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Abstract

Introduction: Cataract is a common cause of vision loss and blindness in humans. After surgical management of cataract, all efforts
should be focused on reducing postoperative astigmatism thus providing an excellent vision to patients.

Aim: To determine the relationship between corneal incision and refraction changes before and after phacoemulsification surgery in
300 patients undergoing cataract surgery in Khatam hospital in Mashhad, Iran from January 2017 to April 2018.

Materials and methods: Three hundred patients (144 women and 156 men) with cataract undergoing phacoemulsification surgery
were recruited in this cross-sectional study. Refraction, keratometry and visual acuity measurement were performed before surgery.
Then, a steep-based incision in the cornea was made without stitches. A 3.2 mm corneal incision was made at two supratemporal and
temporal sites. The patients were followed-up for one and six months, and one year after surgery monitoring their vision and refraction,
and performing keratometric measurements.

Results: The mean age of the patients was 65.7+9.54 years (age range, 42-84 years). No major complications were observed. The great-
est mean of changes in corneal power was in the supratemporal incision (1.28+0.6). Keratometry had a significant relation with the
incision (p<0.04).

Conclusions: An incision made along the steepest meridian leads to flatness of this meridian, this effect being more pronounced at the
supratemporal incision. A temporal incision is recommended in cases where there is little difference in the keratometry of the two axes.

Keywords

incision location, keratometry, phacoemulsification, refraction

is surgical treatment.>* The cataract surgery proposed in
the not-too-distant past as a surgery to remove the opa-
que lens, has recently gained public acceptance as a way to

INTRODUCTION

Cataract is a common cause of vision loss and blindness in
humans.! It is the opacity of the eye lens that is a part of the
phenomenon of aging and its effects on the eye.? The aver-
age age of cataract patients is 60-70 years and the only cure

eliminate refractive errors.” Now all efforts have focused
on reducing the postoperative astigmatism and providing
excellent vision.® There are several ways to remove the
lens, one of the newest and most common surgical pro-
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cedures for cataract surgery being phacoemulsification.
In addition, a variety of incision, including scleral, limbal
and corneal incisions at 12 hours and between 9 and 12
hours, the temporal incision and incision in the steep axis
of the cornea, and with different lengths, appropriate for
the incision and intraocular lens (IOL) are used.” Phaco
surgery is a method of extracapsular cataract extraction
(ECCE) during cataract surgery.® Ultrasound waves are
used to fragment the lens, resulting in reduced wound
complications and faster healing compared with other
methods requiring a large incision. In addition, using this
method, during phaco and aspiration, a closed system
is created by which in turn controlling the depth of the
anterior chamber and vitreous protection against positive
pressure as well as choroid bleeding is possible.5*1? One of
the complications caused by cataract surgery is the astig-
matism created after the surgery that reduces the patient’s
vision. Although the effect of surgical incision cataract on
creating astigmatism has been known for years, surgeons
have been attracted in recent years to measure and reduce
the amount of astigmatism made by surgery.!"!? Kerato-
metry is one of the diagnostic tools for astigmatism and
a useful tool to determine the refractive status of cornea
and it is used for measuring the central anterior corneal
curvature.'® The basis for measuring corneal curvature by
keratometry is to determine the exact size of the retrieved
image from the front surface of the cornea.!®*

Surgically induced astigmatism can be evaluated using
two methods. The first method is subtraction in which the
absolute change of keratometric astigmatism before and
after surgery is calculated regardless of the axis. The sec-
ond method is a vector (axis) analysis that evaluates not
only the cylindrical power but also a change in axis of
astigmatism. The end cylinder is the result of two inclined
intersecting cylinders.>10:1>-17

Some surgeons believe that an incision on two planes
is more likely to be associated with astigmatism, and
the deeper the vertical incision, the more similar func-
tion it has with the plane of astigmatic keratotomy,
and the more it can flatten the cornea in that axis.
With advances in surgical techniques and the crea-
tion of smaller wounds without sutures, attention has
been drawn to pre-existing astigmatism correction
that to achieve this goal, the size, position, and plane
must be taken into account. In addition, other meth-
ods like astigmatic keratotomy, limbal relaxing inci-
sions and folding toric intraocular lenses are used to
correct previously large quantities of astigmatism.>!%18

AIM

The aim of this study was to determine the relationship
between keratometry and corneal incision before and after
phacoemulsification surgery in 300 patients with cataract
undergoing surgery over a year.

MATERIALS AND METHODS

In the present study, the effect of different corneal incision
in the phacoemulsification surgery on vision and astigma-
tism were evaluated in 300 patients with cataract surgery
in Khatam Hospital in the city of Mashhad from January
2017 to April 2018. The research project was approved by
the Ethics Committee of Mashhad University of Medical
Sciences. The executive protocol of the study was carried
out according to the Helsinki Declaration and after obtai-
ning informed consent from all participants.

The patients in the study had no eye disease other than
cataract, did not have previous eye surgery or refractive
correction surgery, and their cataract was related to age and
appropriate to perform phacoemulsification.

All samples that were eligible for the phacoemulsifica-
tion surgery were evaluated at admission in terms of vision
and astigmatism. The type and degree of astigmatism was
measured based on keratometry and by auto-refractometer
and then based on that axis, the steep of cornea was de-
termined. All surgeries were done by one anterior segment
fellowship surgeon. Ninety-four, 106, and 100 patients were
operated in January, March and April 2015, respectively.

Corneal incision was made in the steep axis, and in
some cases with zero or close to zero astigmatism, small
corneal temporal incision was used. All patients underwent
phacoemulsification by the same anterior segment fellow-
ship surgeon. The intraocular pressure in all patients was
within the normal range before and after surgery and no
cases of endophthalmitis and leakage from the incision
were reported.

The cuts we used involve cutting 3.2 mm of the
supratemporal cornea and 2.3 mm of temporal cornea.
In addition, intraocular lenses of Akreos fit and Morcher
were used. The intraocular lens power was calculated using
SRK-T or Holladay. The patients were followed-up for one
month, six months, and one year after surgery and all data
were recorded.

Statistical analysis

In this study, we used descriptive statistics including fre-
quency tables, mean, standard deviation and analytic sta-
tistics including correlation coefficient, ANOVA, Student
t-test, and general linear model. Also, a p value of less than
0.05 was considered to be statistically significant.

RESULTS

Of the 300 studied patients, 156 were male and 144 were
female. All patients were over 40 years old. Most of the
subjects were in the age group of 60-69 years (38%) and
the lowest rates were in the group of over 80 years (3%).
The mean age in both groups was estimated to be about 66
years.
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Of the 300 operations performed, the temporal incision
was 73% and supratemporal incision was 27%.

The vision of the subjects was classified based on the
vision more than 5/10 and less than 5/10. As a result, the
frequency of those who had a vision less than 5/10 before
surgery was 76% and those who had a vision more than
5/10 was 24%. In addition, the patients who had postopera-
tive vision higher than 5/10, reached 75%.

The distribution frequency of cases based on spherical
refraction component before surgery is shown in Fig. 1.
There was no significant difference between six month and
one year after operation regarding results of examination
(including refraction, uncorrected visual acuity and ke-
ratometry).

35

Correlation between Keratometry and Corneal Incision

The highest value of preoperative refraction spherical
component was in the range of 1-3 (32%), while the highest
and lowest postoperative (one year after surgery) range was
between +2 and —1.5, respectively.

Astigmatism refraction in the study varied from —3.5 to
+4 before the operation to the range of —1 to +2.5 after the
surgery. Fig. 2 shows the distribution frequency of patients
based on spherical refraction component after surgery.

Average power of the cornea before surgery was
44.6+1.48, and one year after surgery was 44.3+£1.40 (D),
and the difference was not significant. The least amount
was 42.1 and 41 before and after surgery, respectively. The
highest amount was 46.75 and 46 before and after surgery
(one year), respectively.
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Figure 1. Distribution frequency of patients based on spherical refraction component before surgery.
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Figure 2. Distribution frequency of patients based on spherical refraction component after surgery.
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The highest rate of corneal power on axis one was in the
range of 44-45 before surgery (87 patients) and one year
after the operation was still in the same range. In addition,
the largest number of people regarding corneal power in axis
two of keratometry was in the range of more than 46 (n=108)
before surgery and 44-46 (n=132) after the operation.

Spherical element average before surgery did not have
a significant difference from that after surgery (p=0.51).
But the average of cylindrical component was significantly
different before and after surgery (p=0.00). Also, there was
a significant difference in corneal power in axis one before
and after the surgery (p<0.00). However, statistical differ-
ence was not found about axis two (p=0.63).

Table 1 shows the average of cylindrical component,
spherical component and corneal power before and after
surgery (p<0.05).

Comparing the changes of corneal power (Table 2)
with location of incision shows the mean of corneal power
changes were 1.28+0.6 and 0.56+0.08 in the supratemporal
and temporal incision, respectively, that the difference was
statistically significant (p=0.04).

Table 1. Comparison of cylindrical component, spherical com-
ponent and corneal power before and after surgery (based on
mean and standard deviation)

Mean corneal

Surgery Cylinder Sphere power
Before 1.19+0.69 0.38+2.9 44.6+0.14
After 0.74+0.57 0.22+0.77 44.3+0.14
p value 0.05 0.5 0.01

Table 2. Comparison of the mean changes in corneal power of
the patient based on the site of incision

Location of Average Standard p value
incision changes deviation

in corneal (SD)

power
Supratemporal 0/6 1/28 0.04
Temporal 0/08 0/56

DISCUSSION

Phacoemulsification surgery is a method of ECCE in
cataract where ultrasound waves are used to fragment the
lens.'? As a result, wound complications are reduced, and
healing is faster and retrieval of vision is faster compa-
red with other methods requiring a big incision.?’ In this
location, incisions must not be considered as a simple en-
try into the eye.?! In fact, retrieval of vision after surgery

primarily depends on the incision location and its structu-
re, and one of the factors affecting the final vision is astig-
matism after surgery.2? Since in eye surgery the location of
incision has a significant importance in astigmatism after
surgery, so the accurate location of incision and its relation
with keratometry before surgery has always been conside-
red by surgeons.!®

Based on the study results, incision creation in the
steepest meridian leads to flatness of the meridian, there-
fore, it decreases astigmatism that is similar to the most of
previous studies.?>2>2® In fact, if a patient has with the
rule hyper-astigmatism, an incision in the top will flatten
vertical meridian over time, and steeps horizontal merid-
ian. If there is astigmatism against the rule before the sur-
gery, a temporal incision will flatten step vertical meridian
over time, and steeps horizontal meridian, and the nearer
it is to the center of cornea, the stronger effect it has on
astigmatism.?%%

According to the study conducted by Miiller-Jensen et
al.?” with 61 patients in Germany, astigmatism before sur-
gery was 2.251£0.98 D, and they underwent phaco surgery
with a 4 mm incision in the steep axis. It was observed
that in the patients who had with the rule astigmatism and
the incision was in superior, the astigmatism changed to
1.93+0.97 diopters (D). In addition, in patients who had
astigmatism against the rule and the incision was in tem-
poral, it was 1.33+0.73 D. Also, it was shown that with a
4mm incision in the steep axis without keratectomy or lim-
bal relaxing incision (LRI), preoperative astigmatism can
be significantly reduced. In this study, just a small 2.3 mm
incision was used. Average of astigmatism reduction in
superior incision group was 0.99 D, and temporal incision
group was 0.45 D. This difference in average can be because
of the smaller size of incision.

Also, based on the study results, supratemporal incision
of cornea is more effective than temporal incision in reduc-
ing astigmatism. In a study in China®, it was observed that
in the patients with a corneal incision at the superior or
supra-temporal, 0.83+0.65 D of astigmatism was induced;
again, in the group with an incision in the steepest axis,
0.55+0.72 diopters of astigmatism were created. Astigma-
tism change in the first group was 0.11 diopters and 0.39
diopters in the second group that the difference was statisti-
cally significant. Thus, the results show that if the corneal
incision was done in the steepest axis, the created postop-
erative astigmatism will be reduced considerably.

CONCLUSIONS

Based on results of the study and compared with previous
reports, it can be concluded that making incision in the
steepest meridian can flatten this meridian, and this effect
is stronger about supratemporal incision. Temporal incisi-
on is recommended in cases with a little difference in kera-
tometry of two axes.
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Pe3tome

BBegeHue: KarapakTa — 4acras IpU4MHA IOTEPY 3PEHNMA U CIENOTHI y mogeit. ITocne xupyprideckoit KOppeKLuy KaTapaKThl He-
06X0fMIMO PMIOXKUTD BCE YCUIMA J/IS YMEHBLICHV IIOC/IeOepaliOHHOr0 aCTUTMAT3Ma, 0OecIeuyBas TeM CaMbIM IIpeKpacHoe
3peHue I/ IalMieHTOB.

Llenb: YcraHOBUTD B3aMIMOCBA3b MEX/Y Pa3pe3oM pOroBUIIbI M peypaKTepPHBIMM N3MEHEHUAMM 10 U T0C/Ie (PaKO3IMYIbCUPUKALINI Y
300 maiueHToB, HepeHECIINX OMEePALNIO [0 YAATeHIIO KaTapaKThl B 6ombHNuIle XaTam, Merrxen, VpaH, ¢ stuBapsi 2017 rofa 1o anpesb
2018 ropa.

Matepunanbl n meToAbl: [Ijis1 5TOro nccnefoBanms 6blt 0TOOpaHbl TPUCTA HAleHTOB (144 >KeHIVHBL 1 156 MY>K4MH) € KaTapak-
TOJ1, KOTOPBIM 6bl/Ia IIpoBefieHa dakoaMynbcrdukanus. [lepen onepanuest 66111 NIpOBefeHbI M3MepeHNs pedpaKiny, KepaToOMeTpUU
M OCTPOTBI 3peHMs. 3aTeM Ha pOroBHLie Cienas a steep-based incision 6e3 HamoxxeHus MWBOB. Paspes porouiibl 3.2 MM 6bUI cAe/IaH Ha
ABYX HaJIBYCTICHHBIX M BUCOYHBIX y4acTKaX. [TalMeHThI HAO/MIOfaMNCh B TeYeHe OFHOTO 1 IIeCTH MeCALIeB, a Yepes3 Fof] IOCIe oIlepa-
LYY Mbl HaOJIONa/M 32 MX 3peHneM 1 pedpakiyell ¥ MpOBOAIM KepaToMeTpUIecKie U3MepeHMs.

Pe3ynbratbl: Cpegumit BO3pacT MAaLMEHTOB COCTaBMI 65.7 + 9.54 roga (BospacTHOIT Arama3oH 42-84 ropa). Hukakux cepbé3Hbix
OCTIOXKHeHUIT He Hab/ofanocs. Hanbosbiine n3MeHeHNsT CHIIBI pOTOBULIBI ObIIM B HafBICOYHOM paspese (1.28 + 0.6). Kepatomerpus
MIMe/Ia 3HAYMTENbHYIO CBA3D C paspesoM (p<0.04).

3akntoueHune: Paspes, BHIIONHEHHBIT Ha 60/Iee pedpaKIIOHHOM MepyAnaHe, IPUBOANUT K CITIaXKMBAHUIO 9TOTO MePU/MaHa, U 3TOT
addexT 60ee BbIpaXkeH B HA[BICOYHOM paspese. BICOUHBII paspes peKOMEHAYeTCs B TeX CIydasX, KOIa HeT 60/IbIION PasHULIbI B
KepaToMeTPMM ABYX OCeil.

KnwoueBble cnoBa

pacIosoxeHne pa3pesa, KepaToMeTpys, pakoaMyIbcubuKanus, pedpaxips
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