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Abstract

Objective: To explore the effect of clear corneal incisions on reducing astigmatism in different degrees of
pre-existing astigmatism

Materials & Methods: We retrospectively reviewed patients who underwent phacoemulsification at Golden
Jubilee Medical Center between 2010 and 2015. A sutureless clear corneal incision was made on the
steepest axis. Patients were divided into 2 groups by degree of preoperative astigmatism (<1.50 and >1.50
D). The differences of postoperative astigmatism and vector analysis (K1/K2) at one month and three months
postoperatively were compared.

Results: Overall in 70 cataract operations, median astigmatism reduced from 1.50 D preoperatively to 1.25
D at one month postoperatively (p<0.001), and 1.00 D at three months postoperatively (p<0.001). The
difference between preoperative (2.00 D) and 1-month and 3-month postoperative astigmatism (1.50 D and
1.50 D) was statistically significant only in the severe group (>1.50 D) (p<0.001). No significant difference
(0.75 D vs. 0.75 D and 0.75 D) was found in the mild group (<1.50 D), neither at one month (p=0.97) nor three
months after surgery (p=0.83). Vector analysis showed no significant change in either vertical or horizontal
components of astigmatism. The overall surgically induced astigmatism in this study was 0.60 D at one
month, and 0.71 D at three months postoperatively.

Conclusion: A clear corneal incision on the steepest axis in phacoemulsification cataract surgery can help
reduce pre-existing astigmatism only in severe astigmatism over 1.50 D, and this may be beneficial in

patients with astigmatism over 1.50 D who undergo a cataract surgery. Thai J Ophthalmol 2016; July-

December 30(2): 85-94.
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Introduction
Cataract is one of the most common causes

of blindness and is conventionally treated with sur-

gery. Visual loss occurs because the opacification of

the lens obstructs the light from passing and being

focused on to the retina. This opacification process

is mostly due to biological aging.

Nowadays, phacoemulsification is the most

widely used cataract surgery. This procedure uses

ultrasonic energy to emulsify the cataract lens. Entry

to the eye is done through a small self-sealing inci-

sion, which has a diameter of 2.8 to 3.2 mm and

most likely will not need stitches. Its advantages are

shorter operative time and rapid visual rehabilitation.

Precise intraocular lens (IOL) power calculation is

essential for optimal benefits of implant surgery.

A simple monofocal IOL, designed with a single fo-

cal point to correct cataracts and provide distant

vision, enhances visual quality for patients with simple

myopia or hyperopia. However, spectacles should

be considered to correct residual astigmatism after

cataract surgery. A toric lens, on the other hand, has

a single focal point, and is designed to correct both

cataracts and pre-existing astigmatism. This lens not

only helps with distant vision, but also offers en-

hanced image quality, without the need for glasses

after surgery. A toric lens has two different powers

with curves at different angles. One curve is for astig-

matism and the other is for myopia or hyperopia.

However, toric lenses are expensive and not readily

available in all hospitals in developing countries such

as Thailand. Moreover, improper alignment or rota-

tion of the IOL after surgery may result in more

residual astigmatism than predicted. For every 1

degree the toric IOL axis is away from the true post-

operative axis of astigmatism, there will be a 3.3%

loss of toric correction1. Thus, the toric lens is still

not a popular choice for cataract surgery in mild

astigmatism.

Theoretically, small amounts of astigmatism can

be managed by placing the surgical wound to coin-

cide with the steep axis of astigmatism. Neverthe-

less, it may be difficult to operate along some axes,

particularly if a patient is relatively enophthalmic or

has a large brow or nose bridge. Surgeons frequently

choose a temporal corneal incision because it

provides better exposure to the surgical limbus, even

in deep-set eyes. Several studies recommend

that choosing the location of a corneal incision

based  on preexisting astigmatism offers potential

benefit2,3. A clear corneal incision causes flattening

in the incised meridian (increasing the radius of cur-

vature) and steepening in the meridian 90 degrees

away2,4.

The effect of corneal incision to induce post-

operative astigmatic change between patients with

different severity of astigmatism has never been

concluded. In this study, we explored the effect of

corneal astigmatic change after putting corneal inci-

sions at the steep axis of astigmatism in patients

with preexisting astigmatism less than 1.5 diopter

(D) and those with astigmatism of 1.5 D or more.

Materials & Methods
Patients with visually significant cataract who

had cataract surgery at Golden Jubilee Medical Cen-

ter, Mahidol University, Thailand between July 2010

and June 2015 were included in this retrospective

cohort study. The study was approved by Mahidol

University Institutional Review Board. The patients

were given written informed consent of the plan,

consequences and risks of treatment.
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We included patients who underwent phaco-

emulsification with foldable IOL insertion in capsular

bag and had a sutureless clear corneal incision.

Patients who had underlying causes of autoimmune

diseases, connective tissue disorders and poor con-

trolled diabetes mellitus which tend to impair wound

healing were excluded from this study. Patients who

had a past history of intraocular surgery, radial kera-

tectomy, excimer laser to reshape cornea or trau-

matic corneal laceration repair were excluded. We

also excluded patients with progressive increase in

corneal curvature, for example, keratoconus and

pellucid marginal degeneration, and those whose

curvature of cornea could not be measured. Patients

found to have phacodonesis or unstable capsule with

missing zonules and patients who had other simul-

taneous ocular operation with cataract extraction

procedure, such as pterygium excision, were also

excluded from the study population.

Preoperatively collected data included age,

gender, side, type of cataract, uncorrected visual acuity

(UCVA), best corrected visual acuity (BCVA) by Snellen

chart, corneal astigmatism covariates obtained from

Canon RK-F1 Autorefractor/Keratometer (Canon,

Tokyo, Japan) [refractive power, vertical component

of a vector (K1), horizontal component of a vector

(K2) and their axes], immersion A-scan, IOL power

(calculated by SRK-T formula5, aiming for a post-

operative refraction of -0.50 D), and fundoscopic

examination.

All operations were performed by the same

surgeon who is right-handed. Retrobulbar block and

a two-step, self-sealing clear corneal incision (3.0-

mm blade) were applied in all cases. The location of

corneal incision was based on pre-existing astigma-

tism, at the steepest axis. For an eye without astig-

matism (cylindrical power = 0 D), a corneal incision

was made at temporal site. After introduction of vis-

coelastic material into the anterior chamber, a 5-mm

capsulorhexis was made, followed by hydrodissection.

The phacoemulsifier machine, INFINITI˙ Vision Sys-

tem (Alcon, TX, USA) with the Ozil˙ torsional hand-

piece (Alcon, TX, USA), was applied to divide and

concur or phaco chop and aspirate cortical masses.

Acrysof˙ SN60WF IOL implant (Alcon, TX, USA) was

inserted. The corneal incision was left unsutured.

Postoperatively, patients were given 1% predniso-

lone acetate eye drops every hour, levofloxacin eye

drop qid, maxitrol ointment once a day, and the regi-

men was tapered over one months. Patients were

examined at one day, one week, one month and

three months postoperatively.

Postoperative data were collected at one month

and three months after surgery, including UCVA,

BCVA, corneal astigmatism covariates obtained from

Autorefractor/Keratometer (refractive power, K1/K2

and their axes), date of surgery, location of corneal

incision, and surgically induced astigmatism (SIA).

The corneal SIA was calculated by means of

vector analysis using the Holladay 10-step formula

on the basis of the results of topography. The

Microsoft Excel-based SIA Calculator software has

been obtained from https://sia-calculator.com6. This

program has been designed to calculate the amount

of SIA created during the cataract surgical proce-

dure. Information about date of surgery, age, eye

laterality, location and site of corneal incision, pre-

operative and postoperative K1, K2 and their axes

were input into the calculator program, and SIA mag-

nitude and axis were calculated.

The preoperative and postoperative astigma-

tism, K1, K2 and their axes were described in terms

of their median and inter-quartile range (IQR), and

compared using Wilcoxon sign-rank test. Patients
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were then separated into two groups by severity of

preoperative astigmatism with the cut-off point at

the median astigmatism of the study cohort. Pa-

tients with cylindrical power of less than 1.50 D were

assigned into mild astigmatism group (Group 1), while

patients with cylindrical power of 1.50 D or more

were in severe astigmatism group (Group 2). The

difference of variables between both groups was

compared using Mann-Whitney test. The level of sig-

nificance at 0.05 was used. There was no missing

value of any variables included in the analyses. All

statistical analyses were performed using Stata˙ ver-

sion 11 (StataCorp, College Station, TX, USA).

Results
There were 70 cataract operations (32 on right

eyes and 38 on left eyes) in 50 patients included in

this study. Patients were divided into two groups:

Group 1 (mild astigmatism group) consisted of 30

eyes with cylindrical power of less than 1.50 D (right

eye, n=12; left eye, n=18); and Group 2 (severe astig-

matism group) contained 40 eyes with cylindrical

power of 1.50 D or more (right eye, n=20; left eye,

n=20). The median and IQR of preoperative astigma-

tism were 1.50 D (0.75 D to 2.25 D). At one month

and three months postoperatively, the median (IQR)

decreased to 1.25 D (0.75 D to 1.50 D) and 1.00 D

(0.75 D to 1.50 D), respectively (Figure 1). There was

a statistically significant difference between pre-

operative and postoperative astigmatism at both

one month (p<0.001) and three months (p<0.001).

Vector analyses of astigmatism showed that

there was no statistically significant difference in

the vertical component of astigmatism at one month

postoperative (p=0.09) and three months postopera-

tive (p=0.74). The median preoperative K1 was 44.87,

and postoperative K1 at one month and three months

were both 44.88 (Figure 2). There was also no sig-

nificant difference between preoperative and post-

operative horizontal component of astigmatism at

one month (p=0.39) and three months (p=0.12). The

median preoperative K2 was 43.75, and postopera-

tive K2 at one month and three months were both

43.94 (Figure 3).

The median and IQR of the magnitude of SIA

at one month and three months postoperatively were

0.60 D (0.38 D to 1.00 D) and 0.71 D (0.42 D to 1.10

D), respectively. The change in the axis of astigma-

tism at one month postoperatively was 99 degrees

(83 to 141), and that at three months postoperatively

was 99 degrees (86 to 138).

When performing subgroup analysis between

those with mild (<1.50 D) and severe astigmatism

(>1.50 D), we found a statistically significant diffe-

rence between preoperative and postoperative astig-

matism at one month (p<0.001) in the severe astig-

matism group. This difference between preoperative

and postoperative astigmatism remained statistically

significant at three months postoperatively (p<0.001).

The median preoperative astigmatism was 2.00 D,

while at one month after surgery, the median astig-

matism reduced to 1.50 D and remained at 1.50 D at

three months postoperatively. The medians of the

magnitude of SIA in this group were 0.67 D at one

month, and 0.78 D at three months after surgery.

On the contrary, in the mild astigmatism group,

there was no statistically significant difference be-

tween preoperative and postoperative astigmatism

at one month (p =0.97), or between preoperative and

postoperative astigmatism at three months (p=0.83).

All of the medians of preoperative and postoperative

astigmatism at both one month and three months

were 0.75 D in this group (Figure 4). The median SIA

magnitude in this group was 0.52 D at one month
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Figure 1. Preoperative, 1-month and 3-month postoperative astigmatism (diopter)

Figure 2. Preoperative and postoperative vertical component (K1) of the vector analysis of
astigmatism
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Figure 3. Preoperative and postoperative horizontal component (K2) of the vector analysis of
astigmatism

Figure 4. Preoperative and postoperative astigmatism (diopter) categorized by severity of
preoperative astigmatism
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postoperatively, and 0.55 D at three months postop-

eratively.

When comparing between the magnitude of

SIA between the two groups, there was a statisti-

cally significant difference of SIA at 3 month postop-

eratively (0.78 D vs. 0.55 D; p=0.005). However, there

was no significant difference of SIA at 1 month post-

operatively (0.67 D vs. 0.52 D; p=0.13).

There was no significant change in preopera-

tive and postoperative vertical (K1) and horizontal

(K2) components in both groups (all p-value>0.05).

In the mild astigmatism group, median preoperative,

1-month and 3-month postoperative K1 were 44.87,

44.63 and 44.5, respectively, and the corresponding

values for K2 were 43.88, 44.12 and 44.19, respec-

tively. For the severe astigmatism group, median

preoperative, 1-month and 3-month postoperative

K1 were 45.25, 45.31 and 45.38, respectively, and

those of K2 were 43.69, 43.94 and 43.94, respec-

tively.

Discussion
Clear corneal incisions have been widely used

in cataract surgery because they can be self-resealed.

However, clear corneal incisions may affect the

curvature of cornea and cause surgically induced

astigmatism. There are many factors responsible for

surgically induced astigmatism such as the location

and type of cataract incision, size, configuration of

wound, suture material used, etc. Smaller size of

incision, self-sealing wound as well as locating the

incision as peripherally as possible to maximize the

distance from the optical centre of the cornea lead

to lesser astigmatism7. A temporal incision is advan-

tageous because it can be made easily in deep soc-

kets, small eyes or patients who have a large brow

or nose bridge. Among these mentioned factors, the

major factor responsible for post-operative astigma-

tism is the site of cataract incision4,8. An incision on

the corneal causes flattening in the incised axis and

steepening in the meridian 90 degrees away. There-

fore, placing an incision on the steep axis of pre-

existing astigmatism can increase the radius of

curvature and reduce pre-existing astigmatism4,9-11.

In this study, we showed that the technique of

putting a clear corneal incision on the steepest axis

decreased the magnitude of pre-existing astigma-

tism, particularly in patients with severe astigmatism

(1.5 D or more). This effect was observed at both

one month and three months postoperatively. In the

mild astigmatism group (less than 1.5 D), there was

almost no change in median of cylindrical power.

There was one eye with no astigmatism. In this par-

ticular patient, temporal corneal incision was done

and the SIA result was 0.13 D at 45 degree.

However, the vector analyses between preop-

erative and postoperative astigmatism did not find

any significant difference in both the vertical (K1),

and the horizontal (K2) components of astigmatism,

neither in the whole study cohort nor in both sub-

groups.

We demonstrated that creating a clear corneal

incision on the meridian of the steepest axis can

improve spherical and astigmatic outcome. Never-

theless, there were some minor difficulties to ope-

rate along some axes, especially in cases of enoph-

thalmos, large brow or nose bridge.

The efficiency in reducing astigmatism by

making incision on the steepest meridian has al-

ready been addressed in many previous studies2,9-12.

However, the astigmatism-reducing effects by inci-

sion on the steepest axis are not consistent, ranging

from 0.20 D to 0.80 D10,13,14. We hypothesized that the

effect would depend on the severity of astigmatism,
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in particular, more significant in eyes with higher

degree of astigmatism. Some ophthalmologists pre-

fer incisions on the steepest axis for patients with

astigmatism of more than 1.50 D, and temporal or

superior incisions for patients with minor degree of

astigmatism (<1.50 D)9. In this study, we confirmed

that the implication of surgically induced astigma-

tism on reducing pre-existing astigmatism can be

used more effectively in patients with severe astig-

matism of more than 1.5 D.

We used a 3.0-mm blade for a clear corneal

incision, and this was found to produce higher SIA

than other previous reports that used a keratome

incision of 2.4-2.6 mm. Therefore, for larger amounts

of astigmatism, using a large wound size should

increase the SIA and may be advantageous if toric

lenses are not used.

An opposite clear corneal incision was pro-

posed by Lever and Dahan as making two clear

corneal incisions, one on the steepest axis and the

other on the opposite side (180o from the first inci-

sion)11. Mukherjee and Muhtaseb found that oppo-

site clear corneal incisions could reduce pre-existing

astigmatism more effectively than a single incision

at the steepest axis9. However, all patients in their

study had more than 1.50 D of preoperative astig-

matism.

Recent reports suggest that the post-cataract

endophthalmitis rate may be substantially higher,

suggesting a greater risk of endophthalmitis coinci-

dent with the increase in self-sealing clear corneal

incisions15. Post-operative plan of care should be

dealt with caution.

Strength and limitations
This is a retrospective study designed to eva-

luate the effect of a clear corneal incision on the

steepest axis on reducing pre-existing astigmatism

in different degrees of astigmatism. All operations

were performed by the same surgeon, thus the tech-

nique of the incision would be consistent.

Nevertheless, this study has some limitations.

We used a Canon RK-1 Autorefractor/ keratometer

to measure K-values and refraction. In some pa-

tients who had dense posterior subcapsular cataract

with severe visual impairment, the autorefractor/

keratometer might not measure K-values and refrac-

tion accurately because these patients could not focus

on a target in the measurement procedure. Only a

small area of the paracentral cornea (two points at

the 3-4 mm zone) could be measured, and it would

assume that the shape of the cornea is a symmetric

spherocylinder with a major and minor axis sepa-

rated by 90 degrees. The manual keratometry and

the rotating Scheimpflug photography system (Pen-

tacam) can provide accurate readings for most

patients even with severe visual impairment16,17.

Pentacam has also been the standard method for

determining astigmatism for IOL calculation18-21. The

use of the manual keratometry or Pentacam may

provide more accurate measurement in further study.

Autorefraction was obtained with the patients

sitting upright. Cyclotorsion can be induced in some

individuals in the supine position22. A significant

different range of cyclotorsion between the upright

and the supine position was previously reported as

varying from 2 to 7 degrees23. This study reduced

amount of the cyclotorsion by undergoing retrobul-

bar anesthesia24.

Conclusion
In conclusion, we showed that an incision on

the steepest axis of an eye with pre-existing astig-

matism can reduce astigmatism significantly in
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severe astigmatism over 1.50 D. A clear corneal inci-

sion at the steepest axis is beneficial in patients with

severe astigmatism over 1.5 diopters who undergo a

cataract surgery and can be an alternative option if

toric lenses are not available.
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