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Accuracy of Astigmatic Correction Using Toric Intraocular Lens by Position and
Size of Corneal Incision
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Purpose: To assess the accuracy of toric intraocular lens (IOL) implantation by the location and size of the corneal incision.
Methods: We retrospectively reviewed the medical records of 98 patients (98 eyes) who underwent phacoemulsification with tor-
ic IOL implantation from January 2014 to March 2017. The patients were divided into two groups: group 1 got an incision of the
superior side of the cornea (n = 54) and group 2 received an incision on the temporal side of the eye (n = 44). For both groups,
incisions were made at their steep corneal astigmatism axises. Each group was further divided into subgroups for whom different
sized blades were employed (2.75 vs. 2.2 mm widths). We measured the refractive index and autokeratometric parameters. We
postoperatively assessed residual astigmatism and any reduction thereof.

Results: In both groups, uncorrected and best-corrected visual acuity, refraction cylinder astigmatism, and autokeratometric as-
tigmatism improved statistically. Between two groups, corneal astigmatism decrease was not significant. Residual astigmatism
also showed no significant differences between the two. Patients in both groups treated using 2.75 mm wide blades exhibited

greater increases in corneal astigmatism.

Conclusions: During cataract surgery, precise correction of astigmatism via toric IOL implantation is possible when surgically in-
duced astigmatism is minimized by careful choice of the location and size of the corneal incision.
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Table 1. Comparisons of patient characteristics between the two groups (n = 98)

Parameters Group 1 (n = 54) Group 2 (n = 44) p-value
Sex (male) 13 (24.1) 13 (29.5) 0.542"
Age (years) 61.24 +10.26 70.52 + 7.75 <0.001"
Laterality (OD) 21 (38.9) 25 (56.8) 0.077"
UCVA (logMAR) 0.62 + 0.44 0.57 £ 0.35 0.934
BCVA (logMAR) 0.39 + 0.34 0.35 + 0.32 0.563"
Spherical equivalent (D) -1.71 £+ 3.49 -3.01 £ 4.21 0.108"
Cataract grading

Nuclear opalescence 4.06 + 0.75 3.57 £ 0.78 0.001"
Cortical cataract 4.25 +0.48 4.02 +£ 0.49 0.026"
Axial length (mm) 23.90 + 1.74 24.11 + 1.69 0.519"
Pre Op refraction cylinder (D) -1.89 + 1.10 -2.58 + 1.66 0.029
Pre Op Scheimpflug corneal astigmatism (D)

Total 1.74 + 1.18 2.21 + 1.30 0.004"

Anterior 1.69 + 0.88 1.90 + 1.22 0.313"

Posterior 0.49 + 0.33 0.26 + 0.18 <0.001"
Pre Op auto-keratometer astigmatism (D) 1.80 + 0.70 2.05 +1.29 0.679"

Values are presented as mean + standard deviation or number (%).

OD = right eye; UCVA = uncorrected visual acuity; logMAR = logarithms of the minimal angle of resolution; BCVA = best corrected visual

acuity, = dlopter Pre Op = before surgery.
*Chi-square test; "Mann-Whitney test.
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Table 2. Comparisons of patient characteristics between the subgroups

Group 1 (n = 54)

Group 2 (n = 44)

Parameters 275mm@ =35 22mm@m=19) pvalue 275mm@m =29 22mm@n =15 p-value
Sex (male) 8 (22.9) 5(26.3) 0.305" 9 (31.0) 4 (26.7) 0.763
Age (years) 61.51 + 10.80 60.74 + 9.45 0.352 70.59 + 8.13 70.40 + 7.23 0.970°
Laterality (OD) 15 (42.9) 6 (31.6) 0.417" 17 (58.6) 8 (53.3) 0.737"
UCVA (IogMAR) 0.53 + 0.37 0.90 + 0.52 0.015° 0.58 + 0.34 0.55 + 0.37 0.859"
BCVA (logMAR) 0.32 + 0.25 0.60 + 0.47 0.019 0.36 + 0.35 0.31 +0.18 0.960"
Spherical equivalent (D) -1.39 + 3.12 2.68 + 4.43 0.380" 3.11 + 3.88 270 +5.32 0.461"
Cataract grading

Nuclear opalescence 3.95 + 0.72 4.38 +0.77 0.096" 3.43 +0.74 4.00 +0.78 0.038"

Cortical cataract 421 + 0.47 4.38 + 0.51 0.249 3.94 + 0.48 427 + 0.47 0.151"
Axial length (mm) 23.99 + 1.66 23.63 + 2.04 0.205" 24.15 + 1.77 24.00 + 1.49 0.839"
Pre Op refraction cylinder -1.98 + 1.12 -1.74 + 1.09 0.377" 2.65 + 1.50 2.45 + 1.99 0.494"
Pre Op Scheimpflug corneal

astigmatism

Total 1.97 +1.23 1.32 +0.96 0.006" 2.26 + 1.19 2.10 + 1.54 0.244"

Anterior 1.92 +0.94 1.26 + 0.53 0.008" 1.99 + 1.12 1.72 + 1.43 0.046"

Posterior 0.53 + 0.40 0.40 + 0.13 0.164 0.25 + 0.15 0.29 + 0.24 0.830"
Pre Op Auto-Keratometer 1.99 + 0.77 1.43 +0.33 0.004" 2.17 + 1.19 1.80 + 1.47 0.020

astigmatism

Values are presented as mean + standard deviation or number (%).
OD = right eye; UCVA = uncorrected visual acuity; logMAR =
acuity; D = diopter; Pre Op = before surgery.

*Chi—square test; #Mann—Whitney test.

logarithms of the minimal angle of resolution; BCVA = best corrected visual

Table 3. Preoperative and postoperative change of Auto-Keratometer astigmatism, refraction cylinder astigmatism, visual acuity and

spherical euivalent

Auto-Keratometer Refraction cylinder . .
astignatism astigmatism UCVA (logMAR) BCVA (IogMAR) Spherical equivalent (D)

PreOp PostOp p-value PreOp PostOp p-value PreOp PostOp p-value PreOp PostOp p-value PreOp PostOp p-value

Groupl 180+ 161+ 0005 -1.89+ -093+ <0001 062+ 019+ <0000 039+ 004+ <000 -L71+ -0.68+ 0023
=54 07 075 110 0.80 044 017 034 0.09 349 145

275mm 199+ 168+ <0001" -1.98+ -085+ 001" 033+ 017+ <000t 032+ 004+ <o001” 139+ 079+ 0.184"
=35 077  0.89 112 052 037 0.8 025  0.09 3.2 129

22mm 143+ 147+ <0001" 174+ <107+ <o0001” 090+ 022+ 00017 060+ 005+ 00010 -2.68+ -038+ 0.028"
=19 033 038 .09 115 052 015 047  0.10 443 187

Group2 205+ 164+ <0001 258+ -1.22+ <0001 057+ 035+ <0001° 035+ 007+ <0001 301+ -074+ 0001
(=44 129 1.4 1.66  0.85 035 032 032 015 421 150

275mm 217+ 168+ <0001" 265+ -1.22+ <0001t 038+ 017+ <000t 036+ 007+ <0001’ 311+ 070+ 0.002
=29 119 134 150 084 034 025 035 0.7 388 145

22mm 180+ 157+ 003" 245+ 122+ 00177 055+ 0.8+ 004" 031+ 008+ 00050 270+ 0.8+ 0286
(=15 147 160 199 092 037 022 0.18  0.10 532 L1

Values are presented as mean + standard deviation.

UCVA = uncorrected visual acuity; BCVA = best corrected visual acuity; logMAR =

fore surgery.
B g .
Paired #-test; Wilcoxon signed rank test.
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Table 4. Comparison of differences between preoperative and postoperative refraction cylinder astigmatism and Auto-Keratometer
astigmatism by groups

Group 1 (n = 54) Group 2 (n = 44) p—value*

Difference between preop and postop 0.38 + 0.30 0.48 + 0.38 0.244

Auto-Keratometer astigmatism
Difference between preop and postop 0.97 £ 1.10 1.36 + 1.61 0.161

refraction cylinder astigmatism

. Group 1 (n = 54) Group 2 (n = 44)

Subgroup analysis 275mm (= 35) 22mm @ = 19) pvalue.  2.75mm (n = 29) 2.2 mm (n = 15) p-value
Difference between preop and postop 0.46 + 0.31 0.25 + 0.25 0.014 0.61 + 0.36 0.23 + 0.29 0.001

Auto-Keratometer astigmatism
Difference between preop and postop 1.13 £ 1.16 0.67 + 0.95 0.233 1.42 +1.52 1.23 +1.83 0.804

refraction cylinder astigmatism

Values are presented as mean + standard deviation.
"Mann-Whitney test; TIndependent 1-test.

Table 5. Comparisons of preoperative estimated astigmatism and postoperative residual refraction cylinder astigmatism

Group 1 (n = 54) Group 2 (n = 44) p—value*

Preop estimated astigmatism 0.15 + 0.12 0.25 + 0.42 0.614

Residual refractive astigmatism -0.93 + 0.80 -1.22 + 0.85 0.065

Difference between estimated 1.08 + 0.81 1.47 £ 1.16 0.062

and residual refractive astigmatism
Subgroup analysis Group 1 (n = 54) Group 2 (n = 44)
2.75mm = 35) 22mm @ = 19) p-value' 2.75mm(n=29) 2.2mm (n = 15) p-value'

Preop estimated astigmatism 0.16 + 0.13 0.15 + 0.08 0.778 0.23 £ 0.36 0.29 + 0.53 0.921
Residual refractive astigmatism -0.85 + 0.52 -1.07 £ 1.15 0.803 -1.22 + 0.84 -1.22 £ 0.92 0.626
Difference between estimated 1.01 £ 0.55 1.22 +1.16 0.765 1.46 + 1.09 1.50 + 1.33 0.656

and residual refractive astigmatism

Values are presented as mean + standard deviation.
*Mann—Whitney test; TIndependent t-test.
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Figure 1. Double-angle plots of refraction cylinder astigmatism. Red dots are mean values of the amount and axis of refractive
astigmatisms. (A) Group 1 (n = 52) preoperative (superior), postoperative (inferior). (B) In group 1, 2.75 mm incision subgroup (n

= 35). (F) In group 2, 2.2 mm incision subgroup (n = 11). D = diopter.

39). (C) In group 1, 2.2 mm incision subgroup (n = 13). (D) Group 2 (n = 46). (E) In group 2, 2.75 mm incision subgroup (n
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