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ABSTRACT

Purpose: To determine the astigmatism correcting potential of Limbal Relaxing Incisions (LRI) at the
time of cataract surgery compared to cataract surgery with monofocal or toric 10Ls.

Design: Retrospective chart review.

Subjects, participants and/or controls: 150 eyes from patients who underwent cataract surgery and
either: LRI with monofocal IOL implantation, toric IOL implantation or monofocal IOL implantation.

Methods: A retrospective review of adult patients who underwent cataract surgery between
12/05/17 and 05/11/21. To compare change in astigmatism between the groups, pre-operative
keratometry values were compared to postoperative manifest refractions. Astigmatism was plotted
on double angle plots for further visualization.

Main outcome measures: The primary outcome measure was achievement of postoperative
astigmatism of <1.00 D.

Results: 44% (22/50) of LRI eyes and 80% (40/50) of toric eyes achieved a residual postoperative
astigmatism of <1.00 D (P<.002). Similarly, 16% (20/50) of LRI eyes and 40% (20/50) of toric eyes
achieved a residual postoperative astigmatism of <0.50 D (P<.014). Mean astigmatism resolution in
our sample was 1.12 D + 0.76 D in the LRI group, 0.53 D £ 0.43 D in the toric group and 0.73 + 0.61 in
the standard IOL group.

Conclusion: The toric group resulted in lower rates of post-operative astigmatism as compared to the
LRI group. The standard IOL group had a low rate, but they also had a low rate pre-operatively.
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INTRODUCTION

Residual  astigmatism  following cataract surgery
greatly reduces a patient’s uncorrected visual potential and
quality of life in multiple ways. Therefore, it is important
for cataract surgeons to treat astigmatism at the time of
surgery to ensure the best possible refractive outcomes.
There are currently multiple ways to minimize astigmatism at
the time of cataract surgery including limbal relaxing
incisions, intentional wound placement and toric Intra
Ocular Lens (IOL) implantation. Limbal Relaxing Incisions
(LRI) are a cost-effective method to reduce postoperative
astigmatism by placing superficial cuts in clear cornea
near the limbus to allow reduction of astigmatism up to
1.5D. While not proven to be superior to toric I0OL
placement, it is comparatively inexpensive and valuable
when toric IOLs are not an option for implantation. Toric
lenses are capable of correcting large amounts of
astigmatism through cylindrical correction incorporated into
the IOL itself. Despite significant improvement of quality of
vision, the higher initial cost of toric I0Ls precludes
implantation in many patients. Toric IOL's have demonstrated
superiority to LRI in terms of ability to resolve astigmatism to
within 0.5 D and the data supports that LRI tends to under
correct astigmatism. Additionally, toric IOLs may produce
more consistent and longer lasting results than LRI. Toric IOL
implantation is also effective when combined with LRI in cases
of astigmatism >2.50D. Cataract surgery by
phacoemulsification and 0L implantation is often performed
with small wounds of 2.5 mm or under and this has
consistently shown to have a minimal effect on postoperative
corneal astigmatism. Due to the major economic benefit of
LRI as well as its value in resource-scarce regions, additional
studies comparing LRI and toric IOLs to monofocal IOLs would
help further clarify the utility and scope of use for LRI. In this
study, we sought to quantify and compare the astigmatic
change following LRI, toric 10Ls and cataract extraction with
standard monofocal I0OLs [1-5].

MATERIALS AND METHODS

Data was collected for three groups of patients: Cataract
extraction with LRI and standard IOL implantation, cataract
extraction with toric IOL and cataract extraction with standard
IOL implantation. In total, 150 eyes from 114 patients who
had cataract surgery between 12/5/17 and 5/11/21 were
included in the study. The patients had no additional
procedures performed with the exception of Kahook dual
blade goniotomy, which was shown not have a significant
astigmatic effect compared to that of cataract surgery alone.
Approval from the Institutional Review Board (IRB) of the
university of Missouri was obtained. The study adhered to all

tenets of the declaration of Helsinki. In order to compare
change in astigmatism induced by the surgeries, we collected
preoperative keratometry values from the biometry and
compared them to postoperative manifest refractions after
minimum 1 month postoperatively to allow sufficient healing.
Manifest or auto refraction data was collected at 1 month.
Astigmatism was plotted on double angle plots for further
visualization and analysis [6-9].

Outcome Measures

The primary outcome measure was achievement of
postoperative residual astigmatism of <1.00 D or <0.50 D. This
was compared between the LRI and toric groups. We also
reported the mean absolute amount of surgically induced
astigmatism. For this, we compared the LRI group to the
cataract extraction with standard IOL implantation alone
group and the toric group to the cataract extraction with
standard IOL implantation alone group. We also report the
pre and post-operative astigmatism values for each group to
subjectively assess change and benefit [10-12].

Surgical Technique

All the cataract extractions in this study were performed in a
standard manner with a 2.4 mm temporal near clear-corneal
wound. LRI axis and length was calculated using the Donne
field formula and performed using a diamond keratome at 550
micron depth, paired unless one of the arc overlaps the
temporal wound, in which case the nasal arc length was
doubled up to the maximum 60°. Steep meridian was based
on preoperative corneal topography. Toric axis was calculated
using a Barrett true K formula and the pre-determined
surgeon factor of 0.2° at 180° or 0° [13-15].

Data Analysis

The mean surgically induced astigmatism of the LRI and toric
group were compared to the standard IOL group with
student’s t-tests. All statistical tests were 2-tailed with
alpha=0.05. Statistical analysis was conducted in IBM SPSS
Statistics for Windows, version 24 (IBM Corp., Armonk, N..,
USA). Double angle plots were used for baseline and
postoperative astigmatism visualization using the plotting tool
created.

RESULTS

Baseline patient and eye data was comparable between
groups except for the amount of pre-operative astigmatism
which expectedly was higher in the toric group (Table 1).
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Table 1: Baseline demographic and astigmatism data.

Subject level LRI (n=40) Toric IOL (n=38) Standard IOL (n=36) P-value’
parameters
Age (yr), mean = SD 69.9 +10.6 69.1 £10.3 68.6 + 9.6 0.736

Gender, % (n)
Male 47.5 (19) 39.5 (15) 41.7 (15) 0.475
Female 52.5 (21) 60.5 (23) 58.3 (21)

Ethnicity, % (n)

Caucasian 87.5 (35) 92.1 (35) 75% (27) 0.503
Other” 12.5 (5) 7.9 (3) 25% (9)
Eye-level parameters LRI (n=50) Toric IOL (n=50) Standard IOL (n=50) P-value
Pre-op astigmatism (D), 1.64 £0.70 1.91+£0.43 0.73 £0.61 0.022
mean + SD
Pre-op axi; (°), mean £ 87.4+473 97.9+47.3 72.7+448 0.27
D

Note: "Comparisons between LRI and Toric group Abbreviations: LRI: Limbal Relaxing Incisions; IOL: Intraocular Lens; SD: Standard Deviation

We found that the 44% (22/50) the LRI group achieved a the LRI group achieved a residual postoperative astigmatism
residual postoperative astigmatism of <1.00 D compared to of <0.50 D compared to 40% (20/50) the toric group (P<.014)

80% (40/50) the toric group (P<.002). Similarly, 16% (20/50) of ~ (Table 2).

Table 2: Comparison of astigmatism before and after LRI, Toric and standard IOL alone.

LRI Toric P value
Proportion Achieving <1.00 D, 44% (22/50) 80% (40/50) <.002"
Proportion Achieving <0.50 D, % 16% (8/50) 40% (20/50) <.014"

(n)

LRI Toric Standard IOL

Post-op Astigmatism (D), mean 1.12+0.76 0.53+0.43 0.49+0.38
+SD

Surgically Induced Astigmatism 0.52 £ 0.84 1.38+0.77 0.25+0.68

(D), mean + SD

Note: Abbreviations: CE/IOL=cataract extraction with standard IOL implantation.

[

Double Angle Plots

The double angle plots are presented below for pre and post-

operative astigmatism. The ring scale is adjusted to 1.50 D for
the toric group due the greater preoperative astigmatism
compared to the other groups. All groups experienced an
overall reduction in mean absolute astigmatism. As calculated
above, the LRI group experienced around a 0.50 D reduction
in astigmatism. The toric group experienced a significant
reduction in astigmatism. The standard I0L group did
not have a clinically significant change in astigmatism (Figure
1).

Figurel: Pre-operative astigmatism and post-
operative astigmatism.
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DISCUSSION
Although the LRI group had lower rates of achieving
low postoperative residual astigmatism compared to toric

I0Ls, nearly half of the eyes had postoperative astigmatism
<1.00 D. The goal of astigmatism reduction is certainly
dependent on individual circumstance, but we found the
LRl in our sample reduced an average of around 0.50 D.
Since residual astigmatism as little as 1.00 D can adversely
affect a patient’s postoperative vision, LRI may be of
particular benefit to patients in the ~1.00 D range. While
there is evidence that toric IOLs have the potential to result in less
patient cost throughout their lifetime (e.g.,, due to spectacle
independence etc.), many cannot afford the cost of a premium
lens. While highly variable, toric 10Ls can cost patients around
$1,500-52,000 per eye. At our institution, patients were not
charged for LRI [16-19].

CONCLUSION

For patients with greater than 1.50 D of astigmatism, a more
careful cost, risk and benefit conversation is likely necessary
with patients. This study has several limitations including its
retrospective  nature. First, the preoperative standard
IOL group had lower rates of astigmatism, thus lower rates of
astigmatism post-operatively. Next, while preoperative
keratometry from the IOL biometry provides accurate
calculations of corneal astigmatism (especially newer models
that can calculate the anterior and posterior cornea), the
use of manifest refraction as the post-operative
measurement is potentially problematic. Manifest refraction
theoretically measures only the corneal component in
pseudophakic patients due to removal of lenticular
astigmatism and lens tilt astigmatism must be substantial to
cause any clinical effects. Regardless, manifest refraction is still
subjective in nature so there is the potential of unaccounted
confounders from both the patient and refractionist. Despite
these limitations, our findings are logically reasonable and
consistent with existing studies and to our knowledge this is
the first study to quantify and compare astigmatism
resolution LRI, toric and standard IOLs. An inexpensive
procedure, LRI may have the potential of resolving low
levels, but visually significant, amounts of astigmatism
especially in the ~1.00 D range. It is possible that in these eyes
with low amounts of cylinders surgeons and patients may not
feel toric is financially justified could benefit the most from LRI.
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