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Introduction

Abstract  Several clinical techniques have been described to evaluate visual performance and
optical quality with intraocular lenses (I0OL). However, subjective refraction remains one of the
most important methods for assessing post-surgery results, taking decisions about retreatments,
advanced spectacle prescription and the refinement of the constant for the formula used in the
IOL power calculation. Beyond clinical refraction, defocus curve measurement has been
described as a complementary tool for assessing visual performance and taking clinical decisions.
However, to date, there are no clinical guidelines or evidence-based protocols published in the
scientific literature recommended for pseudophakic patients implanted with either monofocal
or multifocal IOLs. This narrative review highlights the importance of clinical refraction in pseu-
dophakic eyes, its utility in the decision of different types of IOL implantation, and describes a
clinical refraction protocol for eyes implanted with monofocal and multifocal IOLs.

© 2023 Spanish General Council of Optometry. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

of detecting any error of the latter for optimizing the con-
stant of any intraocular lens (IOL) power calculation for-

Clinical refraction is an important step in any visual exami-
nation because it allows the detection of refractive errors,
the most frequent reason for a decrease in visual acuity
(VA). Anterior segment surgeons must be familiarized with
the refraction process because of the extreme importance
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mula. Thus, a postoperative refraction error in a patient
implanted with a specific IOL may influence the residual
refraction of future patients and may incline the clinician to
use this information to adjust the formula constant or to use
other formulas.” Beyond clinical refraction, the defocus
curve is an important and useful tool for measuring visual
performance and making clinical decisions such as target
refraction selection. Any refraction bias after IOL implanta-
tion and spectacle refraction required to achieve a given VA
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could be identified with its measurement. Several valid proce-
dures for refraction evaluation have been reported in the sci-
entific literature;> however, to date, no evidence-based
protocol has been published specifically for monofocal and
multifocal I0Ls, even though the need for this has been
claimed years ago.® Furthermore, refraction evaluation in
pseudophakic eyes and its difference in comparison to phakic
eyes is important in clinical practice, and it should be known
by the clinician before proceeding through the measurement.
The aim of this narrative review was to describe the impor-
tance of clinical refraction in pseudophakic eyes, its utility in
different types of I0Ls and to describe a clinical refraction pro-
tocol for eyes implanted with monofocal and multifocal IOLs.

Influence on intraocular lens power calculation

To achieve a better understanding of the role of postopera-
tive refraction in the intraocular lens power calculation, it is
important to know the concept of prediction error (PE). The
PE is the variable that evaluates the formula accuracy and
its value is the difference between the postoperative refrac-
tion and the refraction predicted by the formula for a partic-
ular IOL power.*

R,':R§+PE,' (1)

The postoperative refraction of an eye (i), represented in
the Eq. (1) as R;, corresponds to the sum of the refraction pre-
dicted by the formula R’; and an error attributed to the for-
mula’s imprecision (PE;). However, the PE may have a
systematic error component (§) and a random error (¢), which
do not necessarily have to be caused by the formula (Eq. (2)).

(2)

At this point, it is important to understand the meaning of
a systematic or random error, and how it can be originated.
Systematic errors are generalized errors presented in the
analyzed eyes, for example, the tendency to obtain myopic
eyes to a greater or lesser extent. Formulas for IOL power
calculations often eliminate systematic errors by adjusting
their constants. For example, if a formula with a certain
constant is adjusted or created for biometer A, when using
the same formula for biometer B, and if biometer B system-
atically overestimates the corneal power in comparison to
biometer A, the final PE obtained will be associated with a
systematic error due to the change in the biometer and not
to the formula. To solve this problem, the solution is to fit
the constant of the formula used in biometer B. However, if
biometer B is less repeatable or less exact than biometer A,
the error obtained will be random and will affect the PE in
its absolute value. In the latter case, the biometer should be
changed or the protocols revised to obtain more accurate
measurements. Although uncommon, some biometers can
have systematic errors associated with the IOL power calcu-
lation owing to the axial length measurement or related to
the prediction of the effective lens position.>*® However, the
systematic error from the latter will have less weight in the
total error.” Furthermore, due to the repeatability or lack of
precision in the measurement of the included variables in
the calculation formula (radius of curvature, axial length,
etc.), the random error could exceed 0.5D in 5% of the eyes
depending on to the biometer that has been used.’

R=R +6+c¢
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The refraction process can also result in systematic and
random errors. In the evaluation of PE, if we use objective
refraction instead of subjective refraction, we will obtain
PE with some myopic bias owing to the autorefractometers
tendency to overestimate myopia or underestimate hyper-
opia.® Nevertheless, the subjective refraction measured at a
distance of 3 m instead of 6 m or infinite underestimates the
myopia obtained because of the compensation exerted by
the proximal vergence (—0.33D at 3 m). Both examples of
systematic errors are generally compensated for with the
formula constant adjustment. Moreover, there are random
error sources attributed to the refraction process, such as
depth of field,” lens manufacturing,’® and patient pupil
diameter.” Additionally, the experience of the clinician in
the refraction process'' or the patient VA'? would also be
random error sources. All of these sources of systematic (§)
and random (¢) errors, which are part of the PE, will form
the Eq. (3), where all errors will be added cumulatively,
being §; and ¢ attributed exclusively to the formula.

R=R + (81 +¢1)+(82+8)+ 4 6y + &) (3)

Several studies have evaluated the random error pro-
duced by intra- and inter-examiner reproducibility of sub-
jective refraction. The agreement between them show that
in eyes with VA >0.7 decimal,'? the variability of the spheri-
cal equivalent can be >0.50D in 5% of the cases,'” '* and it
could increase up to 0.75D with a VA of 0.5 decimal.'? How-
ever, a variability of >0.75D in 5% of the cases for pseudo-
phakic patients with VA of 0.7 decimal has also been
reported.'® For this reason, studies that compare I0L calcu-
lation formulas consider a minimum of 20/40 (0.5 decimal)
VA or 20/30 (0.67 decimal) VA as an inclusion criteria.”"®

Important considerations before starting
refraction

There are some factors that can improve the efficacy of the
refraction measurement:

- Type of implanted IOL (monofocal, multifocal, extended
depth of focus (EDOF)...)."” It is not even necessary to
always know the exact model, sometimes we can identify
the different technologies by slit lamp.

- Time elapsed since surgery. The clinical refraction won’t
be reliable until one month after surgery, given that it
can be unstable until 3 months or even 6 months.®'®

- Target refraction expected by the surgeon, especially when
the refractive residual error has been planned in order to
program a monovision or improve the intermediate vision. '

- Corneal astigmatism in the implantation of non-toric
IOLs, along with the objective refraction, will be the
starting point of the astigmatism to be adjusted in the
subjective refraction.

Objective refraction as the starting point

Objective refraction by retinoscopy, autorefractometry (AR),
and aberrometry [Hartman-Shack (HS), ray-tracing (RT), or
scanning-slit (5S)] can be used as the starting point of subjec-
tive refraction. The most advanced technology is aberrometry,
although conventional autorefractometry has shown equivalent



M. Rodriguez-Vallejo, N. Burguera, C. Rocha-de-Lossada et al.

or less bias as a starting point for subjective refraction in
patients implanted with monofocal and multifocal 10Ls.">%
Retinoscopy is a valid option; however, it relies on clinician
experience and takes more time than autorefractometry. "

An agreement study between subjective refraction and
objective refraction measured with AR (KR-8800, Topcon)
and HS (Wasca, Zeiss) showed a mean bias of —0.3D in eyes
with monofocal I0Ls and with 5% of the measured eyes with
a difference > 0.75D."° This bias is consistent with that
obtained using SS (OPD Scan Ill) for a central measurement
area of 2.6 mm, however a higher myopic error has been
reported for larger measurement areas, also in enhanced
monofocal 10Ls (Tecnis Eyhance).?’"?? Less bias has been
reported by other authors, such as around —0.14D for AR
(KR-8800, Topcon) and RT (iTrace, Tracey), which increases
until —0.39D for HS (LADARWave, Alcon).” Despite the myo-
pic bias in monofocal I0Ls, there was no substantial differ-
ence between the biases observed in phakic eyes.?*%°

Regarding multifocal IOLs, the bias may vary depending
on the IOL design. It has been reported that there is a larger
myopic bias in diffractive I0Ls than in monofocal I0Ls,**:?
however not all studies agree with it.?%%” For example, with
the diffractive lens EDOF Symfony (J&J), a myopia overesti-
mation from —0.45D to —0.85D can be obtained depending
on the objective method used, increasing myopic refraction
with the HS (RT > AR > HS).?*?® For PanOptix (Alcon), Fine-
Vision (Physiol) and Tecnis ZM900, (J&J) the myopic bias
reported has been between —0.3D and —0.6D.2%26:%7

In zonal or sectorial refractive lenses, the myopic bias is
much higher than that of diffractive IOLs. A myopic overesti-
mation of —0.84D (sphere) and —1.0D (spherical equivalent)
with the AR (Topcon KR-8000) in zonal refractive lens Rezoom
has been reported.?’ Nevertheless, clinically relevant mean
differences among the Tecnis ZM900 and ReStor diffractive
lenses were not found.*° The higher bias reported in refrac-
tive IOLs generally coincides with half of the addition in the
spectacle plane, which has been reported with sectorial
lenses such as Lentis (Teleon) and Precizon (Ophtec).®"*? In
EDOF refractive lenses (Mini WELL) some studies have shown
a bias <|0.3|D, such as those found in monofocal or diffrac-
tive lenses.** Ucar and Cetinkaya included in their study sev-
eral diffractive and refractive IOL technologies measured
with the Tonoref Il autorefractometer (Nidek, Aichi, Japan)
and reporting bias for RayOne (—2.18D), Lucidis (—0.85D),
PanOptix (—0.02D), Lentis Mplus (—1.11D), Tecnis Symfony
(—1.13D) and Acriva Trinova (—0.88D).>*

There are no clinically significant differences reported in
the range of astigmatism between the autorefractometry
and subjective refraction in diffractive and refractive
lenses,?®*° although an overestimation around 0.5D has
been described for Precizon Presbyopic.>?

In conclusion, objective refraction overestimates myopia
more markedly in refractive multifocal IOLs than in diffractive
and monofocal I0Ls. There is enough clinical evidence to con-
sider AR as the standard objective refraction method because
of its lower bias compared with aberrometry in multifocal IOLs.

Trial frame, phoropter and refraction units

Currently, there are several alternatives for subjective
refraction, such as manual and digital phoropters, and new
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units that combine subjective and objective refraction.>>3¢

In recent literature, no differences have been found
between these new refraction technologies, conventional
trial frames, and phoropters. However, an improvement in
the operating comfort and time has been reported during
the process of subjective refraction.>®>>” Nevertheless,
more positive refractions (< 0.25) are obtained with trial
frames.>” This could be explained due to larger pupil diame-
ters obtained when the refraction process carried out with
instruments which provide less light to the eye,?” or with
monocular refraction instead of binocular refraction meth-
ods.>® The other two main considerations, in addition to the
different refraction evaluation instruments, are pupillary
distance adjustment and head tilting.

Subjective refraction protocol

There is not much difference between the subjective refrac-
tion procedure in patients with monofocal or multifocal I0Ls
and the refraction procedures for phakic patients.” Subjec-
tive refraction procedure consists in two stages, the monoc-
ular refraction and the binocular adjustment to refine the
refraction in binocular conditions.

The proposed optotype was an ETDRS located at 4 m with
a background luminance of 85 cd/m?. The environmental
light in a clinical setting must be approximately 100 Ix (phot-
opic conditions). The infinite refraction will be obtained by
adding —0.25D to the sphere component once the subjective
refraction is finished. When the distance is different from
4 m, vergence correction adding —1/d(m) to the refraction
obtained instead of —0.25 D should be considered (d is the
distance of the optotype from the patient’s corneal vertex
during refraction).

The first step before monocular refraction is the selection
of the sphere and cylinder provided by an autorefractome-
ter, aberrometer, or retinoscope. Corneal topography or
tomography can be used to select the cylinder only in
patients with non-toric IOLs when astigmatism in the objec-
tive refraction is zero. Otherwise, the objective refraction
is the starting point. Refracting in negative notation, the
cylinder to correct corneal astigmatism would be the power
difference between the meridians of minimum (flatter) and
maximum power (steeper) with the axis to the meridian of
minimum power (Fig. 1). Total corneal astigmatism calcu-
lated from the measured anterior and posterior cornea by
corneal tomography is probably a better predictor of refrac-
tive astigmatism than keratometric astigmatism, which only
considers the anterior surface.>® Any time the astigmatism is
increased —0.50D, the sphere must be increased by +0.25D
in objective refraction.

Monocular refraction

The first stage is spherical equivalent determination. As the
objective refraction is the starting point, a positive lens of
+1.00D will be added.? In phakic patients, the objective is to
relax the accommodation, whereas in pseudophakic
patients, there is no accommodation, so this positive lens is
added to compensate for the autorefractometer myopic bias
described above in Section 4. Clinician should be conscious
that even though a +1.00 D can be enough for major part of
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K1: [453D(177.0°) Ki1: [4561D(1743°) Axis: [27°

K2: [46.0 D (87.0°) K2: [4569D(843)

Km: [467 D Km: [465D Km: [02D
Astig:[0.7 D | Astig:f0.8 D | Astig:[-0.1 D
Total CRP: Center Avg Imm  Avg 3mm Min 3mm  Max 3mm
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Total Cor. Astig. (WFA) (4mm zone):
Total Cor. Sph.Aberration (WFA Z40) (6mm zone): W

Total Cor. Irregular Astig. (WFA HO RMS) (4mm zone): |0.232 pm

ACD (Int.): [266mm  AcCD(Ext): [318mm
Axial/Sag. B/F Raf81.6 % @Comea: |
Qs: [ok—  Pupil Dia: [288mm
Pachy:
Apex: 546 pm  Thinnest: [533 pm Difference:
Fig. 1 Preoperative Cataract Module (Pentacam, Oculus),

which shows patient’s corneal astigmatism. This corneal astig-
matism can be used as starting point with spherical lenses when
the astigmatism in the objective refraction is zero.

IOLs, a higher positive lens could be required for some multi-
focal IOL designs.> In the case of refractive multifocal IOLs,
the recommendation is to start with half of the addition in
the lens plane instead of +1.00D, as we previously described,
the higher bias reported in refractive 10Ls generally coin-
cides with half of the addition in the spectacle plane.*"*? In
diffractive 10Ls depending on the technology, the bias has
been reported up to —2.18 D, therefore we recommend to
always review the bias to select the best starting point for a
particular 10L and autorefractometer.?* In phakic patients,
after positioning a +1.00D lens, VA is expected to decrease
by at least three lines.” However, in pseudophakic patients,
this could be different, especially in EDOF lenses, as
described below.

Fig. 2 shows the defocus curve of the eye implanted with
a multifocal IOL. The objective refraction obtained with the
autorefractometer overestimates the myopia (—0.50D in
this case), and the defocus curve (dotted curve) is therefore
displaced with respect to the optimal infinity subjective
refraction (red vertical line) if the objective refraction is
used. After adding +1.00D to the objective refraction (this
myopization power can vary depending on the implanted IOL
as described in the objective refraction as the starting point
section), the curve is shifted to the position of —0.50D (solid
curve). In a patient with this multifocal IOL, the VA would
have decreased by only one line (the difference between
the two blue circles over the red line), while in EDOF lenses,
it may be even lower because the defocus curves present
flatter patterns.

After patient myopization with positive lenses, negative
lenses will be added in steps of —0.25D to achieve maximum
positive maximum visual acuity (MPMVA). Adding —0.25D in a
patient with a multifocal IOL from the example (Fig. 2)
should improve at least three letters (half line of VA). If the
patient does not improve the three letters, no more negative
lenses must be added, and the spherical lens obtained will
be spherical equivalent. This is the reason why knowing the
mean normal defocus curve of the particular implanted 10L
could help us to understand the number of letters commonly
read for each —0.25 D added. Specifically, in EDOF or
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Fig. 2 Expected defocus curve based on objective refraction

to obtain the subjective refraction. A defocus curve hyperopic
shift will be obtained when the refraction provided by the
autorefractometer is used, due to the myopia overestimation.
Adding a positive lens of +1.00D or higher depending on the mul-
tifocal IOL, the best focus will be myopically shifted.

enhanced monofocal lenses, the rule should be to increase
—0.25 D only if three letters in a five-letter row are
completely read and avoid advancing in negative lenses
despite the patient seeing one or two letters more at a dis-
tance or reporting clearer vision. This is because a small
increase in distance visual quality after adding —0.25 D could
lead to a large decrease in near vision due to the higher slope
decrease of visual acuity in the near range for these lenses.

Several  authors have used the red-green
duochrome?’-*"33 before or after the cylindrical adjust-
ment,“° which could be valid in phakic patients but does not
necessarily have to be valid in monofocal or multifocal 10Ls.
There is some evidence observed in multifocal I0Ls technol-
ogies, which are based on the energy distribution with domi-
nance in the red color for far vision.*' Therefore, in the
spherical adjustment of multifocal I0Ls, we do not recom-
mend the use of the duochrome test because of the lack of
evidence regarding its reliability, especially for these partic-
ular designs.

At this point, the circle of least confusion was positioned
on the subject’s retina. It is extremely important to be in
the circle of least confusion before the cylindrical adjust-
ment by the Jackson’s Cross-Cylinder (JCC), especially in
multifocal 10Ls.*? In clinical practice, the JCC test is consid-
ered the standard to the cylindrical adjustment, while other
subjective methods, such as the clock dial test, are not used
due to their subjective limitations.">*~* A single letter
with a size of two lines more than the VA obtained in the last
step will be showed in the screen to adjust the axis and
power of the cylinder. The patient must answer which of the
two positions the letter is clearer in.*® The process of adjust-
ment will be the same than in a phakic patient. Regarding
the JCC power, some authors have used £0.50 D,* although
in a VA higher than 20/20, it is recommended to use +0.25
D.“® As an alternative to the objective cylinder estimated in
the corneal topography, if the cylinder provided by the
objective refraction is zero, we could conduct a power
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sweep in 90°/180° with a cylinder of —0.50D and the cross-
cylinder, always adding +0.25D to the sphere before the
sweep. The sweep must be done according to the refractive
astigmatism prevalence in the study population 180° - 90° -
45° - 135°.% For the last step, to obtain the sphere, a posi-
tive lens of +0.50D is added, and the positive lenses are
decreased until monocular MPMVA is achieved. Once monoc-
ular subjective refraction is completed in one eye, the pro-
cess will be the same for the fellow eye.

Binocular adjustment

In phakic eyes, the subjective refraction process finishes
with binocular balance to equal the accommodative stimulus
in both eyes.? Binocular balance is not required in pseudo-
phakic eyes because of the absence of accommodation.
However, binocular adjustment of the sphere can be con-
ducted to obtain subjective refraction in smaller pupil diam-
eter conditions, >’ even though still evidence is required that
justifies this step in pseudophakic patients. For this purpose,
we could add a positive lens of +0.75D in both eyes and
decrease the sphere in steps of —0.25D simultaneously, so
that in each step, the patient should improve one line of VA
in monofocal I0Ls or phakic eyes, and half of the line with
multifocal 10Ls, approximately, depending on the defocus
curve showed by each lens.

Defocus curve as a complementary tool for
taking decisions

Defocus curve purpose is to measure visual performance at
multiple distances, maintaining the visual test at a far dis-
tance and using spherical lenses (defocus), which provide
similar vergence light changes as moving the test distance.
The corresponding defocus lens (L) is calculated using the
formula L=1/dg - 1/d4, where dq is the static distance where
the visual test is placed during the defocus curve measure-
ment, and d; is the distance that simulates the light ver-
gence change produced by the lens. For example, in a
defocus curve measured at 4 m, the defocus lens that simu-
lates 40 cm would be L=1/4 - 1/0.4= —2.25D. This is due to
the infinite refraction is underestimated in —0.25D, result-
ing in an overestimation of the DCNVA (at 40 cm) in compari-
son to the reported at —2.50D in the defocus curve (Fig. 3).
This partly explains the monocular overestimation of monoc-
ular DCNVA in comparison to the —2.5D location reported in
the defocus curve for some clinical studies.*®

The maximum vision peak should be centered at OD.
Thus, the visual refraction obtained at 4 m needs to be
adjusted to infinity by adding an additional negative lens of
—0.25D, as described by the international standard ISO-
11,979-7:2018 of clinical investigations with intraocular
lenses.”® This means that, the refraction (—0.25)(—0.75)
x90° obtained at 4 m, will correspond to an infinity refrac-
tion of (—0.50)(—0.75)x90°.“° The infinity visual refraction
should be used to measure intermediate and near distance
corrected visual acuity (DCIVA and DCNVA).

Any refraction bias may be identified by measuring the defo-
cus curve as well as post-surgery refraction changes required to
reach an objective VA at a given distance. Therefore, if subjec-
tive refraction is the procedure that provides the maximum
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Fig. 3 Defocus curve obtained from a patient with the best

correction at 4 m (correction to infinity not applied). A
refracted sample at 4 m (blue dotted line), without the adjust-
ment to infinity (red solid line), will obtain poorer infinity vision
and better vision at 40 cm (red dotted line) than the measured
by the defocus curve at —2.5D (blue solid line).

vision peak to infinity, the defocus curve will be the method by
which the real position of the maximum vision peak can be
identified. The peak should be at infinity, or it can be slightly
myopic and targeted to reach a larger depth of field.°

Nowadays, a clinical conflict between the constant
adjustment in formulas for IOL calculation and defocus curve
testing exists. The constant is usually adjusted for refraction
at 6 m, adding a negative lens (1/6—1/d;).”° In clinical prac-
tice, this means that patients will be slightly myopic
(—0.16D), being perfectly graduated to obtain the best
vision at 6 m. Fig. 3 shows the consequences when the
refraction measured at 4 m is not adjusted to infinity. The
maximum peak is located at —0.25D (4 m) rather than at 0D
(infinity). Consequently, the constant adjustment for a
refraction at 4 m (blue dotted line) could lead to a worse
vision at further distances than 4 m (red solid line). Vision at
40 cm (red dotted line) will be slightly better if the correc-
tion to infinity is not applied previously to the constant
adjustment (solid blue line).

We recommend the constant adjustment (infinity or 6 m)
when the refraction room is < 5 m. The difference between
6 m or infinity would be —0.17D, which could be below the
perception of blurriness caused by the diopter change
depending on the IOL.° Thus, the constant adjustment in
monofocal I0Ls might be justified with the objective of
reaching better near vision.>°

The assessment of the visual performance and focusing
profile of any multifocal or EDOF IOL will be inaccurate if
the adequate infinity distance is not adjusted for far focus.
The distance between focal planes will be mismeasured with
an underestimation of the IOL “near addition” as the far and
near focus gets closer (i.e., by 0.25 D if the refraction is
measured in a 4 m lane).

The defocus curve measurement may also help determine
the target refraction. The concept of the target can be
defined as the final refraction for which the patient reaches
a binocular balance at one or more distances. With the
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Table 1  Key recommendations for measuring defocus curves.

DEFOCUS CURVES KEY RECOMMENDATIONS

e Defocus curves must not be measured at near distances because any head movement can signify relevant dioptric changes.

 |n a patient with the best-corrected VA (infinity), a range from +1D to —4.00 usually covers all ranges of multifocal IOLs. It could
be modified from +1.50D to —2.50D for EDOF lenses.

e Dioptric changes in the defocus lenses should be 0.50D, adding an optional & 0.25 D around the 0D position for EDOF lenses.

® The use of computerized tests with random optotypes or lens randomization with static optotypes is recommended

e The initial order (positive or negative lenses) does not matter even when a randomized optotype is used. Special attention
should be paid to static optotypes from near to intermediate vision in bifocal and trifocal IOLs because starting with negative
lenses would prevent memorization.

® The procedure must be explained to the patient to avoid fatigue due to the long testing time.

e A monocular defocus curve with the best correction will be conducted for IOL evaluation, whereas a binocular defocus curve
without correction is recommended for evaluating procedure efficacy.

e Differences between the proximal VA and defocus curve may exist due to pupillary myosis or the lens magnification effect.

Distance (m) Conclusions
© 2 1 067 05 04 033028025

02 This narrative review describes the importance of the role of
0.1 4 clinical refraction in PE evaluation, which is relevant for fit-
z O T \I I\}\ ting the constant of the formula for IOL power calculation.
<Et 0.1 | \I/ \H Subjective refraction should be used to achieve this pur-
> 02 T pose, as objective refraction is just the starting point, owing
= 03¢ L to myopic overestimation in some IOLs, especially in refrac-
%‘ 04+ tive multifocal I0Ls. Moreover, sufficient clinical evidence
© 05+r has been reported to consider AR as the standard objective

< 1 : o
= 06 refraction method of measurement with either monofocal or
207+ - N multifocal I10Ls. Measurement of the defocus curve should
S 08 —|— be used as a subjective refraction complement for making
09 - clinical decisions. Knowing the monocular average defocus
1 ! ! : : ‘ curve of a multifocal IOL provides information on VA changes
151 05 0 -05 -1 15 -2 25 -3 -35 -4 -45 during the subjective refraction process. Finally, it is
Defocus (D) extremely important to differentiate subjective refraction

from the objective and subjective refraction (target)
Fig. 4 Defocus curve shifted to the right when positive lenses expected from the surgeon, which is determined by the
are added or a myopic target is selected, and to the left when  patient’s needs at multiple distances. The subjective refrac-
negative lenses are added or hypermetropic target is selected. tion adjusted with the MPMVA will be used for PE evaluation,
whereas the refractive target will be adjusted to achieve
defocus curve results of any I0L, we can select the power satisfactory vision at a far distance, maximizing the vision at
that generates the expected residual to reach the patient’s  intermediate and near distances.
desired vision to any distance. It is common to find in the sci-
entific literature defocus curve results with the maximum
peak of vision centered at 0D, although the refraction has Declaration of Competing Interests
not been adjusted to infinity. This can lead to interpretation
errors in decisions based on the defocus curves. Hence, as Authors have nothing to disclose.
previously described, we recommend the refraction adjust-
ment to infinity with the objective of avoiding interpretation
mistakes in the target selection based on the defocus curve. Acknowledgements
Moreover, in the postoperative period, the defocus curve
helps us to decide the retreatment needed or the refractive None.
prescription to improve the vision at any particular distance.
For example, Fig. 4 illustrates an example recommending
+1.25D for moving the maximum peak of vision to 67 cm if
the intermediate vision expectative without spectacles is
not achieved by the patient. The patient also had improved
visual acuity at a near distance of 33 cm. However, wearing
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