Irrigation Fluid Temperature Management During Vitreoretinal Surgery
Using Thermoelectric Heating and Cooling

Zadorozhnyy O., Kobylianskyi R., Lysko V., Umanets M.M., Dovhan 1.,
Pasyechnikova N.

Odesa, Chernivtsi, Ukraine

During Vvitreoretinal surgery, uncontrolled intraocular temperature fluctuations
increase the risk of tissue damage and undesired vascular reactions. A computer
model and an experimental thermoelectric device were developed to control the
temperature of irrigation fluid (15-35 °C) with real-time heating and cooling. Modeling
demonstrated effective maintenance of stable fluid temperature depending on flow
rate and module parameters. The device requires further experimental testing to
verify calculated versus actual performance and its potential clinical application.
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AKTyanbHICTb. XpOHiIYHA LeHTpa/ibHa Cepo3Ha XOpiopeTHHOIa-
Tisg (LLICXPII) Ha/eXUTh 10 3aXBOPIOBaHb IUISHKHA MAKyJIM Ta CYyIpoO-
BOJPKYETbCA CEPO3HMM BijlllapyBaHHAM CITKiBKH, MOLUKOXKEHHAM
MIIrMEHTHOTO eliTesil0 CITKIBKH, 3HMXKEHHAM FOCTPOTU 30py Ta CyT-
TEBUM ToOTipiieHHIM gkocTi )kuTTts (Daruich A et al, 2015; van Rijssen
TJ et al, 2019). B yMoBax BOEHHOI'0 4acy poJib CTPECOBOTO YHHHUKA
CYTTEBO 3pPOCTAE, 0COBJIUBO cepef; BiliCbKOBOCTYKOO0BIIiB, SIKi 3a3Ha-
I0Th TPUBAJIOTO NCHUX0EMOLIMHOr0 HaNpyeHHs, 3yMOBJIEHOTO y4ac-
TI0 B 60M0BUX [i5IX, TOCTIHHO0 3arP0O3010 KHUTTIO0, 3HAYHUM Qi3UUHUM
HaBaHTaXXeHHSAM i nopyueHHsaM pexxumy cHy (Kostruba N, 2023; Good
Cetal, 2020) . Y uuBisibHOTrO HacesJeHHs BiliHA MPOBOKYE iH1Ii, ajie He
MeHII 3Hauyllli CTpecopu — BTPATy G6JM3bKHX, BUMYIIIEHE MepecesieH-
Hl, pylHyBaHHS coljiasibHUX 3B’A3KiB (Zasiekina L et al, 2023; Miller K
et al, 2017). Takuit BB cTpecy € pakTOPOM PU3UKOM PO3BUTKY Ta
nporpecyBanHsi [[CXPII sk y BilicbkoBOCY»K60BIIiB, TaK i cepen 1u-
BiJIbHOT'O HaceJieHHS.
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MeTo10 JoCaiKeHHs 6yJI0 OMiHUTH ePEeKTHUBHICTb MiKPOiMITyJIbC-
Hoi JlazepHol (577 HM) Koary/siLii nalieHTiB 3 XpPOHIYHO [JeHTpaJlb-
HOI0 CEPO3HOI0 XOPiOpPETUHOMNATIEI0 B YMOBaX MOCTIHHOTO CTPECY.

Marepis Ta MeToAM. [lociimkeHHs 6yJI0 TPOCIEKTHUBHE, MOPiBHIO-
BaJIbHE, iIHTEpBEHIIiHE, OIHOI[EHTPOBE CIIOCTEePEXKEHHS 65 NalieHTIB
(65 oueit) 3 xpoHiunoto LICXPII. Bci nauienTu 6ysiu po3fijiieHi Ha rpyny
IUBIIbHUX (36 malieHTiB) Ta BiHCbKOBOCAYKO00BIiB (29 maljieHTiB).
Ycim manjieHTaM MpoOBOAMJIACE MIKPOIMITyJIbCHA JIa3epHa KoaryJsuis
3a JJ0IOMOr0l0 Ja3epa 3 JJ0BXKUHOW XBUJi 577 HM. [os10BHUM JocCi-
JPKYBAaHUM TMOKAa3HUKOM Oysia MaKCMMaJIbHO KOPHUIOBaHA TOCTPOTA
30py (MKI'3) Ha 12-Mmy Micsni cmocTepexeHHs .

PesyinbraTu. [lo nikyBaHHda cepenHsa MKI'3 y nmanieHTiB 3 XpoHiy-
Hoto [JCXPII cranoBusa 0,66+0,22. Yepes 12 Mics1iB cepeHs rocTpo-
Ta 30py CTaTUCTUYHO 3HAYUMO migBuniuaace g0 0,75+0,25 (p=0,001).
Y rpymi BilicbkkoBocy:k60BLiB cepegHss MKI'3 cTaTUCTUYHO 3HAYUMO
nigBuimuiaacek 3 0,66+0,26 o 0,73+0,25 (p=0,002) wa 12 micami, a y
rpyni uuBinbHux — 3 0,66+0,18 g0 0,77+0,25 (p<0,001). Ha 3aBep-
I1aJIbHOMY BIi3UTI 3HAYUMOI pPi3HULI MDX NOKa3HUKaMHU cepelHbOl
MKTI'3 y aBox rpymnax He crocrtepiranocs (p=0,7). Ha 12-my micami
CIIOCTEpEeXKeHHs1 ¥ 3arajibHiil KOropTi naui€eHTiB MOBHA pe30op6Lis cy-
6petuHanbHOl piguHu (CPP) 6ysna 3adikcoBaHa y 60% Bunagkis (39
narieHTiB). Y rpyni BilicbKOBOC/TY?K60BI[iB MoBHA pe3op61iss CPP cro-
ctepiranacs y 52% nanienTtiB (15 mauieHTiB), y rpyni LUBIJIbHUX — Y
67% (24 nauienTtu). CTaTUCTUYHO 3HAYMMOI Pi3HULI MK rpynamu 3a
yacToTol moBHOI pe3op61ii CPP He BusiBsieHo (p=0,2). Y 3aranibHii
KOropTi MauieHTiB MPOTArOM BCbOTO NepioAy CIOCTepekeHHs 6yJio
3adikCcOBaHO CTAaTUCTUYHO 3HAUYMMe 3MEHIIEHHsS CcepeJHbol IeH-
TpasibHOi ToBIMHU CiTKiBKM (L[TC) 3 3194132 MKM Ha BUXiZHOMY
piBHi 10 218+72 mkM Ha 12-my Micsani (p<0,001). Y rpyni BificbkkoBoC-
JIy>60BLiB [0 mo4aTKy JiikyBaHHsA cepefHs LITC cranoBuia 327137
MKM, a y rpyni uuBijibHUX — 311+130 MkM. Yepes 12 micAniB cnocTe-
pekeHHs1 BiJI3Ha4yas10Cs CTAaTUCTUYHO 3HAYUMe 3HUKEHHs cepeHboi
UTC no 220+79 MkM y rpyni BilickkoBocayx60B1iB (p<0,001) Ta g0
215264 MkM y rpymi nuBiibHuX (p<0,001). Ha 3aBepimasbHOMYy Bi-
3UTi CTaTUCTUYHO 3HAYMMOI pi3HULi Mixk nokasHukamu LITC y nBox
rpynax He BusiBjeHo (p=0,9). ¥ 3aranbHill rpyIi naiieHTiB NpoTArom
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12-Micsa4HOrO Mepiofy cnocTepeXeHHs B CEPeIHbOMY 6Y/10 BUKOHAHO
1,7+0,7 ceaHciB MikpoiMnyJibCHOI JiazepHoi koarynasanil (MJIK). ¥ rpy-
i BiiCbKOBOCIY>K00BI[iB cepe/iHs KilbKicTb ceaHciB MJIK cTaHoBuUIIa
1,9+0,9 (Big 1 mo 4 ceaHciB), ToAi K y Tpy1i [uBiibHUX — 1,4+0,6 (Bix
1 no 3 ceaHnciB). PisHuus Mix rpynamu 3a KiJIbKicTIO IpoBeJieHUX ce-
aHciB MJIK 6ysa ctatuctruaHo 3HayrMMoto (p=0,01).

BucHOBKU. MikpoimmysibcHa JiasepHa (577 HM) KoaryJsiis € edpek-
TUBHUM METOZOM JIIKYBaHHA MaLi€HTIB 3 XPOHIYHOI LIeHTPaJIbHOI0
CEepO3HOI0 XOpiopeTUHOMNATIE B YMOBaX MOCTiIMHOTO cTpecy. Bilficbko-
BOCJIY?KOOBIISIM 0YyJIO BUKOHAHO GiJIBIIY KiJIbKICTb CeaHCiB Jia3epHOI
KoaryJssauil HK [UBIJIBHUM NaljiEHTaM.
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Purpose: to assess treatment with subthreshold micropulse laser (577 nm)
coagulation in patients with chronic central serous chorioretinopathy (CSC) under
conditions of constant stress.

Material and methods: This study was a prospective, comparative, interventional,
single-centre observation of 65 patients (65 eyes) with chronic CSC. All patients
were divided into a civilian group (36 patients) and a military group (29 patients). All
patients underwent subthreshold micropulse laser coagulation (SMLC) using a laser
with a wavelength of 577 nm. The main endpoint was best-corrected visual acuity
(BCVA) at Months 12.

Results: Before treatment, the mean BCVA in patients with chronic CSC was
0.66+0.22. After 12 months, the mean BCVA statistically significantly increased
to 0.75+0.25 (p=0.001). In the group of military group, the mean BCVA increased
statistically significantly from 0.66+0.26 to 0.73+0.25 (p=0.002) at 12 months, and
in the civilian group from 0.66+0.18 to 0.77+0.25 (p<0.001). At the final visit, there
was no significant difference between the mean BCVA in the two groups (p=0.7). In
the general group of patients, the mean of sessions of SMLC was 1.7+0.7 during
the 12-month observation period. In particular, 32 patients underwent one SMLC
session, 25 patients underwent two sessions, 7 patients underwent three sessions,
and 1 patient underwent four sessions. In the military group, the mean number of
SMLC sessions was 1.9+0.9 (from 1 to 4 sessions), while in the civilian group it was
1.4+0.6 (from 1 to 3 sessions). The difference between the groups in the number of
SMLC sessions performed was statistically significant (p=0.01).

Conclusions: The 577-nm SMLC is an effective and safe method of treating patients
with chronic CSC under conditions of constant stress. Military patients received a
higher number of SMLC sessions than the civilian patients.
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