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<> The goal is to develop a combined technique for preliminary YAG laser fragmentation and Femto la-
ser exposure on a CATALYS device and to evaluate its role in reducing the time and energy parameters of
a surgery of high-density cataract. Material and methods. The study included 118 patients (118 eyes) with
age-related cataracts of the 3 and 4" degrees of lens nucleus density. In the main group, before phaco-
emulsification (PE) with a Femto laser support and IOL implantation, preliminary YAG laser phacofragmen-
tation of the lens nucleus was performed. In the first control group, PE was performed with Femto laser
support and IOL implantation. In the second control group — PE with IOL implantation. Results. A 35% de-
crease in the energy of the Femto laser action at a 3" degree of lens nucleus density was achieved, and
40% — at the 4™ degree, in comparison with the PE with the Femto laser support without preliminary YAG
laser phacofragmentation, a 38% decrease in the cumulative ultrasound energy at 3 degree of the lens
nucleus density, and 42% at 4" degree compared with isolated ultrasonic cataract phacoemulsification.
Conclusion. The proposed modification of the technique of combined YAG laser and Femto laser exposure
allows achieving during cataract surgery a complete fragmentation of the lens nucleus of a high degree
of density, helps minimizing the risk of complications and reaching quick postoperative rehabilitation of
patients.

<> Keywords: cataract; phacoemulsification; YAG laser phacofragmentation; femtosecond laser support.

ONTUMW3ALNSA JHEPTETUYECKWK MAPAMETPOB B XOJIE XUPYPTUN KATAPAKTDI
BbICOKOW CTENEHW NJIOTHOCTIA
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<> Lleav — paszpaGotaTh KOMOMHMPOBAaHHYIO METOAMKY mnpeaBaputenbHoil MAT-nasepHoit ¢par-
MeHTaluu U pemTosazepHoro Bozjaeictus Ha npubope CATALYS u oueHuTh €€ posib B yMeHbllie-
HUM BPEMEHHBIX U HEPreTHUeCKHUX MapaMeTpoB XHPYPruM KaTapaKTbl BbICOKOH CTEMEHH MJOTHOCTH.
Mamepuana u memodot. B uccienoBanue Obiin BKJtodeHbl 118 manuentoB (118 ria3) ¢ Bo3pact-
HOW KaTapakTod 3-U M 4-# cTemeHH TMJOTHOCTH siipa XpycTaJuka. B ocHoBHOH rpynme mepen ¢ako-
smyabcupukauueil karapaktol (PIK) ¢ demTosazepHbiM conpoBOXKAeHHEM M MMIJAaHTALHEH HH-
tpaokyasipuoin Jun3bl (MOJI) nposopuan npeasaputenbhyio MAT-nazepuyio dakodparmeHTauio
aapa xpycranuka. B mepBoit kontposbHo# rpynmne BoimonHAAn PIK ¢ demTonazepHsiM comnposo-
xkaenneM u umnaantauueid MOJI. Bo Bropoit kontpoabHo# rpynne — ®IK ¢ umnaanraguein MOJI.
Pesyabmamet. JlocTUrHYTO CHUXKeHHe HeprHH GeMToa3epHoro BosaeicTeus Ha 35 % npu 3-ii cre-
MeHH MJAOTHOCTH siapa xpyctanuka u Ha 40 % — npu 4-ii cTeneHu 1Mo CPaBHEHHIO C MPOBEAEHHEM
OIK ¢ demrosazepHbiM conpoBoxkaeHHeM 6e3 npeaBaputesbHoil MAT-nazepHoit daxkodparmen-
TAalMK; CHUXKEHHE KyMYJSITHBHOH SHEPTHH yJabTpasByka Ha 38 % mnpu 3-il cTerneHu MJIOTHOCTH sijpa
xpycranuka u Ha 42 % — 1pu 4-il cTeneHn No CpaBHEHMIO C M30JUMPOBAHHON yabTpasByKkoBoi PIK.
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3akaruenue. Ipennoxkennas MoaupuKaus MeTOIUKH KomOruHHpoBanHoro MATI-naseproro u demrosa-
3epHOT0 BO3/IEHCTBHUS MO3BOJISIET IOCTHYb MOJHOLEHHOH (PparMeHTall1 siipa XpyCTalMKa BbICOKOH CTeNeHH
MJIOTHOCTHU B XOJIe XUPYPrUH KaTapakTbl, COCOOCTBYeT MUHUMHU3AUKWH PUCKA OCJIOKHEHUH U ObICTPOH MO-

cJleonepallMoHHON peabuJaUTalLUK allUeHTOB.

<> Kawuessie crosa: karapakta; hakosmynbcudukanuns; MAT-nazepruas haxkodparmentaiius; pemroa-

3€pHOE COIMPOBOKACHHE.

INTRODUCTION

Background. Ultrasound phacoemulsification (PE)
of cataract is currently the most common and care-
fully developed method of surgical treatment of this
condition [1]. However, PE in cases with high-de-
gree density of the lens nucleus still deserves spe-
cial attention, because it requires an increase in
energy, in time parameters of ultrasound exposure,
and in number of surgical manipulations [2, 3].

In this regard, a search for pre- and intraopera-
tive methods of affecting the high-density nucleus
of cataractous lens to decrease the ultrasound en-
ergy load on ocular structures, to reduce the time
of procedure, and to minimize the risk of complica-
tions during surgery.

Of particular interest is the use of preliminary
YAG-laser phacofragmentation that was developed
in 2002 at the Kaluga branch of the S. Fyodorov
Eye Microsurgery Federal State Institution; it re-
mains successfully used to date. This method al-
lows an effective peeling of layers of the lens fi-
bers in high-density nuclei by means of local and
dosed YAG-laser action. This method significantly
reduces the total energy load during the subse-
quent PE [4].

The trend in cataract surgery during the last
decade was an active use of femtosecond laser
(FSL) support. This allows the automation of criti-
cal stages of the procedure, including femtolaser
fragmentation of the lens nucleus, and thus reduc-
ing the total ultrasound energy during PE, as well
as the time of surgery, leading to more accurate
and predictable functional results and to lower in-
cidence of complications [5].

However, the energy of FSL radiation must be
increased to fragment lenses with high degree of
nucleus density. This causes excessive cavitation
bubbles’ formation, which could lead to the rupture
of posterior lens capsule (capsular block syndrome)
and to the dislocation of lens fragments into the
vitreal cavity [6].

In addition, attempts to fragment high-density
nuclei with femtolaser result in partial fragmenta-
tion or pseudo-fragmentation of the lens nucleus
in the vast majority of cases.

This study aimed to develop a combined meth-
od of preliminary YAG laser phacofragmentation
and femtolaser impact using the CATALYS device
and to evaluate its role in reducing the time and
energy parameters of high-density cataract sur-

gery.

MATERIALS AND METHODS

The study included 114 patients (114 eyes) with
age-related cataracts with 3™ and 4" degree of
lens nucleus density, according to the classifica-
tion by K.V. Boyko (2013). The median age was
64 + 12 years. All patients were divided into the
main and two control groups depending on the
method of surgical treatment. In the main group
(21 eyes with a third-degree cataract and 17 eyes
with a fourth-degree cataract), preliminary YAG
laser phacofragmentation of the lens nucleus was
performed before PE with femtolaser assistance
and [OL implantation. In the first control group
(19 eyes with a third-degree cataract and 19 eyes
with a fourth-degree cataract), PE was performed
with femtolaser support and IOL implantation.
In the second control group (20 eyes with third-
degree cataract and 18 eyes with a fourth-degree
cataract), PE with IOL implantation was per-
formed.

In addition to standard preoperative examina-
tions, special methods, namely, measurement of
the lens optical density, specular microscopy and
ultrasound biomicroscopy, were used. The opti-
cal density of the lens was quantified using an
Oculus Pentacam HR system (USA). Preliminary
YAG laser fragmentation of the lens nucleus was
performed using a Visulas YAG III YAG laser
(Carl Zeiss Meditec AG, Germany).

During preliminary YAG laser PE, laser im-
pacts were applied to the lens nucleus periphery
with minimal YAG laser energy and with a gra-
dual increase in energy until the lens nucleus was
delaminated. Then, the laser impacts were trans-
ferred to the central nucleus area.

The femtolaser action on the lens nucleus in
the main and the first control groups was achieved
using the femtolaser CATALYS Precision Laser
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Fig. 1.
Puc. 1.

System (Optimedica, SantaClara, CA, USA).
The advantages of this femtolaser system are the
wide range of lens fragmentation patterns and the
capability to change the dose parameters of fem-
tolaser pulse energy in the anterior and posterior
layers of the lens and the distance between im-
pacts. Fragmentation can occur along the lines of
the lens splitting into segments and additionally in
the form of a mesh structure between segments.
In addition, the number of repetitions of process-
ing the selected segmentation lines in the lens
fragmentation pattern can be changed as the laser
passes through the segmented part of the pattern
depending on lens density and thickness.

In the main group, the femtolaser support of PE
was held the day after preliminary phacofragmen-
tation (PP). The energies at the stage of the an-
terior capsule opening in all cases were the same
(0.2 J). The lens nucleus was fragmented along
three meridians into six equal segments. Femtola-
ser cuts were located in a safe zone at a distance
of 500 microns from the anterior lens capsule and
corresponded to the lens nucleus height calculated
using the INTEGRAL GUIDANCE System, which
excluded femtolaser effects on less dense cortical
layers and excessive formation of vacuoles. Addi-
tional fragmentation to soften the lens was per-
formed in the form of cuts in the mesh structure.
The distance between grid lines was 350 microns,
and that between segmentation and soitening was
200 microns (Fig. 1).

The energy parameters recommended by the
manufacturer of the femtolaser were insufficient
for full fragmentation of the nuclei of cataractous
lenses with 3™ and 4" degrees of density. There-
fore, we developed an algorithm for optimizing
these parameters, which consisted in increasing
the pulse energy in increments of 0.5 MJ and the
number of repetitions of segmentation with a mini-
mal energy load on ocular structures. Thus, for the

Fragmentation of the lens into 6 equal fragments with an additional grid for lens softening

@parmenrains Xpycrajnka Ha 6 paBHbIX (pParMeHTOB C JOMOJHUTEJbHON PeleTKO! /151 pa3MsryeHust XpycraJjauka

fragmentation of a lens nucleus with a third-degree
density, we used 5.4 J femtolaser energy (the sin-
gle pulse energy was 8 and 10 MJ in the anterior
and posterior layers of the lens, respectively) and
4—5 repetitions of segmentation. For the frag-
mentation of the lens nucleus with fourth-degree
density, 8.17 J energy (the single-pulse energies
were 8 and 10 MJ in the anterior and posterior
layers of the lens, respectively) and 6—7 repeti-
tions segmentation were used.

Subsequent PE was performed in accordance
with the standard “phaco chop”method.

During PE, the completeness and quality of la-
ser cuts in the thickness of the lens nucleus were
evaluated in accordance with the classification we
proposed earlier [7—9]. A complete fragmentation
was considered satisfactory. In addition, the ultra-
sound energy parameters and the amount of fluid
used were evaluated intraoperatively.

In the first control group, 8.4 J femtolaser en-
ergy was used for fragmentation of the lens nucle-
us with a third-degree density, and 13.6 J energy
was used for the lens nucleus with a fourth-degree
density.

In the second control group, we performed a
single PE by the standard “phaco chop” method
with IOL implantation.

RESULTS

In the main group, preliminary YAG laser
destruction provided a uniform stratification of
lens fibers along the formed cavitation vacuoles.
Third-degree density was characterized by the
mixed-type destruction of the nucleus in the form
of “bubbles” and “petals.” For the fourth-degree
density, “petals” were predominant (Fig. 2).

Cavitation vacuoles, which were obtained as a
result of PP by YAG laser, did not interfere with
the high quality visualization of the anterior seg-
ment structures by the optical coherence tomog-
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raphy (OCT) system of the FSL and the accuracy
of planned femtosecond action (Fig. 3).

The evaluation of the results of femto-assisted
cataract surgery after preliminary YAG laser expo-
sure showed that the fragmentation of lens nuclei
with third- and fourth-degree densities using 3.5
and 8.17 J femtolaser energy achieved complete
separation of the lens nucleus (Fig. 4). The use of
the selected FSL parameters allowed the fragmen-
tation of the lens nucleus along its entire thick-
ness, excluding excessive formation of cavitation
bubbles, which technically caused no complication
in the subsequent stages of hydrodissection and
hydrodelineation.

In the first control group, in which PE was
performed with laser assistance but without PP
by YAG laser, after FSL fragmentation of the nu-
clei with third-degree density, we observed partial
fragmentation of the lens nucleus in 60% of the
cases, whereas in the nuclei with fourth-degree
density, fragmentation of the surface layers of the
crystalline lens or pseudofragmentation occurred
in 80% of the cases.

Fig. 2.
cataractous lenses of the 4" degree of density

Puc. 2.

Comparative analysis of the obtained laser en-
ergy values in the main and control groups showed
that for patients with a cataract of third-degree
density, conducting an YAG laser PP with 0.1 J en-
ergy allowed the reduction of the total laser energy
from 8.4 J when performing PE with a femtolaser
support to 5.4 J when using the combined tech-
nique that we developed, thus reducing the total
energy load by 35%. For patients with cataracts
of fourth-grade density, performing YAG laser PP
with energy of 0.2 J reduced the total laser energy
from 13.6 J when performing PE with femtolaser
support to 8.17 J when using the combined tech-
nique that we developed, thus reducing the total
energy load by 40%.

Comparison of the parameters of PE in the main
and control groups in third-degree density of the
lens nucleus revealed that in the main group, the
cumulative ultrasound energy decreased by 38%,
the total time of ultrasound exposure by 48%, and
the volume of the aspirated fluid by 28%, com-
pared with the second control group, in which PE
was performed without additional laser actions.

b

Preliminary YAG laser fragmentation: a — nuclei of the cataractous lenses of the 3™ degree of density; b — nuclei of the

[TpenBapuresnbnast MAT-nasepnast dpparmMentauus: a — siipa KaTapakTaJbHOIO XpycTajuKa 3-f CTeleHH MJOTHOCTH;

b — sapa KaTapakTaJbHOrO XpycTasauka 4-i cTerneHu MJI0THOCTH

Fig. 3. Optical coherence tomography of the anterior segment
of the eye
Puc.3. Onruueckasi KorepeHTHasi TOMOrpaMMa MepeiHero oT-

pesKa rjasa

Fig. 4. Uniform distribution of cavitation bubbles. Complete
fragmentation without excessive pneumodissection
Puc. 4. PaBHomepHoe pacrpefesieHde KaBHTALLHOHHBIX TYy-

3bIpbKOB. [losiHOLeHHAs1 pparmMeHTalus 6e3 H30ObITOY-
HOH MHEBMOJMCCEKLHU
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Table 1/ Tabmmya 1

Comparison of laser energies and PE parameters in the main and control groups with third degree of lens nucleus density
CpaBHEHWe 3HAYEHUl Na3epHOil IHEPruM M napameTpoB (HaKOIMYNbCU(IMKALUN KATapakTbl B OCHOBHOW M KOHTPONbHLIX rpynnax

npu 3-it CTENeHN NAOTHOCTH AAPa XpycTanuka

Parameters Main group Control group 1 Control group 2
Total laser energy, J (5.3 E)F'ZS‘L%B(?;/O)YAG) 8.4 -
Type of fragmentation Full Partial in 60% of cases -
Pneumodissection Safe Excessive -
Cumulative ultrasound energy, J 7(13%25 9(3202)3 116+2
Total time of ultrasound exposure, sec (1?150/5) ‘?5349;))6 86+7
Volume of aspirated fluid, i (126?/7) (856*/5) 98 + 10

Table 2 / Tabmnua 2

Comparison of laser energies and PE parameters in the main and control groups with fourth degree of lens nucleus density
CpaBHeHWe 3Ha4eHWii Na3epHoil 3HEpruM M napameTpoB (hako3IMyNbCUGIMKALMN KATapaKTbl B OCHOBHOA W KOHTPOMbHbIX rpynnax

npu 4-i CTENeHu NNOTHOCTH AApPa XpycTanuka

Parameters Main group Control group 1 Control group 2
8.37 (140%)
Total laser energy, J 817 FSL + 0,2 YAG) 13.6 -
. Pseudo-fragmentation
Type of fragmentation Full in 80% of cases -
Pneumodissection Safe Excessive -
. 97+16 0
The cumulative ultrasound energy, J (142%) 12.8 £1.8 (124%) 16.9+18
. 51+4 0
The total time of ultrasound exposure, sec o 59 +6 (139%) 97«7
(147%)
The volume of aspirated fluid, ml 186 93+ 4 (114%) 108+ 9
' (128%) - -

In the first control group, after isolated femtolaser
fragmentation, we noted a decrease in the cumula-
tive ultrasound energy by 16%, the total time of
ultrasound exposure by 39%, and the volume of
aspirated fluid by 16% compared with the second
control group (Table 1).

In the fourth-degree density lens nucleus in the
main group, the cumulative energy of ultrasound
during PE decreased by 42%, the total time of
ultrasound exposure by 47 %; the volume of the as-
pirated fluid by 28%. In the first control group, af-

ter isolated femtolaser fragmentation of the nuclei,
the cumulative energy of the ultrasound decreased
by 24%, the total time of ultrasound exposure by
39%; the volume of aspirated fluid by 14%, com-
pared with the second control group (Table 2).

DISCUSSION

The modern technology of cataract surgery pro-
vides high visual functions in the early postopera-
tive period. This enables the transfer of PE to the
category of outpatient surgery [1].
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Ia
1

However, at PE for the complete fragmentation
of the lens nucleus with third and fourth-degree
density, the ultrasound energy must be increased,
which is associated with a high risk of compli-
cations, such as intraoperative ones (injury to
the corneal endothelium, zonules, and posterior
capsule of the lens), and postoperative ones, at
early (reactive hypertension, iridocyclitis, and hy-
phema), and late (epithelial-endothelial dystrophy,
[rvine—Gass syndrome) stages [2, 3]. Therefore,
we developed a combined method for preliminary
YAG laser fragmentation and intraoperative fem-
tolaser exposure [7—10].

Previous studies of specialists of the Kaluga
branch of the S. Fyodorov Eye Microsurgery Fe-
deral State Institution proved that the use of PP
by YAG laser reduces the total ultrasound energy
but causes no changes in hydrodynamic param-
eters; this method is also safe for ocular struc-
tures [4].

New opportunities for optimizing and reducing
the energy load during the PE of dense cataracts
opened with the use of the femtolaser system
CATALYS Precision Laser System (OptiMedica,
USA). This system combines a FSL, a soft liquid
optic interface, and an integrated three-dimen-
sional full-volume OCT to create precise laser cuts
in the lens and cornea. Ultra-short pulses of an
infrared laser are used to perform the procedure;
the energy of one pulse is 1—-10 mJ. Each FSL
pulse causes a strictly localized plasma formation
followed by cavitation, which destroys only micron-
level tissues [11].

With this laser system, lens nucleus fragmenta-
tion can occur not only along the lines of the lens
splitting into segments but also in the form of a
mesh structure between segments. In addition,
the number of processing repetitions of selected
segmentation lines can be changed depending on
the lens density and thickness [12—14].

In this paper, we proposed a combined method
of preliminary YAG laser fragmentation and fem-
tolaser action using the CATALYS unit and evalu-
ated its role in reducing the energy parameters at
high-density cataract surgery.

The preliminary YAG laser fragmentation of the
cataractous lens nucleus caused no interference
with the high quality visualization of the anterior
segment structures by the OCT system of the FSL
and did not reduce the accuracy of subsequent fem-
tolaser exposure.

Comparison of energy parameters in the study
groups showed that for patients with third-degree

density cataracts, the use of the combined tech-
nique reduced the cumulative ultrasound energy
by 38%, the total time of ultrasound exposure by
48%, and the volume of aspirated fluid by 28%
compared with the isolated PE.

For patients with fourth-grade cataracts, the
combined use of the preliminary YAG laser expo-
sure the day before surgery and FSL tracking of
the PE reduced the cumulative ultrasound energy
by 42%, the total time of ultrasound exposure by
47%, and the volume of aspirated fluid by 28%
in comparison with the PE performed without ad-
ditional laser actions on the nucleus of the cata-
ractous lens.

CONCLUSION

The proposed modification of the method of
combined YAG laser and femtolaser exposure
achieved full-fledged fragmentation of the lens
nucleus with a high-degree density during cata-
ract surgery.

The use of this technique reduced the energy
of femtolaser exposure by 35% for third-degree
density lens nucleus and by 40% for the fourth-
degree density lens nucleus compared with the PE
with femtolaser support but without PP by YAG
laser. As a result, the cumulative energies of ul-
trasound reduced by 38% and 42% in the lens
nucleus with third- and fourth-degree densities,
respectively, compared with isolated ultrasound PE
of cataracts, which minimizes the risk of complica-
tions and allows rapid postoperative rehabilitation
of patients.
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