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Purpose: To assess the contribution of each optional parameter to the IOL power calculation and evaluate the effect of omitting 
biometric variables (ACD, LT, WTW) using the VRF-G formula.
Methods: A total of 501 eyes from 501 consecutive patients included in the study underwent cataract surgery with in-the-bag 
implantation of one-piece soft hydrophobic acrylic posterior chamber IOLs, AcrySof IQ SN60WF (Alcon Labs, Fort Worth, TX, 
USA). The primary calculation comprised five measured variables, and IOL power was recalculated for different combinations of 
omitting ACD, LT, and WTW. Outcome measurements included the difference in IOL power calculations between different omission 
combinations.
Results: Omitting any of the biometric variables resulted in a significant difference in the mean difference in IOL power calculation 
(ranging from 0.029 to 0.108 diopters), except for WTW omission alone (0.002 diopters). ACD proved to have the most impact, with 
its omission resulting in larger differences in power calculations (range: 0.177–0.248 diopters) compared to combinations where ACD 
was not omitted (range: 0.057–0.141 diopters). The shortest eyes were most affected by ACD omission.
Conclusion: The study highlights the importance of ACD in IOL power calculations, particularly for shorter eyes. WTW and LT were 
found to be less important when using the VRF-G formula for IOL power calculations.
Keywords: IOL power, formulas, VRF-formula, calculation, axial length

Introduction
Cataract surgery is one of the most common surgical procedures performed worldwide, in which the native opaque lens 
of the eye is replaced with a clear artificial intraocular lens (IOL). One of the most critical issues in attaining targeted 
refraction is predicting the IOL power in the eye following cataract surgery.1,2 There is no clinically relevant superiority 
among the latest generation formulas, and one formula may be slightly more accurate than another due to study design 
characteristics rather than the formula itself.3,4

The VRF (Voytsekhivskyy Regression Function) formula is empirical, and it estimates post-operative lens position 
using four predictors: axial length (AL), preoperative anterior chamber depth (corneal epithelium to anterior surface of 
the lens, ACD), corneal power (K), and horizontal corneal diameter (white to white (WTW)).5 The VRF-Gender (VRF- 
G) formula is a profound modification of the VRF formula, and it’s based on theoretical optics with regression and ray- 
tracing components. It includes VRF parameters (AL, ACD, K, WTW), as well as gender, preoperative refraction, lens 
thickness (LT), and central corneal thickness (CCT).6,7 The accuracy of this formula was proven by comparison to other 
traditional and recently developed intraocular lens formulas in general and short eyes in particular.6–10

Our previous report investigated the effect of different biometric data on the accuracy of IOL power calculation. 
Using the Barrett Universal II (hereafter, BUII) formula, a comparison of the results was achieved when all five relevant 
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variables (AL, K’s reading, ACD, LT, and WTW values) were included in the calculation to the results achieved with 
different combinations of omission of one or more of these parameters.11,12 Our findings suggested that for the BUII, the 
omission of the investigated parameters from the calculation resulted in a clinically significant difference in IOL power 
calculation in short but not for the long or medium axial length ranges.

It remains unclear whether incorporating optional parameters yields a clinically significant difference in calculating 
the predicted IOL power using the VRF-G formula. To assess the contribution of each optional parameter to the IOL 
calculation, we evaluated the effect of the omission of three biometric variables (ACD, LT, and WTW) alone or in 
different combinations on the accuracy of IOL power calculation.

Materials and Methods
This retrospective study was conducted according to the guidelines of the Declaration of Helsinki and approved by the 
Institutional Review Board of the Rabin Medical Center, Petah Tikva, Israel (Protocol N0775-18-RMC, date of approval 
18/04/2019). Patients’ consent was waived due to retrospective data collection without identifying details.

The patients included in this study were patients from the daily practice. We analyzed 501 eyes of 501 consecutive patients 
undergoing uneventful phacoemulsification and in-the-bag implantation of one-piece soft hydrophobic acrylic posterior 
chamber IOLs AcrySof IQ SN60WF (501 eyes) (Alcon Labs, Fort Worth, TX, USA) between January 2019 and 
March 2020 at Rabin Medical Center, Petah Tikva, Israel. The cataract surgery with the phaco-chop technique was performed 
by the same surgeon (UE) with a temporal tunnel clear corneal incision of 2.5 mm. The study involved patients with 
a diagnosis of cataracts without comorbidity. The criteria for exclusion were any form of macular degeneration, any stage of 
glaucoma, corneal degenerative changes, corneal astigmatism greater than 2.0 diopter, any stage of keratoconus, and prior 
corneal refractive surgery. If patients had bilateral IOL surgery, a right eye was chosen for inclusion in the study.

Measurements were taken with the Swept-Source Optical Coherence Tomography (SS-OCT) biometry on IOLMaster 700, 
software version 1.70 (Carl Zeiss Meditec AG, Jena, Germany). Only measurements with good quality were included in the 
analysis since measurements with an exclamation (!) or asterisk (*) were eliminated. The BUII and SRK/T formulas were used 
as the actual IOL power formulas for preoperative calculation. Both formulas were accessible as a part of software V1.70 of 
the SS-OCT optical biometer.12,13 The Optimized A-constant of 119.0 and Lens Factor of 1.88 were used as recommended 
IOLCon platform (https://iolcon.org, accessed on January 30, 2020) for the SN60WF IOL.

Retrospectively, the IOL power targeting emmetropia was calculated using the VRF-G method. The VRF-G formula 
was previously described and showed promising results, especially in eyes with short axial lengths.7–9 It was pro
grammed into Excel by the author (OVV). The optimized A-constant of 119.00 was used for the SN60WF IOL.

The primary calculation included only five measured variables (AL, K, ACD, LT, WTW) and was accepted as the 
reference measurement. Such variables as preoperative refraction, central corneal thickness, and gender were not included in 
this scrutiny. IOL power targeting emmetropia was recalculated for the seven combinations of omitting one or more of the 
ACD, LT & WTW values. Each result was compared to the reference measurement. After the operation, all patients underwent 
post-operative examinations by an experienced optometrist at 1 month. Post-operative examinations included uncorrected and 
best-corrected visual acuity, tonometry, automatic kerato-refractometry, and direct or indirect ophthalmoscopy. Patients who 
have post-operative corrected distance visual acuity of at least 20/40 were included in the study.

Statistical Analysis
Data were analyzed using SPSS software (SPSS for Windows, Version 22.0. IBMCorp, Armonk, NY, USA). The 
distribution normality of continuous variables was performed using the Kolmogorov–Smirnov test. The results indicated 
that the data were not normally distributed for the mean error and its absolute value (each P < 0.000). A non-parametric 
Friedman’s ANOVA test with Dunn’s post hoc test was used to compare the IOL dioptric power by the VRF-G formula. 
Correlation analyses were performed between the mean difference of the partial and complete VRF-G calculations and 
the AL, K, ACD, WTW, and LT readings (Spearman’s rho rank correlation). A value of p < 0.05 was considered 
statistically significant. Subgroup analysis was performed by AL: short (AL ≤ 22 mm), medium (22.01–25.99 mm), and 
long (AL ≥ 26 mm). A minimum sample size of 218 eyes was calculated using the PS program (version 3.0.12; Dupont 
WD, Plummer WD Jr. 2012).
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Results
Demographics
In total, 501 right eyes of 501 patients were included in the present report. The mean age of patients was 65.2 ± 17.4 
years, and the mean AL was 23.75 ± 1.88 mm. Of the 501 eyes in the study, 94 (18.8%) had short AL, 324 (64.7%) had 
medium AL, and 83 (16.6%) had long AL.

Whole Cohort Analysis
Table 1 presents the mean difference in IOL power results in different combinations of ACD, LT & WTW values 
omission compared to the result when all parameters are included in the calculation for the whole cohort. Every 
combination of omitted variables resulted in a meaningful difference in the mean difference in IOL power calculation 
(0.029–0.108 D), except for WTW omission alone (0.002 D).

Figure 1 presents the mean absolute difference in IOL power calculation for each omitting combination for the whole 
cohort. The most meaningful biometric value was the ACD – the four combinations included its omission, resulting in 
a larger difference in power calculations (range 0.177–0.248 D) compared to combinations in which ACD was not 
omitted (range 0.057–0.141 D). The least meaningful variable was WTW – its omission alone made a negligible impact 
on the calculation (0.057 D). Adding either WTW or LT to ACD omission resulted in a minor effect compared to the one 
observed for ACD alone (0.221 D and 0.196 D, respectively, compared to 0.248 D).

Analysis by AL
Figure 2 presents the mean difference in IOL power calculations for each of the omitting combinations stratified by the 
eye’s AL. In all omission combinations in which ACD is included, the eye’s axial length substantially affects the 
difference in IOL power calculation results – the shorter the eye, the larger the difference. When ACD has not been 
omitted, the effect of the omission is not affected by the AL.

Figure 3 further emphasizes this effect by analyzing the percentage of eyes with a mean absolute difference of 0.25 D or 
more for each of the omitting combinations and demonstrates that for longer eyes, the effect of ACD omission is smaller than 
the one observed for medium eyes and much smaller than the one observed for shorter eyes.

Table 1 Mean Difference in IOL Power Calculation Results Between Calculation Based on 
All Five Variables (AL, K, ACD, LT, WTW) and Calculation Conducted with the Omission 
of ACD, LT, and WTW Alone, in a Combination of Two of Them or Omitting All of Them

Parameters Used Mean Difference (D) Between Partial 
Biometry and All VRF-G Parameters (SD); 

CI; p-value

All VRF-G parameters without Preoperative 

Refraction, Gender and CCT

–

AL, K −0.108 (0.218); (−0.127−(−0.089)); <0.000

AL, K, ACD −0.031 (0.181); (−0.047−(−0.015)); <0.001

AL, K, LT −0.078 (0.285); (−0.103−(−0.053)); <0.000

AL, K, WTW −0.107 (0.249); (−0.129−(−0.085)); <0.000

AL, K, LT, WTW −0.078 (0.317); (−0.105−(−0.050)); <0.000

AL, K, ACD, WTW −0.029 (0.149); (−0.042−(−0.016)); <0.000

AL, K, ACD, LT −0.002 (0.075); (−0.008−(+0.005)); 0.093

Abbreviations: AL, axial length; K, keratometry; ACD, anterior chamber depth; LT, lens thickness; WTW, white-to 
-white; D, diopter; SD, standard deviation; CI, confidence interval.
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Figure 4 presents a smooth line graph of the mean difference in IOL power calculation of the different omitting 
combinations in the whole cohort as a function of AL. While in short eyes, omitting ACD alone or in any combination 
causes a relatively more significant myopic difference, in longer eyes, the difference observed was much smaller and 
hyperopic. The differences for non-ACD omitting combinations are smaller, and their directions are opposite to the ACD 
omitting combinations (ie, hyperopic for short eyes and myopic for long eyes).

All omission options share the same point in which the difference changes from myopic to hyperopic at an AL of 
24 mm. In eyes with AL of 23–25 mm, any omission of biometric value (ACD, LT, WTW) alone or in combination with 
the others has an insignificant effect on the IOL calculation results.

Figure 1 Bar presentation of the mean absolute difference in IOL power calculation results in the seven options of ACD, LT, WTW omission (alone or in combination) in 
the whole cohort.

Figure 2 Bar presentation of the mean absolute difference in IOL power calculation results in the seven options of ACD, LT, and WTW omission stratified by eye length.
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Discussion
To the best of our knowledge, this is the first study assessing the contribution of each optional parameter to the IOL 
calculation using the VRF-G formula. This study evaluated the effect of the omission of three biometric variables (ACD, 
LT, and WTW) alone or in different combinations on the accuracy of IOL power calculation. There is still no consensus 
on which traditional or modern intraocular power calculation methods are the most precise.3,6,7,10,14,15

We need to point out that although eyes with previous corneal refractive surgery were excluded, predicting IOL power 
in such eyes remains especially complex due to altered corneal parameters. In cases of corneal refractive surgery, there 

Figure 3 Bar presentation of the percentage of eyes in which the IOL power calculation resulted in a difference >0.25 diopter in the seven options of ACD, LT, and WTW 
omission stratified by eye length.

Figure 4 Smooth line presentation of mean difference in IOL power calculation results as a function of axial length in the seven options of ACD, LT, WTW omission 
combination.
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can be inaccurate measurements of anterior keratometry and variations in the keratometric index, making it necessary to 
use specific IOL power calculation methods.16

The VRF was created as a fourth-generation vergence formula that uses the CACD constant (similar to the ACD constant) 
and only four variables available on any partial coherence interferometry (PCI) biometer: AL, K, ACD, and WTW. This 
method was adopted for the parameters from the IOLMaster 500 (Carl Zeiss Meditec AG, Jena, Germany), and it does not, 
however, consider factors that can be obtained on other new-generation optical biometers, like lens thickness or central corneal 
thickness. The recently published results do not indicate that it is one of the most accurate algorithms.3,7,10

The VRF-G is a theoretical optics formula that incorporates regression and ray-tracing components, including AL, K, 
ACD, WTW, CCT, LT, preoperative refractive spherical equivalent, and gender. It utilizes an optical A-constant for the 
SRK/T formula.6,7,10 It is worth noting that although central corneal thickness (CCT) was not directly analyzed in the 
present study, its inclusion in the VRF-G formula highlights its wider clinical importance. It is also important to 
recognize that biometric parameters like CCT have implications beyond IOL power calculation, such as in tonometry, 
where it affects intraocular pressure measurement.17

This research supports results that were previously published in studies related to the accuracy of the VRF and 
VRF-G methods.3,5–10 Hipólito-Fernandes et al published an analysis of 828 patients with the same type of IOL 
AcrySof IQ SN60WF (Alcon Labs, Fort Worth, TX, USA). Comparing 13 IOL power calculation methods, the authors 
have found that the VRF-G formula had the lowest median absolute error (MedAE) over the entire axial length and the 
highest percentage of eyes within ±0.50D. Moreover, VRF-G had the lowest mean absolute error (MAE) in short 
eyes.7

Voytsekhivskyy et al6 studied nine IOL power formulas in 295 eyes. After optimization of the mean predicted error 
(PE) to zero, a statistically significant difference was found between the absolute errors of the Barrett, VRF, and VRF-G 
and other third-generation formulas (Hoffer Q, Holladay 1, and SRK/T, p < 0.006), but not Haigis, Holladay 2, and T2 
formulas (p > 0.05). Notably, in terms of the standard deviation of the error (SD), the best results were shown by the 
VRF-G (0.464 D) and Haigis (0.466 D) formulas. In eyes with short axial lengths, the VRF and VRF-G were the most 
accurate methods (MedAE 0.243 and 0.258 D, respectively). Additionally, VRF-G achieved the highest value percentage 
of eyes with a PE within ±0.50 D (76.27%).

The findings of the present report show that the VRF-G intraocular lens power calculation formula agrees with the 
former report on the effect of biometric values omission on the BUII formula-based calculation of the IOL power.11 Both 
reports found that axial length is a significant factor influencing the extent of biometric value omission on IOL power 
calculation results. The difference in results is meaningful clinically for short eyes and much less meaningful for normal- 
length or long eyes.

Since the study includes eyes with long axial lengths (AL ≥ 26 mm), we should note that axial length correction 
factors can improve refractive accuracy in these cases.18 Cione et al19 demonstrated that group refractive index (GRI)- 
based biometers can cause systematic errors, especially in cataractous long eyes, and the advantages of AL adjustment in 
such eyes across traditional IOL formulas have been highly recommended.

The results of the present report demonstrated that omitting WTW and LT from the biometric values, regardless of the 
eye’s axial length, has little effect on IOL power calculation. In contrast, ACD omission has a significant effect on short 
eyes but not on long or average eyes. This finding implies the clinical significance of the ACD parameter in calculating 
IOL power, particularly in short eyes.

This could be explained by the significance of the ACD calculation on the effective lens position (ELP). 
Previous studies have shown that in short and normal eyes with an ACD < 2.5 mm, the calculation might affect 
the ELP.15

Jeong et al,20 studied Haigis, Hoffer Q, Holladay 1, and SRK/T formulas on 91 eyes of 91 patients with the same type 
of lens (Tecnis 1 ZCB00, Johnson & Johnson Vision, Jacksonville, FL, USA). They calculated the expected difference of 
each 3rd generation formula from the Haigis formula. Multiple regression analysis showed that preoperative ACD was 
the only significant factor for ELP prediction in all of the 3rd generation formulas. The authors revealed that for mean 
errors, axial length and post-operative change of ACD correlated significantly with the errors in all 3rd generation 
formulas, but not with errors of the Haigis formula. The preoperative ACD demonstrated the greatest influence 
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concerning the expected difference between the third-generation and Haigis formulas. Thereby, post-operative change of 
ACD correlated significantly with errors of third-generation formulas according to simulated ACD. They supported our 
data that ACD is the most valuable predictor in the accuracy of modern formulas, especially in short axial length.

This study’s limitations include its retrospective design, which is common among studies evaluating IOL formulae. 
Conducting gender analysis with the same variables could be the next goal for future research. Furthermore, the sample 
size was relatively modest, and a larger-scale study should be done. Additionally, the optical biometry device type can 
affect the formula’s accuracy.21–23

Conclusion
In conclusion, applying our findings to a clinical setting suggests that when using the VRF-G formula for IOL power 
calculations, WTW and LT values are not essential, and omitting them does not affect the results of the IOL power 
calculation. In contrast, ACD values are significant for IOL power calculation in short eyes.
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