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BACKGROUND: To compare the accuracy of recently developed modern intraocular lens (IOL) power formulas (Barrett Universal II,
Kane and VRF-G) with existing IOL power formulas in eyes with an axial length (AL) ≤ 22mm.
METHODS: This analysis comprised 172 eyes of 172 patients operated on by one surgeon (LT) with one IQ SN60WF (Alcon Labs,
Fort Worth, TX, USA) hydrophobic lens. Ten IOL formulas were evaluated: Barrett Universal II (BUII), Haigis, Hoffer Q, Holladay 1,
Holladay 2, Kane, SRK/T, T2, VRF and VRF-G. The median absolute error (MedAE), mean absolute error (MAE), standard deviation (SD)
and all descriptive statistics were evaluated. Percentages of eyes with a prediction error within ±0.25 D, ±0.50 D, ±0.75 D and ±1.00
D were calculated using standard optimised constants for the entire range of axial lengths.
RESULTS: The VRF-G, Haigis and Kane produced the smallest MedAE among all formulas (0.242 D, 0.247 D and 0.263 D,
respectively) and had the highest percentage of eyes with a PE within ±0.50 D (75.67%, 73.84% and 75.16%, respectively). The
Barrett was less accurate (0.298 D and 68.02%, respectively). Statistically significant differences were found predominantly between
the VRF-G (P < 0.05), Kane (P < 0.05) and Haigis (P < 0.05) and all other formulas. The percentage of eyes with a PE within ±0.50 D
ranged from 66.28% to 75.67%.
CONCLUSIONS: In eyes with AL ≤ 22.0 mm, the VRF-G, Haigis and Kane were the most accurate predictors of postoperative
refraction, and the Barrett formula was less predictable.

Eye (2023) 37:120–126; https://doi.org/10.1038/s41433-021-01890-7

INTRODUCTION
Accurate intraocular lens selection is mandatory for modern
cataract surgery. Moreover, the increased level of patient
expectation has transformed cataract surgery into a refractive
procedure, with a primary aim of achieving the desired post-
operative refraction. As demonstrated by previous studies, the
most challenging task is to select the appropriate intraocular lens
power in patients with short axial lengths [1, 2].
In the past decade, many new IOL power calculation formulas

have been introduced by their authors. Some of them were
described in detail, while others were not and are instead available
as an element of software for PC or online web calculators [3–6].
The Barrett Universal II (Barrett) formula was elaborated as a
paraxial ray-tracing approach, as it does not rely on a thin-lens
assumption. This formula became widely popular in the last five
years and is considered the most accurate. Recent studies have
shown the Barrett formula to have the lowest absolute error
among other modern methods [7]. The Kane formula was
introduced by author J. Kane in 2018 [8]. It was created using
several large data sets from selected high-volume surgeons uses a
combination of theoretical optics, thin-lens formulas and ‘big data’
techniques to make its predictions. The Kane formula uses the AL,
K, ACD (from epithelium to the lens), LT and CCT values and the

gender of the patient to make its predictions. This formula is
considered one of the more accurate predictors of postoperative
refraction, especially in axial hyperopia, with a high-power
intraocular lens of 30 or more dioptres [9]. The VRF-G formula
was released as a classical vergence-based formula that incorpo-
rates both regression and ray-tracing components and does not
rely on any artificial intelligence approach [10]. This method can
be considered a profound modification of the original VRF
formula, which was described previously [4]. It uses eight variables
to predict IOL power, including mandatory AL, K, ACD (from the
epithelium to the lens) and gender, while horizontal CD, LT, CCT
and preoperative refractive spherical equivalent (SE) are optional.
Recent investigations have shown promising results for this
formula, especially in eyes with a short axial length [10, 11].
Our study aims to evaluate and compare the predictive

accuracy of the classical vergence-based Haigis, Hoffer Q, Holladay
1 and 2, T2, SRK/T and VRF formulas with the recently developed
modern Barrett Universal II, Kane and VRF-G methods. An
additional aim of this study was to compare the performance of
the VRF [4] and VRF-G [10] formulas in eyes with an axial length
≤22mm. Furthermore, the current study sought to prospectively
determine the percentage of eyes with a PE within ±0.50 D, which
is crucial for practical use. To our knowledge, few published
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studies have assessed the Barrett Universal II, Kane, VRF and VRF-G
formulas in eyes with short axial lengths [10–12].

MATERIALS AND METHODS
All patients who were examined in a state municipal eye clinic between
May 2017 and June 2021 were prospectively enroled. Informed consent
was obtained from each patient, and the study was approved by the local
ethics committee (IRB-CME-202013-E). The study methods adhere to the
Helsinki Declaration on Human Participation in Biomedical Research.
The patients who participated in this study were selected from daily

practice. All patients underwent uneventful phacoemulsification (LT) and
in-the-bag implantation of one-piece soft hydrophobic acrylic posterior
chamber AcrySof IQ SN60WF IOLs (172 eyes) (Alcon Labs, Fort Worth,
TX, USA).
The study included patients with a diagnosis of cataracts without

comorbidities. The criteria for exclusion were corneal degenerative
changes, any stage glaucoma, corneal astigmatism greater than 1.5
dioptres, and prior refractive surgery. If patients had undergone bilateral
IOL surgery, one eye was randomly chosen for inclusion in the study.
All patients underwent the following complex diagnostic tests before

surgery: uncorrected and best-corrected visual acuity, tonometry, kerato-
refractometry and optical biometry on an IOL Master 700, software version
1.7 (Carl Zeiss Meditec AG, Jena, Germany). Only measurements with good
quality were included in the analysis, since measurements with exclama-
tion marks (!) or asterisks (*) were eliminated. The Hoffer Q formula was
used as the actual IOL power formula for preoperative calculation.
Preoperative intraocular lens power was calculated according to the

following formulas:

1. Barrett Universal II (hereafter Barrett): this unpublished formula was
accessible as part of the IOL Master 700 software version 1.7. (Carl Zeiss
Meditec AG, Jena, Germany) and was available via an online calculator
at http://calc.apacrs.org/barrett_universal2105/ (accessed on April 4th,
2021); this calculator provides the formula constant (Lens Factor) for
many IOL models [5]. A Lens Factor of 1.88 was used for the SN60WF
IOL as recommended by the corresponding software (IOL Master 700,
software version 1.7, Carl Zeiss Meditec AG, Jena, Germany).
2. Haigis: this formula was programmed into Excel. The optimised constants
from the User Group for Laser Interference Biometry (ULIB) website (www.
ocusoft.de/ulib/c1.htm, accessed on April 4th, 2021) were used [13].
3. Hoffer Q: this formula was programmed into Excel according to the
author’s recommendations and errata [14].
4. Holladay 1: this formula was programmed into Excel with the author’s
corrections and recommendations [15].
5. Holladay 2: this unpublished formula was available as part of the IOL
Master 700 software version 1.7. (Carl Zeiss Meditec AG, Jena, Germany). All
required data, including preoperative refraction, were entered into the
software. An ACD constant of 5.601 was used for the SN60WF IOL as
recommended by the software (IOL Master 700, software version 1.7, Carl
Zeiss Meditec AG, Jena, Germany).
6. Kane: this unpublished formula is based on theoretical optics and
incorporates both AI and regression components [8]. It uses six variables to
predict the IOL power, including mandatory AL, K, ACD (from the
epithelium to the lens) and gender, while LT and CCT are optional. This
formula is available at http://www.iolformula.com (accessed on April 4th,
2021) [6]. An A-constant for the SRK/T formula of 119.0 was used for
calculation.
7. SRK/T: this formula was integrated into Excel following the recommen-
dations from the original article and erratum [16].
8. T2: this formula was developed by R. Sheard, MD to improve the original
SRK/T formula. It was programmed into Excel according to the original
data [3].
9. VRF: this formula, which was developed and published by one of the
authors (OVV) [4], is a vergence-based thin-lens formula using the optical
CACD constant and four variables to calculate the IOL power: AL, K, ACD,
and the horizontal CD. It was programmed into Excel by the author.
10. VRF-G is a new, unpublished formula that was also developed by one of
us (OVV) and is based on theoretical optics with regression and ray-tracing
components [10, 11]. It uses the optical A constant for the SRK/T formula
and incorporates eight variables, including AL, K, ACD, LT, horizontal CD,
CCT, preoperative refractive spherical equivalent (SE) and gender. It was
programmed into Excel by the author.

For all formulas, we used the optimised A-constant of the SRK/T from the
User Group for Laser Interference Biometry (ULIB) website (www.ocusoft.
de/ulib/c1.htm, accessed on April 4th, 2021). We did not zero out PE
separately for the short axial length group but instead applied the
optimised A-constant for all axial length ranges as described by Wang et al.
[17]. The Haigis formula was implemented using optimised constants from
the ULIB website (www.ocusoft.de/ulib/c1.htm, accessed on April 4th,
2021). A CACD constant of 5.52 and an A-constant of 119.0 were used for
the VRF and VRF-G formulas, respectively.
After the operation, all patients underwent postoperative examinations

at 1 month (LT). Postoperative examinations included uncorrected and
best-corrected visual acuity, tonometry, automatic kerato-refractometry,
and direct or indirect ophthalmoscopy. Patients who had a postoperative
corrected distance visual acuity of at least 6/9 were included in the study.
Refraction was first assessed by an automatic kerato-refractometer (RT-

7000, Ver. 1.7, Tomey, Japan). Using a Jackson cross-cylinder set at ±0.25 D,
we then verified the automatic refractometry data, first according to the
cylinder axis, then by its power and SE. The red-green duochrome test was
used at the end of the subjective refraction examination to refine the
spherical refraction. The obtained value was used as the basis for
postoperative manifest refraction, which was measured at 4 m and then
adjusted to 6 m by adding 0.08 D, as recommended by Simpson and
Charman [18].
The difference between the spherical equivalent of the obtained

(PostRef) and the preoperative predicted refraction (PredRef) was
calculated and analysed for each of the formulas and defined as prediction
error (PE), median absolute error (MedAE), mean absolute error (MAE), SD,
MIN and MAX error values.
The mean PE, MedAE and MAE were calculated and analysed. The

percentages of eyes that had a prediction error within ±0.25 D, ± 0.50 D, ±
0.75 D and ±1.00 D were calculated for each formula.

Statistical analysis
All results were statistically analysed using GraphPad software (version 3.1;
Instat) and MedCalc (version 12.3.0; MedCalc Software Inc.). The
Kolmogorov–Smirnov test was applied to assess the normality of the
distributions of the data. The results indicated that the PE data of each
formula were normally distributed (P > 0.05) but not their absolute value
(each P < 0.05). Homogeneity of variance was checked with the F test for
each sample pair. The differences between all of the formulas were
assessed using one-way analysis of variance (ANOVA) for PEs and
Friedman’s ANOVA for absolute errors. In the event of a significant result,
paired analysis was performed with the Dunn post-test. The nonparametric
Cochran Q test with the McNemar post hoc test was used to compare the
percentage of eyes with a PE within ±0.5 D. Correlation with the Spearman
coefficient was calculated to assess the relationship between PE and
preoperative ACD. A P value less than 0.05 was considered statistically
significant.
A minimum sample size of 109 eyes was calculated using the PS

programme (version 3.0.12; DuPont WD, Plummer WD Jr. 2012). This was
sample size necessary to detect a difference in MedAE of 0.04 D with a
power of 95% at a significance level of 5%, given a within-subject SD for
simulated keratometry equal to 0.05 D.

RESULTS
Data from 181 eyes of 181 patients were evaluated; 9 eyes of 9
patients were excluded for different reasons: high intraocular
pressure (3), macular oedema (1) and low visual acuity (5). Table 1
contains the measured parameters of the eyes and demographic
characteristics of the patients.
All data analyses, including refractive outcomes obtained by

each formula and optimised constants, are shown in Table 2.
For the mean prediction error, no statistically significant

differences were found (one-way ANOVA, P= 0.1142). In contrast,
a comparison of the absolute values of predicted errors found a
statistically significant difference between formulas (Friedman’s
ANOVA, P= 0.0000). The Dunn post-test for paired comparisons
showed statistically significant differences between absolute
errors of the formulas. Table 3 shows the multiple pair
comparisons of formulas with statistically significant differences
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(P < 0.05). Significant differences were predominantly found
between the Haigis (P < 0.05), Kane (P < 0.05), and VRF-G formulas
(P < 0.05) and all other formulas.
Figure 1a demonstrates the box-and-whisker plots and the

distribution around the MedAE for the investigated formulas.
All formulas demonstrated good outcomes, with the largest

outliers occurring with the T2 and SRK/T formulas. Interestingly,
some of the classical vergence formulas (Haigis) outperformed the
new, last generation formulas (Barrett, Kane) and showed good
accuracy and reproducibility. Thus, Haigis (MedAE 0.247 D) worked
better than Kane (MedAE 0.263 D) and Barrett (MedAE 0.298 D)
and outperformed all other formulas with the exception of the
VRF-G (MedAE 0.242 D). Additionally, we found that the new
formula that uses AI showed promising results (Kane MedAE
0.263 D).

Analysing MAE, the best results were achieved with the VRF-G
(MAE 0.359 D), Kane (MAE 0.363 D), Haigis (MAE 0.372 D) and VRF
(MAE 0.377 D), with the top performers remaining the same.
Most of the formulas showed similar results in terms of a

prediction error within ±0.50 D and were between 66% and 71%,
which is a good indicator of their accuracy. We also investigated
the percentage of errors within ±0.25 D. Only five formulas
achieved results of 45.0% or more: VRF-G (53.49%), Haigis (51.16%),
Kane (49.42%), VRF (46.51%) and Barrett (45.93%) (Fig. 1b).
Overall, the results were good across all formulas, and 91.0%

achieved errors up to 1.0 D. Statistically significant differences
among formulas with PE within ±0.5 D according to the Cochrane
Q test with McNemar post hoc test shown in Table 4.
Differences were found between the Haigis, Kane and VRF-G

formulas and all other formulas.
The lowest SD values were achieved by the Kane (0.484 D), VRF-

G (0.486 D), Holladay 2 (0.489 D), VRF (0.493 D) and Haigis (0.501 D)
formulas, whereas the highest SD was achieved by the T2 (0.553
D) and SRK/T (0.584 D) formulas.
We also analysed the correlation between the individual PE

obtained by each formula and the preoperative ACD (Fig. 1c).
A statistically significant correlation (p < 0.001) was found for

the Barrett (r= 0.196, P < 0.000), Hoffer Q (r= 0.226, P < 0.000),
Holladay 1 (r= 0.264, P < 0.000), T2 (r= 0.307, P < 0.000) and SRK/T
(r= 0.345, P < 0.000) formulas. It is obvious that more accurate
formulas use algorithms that take into account the preoperative
ACD to avoid any correlation with the PE.

DISCUSSION
In our investigation, the VRF-G, Haigis and Kane formulas had the
lowest MedAE and MAE and may therefore be the most precise. In
contrast, T2 and SRK/T had significantly larger absolute PEs and
therefore should not be selected when calculating the IOL power
in eyes with AL ≤ 22.00 mm.
Several studies investigated formula accuracy in eyes with an

AL ≤ 22.00 mm [1, 2, 11, 12].
In the comparison by Roh et al. [19] of 4 formulas in a sample of

25 hyperopic eyes, the MAEs were 0.37 D, 0.53 D, 0.56 D and 0.62
D for the Haigis, SRK/T, SRK II and Hoffer Q, respectively. The

Table 1. Demographics of study subjects.

Demographics Mean (±SD) Range

Age 70.05 ± 11.08 39, 94

Preoperative Refraction (SE) +0.71 ± 1.49 −1.68, + 5.25

Axial Length (mm) 21.51 ± 0.42 20.09, 22.00

Corneal Power (D) 45.33 ± 1.42 41.32, 49.12

Corneal Astigmatism (D) 0.66 ± 0.49 0.00, 1.51

Anterior Chamber
Depth (mm)

2.74 ± 0.41 1.84, 3.92

Lens Thickness (mm) 4.62 ± 0.46 3.29, 5.42

Corneal Diameter (mm) 11.62 ± 0.29 11.02, 12.14

Central Corneal
Thickness (mm)

0.541 ± 0.26 0.463, 0.617

IOL Power (D) 26.06 ± 1.84 22.0, 30.0

IOL model, n (%) IQ SN60WF,
172 (100%)

ACD anterior chamber depth (measured from corneal epithelium to lens),
SD standard deviation of the error, SE spherical equivalent, D dioptre.
Demographics of patients.

Table 2. Refractive outcomes and optimised constants obtained by each formula in eyes with AL ≤ 22.00mm. The mean prediction error, median
absolute error, mean absolute error, standard deviation of errors, optimised constants, and percentage of eyes with refractive prediction errors within
±0.25 D, ±0.50 D, ±0.75 D ±1.00 D and ±2.00 D for each of the ten formulas. The best median absolute error value was found for VRF-G (0.242 D) and
Haigis (0.247 D) formulas; the worst result was produced by the SRK/T formula (0.340 D).

n 172

Formula Optimised Constants PE SD MedAE MAE Percentage of Eyes within PE (%)

IQ SN60WF PE
≤0.25 D

PE
≤0.50 D

PE
≤0.75 D

PE
≤1.00 D

PE
≤2.00 D

BU II 1.88 0.020 0.518 0.298 0.392 45.93 68.02 88.37 94.19 100.00

Haigis −0.769
0.234
0.217

0.037 0.501 0.247 0.372 51.16 73.84 88.95 93.60 100.00

Hoffer Q 5.64 −0.091 0.519 0.314 0.399 43.02 70.93 86.63 93.02 100.00

Holladay 1 1.84 −0.084 0.524 0.329 0.407 41.86 70.93 86.05 92.44 100.00

Holladay 2 5.601 −0.161 0.489 0.315 0.395 40.12 72.67 88.95 95.93 100.00

Kane 119.00 −0.010 0.484 0.263 0.363 49.42 75.16 89.53 95.93 100.00

SRK/T 119.00 0.045 0.584 0.340 0.447 41.86 66.28 79.07 90.70 100.00

T2 119.00 −0.027 0.553 0.332 0.423 43.60 67.44 82.56 90.12 100.00

VRF 5.52 0.000 0.493 0.292 0.377 46.51 70.35 88.37 95.93 100.00

VRF-G 119.00 0.027 0.486 0.242 0.359 53.49 75.67 90.12 95.35 100.00

PEmean prediction error, SD standard deviation of the error, MedAE median absolute error, MAEmean absolute error, D dioptre, n number of cases.
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proportion of absolute errors less than ±1.0 D was more than 80%
for all formulas. The calculation with the Haigis formula showed
the best results. The results from our study confirm that the Haigis
(MAE 0.372 D) was one of the most accurate formulas for eyes
with short axial lengths.
Eom et al. [20] compared the accuracy of the Hoffer Q and

Haigis formulas according to the anterior chamber depth in cases
of short axial length. There were no significant differences in the
MedAE predicted by the Hoffer Q and Haigis formulas (0.40 and
0.40 D, respectively). However, the difference between the
formulas increased significantly as the anterior chamber depth
decreased (R²= 0.644, P < 0.001). Therefore, ACD should be
considered when evaluating the accuracy of the IOL power
calculation formulas in short eyes. In contrast, the analysis of the
absolute prediction errors in our study revealed statistically
significant differences, and the Haigis (MedAE 0.247 D) was more
accurate than the Hoffer Q (MedAE 0.314 D).
Recently, Voytsekhivskyy [4] scrutinised seven formulas on a

large sample (n= 823) of eyes. He did not find any statistically
significant differences among the absolute errors of the 7 formulas
in 53 short eyes; where he used the optimised constants, which
are calculated for the whole range of ALs and not specifically for
short eyes. The most accurate formula was the VRF (MedAE 0.345
D). The Hoffer Q (MedAE 0.350 D) and Holladay 2 (MedAE 0.361 D)
also showed good results. The Haigis (MedAE 0.386 D), T2 (MedAE
0.418 D) and SRK/T (MedAE 0.426 D) formulas were significantly
worse. Interestingly, in our study, Haigis (MedAE 0.247 D) was one
of the most accurate formulas and showed statistically significant
differences. This discrepancy is likely due to the much larger
sample in our data set.
Hipólito-Fernandes et al. [10] compared the results of 13

formulas for a large database, where 82 short eyes were implanted
with one type of lens (IQ SN60WF). Overall, in short eyes, the VRF-
G (MAE 0.345 D), EVO 2.0 (MAE 0.347 D) and Kane (MAE 0.348 D)
were the more accurate formulas, as they provided mean PEs
closer to zero, whereas the Barrett (MAE 0.367 D), Haigis (MAE
0.397 D) and Hoffer Q (MAE 0.478) were less accurate. In our study,
the VRF-G (MAE 0.359 D) and Kane (MAE 0.363 D) demonstrated
similar outcomes and outperformed all other formulas, while the
Barrett (MAE 0.392 D) was less predictable, with the Haigis (MAE
0.372 D) formula being more accurate. This discrepancy is likely
due to the much larger sample in our data set.
Connell and Kane investigated six formulas in 846 eyes. They

did not find any statistically significant differences among the

absolute prediction errors of the formulas in the short AL group (n
= 46). The Kane (MAE 0.441 D) and Olsen (MAE 0.442 D) formulas
were the most accurate predictors of postoperative refractions.
The Barrett (MAE 0.479 D) was less accurate than the Haigis (MAE
0.472 D) and Hoffer Q (MAE 0.476 D) formulas [21]. Our data are in
good agreement, where the Kane (MAE 0.363 D) was one of the
most accurate formulas, while the Barrett (MAE 0.392 D) was less
predictable, in contrast with the Haigis (MAE 0.372 D), which was
the second-most accurate formula.
Recently, Darcy et al. [22] found a statistically significant

difference in the absolute error achieved by 9 formulas with a
larger sample of short eyes (n= 766). The Kane formula providing
the lowest MAE (0.441 D), and the Barrett Universal II achieved the
highest one (0.493 D). The Haigis (MAE 0.486 D) was less
predictable than the Hoffer Q (MAE 0.478 D) and Holladay 1
(MAE 0.461 D) formulas. The authors did not specifically optimise
the constants for short eyes. In our study, the Kane (MAE 0.363 D)
had the second lowest absolute error value and outperformed all
other formulas except the VRF-G (MAE 0.359 D). Interestingly, in
the previous study, the Barrett was the least predictable among all
formulas.
A study by Wendelstein et al. [12] of 150 hyperopic eyes

showed that the lowest MedAE was found with the Pearl-DGS
(0.26 D), Castrop (0.27 D), Okulix (0.30 D) and Kane (0.30 D)
formulas, while the highest values were obtained with the Hoffer
Q (0.38 D) and SRK/T (0.42 D) formulas. The Barrett formula (0.33
D) was less accurate than the Haigis formula (0.32 D). Their data
are in good agreement with our study, as the Kane (MedAE 0.263
D) and Haigis (MedAE 0.247 D) formulas achieved better outcomes
than the Barrett (MedAE 0.298 D), Hoffer Q (MedAE 0.314 D) and
SRK/T (MedAE 0.340 D) formulas.
In a recent investigation, Kane and Melles analysed the results

of various formulas in axial hyperopia with a high-power
intraocular lens of 30 or more dioptres [9]. The Kane (MedAE
0.371 D) and Haigis (MedAE 0.436 D) formulas were more accurate
than the Barrett (MedAE 0.650 D), Hoffer Q (MedAE 0.656 D) and
SRK/T (MedAE 0.561 D) formulas. Their findings are in good
accordance with our study, where the Haigis (MedAE 0.247 D)
and Kane (MedAE 0.263 D) formulas had lower absolute errors
than the Barrett (MedAE 0.298 D) and SRK/T (MedAE 0.340 D)
formulas.
Analysis of the results from our investigation and the

aforementioned studies led to similar conclusions for some
formulas, such as the Haigis, Kane and VRF-G, which performed

Table 3. Statistical comparison of the mean prediction error values and the absolute error values according to Friedman’s test with Dunn’s post hoc
test of the ten formulas for the short eyes (P values less than 0.05 were considered statistically significant). Statistically significant differences were
found for the VRF-G (P < 0.05), Kane (P < 0.05) and Haigis (P < 0.05) formulas.

Formulas P value: BUII Haigis Hoffer Q Holladay 1 Holladay 2 Kane SRK/T T2 VRF VRF-G

D-test

BUII - 0.047a 0.769 0.444 0.422 0.188 0.110 0.142 0.486 0.045a

Haigis 0.047a - 0.039a 0.044a 0.042a 0.817 0.000a 0.011a 0.695 0.487

Hoffer Q 0.769 0.039a - 0.637 0.624 0.048a 0.055 0.240 0.323 0.038a

Holladay 1 0.444 0.044a 0.637 - 0.986 0.037a 0.075 0.482 0.144 0.011a

Holladay 2 0.422 0.042a 0.624 0.986 - 0.036a 0.078 0.493 0.139 0.010a

Kane 0.188 0.817 0.048a 0.037a 0.036a - 0.000a 0.005a 0.533 0.643

SRK/T 0.110 0.000a 0.055 0.075 0.078 0.000a - 0.281 0.001a 0.000a

T2 0.142 0.011a 0.240 0.482 0.493 0.005a 0.281 - 0.030a 0.001a

VRF 0.486 0.695 0.323 0.144 0.139 0.533 0.001a 0.030a - 0.277

VRF-G 0.045a 0.487 0.038a 0.011a 0.010a 0.643 0.000a 0.001a 0.277 -

P values = calculated probability. α= 0.05 - significance level. D-test = Dunn’s post-test.
aStatistically significant difference with other formulas.
“-” comparison the same formula.
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Fig. 1 Distribution of the absolute prediction errors and percentage of cases with a given prediction error. Distribution of the median
absolute errors (a), stacked histogram comparing the percentage of cases with a given prediction error (b) and line graph (c) of prediction
error (in diopters) versus anterior chamber depth (in millimeters) for SN60WF lens for BUII, Haigis, Hoffer Q, Holladay 1, Holladay 2, Kane, SRK/T,
T2, VRF and VRF-G formulas.
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better for short eyes than all other formulas. Additionally, we
found that all formulas achieved a high level of accuracy, with a
prediction error within ±0.50 D. The best value was obtained with
the VRF-G (75.67%) and Kane (75.16%) formulas, and the worst
was obtained with the SRK/T (66.28%) and T2 (67.44%); however,
all formulas obtained a value of 65.00%.
The results of this study show promising outcomes. The VRF-G,

Kane and Haigis formulas were the most accurate predictors of
postoperative refraction in hyperopic eyes and outperformed all
other methods. The Barrett Universal II formula demonstrated
average performance among all methods and outperformed the
existing Hoffer Q, Holladay 1 and 2, T2 and SRK/T formulas, with
the Haigis formula as an exception. However, the absolute error of
the Barrett formula was significantly higher than that of the Kane,
VRF and VRF-G formulas. One of the best formulas, in our opinion,
was the Haigis, which was the second-most accurate formula and
can be recommended for calculation in hyperopic eyes. This is
supported by many other authors and can thus help clinicians
choose the formula for determining IOL power in eyes with short
axial lengths [11, 12, 19–25].
A restriction of this study was the small number of eyes with an

axial length of less than 21.00 mm (15). Moreover, the accuracy of
the new VRF-G and Kane formulas must be further investigated
and tested for other axial length ranges.
In conclusion, the findings of the present investigation

support the idea that the new methods as a rule outperform
the original formulas for eyes with AL ≤ 22.00 mm. Overall, the
VRF-G, Kane and Haigis were the most accurate predictors in
short eyes.

Summary
What was known before

● The IOL power calculation in short eyes remains a problem.
● Contradictory outcomes have been reported by several

studies as far as which formula yields the most accurate
refractive results in short eyes.

What this study adds

● The new, previously untested formulas VRF and VRF-G have
been assessed in eyes with AL ≤ 22.0 mm.

● The newest generation formulas (Kane and VRF-G) provided
the best outcomes and outperformed all classical formulas
except for the Haigis.

● The Barrett Universal II formula showed intermediate result
and outperformed existing formulas with the Haigis, Kane, VRF
and VRF-G as an exception.
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