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Abstract To compare the accuracy of the predic-

tions of SRK/T and Haigis formulae, incorporating all

the parameters calculated using Zeiss IOLMaster

Scan, based on partial coherence interferometry, and

to analyse the effect of updating or optimisation of the

constants on the post-operative result. A retrospective

study was done on 51 consecutive patients, who

underwent phacoemulsification by a single surgeon

with a temporal corneal incision and a standard Alcon

Acrysof MA30 implant in the bag. The pre-operative

data were measured using Zeiss IOLMaster scan, and

the 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 three groups depending on

the axial length, and the post-operative results were

analysed at 4 weeks. The difference between the

predicted value and the post-operative spherical

equivalent was calculated for both the formulae, and

a paired t test used for significance. The axial length

ranged from 20.93 to 25.16 mm. The error for Haigis

was less compared to SRK/T overall and SRK/T

resulted in an average hypermetropia 0.69 D and

Haigis resulted in an average myopia of 0.16 D. The

comparison between SRK/T and Haigis and the

updated version of both using the paired t test shows

a statistically significant difference, the p values being

\0.03 and \0.01, respectively. The updated Haigis

Formula with the optimised constants was signifi-

cantly more accurate than SRK/T formula.

Keywords Cataract surgery � Biometry � IOL

calculation formulae � Prediction error

Introduction

Implant power calculation formulae attempt to pro-

vide a predictable refractive outcome based on

preoperative assessments. Achieving the predicted

post-operative refraction is a challenge for every

cataract surgeon. Although partial coherence interfer-

ometry (PCI) has greatly improved biometry [1, 2], the

issue of the choice of intraocular lens (IOL) formula to

be used for calculation is debatable. While the SRK/T

formula (2 variables) is commonly used [3] for all

axial lengths, we compared its accuracy with that of

the Haigis formula [4, 12] which uses 3 variables to

calculate the effective lens position (A or ACD for

SRK/T, and A or ACD and/or A0, A1 and A2 for
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Haigis). The Haigis formula uses 3 variables for IOL

calculation, but only uses 2 for ELP prediction: AXL

and ACD (K is only used in the optical calculation).

The constants used in both the formulae can be

optimised to improve the predictive accuracy. We also

analysed the effect of optimising the constants for both

SRK/T and Haigis formulae on the post-operative

result.

Materials and methods

A total of 51 eyes of 51 consecutive patients were

measured preoperatively by Zeiss IOLMaster system

based on partial coherence interferometry to measure

the axial length (AL), corneal radius of curvature (K-

reading) and the anterior chamber depth. The SRK/T

and Haigis formulae combined with IOLMaster were

used to calculate the pre-operative IOL power in all

patients. The constants were updated/optimised using

the user group for laser interference biometry (ULIB).

All patients underwent phacoemulsification with

3-mm temporal corneal non-sutured incisions by a

single surgeon. Based on the predictions of SRK/T

formula, a single style, standard Alcon Acrysof MA30

lens was implanted in the capsular bag. Exclusion

criteria included (1) patients unable to undergo PCI

biometry due to the density of the cataract, (2) patients

who had a complicated surgery including a posterior

capsular tear, and (3) implants other than Acrysof

MA30. Post-operative refractive assessment was per-

formed 4 weeks after surgery. The post-operation

prediction for the same implant power was retrospec-

tively calculated for updated SRK/T and Haigis

formulae. The difference between the predicted value

and the actual post-operative spherical equivalent was

calculated for all the four formulae and the results

analysed using paired t test for statistical significance.

The entire series as well as subdivisions of axial length

ranges were analysed.

Results

The axial length ranged from 20.93 to 25.16 mm. For

analytical purposes, we divided the patients into three

groups as shown by Fig. 1. Those with axial length

less than 22.0 mm (9 of 51 cases), 22–24 mm (37 of

51 cases), and more than 24.0 mm (5 of 51).

Table 1 shows the mean absolute error (MAE) for

the four formulae. Updated Haigis performed better

than the other three. Comparisons between the SRK/T

and Haigis and the updated version of both using the

paired t test show statistically significant differences,

the p values being \0.03 and 0.01, respectively.

Figure 2 shows the comparison of errors for the four

formulae in the entire series as well as in the

subdivisions of axial length. The error for Haigis is

less compared to SRK/T other than the group with

more than 24 mm axial length. This was found to be

statistically significant overall and for the eyes of

22–24 mm. In the longer and the shorter groups,

statistical significance could not be assessed due to

low subject numbers. Overall, Haigis resulted in an

average myopia of -0.22 and SRK/T in

18%

72%

10%

M

S
L

Fig. 1 The different axial length groups: S short AL,

M medium AL, L long AL

Table 1 Comparision of SRK-T, Haigis and their updated

versions

Formulae MAE SD Distribution of refractive

error

1 D 2 D

SRK-T 0.75 0.50 (40/51)

78 %

(49/51) 96 %

Haigis 0.56 0.40 (44/51)

86 %

(51/51) 100 %

Updated SRK-T 0.62 0.54 (42/51)

82 %

(49/51) 96 %

Updated Haigis 0.49 0.50 (44/51)

86 %

(51/51) 100 %
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hypermetropia of 0.6 D sphere. The scatter plots show

that the regression line for the Haigis formula (Fig. 4)

is less steep than that for SRK/T (Fig. 3). The SRK/T

seems to be more dependant on the axial length.

However, in the group with[24 mm axial length, the

error seems to be least with SRK/T, updated SRK/T

(Fig. 5) and updated Haigis (Fig. 6). In the group with

\22 mm axial length, the Haigis seems to predict

more accurately.

(For Figs. 3, 4, 5, 6: x-axis is axial length in mm and

y-axis is error in dioptres)

Discussion

Successful IOL implantation depends partly on the

ability to predict post-operative refraction with

accuracy. Errors in predicted refraction after IOL

implantation are mostly a result of axial length

measurement error. With the advent of partial

coherence interferometry, the axial length determi-

nation has become 5 times more accurate compared

with classical ultrasound biometry [2]. Therefore, a

need has arisen for even more precise IOL formulae.

Comparison of the errors
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Fig. 2 Comparison of

errors for SRK-T, Haigis

and their updated versions in

different axial length groups

SRKT

-2.00

-1.00

0.00

1.00

2.00

3.00

20.00 22.00 24.00 26.00

Fig. 3 Error in prediction of SRK-T in different AL
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Fig. 4 Error in prediction of Haigis in different AL
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Fig. 5 Error in prediction of updated SRK-T in different AL
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Fig. 6 Error in prediction of updated Haigis in different AL
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The higher accuracy of the newer generation theo-

retical formulas lies in their improved prediction of

the pseudophakic anterior chamber depth [5]. Possi-

ble explanations of the differences between the

formulae maybe the use of different refractive

indices in the IOLMaster software, the effect of

corneal power and post-operative anterior chamber

depth which would also affect the results.

Post-operative refractive assessment was per-

formed at 4 weeks post-operatively in our study, as

done by Verhulst and Vrijghem [6] in their study for

calculating IOL power using Zeiss IOLMaster. We

chose the SRK/T formula because it is the most

commonly used formula [3] in UK and includes many

users throughout the world. Hoffmann et al. [7].

suggested that newer generation formulae like SRK/T,

Holladay and Haigis should be used. This is especially

true for short and long eyes. According to the National

biometry audit [3], the Haigis formula was not being

used in Ophthalmology departments in UK. There are

several studies [8–10] comparing IOL power formulae

like Binkhrost, SRK II, SRK/T, Hoffer Q, and

Holladay. But we could not locate a study which

compared the use of SRK/T and Haigis and therefore

we decided to perform one.

Implant power calculation formulae typically

derive from either an empirical or a theoretical

background. However, all formulae use a constant

that can be updated or optimised for an individual

surgeon or IOL type. This update can be achieved by

taking pre-operative parameters and post-operative

outcomes of a subset of patients and back calculating

the constant. Hoffer’s study [11] has strongly sup-

ported the importance of optimisation of A constants.

As few as 30 operations are required to optimise the A

constants for a particular IOL and surgeon [11]; and

can be rapidly done using several software programs

[4, 12–14] or the Zeiss IOLMaster software. We

therefore also studied the SRK-T and Haigis with their

updated constants.

In this study, using this approach, we found that the

smallest errors by subset was updated Haigis for the

overall and axial length 22–24 mm group, Haigis for

\22 mm, and SRK-T and updated version of both for

[24 mm (Fig. 3). The updated Haigis formula with

optimised constants was significantly more accurate

than the SRK-T formula. It is possible to limit post-

operative refractive outcome within ±1.00 D in 86 %

cases and ±2.00 D in 100 % eyes using updated

Haigis formula with IOLMaster. In Haigis et al.’s,

study [15], PCI was carried out by Zeiss IOLMaster

and IOL calculation by Haigis formula with and

without optimisation of constants was done. Their

post-operative predicted outcome was within ±1.00 D

in 85.7 % and ±2.00 D in 96 % of cases [15]. The

results of this study are similar to ours.

In our study, we found MAE of 0.56 D for Haigis

and 0.75 D for SRK/T and thus the Haigis formula was

more accurate than SRK-T.

Findl et al. [16] used PCI biometry with 4 IOL

formulae SRK II, Olsen, SRK/T and Holladay 1. In

Findl’s study, the SRK/T and Holladay 1 yielded an

MAE in prediction of 0.44 D. Olsen and SRK II were

less accurate with MAE 0.49 D and 0.47 D, respec-

tively [16]. In our series, MAE for SRK-T was 0.75 D

and updated SRK-T was 0.62 D. Findl et al.’s series

found MAE of 0.44 D for SRK/T and 0.42 D for

updated SRK/T. In both studies, optimisation of

constants showed further improvement in predicting

the post-operative outcome. Thus, optimisation or

updating the constants reduces the predictive MAE

with both SRK/T and Haigis. We therefore strongly

recommend optimisation of constants to improve the

predictive accuracy. Also, in our present study,

updated Haigis performed best overall in all the axial

length subgroups except the[24 mm subset.

The limitation of this study is the small sample size.

The authors have included eyes ranging from 20.93 to

25.16 mm and divided them into three groups for

subgroup analysis. This lends the study to both type I

and II errors when testing for statistical significance.

There is a need to conduct more studies with a

larger sample size, especially patients with extreme

axial length, to assess the predictability of these

formulae better.

Due to the retrospective nature of the study and the

relatively small sample of the patients included in the

study with limited range of axial length, the results

may only hold true for the central group of axial

length. More patients with shorter and longer axial

lengths would had added more strength to this paper.
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