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ABSTRACT 

 

Patients undergoing cataract surgery, a refractive intervention, expect less dependence on 

spectacles and rapid improvement in clarity of vision, which is affected by pre-existing 

astigmatism. Patients' expectations to be free of glasses post cataract surgery is increasing 

with advances in refractive surgery.  

 

Aim:  To evaluate and compare the astigmatic correcting effect of 2.8 mm paired 

opposite clear corneal incisions on the steep axis with that of a single clear corneal 

incision made on the steep axis in cataract patients undergoing phacoemulsification 

surgery with PEA 1.0 to 2 Diopters. 

 

Setting and Design:  Prospective study in tertiary center. 

 

Materials and methods:  A total of 55 eyes of patients with newly diagnosed cataract 

undergoing phacoemulsification with PEA of 1-2 D as measured with Automated 

Keratometry, were included in the study. 

 Group 1: 29 eyes underwent phacoemulsification surgery with 2.8 mm single CCI 

on steep axis. 

 Group 2: 25 eyes underwent phacoemulsification surgery with 2.8 mm Paired 

OCCI’s on steep axis. 
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 Study period was 24 months, from November 2019 to October 2021. 

 Post-operative follow up was done on Day 3, 1 month and 4 months.  

 The change in astigmatism was evaluated as the difference in the mean 

preoperative and the postoperative automated keratometry readings.  

Results: 

The mean age among the study population at the time of surgery was 63.79 years in 

Group 1 and 58.2 years in Group 2. Group 1 had 11 male and 18 female patients. Group 2 

had 14 male and 11 female patients. The mean preoperative astigmatism measured was 

1.1293 D in Group 1 and 1.4479 D in Group 2. Postoperative astigmatism was assessed at 

3 days, 4 weeks and 4 months.  

The mean astigmatism on the follow up visits in at 3 days, 1 month and 4 months were 

0.9224 D, 0.8534 D, 0.8448 D in Group 1 and 0.9375 D, 0.8958 D, 0.87 D in Group 2 

respectively.  

In Group 2, there was a significant and consistent reduction of PEA of 0.5 D or more at 4 

months postoperatively. 10 out of 25 patients did not need spectacles for distance with 

BCVA of 6/9 or better in Group 2 while in Group 1; only 6 out of 29 patients did not 

need spectacles for distance. 

 

Conclusion: Paired Opposite clear corneal incisions (OCCIs) is a simple, effective, safe 

and an affordable intervention in the same sitting as that of cataract surgery for PEA of 

1.0 to 1.5 D. 
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INTRODUCTION 

Crystalline lens is an avascular, biconvex, acellular intraocular content that helps to focus 

the light entering the eye onto the retina. It is divided structurally into capsule, 

epithelium, cortex and nucleus. The weight of the adult lens is 90-250 mg. 

Figure 1: Position of crystalline lens in human eye. 

 

(Image Courtesy: American Academy of Ophthalmology) 

 

Figure 2: Lens helps in focusing light entering eye on the retina 

 

(Image Courtesy: American Academy of Ophthalmology) 
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Cataract is the opacification or clouding noted in the optically transparent intraocular lens 

leading to painless progressive decrease or loss of vision and may cause blindness 

eventually if left untreated. Worldwide, cataract is the major cause of visual impairment. 

Cataracts are responsible for 47.8% of blindness according to the World Health 

Organization (WHO). 
1, 2 

 

Multiple risk factors for cataract formation have been proven and described in literature 

many of which are modifiable like co-morbidities like Smoking,
3
 Radiation 

therapy,
4
Type II diabetes mellitus, Hypertension, low socio-economic factors for Head 

and Neck cancers, UV exposure, body mass index (BMI)
5,6,7,8,9,10,11

 etc. The most 

substantial risk factor for cataractogenesis is Advancing age,
2
 with onset being from 45-

50 years. The quality of cataract surgery determines the final outcome of visual acuity. At 

present due to the efforts and participation of hospitals, NPCB and NGOs, India has 

achieved a higher cataract surgical rate.
12

 

 

The term “Astigmatism” was used the anomaly by Dr. William Whewell (1794 – 1866), 

Cambridge. Sir Isaac Newton noted two centers of radiation when oblique light rays hit a 

refracting medium and made reference to what later became known as “circle of least 

confusion”. The etiology of astigmatism is unknown in most cases. 
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The optical power of the eye is provided by the air-tear film interface, anterior curvature 

of cornea (+48.0 D), posterior curvature of cornea (-5.8 D). Standard keratometry and 

corneal topography estimate the total corneal power from the measurements of anterior 

corneal surface. 

 

Astigmatism can be divided: 

○ Regular and irregular by angle of separation between steep and flat 

meridians. 

○ With respect to the contributing ocular component (Air-tear film interface, 

anterior and posterior corneal surface, crystalline lens, displacement of 

fovea) 

○ By orientation of refractive power of meridians (With-the-rule, against-

the-rule). 

○ With respect to refractive error (relative position of retinal images of 

distant objects) into simple and compound, hyperopic or myopic 

astigmatism.  

 

Astigmatism causes asthenopia, glare sensation, blurred vision, monocular diplopia and 

visual aberrations. It is evaluated by Clinical examination, Refraction, Keratometry, and 

Corneal topography after surgery. 
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Patients undergoing cataract surgery, a refractive intervention, expect less dependence on 

spectacles and rapid improvement in clarity of vision, which is affected by pre-existing 

astigmatism (PEA) and surgically induced astigmatism (SIA).  

 

To correct PEA, reduce SIA various methods have been described in literature to control 

astigmatism after cataract surgery like Arcuate keratotomy, Limbal relaxing incisions, 

Toric intraocular lenses, Excimer laser treatment, and various incision types differing in 

size, shape and location. 

 

We can increase patient satisfaction by eliminating spherical error postoperatively and 

decreasing astigmatism. The options to correct preexisting astigmatism at the same sitting 

of cataract surgery are incisions planned on steep axis, relaxing incisions in corneal 

peripheral, opposite clear corneal incisions. Toric intraocular lenses are effective in 

correcting > 1 diopters of PEA but are an expensive option to the general population, a 

majority of which can't afford it in our developing nation.  

 

Biometry and formulas for Intraocular lens (IOL) calculations have decreased the 

spherical error postoperatively. Hence, currently the focus is on minimizing or correcting 

pre-existing astigmatism in the same sitting of cataract surgery. 
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Evaluation of preexisting astigmatism 

Astigmatism correction during cataract surgery and corneal refractive surgery is different. 

Unlike corneal refractive surgery, manifest astigmatism is not relevant when cataract 

surgery is planned. In the manifest refraction, the lenticular element is removed during 

cataract surgery. Automated keratometry can cause slight over/under correction of 

astigmatism. Corneal topography for corneal astigmatism measurement can help identify 

irregular astigmatism that may affect surgical results.  

 

The term “central adaptive astigmatism” was coined by Amesbury and Miller for the 

small remnant cylindrical correction to include the components causing astigmatism, 

excluding the corneal and lenticular astigmatism.
13

 

The uncomplicated removal of the cataractous lens along with a refractive intervention to 

decrease the PEA to decrease postoperative spectacle dependence is being referred to as 

Refractive Cataract Surgery. 

In cataract surgery, the clear corneal incision (CCI) has a small flattening effect on 

corneal curvature, which can be used to reduce PEA. Adding an identical, penetrating 

CCI opposite the first one can enhance the flattening effect. The paired opposite CCIs 

(OCCIs) are placed on the steepest meridian axis to flatten it. One CCI is used to perform 

cataract surgery, and the opposite CCI is made to enhance the flattening effect on the 

cornea to modulate PEA. Hence this technique is simple and effective and yields stable 

results.
14
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Figure 4: Representation of 2.8 mm incision with Keratome during 

phacoemulsification surgery with additional OCCI. 

 

Figure 3: Placement of incisions in 

Paired OCCI given 180 degrees apart. 

1.5 mm 

Paired OCCI  

2.8 mm 

2.8 mm Keratome 

CCI on steep axis 
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 A study by Sharifiet al. “Comparison of the keratometric corneal astigmatism and 

refractive astigmatism after phacoemulsification and foldable intraocular lens 

implantation” with 3.5 mm corneal incision proved the differences in corneal astigmatism 

and postoperative refractive astigmatism after phacoemulsification with IOL 

implantation. Although there was no significant difference in postoperative keratometric 

and refractive astigmatism in most eyes, approximately 10% show >1 diopters (D) 

difference in these measurements.
15

 Secondly, corneal astigmatism after cataract surgery 

showed a long term against-the-rule change with advancing age, similar to that of the 

normal cornea. 

 

Clear corneal incisions shorten surgery, lessen patient stress and quicken visual 

rehabilitation. Smaller clear corneal incisions produce less SIA and axial change and 

produce a stable flattening effect over the long term
16

 and OCCIs have an enhanced 

effect. Recommendations to reduce pre-existing astigmatism include making the incision 

on the steepest meridian in eyes with PEA of 0.50 D or more. However, preexisting 

astigmatism higher than 1.20 D cannot be corrected by a 3.2 mm incision at the limbus.
17

 

 

Paired Opposite clear corneal incisions (OCCIs) are a simple intervention, predictable 

and effective in providing an enhanced effect for correcting pre-existing corneal 

astigmatism in cataract surgery, requiring no additional instruments or added skills, at no 

added cost and can be performed without altering the surgical setting, in the same sitting 

as that of cataract surgery.
17

 



8 
 

AIM AND OBJECTIVES OF STUDY 

 

AIM: 

 

To evaluate and compare the astigmatic correcting effect of 2.8 mm paired opposite clear 

corneal incisions (OCCIs) on the steep axis with that of a 2.8 mm single clear corneal 

incision (CCIs) made on the steep axis in cataract patients undergoing 

phacoemulsification surgery with PEA 1.0 to 2 diopters(D). 

 

 

OBJECTIVES: 

 

● To evaluate the effect of 2.8 mm Paired OCCIs on the steep axis in correcting 

PEA of 1.0 – 2.0 diopters (D). 

 

● To evaluate the effect of 2.8 mm single CCIs on the steep axis in correcting PEA 

of 1.0 – 2.0 diopters (D). 

 

● To compare the astigmatic correcting effect of Paired OCCIs and single CCIs. 
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REVIEW OF LITERATURE: 

 

Cataract Burden 

 

VISION 2020: “The Right to Sight” was initiated in 1999 by the World Health 

Organization and the International Agency for the Prevention of Blindness. It sought to 

promote “A world in which nobody is needlessly visually impaired, where those with 

unavoidable vision loss can achieve their full potential”.  

 

The Global Initiative was set up to intensify actions towards prevention of blindness so as 

to achieve the goal of eliminating avoidable blindness by 2020. It pursued this goal by 

centering to tackle primarily a few diseases which are the main causes of blindness and 

for which proven cost effective treatments are available, as stated by The International 

Agency for the Prevention of Blindness. 

 

National Program for Control of Blindness and Visual Impairment (NPCBVI) launched 

in 1976 in India with the aim of decreasing the prevalence of blindness by 2020 from 

1.4% to 0.3%. In India, cataract is responsible for 80% of blindness. In a national survey 

conducted by NPCB in 2001- 2002, the prevalence of blindness was 1.1% and in 2006 - 

2007 it was 1%.
18
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In India during 1991, the geriatric population aged above 60 years was about 56 million 

and has doubled by 2017 indicating the exponential rise of population at risk of 

developing cataract.
19

 

 

Every year in India, around 20 million new cases of cataract are getting added to the 

burden of blindness and 6 million cataract surgeries are being done. Many initiatives like 

Provision of Grant-in-Aids for cataract surgeries, establishment of Regional Vision 

centers were made to achieve the reduction in prevalence of blindness to 0.3% by 2020.
12

 

 

Prevalence of astigmatism in cataract surgery candidates 

Moulick et al conducted a study “Prevalence of corneal astigmatism before cataract 

surgery in Western Indian Population” where the purpose of the study was to analyze 

prevalence and presentation patterns of corneal astigmatism (CA) in cataract surgery 

candidates. Keratometric values were measured in patients before cataract extraction in 

223 eyes. CA was below 0.25 diopters (D) in 17.5% of eyes, between 0.25 and 1.25 D in 

63.7% and ≥1.50 D in 18.8% of eyes.
20

 

 

Sharma et al conducted a study “Prevalence of Astigmatism in Patients Undergoing 

Cataract Surgery at a Tertiary Care Center in North India” where 3597 eyes were 

analyzed about preexisting corneal astigmatism in patients undergoing cataract surgery. 

1.17±1.15 D was the mean corneal astigmatism with mean age of 59.12 years.  
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With advancing age, they documented a predisposition from with-the-rule (WTR) 

towards against-the-rule (ATR) astigmatism. In this study, 56.69% of patients had <1.0 D 

of PEA who can opt for simple Keratorefractive procedures during the cataract surgery 

and 40.49% patients had > 1.0 D PEA who can benefit more with Toric intraocular 

lenses.
21

 

 

A retrospective study by Prasher and Singh “Prevalence of corneal astigmatism before 

cataract surgery in Indian population” included 2502 eyes with mean age of 59.54 ± 

10.96 years. 59.37% had > 1.0 diopters (D) of PEA, 28.62 % had 1.0–1.99 D PEA, 7.47 

% had 2.0–2.99 D and 4.56 % had greater than 3.0 D PEA. The corneal astigmatism 

gradually increased with advancing age after 40 years of age with a shift towards against-

the-rule astigmatism. 1.04 ± 1.04 D was the mean corneal astigmatism in this study. They 

concluded that more than 40% of Indian population undergoing cataract surgery has PEA 

> 1.0 D and can benefit with additional refractive interventions.
22

 

 

In a study conducted by Hill,
23

 he describes that the magnitude of PEA to be corrected 

during the surgery should be a sum of preexisting corneal astigmatism (a vector quantity 

with a direction and magnitude) and surgically induced astigmatism (SIA). SIA is an 

unavoidable effect of corneal incision made during cataract surgery. He states that 

making incisions lesser than 2.4 mm does not linearly reduce SIA below 0.50 D due to 

stretching of incision during IOL placement.  
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Refractive Surgical Interventions 

Refractive surgical interventions are classified into corneal and lenticular. By changing 

the shape of the cornea, the refractive status of the eye can be changed. 

Keratorefractive or corneal surgical interventions are: 

 Radial keratotomy (RK) 

 Astigmatic or Arcuate keratotomy (AK) 

 Limbal relaxing incisions (LRIs) 

 Transverse keratotomy 

 Photo-refractive keratotomy ( PRK) 

 Laser in situ keratomileusis (LASIK) 

 Laser sub epithelial keratomileusis (LASEK) 

 Epikeratoplasty 

 Implantation of intrastromal corneal ring segments (ICRS or Intacs) 

 Keratophakia 

 Laser thermal keratoplasty (LTK) 

 Radiofrequency or conductive keratoplasty (CK) 

o Lenticular surgical interventions are: 

 Cataract surgery 

 Clear lens extraction with intraocular lens implantation (IOL) 

 Phakic IOL implantation 

 Accommodative IOL implantation 

 Piggyback IOL implantation 



13 
 

Toric IOLs have a lesser learning curve, better predictability of postoperative results but 

the limitations are the cost, under or over correction, post operative IOL rotation which 

may need repositioning. 

 

Patient selection becomes important because the results of Limbal relaxing incisions 

depend on age of the patient, mechanical stability of the eye, length and depth of 

incisions, position and number of incisions and limitation in the maximum amount of 

PEA that can be corrected by this intervention.   

 

Procedures involving Laser can be done only after the complete healing of the corneal 

incisions of cataract surgery. The complications of secondary refractive surgery in 

addition to increased risk of infections are the cost of the procedure, prolonged 

postoperative period, postoperative ectasia, epithelial ingrowths, higher incidence of dry 

eye, complications associated with flap.  

 

Each refractive intervention is related to its own limitation. The choice of the intervention 

must be done after considering the age and the co-morbidities of the patient, the cost of 

the procedures and the postoperative results. The advantages and disadvantages of each 

procedure should be explained to the patient and then the decision finalized.  
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Correction of Astigmatism  

In a study by Eric C. Amesbury and Kevin M. Miller titled “Correction of astigmatism at 

the time of cataract surgery”, they suggested that for patients planned for monofocal IOLs 

with PEA less than 1.0 D a single clear corneal incision on steep axis might be sufficient 

to decrease the PEA.
13

 

 

The stepladder approach was described by Amesbury and Miller in which the surgeon 

can plan for refractive cataract surgery and manage the corneal astigmatism 

intraoperatively.
13

 

●  For PEA of 1D, planning and placement of the clear corneal incision 

during the surgery, to induce corneal flattening in the meridian of steep 

axis and steeping of the perpendicular meridian.  

 

● For PEA of 1- 1.5 D Single or 1.5- 2.5 D two relaxing incisions (PCRI) in 

the periphery of cornea during the surgery. 

 

● For PEA > 1.5 D, Implantation of Toric IOL after precise measurement 

and accurate marking.  

 

● Two-step refractive procedures like Excimer laser ablation.  
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Lever and Dahan, who first described the paired opposite clear corneal incision 

technique, conducted a study in the year 2000, “Opposite clear corneal incisions to 

correct pre-existing astigmatism in cataract surgery” where Cataract extraction with IOL 

implantation and astigmatism correction using the OCCI technique was performed  in 33 

eyes of 26 patients, 2.8 to 3.5 mm OCCIs with PEA greater than 2.00 diopters (D) in 12 

months period.  

The mean astigmatism correction achieved with this technique was 2.06 D, mean follow-

up was 5.4 months. There were no CCI-related complications. The wounds were well 

sealed from the first postoperative day and the results stable from the first postoperative 

week. There was no regression or progression of the astigmatic effect during the follow-

up.
14

 

 

Khokhar et al published a randomized prospective clinical study in 2006 “Corneal 

astigmatism correction with opposite clear corneal incisions or single clear corneal 

incision: Comparative analysis” where 40 eyes of 40 patients with topographic 

astigmatism of more than 1.50 diopters (D) were included in the study.  

Paired 3.2 mm OCCIs were made in the steep axis in Group 1 and single CCIs in Group 

2. Uncorrected visual acuity was better in Group 1 than in Group 2 (P = 0.032). There 

was no difference in best corrected visual acuity between the groups. There were no 

incision-related complications. Hence, they concluded that paired OCCIs were 

predictable and effective in providing an enhanced effect for correcting preexisting 

corneal astigmatism in cataract surgery.
24
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A.Peyman et al published a study in 2014 “Corneal astigmatism change and wave front 

aberration evaluation after cataract surgery: “Single” versus “paired opposite” clear 

corneal incisions”, where single 3.2 mm CCI and paired opposite CCI group were 

compared.  

The mean  pre-operative corneal astigmatism in the single incision group was 2.58 ± 1.03 

D and in the paired opposite clear corneal incisions group was 2.70 ± 0.94 D. Wave front 

aberrometers were used to quantify the optical aberrations and standardize the 

measurements.  

Post-operative evaluation was performed at 12 weeks. The corneal astigmatism in single 

incision group was 2.15 ± 0.82 D and in the paired opposite clear corneal incisions group 

was 1.63 ± 1.21 D.The results of this study showed that paired opposite incisions is an 

effective procedure for reducing pre-existing corneal astigmatism in cataract surgery.
25

 

 

Bazzazi et al published a study in 2013 “Opposite Clear Corneal Incisions versus Steep 

Meridian Incision Phacoemulsification for Correction of Pre-existing Astigmatism”
26

. A 

randomized clinical trial was performed on 40 eyes with senile cataracts with corneal 

astigmatism greater than 1.5 diopters (D) undergoing phacoemulsification.  

In the first group 3.2 mm phacoemulsification incision was made on the steep meridian 

and in the other group an additional 3.2 mm incision was made opposite to the main 

incision. Patients were followed with refraction, keratometry at 1, 4, 12 weeks.  



17 
 

Mean corrected astigmatism was greater in the opposite clear corneal incision group than 

steep meridian incision phacoemulsification group. Post- operative residual astigmatism 

in the steep incision group was significantly greater than the OCCI group at 1, 4 and 12 

weeks. Post-operative keratometry in the steep incision group was significantly greater 

than OCCI group at 1, 4 and 12 weeks. Mean corrected visual acuity at 1 week was 

significantly better in the OCCI group. Mean Uncorrected visual acuity at 4 week and 12 

weeks was significantly better in the OCCI group.  

Hence it was concluded that OCCIs achieve an enhanced effect over single clear corneal 

incisions in treating preexisting astigmatism in cataract patients. 

 

J.S.Bhalla, Meenakshi Rani, Surbhi Gupta published a study in 2016 “Evaluation of 

Opposite Clear Corneal Incision in Controlling Astigmatism in Cataract Patients 

Undergoing Phacoemulsification Surgery”
27

with 45 consecutive patients planned for 

phacoemulsification were divided into three equal groups of fifteen patients each:  

 Group 1presenting without corneal astigmatism 

 Group 2 having WTR (with-the-rule)  

 Group 3 having ATR (against-the-rule) astigmatism 

 ≥1.0 D but < 3.0 D PEA in group 2 and 3.  

 All underwent phacoemulsification through 2.8mm clear corneal incision. 
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The reduction in astigmatism was statistically significant in both WTR and ATR 

astigmatism groups (p < 0.001). More than 50% reduction in astigmatism was achieved 

in both groups with astigmatism.  

The disadvantages of OCCIs included under-correction or overcorrection, theoretical risk 

of endophthalmitis from penetrating incision compared with non-penetrating techniques, 

wound leak, possible weakening of integrity of globe, inability to correct higher degrees 

of astigmatism. No major complication was seen in any of the cases. It was concluded 

that OCCI was a simple, predictable, safe and effective procedure in reducing mild to 

moderate preexisting corneal astigmatism in cataract surgery.
27

 

 

In our study the change in astigmatism was evaluated as the difference in the mean 

preoperative and the postoperative automated keratometry readings.  

 

Many studies have documented the effect of using 3.2 mm paired OCCIs. Very few 

studies have been done in this region on the effect of 2.8 mm paired OCCIs. Hence this 

comparative study is being conducted to evaluate the astigmatic correcting effect of a 2.8 

mm Paired OCCIs and a single CCI in reducing PEA of 1 -2 diopters(D). 
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MATERIALS 

We did a prospective comparative study of patients with newly diagnosed cataract 

undergoing phacoemulsification with PEA of 1-2 D. All patients underwent preoperative 

and postoperative examinations.  

Source of data 

Study area: Department of Ophthalmology, SDM College of Medical Sciences and 

Hospital, Dharwad. 

Study subjects: Patients attending the Ophthalmology OPD in Sri Dharmasthala 

Manjunatheshwara college of Medical Sciences and Hospital, Dharwad.  

Study period: 24 months, from November 2019 to October 2021. 

Study instruments: 

● Visual acuity assessment by Snellen’s tests types- uncorrected (UCVA), 

Refraction and BCVA. 

● Goldman’s applanation tonometry. 

● Slit lamp bio microscopy and dilated fundoscopy. 

● Keratometry by auto refractometer. 

● A-scan for axial length and IOL power calculation. 

Sample size: A total of 60 eyes undergoing phacoemulsification were included in the 

study. 30 eyes of patients underwent single CCI on steep axis in Group 1 and 30 eyes 

underwent paired OCCI. Due to loss of follow up until 4 months, data of 29 patients in 

Group 1 and 25 patients in Group 2 were analyzed.  
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Inclusion criteria: 

● Senile cataract (< grade 4) with fitness for surgery planned for 

phacoemulsification surgery with PCIOL implantation. Lens Opacities 

Classification System III (LOCS III) Grading was done in well illuminated 

background for all the patients 

● Age between 40-85 years. 

● Preexisting corneal astigmatism between 1.0 D to 2.0 D. 

Exclusion criteria: 

● Pre-existing corneal astigmatism, lesser than 1.0 D but greater than 2.0 D. 

● Traumatic or complicated cataract. 

● Presence of pterygium encroaching cornea. 

● Pupil deformation, abnormal iris, small pupil. 

● Corneal degeneration or opacities. 

● History of ocular surface surgery/intraocular surgery. 

● History of neuro-ophthalmic disease. 

● History of glaucoma or retinal detachment. 

● Underlying collagen vascular disease. 

Laboratory Investigations prior to cataract surgery (Routine) 

o ECG 

o Random blood sugar in non diabetics; Fasting blood sugar and  Post prandial 

blood sugar in known diabetics. 

o Serology: HIV, HBsAg, HCV.  
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METHODS OF COLLECTION OF DATA 

 

Study design: Non randomized clinical trial, a prospective comparative study. 

Sample: After informed consent, patients fitting under the inclusion criteria/exclusion 

criteria were included. 

● Group 1: 29 eyes, Single CCI on steep axis. 

● Group 2: 25 eyes, Paired OCCI’s on steep axis. 

Group Allocation: Simple Randomization with Single Blind was used. 

Data collection: 

● Detailed History taking. 

● Preoperatively:  

○ Visual acuity assessment: UCVA and BCVA.  

○ Slit lamp bio microscopy of both eyes of patient: adnexa of eyes, anterior 

segment examination of lids, conjunctiva, cornea, anterior chamber, iris, 

pupils, lens.  

○ Dilated fundoscopy with +90 D lens and indirect ophthalmoscopy with +20D 

lens.  

○ Sac syringing with Normal saline. 

○ Goldman’s applanation Tonometry. 

○ Automated Keratometry and Biometry (A-scan). 
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● If the difference in the keratometric readings between the steep and the flat axis was 

between 1.0 D – 2.0 D, and the inclusion/ exclusion criteria was met, patients were 

explained about their pre-existing corneal astigmatism and given an option of being 

included in the study to reduce the same. 

 

● After taking the informed consent, the patients were randomly divided into two 

groups without bias. 

○ Group 1: Single CCI. 

○ Group 2: Paired OCCI.  

 

● Based on the axis of the cylindrical component of refractive error according to 

keratometric reading, marking was done with a sterile marker, with the patients sitting 

in upright position, with the aid of the slit lamp in the OPD, before the surgery. 

○ The horizontal axis at 0 and 180 degrees at limbus. 

○ Steep axis. 

 

● All patients underwent suture less 2.8mm clear corneal phacoemulsification, with 

incision on the steep axis, with non-Toric monofocal foldable PC-IOL implantation.  

 

● The steep axis marking and all the steps of Phacoemulsification surgery in both 

groups were the same, and were done by the same surgeon. 
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● Steps of the Surgery followed were as follows: 

○ The operating eye was painted. Strict asepsis was followed. 

○ 4 mL of 2% Lignocaine Hydrochloride Injection was used for the peribulbar 

block. 

○ Barraquer Wire lid speculum was applied. 

○ 2.8 mm self-sealing clear corneal tunnel was made as marked, on the steep 

axis confirmed with a degree marker.  

○ 2 side ports were made with 15-degree blades. 

○ Continuous curvilinear capsulorhexis was made on the lens capsule. 

○ Hydro dissection and hydro delineation of cataract was done. 

○ Lens matter was aspirated by phacoemulsification.  

○ Anterior chamber wash was given. 

○ Cortical matter was aspirated with 22-gauge Irrigation-Aspiration probes.   

○ Viscoelastic material was injected into the anterior chamber and the non-Toric 

PCIOL was placed in the capsular bag. 

○ Viscoelastic material removed and anterior chamber reformed with Balanced 

Salt Solution. 

○ Wound integrity checked.  

○ Stromal hydration done for the incisions and side ports.  

○ Tone of eyeball checked. No wound leak confirmed.  

○ One drop of antibiotic eye drops, povidone iodine solution 5% w/v eye drops, 

steroid eye drops was instilled.  

○ Eyeball padded and bandaged for 4 hours postoperatively.  
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● In Group 1, a single 2.8 mm CCI was made on the steep meridian and the 

phacoemulsification surgery was carried out through that incision. 

● In Group 2, in addition to the above steps, a second 2.8 mm OCCIs were made on the 

steep meridian 180 degrees opposite to the first incision, before removing viscoelastic 

material and reforming the anterior chamber. Rests of the steps were as mentioned 

above.  

 

● Postoperative medications advised was as follows: 

○ Steroid eye drops, one drop, four times a day and tapered weekly for 1 month. 

○ Non-steroidal anti-inflammatory eye drops, one drop, thrice daily, for one 

month. 

○ Antibiotic eye drops, one drop, four times a day, for one month. 

○ Lubricating eye drops, one drop, four times a day, for 1 month. 

○ Systemic oral antibiotics twice daily after food for 3 days.  

○ Multivitamin supplements once daily for 20 days. 

 

● FOLLOW UP: Patients were examined post-operatively in Ophthalmology OPD. 

○ On Day 3. 

○ At 1 month. 

○ At 4 months.  
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● Visual acuity, Tonometry, Keratometry and Slit lamp bio microscopy were evaluated 

at each visit. Refraction was performed at 4 months in all cases to evaluate UCVA 

and BCVA.  

 

● Following an uneventful phacoemulsification surgery, all the patients had satisfactory 

follow up periods with no added complications noted at any follow up due to cataract 

surgery or an additional incision in Group 2. In Group 2, they did not demonstrate 

any wound leak or increased risk of inflammation or endophthalmitis.  

 

● The aim of our study was to evaluate the reduction in astigmatism at 4 months post-

operatively in both groups. 

 

● The preoperative and postoperative astigmatism were calculated based on readings 

from the same Auto Refractometer. The reduction of astigmatism was considered as 

the variance between the mean preoperative and the postoperative Automated 

Keratometry readings.  

○ K1 was taken as the flat axis. 

○ K2 was taken as the steep axis. 

○ The difference in the diopters of K1 and K2 was measured and recorded as the 

astigmatism, at each visit. 
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RESULTS 

STATISTICAL ANALYSIS 

 Pre-operative and post-operative data from follow ups were collected, tabulated, and 

statistically analyzed. Data was entered in Python and SPSS software version 20. 

Descriptive statistics were expressed as mean (X–), and SD and applied wherever 

necessary. 

 

 “The Test Statistic for the Difference in Means of two normal distributions, variances 

unknown and not assumed equal”, one tailed version was used to analyze the 

comparisons within each group on Python software. The critical value was derived 

from the “Student T distribution” table. Inference was derived from the above with 

the confidence interval set at 95%.If the calculated test statistic for each group was 

greater than the critical value, then the results were said to be statistically significant.  

 

 Inter-group comparison was done with data entered on SPSS software. Independent t- 

test was applied for comparing the change in astigmatism at 4
th

 month with 

confidence interval set at 95%.  

 

 The difference in means was evaluated to assess the change in the preexisting 

astigmatism from pre-operative values to residual astigmatism at 4
th

 month.  
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Figure 5: Equation for “The Test Statistic for the Difference in Means of two 

normal distributions, variances unknown” 

 

T₀  = test statistic. 

X₁ ― (bar): mean of preoperative astigmatism values. 

X₂ ― (bar): mean of postoperative astigmatism values. 

● Day 3 

● 4 weeks 

● 4 months  

Δ₀ : zero (null hypothesis is assumed zero) 

s₁ ²: Standard Deviation for preoperative astigmatism. 

s₂ ²: Standard Deviation for postoperative astigmatism. 

n = number of samples. 
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Gender 

Among the eyes of patients included in Group 1, 18 were of female (62.06 %) and 11 of 

male (37.93 %) represented in Pie chart in Graph 1. In Graph 2 pie chart representing 

data of group 2, 11 were of female (44%) and 14 were of males (56%).  

Hayashi et all conducted a study titled “Sex-related differences in corneal astigmatism 

and shape with age”
28

, analyzed 1000 eyes of patients aged 40 years and above. This 

study concluded that against-the-rule astigmatism started earlier in male eyes then female 

eyes, in all age groups. Many studies have found that the prevalence of astigmatism is 

more in men than women.
29

’
30

 

 

Graph1: Pie chart of gender distribution in Group 1 

 

Graph2: Pie chart of Gender distribution in Group 2 

38% 

62% 

66% 

44% 
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AGE 

 Advancing age is a proven risk factor for cataract development. Along x- axis is age 

divided into groups of 5 years range and y-axis represents the number of eyes.  

 

 

 

Graph 3: Bar graph of age distribution in Group 1 

 

Graph 3: In Bar graph of age distribution in Group 1, 10 of the patients were in the age 

group of 60-65 years and the mean age was 63.79 years. 
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Graph 4: In Bar graph of age distribution in group 2, 6 of the patients were between 60-

65 years of age, 7 of them were in 40-50 age groups and mean age was 58.2 years.  

 

 

 

Graph 4: Bar graph of age distribution in Group 2 

 

 

 

 

 

N
u

m
b

er
 o

f 
ey

es
  

Age in years  



31 
 

Side of the eye: 

The side of the eye becomes important because the accessibility of the incision on the 

steep axis depends on its position in relation to the nasal bridge, which may obstruct the 

instrumentation during surgery. Hence patients with Steep axis from o to 75 degrees in 

right eye and 105 to 180 degrees in left eye weren’t included in the study. 

 

 

Graph 5: Distribution of side of the operating eye in Group 1 

 

 

Graph 6: Distribution of side of the operating eye in Group 2 

 

Graph 5: Pie chart of the eye 

distribution in patients of Group 1. 

45% RE (13 eyes), 55% LE (16 eyes) 

Graph 6: Pie chart of the eye 

distribution in patients of Group 2. 

48% RE (12 eyes), 52% LE (13 eyes) 
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Preoperative Astigmatism: The K readings are from automated keratometry. The mean 

preoperative astigmatism (PEA) calculated from difference in keratometry readings. 

Pre operative visit Mean K1 Mean K2 Mean of PEA 

Group 1 43.84 D 44.97 D 1.1293 D 

Group 2 43.41 D 44.74 D 1.4479D 

Table 1: Mean K1, K2 and PEA pre operatively 

 

Graph 7: The following is the preoperative astigmatism plotted as bar graphs in both 

groups. Along x-axis is PEA (K2 – K1) and along y-axis is the number of eyes. 19 eyes 

in Group 1 and 3 eyes in Group 2 had PEA of 1.0 D. The mean of PEA in Single incision 

group was 1.1293 D and in OCCI group was 1.4479 D. 

 

Graph 7: Bar graph of preoperative astigmatism in both groups 

19 
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Post operative astigmatism  

Graph 8: The following are the postoperative residual astigmatism recorded on Day 3 of 

follow up plotted as bar graph of both groups. Along x-axis is astigmatism recorded after 

the refractive intervention and y-axis is number of eyes.  

Day 3 follow up Mean K1 Mean K2 Mean of residual astigmatism 

Group 1 43.80 D 44.73 D 0.9224 D 

Group 2 43.51 D 44.47 D 0.9375 D 

Table 2: Mean K1, K2 and residual astigmatism on Day 3 

 

 

Graph 8: Bar graph of Post operative astigmatism on Day 3 in both groups 
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Graph 9: The following are the postoperative residual astigmatism recorded on 1 month 

follow up plotted as bar graph in both groups. Along x-axis is residual astigmatism and y-

axis is number of eyes.  

1 Month follow up Mean K1 Mean K2 Mean of residual astigmatism 

Group 1 43.84 D 44.71 D 0.8534 D 

Group 2 43.44 D 44.45 D 0.8958 D 

Table 3: Mean K1, K2 and residual astigmatism at 1 month 

 

 

Graph 9: Bar graph of Postoperative astigmatism at 1 month of both groups. 
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Graph 10: The following are the postoperative residual astigmatism recorded during 4
th

 

month follow up plotted as bar graph of both groups. Along x-axis is residual 

astigmatism and y-axis is number of eyes. BCVA for distance was measured at 4 months 

with Snellen’s chart. The change in astigmatism is due to healing of corneal incisions and 

stabilization of the postoperative astigmatism occurs at around 4- 6 months 

postoperatively.  

4
th

  Month follow up Mean K1 Mean K2 Mean of residual astigmatism 

Group 1 43.88 D 44.72 D 0.8448 D 

Group 2 43.50 D 44.45 D 0.8700 D 

Table 4: Mean K1, K2 and residual astigmatism at 4th month 

 

 

Graph 10: Bar graph of post operative astigmatism at 4th month in both groups 
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Graph 11: Graph representing the Mean preoperative and post operative 

astigmatism during each follow ups in both groups 

 

The above graph represents the mean of astigmatism values measured during each follow 

up. From the above graph we can note that there is a decrease in the mean astigmatism in 

both groups as compared to the pre existing astigmatism. The reduction in the 

astigmatism is more in Group 2 when compared to group 1. Following are the tables 

representing the values.  
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GROUP 1 (CCI) Mean Astigmatism (D) Standard Deviation 

 

Pre- operative K value 

 

1.13 0.2036 

Post- operative Day 3 

 

0.92 0.3418 

Post- operative 1 month 

 

0.85 0.2974 

Post- operative 4 months 

 

0.84 0.3374 

Table 5: Mean and Standard deviation of astigmatism in Group 1 

 

 

 
t statistic Degrees of freedom 

Day 3 

 

2.8004 45.0 

1 month 

 

4.1217 49.0 

4 months 

 

3.8872 46.0 

Table 6: t-statistic and the Degrees of freedom 

 

 Critical value Significant 

(t statistic > critical value) 

Day 3 

 

1.6794 Yes 

1 month 

 

1.6766 Yes 

4 months 

 

1.6787 Yes 

Table 7: Significance of the reduction in the astigmatism in Group 1 
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GROUP 2 (OCCI) Mean Astigmatism (D) Standard Deviation 

 

Pre- operative K value 

 

1.44 0.3105 

Post- operative Day 3 

 

0.93 0.3906 

Post- operative 1 month 

 

0.90 0.3873 

Post- operative 4 months 

 

0.87 0.3544 

Table 8: Mean and Standard of astigmatism in Group 2 

 

 t statistic 

 

Degrees of freedom 

Day 3 

 

5.1102 45.0 

1 month 

 

5.4393 45.0 

4 months 

 

6.0488 47.0 

Table9: t-statistic and degrees of freedom 

 

 Critical value Significant 

(t statistic > critical value) 

Day 3 

 

1.6794 Yes 

1 month 

 

1.6794 Yes 

4 months 

 

1.6779 Yes 

Table10: Significance of reduction of astigmatism in Group 2 
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The mean astigmatism calculated pre operatively and at each follow ups post operatively 

has been listed.  

In Group 1:  

 Table 5: The preexisting astigmatism of 1.13 Diopters reduced to a mean 

astigmatism of 0.84 Diopters at 4
th

 month. The reduction in mean astigmatism can 

be noted post operatively at every visit.  

 Table 6: represents the degrees of freedom calculated along with the t-statistic for 

each visits.   

 Table 7: Since the calculated t-statistic is greater than the critical value, the 

reduction in astigmatism is significant when compared to the pre-operative 

astigmatism at Day 3, 1 month and 4
th

 month.  

In Group 2:  

 Table 8: The preexisting astigmatism of 1.44 Diopters reduced to a mean 

astigmatism of 0.87 Diopters at 4
th

 month. The reduction in mean astigmatism can 

be noted post operatively at every visit.  

 Table 9: represents the degrees of freedom calculated along with the t-statistic for 

each visits.   

 Table 10: Since the calculated t-statistic is greater than the critical value, the 

reduction in astigmatism is significant when compared to the pre-operative 

astigmatism at Day 3, 1 month and 4
th

 month.  
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The reduction in mean corneal astigmatism is more in Group 2 (0.57 D) as 

compared to Group 1 (0.29 D). 

 

Group Statistics 

group12 N Mean Std. Deviation Std. Error Mean 

fourMnths 1 29 .8448 .34339 .06377 

2 25 .8700 .36171 .07234 

 

Independent Samples Test 

 

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

fourMnths Equal 
variances 
assumed 

.061 .805 -
.262 

52 .794 -.02517 .09606 -.21792 .16758 

Equal 
variances 
not assumed 

  -
.261 

49.941 .795 -.02517 .09643 -.21887 .16853 

Table 11: Independent t- test for astigmatism at 4
th

 month in both groups 

Independent t- test was applied to compare the reduction of astigmatism at 4 months in 

both the groups. 

The results were comparable in both groups. (p value= 0.79) 

 The reduction in the astigmatism was significant in Group 1 and Group 2.  

 The reduction in astigmatism was significant at Day 3, 1 month and at 4
th

 months 

in both groups. 
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Graph 12: The astigmatism of all patients in Group 1 who underwent single CCI, 

measured pre operatively and at 4th month post operatively. 
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Graph 12: The astigmatism of all patients of Group 2 who underwent paired OCCI, 

measured pre operatively and at 4th month post operatively. 
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DISCUSSION 

 

Once the cataractous lens is removed during cataract surgery, the lenticular component of 

astigmatism does not affect the postoperative astigmatism. Only during complications 

during the cataract surgery like zonular dehiscence, IOL tilt (retained viscoelastics, 

prolapsed vitreous, prolapsed haptics, post-operative contraction of capsule) the lenticular 

components plays a part in residual post-operative astigmatism. Hence cataract surgery is 

prospect to address the preexisting corneal astigmatism to improve the patients’ refractive 

status postoperatively.  

Our study was a prospective comparative study, comparing two refractive interventions 

in newly diagnosed cataract patients undergoing phacoemulsification surgery with 

foldable intra ocular lens implantation. 54 eyes of patients were included in the study. 

Patients were allocated into groups with simple randomization and single blinding was 

done. 29 eyes in Group 1 patients underwent a Single clear corneal incision and 25 eyes 

in Group 2 patients underwent paired OCCI’s. Post operatively patients were evaluated 

on Day 3, 1 month and 4
th

 month. UCVA and BCVA of distance vision were evaluated at 

4
th

 month follow up with Snellen’s chart. 

Patients undergoing cataract surgery can have preexisting corneal astigmatism. With 

surgical incisions on cornea, corneal curvature changes and varying amount of SIA is 

induced. Cornea flattens along the axis of incision and steepens along the meridian 

perpendicular to it. These affect the final outcome based on the post-operative 

astigmatism that remains.  
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With smaller incisions in phacoemulsification surgery and foldable IOLs, cataract 

surgery is an opportunity to reduce or correct the PEA. The goal is to achieve good post-

operative UCVA and independence from spectacles for distance. 

Arcuate Keratotomy requires a diamond knife, corneal marker and pachymetry. Arcuate 

incisions are made up to 90% depth of cornea and up to 7 mm in length over steep axis. 

Incisions near the limbus have lesser astigmatic correcting effect and incisions away from 

the limbus can result in unstable refraction. Limbal Relaxing incisions of 600 microns 

depth and various lengths around the limbus, refractive stabilization occurs early but 

needs a diamond knife, a corneal marker and nomograms. 

Toric Intraocular lens have predictable post-operative astigmatism reduction but they 

have a learning curve with complications like decantation and rotation which needs a 

second surgery for the correction. The cost of the IOLs restricts its widespread 

application due to affordability in a developing country like India. 40 eyes were evaluated 

in a study conducted by Mendicute J et al titled “Toric intraocular lens versus opposite 

clear corneal incisions to correct astigmatism in eyes having cataract surgery”
31

, mean 

refractive astigmatism decreased significantly in both the groups; from 1.75 D to 0.62 D 

in Toric group and from 1.61 D to 0.97 D in OCCI group.  

Correcting the PEA with incision on the steep axis during the cataract surgery has been 

proven in many studies. Opposite clear corneal incision is a penetrating, self-sealing 

incision in addition to the main incision used for phacoemulsification surgery made on 

the steep axis.  
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Unlike arcuate keratotomy, it doesn’t need additional instruments. It can be done in the 

same sitting as that of cataract surgery at no additional cost to the patient for a better 

visual outcome. Earlier studies have documented the effect of OCCI in reduction of PEA 

from 0.50 D to 2.0 D. 

 

In a study by Archana and Sachin, titled “Outcome of clear corneal incision on steep 

meridian in eye with preexisting astigmatism after phacoemulsification”
20

 84 eyes 

divided into two groups based on with or against the rule astigmatism. They all 

underwent 3.2 mm wide incision for phacoemulsification. There was statistically 

significant difference in reduction of PEA and better UCVA at 6 weeks in both groups. 

A study conducted by Harakuni et al about the effect of clear corneal incision over steep 

axis in patients with preexisting astigmatism, 75% of patients had UCVA of 6/12 to 6/9 at 

10 weeks. They concluded that the incision taken on the steepest meridian reduces both 

PEA and SIA significantly.
32

 

 

In a study conducted by Bazzari et al
26

 comparing the OCCI versus Single CCI on steep 

axis during phacoemulsification surgery, 120 eyes with PEA greater than 1.0 D were 

included. Mean corneal astigmatism reduced from 1.82 D to 1.31 D in superior incision+ 

OCCI group and from 1.74 D to 1.19 D in temporal incision+ OCCI group. This study 

concluded that adding an OCCI reduces PEA irrespective of the site of the incision. 

Similar results occurred in our study. There was a significant reduction in Single CCI and 

OCCI group with greater reduction noted in OCCI group. 
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Lever and Dahan were the first to conduct a study to evaluate the enhanced flattening 

effect of an additional penetrating opposite clear corneal incision on the steep axis on the 

cornea during phacoemulsification surgery. They included patients with PEA greater than 

1.75 D, unto 5.0 D. The incision size varied from 2.8 mm to 3.5 mm based on the PEA 

correction needed. OCCI was done in 33 eyes with mean PEA of 2.81 D. Patients were 

examined on Day 1, Day 7, 1 month, 3 months and 6 months post operatively. The mean 

astigmatism reduction was 2.06 D. Mean symmetrically induced astigmatism was 2.25 D. 

The surgical induced astigmatism and the size of the corneal incisions have an effect on 

the astigmatism and the flattening effect on cornea.
14

  

In our study, we fixed the incision size to 2.8 mm and the PEA range of 1.0 - 2.0 D and 

examined the correcting effect of Single CCI in Group 1 of 29 eyes and paired OCCI’s in 

25 eyes undergoing phacoemulsification surgery. They were followed up for 4 months. 

The mean PEA to mean post-operative astigmatism at 4 months in Single CCI on steep 

axis changed from 1.13 D to 0.84 D with a mean reduction of about 0.30 D, while with 

Group 2, it changed from 1.44 D to 0.87 D with a mean reduction of about 0.60 D with is 

twice the reduction achieved to the Single CCI group. 

A comparative analysis single CCI and 3.2 mm OCCI was done by Khokhar S et al
17

 in 

40 eyes with topographic astigmatism of more than 1.5 D and patients were followed up 

at 1, 4 and 12 weeks. Mean astigmatism in OCCI group changed from 2.51 D 

preoperatively to 0.91 D postoperatively. In single CCI group the preoperative 

astigmatism was 2.16 D and postoperative astigmatism was 1.57 D. The mean change in 

corneal astigmatism was 1.60 D with OCCI and 0.59 D in single CCI. There was no 

difference in the BCVA between the groups.  
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The results of our study concur with the above study with reduction of mean PEA being 

greater in OCCI group than single CCI group. Unlike the above study, more number of 

patients got better UCVA in OOCI group than single incision group. 

In a study by Bhalla et al,
24

 45 eyes underwent phacoemulsification surgery with OCCI. 

Similar to our study, the mean age was 60 years. The reduction in astigmatism was 

statistically significant with OCCI in this study and more than 50% reduction of the PEA 

was achieved with OCCI. Similar results with reduction of PEA of 0.60 D was obtained 

in our study. In both the studies the difference in the preoperative and postoperative 

astigmatism at each follow ups were statistically significant.  

An accurate comparison of all studies cannot be done due to varying corneal incision 

length, type of incision, depth, location of incision and the magnitude of astigmatism. 

There is a theoretical risk of endophthalmitis with additional penetrating incision, over 

and under correction, wound leak, difficulty in adjusting the on-axis surgical site to the 

surgeon, weakening of the integrity of globe.  But no complications were noted in any 

patient in our study during any follow up. The corneal heals differently in different age 

groups.  

The limitation of our study was the mean preoperative astigmatism of both groups was 

different. We had a small sample size in the study. Corneal topography was not available 

at our setting for more accurate keratometry readings and 5 patients had loss to follow up. 

A stratified PEA comparison (PEA divided into smaller groups like 1.0 D, 1.25 D, 1.50 

D, 1.75 D, 2.0 D) with the postoperative astigmatism will give a better picture about the 

adequacy of the OCCI incision length in future studies.  
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CONCLUSION 

 

Due to advances in the refractive surgeries and developments in the operative techniques 

and smaller incisions in phacoemulsification surgery, cataract surgery is no more a 

simple extraction of cataractous lens. Refractive cataract surgery should be planned in 

patients with preexisting astigmatism. PEA can be reduced by modifying the shape, type 

and location of corneal incision. 

Paired opposite clear corneal incisions on steep axis during phacoemulsification is a 

simple intervention to correct PEA of 1.0 to 1.5 D. It does not have added complications, 

no added cost, requires no additional skill or instruments and can be done in the same 

sitting as that of cataract surgery. 
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SUMMARY 

 

The gift of sight helps us visualize the surrounding and is one of the senses that help in 

survival. Cataracts are due to opacification of natural crystalline lens with various risk 

factors but advancing age is still a major contributor to the cataract burden.  

Astigmatism causes asthenopia, glare sensation, blurred vision, monocular diplopia and 

visual aberrations. Emmetropia and independence from spectacles is the goal for current 

refractive cataract surgeries for the surgeon and the patients respectively.  

To correct PEA, reduce SIA various methods have been described in literature to control 

astigmatism after cataract surgery like Arcuate keratotomy, Limbal relaxing incisions, 

Toric intraocular lenses, Excimer laser treatment, and various incision types differing in 

size, shape and location. 

Through our study we have found that Paired Opposite clear corneal incisions (OCCIs) is 

an effective, safe and an affordable intervention in the same sitting as that of cataract 

surgery for PEA of 1.0 to 1.5 D. The results of our study have been consistent with the 

demonstrated benefit of OCCI in other studies. There have been no added complications 

noted at the incision size 2.8 mm. A large group of Indian population with PEA of 1.0 to 

1.50 D can benefit with this simple intervention.  
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ANNEXURES 

 

SDM COLLEGE OF MEDICAL SCIENCES AND HOSPITAL, DHARWAD 

DEPARTMENT OF OPHTHALMOLOGY 

 

Informed consent form for the patients 

This consent form is for the patients who will take part in my study conducted at SDM, 

DHARWAD. The title of the study is “EVALUATION OF OPPOSITE CLEAR 

CORNEAL INCISION VERSUS SINGLE CLEAR CORNEAL INCISION ON STEEP 

AXIS IN CORRECTING PRE-EXISTING CORNEAL ASTIGMATISM IN 

PHACOEMULSIFICATION SURGERY”. 

 

Name of principal investigator: Dr. Anuapama. S. Desai. 

                                                   Dr. Sanjanashree. S. Patil 

 

Name of the organization- Department of Ophthalmology 

 

 

                                                  INFORMATION SHEET 

Introduction 

I, Dr. SANJANASHREE.S.PATIL, postgraduate in the Department of Ophthalmology, 

SDM DHARWAD, I am conducting a research project on “Evaluation of opposite clear 

corneal incision versus single clear corneal incision on steep axis in correcting 

preexisting corneal astigmatism in phacoemulsification surgery”. 

I would like to take this opportunity to explain to you the importance of this research 

topic and why it may be useful for you. I will also explain to you both the benefits and ill 

effects of participating in this study. This study is purely voluntary and strictly 

confidential. No information about you shall be disclosed without your consent. If you 

have any doubts at the end of this information sheet, please feel free to ask me any 

questions you may have.  

Purpose of the project:  

Patients undergoing cataract surgery expect clear vision and less dependence on 

spectacles, which needs consideration of reduction of preexisting astigmatism. 
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Modifications in surgical technique, and size, shape and placement of incisions may 

further improve refractive outcomes by reducing preexisting astigmatism. I want to 

compare the efficacy of adding an opposite clear corneal incision (OCCI) of 2.8 mm to 

clear corneal incision on the steep meridian versus single incision on the steep meridian 

alone, in reducing preexisting corneal astigmatism between 1.0D-2.0D, during 

phacoemulsification surgery. 

Participant selection: 

We are choosing from patients attending ophthalmology OPD in SDM during the study 

period. There are specific exclusion and inclusion criteria and if you fit into all the 

inclusion criteria you may participate in this research.  

Voluntary participation: 

Your participation in this research is entirely voluntary. It is your choice whether to 

participate or not. You may change your mind later and stop participating even if you 

agreed earlier. 

 

Description of the process: 

 Informed consent will be taken from you only after you have fully understood all 

aspects of this study and are willing. This information sheet provides you all the 

details about the study and the doctor in charge of the study will also answer any 

questions you may have related to the study. 

 We would examine patients with cataract, with preexisting astigmatism of 1.0 -2.0 

D and their pre-operative examination will be noted down, as done for the entire 

patient planned for phacoemulsification surgery. We repeat that no information 

which you may find sensitive or personal will be shared without your consent.  

 Pre-operative evaluation includes visual acuity, BCVA, slit lamp bio microscopy, 

fundoscopy, tonometry, keratometry. All are non-invasive procedures done as a 

part of regular preoperative evaluation. 

 Patient will undergo phacoemulsification surgery as planned. Patients in Group 2 

will have an additional 2.8 mm incision in the steep meridian, opposite to the 

primary incision made for phacoemulsification surgery. 
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 Post-operative follow up is on Day 3, 4 weeks and 16 weeks. Visual acuity, slit 

lamp bio microscopy, fundoscopy, tonometry, keratometry will be done at each 

follow up. Refraction will be done at 4 months.  

Duration: The entire process will take up to 30-45 minutes of your time.  

Risks: 

The pre-operative investigations involved in this study are not harmful and form a part of 

the investigations done routinely in OPD. An additional 2.8 mm incision OCCI has no 

additional complications over the ones in phacoemulsification surgery, if any. 

Benefits: 

This research project, with the predictable stability, will be helpful in deciding if adding 

an OCCI, a relatively easier procedure that requires no extra expertise or expensive 

surgical instrument is useful in reducing the preexisting astigmatism between 1.0-2.0 D. 

It will also give the patient an opportunity to have spectacle independence post-

operatively.    

Confidentiality: 

Information regarding this study will only be present with the primary investigator and 

the research project in-charge. Be assured that personal information about any individual 

will be not disclosed without your consent.  

Sharing the results: 

Results based on this research subject will not be personal, and others will not be able to 

identify any specific individual based on any the data that we may provide at the end of 

the study. The results finally will be published, but your name and other personal details 

will not be revealed in the final published document. 

Right to refuse or withdraw: 

You don’t have to take part in this research if you do not wish to do so and refusing to 

participate will not affect you. You may stop participating in the research at any time if 

you so wish. 

Reimbursement: 

The patient will not have to bear any expenses for the additional 2.8 mm incision, over 

and above the expense of the phacoemulsification surgery specified in this study.  

Who to contact: 
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If you have any questions you can ask them now or later, even after the study has started. 

If you wish to ask questions later, you may contact me at miss.ssp@gmail.com 

Phone: 9986650769. 

This proposal has been reviewed and approved by Institutional Ethics Committee of 

SDM Medical College, which is a committee whose task it is to make sure that research 

participants are protected from harm. 

 

Certificate of consent: 

Subjects Name: 

Age/sex: 

 

     (i) 

I  have  been  explained  about  the  study  in  detail  in  the  language  I  understand,  and 

 I  have  clarified  all  my  doubts. 

    (ii) 

I understand  that  my  participation  in  the  study  is  voluntary  and  that  I  am  free  to  

withdraw  from  the  study  at  any  time,  without  giving  any  reason,  without  my  med

ical  care  or  legal  rights  being  affected. 

    (iii) I agree  not  to  restrict  the  use  of  any  data  or  results, including 

photograph  that  arise  from  this  study  provided  such  a  use  is  only  for  scientific  pu

rpose(s). 

    (iv) I  agree  to  take  part  in  the  above  study  on  my  own  will. 

 

Signature of the subject / thumb impression                                         Date: 

____________ 

____________________________________ 

Signature of the witness (if the participant is illiterate)                  Date: 

____________ 

_____________________________________ 

Signature of the investigator                                                                  Date: 

____________ 
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        9986650769. 
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     (i)                                                                       
                                

    (ii)                                                            ,         
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    (iv)                                                             

 

                                ____________ 

____________________________________ 

                                           ____________ 
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                    ____________ 
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PROFORMA 

 

Name:                                                                           OP no:    

Age:                                                                              IP no: 

Sex:                                                                                

Occupation:           

Address:                   Phone Number:    

   

CHIEF COMPLAINTS: 

 

HOPI: 

 

PAST HISTORY: 

 

 

TREATMENT HISTORY: 

 

 

RIGHT EYE LEFT EYE 

VISUAL ACUITY   

BCVA   

IOP   

SAC SYRINGING   
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OCULAR SURFACE EXAMINATION 

PRE-OPERATIVE RIGHT EYE LEFT EYE 

ANTERIOR SEGMENT 

 

 

LIDS 

 

  

CONJUNCTIVA 

 

  

CORNEA 

 

  

AC 

 

  

IRIS 

 

  

PUPILS 

 

  

LENS 

 

  

POSTERIOR SEGMENT  

 

 

DISC 

 

  

MACULA 

 

  

BV 

 

  

BG 

 

  

 

A SCAN X EYE PRE-OPERATIVE 

K1 

K2 

AXS 

AXL 

PCIOL 

X EYE PHACOEMULSIFICATION+ PCIOL UNDER LA DONE ON               BY 

DR.           

INCISIONS MADE AT: 
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X EYE POST OPERATIVE FOLLOW UP: 

POST OPERATIVE 

 X EYE 

DAY 3 4 WEEKS 6 WEEKS 

ANTERIOR SEGMENT 

 

LIDS 

 

   

CONJUNCTIVA 

 

   

CORNEA 

 

   

AC 

 

   

IRIS 

 

   

PUPILS 

 

   

LENS 

 

   

POSTERIOR SEGMENT  

 

 

DISC 

 

   

MACULA 

 

   

BV 

 

   

BG 

 

   

IOP 

 

   

VISUAL ACUITY 

 

   

BCVA 

 

   

KEARATOMETRY 

K1 

K2 

AXS 

   

 

POST OPERATIVE 4 MONTHS REFRACTION: 
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MASTERCHART GROUP 1 



68 
 

 

MASTERCHART GROUP 1 
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MASTERCHART GROUP 2 
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MASTERCHART GROUP 2 


