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Accuracy of the refractive prediction determined by intraocular lens power

calculation formulas in high myopia

Dong Zhou, Zhuo Sun, Guohua Deng

Purpose: Our study was conducted to evaluate and compare the accuracy of the refractive prediction
determined by the calculation formulas for different intraocular lens (IOL) powers for high myopia.
Methods: This study reviewed 217 eyes from 135 patients who had received cataract aspiration treatment
and IOL implantation. The refractive mean numerical error (MNE) and mean absolute error (MAE) of
the IOL power calculation formulas (SRK/T, Haigis, Holladay, Hoffer Q, and Barrett Universal II) were
examined and compared. The MNE and MAE at different axial lengths (AL) were compared, and the
percentage of every refractive error absolute value for each formula was calculated at +0.25D, +0.50D,
+1.00D, and +2.00D. Results: In all, 98 patients were recruited into this study and 98 eyes of them were
analyzed. We found that Barrett Universal II formula had the lowest MNE and MAE, SRK/T and Haigis
formulas arrived at similar MNE and MAE, and the MNE and MAE calculated by Holladay and Hoffer Q
formula were the highest. Barrett Universal II formulas have the lowest MAE among different AL patients,
whereas it reached the highest percentage of refractive error absolute value within 0.5D in this study. The
MAE of each formula is positively correlated with AL. Conclusion: Barrett Universal II formula rendered
the lowest predictive error compared with SRK/T, Haigis, Holladay, and Hoffer Q formulas. Thus, Barrett
Universal II formula may be regarded as a more reliable formula for high myopia.
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High myopia, one of the most prevalent eye diseases
worldwide, has a higher risk of occurrence than other eye
diseases. High myopia is associated with the elongation of
axial length (AL).!? Studies have shown that the incidence
and progression of cataract among those with high myopia
were significantly higher and faster than those with nonmyopic
eyes.[*’l At present, patients with high myopia and cataract
were often treated with cataract phacoemulsification.[®!
Cataract surgery mainly consists of three steps: preoperative
preparation, operation and postoperative symptomatic
treatment, and observation and follow-up.” In the recent years,
as a treatment of eye diseases, the development of cataract
surgery was applied to improve preoperative vision correction,
and such an application demands a higher standard for all
aspects of cataract surgery.

The preoperative preparation of cataract surgery consists
of two parts, that is, examination of biometrics of the eye
and artificial IOL power calculation.”? A large number of
studies have confirmed that the accuracy of preoperative
eyeball biometrics, the selection, and calculation of IOL power
calculation formulas were the main factors for prediction
error.'® This creates a demand for a higher standard of
accuracy on eyeball measuring method and the selection of
IOL power calculation formulas.”! With the invention and
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application of biological measuring instruments, the error
of eyeball measurement reduces increasingly; however, the
selection of IOL power calculation formulas remains a key to
the prediction of postoperative refractive error.t>

The IOL power calculation formula has been applied for
more than 40 years clinically and has been developed to the
fourth-generation formula.'>' At present, the most commonly
used IOL power calculation formula are the second- and
third-generation formulas. Although scholars have been
studying the comparison of IOL power calculation formulas
for many years, research has rarely probed into the accuracy
and application conditions of various formulas.['’"**! Studies
have proposed that 54% deviation between actual diopter
and prediction of diopter after cataract surgery comes from
AL measurement, whereas 38% predicted from postoperative
anterior chamber depth (ACD) and another 8% came from the
evaluation of corneal curvature. Therefore, the accuracy of
preoperative eye AL measurement is of particular importance.®!

This study was performed to evaluate and compare the
accuracy of the refractive prediction determined by different
intraocular lens (IOL) power calculation formulas for high
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myopia and to analyze the correlation among the mean absolute
error (MAE) rendered by different formulas and AL. Thus, this
study provided reference for surgical treatment of patients
with high myopia.

Methods

Patients

Details about all the patients who had received cataract
extraction and IOL implantation were collected from our
hospital from July 2016 to December 2017, based on the
following criteria to eliminate bias. The inclusion criteria
were as follows: (1) patients who had high myopia combined
with cataract and had completed preoperative examination
data and postoperative follow-up; (2) those who underwent
cataract surgery performed by phacoemulsification and
had no complications; (3) computing tool use of AcrySof
IOL; and (4) preoperative biological measurement using
LENSTAR LS900 (Haag-Streit AG, Koeniz, Switzerland). The
exclusion criteria were as follows: (1) patients with a history of
previous intraocular surgery or those who had postoperative
complications; (2) patients followed up less than 1 month;
and (3) preexisting ocular diseases that may affect postoperative
refraction, for instance, keratoconus, endothelial dystrophy,
corneal scarring, macular edema or retinal detachment.

Inspection method

Before the operation, LENSTAR LS900 measuring instrument
and contact-type A ultrasound were used to measure the AL,
corneal curvature, and other related eye parameters of recruited
patients, and the measurement was repeated five times to
obtain the average figure. Meanwhile, slit lamp microscope
examination, computer optometry, and pupil fundus examination
were conducted. Patients were distributed into group 1
(24.5mm <AL <27 mm, n=28), group 2 (27.0 mm <AL <30 mm,
n=47), and group 3 (AL 230 mm, # = 23) in terms of their ALs.
After the operation, the number of diopter was measured, and
the best-corrected visual acuity refractive state was determined
by standard methods at least 1 month after surgery by the
same professional automatic computer optometry instrument,
namely, postoperative actual diopter. The MAE was calculated
after operation.

Formulas and constants

The four formulas of SRK/T, Haigis, Holladay, and Hoffer
Q were selected from LENSTAR LS900 optical biosensor.
According to the recommended LENSTAR LS900 optical
biological measuring instrument, SRK/T formula optimization
of A constant is 121.00, A0 Haigis formula optimization constant
is 3.151, Al constant is 0.400, A2 constant is 0.100, Holladay
formula optimization of SF constant is 2.92, and Hoffer Q
formula optimization pACD constant is 6.72. Meanwhile,
back-calculation with new-generation Barrett Universal II
formula was performed using the online software (http://www.
apacrs.org/barrett universal2/), and the constants recommended
in this online software were used for back-calculation.

Evaluation of the accuracy in predicted refraction

Normally, patients with high myopia would reserve the target
refraction of 0.75D-3.0D. The selected AcrySof IOL degrees are
respectively substituted into SRK/T formula, Haigis formula,
Holladay formula, Hoffer Q formula, and Barrett Universal II
formula. The absolute refractive error was calculated in terms

of the difference among the predicted refraction outcomes
and the actual postoperative refractive (actual postoperative
refraction - predicted refraction) rendered by each formula. The
mean absolute refractive error was calculated by each formula.
The refractive error absolute value (by percentage) of each
formula was calculated at +0.25D, + 0.50D, +1.00D, and +2.00D.

Statistical analysis

SPSS (version 22.00; SPSS, Inc., IL, USA) was used for statistical
analysis. Means were shown as mean + standard deviation (SD).
The MAE of SRK/T, Haigis, Holladay, Hoffer Q, and Barrett
Universal II formula was compared among all patients
with high myopia. The differences in the mean numerical
error (MNE) and MAE rendered by the five formulas — SRK/T,
Haigis, Holladay, Hoffer Q, and Barrett Universal Il at different
ALs, were calculated using single-factor variance analysis. The
least significant difference was used in two or two comparisons,
and the association between MAE and AL was assessed using
Spearman’s rank correlation. P values less than 0.05 were
considered as statistically significant.

Results

This study selected 217 eyes of 135 patients who had
received cataract aspiration and IOL implantation. In all,
98 eyes of 98 patients were eventually investigated in this
study. Patient’s basic information, mean values, and ranges
measured by IOLMaster were as follows: 37 males (37.8%),
61 females (62.2%), age 65.23 + 6.78 years (range 56.0-76.0 years),
52 right eyes (53.1%), 46 left eyes (46.9%), ALs were
29.63 +2.35 mm (range 24.61-33.28 mm), average keratometries
were 44.24D + 2.42D (range 42.03D-48.54D), and IOL powers
were 10.14D + 4.20D (range — 4.5D to — 22.5D) [Table 1].

Mean numerical error

We found that among all the eyes, the MNE values ranged
from 0.05 to 0.38 [Table 2], and that all formulas had a

Table 1: Basic information of the study population

Parameter Value
Gender, n (%)

Male 37 (37.8)

Female 61 (62.2)
Age (years)

Mean+SD 65.23+6.78

Range 56-76
Eye used, n (%)

Right 52 (53.1)

Left 46 (46.9)
AL (mm)

Mean+SD 29.63+2.35

Range 24.61-33.28
K (D)

Mean+SD 44.24+2 .42

Range 42.03-48.54
IOL power (D)

Mean+SD 10.14+4.20

Range -451t0225

SD: Standard deviation; AL: Axial length; IOL: Intraocular lens; K: Keratometry



486

INDIAN JOURNAL OF OPHTHALMOLOGY

Volume 67 Issue 4

positive MNE and yielded a considerably high interquartile
range (IQR) [Table 2]. Barrett Universal II formula had the
lowest MNE and IQR in the five formulas, whereas SRK/T
and Haigis formulas had similar MNEs; however, the MNE of
Holladay and Hoffer Q was the highest [Table 2].

In group 1, we calculated that the MNE ranged from 0.06 to
0.45, whereas the SD ranged from 0.33 to 0.56, and that SRK/T
formula had the lowest MNE among all the formulas, whereas
Barrett Universal IT formula reached the smallest SD [Table 3].
However, in group 2, we identified that the MNE ranged from
0.04 to 0.36, whereas the SD ranged from 0.32 to 0.77. SRK/T
formula had the lowest MNE among all the formulas; however,

Table 2: MNE and MAE for all formulas

Formula All
MNE (D) MAE (D)

SRK/T

Mean+SD 0.10+0.60 0.46+0.39

Range -1.391t0 1.85 0.00-1.85
Haigis

Mean+SD 0.10+0.58 0.45+0.38

Range -1.56t0 1.88 0.00-1.88
Holladay

Mean+SD 0.38+0.73 0.65+0.50

Range -2.11t0 2.21 0.00-2.21
Hoffer Q

Mean+SD 0.33+0.79 0.67+0.53

Range -2.00 to 2.11 0.00-2.11
Barrett Universal Il

Mean+SD 0.05+0.46 0.35+0.30

Range -1.49t0 1.66 0.00-1.66

MNE: Mean numerical error; MAE: Mean absolute error; SD: Standard deviation

Barrett Universal II formula touched the smallest SD [Table 3].
In group 3, the MNE ranged from - 0.15 to 0.60, and the SD
ranged from 0.64 to 1.04. Barrett Universal II formula had the
lowest MNE among all formulas; however, Haigis formula had
the smallest SD [Table 3].

Median absolute error

The MAE values ranged from 0.35 to 0.67 [Table 2] among
all the eyes examined. All the formulas had a positive MAE
and similar IQRs [Table 2]. We found that Barrett Universal
II formula had the lowest MAE and IQR among the five
formulas, and that SRK/T and Haigis formulas had similar
MAEs, and that the MAEs of Holladay and Hoffer Q were the
highest [Table 2]. In formula subgroup in which refractive error
absolute value was less than 0.5D, Barrett Universal II formula
had the highest proportion, SRK/T and Haigis formulas had
similar proportion, and the proportion of Holladay and Hoffer
Q was the lowest. In formula subgroup in which refractive
error absolute value was more than 0.5D, Barrett Universal II
formula had the lowest proportion of value outcome reaching
higher than 0.5D, SRK/T and Haigis formulas had similar
proportion, and the proportions of Holladay and Hoffer Q
were the highest [Fig. 1].

In group 1, the MAE ranged from 0.27 to 0.55, and the
SD ranged from 0.19 to 0.47. The results showed that Barrett
Universal II formula had the lowest MAE and IQR among
all the formulas [Table 3]. In addition, we found that the
proportion of Barrett Universal Il formula was the highest when
the refractive error absolute value was less than 0.5D, and that
Barrett Universal II formula was the lowest when refractive
error absolute value was more than 0.5D [Fig. 2]. In group 2,
the MAE ranged from 0.29 to 0.64, whereas the SD ranged
from 0.21 to 0.49. Barrett Universal II formula had the lowest
MAE and IQR among all the formulas [Table 3]. Furthermore,
the results indicated that the proportion of Barrett Universal
IT formula was the highest when the refractive error absolute
value was less than 0.5 D, and that Barrett Universal Il formula

Table 3: MNE and MAE for formulas and groups

Formula Group 1 Group 2 Group 3
(24.5 mm <AL <27 mm, n=28) (27.0 mm <AL <30 mm, n=47) (AL =30 mm, n=23)
MNE (D) MAE (D) MNE (D) MAE (D) MNE (D) MAE (D)

SRK/T

Mean+SD 0.06+0.50 0.34+0.36 0.04+0.55 0.44+0.32 0.27+0.78 0.65+0.49

Range -1.11-1.52 0.00-1.52 -1.33-1.20 0.00-1.33 -1.41-1.92 0.00-1.92
Haigis

Mean+SD 0.09+0.53 0.41+0.34 0.17+0.58 0.44+0.41 0.00+0.64 0.59+0.41

Range -0.90-1.59 0.00-1.59 -1.62-1.89 0.00-1.89 -1.20-1.43 0.00-1.43
Holladay

Mean+SD 0.45+0.56 0.55+0.47 0.36+0.65 0.59+0.44 0.32+1.04 0.90+0.58

Range -0.51-1.91 0.00-1.91 -1.11-2.00 0.00-2.00 -2.11-2.20 0.00-2.20
Hoffer Q

Mean+SD 0.28+0.55 0.48+0.38 0.23+0.77 0.64+0.49 0.60+1.02 1.00+0.62

Range -1.31-1.22 0.00-1.31 -1.49-1.91 0.00-1.91 -2.00-2.08 0.1-2.08
Barrett Universal Il

Mean+SD 0.07+0.33 0.27+0.19 0.14+0.32 0.29+0.21 -0.15+0.70 0.55+0.44

Range -0.50-0.72 0.00-0.72 -0.71-0.79 0.00-0.79 -1.52-1.73 0.00-1.73

MNE: Mean numerical error; MAE: Mean absolute error; SD: Standard deviation
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was the lowest when the refractive error absolute value was
more than 0.5D [Fig. 2]. In group 3, the MAE ranged from 0.55
to 1.00, and the SD ranged from 0.41 to 0.62. Barrett Universal
II formula had the lowest MAE among all formulas; however,
Haigis formula has the smallest SD [Table 3]. Furthermore, the
proportions of Barrett Universal II formula and Haigis were
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Figure 1: Percentages of the formulas of refractive error absolute value

similar when the refractive error absolute value was less than
0.5D, and obviously higher than other formulas [Fig. 2].

The correlation analysis showed that the prediction error of
each formula was positively correlated with AL [Fig. 3].

Discussion

In this study, we compared the accuracies of four widely used
IOL power calculation formulas, namely, Holladay, SRK/T,
Hoffer Q, and Haigis as well as a new-generation formula, that
is, Barrett Universal II, applying for 98 high myopic eyes. The
significance of this study is to reduce the prediction error of
diopter, which greatly affects patients” prognosis. In addition,
this is one of the few studies supportive of the fact that the use
of Barrett Universal II formula would enhance predictability
in high myopia.

The cataract aspiration in combination with IOL implantation
is the main method to treat cataract with high myopia.*"! In
recent years, two main challenges in IOL power prediction for
high myopia have emerged, that is, on one hand, there exists
unexpected hyperopic outcomes with IOL power prediction
formulas regardless of the IOL power (though this tendency
for postoperative hyperopic outcomes is more marked for
eyes with minus-power IOL), and on the other hand, the
error rate of formula prediction increases gradually as the AL
grows.?>?! To avoid these postoperative hyperopic outcomes
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Figure 2: Percentages of the formulas of refractive error absolute value in different groups
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Figure 3: The association between MAE and AL. X-axis was AL; Y-axis was MAE of each formula. The MAE was higher as the AL became

longer for all formulas

and improve patient satisfaction, surgeons usually empirically
reserved — 0.75 D to — 3 D diopter for patients with high
myopia.*!

The most important factors that explain the prediction error
in IOL calculations are the effective lens position assumption
and the IOL constant adopted.”*! In this study, the formula
constants were optimized, and the prediction results show
that Barrett Universal I formula has the highest proportion of
outcomes of refractive error absolute value being lower than
0.5D, SRK/T and Haigis formulas had similar proportion to
Barrett Universal II formula, and the proportion of Holladay
and Hoffer Q formula was the lowest among the three
formulas. Meanwhile, Barrett Universal II formula has the
lowest proportion, SRK/T and Haigis formulas had similar
proportion, and the proportions of Holladay and Hoffer Q
were the highest formula when the refractive error absolute
value was more than 0.5D, indicating that Barrett Universal
IT formula has higher accuracy in the refractive prediction of
patients with high myopia. The accuracy of SRK/T formula is
similar to that of Haigis formula.

Another factor affecting the prediction error in IOL
calculations was the error of AL measuring.®?! In this
study, the accuracy of each formula under different ALs was
analyzed. This study showed that the prediction error of SRK/T
formula and Barrett Universal II formula was less when the AL
was between 24.5 and 30 mm in comparison to that calculated
by Haigis, Holladay, and Hoffer Q; the proportion of Barrett
Universal II formula was higher than that of SRK/T formula
when the refractive error absolute value was less than 0.5D;
and Barrett Universal II formula was lower than SRK/T formula
when the refractive error absolute value was more than 0.5D.
These results showed that Barrett Universal II formula had
the highest refractive prediction accuracy for patients with
AL between 24.5 and 30 mm. Meanwhile, we found that when

the AL was greater than 30 mm, the prediction error of Haigis
formula and Barrett Universal II formula was less. However,
the accuracy analysis shows that the prediction error of each
formula was high. We observed that the proportion of Barrett
Universal II formula was higher than Haigis formula when
the refractive error absolute value was less than 0.5D, and that
Barrett Universal II formula was lower than Holladay, Hoffer
Q, and SRK/T when the refractive error absolute value was
more than 0.5 D. This result suggests that with the increase in
AL, the formula of refractive prediction accuracy in patients
with high myopia went down, but Barrett Universal II formula
still had a certain advantage. Therefore, we believe that Barrett
Universal I formula has higher diopter prediction accuracy in
patients with high myopia, especially for patients with longer
AL have higher application value. Statistical analysis showed
that the refractive error absolute value of SRK/T, Holladay,
Hoffer Q formulas, and the Barrett Universal II formula was
positively correlated with AL. That is, the longer the length
of the AL of the patient’s eye, the greater the refractive error
absolute value. Therefore, in clinical treatment, we can
measure the length of the AL of the patient’s eye preoperatively
by appropriate prediction formula to reduce the refractive
error absolute value and improve the clinical treatment effect
of patients with high myopia.

A limitation of this study was that we did not fully consider
the IOL differences among patients, and that there were some
differences in terms of the strength of the crystalline lens of
different patients.” Another limitation was that each formula
had its own applicability.?” All IOL power calculations in
this study were based on the measurements from LENSTAR
L.S900; however, Barrett Universal Il formula was based on the
measurements from another source. As zero-diopter IOL and
minus-power IOL only affect a small number of the population.
Thus, the number of research subjects with the two diseases
recruited was small, which may hinder the accuracy of the
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prediction result calculated by each formula. Also, patients
with ALs that were greater than 26 mm were relatively rare,
and the sample cross section of patients being monitored was
insufficient to give a conclusive result.

Conclusion

In conclusion, the results of this study suggested that
Barrett Universal II formula achieves the highest accuracy
for predicting diopter after surgery for high myopia. SRK/T
and Haigis formulas achieved similar results that were more
accurate than those calculated by Holladay and Hoffer Q
formulas. In addition, Barrett Universal II formula had the
highest value of refractive prediction for patients with high
myopia with long AL. Thus, Barrett Universal II formula may
be more applicable for patients with high myopia.
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