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Abstract

At the same time, phacoemulsification of cataracts remains the most popular surgery.
But the problem among phacosurgeons is the correction of existing corneal astigmatism.
According to studies, about 30% of the world's population have corneal astigmatism with a
strength of 0.75D and above, which leads to a decrease in visual acuity after
phacoemulsification of cataracts in the absence of its correction.

The most commonly used method to correct corneal astigmatism is the implantation of
toric intraocular lenses (TIOL). The main condition for obtaining high visual acuity after
TIOL implantation is the location of the astigmatic component of the artificial lens in
accordance with the strong meridian of the cornea. The aim of this study was to evaluate the

effectiveness of the proposed method of preventing the toric intraocular lens rotation after
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phacoemulsification of cataracts in the eyes with corneal astigmatism by implantation of a
standart capsule ring.

Material and methods. The article presents the results of a comprehensive
examination of 43 patients (59 eyes) who underwent surgery by phacoemulsification of
cataracts with implantation of toric I0L to correct concomitant corneal astigmatism. Corneal
astigmatism according to keratometry ranged from 0.5D to 4.25D (average 1.96 + 0.1 D).
Patients were divided into 2 groups. The first group consisted of 26 patients (31 eyes).
Patients in this group underwent phacoemulsification with toric IOL implantation according
to standard techniques without the use of techniques that prevent rotation of the artificial lens
in the postoperative period. The second group included 18 patients (28 eyes) who were
operated on according to our proposed prevention method of TIOL rotation. As a result of the
study, it was found that rotation of TIOL was detected 6 months after surgery in the I group
without the use of developed method in 22 eyes (70.9%), in the Il group, where the capsule
ring was implanted, rotation occurred in 12 eyes (42.85%). In the Il group in all cases, the
deviation of the TIOL axis did not exceed 6 degrees. The proposed method of prevention of
rotation of TIOL allows to increase the efficiency of phacoemulsification of cataracts.

Conclusions. Developed a method of preventing the rotation of the toric intraocular
lens using a standard capsule ring, which is implanted and located on top of the haptic support
elements of the artificial lens can increase the efficiency of phacoemulsification of cataracts in
the eyes with corneal astigmatism, contributes to the rotational stability of the toric lens and
provides long-term results of visual functions, reduces the need for repeated surgery due to
reposition of the rotated lens and can be recommended for implementation in the practice of
ophthalmic surgeons.

The use of implantation of a standard capsule ring according to the proposed in this
study method prevents the rotation of the toric intraocular lens by more than 6 degrees in all
cases, which does not significantly reduce visual acuity and does not require reposition of the
artificial lens. This method of preventing rotation of the toric intraocular lens allows to
achieve visual acuity of 0.7 and above in 85.6% of cases.

Key words: cataract; corneal astigmatism  correction;  cataract

phacoemulsification; toric 1OL.

Introduction
Phacoemulsification of cataracts remains the most popular surgery. The advantage of

this intervention is minimally invasive and high-tech. The rapid recovery period makes this
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surgery safe and can be performed in an out-patient setting [1]. But the problem among
phacosurgeons is the correction of existing corneal astigmatism. According to studies, about
30% of the world's population have corneal astigmatism with a strength of 0.75D and above,
which leads to a decrease in visual acuity after phacoemulsification of cataracts in the absence
of its correction [2].

The most commonly used method to correct corneal astigmatism is the implantation of
toric intraocular lenses (TIOL). This technique provides a short rehabilitation period and high
functional results [3, 4, 11, 12].

The main condition for obtaining high visual acuity after TIOL implantation is the
location of the astigmatic component of the artificial lens in accordance with the strong
meridian of the cornea. Deviation of these parameters by 1° leads to a decrease in the value of
the cylindrical component of the lens by 3.3%. At a deviation of 10° - by 35% [5]. It is
necessary to adhere intraoperatively to the exact orientation of the TIOL to the axis of
astigmatism. Further, receipt of the high visual acuity in such eyes requires the stability of the
implanted toric lens in the postoperative period. The occurrence of TIOL rotation in the
distant period after surgery leads to a significant reduction in visual acuity and requires
repeated surgery of reposition the intraocular lens.

Ophthalmic surgeons are developing new ways to stabilize toric intraocular lenses,
such as the development and use of assistive techniques or tools. One of such tools is
intracapsule rings [6, 7, 8].

Intracapsule stabilizing rings have been used in the practice of cataract surgeons for
more than 20 years. They allow surgeons to increase the proportion of successful
interventions on the lens, especially in complicated situations detected before surgery or
intraoperatively, such as subluxation of the lens [8].

We have developed a method of preventing TIOL rotation using a standard capsule
ring. The difference from the standard technique is that the ring is implanted in a capsule bag
after implantation of TIOL, which is tentatively centered according to the strong meridian of
the cornea. The ring is located on top of the haptic elements of TIOL (Patent of Ukraine on an
useful model Ne145036, publ. 10.11.2020, Bull.Ne21) [9].

The aim of the work is to evaluate the effectiveness of the proposed method of
preventing the toric intraocular lens rotation after phacoemulsification of cataracts in the eyes
with corneal astigmatism by implantation of a standart capsule ring.

Materials and methods. The article presents the results of a study undertaken on the

clinical basis of the Department of Ophthalmology ZSMU - in the clinic of modern
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ophthalmology "VISUS". A comprehensive examination of 43 patients (59 eyes) who
underwent surgery by phacoemulsification of cataracts with implantation of toric IOL to
correct concomitant corneal astigmatism. Corneal astigmatism according to keratometry
ranged from 0.5D to 4.25D (average 1.96 + 0.1 D). The number of patients ranged from 26 to
81. According to the sex, the studied patients were distributed almost equally: there were 22
men (51%) and 21 women (49%). Immature cataract was diagnosed in 30 eyes (51%),
primary cataract in 22 eyes (37%), and mature cataract in 1 eye (2%). Refractive lens
replacement was performed on 6 eyes (10%).

Toric intraocular lenses were implanted in all eyes: 27 of them - monofocal (AT
TORBI 709M / MP (Carl Zeiss Meditec, Germany), AcrySof 1Q Toric (Alcon, USA)), 14 -
bifocal (AT LISA toric 909M) (Carl Zeiss Meditec, Germany) and AcrySof IQ ReSTOR
(Alcon, USA)) and 18 trifocal (AT LISA tri toric 909M (Carl Zeiss Meditec, Germany). All
examined patients were operated on by surgeons whose individual induced astigmatism was
not greater than 0.25D. The tunnel section was performed in the standard meridian in
accordance with 160-180 degrees. In all cases, the operation and the postoperative period
proceeded without complications. Operated patients were observed for 6 months after
surgery.

Patients were divided into 2 groups. The first group consisted of 26 patients (31 eyes).
Patients in this group underwent phacoemulsification with toric IOL implantation according
to standard techniques without the use of techniques that prevent rotation of the artificial lens
in the postoperative period. The second group included 18 patients (28 eyes) who were
operated on according to our proposed prevention method of TIOL rotation [9].

All patients underwent the following series of examinations before and after the
operation: visual acuity determination, autorefractometry on an automatic refractometer URK
700, biomicroscopy, ophthalmoscopy, perimetry, tonometry, ultrasound linear and two-
dimensional scanning on the PACSCAN device using the CLAN 300A -3000P, optical
biometrics and IOL calculation on the IOLMaster700 device. Visual acuity was determined
for the Snelen table, the results are presented in articles. Additional calculation of toric IOL
was performed using the Verion® device (Alcon, USA) and the online calculator "Z CALC
Online IOL Calculator” (Carl Zeiss, Germany).

Statistical processing of the obtained results was performed using the software
package Statistica 13.0 (license number JPZ8041382130ARCN10-J). The calculation of the
arithmetic mean of the variation series (M) and its standard error (m) was performed.

Student's t-test was used to compare quantitative values in even series. Previously, the

174



hypothesis about the normality of the distribution of variables in the variation series was
tested. In the absence of such a distribution of values in the studied samples, the
nonparametric Mann-Whitney test was calculated.
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Fig.1 Average visual acuity after FEC with TIOL implantation in the observation
groups after 5-7 days, 1 month and 6 months. Postoperatively
Note: the statistical difference with the corresponding indicators between the groups in

all cases is not significant, p> 0.05.
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Results. The main success rate of surgical treatment of cataracts in patients with
concomitant corneal astigmatism is high visual acuity without the use of additional cylindrical
correction. It is important to maintain functional parameters in the remote postoperative
period, which is achieved by the stability of the TIOL position in the capsule bag in
accordance with the axis of implantation. The dynamics of changes in the average visual
acuity after surgery is presented in Figure 1 in the first and second groups of the study.

The above diagrams show that the average visual acuity in the groups differs within
0.1. It is also noteworthy that the run-up of results, which are represented by the mustache of
the amplitude scale - is smaller in the second group, where was used the prevention of TIOL
rotation - implantation of an intracapsular ring. It is also seen that the difference in the
average visual acuity without the use of additional correction increased with the term after
surgery.

6 months. after the operation, the average indicators of visual acuity without correction
in the first group - 0.74 + 0.03, in the second - 0.78 + 0.03. In the first group, 41.93% (13
eyes) had maximum visual acuity (0.9 and above) for 6 months after surgery, and 45.16% (14
eyes) did not need correction to improve the refractive result. In 4 cases (12.9%) was applied
spherical correction, in 12 eyes (38.7%) - cylindrical, in 1 eye (3.2%) - sphero-cylindrical.

In the group where an additional intracapsular ring was implanted on top of TIOL after
6 months visual acuity 0.9-1.0 was determined in 50.0% (14 eyes), in half of the cases (14
eyes) correction was not necessary to improve the refractive result. Spherical correction
improved visual acuity in 4 eyes (14.2%), cylindrical correction in 5 eyes (17.8%), and in 5
cases sphero-cylindrical correction was required.

The stability of the TIOL position and the absence of its rotation are assessed by the
dynamics of visual acuity and the correspondence of the lens axis position to the implantation
axis according accorfing to preoperative calculations. Below are the results of achieving high
visual acuity in the observation groups at 1 and 6 months after surgery (Table 1).

As can be seen above: the proportion of eyes in the first group with visual acuity of 0.7
and above 1 month after surgery is 74.1% (23 eyes). 6 months after surgery it becomes
slightly lower - 67.7% (21 eyes). In the second group, 1 month after surgery high visual
acuity (0.7 and above) was detected in 24 eyes (85.6%). The difference between these
indicators in the observation groups is not statistically significant (p> 0.05). After 6 months a
decrease in the total number of eyes with high visual acuity - 22 (78.5%) was caused by the

development of secondary cataracts in 2 eyes from the second group.

176



Table 1.
Dynamics of changes in visual acuity in the eyes with cataracts and corneal
astigmatism in the observation groups

Terms of Visual acuity
observation 0,9 — 1,0 (humber of 0,7-0,9 (number of <0,7 (number of eyes,
eyes, %) eyes, %) %)
Il grou | group Il group | I group Il group | I group
1 month 13 14 11 9 4 8
(46,4%) (45,1%) (39,2%) (29,0%) (14,2%) (25,8%)
6 months 14 13 8 8 6 10
(50%) (41,9%) (28,5%) (25,8%) | (21,42%) | (32,2%)

The stability of the TIOL position in the capsule bag was analyzed. To assess this
parameter, the axis of TIOL implantation and its position were compared 6 months after
surgery. The position of the toric intraocular lens was evaluated using a slit lamp and the ratio
of the light beam parallel to the marks on the artificial lens. Thus, 6 months after surgery,
rotation of the intraocular lens was detected in 22 eyes (70.9%) in the first group, in second
group - in 42.85% of cases (12 eyes). It is important that in the group without use of the
rotation prevention, in 13 eyes (59% of all rotated) was detected deviation of the TIOL axis
within 6 degrees or more. In the second group in all 12 cases (100% of cases) the axis of the
lens implantation was up to 6 degrees.

Below there are the indicators of the deviation of the TIOL axis 6 months after surgery
in the study groups (Fig. 2)

Therefore, it can be argued that the position of TIOL in the group where we used our
proposed method with the intracapsular ring implantation was more stable, the intraocular
lens retained its position better. The average deviation was 2.14 + 0.4 degrees (max - 6°, min -
0°), which did not significantly impair visual function. In group I, the average deviation of the
TIOL position - 5.41 + 1.01 degrees (max - 30°, min - 0°) at implantation of multifocal TIOL
led to a decrease in visual acuity and caused discomfort, diplopia and inability to distinguish
small objects and font at close range. The difference between the mean deviations of the axis
of the toric lens implantation in group Il is statistically significant (p <0,05). It is important
that in 2 cases patients from the first group of supervision required repeated surgical

intervention - reposition of the rotated TIOL.
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The average values of the axis deviation of the toric intraocular lens position 6

months. after surgery
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Fig.2. The average values of the axis deviation of the toric intraocular lens position 6

months. after surgery in the observation groups (p <0,05).

Clinical case:

Patient D., born in 1961, was operated on with a clinical diagnosis: "Immature
cataract, complex myopic astigmatism of the right eye.” Preoperative index of corneal
astigmatism according to keratometry: 2.75 D. TIOL - AT Torbi 709 M (Carl Zeiss Meditec,
Germany) was implanted during the initial surgery. At the routine examination 1 month after
surgery, the patient required the use of an additional cylindrical correction of 1.5D. It was
found that the lens is rotated 30 degrees from the ascending position on the background of
pronounced fibrous changes of the capsule bag Visual acuity decreased to 0.5 without
correction, with the use of additional correction sph -0.5D and cyl + 1.5D reached 1.0. From
the subjective complaints, the patient noted: blurred vision, diplopia, dissatisfaction with the
functional result of surgical treatment. The patient was operated again, reposition was
performed: TIOL was returned to the correct position, according to preoperative calculation
and stabilized using a standard open ring with a diameter of 13 mm with rounded ends, which
was implanted in a capsule bag on top of the haptic elements of TIOL. On examination on the
first day after surgery, visual acuity - 1.0 (using the diaphragm), intraocular pressure was

normal, TIOL occupied the correct position in the capsule bag. 6 months. after repeated
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surgery, visual acuity of the operated eye remains 1.0, intraocular pressure was normal, the
position of the IOL was stable without signs of rotation.

Discussion

Ophthalmic surgeons around the world are looking for ways to prevent rotation and
ensure the stability of the position of the toric intraocular lens in the capsule bag according to
its planned axis. G.A. Fedorov and V.V.Egorov developed a device for improving the
rotational stability of implanted toric intraocular lenses. This device is represented by an open
flat capsule ring having two hinges at the ends and a soft stopper in the form of a cylinder in
the central part of the ring. After implantation, the ring is rotated in the capsule bag clockwise
until the position of the stopper coincides with the mark on the cornea, indicating the position
of the strong meridian of astigmatism. Next, a toric IOL is implanted in the capsule bag and
rotated clockwise so that the base of its support element is located with emphasis in the
silicone stopper [6]. This method reliably stabilizes TIOL, but has certain disadvantages: there
is no well-established large-scale industrial production of this device, so the implementation
of this method has a number of obstacles, there are also some difficulties in implanting the
capsule ring. This is more pronounced with insufficient pupil diameter to visualize the
silicone stopper and adhere to the correct axis of the implanted TIOL.

Other authors (Kuznetsov S.L. and Galleev T.R.) also developed a device modelled on
the intracapsule ring type, the difference of which is the presence on its inner surface of
elastic elements in the form of three teeth, which are used to fix the haptic element implanted
further TIOL at the "paper clips” type [7, 8]. This method also has the disadvantages of the
above previous device.

Interestingly, the works of Vokrojova M, Havlickova L and others did not reveal the
effectiveness of the capsule ring. The statistical difference was not confirmed in the rotational
stability of the implanted lens with or without the presence of a capsule ring [10].

The positive data obtained in our study, which indicate greater rotational stability of
the toric intraocular lens with the use of a standard capsule ring implantation are explained by
the phased implantation of the lens and capsule ring. The technique developed and proposed
for our use differs in that it additionally fixes the haptic elements of the lens with the capsule
ring implanted on top of them. The obtained results and the given clinical example show that
the use of an additional intracapsule ring according to the proposed method prevents the TIOL
rotation in the capsule bag. In our opinion, this is due to the following two effects: the capsule

ring stabilizes the capsule bag and prevents the development of fibrous processes and its
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deformation; the additional ring pressure on the haptic elements of the intraocular lens also

promotes rotational stability and prevents the free movement of TIOL in the capsule bag.

Conclusions

1. Developed a method of preventing the rotation of the toric intraocular lens
using a standard capsule ring, which is implanted and located on top of the haptic support
elements of the artificial lens can increase the efficiency of phacoemulsification of cataracts in
the eyes with corneal astigmatism, contributes to the rotational stability of the toric lens and
provides long-term results of visual functions, reduces the need for repeated surgery due to
reposition of the rotated lens and can be recommended for implementation in the practice of
ophthalmic surgeons.

2. The use of implantation of a standard capsule ring according to the proposed in
this study method prevents the rotation of the toric intraocular lens by more than 6 degrees in
all cases, which does not significantly reduce visual acuity and does not require reposition of
the artificial lens

3. This method of preventing rotation of the toric intraocular lens allows to

achieve visual acuity of 0.7 and above in 85.6% of cases.
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