ORIGINAL RESEARCH | OPHTHALMOLOGY

COMPARATIVE ANALYSIS OF METHODS FOR CALCULATION OF TORIC INTRAOCULAR LENSES
IN PATIENTS AFTER PENETRATING KERATOPLASTY
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Calculation of toric intraocular lenses (tIOLs) in patients after penetrating keratoplasty (PK) is challenging. The study aimed to perform comparative retrospective
analysis of various methods for calculation of tlOL during phacoemulsification in patients after PK. We analyzed case reports of 36 eyes (36 patients) after PK,
which underwent phacoemulsification with tlOL implantation. All tIOLs were recalculated using four different methods. In group 1, tIOL calculation was performed
using keratometry data of the anterior surface of the corneal graft measured using a corneal topographer, and the posterior surface of the corneal graft measured
using optical coherence tomography of the cornea or the Scheimpflug keratotopographer. In group 2, keratometry of both corneal graft surfaces was measured
using the Scheimpflug keratotopographer, in group 3 — using OCT of the cornea, in group 4 — using the keratotopographer. The online Barrett True — K Toric
Calculator was used to calculate tIOLs in groups 1-3, and The Kane Formula was used in group 4. There were significant differences in the values of the spherical
and cylindrical components of refraction between the studied groups (o < 0.05). The highest predictability of tlOL calculation was reported for group 1: the ensured
postoperative refraction for the spherical component was within £0.5 D in 58% of eyes, within £1.0 D in 67% of eyes; postoperative refraction for the cylindrical
component was within =0.5 D in 56% of eyes, within -1.0 D in 89% of eyes. Thus, the highest predictability of tiIOL calculation is observed in patients of group 1.
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CPABHUTEJIbHbIA AHAJTIU3 CNOCOB0B PACHETA TOPUYECKON MHTPAOKYNAPHOMN JINH3bI
Y NAUMEHTOB MOCJIE CKBO3HOWN KEPATOMJIACTUKU

M. B. CuHunupiH B2, A, A. BockpeceHckas, H. A. INosgeesa

T Yebokcapckui ounvan PeepanbHOro rocyAapCTBEHHONO aBTOHOMHOIO YYPEXAEHMST «HaLmoHabHbIA MEAUUMHCKUIA UCCNefoBaTENbCKUIA LEHTP «MexoTpacnesoin
Hay4YHO-TEXHNHECKUIN KOMMNEKC «Mukpoxmpyprusa rmasa» uvenn C. H. ®énoposa» MuHaapasa Poccun, HYebokcapsl, Poccus

2 TocyapCTBEHHOE aBTOHOMHOE y4pexzaeHve HyBallckoin Pecnybnvki LONOMHUTENBHOIO NPOgeCCHOHaNBHOrO 06pa3oBaHunst «/IHCTUTYT YCOBEPLLEHCTBOBAHMS
Bpader» MuHagpasa Yysaiunm, Yebokcapbl, Poccust

PacyeT Topunyeckor nHTpaokynapHon nnHabl (TVIOST) y naumeHToB nocne ckBo3Hol kepatonnacTuku (CKIT) Bbi3biBAET psif, CNOXHOCTEN. Llensto nccnenosaHiist
Obl10 MNPOBECTN CPABHUTENBHBIA PETPOCNEKTVBHBIA aHaNm3 pasdnuyHbix cnocobos pacyeTta TVIOJ npu dakoamynbeudrkaummn katapakTsl (POK) y naumeHTos
nocne CKI1. Bbin nposedeH aHama nctopun 6onesHn 36 mas (36 nauveHTos) nocne CKI, Ha koTopbix 6biia BeinonHena PIK ¢ umnnartaumen TVIOJ. Bee TVION
Oblnv NepecyMTaHbl HYeTbipbMs cnocobamu. B rpynne 1 pacudeT TIOJ1 npoBoamnmn ¢ NpUMEHEHNEM [aHHbIX KePaTOMETPUM NEPEAHER MOBEPXHOCTU POrOBUHHOMO
TpaHcnnaHTara, M3MepeHHbIX MPK MOMOLLM kepaToTornorpada, 1 3aaHel MOBEPXHOCTU POroBUYHOIO TpaHCnaaHTaTa — MpuW MOMOLLW ONMTUYECKON KOrepeHTHOM
TOMOrpadum POroBuLbl MM LLanMndor-keparotonorpada). B rpynne 2 nsmepeHne kepatoMeTpumn obenx NoBEPXHOCTEN POrOBUMHHOIO TPaHCMiaHTara
BbIMOMHANN NpK NoMOLLM LwaimMndntor-kepatotonorpada, B rpynne 3 — Ha OKT poroBuubl, B rpynne 4 — npw rnomMoLy kepatotonorpada. [Ons pacyeta
TNON B rpynnax 1-3 npumeHsny oHnanH-kanbkynstop Barrett True — K Toric Calculator, B rpynne 4 — The Kane Formula. Bbina otmedeHa ctatmcTndeckin
3Ha4MMas pasHULIa MO 3Ha4eHNAM CAHEPNHECKOrO 1 LMMHAPUHECKOrO KOMMOHEHTOB PedpaKkLmn Mexay nccnegyemoivmn rpynnamu (p < 0,05). Hanbonsluas
npenckasyemocTb pacyeta TVIOJ obHapyxeHa B rpynne 1: nonagaHue B nocneonepauyvioHHyto pedpakumio no chepuHeckomy KOMMOHEHTY B npeaenax
+0,5 antp — B 58% ma3s u B npegenax +1,0 ontp — B 67% rnas, No uMnHAPNHeCKOMy KOMMOHeEHTY — B npeaenax —0,5 antp — B 56% rma3a v B npeaenax
—1,0 anTp — B 89% maa. Taknm 06pa3om, HanbosblLas NpeackasyeMocTs pacyeta TVIOS Gbina oTMeveHa y naumeHToB rpynmbl 1.

KnioyeBble CnoBa: CKBO3Has KEPaToMnIacTvka, NOCTKePaTonIacTn4eckas aMeTponyisi, TOPUYECKas MHTPaoKyYsipHas NMH3a, Ccnocob pacHeTa
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Penetrating keratoplasty (PK) leads to the development of post-
keratoplastic corneal astigmatism (CA) in almost all patients
[1-3]. In cases of cataract development in patients after PK
and the need for its extraction, the accuracy of the selected
intraocular lens (IOL) calculation method is of great importance
[4-6]. The best functional results are reported in patients with
regular CA, who are through cataract extraction with the toric
IOL (tIOL) implantation [7-9]. However, the method to calculate
tIOL is still a matter of debate. Not all authors consider the

posterior corneal graft curvature when calculating tlOL,
since they believe that its refraction is similar to refraction of
light by the anterior chamber fluid, like in the healthy cornea.
That is why keratometry values of the anterior corneal graft
surface only are often used [10, 11]. Currently, various online
calculators and calculators by tIOL manufacturers are used,
which consider curvature of both corneal graft surfaces.
However, postoperative results vary considerably even when
using keratometry data of both corneal graft surfaces due
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to the use of different diagnostic equipment [12, 13]. In view
of the above, selection of the most predictable method to
calculate tIOL during cataract extraction in patients after PK
has determined the relevance of the study.

The study aimed to perform comparative retrospective analysis
of various methods for calculation of tIOL during cataract
extraction in patients after PK.

METHODS

We performed retrospective analysis of case reports of 36 eyes
(86 patients) after PK, which underwent phacoemulsification
with tlOL implantation. All the patients were implanted the
RayOne Toric RAO610T tIOL (Rayner; UK). The age of patients
enrolled in clinical trial (12 males and 24 females) was 31-76
years (average age 57 + 13 years). Past PK was performed
due to congenital corneal dystrophy in six eyes, pellucid
corneal degeneration in eight eyes, central corneal scar in
six eyes, corneal opacity after the corneal ulcer in six eyes,
stage IV keratoconus in six eyes, secondary keratectasia in
four eyes. The interval between phacoemulsification and PK in
patients was 4-15 years. All corneal grafts were transparent.
The corneal graft diameter reached 7.5-8.5 mm (on average
8.14 £ 0.36 mm).

When calculating tIOL, the eye length, anterior chamber
depth, lens thickness, white-to-white distance were measured
by optical biometry using the IOL Master 500 system (Carl Zeiss
AG; Germany). The values of keratometry data and orientation
of the major meridians of the anterior corneal graft surface were
determined using the TMS-5 corneal topographer (Tomey;
Japan), Pentacam Scheimpflug keratotopographer (Oculus
Optikgerate GmbH; Germany), by optical coherence tomography
(OCT) of the cornea using the CASIA 2 system (Tomey; Japan).
The values of keratometry data and orientation of the major
meridians of the posterior corneal graft surface were determined
using the Pentacam Scheimpflug keratotopographer and the
CASIA 2 optical coherence tomography (OCT) system for the
cornea. Regular CA was reported in all patients based on the
keratotopography data before phacoemulsification.

When calculating tIOL, the following was entered in the
calculator: values of the RayOne Toric RAO610T tIOL A-constant
of 118.6, Lens Factor, induced astigmatism, orientation of the
main surgical incision, target refraction, central corneal graft
thickness. IOL was calculated using the online Barrett True-K
Toric Calculator and The Kane Formula.

According to case reports, discrepancies in the values of
the tIOL optical power and toric component were reported in
some patients when calculating tIOL due to differences in the
keratometry data of the anterior corneal graft surface measured
using the keratotopographer, by corneal OCT, or using the
Scheimpflug keratotopographer. In such cases, either mean
values of keratometry parameters measured using the above
diagnostic equipment, or mean values of similar keratometry
parameters based on the results were taken.

We also took the values of the spherical (Sph) and
cylindrical (Cyl) refraction components obtained three months
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and later after phacoemulsification, when stabilization of these
parameters was reported, from medical records.

To determine the most predictable tIOL calculation method,
we divided the methods into four groups depending on the
diagnostic equipment used to measure keratometry parameters
(Table 1).

In group 1, keratometry parameters of the anterior corneal
graft surface were measured using the keratotopographer
(TMS-5), while that of the posterior surface were measured
using the Scheimpflug keratotopographer (Pentacam) or
corneal OCT (CASIA 2), considering comparable keratometry
values reported for the posterior corneal graft surface when
using these devices. In group 2, keratometry parameters of both
corneal graft surfaces were measured with the Scheimpflug
keratotopographer (Pentacam), and in group 3 these were
measured by the corneal OCT (CASIA 2). In group 4, the
anterior corneal graft surface curvature only was measured
using the keratotopographer (TMS-5).

In groups 1-4, tIOLs were calculated using the online
Barrett True-K Toric Calculator, since it allows one to consider
keratometry data of both corneal graft surfaces. In group 4,
tIOL calculation was performed using the online The Kane
Formula calculator allowing one to analyze the anterior corneal
graft surface keratometry data only.

The tlIOL optical power was calculated for emmetropic target
refraction in all groups, toric component for full correction of
total CA in groups 1-3, and for correction of CA of the anterior
corneal graft surface in group 4.

Comparative analysis of predictability of tIOL calculation by
various methods was performed in groups 1-4 based on the
data on the implanted tIOL optic power, toric component, as
well as the postoperative refraction results.

Statistical data analysis was performed using IBM SPSS
Statistics 20. The Shapiro-Wilk test was used to test the data
distributions for normality. The values of the studied parameters
were normally distributed in all groups, so significance of
differences in the studied parameters between two groups were
assessed using the parametric Student’s t-test for independent
variables, and the differences between three groups were
assessed by one-way analysis of variance. The differences in
the studied parameters between two groups were considered
significant at p < 0.05, and the differences between three
groups were considered significant at p < 0.017. The values of
the studied parameters were presented as M + o, where M was
the mean, o was the standard deviation.

RESULTS

According to medical records, none of the patients had intra-
or postoperative complications of phacoemulsification. The
slit lamp examination performed on the next day after surgery
showed that the eye media were transparent, and tIOLs were
centered in all patients (Fig. 1).

Preoperative data on the average CA value and keratomery
data (Km) of the anterior corneal graft surface showed
significant differences based on the data obtained using the

Table 1. Methods for toric intraocular calculation during cataract extraction in patients after penetrating keratoplasty

Keratometry data measurement
Groups - -
Anterior corneal graft surface Posterior corneal graft surface
1 Keratotopographer (TMS-5) OCT (CASIA 2) or Scheimpflug keratotopographer (Pentacam)
2 Scheimpflug keratotopographer (Pentacam) Scheimpflug keratotopographer (Pentacam)
3 Corneal OCT (CASIA 2) Corneal OCT (CASIA 2)
4 Keratotopographer (TMS-5) Keratometry was not taken into account
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Fig. 1. View of the eye of patient N., 56 years, during slit lamp examination on day 1 after phacoemulsification with the toric intraocular lens implantation.
A. A transparent corneal graft can be seen, along with the optic part of the toric intraocular lens in the projection of the pupil. B. View of the eye against the
background of drug-induced mydriasis, a vertical mark of the intraocular lens toric axis (marked with a red arrow) located along the corneal graft keratometry strong

meridian can be seen

corneal topographer (TMS-5), Scheimpflug keratotopographer
(Pentacam), and OCT of the cornea (CASIA 2), while both
CA and Km of the posterior corneal graft surface were
comparable based on the data obtained using the Scheimpflug
keratotopographer and OCT of the cornea (Tables 1, 2).

The difference in orientation of the axes of the major
meridians of the corneal graft anterior and posterior surfaces
exceeding 5° based on the data obtained using the Scheimpflug
keratotopographer was reported for 12 eyes (33,3%), while
that based on the data obtained using OCT of the cornea was
reported for 15 eyes (41.7%).

The results of preoperative analysis of CA on the
posterior corneal graft surface based on the Scheimpflug
keratotopography and corneal OCT data are presented as a
chart (Fig. 2).

The rate of CA on the posterior corneal graft surface based
on the corneal OCT within < -0.3 D was 11%, within<-1.0D —
56% (Fig. 1). The rate of CA on the posterior surface based on
the Scheimpflug keratotopography data within < -0.3 D was
11%, within < =1.0 D — 44%. Thus, the average rate of CA on
the posterior surface based on the data obtained using both
devices within < -0.3 D was 11%.

When calculating the tIOL optic power, getting into the
planned target refraction for Sph in group 1 within +0.5 D was
reported for 58% of eyes, +1.0 D for 66% of eyes, in group 2
that within +0.5 D was reported for 33% of eyes, +1.0 D for
49% of eyes, in group 3 that within +0.5 D was reported for
17% of eyes, +£1.0 D for 25% of eyes, in group 4 that within
+0.5 D was not reported at all, +1.0 D was reported for 17%
of eyes (Fig. 3).

The highest predictability of getting into target refraction for Sph
was reported when calculating the tIOL optic power in group 1,
while the lowest predictability was reported for group 4 (Fig. 2).

When calculating the tIOL toric component, getting into
target refraction for Cyl in group 1 within 0.5 D was reported
for 56% of eyes, —=1.0 D for 89% of eyes, in group 2 that within
—0.5 D was reported for 22% of eyes, —1.0 D for 44% of eyes,
in group 3 that within 0.5 D was reported for 22% of eyes, —1.0 D
for 33% of eyes, in group 4 that within -0.5 was reported for
6% of eyes, —1.0 D for 17% of eyes (Fig. 4).

The highest predictability of getting into target refraction for
Cyl was reported when calculating the tIOL toric component in
group 1, while the lowest predictability was reported for group
4 (Fig. 3).

Table 2. Preoperative values of corneal astigmatism on both corneal graft surfaces measured using different equipment (M + o)

Equipment
Astigmatism on the corneal graft ’
~ Scheimpflug keratotopographer
Keratotopographer (TMS-5), D (Pentacam), D Corneal OCT (CASIA 2), D P
-6.15 + 3.28 -5.81 +2.89 -6.72 + 3.23
Anterior surface 0.0105
(from -2.5 to -10.5) (from -2.1 to -10.8) (from-1.8to -11.7)
-1.05 + 0.63 -1.04 + 0.60
Posterior surface no data 0.4115
(from -0.1 to -1.8) (from -0.3 to -1.9)
Table 3. Preoperative average keratometry values of both corneal graft surfaces measured using different equipment (M + o)
Equipment
Km of the corneal graft ; p
B Scheimpflug keratotopographer
Keratotopographer (TMS-5), D (Pentacam), D Corneal OCT (CASIA 2), D
. 44.07 + 4.20 44.69 + 4.14 45.89 + 4.34
Anterior surface (from 39.16 to 49.72) (from 39.5 to 49.1) (from 39.2 to 49.9) 0.0122
. 5.77 £ 0.75 7.24 +1.08
Posterior surface no data (from 4.4 10 6.8) (from 5.9 t0 8.6) 0.1225
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Fig. 2. Diagrams of the distribution of pre-operative values of corneal astigmatism on the posterior corneal graft surface based on the corneal OCT data (CASIA 2) (A),

Scheimpflug keratotopography data (Pentacam) (B)
DISCUSSION

Considering the fact that almost all patients develop CA after
PK, performing cataract extraction with tlOL implantation
allows one to solve a problem of cataract through one
surgical procedure and at the same time correct CA. However,
the accuracy of tlIOL calculation in patients after PK has a lot of
features. First, the tIOL calculation complexity results from trouble
selecting the most accurate calculator. Currently, there are two
types of tlIOL calculators: those considering curvature of the
anterior corneal surface only and those considering curvature of
both corneal surfaces. As is well known, refraction of the posterior
corneal surface is normally similar to light refraction of the anterior
chamber fluid, due to which many authors neglect keratometry of
the posterior corneal surface. However, keratometry parameters of
the posterior surface of the cornea can change when performing
corneal surgery. According to certain data, CA on the posterior
corneal surface is normally on average —0.3 D, and only 9% of
eyes have CA on the posterior comeal surface exceeding -0.5 D
[14]. In our study, patients after PK have shown the opposite. Only
11% of eyes have CA on the posterior corneal graft surface within
<-0.3D; CAexceeds—1.0Din44% of eyes based onthe OCT data
and in 56% of eyes based on the Scheimpflug keratotopography
data. That is why it should be considered to accurately select the
tIOL toric component.

The next thing that can lead to the tIOL calculation errors is
orientation of the major meridians of the corneal graft anterior
and posterior surfaces. As is well known, in case of matching
axes of the major meridians of both corneal graft surfaces, CA
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on the posterior surface compensates for the value of CA on
the anterior surface by its own value, which results in reduction
of total CA. This, along with the induced astigmatism value,
must be considered when calculating the tIOL toric component
in order not to overcorrect and not to flip the CA axis to the
opposite. Orientation of the major meridians of both corneal
graft surfaces is also very important. If these differ by no more
than 5°, tlOL can immediately correct the entire total CA,
otherwise CA on the posterior corneal surface will persist and
will be capable of affecting vision after surgery, depending on its
value (in our study the value reached 1.8-1.9 D). In this study,
the difference in orientation of the major meridians of both
corneal graft surfaces exceeded 5° based on the Scheimpflug
keratotopography data in 33.3% of eyes, based on the corneal
OCT in 41.7% of eyes. In such cases, CA on the posterior
surface persists after the tIOL implantation.

The next thing is selection of the device, the results of using
which will be most accurate when calculating tlOL. According to
the results of this study, keratometry parameters of the posterior
corneal graft surface are comparably measured by corneal
OCT and by using the Scheimpflug keratotopographer. The
difference is in measuring keratometry of the anterior corneal
graft surface. According to the findings, the highest predictability
for the spherical and cylindrical refraction components was
demonstrated by the tIOL calculation method used in group 1,
where keratometry parameters of the anterior corneal graft
surface were measured using the keratotopographer operating
based on the Placido ring principle, and that of the posterior
corneal graft surface were measured by corneal OCT or using
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Fig. 3. Predictability of the spherical refraction component when calculating the tIOL optic power in groups 1-4

the Scheimpflug keratotopographer. The lowest tIOL calculation
predictability was reported for group 4, which can be explained
by the fact that tIOL calculation did not take into account the
posterior corneal graft surface curvature.

Today, there are several tIOL calculators taking into account
keratometry of both corneal graft surfaces. In our study, the

value of one of the major meridians of the posterior corneal graft
surface exceeded 7.5 D in 12 eyes (34.3%), which made it possible
to enter these in the online Barrett True-K Toric Calculator only.
According to the literature data, the refraction results of the
cataract extraction with tlOL implantation differ due to the facts
that the authors used different tIOL calculators and keratometry
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data obtained using different diagnostic devices. Thus, a
clinical trial was conducted focused on correction of post-PK
CA exceeding 2.25 D in 67 eyes (45 patients) with cataract by
phacoemulsification with the Acrysof Toric SN60T6- SNEOT9
tIOL implantation [15]. After surgery, UDVA was 0.61 + 0.26,
CDVA was 0.81 + 0.21. Postoperative cylindrical refraction
component (CRC) was below 0.75 D in 62% of eyes and below
1.00 D in 81% of eyes [15]. In 2021, the results of the clinical
trial focused on correction of high corneal astigmatism (610 D)
after PK in patients with cataract by phacoemulsification with
tIOL implantation were published. After surgery, the average
UDVA increased from 0.04 + 0.02 to 0.6 + 0.14, CRC reduced
from —9.0 + 1.80 to —1.1 = 0.45 D, and postoperative average
spherical equivalent was 0.75 + 0.5 D [7]. In 2022, the results
of phacoemulsification with tIOL implantation in patients after
PK with the regular form of corneal astigmatism exceeding
1.5 D were provided. After surgery, UDVA increased from
0.1 £ 0.02 t0 0.38 + 0.11, CDVA increased from 0.23 + 0.07
10 0.78 + 0.12, and postoperative CRC was 0.93 + 0.87 D [5].

Thus, the tIOL calculation method, in which the data
of the anterior corneal graft surface measured using the
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keratotopographer operating based on the Placido ring principle
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CONCLUSIONS

Comparative retrospective analysis of various tlIOL
calculation methods used during cataract extraction in
patients after PK showed the highest predictability of getting
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the intraocular lens optic power and toric component, it
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keratometry data of both corneal graft surfaces, specifically
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optical coherence tomography scanner or the Scheimpflug
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