levels ranging from 1 to 5 W, with an interval of 1 W. The fiber movement speed was set at 4 mm/s. Each power level
was tested five times for statistical analysis, and 10 samples were obtained for histological assessment.

RESULTS: With interstitial exposure, the largest coagulation area was observed at 3 W, and the overall diameter of the effect
was on average 2.57 + 0.1 mm.

CONCLUSIONS: The optimal balance between coagulation and ablation was achieved at a power level of 3 W during intersti-
tial exposure.

Keywords: vasomotor rhinitis; interstitial laser exposure; nasal turbinates; 1.94-pum wavelength laser.
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HAYYHBIE MCCNELOBAHNA

BACKGROUND

Vasomotor rhinitis is a chronic disease that is characterized
by nasal congestion and hypersecretion. Furthermore, its
development is influenced by both external and internal
factors. However, it is not an immunologic reaction, and it is
not associated with eosinophilia [1].

Medical treatment often has a short-term effect and may
even be ineffective [2]. There are several methods of surgical
treatment of vasomotor rhinitis, including interstitial disinte-
gration of the nasal vessels with cold instruments, superficial
coagulation of the nasal cavities with radiofrequency instru-
ments [3], and cryodestruction with liquid nitrogen [12]. How-
ever, these methods can be harsh and may be accompanied
by significant bleeding that may require nasal tamponade and
hospitalization.

The demand for laser technologies in medicine is
increasing. Laser treatments for vasomotor rhinitis have
been in development for over 30 years, with extensive studies
on the potential and limitations of the following wavelengths:
1.06 pm, 0.81 um, and 0.97 pm [4]. Currently, the interstitial
and superficial effects of laser on the nasal cavities are being
used for the surgical treatment of vasomotor rhinitis. For this
purpose, water-absorbed lasers with a wavelength of 1.94 um
have demonstrated promising results. The lasers demonstrate
a balanced between their coagulation and ablation properties,
and they provide reliable hemostasis [5-7].

The 1.94-pm thulium laser is reportedly safe and suitable
for the treatment of endobronchial lesions, dermatoses,
and benign prostatic obstruction. There are also anecdotal
reports of the treatment of nasal mucosa hyperplasia
with superficial laser therapy (average power, 3 W) [8-10].
However, there is no evidence of its long-term effects and
no clear understanding of its direct exposure and interstitial
exposure capabilities.

In an experimental study on chicken muscle tissue,
the cutting and coagulation properties of fiber lasers with
wavelengths of 1.56 pm and 1.94 pm were compared with
the cutting and coagulation properties of a 0.98-um semicon-
ductor laser. The study findings revealed some differences in
the biological effects of the tested water-absorbing lasers [11].
The corresponding morphological changes were studied to
determine the parameters of the 1.94-um laser to be applied
to the nasal shells in the treatment of vasomotor rhinitis.

In this study, we aimed to determine the optimal mode of
interstitial exposure of the calf kidney tissue with a 1.94-pm
laser to achieve maximum coagulation.

MATERIAL AND METHODS

Four calf kidneys were used as target tissue in this study.
After the animal was euthanized, the kidneys were harvested,
cooled to 4°C and used within 24 h.
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On each kidney, 30-mm incisions were made parallel to
each other using a laser. A gap of 8-10 mm was maintained
between the incisions to eliminate the influence of one
incision on another.

The emission wavelength of the thulium fiber laser
used was 1.94 ym, and the maximum power was 10 W.
A light guide with a direct output of 600 pm/3-m radiation
was used.

Interstitial tissue effects were generated at a speed of
4 mm/s and a length of 30 mm. The laser was applied for
15 s, from the entry into the tissue up to 30 mm distally
(in 7.5 s) and back. The exposure power was increased from
1 Wto 5 W at the rate of 1 W (Figure 1).

Ten specimens were obtained for each type of study.
The specimens were stained with Mayer's hematoxylin
and eosin (Biovitrum, Russia), and they were analyzed
under a light microscope (Eclipse Ni; Nikon, Japan) using
the 10x eyepiece and the 4x, 10x, and 20x objectives. Digi-
tal images were obtained using a DS-Ri2 camera (Nikon,
Japan) at 40x magnification. Morphometric analysis was
performed using Nis Elements Basic Research (version X;
Nikon, Japan). The depth of laser exposure was estimated
as a function of laser power. Dependency diagrams of
the coagulation depth on the laser exposure power were
prepared using histological measurements (Figures 2-5,
Tables 1-3).

RESULTS

At, The coagulation zone was significantly larger at
2 W (0.66 mm) and 3 W (0.77 mm) than at the other power
levels.

The coagulation zone was the least at 4 W and 5 W. This
may have occurred because the ablation zone was larger at
4 W (2.6 mm) and 5 W (2.8 mm) than at the other levels.
A larger ablation zone indicates that most of the radiation
energy went into the ablation process.

Total damage area
06LLas 30Ha NOBPEXAEHMS

Coagulation zone
30Ha Koarynauum

Ablation zone
3oHa abnauum

Fig. 1. Schematic of the damage
Puc. 1. CxeMa 30HbI NOBpeXAEHMSA
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Fig. 2. Microscopic picture of pathologic changes in the biological tissue (calf kidney) after laser interstitial exposure to 1.94-pm wavelength
laser: (@) TW, () 2W, (c) 3W, (d) 4 W, and (e) 5 W. Blue line, ablation zone; red line, ablation and coagulation zones

Puc. 2. MuKpocKonuyecKas KapTuHa bruonoryeckoii TKaHu (Tensumui NoYKM) Nocne WHTepPCTULMANBHOTO BO3AEHCTBUS 1a3epoM [JIMHOI

BOSHbI 1,94 MKM: @ — Ha MoLyHocTu 1 BT; b — Ha MowHocTn 2 BT; ¢ — Ha MowHocTi 3 BT; d — Ha MoLwHocTu 4 BT; e — Ha MoLyHocTH
5 BT. CuHAA NMHUA — 30Ha abNALMM, KpacHas JIMHUA — 30HbI abNALMM U Koarynsiumm

We found that 4 mm/s is the optimal speed for interstitial ~ speed may produce more thermal damage to the tissue than
laser treatment. Higher speeds produced shallow coagulation  a higher speed, resulting in a larger ablation zone. Thus,
depths, which may have not produced sufficient scarringand a smaller coagulation zone may be associated with an
long-term reduction of the cavernous tissue volume. A lower increased risk of intra- and post-operative bleeding.
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Fig. 3. Diameter of total tissue damage as a function of power Fig. 4. Ablation zone diameter depending on power

Puc. 3. [lnaMeTp obLiero NoBpexAeHUs TKaHW B 3aBUCMMOCTM  Puc. 4. [InameTp 30HbI abnsiumm B 3aBUCUMOCTU OT MOLLIHOCTU
OT MOLLHOCTY
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mm / MM Table 1. Total diameter of the lesion
® Tabnuua 1. 0611 ouameTp NOBPEXAEHUS
i o
10 ° Indicator 1w 2W 3w LW 5W
8
081 o M ® Mean, mm 2.29 2.37 2.57 2.95 3.33
. o
o . 8 . Standard 008 016 010 019 0.1
064 8 . 0 deviation, mm
. L ]
8 8 pe Minimum, mm 2.12 2.15 2.39 271 3.2
o o €]
041 o s ® " Maximum, mm 2.39 2.62 2. 3.39 3.95
(e} . P
(e}
0.2 4 ® Table 2. Ablation diameter of the laser
H W/Br Ta6nuua 2. [Inametp abnsumu
1| 2 3 4 5 Indicator (R") 2W 3w LW 5W
Fig. 5. Coagulation thickness as a function of power Mean, mm 1.72 1.70 1.80 2.62 2.80
Puc. 5. TonwmHa Koarynsiumv B 3aBUCMMOCTYH OT MOLLIHOCTY Standard o.Nn 0.09 0.17 0.20 0.08
deviation, mm
CONCLUS|0NS Minimum, mm 1.56 1.55 1.57 2.35 2.68

To produce interstitial coagulation of the lower nasal
shells in vasomotor rhinitis, the 1.94-pm laser should
be applied at 3 W. This is based on the finding that at
a fiber conduction velocity of 4 mm/s and reciprocating fiber
movement in the tissues, the coagulation zone produced is
larger at 3 W than at other powers, while the ablation zone
is small.
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Maximum, mm 1.86 1.82 2.10 3.07 2.97

Table 3. Coagulation thickness of the laser
Tabnuua 3. TonwmHa Koarynsumm

Indicator 1w 2w 3w LW 5W
Mean, mm 0.58 0.66 0.77 0.33 0.53
Standard 0.16 0.22 0.18 0.16 0.16
deviation, mm
Minimum, mm 0.35 0.42 0.47 0.09 0.27

Maximum, mm 0.79 1.07 1.02 0.58 0.78

AOMOTHUTENIbHASA UHOOPMALIUA

Bknap aBtopoB. Bce aBTopbl BHECAM CYLLECTBEHHBIA BKNaj
B pa3paboTKy KOHLLENLMW, NPOBEeH e UCCIe0BaHMA 1 NOAMOTOB-
Ky CTaTby, Npauau 1 ogobpunm duHanbHyio Bepcuio nepes nybam-
Kaumen.

Haunbonblumin BKNap pacnpefeneH chefylowmnM 0bpa3oMm:
CA. Kapnuujerro — npoBepKa KPUTUYECKW BaXKHOTO COLlepXaHus,
PefaKTMPOBaHWS, BHECEHWE OKOHYATENbHOM NPaBKK, YTBEPXKAEHNE
pykonucy ana nybnukaumu; MA. Pabosa — cbop u 0bpaboTka
MaTepuana, KOHLENUMsA WUCCNefoBaHus, BHECEHWE OKOHYATENbHOM
npasku; M.f0. Yiynog — aHanu3 MonydeHHbIX LaHHbIX, 0630p n-
TepaTypbl, BHECEHWE OKOHYaTenbHoW npaekw; [f0. l0kuHa — cTa-
TMCTUYecKas obpaboTka MaTepuanoB, MOATOTOBKa WIMKOCTpaLmK;
E.I” Cyxopykosa — craticTuyecKas obpabatka MaTepuanos, nog-
rotoBKa wnntoctpaumi; X.0. PaxmoHoe — cbop 1 obpaboTka Ma-
Tepuana, cramcTuyeckas obpaboTka MaTepuanos, aHanu3 mony-
UeHHbIX AaHHbIX, KOHLENUMS U AW3aiH 1CCnefoBaHus, HanucaHue
TEKCTa.

UcTouHuk dmHaHcupoBaHus. DyHaHc1poBaHWe ccneaoBaHus
OTCYTCTBOBAO.

KoHdpnukT uHTepecoB. ABTOpbI AeK1apypyIaT OTCYTCTBUE ABHBIX
W NOTeHUManbHbIX KOHQMMKTOB MHTEPECOB, CBA3aHHBIX C Mybnuka-
LMen cTaTbm.
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3tnyeckuin KommuteT. 3akntoueHre komuccum Cr6rMY o Bos-
MOXKHOCTV OTKpbITOro NybnmKkoBaHms ot 13.03.2024.

WndopMupoBaHHoe cornacue Ha nybnukauumio. ABTops! nony-
YMIM MUCBMEHHOE COrTlacke MaLMeHToB Ha NMybIMKaLMIo MeaULMH-
CKMX AaHHbIX 1 doTorpadmi.
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