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Abstract
This review summarises the current evidence base and provides guidelines for obtaining good refractive outcomes following cataract surgery. Important background information is also provided. In summary, the requirements are: (1) Standardisation of biometry equipment used for axial length and keratometry measurement and the use of optical or immersion ultrasound biometry. (2) Sutureless cataract surgery with “in the bag” intraocular lens (IOL) placement (3) An appropriate 3rd, 4th or 5th Generation IOL power formula should be used (4) IOL formula constants must be optimized (5) under certain conditions, the refractive outcome of the 2nd eye can be improved based on the refractive error of the first eye (6) Results should be audited for refinement and to ensure that standards are met.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The requirements for good refractive outcomes in cataract surgery are: (1) Standardisation of biometry equipment used for axial length and keratometry measurement and the use of optical or immersion ultrasound biometry. (2) Sutureless cataract surgery with “in the bag” intraocular lens placement (3) An appropriate 3rd, 4th or 5th Generation intraocular lens (IOL) power formula should be used (4) IOL formula constants must be optimized (5) under certain conditions, the refractive outcome of the 2nd eye can be improved based on the refractive error of the first eye (6) Results should be audited for refinement and to ensure that standards are met.
Aristodemou P, Cartwright NEK, Sparrow JM, Johnston RL. Improving refractive outcomes in cataract surgery: A global perspective. World J Ophthalmol 2014; In press

INTRODUCTION
Advances in technology and improvements in technique have made cataract surgery safe and effective at restoring vision to millions of patients worldwide. Phacoemulsification with intracapsular intraocular lens (IOL) implantation has been universally adopted in developed countries and manual small incision cataract surgery has revolutionized service delivery elsewhere. Achieving the desired refractive outcome is now a primary aim of surgery and so can be used as a measure of the quality of clinical services. In developed countries, patients expect reduced spectacle dependence and in developing countries residual uncorrected high refractive error remains an important cause of visual disability, which can be caused by inappropriate selection of IOL power at surgery[1]. This article reviews the evidence base and offer guidelines to achieve optimal refractive outcomes.

THE INFLUENCE OF SURGICAL TECHNIQUE ON REFRACTIVE OUTCOMES
Conventional extracapsular cataract surgery with a large corneal section requiring sutures has declined in popularity. Its main disadvantages were the delay in visual rehabilitation due to the induction of corneal astigmatism as well as the need to remove corneal sutures following surgery[2]. Furthermore, sulcus IOL placement, makes the actual post-operative IOL position, and hence refraction, less predictable[3]. Continuous curvilinear capsulorhexis allows for predictable placement of the IOL in the capsular bag and small self sealing corneal incisions induce less post-operative astigmatism[4-6]. Manual small incision cataract surgery can also result in low amount of induced astigmatism, especially when a temporal approach is used[7].
Optimal refractive outcomes can be achieved both in phacoemulsification and small incision manual cataract extraction when the following conditions are met: (1) reproducible measurement of axial length and keratometry (preferably but not necessarily with optical biometry), (2) good surgical technique with a low rate of posterior capsular rupture (2); (3) in-the-bag IOL placement and a capsulorhexis size smaller than the optic diameter (4) appropriate choice of IOL power formula and, most importantly, (5) availability of post operative refraction and (6) adjustment of the IOL formula constant (optimization) for the specific IOL model and the specific methods of biometry used.

BIOMETRY METHODS
The measurement of the physical dimensions of the eye is necessary to calculate the intraocular lens power. The minimum measurements required are axial length and corneal power. Many suitable devices can take these measurements but all these have systematic differences in measurement. It is therefore very important that the intraocular lens formula is used with the correct formula constant that corrects for these systematic differences in measurement[4]. This not only applies for the axial length measurement method but also for the keratometry method. 

Axial length measurement
Axial Length measurement can be performed using ultrasound or optical methods. Optical methods use partial coherence interferometry or low coherence reflectometry[8]. Their advantages over ultrasound methods are that they are non-contact, precise and reproducible and have a low dependence on operator skill. Optical methods are considered to be the standard of care in developed countries. Nevertheless, they are more expensive and less portable than ultrasound methods and cannot provide measurements in the presence of dense axial lens opacities. Contact ultrasound methods give systematic errors in measurement of the axial length due to the inadvertent compression of the cornea[9] and the magnitude of error is influenced by the operator experience[10]. Immersion ultrasound techniques do not cause corneal compression and can deliver refractive outcomes similar to optical methods[11].

Keratometry
Modern optical biometry devices have in-built keratometers, which enable very good refractive outcomes with respect to correcting spherical error. It is outside the scope of this review to discuss the assessment and correction of astigmatism at the same time as performing cataract surgery. Published optical IOL formula constants for each IOL model are derived from axial length and keratometric data obtained from each device. These published IOL constants can be used with confidence by surgeons when they start using a new IOL model, provided they are using the same instrument. 
Combining separate axial length and keratometry instruments (when for example ultrasound is used for axial length measurement) can also give very good results but departments must make sure that they optimize their IOL formula constants based on their data for the specific set of instruments used. Manufacturers’ IOL constants can not be relied upon for good refractive outcomes.

Other biometric measurements
Newer biometry formulae use one or more of the following biometric measurements: Anterior Chamber Depth, Lens thickness, White to White diameter, age and preoperative refraction. The benefits of using these additional measurements are not proven and excellent results can be obtained using a combination of 3rd generation IOL formulae with optimized IOL constants. 

Choice of biometry instruments
For established eye departments where the supply of electricity is reliable, optical biometry has clear advantages over ultrasound biometry as very precise measurements can be obtained quickly and without any contact of any instrument with the eye. In the setting of limited resources, ultrasound axial length measurements can offer good outcomes, especially when an immersion technique is used. The added time required for traditional immersion techniques with a shell have been a limiting factor with respect to their adoption as it would affect the flow of patients in high volume practices. Newer immersion techniques include the use of a clip-on attachment that requires minimal amount of saline or the use of lubricant eye gel as a coupling agent. These immersion techniques are more time efficient than using a traditional immersion shell and offer advantages in precision over contact methods. In cases where electricity supply is not reliable, both ultrasound biometry and keratometry are available as portable battery operated units. Some portable keratometers are combined with an autorefractor, which is very valuable as IOL constant optimization depends on the availability of post-operative refraction data. The international agency for the prevention of blindness publishes a standard list of equipment for Vision 2020 eye care service units and this can be used for guidance[12,13]. 

IOL POWER FORMULAE
The evolution of IOL power calculation formulae has consistently improved the predictability of refractive outcomes, since Fyotorov’s first IOL formula. There are now a plethora of IOL formulae but only some of these are still considered fit for purpose. Table 1 summarizes the IOL formulae found in biometry instruments, along with comments for each one

Outcomes with single power implantation 
Implanting a single power IOL without biometry assessment used to be common in developing countries as it was said that certain populations do not have as high variability in axial length as in developed countries[20]. Nevertheless, choosing an appropriate IOL power based on pre-operative biometry promises improved unaided vision[21] and much more predictable refractive outcomes. Many patients in developing countries do not have access to optical correction and therefore high refractive errors are a significant cause of visual disability[22]. 

Outcomes with formulae using two biometric variables (Axial length and Keratometry)
For the majority of cataract surgery cases worldwide, the biometric measurements that can be practically assessed are axial length and keratometry. These can be performed at a low cost using portable battery operated instruments. Using axial length and keratometry, the refractive outcomes of cataract surgery have the potential to reach a very high level of accuracy and precision provided that a number of conditions are met. 

An appropriate 3rd generation IOL power formula should be used: The Hoffer Q should be used for eyes less than 22.00mm, the Holladay 1 should be used for eyes between 22.00 and 26.00 and the SRK/T is more appropriate for eyes over 26.00 mm. These formulae are available in commercial biometry instruments. The T2 formula has addressed a source of error inherent to the SRK/T formula, called the cusp phenomenon and can therefore be used in eyes 22.00 or longer[15]. Although the T2 formula has been published, it is not currently included in commercial biometry products. The formula is available as an excel spreadsheet at http://www.richardsheard.net/T2Formula.aspx. Previous generation two-variable formulae are obsolete and should not be used. These include the SRK-I, SRK II, Binkhost I and II, and the original Hoffer formula. 

An optimized IOL constant should be used: The IOL constant value depends on (1) the IOL model, (2) The biometry instruments used and (3) the position of the IOL implantation (in the bag vs sulcus). These factors are far more important than any differences between surgeons, something formerly thought to be important. Indeed for small incision phacoemulsification surgery and optical biometry it has been demonstrated that there are no significant differences between most surgeon’s optimized constants, only between methods of measurement. 
It is worth noting that using manufacturer’s (non-optimized) constants even with an appropriate 3rd generation IOL formula can give very poor refractive outcomes, which are usually in the hyperopic direction when using optical biometry[4]. The IOL constant that is contained on the IOL packaging is often not appropriate for IOL calculations. When starting to use a new IOL implant, it is suggested that published IOL constants are used[23]. For ultrasound biometry, the manufacturer may have data to help departments until they have enough cases to optimize their own IOL constants.
If an incorrect IOL constant is used, the formula would give results which are systematically skewed towards the hypermetropic or myopic end and result in consistently poor outcomes. The optimization of the IOL constant “resets” the mean error of the formula to 0. This means that on average the refractive aim and the post op refraction are the same. From there on, the method of biometry and the appropriateness of the IOL formula help minimise the distribution of errors. 

IOL power formulae using three or more biometric variables
The Holladay 2 was the first published formula that used these variables, but its code has never been available in the public domain. Later on, Thomas Olsen and Wolfgang Haigis separately published their own eponymous IOL formulae and these have been published[17,24]. The evidence so far suggests that the Olsen formula has a statistically significant advantage over the Hoffer Q, the Holladay 1 and the SRK/T in eyes between 20.00 and 26.00 mm[17,18]. The Haigis formula with all three IOL constants optimized has been found to perform very well across the axial length range as well as giving a lower prediction error in very myopic eyes, compared to the SRK/T[19]. We could not find any published evidence showing that the Holladay 2 formula performs better than an appropriately selected 3rd generation IOL formula.

ACHIEVING HIGH ACCURACY AND PRECISION IN REFRACTIVE OUTCOMES
The need to describe and quantify refractive outcomes arises from the fact that in many cases, the predicted postoperative refraction is not the same as the actual (or observed) post operative refraction. Observed refraction minus the Predicted refraction is the Prediction Error. For example if for a patient the refractive aim with the chosen IOL power is -0.53 D and the actual post operative result was -0.25 D, then the Prediction Error for this eye would be +0.28D. 
When describing refractive outcomes for a large sample of eyes, the measures need to quantify (1) how close to zero the average prediction error of this sample of eyes is (Mean Error) and (2) how widely dispersed are the errors spread around this mean. The approach of choosing an appropriate IOL power could be likened to a Rifle competition. The success of using a rifle depends not only on the technology of the aiming device it carries but also on whether the aiming device has been appropriately calibrated. Mean Error is a measure of Accuracy, i.e., an AVERAGE measure of how close most shots hit the target. On the other hand, Precision represents the spread of the shots around the mean, and this can be measured by the Standard Deviation of the Prediction Error. Figure 1 gives examples of targets shot with (A) High Accuracy and High Precision (B) High Accuracy and Low Precision (C) Low Accuracy and High Precision and (D) Low Accuracy and Low Precision.
In the same way, in order to achieve good refractive outcomes in cataract surgery, it is not enough to use appropriate biometry methods and formulae. The calculations need to be calibrated (or optimized) in order to achieve the target refraction for the majority of eyes. The availability of good biometry methods and modern biometry formulae has improved the precision of achieving the refractive target. Nevertheless, this is not enough and surgeons need to use an appropriately Optimized Formula Constant for the particular IOL model used in order to correct the accuracy of the results. There is a very good example of a UK eye department, which made the transition from ultrasound to optical biometry and audited their refractive outcomes[25]. Their initial results showed that when the manufacturer’s IOL constant was used with optical biometry, patients became on average 0.63D more hypermetropic than expected with only 65% achieving refraction within 1.0 Dioptre from target. Following adjustment of the IOL constant based on audit results, the Mean Error was reduced to -0.14D and 95% of cases achieved refraction within 1.0D of their target. Using the rifle paradigm, the move from ultrasound to optical biometry can be likened to an upgrade of the aiming device of the rifle. The new aiming device was not calibrated and therefore was consistently resulting in shots hitting +0.63D away from target, despite the fact that these shots were tightly grouped. The adjustment of the IOL constant moved the average deviation closer to zero. 
Optimizing the IOL constants provides a greater magnitude of improvement in results than choosing the correct IOL formula for a given axial length range[14].

GUIDELINES FOR OPTIMIZING THE IOL CONSTANT
When using a new IOL model, formula constants should be obtained from a reputable source such as the manufacturer or the ULIB website and should be appropriate for the method of measurement used (i.e., for the specific instruments used for axial length and keratometry measurement). The refractive outcomes using this IOL model should be audited and once more than 100 eyes are obtained, the IOL constant may be modified in order to improve future refractive outcomes. 
Most IOL constant optimization protocols define a minimum post operative time period from cataract surgery for refractive data collection. This is usually set at 1 month, by which time post operative refraction is considered stable. This should be the standard for most eye units. In situations where patients travel a large distance and they are only available on day 1 post operatively (such as in eye camps), day one autorefraction is a reasonably reliable source of post op refraction, which can be performed by non medical staff and therefore have a small impact on staff resources[21]. In such circumstances cases, day one best corrected visual acuity of 6/18 may be used as the minimum level of VA in order for cases to be included for IOL constant optimization.  

DATA REQUIREMENT AND SELECTION OF EYES
For 3rd generation IOL formulae, there should be around 100 such eyes to calculate an optimized IOL constant. The data required are (1) Preoperative Axial length (2) Preoperative keratometry (3) IOL model and power used (4) IOL constant used (5) post operative refraction (spherical equivalent) (6) post operative visual acuity. Appropriate eyes for inclusion are those that had uncomplicated cataract surgery with in the bag IOL implantation and a final best corrected visual acuity of 6/12 or better (or minimum BCVA 6/18 for day 1 refraction in eye camps). Eyes that had coexistent corneal pathology such as pterygium and keratoconus or concurrent surgery such as trabeculectomy, corneal surgery or vitrectomy should be excluded. It is worth noting that the same sample of eyes containing the full range axial lengths can be used for optimizing the Hoffer Q, the Holladay 1 and the SRK/T even though the Hoffer Q formula is recommended for eyes shorter than 22 mm. If optimization relied only on eyes < 22 mm in length a very large number of cataract operations would be required to include 100 eyes under 22 mm in length. 

METHODS OF OPTIMIZING IOL CONSTANTS FOR 3RD GENERATION IOL FORMULAE
With some electronic patient records or with optical biometers such as the Zeiss IOLMaster or the Haag-Streit Lenstar 900, there are inbuilt processes in its software for automatically calculating optimized IOL constants. When these are not available, data can be processed manually. One option is to use a validated iterative method where the IOL constant for each eye is retrospectively calculated so that the post operative prediction error is 0. These IOL constants are then averaged (after excluding 5% outliers on each side of the distribution). This method requires access to specialized software as well as having a high level of programming skills. A third option would be to manually estimate a close approximation of the optimized IOL constant, which does not require specialized IT skills or equipment. Using (1), (2), (3) and (4) from the list above, the predicted refractive error is calculated for each eye. Subtracting the post operative refraction from the predicted refraction in each eye gives the prediction error for each eye. When the average prediction error is calculated for a sample of 100 suitable eyes, the IOL constant is increased if the average prediction error is hyperopic or reduced if it is myopic. The magnitude of IOL constant alteration can be calculated in the following manner: For each 0.1 Dioptre of hyperopic error, the following adjustments need to be made: 0.06 for the pACD(Hoffer Q), 0.06 for the SF (Holladay 1) and 0.12 for the AC (SRK/T)[4]. For example, if for a specific IOL model the average prediction error for 100 appropriate eyes was +0.53D using a pACD of 4.97, an SF of 1.22 and an AC of 118.0, the following optimization would need to be made. For the pACD the new constant would be increased by 0.318 to 5.288, for the SF the constant would be increased by 0.318 to 1.538 and for the AC it would be increased by 0.636 to 118.636. In practice, the IOL constants for 3rd generation formulae are used to an accuracy of 2 decimal places for the pACD and the SF and one decimal place for the AC. 

FURTHER OPTIMIZATION OF REFRACTIVE OUTCOMES: IMPROVEMENTS FOR THE 2ND EYE
If the IOL constants are optimized and appropriate IOL formulae are used, refractive outcomes can be further improved when operating on the 2nd eye of a patient. It has been calculated[26-28] and prospectively validated[29] that the second eye can obtain improved refractive outcomes by modifying its refractive aim by half of the prediction error of the first eye. For example, if the first eye of a patient had a prediction error of +0.64D following surgery, the second eye should be aimed at -0.32D from the intended refraction. The requirements for this method to be applicable are (1) in the bag IOL placement for both eyes (2) the same IOL model and formula used in both eyes (3) Interocular difference in keratometry of less than 0.6D and (4) prediction error for the first eye +/-1.5D or less [27] The same IOL formula should be used in both eyes and an optimized IOL constant should be used. This relationship has been demonstrated with the Hoffer Q, the Holladay 1, the SRK/T and the Olsen formulae. All papers were based on data obtained using optical biometry so this should not be used for eyes measured with contact ultrasound. No recommendation can be made for immersion ultrasound.

ADDITIONAL CONSIDERATIONS FOR REFRACTIVE PLANNING IN CATARACT SURGERY
This article is aimed at a worldwide audience and aims to review the evidence on predicting spherical prediction error following cataract surgery, which globally is the most important refractive determinant of visual function following cataract surgery. In any surgical setting, may this be a tertiary centre in an economically fully developed country or an eye camp in a developing country, minimizing spherical refractive error should be one of the primary aims of cataract surgery. The relative importance of other factors that may be considered greatly depend on the resources available. These include the management of corneal astigmatism[30], concurrent correction for presbyopia using a variety of intraocular lens designs[31] and the use of femtosecond lasers[32]. It is not in the scope of this review to assess the evidence on the management in these situations. 

STANDARDS FOR REFRACTIVE OUTCOMES
Using an appropriate 3rd generation IOL formula with optimized constants and optical biometry with phacoemulsification and intracapsular IOL placement, around 70% and 95% of eyes can achieve refraction within +/- 0.50D and +/- 1.00D of the refractive target, respectively[14]. Using immersion ultrasound, similar results to optical biometry can be obtained as long as optimized IOL constants and appropriate 3rd generation IOl power formulae are used[33].

CONCLUSION
Refractive outcomes are a very important aspect of cataract surgery in any clinical setting. Good results primarily depend on the use of optimized IOL constants and appropriate IOL formulae. Clinical audit of post operative refraction is required in order to validate and refine IOL constants. The availability of optical biometry has enabled further improvements by the efficient capture of precise data but in departments where optical biometry is not available, very good outcomes can be obtained using modifications of immersion ultrasound technique and optimizing the IOL constants for the particular department. 
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Figure 1 Examples of changing accuracy and precision on a shooting target.
Table 1 Available intraocular lens power formulae
	Name of formula
	Variables required
	Comments

	SRK I and Binkhorst I
1st Generation
	Keratometry, Axial Length
	Obsolete
High levels of error, should not be used

	SRK II and Binkhorst II
2nd Generation
	Keratometry, Axial Length
	Obsolete
High levels of error, should not be used

	Holladay 1
3rd Generation
	Keratometry, Axial Length
	Trend toward better outcomes for eyes between 22.00 mm and 26.00 mm, compared to other 3rd generation [14]

	SRK/T
3rd Generation
	Keratometry, Axial Length
	Better outcomes for eyes over 26.00 mm, compared to other 3rd generation formulae[14]

	Hoffer Q
3rd Generation
	Keratometry, Axial Length
	Better outcomes for eyes under 22.00 mm, compared to other 3rd generation [14]

	T2
3rd Generation
	Keratometry, Axial Length
	Very good outcomes for eyes over 22.00 mm [15]
It corrects the cusp phenomenon, an error observed using the SRK/T on certain eyes[16]

	Holladay 2
4th Generation
	Keratometry, Axial Length, Anterior Chamber Depth, Lens Thickness, Horizontal White to White, Age, Pre operative refraction
	No data has been reported showing an advantage over an appropriately selected 3rd generation formula 

	Olsen
4th Generation
	Keratometry, Axial Length, Anterior Chamber Depth, Lens Thickness, Horizontal White to White
	There is eidence suggestive of improved performance over 3rd generation formulae for eyes with axial length between 20.00 and 26.00 mm [17, 18]


	Haigis
5th Generation
	Keratometry, Axial Length, Anterior Chamber Depth
	Very good outcomes for eyes across the axial length range and best reported outcomes for eyes longer than 28.00 mm[19]
For best results, three IOL constants need to be optimized requiring data from at least 500 eyes


IOL: Intraocular lens.
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