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Calculation of I0L power after refractive surgery
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ABSTRACT

The purpose of this article is to identify and describe the methods used nowadays to calculate intraocular lens (IOL)
power in post refractive surgery patients. All the reasons why the standard way of calculating IOL power do not
work in post refractive surgery patients are analysed. Moreover, other formulas that can calculate the IOL power are
described. The importance for the surgeon to understand the advantages and limitations of each method is stressed.
The necessity of new, even more accurate methods to exist is also pointed out.
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INTRODUCTION

Patients who have undergone laser vision cor-
rection (LASIK or photorefractive keratectomy
— PRK) or radial keratotomy have had modifi-
cations to their corneal curvatures. Calculating in-
traocular lens (IOL) power in such patients has been
a subject of a significant amount of research over
the years [1-4]. The correct IOL calculation is very
important for patient satisfaction. Patients that have
undergone refractive surgery have less tolerance to
correcting any possible remaining refractive error
with spectacles, and their expectations of cataract
surgery are unusually high.

Since myopic refractive surgery has been the
most popular procedure, the majority of research
has been focused there. However, there are signif-
icant differences in the IOL calculation of other
refractive procedures, such as hyperopic LASIK or
radial keratotomy. IOL calculation is based upon
some parameters, such as corneal power and axial
length. Modern two-variable, third-generation for-
mulas, such as SRK/T, Hoffer Q, and Holladay 1,
use these variables to calculate the IOL power [5].

The most obvious reason for the inaccuracy of
IOL power calculation after refractive surgery is the
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change that the anterior cornea has been subject-
ed to. This includes a reshaping of the cornea but
also may involve changes in its refractive index [6].
Automated or manual keratometry is the usual way
of calculating corneal power, to insert in an IOL
formula. Keratometers measure the anterior cornea
and not the posterior, and a “net” index of refraction
is used to determine corneal power. Most kerato-
meters assume that the radius of curvature of the
posterior surface is 1.2 mm less than the anterior
curvature [7], which in the case of refractive surgery
is not true. By using a net index of refraction, the
keratometers can compensate for the negative power
of the posterior surface.

The alteration of the anterior corneal surface,
while the posterior stays without change, leads ker-
atometers and topographers to overestimate the cor-
neal power. This overestimation of corneal power
leads to a more hyperopic result [8] than intended
after cataract surgery. In patients who have un-
dergone hyperopic refractive surgery, the central
cornea is now steeper, and that will lead to an un-
derestimation of corneal power if using standard
devices, resulting in a myopic result [9-11] after
cataract surgery.
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Another source of error when calculating IOLs
after refractive surgery is the incorrect estimation of
effective lens position (ELP) [5, 12, 13]. The ELP is
related to the anterior corneal vertex. If using a flat-
ter (post-myopic correction) corneal power, the cal-
culation will lead to a more forward ELP, resulting
in an underestimation of the IOL power (hyperopic
outcome) [14]. The opposite happens in eyes with
a hyperopic laser vision correction [15].

Currently, there are many methods for choosing
the correct IOL power for a patient who has un-
dergone refractive surgery. Below we describe the
methods available and attempts to calculate corneal
power using historical data or objective measure-
ments.

CLINICAL HISTORY METHOD

The clinical history method is one of the first
methods ever used for the calculation of IOL power
for patients who have undergone refractive surgery.
It was introduced by Holladay [16], and it subtracts
the change in spherical equivalent refraction in-
duced by the refractive procedure from the known
preoperative keratometric power. It is based on the
theory that the final change in refractive error that
the eye obtains from the refractive surgery is due
only to a change (flattening) in the effective cor-
neal power. If the change of refractive error is add-
ed to the pre-operative corneal power, it results in
the present effective corneal power. If the pre- and
post-operative refractive surgery data are reliable,
the method can be effective. However, measure-
ments are not always reliable. Additionally, it is
difficult to determine whether the postoperative
refraction is accurate and stable. Also, there is of-
ten a myopic shift in patients who have developed
a cataract [17].

CONTACT LENS
OVER-REFRACTION METHOD

The contact lens over-refraction method can be
used when pre-operative data are unavailable. In
this method, the post refractive surgery keratomet-
ric dioptres are the difference between over-refrac-
tion (ORx) and the manifest spherical equivalent
(MRx), which is then added to the base curve of the
rigid contact lens (BC) and contact lens power. (P):
K.« = BC + P + (ORx - MRx) [1, 18]. The biggest
problem with this method is the reliability of the

patient’s refraction in the presence of a cataract,

and with a possible decrease of best corrected visual
acuity. The patient should have at least 20/80 vision
in order to be subjected to this method. Moreover,
it has been pointed out that this method may be
unreliable [19].

TOPOGRAPHIC DATA FOR CORNEAL POWER
ESTIMATION

Another method to determine the corneal pow-
er is through direct measurement, using a corneal
topography and then adjusting corneal power using
correction factors.

The Maloney method uses the central corneal
power on the topographic map and is modified
according to this formula: central power = (cen-
tral topographic power x [376/337.5]) — 4.9 [13].
This formula was then modified by Wang [13], by
subtracting a value greater than 4.9 D, which was
originally proposed by Maloney. Shammas et al.
[20, 21] developed a method to calculate corneal
power using videokeratography with and without
refractive information.

DIRECT CORNEAL POWER MEASUREMENT

Other more direct and objective ways to deter-
mine corneal power after refractive surgery have
been investigated. Scanning slit topographic anal-
ysis has been investigated to measure both anterior
and posterior corneal curvature. The Orbscan II
(Bausch & Lomb, USA) combines a Placido disk
and slit-scanning technology. It can measure both
the central zone of the cornea and the back surface.
Many studies have investigated the various optical
zones from which the data can be collected with the
use of the Orbscan 1I, and it has been determined
that the optimal zone is 4.5 mm in eyes that have
undergone LASIK and 5.0 mm in eyes that have
undergone radial keratotomy [22]. A limitation of
Orbscan II elevation maps is that intracorneal opac-
ities can obscure imaging of the posterior cornea
and subsequently introduce artefacts in total corneal
power calculations.

The Oculus Pentacam (Oculus, Germany) is
a rotating Scheimpflug camera anterior segment
imaging system that can also measure both anterior
and posterior corneal curvature. Some authors sug-
gest that the Scheimpflug camera offers improved
mapping of the corneal centre by maintaining
a fixed point on the vertex of the cornea [22]. The
Pentacam also generates a TrueNetPower map of
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the cornea and calculates an equivalent K called the
Holladay Report. The equivalent K (at the 4.5-mm
zone) of the cornea, which has been subjected to
refractive surgery, has been proposed as an accurate
measure of the true corneal power [23].

OPTICAL COHERENCE TOMOGRAPHY (OCT)

OCT can be used to measure both anterior and
posterior corneal power as well. It is highly valuable
when preoperative data do not exist. There have been
reports of good repeatability and accuracy when
using OCT to measure total corneal power [24]
and IOL power calculation [25, 26].

CURRENT METHODS OF ACCURATELY
DETERMINING IOL POWER AFTER
REFRACTIVE SURGERY

Current methods of accurately determining IOL
power after refractive surgery are divided into three
main categories:

* those that require preoperative data without to-
pography;

¢ those that require preoperative data and topography;

* those that require no preoperative data.

METHODS REQUIRING PRE-OP DATA
WITHOUT TOPOGRAPHY

The Double-K method by Aramberri, the By-
pass, the Feiz-Mannis, and Masket methods all re-
quire preoperative data without the need of topog-
raphy. Preoperative corneal power can be used to
determine the ELP, utilising the SRK/T formula
and a spreadsheet developed by Aramberri [14].
A similar calculation is performed by bypassing the
corneal power change [27, 28]. The surgeon inserts
the preoperative corneal power into the chosen for-
mula. The only calculation needed is to determine
the refractive correction that occurred during the
refractive surgery. Then this value is inserted as the

goal refraction for emmetropia in this formula.
The Feiz-Mannis method [4, 9] first calculates
the IOL power as if the patient has not undergone
the refractive surgery. This IOL power is then ad-
justed by adding a correction factor to the IOL to be
implanted, which is based on the LASIK-induced
change in refraction. The authors have developed
a nomogram that can be used if preoperative ker-
atometry is unavailable, as long as the refractive

change from the refractive surgery is available.

The Masket method [29] uses a simple IOL power
corrective adjustment regression formula in which the
IOL power adjustment equals 0.101 plus the spheri-
cal equivalent of the total laser treatment multiplied
by —0.326. The equation for the adjustment is: IOL
power adj. = LSE x (-0.326) + 0.101 (LSE = spher-
ical equivalent of the total prior laser treatment).

These methods can be used with previous hyper-
opic refractive surgery as well.

METHODS REQUIRING BOTH HISTORICAL
DATA AND TOPOGRAPHY

Methods that have been described using topo-
graphic adjustment of the corneal power and correc-
tion for effective lens position methods are either the
EffRPadj (effective refractive power from the Hol-
laday Diagnostic Summary on EyeSys device [30])
or a modified Maloney method, with insertion of
the topographically measured corneal power into
a double-K formula by using tables. Further itera-
tions of this methodology have been presented using
various topographers and correction factors. Eyes
with previous radial keratotomy may be more difh-
cult because of the instability of the cornea and the
inaccuracy of the refractive procedure.

METHODS REQUIRING NO HISTORICAL
DATA OR TOPOGRAPHY

There are methods calculating IOL power that
do not require any preoperative data or topography.
Shammas et al. [20] described a method to perform
these calculations, which uses corrected corneal
power but does not have the ELP calculation vary
with the corneal curvature.

There is also the Haigis-L formula, which is
available as IOL-Mater software and another one
that can be used with data obtained from a Pent-
acam alone. This method is derived from corneal
measurements on eyes that have or have not under-
gone refractive surgery.

A table (Tab. 1) with IOL power formulae or
nomograms suitable for post-refractive surgery cas-
es follows. One should note whether the formulae
are designed to take standard keratometry or true
corneal power.

METHODS BYPASSING THE I0L CALCULATION
There are also methods that do not use standard
calculation formulas at all. The aphakic refraction
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Table 1. Intraocular lens (I0OL) power formulae or nomograms suitable for post-refractive surgery cases

Formula/nomogram Input
Double K formula True K
Hoffer Q formula True K
Haigis-L formula Standard K
Masket formula True K

technique determines the IOL power for emmetro-
pia during cataract surgery. The measurements are
obtained after the cataract is extracted and prior to
lens implantation [31, 32].

Another way to calculate the IOL power af-
ter refractive surgery is by using any of the several
available web- or app-based programs. The ASCRS
Post-Refractive Calculator (www.iolcalc.org) is an
efficient method for obtaining multiple IOL for-
mulae. Several other websites are available as well.
The Asia Pacific Association of Cataract and Re-
fractive Surgeons (www.apacrs.org) provides the
Barrett True-K formula for post-refractive IOL pa-
tients. Several applications are also available, using
IOS or Android devices.

It is important for the surgeon to understand the
advantages and limitations of the various methods
of calculating IOL power after refractive surgery.
Clinical studies using comparisons of the various
methods would be beneficial in further understand-
ing and developing newer, more accurate meth-
ods. It would be of true benefit if a shift toward
more objective and automated data acquisition was
made, in order to obtain the information that is
necessary for the IOL power calculation without the
risk of human error.
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