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Introduction: 

Cataract is the major cause of blindness worldwide. According to the World 

Health Organization, Cataract accounts for about 51 percent of blindness, that is 

about 20 million people in 2010. As the population grows and the life 

expectancy increases, the prevalence of cataract is also expected to increase 

 

Cataract is cause by the degeneration and opacification of the lens fibres 

accompanied by aberrant lens fibres or deposits. These ultimately result in loss 

of transparency and loss of a clear image from being focused on the retina. 

Three processes are responsible for the formation of cataract – hydration of the 

fibres, denaturation of the proteins and sclerosis. Patients with cataract present 

with symptoms of gradual, painless, progressive decrease in vision, uniocular 

polyopia and eventually a white reflex in the visual axis. The symptoms depend 

upon the stages of cataract which usually progresses from immature to mature 

and hyper mature. Though predominantly cataract is an age-related disease, it 

can also occur due other causes such as trauma, metabolic diseases, 

dermatological diseases, physical factors or toxic agents.                                         

 

No medical treatment has been proven to cure cataract. If opacification has 

begun, control of the general systemic condition such as diabetes which causes 

early lens changes, may halt the progress but the protein coagulation that has 

occurred remains irreversible. Therefore, the one and only treatment approved 
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for cataract is cataract surgery. Different methods of cataract extraction have 

evolved across centuries. 

 

Initially, the lens along with the capsule was removed by rupturing the zonules, 

which has become obsolete now and was termed as intracapsular cataract 

extraction (ICCE). The procedure required a large incision and had high 

complication rates. The technique is indicated only when the lens is subluxated 

or zonular dialysis affecting more than 180 degrees. The extra capsular cataract 

extraction (ECCE) came into play where an opening in the anterior capsule of 

the lens enable delivery of the nucleus out and an intraocular lens implant is 

placed inside the bag left behind. Various techniques have evolved in perfecting 

this extracapsular lens extraction and eventually made a leap from manual small 

incision to phacoemulsification where the nucleus is emulsified, and the nucleus 

is removed by suction.  

                     

Removing the cataractous lens by either method renders the eye aphakic. The 

optical rehabilitation of the eye was earlier done by aphakic glasses which were 

nothing buy hyperopic glasses which just substituted for the lens extra-ocularly. 

However, the quality of the image and the cosmetic appearance was largely 

compromised. 

 

The best optical rehabilitation following cataract extraction is by intraocular 

lenses. With current advent of modern technology, the target of treatment is to 
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achieve emmetropic correction. Various formulae have been deduced, derived 

and proven to aid in predicting the refractive outcome accurately yet refractive 

surprises occur post-surgery making target emmetropia elusive. 

             

                We currently use SRK/T formula on a regular basis for intraocular lens (IOL) 

implantation for cataract surgeries which is a third-generation formula. In this study we 

wish to compare the refractive outcomes of SRK/T with Haigis formula which is a fourth-

generation formula. Haigis formula takes into account additional factors to predict the 

IOL power and has been considered superior in literature.  

 

               We propose to conduct a Randomized Control Trial on patients presenting in 

our department with Age related Immature Cataract to compare the predictive accuracy 

of SRK/T and Haigis intraocular lens power calculation formulae.  
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Aim of the study: 

 

To compare the predictive accuracy of Refractive outcomes after cataract 

surgery using SRK/T and Haigis formulae  
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Objectives of the study: 

 

Primary Objective:  

To compare the refractive status after cataract surgery between SRK/T vs Haigis formula 

calculated preoperatively using IOL master. 

 

Secondary Objectives:  

1.To study the effect of axial length on the predictive accuracy of SRK/T and Haigis 

formula 

2. To study the effect of anterior chamber depth on the predictive accuracy of Haigis 

formula 
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Review of Literature 
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Literature Review: 

 

The first intraocular lens implantation was an historic milestone by Sir Harold 

Ridley at St. Thomas Hospital in London in 1949. It marked the beginning of a 

new era in the visual rehabilitation of patients after cataract surgery(1) 

Biometry for Cataract surgery: 

Biometry is the method of applying mathematics to biology(2). The term was 

originally used by Whewell(2) initially in the 1800s for calculating life 

expectancy. The refractive power of the eye primarily depends upon the cornea, 

the lens, ocular media, and the axial length of the eye. When planning for 

cataract surgery, in order to achieve the desired post-operative refraction, the 

required power of the intraocular lens (IOL) implant can be calculated if the 

corneal refractive power, media type, and axial length are known. 

 

Fedorov and co-workers(3) first estimated the optical power of an IOL using 

vergence formulas in 1967. In the 1970s, after availability of accurate axial 

scans (A scan), studies were conducted to establish various theoretical vergence 

formulas. In the early 1980s, several IDEM (ideal emmetropia) lenses were also 

attempted by measuring the refractive error post implantation comparing to the 

target refractive error aimed at before surgery. On similar lines, Standard lenses 

were also attempted, after Gernet and Zorkendorfer(4) in 1982 showed that the 

average refractive power of natural lens is +23.70D. Although these were 

neither strictly mathematical nor ethically sound, they are mentioned in a 



	 19	

historical perspective. The theoretical formulae derived around the same time 

have been subjected to minor and major alterations in the variables since then in 

order to increase accuracy.  

Hillman(5) in his study opines that cataract surgery technology and intraocular 

lens (IOL) technology have improved remarkably and become safe, the patients 

are expecting better postoperative refractive results, which are determined by the 

precise intraocular lens power calculation. The calculation is normally based on 

corneal power, axial length (AL) measurements and IOL calculation formulae. 

These three factors are considered to be the most critical factor for accurate IOL 

power calculation.  

Hitzenberger(6) and his colleagues studied measurement of axial length in 

various eyes. Axial length (AL) is usually measured by applanation A-scan 

ultrasound, which is widely used technique. In A-scan biometry, the sound 

travels at a frequency of approximately 10 million Hz (10 MHz). This extremely 

high frequency allows for restricted penetration of the sound into tissues. The 

biometer measures axial lengths, the distance between the anterior corneal 

vertex and internal limiting membrane of the retina, along the optical axis with a 

resolution of 200 μm and precision of 150 μm . The method requires the use of 

topical local anaesthesia and contact of the cornea with a probe of A-scan, as 

ultrasound energy is emitted from the probe tip by pulsing electricity(7).  

Olsen et al established that studies based on ultrasound biometry demonstrated 

54% of all IOL power miscalculations result from wrong AL measurements(8). 
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Binkhorst(9), Boerrigter et al(10), Drexler(11), Olsen(12) et al studied that the 

error in axial length measurement of 100 μm results in postoperative refractive 

error of 0.25Dto 0.28D.  

Drexler(11), Fercher(13) Haigis(14) and Hitzenberger(6)conducted various 

studies comparing laser doppler interferometry with ultrasound biometry and 

immersion biometry and established the following. The IOL Master is a non-

contact partial coherence interferometry method for AL measurement, which has 

recently become commercially available It uses infrared diode laser (λ 780 nm) 

of high special coherence and short coherence length (160 μm). The optical scan 

uses an external Michelson interferometer to split the infrared beam into coaxial 

dual beams allowing the technique to be intensive to longitudinal eye 

movement. Both components of the beam illuminate the eye and are reflected at 

each interface where the change in refractive index occurs. If the optical path 

length is within the coherence length interference signal is detected by a 

photodetector. The IOL Master measures the ocular axial length between the 

corneal vertex and retinal pigment epithelium along the visual axis using red 

fixation beam, with a resolution of 12 μm and precision of 5 μm. Advantages of 

this technique is that there is no need for local anaesthesia and pupil dilation 

therefore method reduces the potential risk of corneal erosions or infection. The 

technique is observer-independent method for AL measurement. 

Eleftheriadis(15) studied the refractive results of 100 consecutive cases of 

biometry done in IOL master. Goyal et al(16) compared the IOL master and A-
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scan ultrasound in 2003. Haigis(17) and colleagues studied pseudo phakic 

correction factors in laser interferometry in 2001. These studies established that 

the measurement obtained by IOL Master has been reported more accurate and 

reproducible than that by ultrasound in a normal eye and in a pseudo phakic eye. 

Vogel et al(18) and Connors et al(19) studied the inter and intraobserver 

reliability if IOL master.  With the advent of partial coherent interferometry, 

IOL master has proven its accuracy in IOL power calculation using different 

lens formulae as well. Ueda(20) and colleagues analysed the impact of various 

grades of nuclear cataracts and its effect on biometry in ultrasound vs IOL 

master which proved IOL master to be more accurate. Preussner (21)  concluded 

that axial eye length with an error of approximately 0.2 D is no longer the 

dominating error if the measurements are performed by interferometry . But if 

the total error threshold is below the error of refraction, the accuracy of the IOL 

power calculation formula must be improved. This important part of IOL power 

calculation has been growing in recent years especially in eyes that have had 

refractive surgery. 

Evolution of IOL power calculation formulae : 

The first formula for the determination of intraocular lens power was published 

by Fedorov et al(6). In the early 1970s, first commercially available ultrasound 

instrumentation was adopted to clinical practice. This period gave birth to the 

first theoretical and empirical intraocular lens power calculation formulae.  All 

original formulae by Fedorov , Binkhorst , Thijssen , Van der Heijde and Hoffer 
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are first generation theoretical formulae. They required axial length of the eye, 

the corneal power in dioptres, corneal radius and position of the intraocular lens 

along the optical axis of the pseudo phakic eye or anterior chamber depth 

(ACD). The main feature of first-generation theoretical formulae was that 

position of IOL in the eye is fixed for each lens type. This assumption was not 

unreasonable at that time, when cataract surgery was represented by 

intracapsular cataract extraction and anterior chamber intraocular lenses 

implantation; the anterior chamber IOL was assumed to have a defined position 

in relation to the anterior plane of the cornea. These theoretical formulae laid the 

basis for development and evolution to the current generation formulae.  

Sanders, et al.(22) developed empirically determined regression formulae. First-

generation regression formulas are linear functions based on retrospective 

analysis of postoperative refraction and biometric data and following intraocular 

lens implantation of a particular lens by a particular surgeon. The most relevant 

of these formulae is SRK formula. The required measurements are axial length 

and corneal power. One of the variables of the SRK formula is the A-constant 

which is a specific constant for each type of IOL and is determined empirically 

on the large sample of patients  who underwent cataract surgery. A-constant is 

calculated for each lens type based on the refractive outcomes. This ensured that 

the A-constant lessened influence of variables like surgical technique, biometric 

instrumentation and measurement technique on IOL power calculation. For this 

reason, the SRK formula outperformed the first- generation theoretical formulae. 

The advantage of regression formula is that it is relatively simple to calculate.  
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Contributors to the second-generation theoretical formulae include Holladay, 

Prager, Chandler et al(23) and Colliac(24). Second-generation theoretical IOL 

power formulae differ from the first-generation formulae in that the position of 

the intraocular lens in the pseudo phakic eye. This position though not fixed 

changes as a function of two variables -  axial length and corneal curvature of 

the eye. After Kelman (25) introduced the extracapsular cataract extraction by 

phacoemulsification, the second-generation of theoretical and regression 

formulae were developed. Phacoemulsification provided the opportunity to 

implant intraocular lenses within the capsular bag of crystalline lens. But the 

position of these posterior chamber intraocular lenses was difficult to predict, 

due to characteristics associated with individual lens capsule shrinkage, lens 

haptic design and placement of the intraocular lens within the crystalline lens 

capsule. This variability in the position of the implanted intraocular lens was the 

reason for the development of the second-generation intraocular lens power 

formulae.  

The second-generation regression formulae by Thompson, Maumenee and 

Baker(26), Donzis, Kastl and Gordon(27), Olsen(12) ,Sanders, Retzlaff and 

Kraff(28)  were designed to improved accuracy through the application of non-

linear regression formulae. Most prominent amongst these is the SRK II 

regression formula which is a modification of the original SRK formula; it is an 

approximate linear function for eyes of average axial length, but exhibits 

nonlinearity in short and long eyes too.  
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Contributors to the third and fourth-generation formulas include Hoffer(4), 

Olsen(29), Retzlaff, Sanders and Kraff(30), Holladay(31) and Haigis(17). 

According to these studies, despite the advances in the precision of ocular 

biometry, differences in calibration, individual lens capsule shrinkage, IOL 

design as well as surgical variations limited the ability of any formula to predict 

the post-operative axial position of the intraocular lens. Hence, the modern 

generation formulae were developed. Most of them are modifications of original 

theoretical and regression formulae, through a combination of algebraic and 

statistical methods.  

Olsen(8) in his study establishes that the greatest challenge for the calculation of 

intraocular  lens power lies in the accurate prediction of pseudo phakic lens 

position and not in the intraocular lens power formulae themselves. The issue of 

the axial position of an intraocular lens in the pseudo phakic eye is still poorly 

understood and misrepresented topic in intraocular lens power calculation. 

Different researchers use in their formulae different variables like ‘A- constant’, 

‘surgeon-factor’, ‘anterior chamber depth’ and ‘effective lens position’ to 

describe lens position in the pseudo phakic eye.  

In this regard, the strength of the empirical approach (SRK and SRK-II 

regression formulae) is that it does not measure the position of the intraocular 

lens in the pseudo phakic eye, but this value is implicit in the calculation of the 

A-constant for each lens type. Olsen found that for any given formula as many 

as 20 – 40% of all undesirable Refractive outcomes following intraocular lens 
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implantation may be related to inaccurate prediction of the pseudo phakic lens 

position.  

The IOL constants and the corresponding power of the IOL works based on a 

power prediction curve for a particular formula(32). Each formula has a fixed 

power prediction curve for each type of IOL. Greater the IOL constant, the 

greater the IOL power for the same set of axial length and keratometry readings. 

These formulae will give the same intraocular lens power for two eyes of same 

axial length and keratometry. However, in real it is not true as other variables 

also play an important part. The actual distance from the cornea to the lens 

which is the effective lens position and the geometry of the IOL (IOL design) 

are important such factors.  

With standard constants used for intraocular lenses, surgeons can move from 

one formula to another for the same IOL implant. The shape of the power 

prediction curve is also constant for each formula irrespective of  the IOL 

implant used. But variations in the keratometers, ultrasound machines, the 

capsulorrhexis and other surgical techniques can affect the IOL implant power 

to be implanted. They can all have an impact on the refractive outcome as 

independent variables. 

The lens constant of a given IOL implant and formula can be “personalised” to 

make adjustments for the above mentioned variables(33). The third generation 

formulae assume the distance from the principle plane of the cornea to the thin 

lens equivalent IOL. It assumes that Short axial length eyes have shallow 
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anterior chamber and long axial length eyes have deeper anterior chamber. But 

most often short axial length eyes have a normal anterior chamber depth and 

anatomy in the pseudo phakic state. The lens volume prior to cataract extraction 

would have made the anterior chamber appear shallow in short axial length eyes. 

Therefore after cataract extraction the effective lens position would be almost 

the same as normal axial length eyes. But the formula would have calculated for 

a shallow anterior chamber depth. This can be attributed to limited predictive 

accuracy of refractive outcome in extremes of axial length in third generation 

formula such as SRK/T, Holladay and Hoffer Q formulae. 

Holladay formula has been reported to be relatively accurate for normal to 

longer axial length eyes while Hoffer Q has been found to be better for shorter 

axial length eyes. 

The SRK/T Formula: 

The earliest IOL power calculation formulas, in the late 1970s and early 1980s, 

were either theoretical or regression formulas. One of the most successful 

regression formula was the SRK formula devised by Donald R. Sanders, John A. 

Retzlaff and Manus C. Kraff. 

 

The SRK formula(30) uses P = A – BL – CK equation to calculate the IOL 

implantation power , where  

• P is the implant power for emmetropia  
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• L is the axial length (mm) 

• K is the average keratometry (D) 

• A, B, and C are constants.  

The values of B and C are 2.5 and 0.9, respectively, and the value of A varies 

with the IOL design and the manufacturer.  

With this information, the formula can be written as P = A – 2.5L - 0.9K. 

Over the years, surgeons discovered that the SRK formula is best used in eyes 

with average AL, between 22.00 and 24.50 mm. Subsequently they developed a 

formula, the SRK II for use in long and short eyes. In this formula, a correction 

factor was added to increase the lens power in short eyes and decrease it in long 

eyes: P = A1 – 0.9K -2.5L.  

For eyes with AL of less than 20.00 mm, a numerical value of 3.00 is added to 

the A constant; a numerical value of 2.00 is added if the AL measures between 

20.00 and 20.99, a numerical value of 1.00 if the measurement is between 21.00 

and 21.99, and -0.50 if the AL is greater than 24.50 mm. 

Newer formulae were developed to increase the predictive accuracy which 

includes  anterior chamber depth (ACD) based on AL and corneal curvature. 

The SRK/T (T for theoretical) is a formula, representing a combination of linear 

regression method with a theoretical eye model.  
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Based on the nonlinear terms of the theoretical formulas, the SRK/T also 

incorporates empirical regression methodology for optimization, resulting in 

greater accuracy. The SRK/T and other third-generation formulas work best for 

near-schematic eye measurements. 

 

The SRK/T formula optimized the prediction of postoperative ACD, retinal 

thickness AL correction and corneal refractive index. It can be calculated using 

the same A constants used with the original SRK formula or with ACD 

estimates. However, this calculation does not account for effective lens position. 

The Haigis Formula: 

The Haigis formula(33) is a newer formula which surmounts the limitations of 

the other third generation formulae. Instead of moving across the power 

prediction curve in a fixed formula specific manner, the Haigis formula uses 

three A constants, a0,a1 and a2. The three constants manage prediction across 

the position and shape of the power prediction curve. 

 

The effective lens position (ELPO) or (d) is given as 

d = a0 + (a1 * ACD) + (a2 * AL) 

• ACD  -  the anterior chamber depth of the eye  
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• AL -  the axial length of the eye which is the distance from the cornea 

vertex, to the vitreoretinal interface 

• a0 - the constant that moves the power prediction curve up or down . It is 

similar to the A-constant, Surgeon Factor, or ACD does for the Holladay 

1, Holladay 2, Hoffer Q and SRK/T formulae 

• a1 - the constant tied to the measured anterior chamber depth 

• a2 - the constant tied to the measured axial length 

Thus the value of the effective lens position, d, is a function of multiple 

variables and not a single number as in the case of other third generation 

formulae. 

The three a constants a0,a1,a2 are derived by multi-variate regression analysis. 

This is done from a large pool of surgeon and IOL specific outcomes in various 

axial length ranges and anterior chamber depth measurements. The resultant 

constants of a0,a1and a2 are close at hand to the actual results for a specific 

surgeon and IOL design. As a result the calculation in Haigis formula is 

individually adjusted for each surgeon and IOL combination.  

Thus comparing, the third generation formulae effective lens position in various 

formulae are 

• SRK/T formula, d = A - constant  

• Hoffer Q formula,  d = ACD  

• Holladay 1 formula, d = Surgeon Factor  
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• Holladay 2 formula, d = ACD  

• Haigis formula, d = a0 + (a1 * ACD) + (a2 * AL) 

The fundamental to high predictive accuracy of the refractive status is based 

upon the correct effective lens position for a given patient and intraocular lens 

implant. 

Therefore we look at actual observed outcomes and adjust "d" for measured 

axial lengths and anterior chamber depths. This can be done by multi-variable 

regression analysis. 

For example, say there are two lenses of A-constant 118.4 used in SRK/T 

formula. Lens A is an acrylic single piece IOL with a positive shape factor and 

lens B is biconvex 3- piece PMMA IOL with 10 degree per millimeter of 

posterior haptic angulation.  

The A constants for Lens A – a0: -1.441, a1: 0.064, a2: 0.261 and for Lens B – 

a0: 1.274, a1: 0.189, a2: 0.128. 

Consider three patients, Patient 1: Axial length = 28.25mm, Anterior Chamber 

Depth = 3.45mm; Patient 2: Axial length = 23.45, Anterior Chamber Depth = 

3.25mm; Patient 3: Axial length 21.25mm, Anterior Chamber Depth = 2.75mm. 

The effective lens position ‘d’ can be calculated using d = a0 + (a1 * ACD) + 

(a2 * AL). 
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The table showing effective lens position ‘d’ for Haigis formula.  

 

 Patient 1 Patient 2 Patient 3 

Lens A    6.15 4.89 4.28 

Lens B 5.54 4.89 4.51 

 

 

In longer axial length eyes, the Haigis Formula will call for a higher power for 

Lens A than for Lens B. For axial emmetropes or normal axial length range, 

both constants will give the same IOL power. And for axial hyperopes or shorter 

axial length eyes, the Haigis Formula will call for a lower power for Lens A than 

for Lens B. This points out the fact that by regression analysis we can set in 

information regarding differences in geometry and design of the two IOLs 

within the three Haigis Formula lens constants.  

Thus, the Haigis Formula has a new level of mathematical flexibility. As the a0, 

a1 and a2 Haigis constants for the more commonly used IOLs become 

established, the Haigis Formula is embedded with ultrasound machine such as 

the IOL master. 
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IOL Designs and Geometry: 

 

Guell JL(34) studied the post-operative changes in various IOL types. 

Polymethyl methacrylate IOLs used to be the gold standard, but the inability of 

folding limits their use to selected countries and patients. Silicone IOLs were 

used more in the past because they are less suitable for microincisions. Foldable 

hydrophobic acrylic is the most popular material, which is also available in 

yellow (blue light absorbing) models and several IOL shapes. Although a very 

effective and safe material, water penetration producing glistenings and some 

dysphotopsia has been reported with some IOL types. Foldable hydrophilic 

material is widely employed in Europe, and especially for microincision cataract 

surgery lenses because of its plasticity, even if rare optics opacification and 

higher posterior capsular opacification rates have been reported in the past. 

Single-piece IOLs are the most employed in modern cataract surgery, but 3-

piece IOLs are preferred for sulcus implantation and in infants. The aspheric 

design to correct or to control spherical aberration in implanted eyes is now the 

rule after the problems of centration we had before the capsulorrhexis era were 

solved.  

 

Properties of   a successful IOL(35) are biomaterial optical purity for long term 

transparency, refractive reliability, stable foldability, sharp edge technology for 

prevention of posterior capsular opacification and capsular bag performance. 

The long-term transparency can be affected due to lens opacification, posterior 
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capsular opacity, fibrosis and glistenings. Glistenings are fluid filled 

microvacuoles formed within the polymer matrix of the lens on exposure to the 

aqueous. Factors that influence the formation of posterior capsular opacification 

are IOL geometry, haptic angulation, the 360-degree square edge effect, IOL 

material and also high-quality surgery with capsular bag implantation. The 

choice of single piece vs three piece in prevention of PCO still points towards 

single piece. Haptic angulation increases the capsular bag tension, thereby 

increases the area of contact between the optic posterior surface and posterior 

capsule. The square edged concept is a physiological barrier by contact 

inhibition of cell migration from the equator of the capsular bag to the center of 

the posterior capsule. Hydrophobic acrylic lenses are now recommended due to 

its adhesive properties and lesser incidence of posterior capsule opacification. 

 

Tecnis Intraocular lens:  

An aspheric monofocal IOL may be ideal for most patients(36). The Tecnis IOL 

has a wave front-designed anterior-surface optic. This has a fixed amount of 

negative spherical aberration that compensates for the positive spherical 

aberration of the average human cornea. The Tecnis IOL is the only aspheric 

IOL developed based on wave front-aberration analyses of human 

corneas(36). Corneal topography measurements on patients with cataracts were 

averaged and used to design a model cornea reproducing the average spherical 

aberration in the aging eye.(37) A multicentric control trial demonstrated that 
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the Tecnis IOL design has significantly less spherical aberrations almost zero 

than a spherical acrylic IOL(38). 

The Tecnis IOL has a rounded anterior edge designed to scatter light, to reduce 

internal reflections, a sloping side edge that minimizes the potential for edge 

glare, and a squared posterior edge that facilitates 360º capsular contact.  

By targeting zero spherical aberration with the aspheric Tecnis IOL, it is 

possible to enhance contrast sensitivity and improve functional vision. A recent 

study conducted by Packer and colleagues showed that the Tecnis IOL provides 

up to 31% better contrast sensitivity under photopic conditions compared with a 

spherical IOL(39). The integration of wave front technology and lens-based 

surgery demonstrated by the Tecnis IOL represents a step toward improving 

functional vision and quality of life for cataract patients. 

 

Hoya intraocular lens implant:  

Hoya vivinex isert is a square edge IOL made of hydrophobic acrylic material 

with grade zero glistening and surface scattering. It is an ozone / ultraviolet rays 

treated IOL and hence has increased adherence of the IOL to the posterior 

capsule. The safety and efficacy of this surface modification was tested on 

animals and then a clinical trial was conducted. The clinical trial(40) 

demonstrated significant decrease in the incidence of posterior capsular 

opacification. The hoya lens is also an yellow lens – blue filtration which has 

proven to protect the retinal pigment epithelium and progression of macular 
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disease(41). When we remove the yellow crystalline lens the retina is exposed to 

increased blue light by a white IOL. This is toxic to the retina and causes 

progression of macular disease and disorders of the Retinal pigment epithelium. 

 

Protocol for studying the predictive accuracy of formulae(42) has been 

established by veterans in the evolution and analyses of various formulae. They 

studied the spherical equivalent of the refractive outcome predicted by the 

formula and that actually achieved. It was advised to study a single type of 

Intraocular lens however if the other eye had a yellow lens the study warrants to 

include two types of lenses. 

 

R. Sharma et al(43) compared the accuracy of the predictions of SRK–T and 

Haigis Formulae in 50 patients retrospectively.  All the parameters were 

calculated using Zeiss IOL Master Scan, based on Partial Coherence . The 

patients who underwent phacoemulsification by a single surgeon with a 

temporal corneal incision and a standard Alcon Acrysof MA30 implant in the 

bag were studied. The pre–operative IOL power calculations were done 

using both SRK–T and Haigis formulae. The final implant power selection was 

based on SRK–T predictions. The patients were divided into 3 groups depending 

on the axial length (<22mm, 22–24mm, >24mm) and postoperative refractive 

outcomes were analysed at 4 weeks. The difference between the predicted value 

and the post–operative spherical equivalent obtained for both the formulae for 

the different axial length subgroups were analysed. Haigis formula had better 
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predictive accuracy than SRK–T in all axial length subgroups. Achieving the 

predicted post - operative refraction is a challenge in any cataract surgery and 

this makes the choice of IOL formula to be used for calculation very important 

 

Mansur et al(44) in a prospective interventional clinical study of 70 eyes from 

60 patients, who underwent uncomplicated phacoemulsification with IOL 

implantation between October 2015 and December 2017. Preoperative axial 

length (AL), corneal curvature (keratometry), and preoperative anterior chamber 

depth (preoperative ACD) were measured using Nidek AL-scan optical 

biometer. The IOL power was determined using both SRK/T and Haigis 

formulae. The difference between the predicted value and the postoperative 

spherical equivalent was calculated for both the formulae by the end of the 

follow-up (3 months postoperatively). The mean errors and the mean absolute 

errors of the two formulae were analyzed. There was no statistically significant 

difference between the mean error of the two formulas used in the overall 

performance. However, in eyes with axial length more than 25mm but was 

significant in eyes with an AL of more than 25 mm Haigis showed better 

predictive accuracy than SRK/T formula. There was a weak correlation between 

the mean AL, keratometry and the Haigis–SRK/T prediction differences. 

  

Yang et al(45) investigated the effect of anterior chamber depth (ACD) on the 

refractive outcomes of four formulae (SRK/T, Holladay 1, Hoffer Q and Haigis 
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formulae)  in axial lengths of all ranges. It was a retrospective study on patients 

who had uncomplicated cataract surgery. The axial length (AL) was categorised 

into four subgroups: short (< 22.00 mm), normal (22.00–24.49 mm), long 

(24.50–25.99 mm), extremely long (≥ 26.00 mm). Preoperative ACD was 

divided into three subgroups: < 2.5, 2.50–3.49, and ≥ 3.5 mm. Median absolute 

errors predicted by the SRK/T, Holladay 1, Hoffer Q and Haigis formulae were 

compared using the Friedman test. Post-operative analysis involved the 

Wilcoxon signed rank test with a Bonferroni adjustment. Correlations between 

ACD and the predictive refractive errors of the four formulas were analysed. In 

short eyes with an ACD < 2.5 mm, the Haigis formula revealed the highest 

Median absolute error. Therefore, in short axial length eyes Hoffer Q had better 

predictive accuracy compared to Haigis formula which was statistically 

significant. In normal axial length eyes with anterior chamber depth >2.5mm the 

Haigis formula significantly differed from the Holladay 1 and Hoffer Q 

formulae. In long eyes and extremely long eyes with an ACD ≥ 3.5 mm, the 

differences in Median Absolute Errors were statistically significant with the 

Haigis formula having the lowest Median Absolute Errors in both subgroups. In 

a total of 1123 eyes, refractive errors predicted by the Haigis formula showed a 

significant negative correlation with the anterior chamber depth. 

Thus, the Hoffer Q formula is preferred over other formulae in short eyes with 

an ACD shallower than 2.5 mm. In short and normal eyes with an ACD < 2.5 

mm the Haigis formula might underestimate ELP. The Haigis formula becomes 
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the preferred formula of choice in eyes with an AL ≥ 24.5 mm and an ACD ≥ 

3.5 mm. 

 

Wang JK, et al(37) evaluated the predictability of intraocular lens (IOL) power 

calculations using the IOL Master (Carl Zeiss) and different IOL power 

calculation formulae in eyes with a long axial length (AL) in Taiwan. The study 

included 68 eyes with an Axial length longer than 25.0 mm that underwent 

phacoemulsification with IOL implantation. Preoperative AL and keratometry 

measurements were obtained with the IOL Master (Group 1) or with applanation 

ultrasound and automatic keratometry (Group 2). The power of the implanted 

IOL was used to calculate the predicted postoperative spherical equivalence 

(SE) by various formulae: SRK/T, SRK II, Holladay 1 and Haigis. The 

predictive accuracy of the formula was analyzed by comparing the mean 

absolute error (MAE). AL measured by the IOL master was longer compared to 

applanation ultra-sound biometry. The use of optical or ultrasound biometry data 

in the SRK/T, SRK II, and Holladay 1 formulae resulted in similar accuracy of 

IOL power prediction in eyes with higher myopia. The IOL power calculated 

using the Haigis formula gave the best predictive accuracy of refractive 

outcomes in long eyes. 
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Thakur et al(46) compared the accuracy of Intraocular Lens (IOL) power 

calculation formulae in high axial myopia. 27 eyes of 22 patients with longer 

axial length between 26mm to 30mm were studied. The eyes were divided in to 

two groups. Group 1 consisted of AL 26-28mm consisting of 23 eyes and Group 

2 had AL 28-30mm consisting of four eyes. The predictive accuracy of four 

formulae SRK-T, Hoffer Q, Haigis and Holladay 2 were compared. The 

predictive accuracy within ±1 D of the formulae in Group 1(axial length 26-28) 

is 88% with SRK-T, 87% with Hoffer Q, 88% with Haigis and 91% with 

Holladay 2. The predictive accuracy of SRK-T, Hoffer Q and Haigis was 

comparable for target refraction of ±1.0 D. Haigis and Holladay 2 gave better 

results for target refraction of ±0.5 D for Group 1 and Haigis and Holladay 2 

performed better for Group 2.  

Dharmil Doshi et al (47) studied the accuracy of Intraocular Lens (IOL) power 

calculation  and the selection of the most appropriate formula in high myopic 

and hypermetropic patients.  A prospective study was conducted on 80 

consecutive patients who underwent phacoemulsification with monofocal IOL 

implantation. Preoperative keratometry was done by IOL Master. Axial length 

and anterior chamber depth were measured using A-scan machine ECHORULE 

2 (BIOMEDIX). Patients were divided into two groups based on axial length (40 

in each group). Group A with AL<22 mm and Group B with AL>24.5 mm. The 

IOL power calculation in each group was done by Haigis, Hoffer Q, Holladay-I, 

SRK/T formulae using the software of ECHORULE 2. The actual postoperative 

Spherical Equivalent (SE) and Absolute Error (AE) were calculated at one and 
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half months. The predictive accuracy of each formula in each group was 

analyzed by comparing the Absolute Error (AE). The Kruskal Wallis test was 

used to compare differences in the (AE) of the formulae. In Group A, axial 

length less than 22mm, Hoffer Q, Holladay 1 and SRK/T formulae were equally 

accurate in predicting the postoperative refraction after cataract surgery. The 

accuracy of these three formulae was significantly higher than Haigis formula. 

However, in Group B, axial length more than 24.5mm, Hoffer Q, Holladay 1, 

SRK/T and Haigis formulae were equally accurate in predicting the 

postoperative refraction. 

 

The Comparative Study of Refractive Index Variations between Haigis, SRK/T 

and Hoffer-Q Formulas Used for Preoperative Biometry Calculation in Patients 

with the Axial Length >25 mm was a randomized clinical trial study performed 

in Isfahan University of Medical Sciences in 2012–2013. Haigis, Hoffer Q and 

SRK/T were studied and Haigis  was found to have a better predictive accuracy 

than SRK/T and Hoffer Q(48). Further studies also proved that using optimized 

A constant instead of surgeon specific A constant in case of Haigis formula 

showed no statistically significant difference(49).  

Thus, Haigis formula is suggested to have better predictive accuracy in longer 

axial length eyes. The current practice at our institution is SRK/T third 

generation formula in normal axial length eyes. The haigis formula which gives 

better prediction of the estimated lens position is to be studied in normal axial 

length eyes. 
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Further newer formulae like Olsen and Barett’s universal formula have evolved. 

The Olsen formula(50) uses exact ray tracing and thick- lens considerations to 

account for the true physical dimensions of an eye’s optical system. It uses the 

same technology employed by physicists to design telescopes and camera 

lenses. A key feature of the Olsen formula is accurate estimation of the IOL’s 

physical position using a newly developed concept, the C-constant. The C-

constant can be thought of as a ratio by which the empty capsular bag will 

encapsulate and fixate an IOL following in-the-bag implantation. This approach 

predicts the IOL position as a function of preoperative anterior chamber depth 

and lens thickness.  Because this approach works independent of traditional 

factors such as eye length, keratometry (K), white- to-white dimension, IOL 

power, age, and gender, it can work in any type of eye, including those that have 

previously undergone refractive surgery. Its only requirements are accurate 

measurements of anterior chamber depth and lens thickness, both of which are 

provided by the LENSTAR optical biometer. 

The Barrett Universal II(51) is an upcoming formula based on Gaussian 

principles or ray tracing. It contrasts from conventional formulae in that it 

analyses the change in principal planes that occur with different intraocular lens 

powers. It also modifies the calculation depending on whether the optic 

configuration alters from a biconvex to a meniscus lens. It identifies the 

changing versions that occur when a lens changes from a positive lens to a 

minus lens. The Barrett Universal II takes into account 5 variables. In addition 

to axial length, keratometry, and optical ACD, the formula takes into account 
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the lens thickness as well as white to white. The lens thickness adds additional 

accuracy to the prediction across all axial length ranges.  

The Barrett Toric calculator predicts a posterior corneal curvature, which is 

different for each individual patient. It is based on a theoretical model, proposed 

to explain the phenomena of posterior corneal astigmatism and its tendency to 

be an against-the-rule effect vertically orientated in the majority of patients. For 

a toric intra ocular lens, besides keratometry, topography is always required. 

This is implemented in the Topcon Aladdin Biometer with precise 

interferometry. Precise control of the distance from the device to the patient’s 

cornea adds another layer of accuracy. A device that contains keratometry and 

topography together is a tremendous advantage to the surgeon.  

The Kane formula(52) is another new generation IOL calculation formula 

created using volumes of data sets from selected high-volume surgeons. This 

formula uses a combination of theoretical optics, thin lens formulas and ‘big 

data’ as quoted to make its predictions. The Kane formula uses the axial length, 

keratometry, anterior chamber depth, lens thickness, central corneal thickness 

and gender of the patient to tweak its predictive accuracy. The Hill-RBF method 

incorporated uses adaptive learning from a large dataset to predict refractive 

outcomes.  

 
. 
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Methodology: 
	
	
	
  
Study design: Randomized control parallel trial with 

equal allocation in both arms 

 

Study Population:   

 

This is a hospital-based study. All 

patients with age related immature 

cataract presenting to outpatient 

department of Department of 

Ophthalmology – Schell campus, 

Christian Medical College, a tertiary 

care center, willing to participate in 

the trial and fulfilling the inclusion 

criteria 

 

Inclusion criteria: 

 

Patients above the age of 50 years 

Existence of age-related immature 

cataract 

No previous surgery of anterior or 

posterior segment 

Biometry for IOL power calculation 

possible by optical biometry using 

partial coherence interferometry 
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Exclusion criteria: 

 

Non-correctable retinal or corneal 

problem 

Glaucoma 

Patient with psychiatric illness 

Traumatic cataract 

Corneal degenerations 

Squint 

High corneal astigmatism (more than 

2.5D by keratometry) 

 

Randomization: Block randomization method 

Allocation concealment by Envelope 

which is opened after consenting the 

patient.  

 

Blinding and masking The optometrist checking the 

postoperative best corrected visual 

acuity at 6 weeks is blinded 
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Patients of age >50 years, preoperative corneal cylinder value less than 2.5D 

diopter, the existence of age-related cataract confirmed by ophthalmologist, no 

previous surgery of anterior or posterior segment in the same eye and consenting 

for the study were selected. The exclusion criteria were non-correctable retinal 

and corneal problems affecting vision, other eye pathologies except cataract, 

surgical-related complication during surgery and post-operation and 

inaccessibility to patients after operation for re-visiting.  

All patients underwent complete ocular examination including best corrected 

visual acuity, intraocular pressure (IOP) measurement, slit-lamp examination and 

fundoscopy. Biometry by IOL MASTER was done by three optometrists recruited 

for the study after randomizing the participants into two groups (SRK/T and 

Haigis groups) by block randomization.  

Two experienced surgeons of same skill and technique performed all operation 

using standard phacoemulsification through a 2.8 mm clear cornea tunnel incision 

without suture with in the bag IOL implantation. The intraocular lens implant was 

restricted to two types of aspheric lenses proven to be superior – Tecnis and Hoya 

single piece foldable lenses. Only one eye of one patient was included in the study.  

 Patients were followed up for examination on the first post op day, after 1 week 

and then 6 +/- 1 weeks later. Best corrected visual acuity was done at 6 weeks (+/- 

1) visit by two senior optometrists who were blinded to the formula used. The 

axial length and keratometry readings were also measured post-operatively at 6 

weeks. 
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Diagrammatic Algorithm of the study: 

 

 
	

	

	

	

																																						

	

	

	

	
						
	

	

	

	

	

	

Patient seen in the out-patient department in the department of Ophthalmology 
Schell campus, CMC Vellore 

	

Complete Ophthalmological examination 

Age-related Immature Cataract, willing for surgery, volunteering for the study 
and fulfilling the inclusion criteria 

 
	

Randomized into 2 groups by block randomization 

SRK/T formula 
(Group – 1) 

Haigis formula 
(Group 2) 

Biometry by IOL master 

Phacoemulsification + 
IOL (Tecnis/Hoya) 

 

Biometry by IOL master 
 

Phacoemulsification + 
IOL (Tecnis/Hoya) 
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The actual post-operative spherical equivalent (SE) is recorded by retinoscopy 
and Subjective refractive correction. 

 
 

SE = spherical power + ½ cylindrical error 
 
 

Predictive accuracy (Absolute error) = Difference between actual (corrected 
SE) and predicted post-operative SE. 

 
 

Statistical Analysis 

Refractive error Predicted vs Obtained was tabulated 

Postoperative day 1, week 1 
and week 6+/-1 follow up 

 

Postoperative day 1, week 1 
and week 6+/-1 follow up 
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Statistical Methods 
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Statistical methods and Sample size calculation:  
 
 
The sample size was calculated using the formula below to compare the mean 
absolute error between the two groups. ‘n’ is the number of patients per arm, 
which is given by,  
 
 

 
 

S1     = 0.75 

S2     = 0.46 

µ2
d   = 0.6 

a     = 5% 

1-b  = 90%   

	

s2p				=	(0.75)2	+	(0.46)2	/	2	

									=	0.3871	

	

			n			=		2(0.3871)[1.96	+	1.282]2	/	0.36	=	23	
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			n			=	23	in	each	arm			

	

In reference to the study done by Dharmil Doshi et al A Comparative Study to 

Assess the Predictability of Different IOL Power Calculation Formulas in Eyes 

of Short and Long Axial Length. J Clin Diagn Res JCDR. 2017 

Jan;11(1):NC01–4.  

 
 
Statistical methods: 

Data entry was done on Microsoft excel 

All analyses were done using Statistical Package for Social Services (SPSS) 

software Version 21.0 (Armonk, NY: IBM Corp). 

Categorical variables were summarized using counts and percentages.  

Normally distributed variables were summarized using mean and standard 

deviation. Skewed variables were reported as median and interquartile range  

 Chi square test was used to compare the proportions between the groups.  

 Two sample t-test was used to compare the means between two groups.  

Kruskal Wallis, Mann-Whitney non-parametric tests were used to analyze 

multiple variables. 

For all the analysis, 5% level of significance was considered to be significant. 
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Results 
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Results: 
 

In this randomized control study, 70 eyes were recruited into two group by 

block randomization but only 59 eyes were taken for analysis in view of 

intraoperative complications, absenteeism for surgery and follow up.  

 

Group 1 patients underwent IOL implantation based on SRK/T formula (29 

patients) and Group 2 patients underwent IOL implantation based on Haigis 

formula (30 patients) which was 51% and 49% respectively. (Figure1)  

 

There was a total of 30 men and 29 women which was distributed between the 

two groups as 18 men and 11 women in Group1 and 12 men and 18 women in 

group 2 (Table 1). Of the 59, 26 eyes were right and 33 were left. Group 1 had 

15 right eyes and 14 left eyes whereas Group 2 had 11 right eyes and 19 left 

eyes. (Table 2) 

 

The axial length ranged from 22.04 to 24.79 with majority of cases less than 

24mm. Only 7 eyes had axial length between 24.00 – 24.99mm. (Table 3) 

However, the axial lengths were equally distributed between the two groups 

when categorized into 3 subgroups of 22.00-22.99, 23.00- 23.99 and 24.00 to 

24.99. (Table 4) 
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The anterior chamber depth was measured for all patients irrespective of the 

formula used. They were sub grouped into 3 for analysis as ranging from 2.50 – 

3.00mm, 3.00 – 3.50mm and > 3.50mm.(Table 5). 

 

Two types of intraocular lenses were used with A constants of 118.8 and 118.9. 

(Tables 6,7).  The corneal power of the eyes studied ranged between 41.2 to 

47.61. Between the groups, Group 1 had corneal power ranging from 41.21 D to 

46.56 and Group 2 had corneal power ranging from 41.42 to 47.6 (table 9). The 

overall baseline characteristics were studied, and the distribution was found to 

be statistically non-significant. (Table 10). 

 

The actual refractive outcome (SE) was found to be myopic in both groups. 

(Table 11) In this study, by comparing the two Groups using Kruskal Wallis 

test, there was no statistically significant difference between the MAEs of the 

two formulae used with respect to axial length range 22.00mm – 24.99mm. 

(Table 14 and Table 15). 
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Fig.1 Distribution of eyes after randomization. 

 

 

 

 

 

     

          

 

 

 

 

 

Group 1 SRK/T 
49% n=29

Group 2 Haigis 51%
n= 30

DISTRIBUTION OF EYES IN GROUP 1 AND GROUP 2; N=59  

group 1

group 2
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Table 1. Distribution of males and females in the two groups 

   

Group 1 – SRK/T (n=29) 

 

Group 2 – Haigis (n=30) 

 

Male 

 

18 (62.1%) 

 

12 (40%) 

 

Female 

 

11 (37.9%) 

 

18 (60%) 
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Table 2. Distribution of eyes in the two groups 
 
   

Group 1 – SRK/T (n=29) 

 

Group 2 – Haigis (n=30) 

 

Right eye (n=26) 

 

15 (51.7%) 

 

11 (36.7%) 

 

Left eye (n=33) 

 

14 (48.3%) 

 

19 (63.3%) 
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Table 3. Axial length range in all eyes. 

Axial Length Range 

(mm) 
Frequency (n=59) Percentage (%) 

22.00 - 22.99 26 44.1 

23.00 – 23.99 26 44.1 

24.00 – 24.99 7 11.9 
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Table 4. The axial length of eyes distributed in Groups 1 and Group 2 

  
AL 22.00-

22.99 (n=26) 

AL 23.00-

23.99 (n =26) 

AL 24.00-

24.99 (n =7) 

Total 

(n =59) 

Group-1 Count 12(41.4%) 14(48.3%) 3(10.3%) 29 

SRK/T 
%within 

group 
46.2% 53.8% 42.9%  

Group-2 Count 14(46.7%) 12(40%) 4(13.3%) 30 

HAIGIS 
%within 

group 
53.8% 46.2% 57.1%  

                                                      

  AL – Axial Length in mm 
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Table 5. Anterior chamber depth in all eyes 

ACD (mm) Frequency (n=59) Percentage (%) 

2.50 – 3.0 16 27.1 

3.0 – 3.50 31 52.5 

>3.50 12 20.3 

                                               

ACD – Anterior Chamber Depth 

 
 
 
 
 
 
 
 
 
 
 
 



	 61	

 
 
 
 
 
 
 
Table 6. Anterior chamber depth distribution in the groups 
 

  ACD 2.50- 3.0 

(n =16) 

ACD 3.0- 

3.50 (n =31) 

ACD >3.50 

(n =12) 

Total 

(N =59) 

Group-1 Count 5(17.2%) 17(58.6%) 7(24.1%) 29 

SRK/T 

% 

within 

group 

31.3% 54.8% 58.3%  

Group-2 Count 11(36.7%) 14(46.7%) 5(16.7%) 30 

HAIGIS 

% 

within 

group 

68.8% 45.2% 41.7%  

                                           

   ACD – Anterior Chamber Depth 
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Table 7. Distribution of intraocular lens type 

 

IOL type Frequency (n=59) Percentage (%) 

Tecnis 36 61% 

Hoya 23 39% 

                                                                   

 IOL – Intra Ocular Lens 
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Table 8. Distribution of IOL type in the two groups. 

 

  TECNIS (n =36) HOYA (n =23) Total 

Group-1 Count 19(65.5%) 10(34.5%) 29 

SRK/T 
%within 

group 
52.8% 43.5%  

Group-2 Count 17(56.7%) 13(43.3%) 30 

HAIGIS 
%within 

group 
47.2% 56.5%  
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Table 9. Average Corneal Power distribution between the two groups 
 

 
 
 
 
 
 
  

 Group 1 (SRK/T) Group 2 (Haigis) 

Mean Average-K 44.31 44.12 

Standard deviation 1.51 1.34 

Range 41.21 – 46.56 41.42 – 47.61 
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Table 10. Baseline characteristics of the eyes studied 
 
 
Parameter  Value  

Gender, n (%)  

Male 30 (50.8%) 

Female 29 (49.2%) 

Age (years)  

Mean +/- SD 63.83 +/- 7.00 

Eye operated, n (%)  

Right 26 (44.1%) 

Left 33 (55.9%) 

Axial length (mm)  

Mean +/- SD 23.16 +/- 0.69 

Range 22.04 - 24.79 

Keratometry (Diopters)  

Mean +/- SD 44.21 +/- 1.43 

Range 41.21 – 47.61 

Anterior chamber Depth (mm)  

Mean +/- SD 3.20 +/- 0.35 

Range 2.60 – 4.08 

IOL type, n (%)  

Tecnis 36 (69%) 

Hoya 23(21%) 

IOL power (diopters)  

Mean +/- SD 22.50 

Range 16-26 

 
SD: Standard Deviation 
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Table 11. The predictive refractive outcome and the absolute error in Group 1 
and Group 2 

 
 
 

Group  
Predicted 
refractive 
outcome 

Actual 
refractive 

outcome (SE) 

Absolute 
error (AE) 

Group 1 Mean -0.28 -0.24 0.021 

SRK/T formula SD +0.14 +0.46 0.44 

 Range -0.50 to +0.08 -1.00 to +0.63 -0.82 to+0.75 

Group 2 Mean -0.22 -0.59 -0.33 

Haigis formula SD +0.18 +0.36 +0.38 

 Range -0.75 to +0.13 -1.50 to 0.00 -1.24 to +0.68 

 
SD – Standard deviation 
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Table 12. Absolute error ranges across groups. 
 
 

Absolute 
error 
group 

+0.25 to -
0.25 

+0.26 to 
+0.50 

& 
-0.26 to -

0.50 

 
+0.51 to 

+0.75  
& 

 -0.51 to 
-0.75 

 

+0.76 to 
+1.00  

&  
-0.76 to  

-1.00 

>+/-1.00 

Group 1 
SRK/T 
(n=29) 

11 
(37.9%) 

10 
(34.5%) 

7 
(24.1%) 

1 
(3.4%) 

0 
(0.0%) 

Group 2 
Haigis 
(n=30) 

11 
(36.7%) 

11 
(36.7%) 

4 
(13.3%) 

3 
(10.0%) 

1 
(3.3%) 
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Table 13: Comparing the Absolute error (obtained – prediction) in each group to 

the other formula: 

 

 Mean Absolute error 
(SRK/T) 

Mean absolute error 
(Haigis) 

Group 1 (SRK/T) 
n=29 +0.02 -0.73 

SD  +0.44 +0.37 

	
	
	
	
	

 Mean Absolute error 
(Haigis) 

Mean absolute error 
(SRK/T) 

Group 2(Haigis) n=30 -0.33 +0.31 

SD +0.38 +1.2 

	
	

p - value         0.43             0.82 
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Table 14. Group 1 (n=29) where the lens was implanted by using SRK/T 
formula, the absolute error between SRK/T and Haigis for the same diopter lens 
is compared against various axial length groups 
 
 

Axial length 
group  Absolute error 

(SRK/T) 
Absolute error 

(Haigis) 

22.00 – 22.99 Mean -0.12 -0.77 

 SD +0.46 +0.19 

 Range -0.82 to +0.75 -1.08 to -0.50 

    

23.00 – 23.99 Mean +0.06 -0.71 

 SD +0.41 +0.52 

 Range -0.56 to +0.75 -1.54 to +0.66 

    

24.00 – 24.99 Mean +0.20 -0.68 

 SD +0.53 +0.19 

 Range -0.32 to +0.75 -0.88 to -0.49 

 
 
 
 
 
 
 
 

 

 
 
 
 

p - value                            0.43                   0.82 
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Table 15. Group 2 (n=30) where the lens was implanted by using Haigis 
formula, the absolute error between SRK/T and Haigis for the same diopter lens 
is compared against various axial length groups 
 

Axial length 
group  Absolute error 

(Haigis) 
Absolute error 

(SRK/T) 

22.00 – 22.99 Mean -0.42 +0.58 

 SD +0.451 +1.87 

 Range -1.24 to +0.68 +0.11 to +0.71 

    

23.00 – 23.99 Mean -0.23 +0.66 

 SD +0.30 +0.34 

 Range -0.90 to +0.40 -0.26 to +1.21 

    

24.00 – 24.99 Mean -0.35 +0.38 

 SD +0.39 +0.48 

 Range -0.89 to +0.01 -0.26 to +0.90 

 
 

 

 

 
 
 
 
 
 
 
 
 

       p - value                            0.27                   0.19 
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Table 16. Group 1 (n=29) where the lens was implanted by using SRK/T 
formula, the absolute error between SRK/T and Haigis for the same diopter lens 
is compared against various Anterior Chamber Depth (ACD) groups 
 
 

ACD group  Absolute error 
(SRK/T) 

Absolute error 
(Haigis) 

2.50 – 3.00 Mean -0.03 -0.83 

 SD +0.35 +0.23 

 Range -0.44 to +0.48 -1.08 to -0.60 

    

3.00 – 3.50  Mean +0.51 -0.75 

 SD +0.48 +0.45 

 Range -0.82 to +0.75 -1.54 to +0.66 

    

>3.50 Mean -0.09 -0.63 

 SD +0.43 +0.26 

 Range -0.56 to +0.75 -0.91 to -0.18 

 

 

 
 
 
 
 
 
 

         p - value                            0.73                   0.53 
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Table 17. Group 2 (n=30) where the lens was implanted by using Haigis 
formula, the absolute error between SRK/T and Haigis for the same diopter lens 
is compared against various Anterior Chamber Depth (ACD) groups 
 
 

ACD group  Absolute error 
(SRK/T) 

Absolute error 
(Haigis) 

2.50 – 3.00 Mean -0.36 +0.63 

 SD +0.47 +0.27 

 Range -0.99 to +0.68 +0.11 to +0.93 

    

3.00 – 3.50  Mean -0.32 +0.56 

 SD +0.37 +1.88 

 Range -1.24 to +0.40 -0.26 to +0.71 

    

>3.50 Mean -0.32 +0.98 

 SD +0.27 +0.36 

 Range -0.75 to -0.07 +0.55 to +1.33 

 

 

 
 
 
 
 
 
 

         p - value                            0.84                   0.30 
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Table 18. Group 1 (n=29) where the lens was implanted by using SRK/T 
formula, the absolute error between SRK/T and Haigis for the same diopter lens 
is compared against various IOL groups 
 
 

IOL type  Absolute error 
(SRK/T) 

Absolute error 
(Haigis) 

Tecnis Mean +0.18 -0.66 

 SD +0.42 +0.41 

 Range -0.64 to +0.75 -1.19 to +0.66 

    

Hoya  Mean -0.03 -0.87 

 SD +0.49 +0.28 

 Range -0.82 to +0.75 -1.54 to -0.53 

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         p - value                            0.89                   0.91 
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Table 19. Group 2 (n=30) where the lens was implanted by using Haigis 
formula, the absolute error between SRK/T and Haigis for the same diopter lens 
is compared against various IOL groups 
 
 

IOL type  Absolute error 
(SRK/T) 

Absolute error 
(Haigis) 

Tecnis Mean -0.28 +0.48 

 SD +0.39 +0.75 

 Range -0.90 to +0.68 +1.70 to +0.11 

    

Hoya  Mean -0.40 +0.59 

 SD +0.38 +0.42 

 Range -1.24 to +0.01 -0.26 to + 1.11 

    

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         p - value                            0.98                   0.39 
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Table 20. showing comparison of measurement of axial length pre-operatively 

and post-operatively by IOL master 

 
 
 

 Mean Axial Length 
mm 

Standard 
Deviation 

Standard Error 
Mean 

Pre-operative 
measurement 23.16 0.69 0.09 

Post-
operative 

measurement 
23.10 0.69 0.91 

 
 
 
Paired samples test showed that the axial length measured post-operatively had a 
standard deviation of 0.06mm. 
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Graph 1. Showing the plot of absolute error using SRK/T formula in relation to 

corneal power. Absolute error is plotted against x-axis and Corneal power in 

diopters is plotted against y-axis  
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Graph 2. Showing the plot of absolute error using Haigis formula in relation to 

corneal power. Absolute error is plotted against x-axis and Corneal power in 

diopters is plotted against y-axis  
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Graph 3. Showing Plot of axial length vs Absolute error in Group 1. Axial 
length along x-axis and absolute error along y-axis 
	
	
 

	
	
	
	
 
Graph 4. Showing Plot of axial length vs Absolute error in Group 2 Axial length 
along x-axis and absolute error along y-axis 
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Graph 5. Showing Plot of Anterior chamber depth vs Absolute error in Group 1. 
Anterior chamber depth along x-axis and absolute error along y-axis 
 
	

	
	
	
	
 
Graph 6. Showing Plot of Anterior Chamber Depth vs Absolute error in Group 
2. Anterior chamber depth along x-axis and absolute error along y-axis 
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Discussion 
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Discussion 
 

Ever since the first theoretical formula for IOL power calculation was explained 

by Fedorov et al.(3) in 1967, others (Binkhorst, Holladay, Hoffer, Sanders) have  

attempted to create formulas to accurately predict refractive outcomes. Many 

authors have studied the predictive accuracy of various IOL power calculation 

formulae. In general, the belief among cataract surgeons is that formulae which 

include predicted IOL position are likely to be most accurate. Thus, the 

theoretical formulae have become increasingly popular, and formulae 

incorporating theoretical calculations with regression analysis data are very 

popular. The SRK/T formula was the first to use this approach and this has been 

followed by formulae attempting to predict the effective lens position (eLPo)  

and use it in calculations. The Haigis formula is one such calculation, though it 

has largely been superseded by the Barrett’s Universal II formula. We have 

attempted to evaluate the Haigis formula and compare its predictability with the 

SRK/T formula that has been the mainstay of most IOL surgeons for some years 

now. 

We decided to study eyes with “normal” axial length ie 22-24.99 mm. The 

Haigis formula has been documented to be more predictable in longer axial 

length eyes and is assumed to be accurate in this range of axial lengths also. We 

decided on a randomized controlled design to remove any surgeon or 

optometrist bias and collected data blind. 

In this study we found that the actual refractive error obtained was myopic in 

both groups and the mean absolute error showed a similar performance in both 
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formulae. A study done by Wang and Chang(53)  showed similar performance 

of the Haigis, Hoffer Q, Holladay 1, and SRK/T in medium eye length. In 

another study by Wang et al. (37), SRK/T and Haigis performed equally well 

and outperformed the Hoffer Q and Holladay 1 in 34 eyes with axial length 

ranging from 25-28 mm.  

 

Predictive accuracy analyzed by  Moschos et al. (54) and Roh et al (55) reported 

that the Haigis formula was more accurate than the other formulae in higher 

axial length eyes. However, Kapadia et al.(56), Maclaren et al. (57), 

Aristodemou et al. (58), and El-Nafees et al. (59) reported that the SRK/T 

formula was more accurate than the other formulae in long eyes. 

 

In this study, we found that similar performance of SRK/T and Haigis (Mean 

absolute error : 0.021 for SRK/T and -0.33 for Haigis), with a little tendency of 

myopic shift for  both SRK/T formula (Mean error = −0.24) and the Haigis 

formula (ME= - 0.59)  (Table 10) . Doshi et al.(47) in their study reported that 

Haigis formula had a little tendency for hyperopic results while SRK/T found a 

myopic shift. However, Dalto et al. (60) found a significant myopic shift using 

the Haigis formula which is in agreement with our study. 

 

In this study, we found that marginally higher proportion cases in the Haigis 

group had their refractive outcome within ± 0.50D (72.4% cases for SRK/T and 

73.4% cases for Haigis formula (37.9% within ± 0.25, 34.5% within ± 0.50 for 
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SRK/T; 36.7% ± 0.25, 36.7% ± 0.50 for Haigis). 100% cases were within ± 1.0 

D in SRK/T group and 96.7% cases in haigis group were within ± 1.0 D 

(Table12).  

 

These results were similar to the study done by Sharma et al. (43) who achieved 

a prediction accuracy within 1.00 D of 78% for SRK/T formula, 86% for Haigis 

formula. Another study by El-Nafees et al. (59) achieved a prediction accuracy 

of 83.01% (for both SRK/T, Haigis) which is in agreement with our study. 

Kapadia et al. (56) achieved a prediction accuracy 67.85% for SRK/T formula 

and 68% for Haigis formula.  

 

The results of our study have shown that the SRK/T formula has a performance 

similar to Haigis formula, with no statistically significant difference between the 

MAEs of the two formulae in the overall performance in normal axial length 

eyes. Doshi et al.(47) in their study found that in eyes with an AL of more than 

24.5 (40 eyes), there was no statistically significant difference between MAE of 

Haigis, Holladay 1, Hoffer Q, and SRK/T formulae. 

 

In this study, the prediction error of SRK/T and Haigis formulae was weakly, 

nonsignificant negatively correlated with AL and keratometry (P>0.05) This is 

in contrast to Dalto et al.(60) who reported a strong correlation between pre-

operative keratometry and the difference between SRK/T and Haigis formulae 

predictability.  Zhu et al.(61)in their study on 103 eyes with an AL of at least 
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26 mm found that the prediction error of SRK/T formula was positively 

correlated with AL and corneal astigmatism, while for Holladay and Haigis 

formulas, in addition to the previous two factors, the errors were also positively 

correlated with mean corneal curvature. 

 

Kane et al.(62) who studied intraocular lens power formula accuracy with 

comparison of seven formulas on 3241 patients found that MAE of Haigis and 

SRK/T formulas were 0.420 and 0.413, respectively compared to 0.021 and - 

0.33 in our study. Kane et al did use retrospectively obtained data with no 

control of individual observer variation which may be responsible for the 

difference. 

 

The inclusion of the measured ACD into the Haigis formula is said to allow for 

potentially increased accuracy(63). But in our study, there is no correlation 

between Anterior Chamber depth and the mean absolute error in either group. 

This is in contrast to a study done by Jeong et al(64) which concluded that ACD 

correlated significantly with errors of third generation formula. Our data does 

not support this conclusion. 

 

Two types of IOL were used with A constants of 118.8 (Tecnis) and 118.9 

(Hoya) and the absolute error was studied in the two groups. There was no 

correlation which is similar to a study done by Yunus(65) which established that 
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there is no statistical significance between absolute error and the type of IOL 

used. 

 

The preoperative and post-operative measurements of axial length measured 

were analyzed and the difference was statistically non-significant which is 

similar to the study done by Lopez et al(66) which proved that there was no 

statistically significant difference in the axial length measured by IOL master in 

any grade of nuclear cataract pre and post operatively. 

 

 Overall performance of Haigis is similar to SRK/T formula raising the question 

of whether the quest for newer generation formulae is warranted in normal axial 

length eyes. The effective lens position, effect of anterior chamber depth, 

posterior corneal curvature (In Barett’s II universal formula), lens thickness 

have been studied in various IOL calculation formulae. However in normal axial 

length eyes with no prior refractive surgeries it can be concluded that SRK/T is 

as good as fourth generation formulae. Given the extra measurements, time and 

expense of the additional parameters involved in the newer formulae, this 

conclusion is an important one. 
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Limitations and Conclusion 
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Limitations: 
	
		

1) Single surgeon could not be employed due to constraints in time in order 

to achieve the sample size. However, two competent surgeons of similar 

skill ensured that the data was consistent. 

2) Single type of Intraocular lens could not be used as presence of a yellow 

lens in the other eye warranted use of a yellow lens and vice versa. This 

is unlikely to have made any difference to the outcomes measured. 

3) Absenteeism on day of surgery and follow up led to decrease in sample 

size 

4) Intra-operative complications including sutures and posterior capsule 

rupture were excluded despite good visual outcome. This limited the 

amount of data but increased the accuracy of the study. 
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Conclusion: 
	

1) SRK/T and Haigis formulae are equally good in predictive accuracy of 

refractive outcome post cataract surgery in normal axial length eyes. The 

need for sophisticated and newer fourth generation formulae is disputed. 

2) There is no correlation between axial length and the refractive outcome 

within the axial length range studied	

3) There is no relationship between anterior chamber depth and the 

refractive outcome in both the groups.	

4) There is no correlation between average corneal power and the predictive 

refractive outcome	

5) There is no relationship between the type of IOL used and the refractive 

outcome	

6) The difference in pre-operative and post-operative measurements of axial 

length was statistically non-significant. 	
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ABSTRACT 
	
	
TITLE: Predictive accuracy of intraocular lens power calculation formulae – SRK/T vs 

Haigis – a randomized control study 
DEPARTMENT: Ophthalmology 

NAME OF THE CANDIDATE: Dr. Swetha Ravichandran 

DGREE AND SUBJECT: MS Ophthalmology 

NAME OF THE GUIDE: Dr. Andrew Braganza 

 

OBJECTIVES:  

To compare the refractive status after cataract surgery between SRK/T vs Haigis formula 

calculated preoperatively using IOL master.  

To study the effect of axial length on the predictive accuracy of SRK/T and Haigis formula 

To study the effect of anterior chamber depth on the predictive accuracy of Haigis formula 

 

METHODS:  

Patients of age >50 years, preoperative corneal cylinder value less than 2.5D diopter, the 

existence of age-related cataract, consenting for the study and satisfying the inclusion, 

exclusion criteria were selected. All patients underwent complete ocular examination, 

Biometry by IOL MASTER was done by three optometrists recruited for the study after 

randomizing the participants into two groups (SRK/T and Haigis groups) by block 

randomization. Two experienced surgeons of same skill and technique performed all 

operation using standard phacoemulsification with in the bag IOL implantation. Patients 

were followed up for examination on the first post op day, after 1 week and then 6 +/- 1 

weeks later. Best corrected visual acuity was done at 6 weeks (+/- 1) visit by two senior 

optometrists who were blinded to the formula used. The axial length and keratometry 

readings were also measured post-operatively at 6 weeks. 

 

RESULTS:  

We found similar performance of SRK/T and Haigis (Mean absolute error : 0.021 for 

SRK/T and -0.33 for Haigis), with a little tendency of myopic shift for  both SRK/T 

formula (Mean error = −0.24) and the Haigis formula (ME= - 0.59). Marginally higher 
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proportion cases in the Haigis group had their refractive outcome within ± 0.50D 

(72.4% cases for SRK/T and 73.4% cases for Haigis formula (37.9% within ± 0.25, 

34.5% within ± 0.50 for SRK/T; 36.7% ± 0.25, 36.7% ± 0.50 for Haigis). 100% cases 

were within ± 1.0 D in SRK/T group and 96.7% cases in Haigis group were within ± 

1.0 D. There was no correlation between axial length, keratometry or anterior chamber 

depth to the absolute error.  

 

CONCLUSION:  

SRK/T and Haigis formulae are equally good in predictive accuracy of refractive 

outcome post cataract surgery in normal axial length eyes. The need for sophisticated 

and newer fourth generation formulae is disputed. 
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IRB approval letter 
	

	
	
	
	
	



	 105	

	
	

	
	
	
	



	 106	

	
	
	

	
	
	
	



	 107	

	
	

	
	
	
	



	 108	

	
	

Patient information sheet 

PATIENT INFORMATION SHEET- English  

STUDY TITLE: Predicting the refractive outcome after cataract surgery – A 
comparison between SRK-T and HAIGIS  

You are invited to take part in this research study carried out in the department 
of Ophthalmology, Schell Campus, Christian Medical College , Vellore. The 
information in this document is intended to enable you to choose whether or 
not to participate in this study.  

Before you choose whether or not you wish to participate, please read the 
information provided below carefully and also discuss about it with your 
relatives if you wish to do so. If required feel free to make inquiries – don't feel 
rushed or pressured to make a speedy choice.  

Before participating, clearly understand the risks and benefits of taking part in 
this study so that you can make a decision that is right for you. This process is 
known as ‘Informed Consent’.  

It is not mandatory to take part in this study and your decision to not take part 
will not affect your future medical care.  

You can change your decision about partaking in the study whenever you like. 
Regardless of whether the study has begun, you can in any case quit. You 
don't need to give us a reason. In the event that you do quit, it won't influence 
the nature of treatment you get later on.  

WHAT IS THE PURPOSE OF THIS STUDY?  

Cataract is opacification of the lens and surgery is the only treatment which is 
definitive. The cataractous lens is removed and an artificial lens – Intraocular 
lens (IOL) of a suitable power in implanted. But the power of the IOL is very 
important as it determines the refractive error of the person after surgery and it 
remains so lifelong. Therefore, predicting the accurate refractive error and IOL 
power to be implanted is the main target in cataract surgery.  

WHY HAVE I BEEN CHOSEN?  

You have been chosen because you are diagnosed to have age related 
Immature Cataract and you need treatment ,it will be started whether you 
decide to take part in the study are not. It would help us in doing the study if 
you consent to enrol in the study..  

WHAT WILL HAPPEN IF I TAKE PART?  
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If you take part in the study, you will be requested to provide the required 
clinical information, undergo routine eye examinations and the required clinical 
investigations,  

all of which are non-invasive. In this study we are comparing 2 different 
formulae to predict the refractive error/IOL power. HAIGIS is a newer formula 
and SRK/T is the one currently employed in our  

hospital. We will also analyze the effect of length of the eyeball, distance from 
the cornea to lens, refractive error post-operatively  

EXPENSES AND PAYMENTS?  

There are no additional expenses or payments.  

WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART?  

Each participant in this study will have a vision assessment, both for near and 
distance, followed by basic eye examination.  

WHAT ARE THE POSSIBLE RISKS OF TAKING PART?  

There are no risks involved in taking part in this study. All the examination 
procedures and tests to be done are completely non-invasive and pain free.  

WILL MY TAKING PART BE KEPT CONFIDENTIAL?  

All patient information is stored on password protected computer databases 
and in locked filing cabinets and will only be accessible to the research team.  

WHAT IF THERE IS A PROBLEM?  

If you wish to complain about any aspect of the way in which you have been 
approached or treated during the course of this study, you can contact the 
Principal Investigator or the Research Office at Carman Block, Bagayam, 
Vellore, 632002, email - research@cmcvellore.ac.in or 
researchothers@cmcvellore.ac.in, phone - 0416 2284294.  

WHAT WILL HAPPEN TO ANY TEST RESULTS I GIVE?  

The test results will be kept safe in the hospital’s patient information databases, 
which are password protected and accessible to only the members of the 
research team, who are medical professionals.  

HOW WILL THE INFORMATION I PROVIDE BE USEFUL?  

We plan to analyze the information collected and understand the condition, that 
is, presbyopia, in a better way. We will then publish the results in a health 
journal so others can read about it and learn from the results of the study, so 
that the new found information may be used to benefit others, the world over. 
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The personal information collected will still remain strictly confidential, and only 
the interpretations of the data will be published.  

WHO HAS REVIEWED THIS STUDY?  

The Institutional Review Board (IRB) of the Christian Medical College, Vellore, 
has reviewed this study.  

You have the right to confidentiality regarding the privacy of your medical 
information (personal details, results of physical examinations, investigation 
and your medical history). By signing this document, you will be allowing the 
research team investigators, if required, to access your medical information.  

The results of clinical tests and therapy performed as part of this research may 
be included in your medical record. The information from this study, if 
published in scientific journals or presented at scientific meetings, will not 
reveal your identity.  

Thank you for reading this. 
If you agree to enter the study, please sign the attached consent form. Contact 
Person (Principal Investigator) 
DR. Swetha Ravichandran 
Designation: P.G.Registrar 
Department of Ophthalmology 
Department of Ophthalmology, Schell Eye Hospital, 
CMC, Vellore 
Phone Numbers: 9003283073 
Email ID: swetha4065@gmail.com  
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Informed consent: 
	

CONSENT TO TAKE PART IN A CLINICAL TRIAL  

Study Title: Predicting the refractive outcome after cataract surgery – A 
comparison between SRK-T and HAIGIS.  

Study Number:  

Participant’s name:  

Date of Birth / Age (in years):  

I_____________________________________________________________ 
___________, son/daughter of ___________________________________  

(Please tick boxes) Declare that I have read the information sheet provide to 
me regarding this study and have clarified any doubts that I had. [ ] I also 
understand that my participation in this study is entirely voluntary and that I am 
free to withdraw permission to continue to participate at any time without 
affecting my usual treatment or my legal rights [ ] I understand that I will receive 
free treatment for any study related injury or adverse event but I will not receive 
and other financial compensation [ ]  

I understand that the study staff and institutional ethics committee members 
will not need my permission to look at my health records even if I withdraw 
from the trial. I agree to this access [ ] I understand that my identity will not be 
revealed in any information released to third parties or published [ ] I voluntarily 
agree to take part in this study [ ]  

Signature (or Thumb impression) of the Subject/Legally Acceptable Date: 
_____/_____/______ 
Signatory’s Name: _________________________________ Signature: Or  

Representative: _________________ 
Date: _____/_____/______ 
Signatory’s Name: _________________________________ 
Signature of the Investigator: ________________________ 
Date: _____/_____/______ 
Study Investigator’s Name: _________________________ 
Signature or thumb impression of the Witness: 
___________________________ Date: _____/_____/_______ 
Name & Address of the Witness: ______________________________  
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Data collection Sheet: 
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Data: 
  
	


