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 G 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 3rd and 4th 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 3rd degree of lens nucleus density was achieved, and 
40% – at the 4th 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 3rd degree of the lens 
nucleus density, and 42% at 4th 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.

 G Keywords: cataract; phacoemulsification; YAG laser phacofragmentation; femtosecond laser support.
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 G Цель — разработать комбинированную методику предварительной ИАГ-лазерной фраг-
ментации и фемтолазерного воздействия на приборе CATALYS и оценить её роль в уменьше-
нии временных и энергетических параметров хирургии катаракты высокой степени плотности. 
Материал и методы. В исследование были включены 118 пациентов (118 глаз) с возраст-
ной катарактой 3-й и 4-й степени плотности ядра хрусталика. В основной группе перед фако-
эмульсификацией катаракты (ФЭК) с фемтолазерным сопровождением и имплантацией ин-
траокулярной линзы (ИОЛ) проводили предварительную ИАГ-лазерную факофрагментацию 
ядра хрусталика. В первой контрольной группе выполняли ФЭК с фемтолазерным сопрово-
ждением и импланта цией ИОЛ. Во второй контрольной группе — ФЭК с имплантацией ИОЛ. 
Результаты. Достигнуто снижение энергии фемтолазерного воздействия на 35 % при 3-й сте-
пени плотности ядра хрусталика и на 40 % — при 4-й степени по сравнению с проведением 
ФЭК с фемтолазерным сопровождением без предварительной ИАГ-лазерной факофрагмен-
тации; снижение кумулятивной энергии ультразвука на 38 % при 3-й степени плотности ядра 
хрусталика и на 42 % — при 4-й степени по сравнению с изолированной ультразвуковой ФЭК. 
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Заключение. Предложенная модификация методики комбинированного ИАГ-лазерного и фемтола-
зерного воздействия позволяет достичь полноценной фрагментации ядра хрусталика высокой степени 
плотности в ходе хирургии катаракты, способствует минимизации риска осложнений и быстрой по-
слеоперационной реабилитации пациентов.

 G Ключевые слова: катаракта; факоэмульсификация; ИАГ-лазерная факофрагментация; фемтола-
зерное сопровождение.

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 3rd and 4th 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 IOL 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.  Fragmentation of the lens into 6 equal fragments with an additional grid for lens softening

Рис. 1.  Фрагментация хрусталика на 6 равных фрагментов с дополнительной решеткой для размягчения хрусталика

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 softening 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 3rd and 4th 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 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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Fig. 2.  Preliminary YAG laser fragmentation: a – nuclei of the cataractous lenses of the 3rd degree of density; b – nuclei of the 
cataractous lenses of the 4th degree of density

Рис. 2.  Предварительная ИАГ-лазерная фрагментация: а — ядра катарактального хрусталика 3-й степени плотности; 
b — ядра катарактального хрусталика 4-й степени плотности

Fig. 3.  Optical coherence tomography of the anterior segment 
of the eye

Рис. 3.  Оптическая когерентная томограмма переднего от-
резка глаза

Fig. 4.  Uniform distribution of cavitation bubbles. Complete 
fragmentation without excessive pneumodissection

Рис. 4.  Равномерное распределение кавитационных пу-
зырьков. Полноценная фрагментация без избыточ-
ной пневмодиссекции

a b

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.

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. 
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Table 1 / Таблица 1

Comparison of  laser energies and PE parameters  in the main and control groups with third degree of  lens nucleus density
Сравнение  значений  лазерной  энергии  и  параметров  факоэмульсификации  катаракты  в  основной  и  контрольных  группах 
при 3-й степени плотности ядра хрусталика

Parameters Main group Control group 1 Control group 2

Total laser energy, J
5.4 (↓35%) 

(5,3 FSL + 0,1 YAG)
8.4 –

Type of fragmentation Full Partial in 60% of cases –

Pneumodissection Safe Excessive –

Cumulative ultrasound energy, J
7.1 ± 1.9 
(↓38%)

9.8 ± 1.3 
(↓16%)

11.6 ± 2

Total time of ultrasound exposure, sec
45 ± 7 
(↓48%)

52.4 ± 6 
(↓39%)

86 ± 7

Volume of aspirated fluid, ml
70 ± 7 
(↓28%)

82 ± 5 
(↓16%)

98 ± 10

Table 2 / Таблица 2

Comparison of  laser energies and PE parameters  in the main and control groups with fourth degree of  lens nucleus density
Сравнение  значений  лазерной  энергии  и  параметров  факоэмульсификации  катаракты  в  основной  и  контрольных  группах 
при 4-й степени плотности ядра хрусталика

Parameters Main group Control group 1 Control group 2

Total laser energy, J
8.37 (↓40%) 

8.17 FSL + 0,2 YAG)
13.6 –

Type of fragmentation Full
Pseudo-fragmentation 

in 80% of cases
–

Pneumodissection Safe Excessive –

The cumulative ultrasound energy, J
9.7 ± 1.6 
(↓42%)

12.8 ± 1.8 (↓24%) 16.9 ± 1.8

The total time of ultrasound exposure, sec
51 ± 4 
(↓47%)

59 ± 6 (↓39%) 97 ± 7

The volume of aspirated fluid, ml
78 ± 6 
(↓28%)

93 ± 4 (↓14%) 108 ± 9

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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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, 
Irvine–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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