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" WccnenoBaHbl BO3MOXHOCTW WCMONB30BaHWA PasnuyHbIX
TUMOB TBepaoTenbHbix YAG-nasepos ana paspyleHns se-
lWecTea xpycranwka in vitro. MokazaHo, YTo nNasepHoe us-
nyyeHne nossonaet adhdekTBHO OpobuTe KaTapakTanb-
HO M3MEHeHHbIe XpycTanuku Yenoseka ¢ Bonee BbicokoW
CKOpOCTbIO, 4EM MPU YNbTPa3BykKoBoM chakosmynbcudu-
KauuW, a Takxe yoanaTk XpycTanuk B akcnepumeHTe. One-
pauvis He Bbi3biBaeT MOPONOTUYECKUX W3MEHEHWH B
TKaHAX rnasa.

JlazepHoe Hany4yeHne — BUIL 3HEPTUH, KOTOPLIH MO-
JKeT ABUTLCA peanbHOH aJbTePHATHBOH YJ/bTPa3ByKo-
BoH hakosmyascuukaiuu katapaktel. CerogHs yxe
CYLIECTBYIOT J1A3€pPhl, KOTOPLIE M0 CBOMM KOHCTPYKLH-
OHHBIM XapaKTepUCTHKAM B LeJOM 0TBEYal0T OCHOBHEIM
Tpe6OBaHMAM KaTapakTajibHOW XHPYpPrud (BO3MOXK-
HOCTb CTPOrO JIOK4/JBHOrO BO3AEHCTBUSA, IPOCTOTA KOH-
CTPYKIHH, Haauune 3dheKTHBHbIX cBeToBOAOB) [1, 4, 5,
7, 10]. Onnaxo a/st IpaKTHUECKOH peau3aliu HieH Ja-
3epHOH (haKosMybcH(DHUKALMH He0OX0AUMO H3YUHTh He-
nocpelCcTBeHHbIH OHoMOTHYeCKHH 3(pdeKT Bo3AeHCTBUA
M3JTy4eHHs Ha XpPyCTaluK U TKAHHM I71a3a U ClenaThb Bbl-

* Matent Ne 95103955 ¢ npuopHTeTom o1 20.03.95.

I»  Studied are the possibilities of using various types of

solid YAG-lasers for lens destruction in vitro. Laser radi-
ation is shown to effectively crush cataractally changed
human lenses at a higher rate than in ultrasound pha-
coemulsification, and to remove the lens experimentally.
Surgery does not cause morphological changes in eye
tissues.

Laser radiation is the type of energy that may pro-
vide a real alternative to ultrasound phacoemulsification
of cataract. There exist lasers today whose design meet
in general the main requirements of cataractal surgery
(the possibility of strictly local action, simple design,
the presence of effective light guides) [1, 4, 5, 7, 10].
The practical realizion of the idea of laser phacoemulsi-
fication, however, requires the knowledge of an immedi-
ate biological effect of radiation impact on the lens and
ocular tissue and to draw conclusion on the most
acceptable laser in terms of biology.

The work looks into various solid YAG-lasers used
to destroy the lens substance in vitro, assesses the pos-
sibility of combined use of aspiration lasers, and makes

* Patent No. 95103955 with priority of 20.03.1995.
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Xupyprua karapaktel n umnnaqtauna UOJ1

BOJ 0 HauboJsiee npUeMaeMoM ¢ GHONOTHUECKOH TOUKH
3peHHA Jasepe.

Lenp pabotsl — Hccien0BaHUe pas/IMYHLIX THIOB
TBeproTenbHbix YAG-1a3epoB Mo paspyLueHHI0 BellecTsa
XpycTanuka in vitro, oleHKa BO3MOMXHOCTH KOMOUHUPO-
BaHHOTO UCII0/Ib30BAHUSA J1a3€POB C ACTIUPALMOHHOH CHC-
TeMOH, a TaKxKe Mpe/lBapUTeIbHEI aHA/IH3 BO3MOMKHOC-
TH JIa3epHOTO YAaJeHHs XpyCTaiuka HenocpeacTBEHHO
B NTOJIOCTH rasa.

Marepuan 1 METO/IbI

Hccnegosansl 60 H301MpoBaHHBIX XPYCTANHKOE Ye-
JIOBEKa, YAAaMeHHbIX B XO#e 3KCTPAKancCyJIspHOH 3KCT-
PaKLMK 3pesiof BO3PACTHOM KaTapakTsl, a Takxe 32 ria-
3@ KPOJIMKOB MOPOAib WHHIIKAMA.

WUcnonb3oBancs TBepAOTENbHLIH J1asep, reHepupy-
IOLMA CBETOBOE H3/IyUeHHe CO CpelHed MOLIHOCTBIO [10
2,5 Br, B MUMIIYJIbCHO-TIEPHOHYECKOM peKUMe — JacTo-
Ta uMmybeos 10 30 Ty, pauTebHOCTD MMITYILCA 10 MTO-
nyBeicote 250 mMke. Manyuenne moasoauIoch o Kapi-
KBaplEBOMY ONTHYECKOMY BOJIOKHY ¢ uamMeTpoM 450 Mxm.
JLn5 HaBOJKH HCTOJB30BAM KPACHBIH /YU Te/IHH-HeoHO-
BOTO JIa3epa, MOJABOAMMEIH K 06myuaeMoMy 06BeKTY 1o
TOMY K€ CBETOBO[Y, UTO H OCHOBHOE H3JydYeHHe.

Acnupauus XpycTaJMKOBOrO BellecTBa OCYIIECTB-
JsVIach MPU MOMOLIY CHeLHaNbHO CKOHCTPYHPOBaHHOrO
aCMUpPAlMOHHOr0 HAaKOHEUHHKA, CBS3aHHOTO MOCPEACT-
BOM CH/IHKOHOBBIX TPYBOK € MeprcTanbTHYeCKHM Haco-
com. Yposenb Bakyyma — 100-500 mm. Hppuranus
OCYLIeCTBASANACh 110 HPPHrallMOHHOMY KaHaJly acnupa-
LIMOHHO-HPPUTALIMOHHOTO HAKOHEUHHKA ¥ OfieBalolllemy-
Csl Ha HEero CHJMKOHOBOMY KoJinadky. Bee Manunysuuu
¢ XpyCTalHKaMH MPOBOIMIH TOJ OTMepaldOHHEIM MUK-
pockonom (upmsl «Optony.

Belnio mpoBenieHo 3 cepuy 3KCNepUMeHTOB. JKCepy-
MeHT 1 BBIMOJIHEH C LieJIblo onpefenerus 3hdeKTHBHOCTH
JpOGIEHHS XPYCTaNHKa C MOMOLLBIO J1a3ePHOTO H3JIyHe-
Hus. XpycTaauky nomeliand B yawky [letpu, sanonsen-
HYHO (u3nonornyeckum pacrsopoM. [lepen Hauanom ak-
CNIepPUMEHTOB HX COXPaHSJIH B BU3UTHIIE NIPH TeMIepaTy-
pe -1-2°C. K ux moBepXHOCTH MOABOAMJCA HAKOHEYHHK
CBETOBOJIA, BKJIOYaNach reHepaums uanydeHns. Ceero-
BOJ ME/IEHHO MepeMelia/y BAO/b M0BEPXHOCTH XpycTa-
JIMKA CHAua/la B OIHOM H3 MEPHU[IMAHOB, 2 3aTeM B MPOH3-
BOJILHBIX HamnpaBjeHusx. Mcmosmb3opaHo D 3HaueHHH
sueprum: 50, 100, 150, 200, 300 mIx, mo 12 xpycram-
KOB Ha Kaxioe 3HaueHde. B xojie MaHUTYMALMA ¢ OLHHM
3HaUeHHeM 3HEPrUH UCIO/b30BAIH 2 4acTOTH MMITYJIb-
coB — 10 u 25 T'u — mo 6 xpycranukos. B cBoio ouepens
MaHHMYJISUMY ¢ KaXK0H 4aCTOTOH 0CYILeCTBAAMHCH JHO0
TMPH NPAMOM KOHTaKTe CBETOBOJA C M0BEPXHOCTHIO Xpyc-
TamuKa, JU60 OTCTYIS OT ero NoBepXHOCTH Ha 1 MM.

DKCrepuMeHT 2 NMpOBeleH /s U3yueHHs BO3MOXK-
HOCTH aCTHpalny pa3pyLIeHHOTO IPH J1a3ePHOM BO3Jiefi-
CTBMM Xpycranukosoro semiecrsa. Ilocne paspesnenus

a preliminary analysis of the possibility of lens removal
by laser immediately in the eye cavity.

Material and methods

The study involved 60 isolated human lenses
removed in the course of extracapsular extraction of
mature senile cataract, and 32 Chinchilla rabbit eyes.

Use was made of a solid laser generating pulsed
(up to 30 Hz frequency and 250 ps duration in semi-
height) light radiation with a mean power of 2.5 w.
Radiation was brought in using quartz-quartzitic optic
fiber 450 pm in diameter. For aiming, use was made of
red beam of a helium-neon laser that was brought in to
the target by means of the light guide used for main
radiation.

Aspiration of the lens substance was carried out
using a specially designed aspiration point connected
through silicone tubes with a peristaltic pump. The vac-
uum level was 100—500 mm. Irrigation was performed
using an irrigation canal of the aspiration-irrigation
point and a silicone cap put on the latter. All manipula-
tions with lenses were made under the Opton micro-
scope.

There were 3 parts of experiments. Experiment 1
was performed to determine the efficacy of crushing a
lens by means of laser radiation. Lenses were placed in
a Petri dish that was filled with a physiological solution.
Prior to the experiment, they were kept in vizitil at
-1=2°C. The light guide point was drawn to their sur-
face, and radiation generation was turned on. The light
guide was slowly shifted along the lens surface, first
in one of meridians and then in arbitrary directions.
Five energy values were used: 50, 100, 150, 200 and
30 mJ — 12 lenses for each value. In the course of
manipulations with one energy value, use was made of
2 pulse frequencies — 10 and 25 Hz — with 6 lenses
each. Manipulations with each frequency were per-
formed either in direct contact of the light guide with
the lens surface or 1 mm off the surface.

Experiment 2 was carried out to study the possibili-
ty of aspiration of the lens substance destroyed during
laser radiation. On dividing a lens into 4 fragments, an
aspiration cannula was inserted into the Petri dish,
lense segments were sucked by turns to the aspiration
hole and, with laser pulse generation turned on, a lens
was crushed, ensuring a smooth entry of the destroyed
lens substance into the aspiration hole. The values of
power and frequency of radiation were the same as in
experiment 1 (6 lenses for each power level and 3 for
each frequency at the set power value).

Experiment 3 was conducted on rabbits with the
aim of assessing the possibility of laser removal imme-
diately in the eye cavity. After anesthesia with 5%
thiopental, 2 punctures (1.5 and 0.5 mm) were formed
in the cornea near the limbus The anterior lens capsule
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Cataract surgery and IOL implantation

XpycTanuka Ha 4 ¢parmeHTa B yall-
Ky TleTpu BBOAMIM acTHPALHMOHHYIO
KaHIOJI0, MOOYEPeSHO MPUCACHIBAIH
CErMEHTHEl XpyCTaJuKa K aclupaLH-
OHHOMY OTBEPCTHIO U, BKJIIOYAs FeHe-
PALHMIO JA3ePHBIX UMITY/ILCOB, IPOOH-
M1 XpyCTaJiuK, 100KHBasgch MIaBHOIO
BXOM/EHHS Pa3pyIUEHHOTO XpyCTa-
JIMKOBOTO BEUIECTBA B aCMHPaLHOH-
HO€e OTBEpPCTHE. 3HAYCHHS SHEPIUH 1
YaCTOTHl M3JMyUYeHUs! ObLIM TeMH Xe,
yto B 3Kkcnepumente 1 (mo 6 xpycra-
JIMKOB Ha KaX/bli YPOBEHb SHEPruu
¥ 110 3 Ha KaKylo 4aCTOTY Ha 3a/laH-
HOM 3HEpreTHIeCcKOM 3HaUEHHH).
JKCrepuMeHT 3 NPOBOAMJICA Ha
KpOJMKax, ¢ TeM, 4To6bl OLEHUTHb

Puc. 1. Hzoauposanusli kamapaxmans-
HOW3SMEHEHHBLL XPYCMAAUK 4ei08eKa ne-
ped aazepusin sosdedicmauem. Xpycma-
ALK PUKCUPOBAN KPIOWKOM, K €20 nosep-
xHocmu nodseden AasepHoLl HAKOHELHUK

Fig. 1. An isolated cataractally changed
human lens before laser operation. The
laser is fixed by a hook, and the laser tip

Puc. 2. Tom sce xpycmaaux nocae 30-ce-
kyndnoeo aaseprozo sosdeiicmsus, OH
pacceden nonoaam. Odua 13 noL08UH
xpycmaaiuxa Gpazmenmuposana

Fig. 2. The same lens after 30 second
laser radiation. It is cut into two halves
one of which is fragmented

BO3MOXHOCTb JIa3€PHOTO YJalleHHst

XpyCTaliKa HeNoCPelCTBEHHO B T10-

nocty ra1asa. Iocne anectesun 5% pacTBOPOM THOTEH-
Tana B POrosuue y iumM6a dopmuposanu 2 npokona (1,5
u 0,5 mm). [TepepHiow Kancy/ty XpyCTaniuka BCKpEIBAIH
Mo Kpyry, 3aTeM NPOBOAWJH THAPOAMCCEKUHMI0. B mo-
JI0CTh T71a3a BBOJH/IH JIasePHBIH HAKOHEYHHK W aclHpa-
WHOHHO-UPPHTALKOHHY0 KaHIMo, 32 cuer acnupaluy
3KBAaTOP f1pa (PUKCHPOBAJCS K aCIAPALHOHHOMY HaKO-
HeyHHKY. [IpH BK/TIOYEHHH JIA3€DHOTO H3JIYUEHHS Jyd
paboTaJ B 30He aCNHUpPaLUOHHOrO oTBepeTyst. Habuwona-
JI0Ch TIJIABHOE BXOXKJEHWE DAa3pyLIeHHBIX XPYCTANHKO-
BEIX Macc B aCNUPalHOHHbLIH HaKoHeuHHK. [Tocae ynane-
HHSl BEIeCTBA XPYCTaJHMKa Ha 8 r/asax KPOJMKOB B

XPYCTaJHKOBYIO CYMKY OMeIa/d MyTHOe PO XpycTa- -

JIAKa Ye0BEKa W [IPOBO/IHA/M BTOPOE JJa3epHOE YaleHUue
XpyCTa/lHKa B TOM e riasy xuBoTHoro. [locse onepa-
UM TIPOBOAMIM OHOMHKPOCKONHIO Ha LIEJeBOH JaMIle.
Ilas Mopdhosornaeckux uccneNoBaHui Mateprad 3abu-
pancs Ha 1, 3, 14-e cyTku.

PesyiabraThl

B 30He KOHTAKTa J1a3epHOT0 H3JY4eHHS C TOBep-
XHOCTBIO XpYyCTasNHKa GOpMUPOBAICS JOKAMLHBIH Je(eKT
TKaHH B BHie KpaTepa, OKPYKEHHOr0 30HOH KOary UK
Xpycranikosoro Beliectsa. Kak npasuio, pasMepst 30Hbl
MOBPEXAEHHA XpPYyCTalMKa YBeNHYMBAJIHCh B TeueHHe
4—5 ¢ HenpepbiBHOH reHepalUy J1a3epHBIX UMITY/IbCOB.
3areM pocT npekpallancs, U J0NOJHHTENLHbIe CePHU HM-
MyJbCOB He BbI3bIBAJH yBeJMYEHHS oObeMa MoBpex[e-
Husl. [TepemelieHre cBeTOBO/IA Hafl NOBEPXHOCTHIO XpycC-
TanuKa MPHBOAKIO0 K HOPMUPOBAHUIO NUHEHHBIX dedeK-
TOB B BH/E «G0PO3A0K», YTTyOaeHHe KOTOPHIX MTO3BOJAI0
pacceyb XpycTanuku Ha 4—6 cermentoB. [locnenymoee
nepeMelleHHe HAKOHEYHHKA CBETOBOJA HaJl KaXIbIM M3
CerMeHTOB [12B4JI0 BO3MOXKHOCTb JIONOJHUTENBbHO (par-
meHTHpoBaTh ero Ha 10—15 menkux xycouxor. Tem ca-
MBIM (hopMEpOBaics OeCCTPYKTYPHBIH JAETPUT, KOTOPLIH

is brought in to its surface

was opened circular-wise, and hydrodissection was per-
formed. The laser point and the aspiration-irrigation
cannula were brought into the eye cavity. Through aspi-
ration, the nucleus equator was fixated to the aspiration
point. With laser radiation in the on position, the beam
worked in the aspiration hole zone. The destroyed lens
mass entered smoothly into the aspiration point. On
removing the lens substance in 8 rabbit eyes, a human
turbid lens nucleus was placed in the lenticular bag and
a second lens removal by laser was performed in the
same eye of the animal. Surgery was followed by biomi-
croscopy using a slit lamp. For morphological investiga-
tions, the material was taken at the 1st, 3rd and 14th
day.

Results

In the zone of contact of laser radiation with the lens
surface, there formed a local defect of tissue in the shape
of crater surrounded by a lens substance coagulation
zone., As a rule, the size of the lens damage zone
increased during 4—5 s of continuous generation of laser
pulses. Then the growth stopped and additional portions
of pulses did not cause an increase in the volume of dam-
age. The movement of the light guide on the lens sur-
face led to the formation of linear defects shaped as
“grooves” the deepening of which made it possible to
incise lenses into 4—6 segments. The subsequent shift-
ing of the light guide tip over every segment provided its
additional division into 10—15 small fragments. Thereby
a non-structural detritus formed which separated from
the main lens mass, getting scattered all over the Petri
dish (Fig.1,2).

The rate of each stage of lens destruction was deter-
mined first of all by the radiation energy (Fig. 3,4). For
the 50—150 mJ energy values this dependence lay in the
following: with every increase of energy by 50 mJ the
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Xupyprua katapakTel U uMnnaHTayua NOJ

)

Duration of cutting lens, s

P

oo

0
50 100 150 200 250 300

JHEPTUR NAILPHOTE UMNYNLCE, MK
Laser puls energy, mJ

[pOBGMKNTERERDGTE NONHOA NECTPYKLMA XPYCTANMEE, ©
Duration of full lens destruction, 5

o
&0 100 150 200 250 300

JHEPTRA NAIEDHOTD MMNYNLCE, MW
Laser puls energy, md

Puc. 3. llpodoaxcumenvHocmes «paspesanuas xpycmaiuxa nod
soadelicmauen uaaydenusn sasepa: I — 2.mm, 10 I'y; 2 — 2 mm,
20 Ty; 3 — I mm, 10 T'y; 4 — 1 mm, 20 T'y; 5 — npamotl KoH-
makm mexndy ceemosodom I ROBEPXHOCMLIO XPYCMAAUKG,
10 T'y; 6 — npamodll Kowmakm mexcdy caemosodos U nosepx-
Hocmaro xpycmanuka, 20 'y

Fig. 3. The duration of “cutting” a lens by laser radiation:
1 —2mm, 10Hz; 2 —2mm, 20 Hz; 3 — I mm, 10 Hz; 4 —
I mm, 20 Hz; 5 — direct contact between the light guide and
the lens surface, 10 Hz; 6 — direct contact between the light
guide and the lens surface, 20 Hz

OTHeNsJICS OT OCHOBHOM MacChl XpycTajkKa, paccenBa-
sick o Beeft yamke [etpu (puc. 1, 2).

CKOpOCTh KaX[I0T0 M3 3TATIOB Pa3pyLIeHHs XPyCTalu-
Ka OTpe/ie/Ifnach B MEPBYIO OYepe/ib 3HEPriuel Ha/IydeH s
(puc. 3,4). lns snauennit suepruu 50—150 mJlx s1a 3a-
BHCHMOCTDb COCTOS1/1a B TOM, YTO TPH KaXKAOM yBEIHYEHHH
sHeprud Ha 50 M A5 pacceyeHus Xpycranuka tpebo-
Banock Ha 30—50 ¢ MeHbILe, 2 BpeMs MOJIHOTO APOOIeHHS

Puc. 5. Xpycmaaux neped aazepnwm  Puc. 6. [Ipobaenue u acnupayus ppae-
gosdeicmeuen. B noie 3penus — acnu-  MeHMOs XPYcmaiuxa

PAyUORHAA KAHOAIA U ﬂﬂBEpriu" HAKO-

HEYHUK lens fragments

Fig. 5. Lens before laser radiation.
Within visual field — an aspiration can-
nula and a laser tip

Fig. 6. Fragmentation and aspiration of

Puc. 4. [Ipodoascumenrvroctme NOAROL decmpyryui xpycma-
Auka nod soadeilcmaues usiyvenus sazepa: 1 — 2 mm, 10 Iy;
2—2mm, 20Ty; 3 — 1 sm, 10 Ty; 4 — Lum, 20 'y; 5 — nps-
MOL Konmaxm mexcdy ceemosofom U NOBEPXHOCMEI0 Xpycma-
auka, 10 Ty; 6 — npamoid xowmakm Mmexdy ceemosodom u
nosepxrnocmeto xpycmaauga, 20 T'y

Fig. 4. The duration of full lens destruction by laser radia-
tion: 1 — 2 mm, 10 Hz; 2 — 2 mm, 20 Hz; 3 — 1 mm, 10 Hz;
4 — I mm, 20 Hz; 5 — direct contact between the light guide
and the lens surface, 10 Hz; 6 — direct contact between the
light guide and the lens surface, 20 Hz

incision of the lens required 30—50 s less, while the time
of complete fragmentation of the lens diminished by
100 s. For the 200—300 mJ energy values, differences in
the rate of lens destruction became less evident. The
drawings show that the highest rate of lens destruction
is achieved for 250 and 300 mJ. In this case, the lens
was halved for 20 s and fully fragmented for 50—60 s.
However, within every energy value the lens destruc-
tion rate could be increased by rais-
ing the frequency of pulse generation
to 25 Hz and by bringing the light
guide tip to the lens surface.

With an aspiration tip brought
into the system, it was possible
to suck out the lens substance in
the process of laser fragmentation
(Fig. 5, 6). We managed to obtain
the rate of aspiration of lens frag-
ments suitable for a clinic — the
time of removal of each fragment
is 20-30 s, and the total surgery
time — 1.5—2 min (Fig. 7, 8). Such
rate could be obtained in various
combinations of the aspiration le-
vel and energy radiation. With low

O¢pransmoxupyprua | Ophthalmosurgery + 3 - 1998
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Puc. 7. [TpodoascumensHOCME GCALPAKLL 00HOR0 (hpazmerma
xpycmaauxa nod sozdedcmsuen Aa3eprozo usaytenus: 1 —
150 mMdoe, 10 Ty; 2 — 150 mMdxe, 20 Ty; 3 — 200 mMac, 20 Ty;
4 — 200 mne, 10 Ty; 5 — 300 mJoc, 20 T'y; 6 — 300 mMoe, 10 Ty
Fig. 7. Duration of aspiration of one lens fragment under
laser radiation influence: 1 — 150 mJ, 10 Hz; 2 — 150 mJ,
20 Hz; 3 — 200 ml, 20 Hz; 4 — 200 mJ, 10 Hz; 5 — 300 mJ,
20 Hz; 6 — 300 md, 10 Hz

XpycTanuka npu 3toM cokpamanocs Ha 100 c. [lns 3naye-
uui sHeprud 200-300 M Dk pasnuuus B CKOPOCTH Jec-
TPYKLHMH XPYCTANHKA CTAHOBH/IUCH MeHee BbipaXKeHHbIMH.

Hsa PHCYHKOB BH[HO, HTO HauboJsiee BLICOKAS CKOPOCTE- -

JecTPYKUAH XpycTaNHKa AOCTHTHYTA MpPH 3HAYeHHAX
sueprau 250 u 300 m/x. B nanHOM ciyuae XpycTanmk
yaaBasnoch pacceub monoJam 3a 20 c, nosHocTbio par-
meHTHpoBaTh — 3a 50—60 c. Opnako B npenenax Kaxio-
T0 3HAUEHHUS SHEPTUU MOXKHO ObLI0 elue Goslee YBEJUUHUTD
CKOPOCTh JAECTPYKUHH XPYCTalHKa MyTeM yBeJHYEeHH:
YaCTOTHI FeHepalky UMIYabcoB A0 25 [ v npubamkeHus
HaKOHEYHHKa CBETOBOMA K [NOBEPXHOCTH XPyCTaNHUKa.
BBepieHne B cHcTeMY acnUpaUHOHHOTO HaKOHeUHH-
Ka 103BOJIANO 0TCACHBATh XPYCTATHKOBOR BellecTBO 10
mepe JasepHoro apobnenns (puc. 5, 6). Tlpu sToM Ham
yaBajoch TMOJNYYUTh NMPHEMJEMYIO IS KIMHHUKH CKO-
pOCTb acTMUpalLMU XPYCTANTHKOBLIX QparMeHTOB — Bpe-
M ynaneHus kaxporo dparmernra 20—-30 ¢, obuiee Bpe-
ms onepaiu 1,56—2 mun (puc. 7, 8). Takas ckopocth
Morsia ObiTh NOJy4YeHa NPH PasJU4YHbLIX KOMOHHALMAX
YPOBHS acnupaluy ¥ IHeprun uaayuenus. [1pn HU3KHX
sHauenusx Bakyyma (80—100 mm) GbicTpo acmupupo-
BaTh XPYCTANMKOBbIE (JPArMEHTH YaBaJ0Ch TOJILKO PH
UCMO/Ib30BaHHH MaKCHMaJbHO BEICOKHX 3HaueHHH aHep-
ruy usayuenns — 300—350 mIlx. ITocrenennoe moBh-
wenue Bakyyma (10 150—200 mm) mosBossno ofecme-
YUTh BBICOKYI0 CKOPOCTH acmHUpaliy XPYCTAJMKOBBIX
(parmMeHTOB NpH GoJiee HU3KHX 3HAUEHHAX SHEPTHH —

Puyc. 8. [Ipodoancumensrocms acnupayu 6cezo Xpycmaiura
nod soazdedcmeuen usrydenus razepa: 1 — 150 mMoe, 10 T'y;
2 — 150 mMxe, 20 Ty; 3 — 200 mxe, 20 T'y; 4 — 200 milx,
10 Ty; 5 — 300 mMxc, 20 Ty, 6 — 300 mdxc, 10 I'y

Fig. 8. Duration of aspiration of the whole lens under laser
radiation influence: 1 — 150 ml, 10 Hz; 2 — 150 mlJ, 20 Hz;
3 — 200 ml, 20 Hz; 4 — 200 ml, 10 Hz; 5 — 300 mlJ, 20 Hz;
6 — 300 ml, 10 Hz

vacuum values (80—100 mm), lens fragments could be
aspirated fast only with the use of maximally high val-
ues of energy radiation — 300—350 mJ. A gradual
growth of vacuum (to 150—200 mm) secured a high
rate of aspiration of lens fragments with lower energy
values — 200—250 mJ. And finally, with high aspiration
levels (400-500 mm), relatively low energy levels —
120-150 mJ — made it possible to rapidly (20-30 s)
suck out lens fragments in the Petri dish.

In experiments with animals we successfully
removed transparent lenses (Fig. 9) in rabbit eyes
(24 eyes) and the hard nuclei of human lenses intro-
duced into the capsular bag of rabbit eyes immediate-
ly after removing the “own” lens (8 eyes). During and
soon after surgery (the overall follow-up of 14 days)
there were no obvious inflammations and edema of the
cornea (Fig. 10). Individual animals were noted to have
only light fibrinoid reaction in the pupil area, which is
a natural reaction of the rabbit eye to cataract extrac-
tion. With scanning electronic microscopy, 1 day after
laser lens removal the layer of corneal endothelial cells
was intact in general (Fig. 11). There were just indi-
vidual defects including 3 to 10 endothelial cells, on
the average 10 = 2 for the whole cornea. Structurally,
endothelial cells had no gross changes. The loss of
endothelial cells was less than 1%. Morphological
investigations of the iris, ciliary body and retina did
not reveal pathological changes.
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XUpyprua KatapakTel U MMIaHTay

ua Non

Puc. 9. 'nas kpoauka neped onepayteil.
IMepednas kancyaa sckpoima no Kpyzy

Fig. 9. A rabbit eye before surgery. The
anterior capsule is open circle-wise

Puc. 10. I'naz 8 sakaovumeavnol ase
onepayuy. Xpycmaruk noirocmeio yoa-
aen. Cmpykmypa nepednezo ompesxa
21a3a He USMeHera

Fig. 10. An eye at the final surgical phase.
The lens is fully removed. The structure of
the anterior segment is not changed

Puc. 11. 3aduuil snumeauii pozosuysi
Kpoauka uepes | cymiy nocie onepayiu.
[Thacm kaemox coxparen. ¥8. 3 moic.

Fig. 11. The posterior epithelium of a
rabbit cornea 1 day after surgery. The
layer of cells is intact. X 3,000

200-250 m[x. Y nakowen, npu 60JIbLIKX YPOBHAX ac-
nupaupn (400-500 mMm) oTHOcHTenbHO HeGoJblIKE
ypoBuu 3Heprad — 120—150 M — nossossin Gsic-
po (32 2030 ¢) oTcackiBaTh XpyCTaNMKOBbIE (hparMeH-
THl B yaiuke [TeTpu.

B skcnepuMeHTax Ha HMBOTHBIX HaM yHalochk yc-
MeiHo yiaiuTh npospadnbie xpycranuku (puc. 9) B
raasax Kpouukos (24 riiasa) u TBepable AApa YeSOBEUeC-
KMX XPYCTa/JHKOB, BBEJEHHBIX B KamnCyJbHBIH MeLIOK
KPOJIMYBHX TJIa3 CPasy MocJ/e yAajleHH: «CBOEro» Xpyc-
tamuka (8 r;mas). B MomeHT onepauuu W Gauxaiiiem
nocsaeonepauuossom nepuone (o6uwit cpox Habmome-
Hust 0 14 [Hei) He 0TMeYaIoCh BHIPAXKEHHBIX ABICHHH
BOCTIAJIeHHs], OTCYTCTBOBAJ/Y fBJIEHUS 0TeKa POTOBHIIbI
(puc. 10). Y oTneNbHEIX XXHBOTHBIX OTMEYanach JIHIb
Jerkasi pubpuHouAHAS peakuus B 06/1acTH 3pauka, uTo
SIBJISIETCS €CTECTBEHHOH peaKleH Iiiasa KposiuKa Ha 3K-
CTPaKIMIO KaTapakThl. [IpH cKaHHpyIOIeH 3JIeKTPOHHOH
MHKDOCKOTIHM Yepes 1 cyTKH moc/e JasepHOro yjaaie-
HUA XpyCTaJMKa TJacT SHAOTeNHAIbHBIX KICTOK POro-
BHLE 61T B Lesom coxpanen (puc. 11). Onpegensincs
JIHIIb e IHHAYHBIE Ne(heKTH, BKaovatonye oT 3 10 10 sn-
LOTeNUaNbHEIX KIeTok, B cpefHem 10 = 2 Ha Bcio poro-
puiy. CTPyKTYpHO 3HAOTENHA/bHbIE KIETKH He MMEJH
rpy6bix uamenenui. Iloreps sHOOTeNMANbHBIX KJI€TOK
cocraBuna mMenee 1%. Mopdonoruueckue uccnenoBa-
HUS PAfyKKH, LIAIMAPHOTO Tella U CETYATKH He BHIIBUIIH
NaToJIOTHYeCKUX H3MEeHeHHH.

Obcyxnenune

Hacrosimee nccmenoBaHue BbIABUJIO MPUHLIMITHAD-
HYI0 BO3MOXHOCTb HCMOJIb30BaHHA /1a3ePHOH XUPYPruy
KATapaKTHl JI/Is MHTPAOTepallMOHHOTO Opo0/IeH:Hs Xpyc-
TaJIMKA ¢ OHOBDEMEHHOU acTUpaldeH.

Yixe uspecTHsl paGoThl B 5TOM HanpasJenuH [2, 3, 6,
7,9, 11], ognako anpobuUpoOBaHHEIE Na3ephl He B MOJIHOMH
Mepe OTBeyasi TpeOOBaHHSAM KaTapaKTaJbHOH XUDPYPrHH
M0 MHOTHM TPHYHHAM. JTO U HEBO3MOXKHOCTb NOABECTH

Discussion

The present study revealed the fundamental possi-
bility of using laser cataract surgery for intraoperative
lens fragmentation with simultaneous aspiration.

We know already of works in this area [2, 3, 6, 7, 9,
11], yet the tested lasers did not fully meet the require-
ments of cataractal surgery for many reasons. These
include the impossibility of bringing in radiation by a
light guide (excimer 193 nm [11]), cancerogenicity of
radiation (excimer 248 and 309 nm [8, 11]), generation
of a powerful acoustic wave, the light’s high penetrating
ability in eye tissue (Nd: YAG 1.06 nm) [13], and com-
plexity of the systems of delivery of radiation to the
studied object (Er: YAG 2.94 nm [2, 3], CO, 10.02 nm
[5, 10, 20]). Therefore, the question of the most accept-
able cataractal surgical laser remains open as yet.

The Nd:YAG laser (1.44 mm), we used, lacks the
above described drawbacks and is equipped with effec-
tive and cheap light guides. The maximal depth of radi-
ation penetration in water is 1 mm, which means that
influence is local. The low cost of the main components
of the Russian-made laser and the simple design are
essential, which ultimately finds reflection in the instru-
ment price. The damaging effect of the given laser on
the lens is explained by the generation of a local
acoustic wave owing to the absorption of radiation by
water molecules in the lens and above its surface.

Studies haves shown that practically with any test-
ed energy value the lens could be divided into several
segments and further fragmented into many small
pieces. The rate of lens destruction was determined
mainly by radiation energy. The energy levels, when the
rate of destruction was clinically acceptable, are not
high — 150—200 mJ, which is very important in terms
of surgical safety for eye tissues. Comparison with ultra-
sound phacoemulsification indicates that we reached a
manifold decrease in the total energy influence; the total
time of influence is also many times smaller, the fre-
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Cataract surgery and I0L implantation

uanyuenue 1o ceeroofy (sxcumep 193 um [11]), 1 kanue-
poreHHoCTh H3yuenus (sxcumep 248 u 309 um [8, 11]), u
reHepalus MOLIHOH aKyCTHUECKOH BOJIHBI, H BbICOKas Mpo-
HHKAIoWast COcOBHOCTD cBeTta B TKaHax riasa (Nd: YAG
1,06 um [13)), u cnoxkHOCTE KOHCTPYKLMH U CHCTEM JI0C-
TaBKH H3nydeHHs K o6nyuaemomy oovekty (Er: YAG
2,94 nm [2, 3], CO, 10,02 um [5, 10, 12]). ostomy Bon-
poc 0 HauboJlee MPUEMIEMOM J1a3epe AJ1s XMPYpPruy Kata-
paKThl Ha CErOAHSIIHAA IEHb OCTAETCS OTKPBITHIM.
Ucnonsayemuiit Hamu Nd: YAG (1,44 mkm) nasep
JIMLLIEH BCEX BLILIEONHCAHHLIX HEJOCTATKOB M OCHAIIEH
3((PeKTHRHBIMA W HENOPOTO CTOALINMH CBETOBOIAMH.
Maxkcumanbias ray6uHa NPOHMKHOBEHHUA M3JTyueHHUs B
Boge | MM, cJefoBaTeNbHO, BO3NEHCTBHE ABIAETCS JO-
KaabHbIM, CyliecTBEHHBIM MOMEHTOM SBJISETCH HU3KAS
ce6ecTOMMOCTL OCHOBHBIX KOMMOHEHTOB OTEYECTBEHHO-
ro Jlasepa ¥ TPOCTOTA KOHCTPYKLHMH, YTO B KOHEUHOM
HTOTe 0TpaXkaeTcs Ha obuiel cToumMocTH anmapara. [Tos-
pexnammuid 3(QeKT NaHHOTO Jazepa Ha XpyCTalHK
obyc/aBIHBaeTCs reHepalded JIOKaJbHOH aKycTHUec-
KOH BOJIHBI BCJIEICTBUE MOTJIOLIEHUS] H3TyYeHUs MOJie-
KYyJlaMH BOJLI B XPYyCTa/JHKe H HajJ ero 10BepXHOCTHIO.
Heenenosanus nokasanu, 4To NPakKTHYECKH MPH JIH0-
60M ampoOHPOBAHHOM 3HAYEeHHH SHEPrHH MOXKHO 6BLIO
pasieITh XPyCTaJHK Ha HeCKOJBKO CETMEHTOB, U laiee
pasipoOHTh UX Ha MHOKECTBO MeJKHX (pparmenTos. CKo-
POCTb paspyllieHHs XPyCTaIHKa ONPeJesnach, B OCHOB-
HOM, SHEprieil U3aydeHns. Y DOBHH SHEPTHH, TIPU KOTO-
PBIX CKOPOCTh paspylueHns Oblia mpHeMIeMa s KJIHHH-
KH, HeBeicoKHe — 150—-200 m/Ix, 4TO OUeHB BaXkKHO B
naane 6e30MacHOCTH ONepaunu Ans TkaHe# rmasa. Cpas-

HeHHe C YJAbTPa3BYKOBOH (paKoIMyJnbCH(GHKALMUEH CBH-- -

JIeTeNLCTBYET O TOM, 4TO HaM YyJanoch LOCTHTHYThb
MHOTOKPATHOTO YMEHbLIEHHS CYyMMapHOH 3HepreTHuec-
KOH MOLUHOCTH BO3/IeHCTBHS; 0bLiee BpeMs BO3JeHCTBHSA
TaKXKe BO MHOTO pa3 MeHblle, 4acTOTa H3JYYeHHS MPU
J1a3epHOH (HaKoIMYIbCH(HUKALIMH B THICATY pas Hixke [3].

MopenipoBaHie /1a3epHOH IKCTPAKLUMH KaTapaKThl
B ualnke [leTpu nokasano, uto 3ddeKTHBHAS acnupaLys
MOXeT OBITh NpOBefieHa JTHOO NMPH BEICOKHX 3HAYEHMAX
pakyyma H maqoil sneprau (100-150 mIx), au6o Hao-
6opoT — Npu Majbix 3Hayenusx Bakyyma (100 mm) u
BbICOKOH sHeprun usayderns (300—400 mIx). Onnaxo
o6a BapHaHTa He COBCEM NPHEM/IEMB! A1 KAUHUKY. Tak,
TP BEICOKOM YPOBHE BaKyyma CO3HAIOTCH YCJIOBHA A5
TOBBLILIEHHOT0 PACX0/a HPPUTalMOHHON XKHAKOCTH, UTO
MOKeT TPaBMHPOBATh POTOBHUHBIN 3H0TenH. Ecan ue-
TOJL3YIOTCS BEICOKHE YDOBHH 3HEPTHH, TO CO3J4eTcs
yrpo3a MoBpexIeHusl TKaHel Iy1a3a BeaencTere GopMu-
poBaHHS UHTEHCUBHOM aKycTHYecKoH Bo/Hbl. Ham npes-
cTaBaseTcs Haubosee palMOHANbHBLIM TPeTHH BapHaHT
MEeTOIMKH J1a3epHOro ylaJeH|s KaTapaKThl, /15 KOTOpo-
ro XapakTepHb! cpefinie yposuu sakyyma (150—200 mm)
M OTHOCHTEJbHO HeBOJblIAf 3HEPTrUs H3JNyyeHUd
(200-250 m[Ix). DTo cBA3AHO C TeM, YTO PACXO] KU
KOCTH B [J@HHOM Clly4ae He OygeT MpeBbIlaTh AOIMYCTH-

quency of radiation in laser phacoemulsification is one
thousand times lower [3].

The modelling of laser cataract extraction in the Petri
dish showed that an effective aspiration may be carried
out either with high vacuum wvalues and low energy
(100-150 mJ) or vice versa — with low vacuum values
(100 mm) and high radiation energy (300—400 mJ). Yet
both options are not quite acceptable for the clinic. A high
vacuum level provides conditions for a higher expenditure
of irrigation liquid, which may traumatize the corneal
endothelium. The use of high energy levels threatens to
injure eye tissues owing to the formation of an intensive
acoustic wave. The most rational, we think, is a third
method of laser cataract extraction of medium vacuum
levels (150—200 mm) and of a relatively small radiation
energy (200-250 mJ). This is due to the fact that expen-
diture of liquid in this case will not exceed permissible
values for endocapsular removal of the lens (mean
40-50 ml/ m) and the energy values are so that the inten-
siveness of the acoustic wave will not be injurious.

Experiments with animals showed a technical possi-
bility of performing such operations directly on animal
eyes. It should be noted that, compared with pha-
coemulsification, the technique of laser removal of
cataract was more simple and less traumatic, since
most manipulations in the anterior chamber involved a
thin (600 um) laser light guide, and not thick (2 mm)
ultrasound tip. Morphological studies of the corneal
endothelium, iris, ciliary body and retina did not reveal
pathological changes. These data speak in favour of
using an effective laser removal of cataract in clinical
conditions. The results of early operations, we per-
formed in a clinic, will be given in a later issue.

Conclusions

1. Laser radiation permits to effectively crush
cataractally changed human lenses.

2. Combined with an aspiration system, laser radia-
tion, brought into the zone of operation by a light guide,
makes it possible to remove within 2—3 m a rabbit eye
lens with the use of laser energy of 200 mJ and the
150—200 mm vacuum level.

3. In comparison with ultrasound phacoemulsifica-
tion, laser cataract extraction ensures a higher rate of
operation, several times reducing the total expenditure
of energy, by far simplifying the operation technique,
which leads to the minimum of surgical traumaticity.

MbIX 3HAYEHWH [Jif OMEepalHi 1o IHIOKATNCYJSPHOMY
yianenuto xpycranuka (B cpenuem 40—-50 ma/mun), a
3HEepreTHYeCKHe 3HaUeHHs TAKOBHI, UTO HHTEHCHBHOCTD
aKyCTHYeCKOH BOJIHBI He 6yaeT TpPaBMaTHYHOM.
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Xupyprua katapaktbl u umnnaHtayna NOJ1

DKCrepUMeHTH Ha KPOJIMKAaX MOKas3aji TeXHHYyec-
KYI0 BO3MOXKHOCTb TIPOBEJIeHHs TOA06HOTO THMA Omepa-
UME HEMoCPeACTBEHHO B IIasax »uBoTHbIX. Chexyer
yKasaTh, 4TO 10 CPaBHEHHIO ¢ (paKO3IMYJIbCHPHKALHEH,
TEXHHKA /Ta3ePHOTO YHaJieHHs KaTapaKThl BhI/Isiiena
MpOILe U MeHee TPaBMAaTHYHO, TaK KaK OCHOBHAS YacTh
MaHHNyJsUKi B TiepeiHel KaMepe IPOBOJIMJIACE He ToJl-
cTIM (2 MM) y/IbTPa3BYKOBEIM HAKOHEYHHKOM, 2 TOHKHM
(600 mxm) naseprbiM cBeToBomom. Mopdonoruueckue
HCCJTEI0BAHUS POTOBHYHOIO SHAOTENHS, Paiy K, LH-
JMAPHOTO Te/ia ¥ CeTYATKH I[71a3a He BhIBAJIM MaTOJOTH-
YeCKMX H3MEHeHWH. DTH [aHHble CBUIETENbCTBYIOT O
MPaBOMOYHOCTH HCTIOJIB30BAHUS I(PHEKTHBHOTO Jasep-
HOTO y/iaJieHHs KATaPaKThl B KIUHKUKe, Peay/bTathl nep-
BBIX OTEPAIMH, BHIOJHEHHBIX HaMU B KIMHUKE, OYIyT
TPHBE/IEHb! B CEAYIOLIEM COOOLIEHHH,

BBIBOIBI

1. JIasepHoe uanyueHue nospoaser shpdeKTHBHO Apo-
OMTh KaTapakTalsHOU3MEHEHHbIE XPYCTAMHKY YeI0BeKa.

2. B xoMGHHaUWK C acCIHPALKHOHHONU CHCTEMOM 13-
JiydeHue J1azepa, M0ABOAMMOE B 30HY ONepalHiH No CBe-
TOBOAY MO3BOJAET 32 2—3 MWH YAAJIUTh XPYCTATHK B
r/1a3y KpoJivKa Py UCHOJIb30BaHWH J1a3epHOH 3Hepruu
200 mIx u ypoBHe Bakyyma 150—200 mm.

3. [To cpaBHEHUIO ¢ YILTPA3BYKOBOU (DAKOIMYILCH-
(hMKaLMeH py Jla3epHOH SKCTPAKLUMM KaTapaKThl JOCTH-
raercs 6osiee BEICOKas CKOPOCTh OTePalLHH, B HECKOIbKO
pa3 ymMeHbIIaeTcs CyMMapHasi 3aTpaTta SHepruH, cyliec-
TBEHHO YNpOLIaeTcs TeXHUKA ONepalyy, YTO CBOIUT K
MHHUMYMY TPaBMAaTHYHOCTb BMELUIATENbCTRA.
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