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Abstract
Purpose of Review To provide a glimpse into some of the newer methods of performing IOL calculations and recent literature on
which formulas and calculation strategies have been recommended for a certain subset of eyes.
Recent Findings A literature review was performed to investigate all the relevant, recently published studies on the progress,
comparisons, and recent advancements of IOL calculations. Based on this review, the appropriate history, evolution, progress,
limitation, and recent advancements are analyzed and explained. A plethora of IOL formulas and calculation strategies have been
developed to help surgeons achieve the most desired post-operative outcome for their patients.
Summary Modern IOL formulas, calculation strategies, and biometric devices perform well for average eyes; however, they
remain less optimal for eyes with atypical biometric parameters. There is no single solution that has been deemed as the perfect
formula which can simplify the process and consistently provide accurate results for all types of eyes. Over the years, a number of
different formula optimization strategies have been devised for traditional IOL formulas and newer, more sophisticated IOL
formulas with advanced mathematical algorithms have been developed. By addition of new input parameters and use of complex
mathematics to better estimate post-operative lens position, these solutions may minimize refractive error. These methods may
provide increasing improvement in both typical and atypical eyes in the years to come.
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Introduction

Cataract is the leading cause of reversible blindness in the
world as it is responsible for approximately 51% of worldwide
sight loss [1]. Cataract surgery is the most performed surgical
procedure in ophthalmology. As more and more individuals
continue to live longer, the need for performing cataract sur-
geries will only increase.

One of the most crucial components of cataract surgery
occurs in the pre-operative stages when the surgeon decides

on which intraocular lens (IOL) to implant in a patient’s eye
[2]. This step is facilitated by the vital process of performing
accurate IOL calculations to achieve the desired target refrac-
tion. A complex two-lens system is established after the sur-
gery which consists of the cornea and the IOL which replaces
the opacified natural lens of the eye. This system is at the core
of IOL power calculations [3]. Indeed, the process of
performing accurate IOL calculations is a critical factor in
optimizing refractive outcomes.

Given the importance and complexity of this process, a
plethora of individuals and groups have described a number
of various IOL formulas, observations, intuitions, or “rules of
thumb” to help surgeons achieve optimal results. In the past
decade, a new wave of mathematical formulas has emerged to
help the surgeon pick the most appropriate IOL for target
refraction. Usually, this target is chosen to achieve
emmetropia or a slight degree of myopia [4–6].

Almost all IOL formulas are structured similarly to calcu-
late for vergence and predict the post-operative anterior cham-
ber depth (ACD) or estimated lens position (ELP) [3, 7].
These formulas are composed of two-key input parameters
which are representative of each eye: axial length and corneal
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power. These variables are used to help calculate the vergence
and ELP [7]. However, high expectations from cataract sur-
gery have fueled the development of newer generation of IOL
formulas, which more input parameters and advanced mathe-
matical algorithms to further refine their results and reach the
targeted post-operative refraction.

Evolution of Current IOL Calculation Methods

Since the invention of the IOL by Sir Harold Ridley in 1951,
IOL formulas have grown in their capabilities and complexities
from one generation of formulas to the next. The “third-” and
“fourth-generation” of IOL formulas are the most prominently
used today. In the 1990s, the third-generation of IOL formulas
(Holladay I, SRK/T, and Hoffer Q) was described in the litera-
ture. These formulas treated the ELP as a function of both axial
length and corneal power, and not merely axial length. These
theoretical improvements are the reasons these formulas are still
used today for their accuracy and simplicity [3].

The “fourth-generation” of IOL formulas (Holladay II,
Barrett, Olsen, and Haigis) improved on the previous genera-
tion [8]. In addition to corneal power and axial length vari-
ables, these formulas included additional variables such as
patient age, measured anterior chamber depth, white-to-
white measurement, and lens thickness. By incorporating ad-
ditional variables within their calculation, these formulas im-
proved not only the vergence calculation but also more impor-
tantly the ELP calculation.

To further improve the use of these formulas, various stud-
ies have shown that certain formulas are more accurate for
certain types of eyes. One particular study of note compared
third-generation IOL formulas and found that Hoffer Q was
most ideal for eyes with axial length 20-to-21 mm, Holladay I
for 21-to-21.5mm, and SRK/T for > 27mm. Further improve-
ment of outcomes was demonstrated by applying the Wang-
Koch adjustment to the axial length parameters when using
the Holladay I formula [9].

Lastly, these IOL formulas can be personalized to achieve
improved outcomes. This may be done bymodifying the man-
ufacturer’s A-constant finetune modern IOL formulas based
on post-operative outcomes. Surgeons may choose to opti-
mize the A-constant based on their data or simply use one
from the User Group for Laser Interference Biometry
(ULIB)—a collaborative library of optimized A-constants
for the commonly used IOLs [10••].

New Formulas

Although the results of IOL calculations have drastically im-
proved since the days of the first IOL, approximately 25% of
eyes do not reach their desired post-operative target refraction

[6]. There remains a clear paucity of a single, unified solution
which promises accurate outcomes for both the “average” eye
and an eye with atypical parameters. This lack of a singular
solution has led surgeons to invest a significant portion of their
time and energy to pick a single formula from a pack of other
formulas which they hope will work better for a given eye.
The uncertainty and need surrounding IOL calculations has
led to the development of a newer generation of IOL formulas.

The H-5 formula by Hoffer is one of the “fifth-generation”
of IOL formula which was developed recently. It is based on
the original third-generation Hoffer Q formula. To help more
eyes reach their target, the formula considers multiple input
parameters such as gender and race variables. Specification of
such parameters helps the formula achieve a level of increased
customization with regard to a patient’s eye. For example, this
formula takes gender differences into account as men tend to
have increased axial length, with deeper anterior chambers
and flatter corneas compared to women.

Newer and more complex IOL formulas have recently been
developed which involve a “big data” approach and complex
mathematical algorithms. Ladas and co-authors [10••] de-
scribed a novel method of amalgamating modern IOL formu-
las in three dimensions. By deriving a formula from this com-
bined “super surface” helped to create a unified IOL “super
formula” to achieve increased accuracy for all eyes. The Ladas
Super Formula is now using post-operative outcomes and ar-
tificial intelligence (AI) to “learn” and further improve itself
by minimizing errors in IOL calculations. It is essentially a
“hybrid” formula which uses known formulas that work well
for a particular eye, in concert with AI to improve areas of
itself that need improving.

The Hill-RBF formula is another example of an IOL for-
mula which uses patient outcomes in combination with ad-
vanced mathematical techniques to improve refractive out-
comes. It is based entirely on a machine-learned algorithm
based on a dataset of around 600 or more patients with a single
lens type and biometer. The FullMonte formula is another
example of a formula that is based on machine learning and
mathematical neural networks. It uses the Monte Carlo
Markov Chain algorithm.

Recent Articles that Compare Formulas

A plethora of studies have been published which have com-
pared many of the modern third-, fourth-, and fifth-generation
of IOL formulas. A recent study compared the Hoffer Q,
Holladay I, Holladay II, SRK/T, Barrett, Haigis, and T2 for-
mulas using more than 3000 eyes [11•]. For axial lengths
22 mm and greater, the Barrett formula was the best
performing formula.

Hoffer and Savini’s analysis [12•] of studies looked at the
third- and fourth-generation IOL formulas to find the most
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ideal formulas to use for short and long eyes. It found that
Haigis, Hoffer Q, and Holladay II formulas were most ideal
for eyes less than 22 mm of axial length; and Barrett, Haigis,
Olsen, and SRK/T formulas were the most accurate for eyes
longer than 26 mm of axial length.

Gökce [13•] and co-authors compared 7 IOL formulas
(Barrett Universal II, Haigis, Hill-RBF, Hoffer Q, Holladay
1, Holladay 2, and Olsen) in short eyes with axial length less
than 22 mm. Although this case series included only 67 pa-
tients, it concluded that Hoffer Q and Holladay II had slightly
myopic results, and Olsen had hyperopic results. And, when
the mean numeric error was adjusted to zero, there was no
statistically significant difference between each of the 7
formulas.

Melles [14••] and co-authors analyzed results of 7 IOL
formulas (Barrett Universal II, Haigis, Hoffer Q, Holladay 1,
Holladay 2, Olsen, and SRK/T) in more than 18,000 eyes split
between two different monofocal lenses. The Wang-Koch ax-
ial length adjustment was also applied to certain formulas for
axial length greater than 25 mm. The Barrett formula per-
formed significantly better than the other formulas for both
IOLs. The Wang-Koch adjustment resulted in a shift from
hyperopic to myopic outcomes in long eyes.

Popovic [15•] and co-authors further studied the effect of
Wang-Koch adjustment to the Holladay I formula in more
than 200 eyes longer than 25 mm. The studied concluded that
theWang-Koch adjustment should only be used in eyes longer
than 27 mm when using the Holladay I formula.

Some of the newer generation of IOL formulas (Hill-RBF,
FullMonte method, and Ladas Super Formula) was studied
along with Holladay I and Barrett formula [16••]. Slightly
better results were achieved by the Holladay I and Barrett
formula. However, of the three newer generation IOL formu-
las, the Ladas Super Formula had the lowest mean absolute
error and was the best performing formula for short axial
lengths.

Conclusion

Cataract surgeons dedicate a significant portion of their pre-
operative workflow towards performing IOL calculations,
picking a formula, and selecting the most appropriate lens
power to implant into a given patient’s eye. This may be a
challenging and time-consuming process for many surgeons
given the number of formulas and factors to consider with
each eye. Since there has not been a single perfect IOL for-
mula or solution which can help to simplify this complex
process, surgeons have always relied on using multiple IOL
formulas and picking one which they feel will suit their needs.

Lens calculations have certainly come a long way since the
days of the earliest methods by Binkhorst, Colenbrander, and
Fyodorov. Despite the advancements, the current “success

rate” of IOL calculations has generally remained around 70–
80% in the past two-to-three decades. Regardless of this ardu-
ous process, expectations from cataract surgery remain high
from both patients and surgeons. Current IOL calculation for-
mulas generally perform well for average eyes. However, due
to the mathematical and biometric imperfections, these formu-
las remain suboptimal in eyes with atypical values of axial
length, keratometry, and anterior chamber depth.

Several new IOL formulas have been developed in the past
decade which have sought to improve post-operative out-
comes by introducing additional variables and incorporated
advanced mathematical techniques. However, the data on
these new formulas is still lacking. Few studies have been
performed that have compared several formulas against each
other which have shown that Barrett is the best performing
overall formula from the previous generations. Use of Wang-
Koch adjustment may be beneficial for longer eyes with
Holladay I formula. These studies have also shown promising
results with the newer generation IOL formulas which use
artificial intelligence and big data approach. Ladas Super
Formula has proven to show the lowest mean absolute error
in this group. However, these new formulas will continue to
evolve with time and could be the way forward in IOL calcu-
lations where unprecedented results are achieved in lens cal-
culations. More comparison studies will need to be performed
to compare these formulas as they continue to improve with
time to help provide a more conclusive calculation solution.
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