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Correction of Astigmatism by a Single-Focus Toric
Intraocular Lens during Cataract Surgery:
Refractive State and Visual Acuity
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ABSTRACT Ophthalmology in Russia. 2021;18(4):852-856
Purpose: the main purpose of study is to obtain a better visual outcome after implantation of a monofocal toric I0Ls by accu-
rate measurement, calculations and visual assessment. Methods. Fifty eyes with astigmatism of more than 2.5 D were included
in a hospital-based prospective study. A biometric evaluation is done by Lenstar. Barette's toric calculation method is used to measure
toric I0Ls power. In a vertical position, preoperative axis marking was done by both bubble marker and direct slit beam. On table,
in a horizontal position, axis marking was reassessed. After phacoemulsification, a monofocal Supra Phob toric IOL was implanted
and rotated to match corneal axis marking. Best-corrected visual acuity was measured postoperatively at 1 and 3 months. Results.
Reduction of mean of refractive astigmatism was reported postoperatively from 4.0 + 0.79 preoperatively to 0.7 + 0.28 at 1 month
and 0.6 + 0.27 at 3 months postoperatively. In whole, 86 % has residual astigmatism less than 1 D at 3 months postoperatively,
while 8 % eyes had residual astigmatism more than 1 D. In whole, 76 % patients had IOLs rotation of less than or equal to 5°, 20 %
patients had it between 6° and 10° and 4 % eyes had more than 10° at day 7 postoperatively, in which repaositioning of I0Ls was
required. Conclusion. To reduce postoperative residual astigmatism after toric IOLs and to get better results, accurate measurement
of parameters and proper calculation are essential.
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Lenb: nonyyeHve HaunyyLlero BM3yanbHOro pesynsrata nocfe nMnnaHTaunm MmoHodoKanbHon Topudeckon VOJT nyTem ToYHbIX n3me-
peHuin, pacyeToB 1 Bu3yanbHon oueHKW. MeTopbl. [ATbaecAT rmas ¢ acturmaTuamom bonee 2,5 D Bbinv BKAOYEHLI B NPOCNEKTYBHOE
vnccnegoBaHvie, nposegeHHoe B CamapcKon obnacTHon KnnHudeckon BonbHuue. BruomeTpuyeckyio OLeHKy MpPOBOAWAM C MOMOLLLID
onTu4ecKoro BriomeTtpa Lenstar. [nA nsamepeHuA moLlHocTy Topudeckux VIOJT Bein ncnonb3oBaH KanbKynAaTop Barret. B BepTukans-
HOM MOMOHEHVUN MPefonepaLmoHHYI0 MapKVPOBKY OCU BbINOMHANMM KaK My3blpbHOBLIM MapKepoM, TaK WU MPAMbIM LLEeneBbIM NyHoM.
B ropu3oHTansHOM NoONoMeHUN MapKMpoBKa ocu Beina yTouHeHa. Nocne daxoamynscrguKaumm beina MnnaHTMpoBaHa MoHodoKansb-
Has Supra Phob 0J1 1 noBepHyTa B COOTBETCTBMU C MapKMPOBKOA 0cu poroBuubl. OCTpoTa 3peHns ¢ Hauny4yLlen KoppeKuven Boina
na3mepeHa nocne onepauuy Yepes 1 n 3 mecAua. PesaynbraTel. [Jo onepauuv cpefHuid noKasaTens pepasLmMoHHOro acTurMaTmama
coctaenan 4,0 £ 0,79, 4epes 1 mecAy nocne onepauvn — 0,7 + 0,28, a 4epe3 3 mecAua cHuaunca go 0,6 + 0,27. B uenom y 96 %
nauMeHTOB OCTaTOYHbIA acTurmaTiam Bein meHee 1 D 4epe3 3 mecALua nocne onepauyu, B To BpemA Kak y 4 % — 6onee 1 D. B uenom
y 76 % naumenToB BpaLleHve VI0J1 Beino meHbLue unu pasHo 5°, y 20 % acturmatnam Haxogunca B AvanasoHe ot 6° go 10°, u nuwb
B 4 % Habnioganocb BpalueHune VOS] 6onee 10° Ha 7-/ geHb nocne onepauuu, 4To noTpebosano nocnegyollen penosauvuun VIO,
BbiBog. [1nA ymeHbLLEHWA NocneonepauyoHHoro 0CTaTo4YHOro acTurMaTMama nocne nMnnaHTaumm topudeckon VIO n nony4erHvAa nyy-
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LLUMX pesynbTaToB HeobxoAuMbl TOHYHOE M3MEepPeHWe NapamMeTpoB 1 NpaBUnbHbIA pacHeT BuomMeTpyuYecKrx noKasaTenew.

HKnioyeBble cnoBa: hakoamynbcudvKauma, BpaLleHne, cTabunbHOCTb, OCTPOTa 3peHNA, KanbKynATop

Ana yutupoBanua: AnbHoenatn Anbmacpu M.A., CtebHes B.C. Vicnonb3oBaHve oaHOMOKYCHOV TOPUYECHOW WHTPaOoKYNAPHON
NH3bI ANA KOPPEKLMX acTMrMaTM3ma B NMPoLEecce XMPYPruv KaTapaKTbl: pepakLMoHHOe COCTOAHVE U 0cTpoTa 3peHus. Ogransmoro-
rmA. 2021;18(4):852-856. https://doi.org/10.18008/1816-5095-2021-4-852-856

MpospayHocTb (huHaHcOBOM AeATenbHOCTU: HVKTO U3 aBTOPOB He UMeeT (hMHAHCOBOW 3aMHTEPECOBaHHOCTY B NPeacTaBneHHbIX

mMaTepuanax unm metogax
HoHdnukT nHTEepecoB oTcyTcTBYET

INTRODUCTION

Cataract is clouding of the lens in the eye that normally
affects vision. It is the leading cause of blindness and the sec-
ond leading cause of vision impairment [1]. Around of 15—
29 % cataract patients have pre-existing astigmatism more
than 1.5 D, while 3-15 % of cataractal eyes have greater than
2 D [2]. So, reducing astigmatism probably improve visual
outcome after cataract surgery.

Implantation of traditional intraocular lens in cataractal
patients during surgery may need additional refractive pro-
cedures, like limbal relaxing incisions, corneal incisions in
steep meridian, and femtosecond laser-associated astigmatic
keratotomy [3], which are associated with some complica-
tions such as lack of precision, delayed wound healing, and
corneal epithelial defects.

Using toric intraocular lens, which is made of hydropho-
bic acrylic material with stable force haptic design, is more
predictable and precise than corneal or limbal relaxing in-
cisions and no need to additional refractive procedures [4].
Accurate and proper preoperative biometric calculation us-
ing lenstar or IOL Master determine the success of toric IOLs.

However, Rotational stability in the capsular bag for lon-
ger period also constitute important factor to get optimal
results after implantation. It has been estimated that 1 of
off-axis rotation results in a loss of cylindrical power up to

3.3 % [5]. Rotational stability is crucial factor in the efficacy
of toric IOLs.

Most important disadvantage of toric IOLs after ordi-
nary cataract surgery is IOL rotation. Incomplete viscoelastic
clearance [6], capsulorrhexis size, early postoperative intra-
ocular pressure fluctuations [7], material and design of IOL
[8] are most frequent causes of IOL rotation. A capsular bag
fibrosis, which occur in first 3 months of implantation, could
also lead to IOL rotation [9].

After taking into consideration surgically induced astigma-
tism SIA [10], calculation of required toric IOL and postop-
erative residual astigmatism can be done. If posterior corneal
astigmatism is ignored, total corneal astigmatism in with-the-
rule and against-the-rule is overestimated and underestimated,
respectively [11]. According to several studies, Barett universal
IT formula is greatly better than other formulas in prediction of
accurate postoperative refraction [12, 13]. By comparing toric
IOLs with other methods which correct astigmatism, a better
visual acuity with spectacle independence and less residual
astigmatism was obtained with toric IOLs [14].

METHODS

This interventional prospective study carried out at
Samara Regional clinical hospital named after V.D. Seredavin.
Fifty eyes having senile cataract with corneal astigmatism
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more than 2.5 D were involved in our research. We just
started using toric IOLs and wanted to appreciate changes in
astigmatism before and after surgery. The study was approved
by institutional ethical committee and abided the declaration
of Helsinki. A Written informed consent was taken from each
patient and individual data (age, gender, address, contact,
telephone number) was collected. Every patient was asked
about his /her chief complaints, previous history of injury,
ocular surgeries, and history of systemic diseases. Patients
who understood the study and willing to sign consent form
were included in the study. In other hand, patients with irreg-
ular astigmatism, corneal disease, abnormal iris, pupil abnor-
malities, glaucoma, any kind of retinal disease, strabismus,
previous ocular trauma or surgery were excluded.

Using Snellen S Visual acuity Chart (Appasamy Associate,
India) or illiterate E chart (UCVA), and best-corrected vi-
sual acuity (BCVA) of all patients were measured. External
eye examination, pupillary reaction evaluation, and ante-
rior segment examination were performed with a slit lamp
(Appasamy Associate, India). Lens opacification classi-
fication system was used to grade stages of senile cataract.

Series 1
3,5

2,5

Mean

1,5

0,5

preop Postop Day 3 Postop Day 7

Timepoints

Fig. 1. Mean and standard deviation (SD) of refractive astigmatism preoperatively and
postoperatively is revealed, N = 50. Refractive astigmatism reduced from 4.0 + 0.97 to

0.3 £ 0.27 on 3 months postoperatively
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Fig. 2. Residual astigmatism on all follow ups is demonstrated. The residual astigmatism
was 0.5D or less in 18 (36 %) patients on postop day1 and 7. Forty-eight (96 %) patients
had residual astigmatism 1D or less, while 2 (4 %) patients had residual astigmatism

more than 1D at 3 months

Postop month 1  Postop 3 month

Post op 3 months
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Nuclear opalescence 2 (NC2), cortical 1(cl), and posterior
subcapsular (p1) were the minimum score of cataract in each
category. Under full mydriasis with 90 D (volk, USA), optic
disc and macula were examined by slit lamp biomicroscopy.
Indirect ophthalmoscopy (AAIO07, India) was applied by 20 D
(Volk, USA).

All patients underwent keratometry, axial length, opti-
cal anterior chamber depth, lens thickness, corneal diameter,
and IOL power using Lenstar Optical Biometer (Haag- Streit,
USA). Upon previous cataract surgeries performed by the
surgeon, surgeon s SIA was calculated and was 0.5 D.

To calculate the toric IOLs power with its axis and an ap-
propriate model, an online toric IOL Calculator based on
Barett method (available at://www.apacrs.org/) was used.
A monofocal Supra phob toric IOLs with yellow hydrophobic
acrylic material and cylinder powers of 1.5 D to 6 D were used.

Measurement of blood pressure, urine routine and mi-
croscopy, complete haemogram, fasting blood sugar, and
postprandial blood sugar and echocardiogram for physical
fitness were done for all patients. All patients underwent rou-
tine preoperative preparation after getting fitness in preanes-
thetic check up.

In sitting position, axis was marked on
a slit lamp using both bubble marker and
direct slit lamp with a marker pen preop-
eratively. To prevent cyclotorsion, preop-
erative axis marking was rechecked again.
The incision location was determined as
recommended by a toric calculator or
on the temporal side (as in traditional
cases). In sleeping position, axis marking
was confirmed using degree marker and
bubble marker. In all cases, a monofocal
Supra Phob Toric IOL was implanted in
bag under viscoelastic substance and ro-
tated to match its marking with corneal
axis marking.

Postoperatively, following up patients
were done on day 1 and day 7, 1 month and
3 months. One surgeon did all operations
while both preoperative and postopera-
tive evaluation were done by the another
person single handedly. A comparison
taken between intended axis and present
axis by postoperative corneal markings
and postoperative photographs taken on
all follow-ups to check any IOL rotation.
Metal ring marker with axis marking
was used postoperatively to check axis.
UCVA, BCVA, detailed slit lamp exami-
nation, autorefractometry, axial length,
and keratometry using Lenstar were as-
sessed in all patients. Residual sphere was
0.25-0.5 D, and the main focus of this
study was on the residual cylinder; hence,
residual sphere was not considered.
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Eyes showing IOL rotation up to 10° on follow-up were
left as it is, whereas those above 10 needed IOL reposition-
ing. The rotation of IOL was may be due to the material of
IOL and presence of viscoelastic after surgery. Berdahl &
Hardten Toric IOL calculator was used to determine the axis
of IOL repositioning. This calculator required preoperative
and postoperative keratometry. It also required operative as-
sessment details, postoperative refraction, anterior chamber
depth, and axial length. All the above parameters along with
axial length were assessed again in the cases where there was
rotation. The reassessment of axial length helped us in deter-
mining the accurate axis for IOL repositioning.

RESULTS

Figure 1 shows mean and standard deviation (SD) of
refractive astigmatism preoperatively and postoperatively.
Mean and SD of preoperative refractive astigmatism was
4.0+0.97. It reduced to 1.12 + 1.20 on day 1 and 7, 0.7 + 0.28
on 1 month and 0.6 = 0.27 on 3 months postoperatively.

Figure 2 shows residual astigmatism on all follow-ups.
The residual astigmatism in our study was 0.50 D or less in 18
(36 %) patients on postop day 1 and 7. At 1 month, 31 (62 %)
patients had residual astigmatism of 0.50 D or less, 13 (26 %)
patients had residual astigmatism between 0.75 and 1 D,
while 6 (12 %) patients had residual astigmatism more than
1 D. At 3 months, 38 (76 %) patients had residual astigmatism
0f 0.50 D or less, 10 (20 %) patients had residual astigmatism
between 0.75 and 1 D, while 2 (4 %) patients had residual
astigmatism more than 1 D.

Table 1 shows toric IOL misalignment after toric IOL im-
plantation. Thirty eight (76 %) patients had toric IOL rotation
less than or equal to 5° on postop day 1 and day 7, while 40
(80 %) had it on postop 1 and 3 months. Ten (20 %) patients
had toric IOL rotation between 6° and 10° on all follow-ups.
two (4 %) patients had toric IOL rotation more than 10° on
postop day 1 and day 7. Toric IOL repositioning was done in
these two cases. None of the patients had toric IOL rotation
more than 10° on postop 1 and 3 months.

Table 2 shows the residual cylinder and axis rotation of
the two eyes with IOL rotation more than 10°. Toric IOL
rotation more than 10° was seen two (4 %) eyes postopera-
tively, which required IOL repositioning. In the first case, the
toric IOL was found to have rotated by 60° with a residual
cylinder of 4.0 D. IOL repositioning was performed. In the
second case the toric IOL was found to have rotated by 54°
with a residual cylinder of 5 D. IOL repositioning was per-
formed after 1 week.

DISCUSSION

Refractive outcome of cataract surgery is significantly in-
fluenced by preexisting corneal astigmatism. Using of Toric
IOL is one of several surgical options to correct corneal astig-
matism during cataract surgery. An important advancement
in modern cataract surgery is stable and effective toric IOL
implantation in the capsular bag during routine phacoemul-
sification cataract surgery without any corneal procedures.

2021,;18(4):852-856

In our study, mean and SD of preoperative refractive astig-
matism was 4,0 £ 0.97. Mean and SD of refractive astigma-
tism on postoperative day 1 and 7 was 1.12 + 1.20. Mean and
SD of postoperative refractive astigmatism was 0.7 + 0.28
on 1 month, while it was 0.6 + 0.27 at 3 months.

Similarly, M. Khan et al. [15] (2015) evaluated that the
mean preoperative keratometric cylinder was 3.78 £ 1.0 D in
group land postoperative refractive value was 1.2 + 0.68 D
on day 7. The study included three groups out of which group
1 matched our study and was taken for comparison. Group 1
included 25 eyes with corneal astigmatism more than 2.50 D
and cataract receiving a toric monofocal IOL. They stated that
the preoperative refractive cylinder and keratometric cylin-
der values can be used interchangeably.

In our study, 44 (88 %) patients had residual astigmatism
less than 1 D at 1 month, while 46 (92 %) patients had resid-
ual astigmatism less than 1 D at 3 months. Thirty-nine (78 %)
had residual astigmatism between 0.50 and 3 D. Two (4 %)
patients had residual astigmatism more than 3 D.

Similarly, B. Kramer et al. [16] (2016) evaluated the causes
for residual astigmatism after toric IOL implantation. They
found that 70 % of all cases had residual astigmatism between
0.50 and 2 D; 90 % cases were between 0.50 and 3 D.

N. Hirnschall et al. [17] (2017) compared the astigmatism
reducing effect of a toric IOL and peripheral corneal relaxing
incisions. We compared our observations with the toric IOL
implanted eyes. In total, 96 % eyes had residual astigmatism
less or equal to 1 D in toric IOL group, and 4 % eyes had resid-
ual astigmatism more than 1 D. It was comparable to our study.

In our study, 27 (54 %) patients had toric IOL rotation less
than or equal to 5° on postop day 1 and day 7. Thirty-three
(66 %) had it on postop 1 and 3 months. IOL rotation of 10°
or less was seen in 36 (72 %) patients on postop day 1 and
day 7.

Similarly, T. Miyake et al. [18] (2014) studied the clini-
cal outcomes and rotational stability of toric IOL to correct
preexisting corneal astigmatism in cataract patients. In total,
75.4 % patients had toric IOL rotation within + 5° off axis on
postop day 1 and 73.8 % had it at 1 week.

J.H. Farooqui et al. [19] (2015) found that IOL misalign-
ment of less than or equal to 5° was present in 46 (71.9 %)

Table 1. Misalignment after toric IOL implantation

Number of pacients
ToricIOL Postop Postop Postop Postop
Rotation Day 1 Day7 Month 1 Month 3
<5° off axis 38 38 40 40
6-10° off axis 10 10 10 10
>10° off axis 2 2 0 0

Table 2. Residual cylinder of two cases with IOL rotation more than 10

Number of eyes Residual cylinder (D) Axis rotation (degrees)
1 4D 50
1 5D 54
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eyes, while 60 (93.8 %) showed IOL misalignment of 10° or
less which was comparable to our study.

CONCLUSION

Among various modalities to correct preexisting corne-
al astigmatism with cataract surgery, Phacoemusification
with toric IOL implantation is one of the most convenient
method to correct preexisting corneal astigmatism with
cataract surgery in a single procedure. Refractive astig-
matism reduced significantly after toric IOL implantation.
Visual performance was almost similar to the compared

2021;18(4):852-856

studies. In total, 92 % patients had residual astigma-
tism less than or equal to 1.00 D at 3 months postop-
erative. Patients tolerated slight residual refractive error
very well. Accurate measurement of parameters and the
proper method of calculation reduce the postoperative
residual astigmatism after toric IOL implantation. Toric
IOL implantation is safe, effective, predictable, and pre-
cise method to correct pre-existing corneal astigmatism
and cataract. It had good rotational stability. It improves
postoperative BCVA to 6/6 without glasses, providing high
levels of patient’s satisfaction.
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