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Background/Aim: An increasing number of pre-presbyopic patients are undergoing unio-
cular cataract extraction. We aim to compare the binocular status of subjects with uniocular
cataracts, implanted either with a multifocal or a monofocal intraocular lens (IOL).
Materials and Methods: Subjects were recruited from outpatient ophthalmology clinics
and randomized to an IOL type. Corrected and uncorrected LogMAR distance visual acuity
(VA) and near and intermediate VA using the Radner reading test were completed. The
binocular tests included the Worth Four Dot Test, fixation disparity, TNO stereoacuity and
foveal suppression assessment. In addition to the near activity vision questionnaire. The trial
was closed early because the chosen multifocal lens had been superseded by newer models.
We report two subjects, one receiving the multifocal IOL and a monofocal IOL control with
the most comparable baseline characteristics.

Results: Both subjects experienced uncomplicated cataract surgery, showing clinically
significant improved corrected distance VA, 0.06 LogMAR and —0.16 LogMAR in the
monofocal and multifocal IOL, respectively. The multifocal subject had 30 seconds of arc
stereoacuity indicating normal binocular vision. Only gross binocular single vision with no
stereopsis was found in the monofocal IOL subject. The latter subject also had reduced near
vision quality-of-life questionnaire results.

Conclusion: This two-patient case series demonstrates greater binocular near ability, with
the multifocal IOL, in the pre-presbyopic patient undergoing uniocular cataract surgery. The
case series highlights the need, and methodology for investigating further the functional and
quality-of-life benefits of implanting multifocal IOLs in pre-presbyopic patients, those in
their twenties and thirties, undergoing uniocular cataract surgery.

Keywords: binocular vision, cataracts, pseudophakia, multifocal intraocular lens,

accommodation

Plain Language Summary
The case series describes the outcome of two subjects following cataract removal. One subject
received a single focus (monofocal) artificial implanted lens, whilst the second subject received a
multifocal artificial implanted lens, designed to give clear vision at both distance and near. The
work had initially started out as a randomized interventional trial; however, it was terminated
early as newer multifocal lens models had become available. We decided to present this case
series to illustrate our methodology and findings in the light of future work.

The case series evaluated the effect of these implanted lenses on vision as well as how
the subject’s eyes work together. The monofocal implanted lens showed inferior near visual
clarity and reduced depth perception, associated with increased problems with everyday near
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Figure | (A) Schematic diagram of the LENTIS MPlus LS-313 MF30 multifocal IOL, detailing the distance portion of the lens and the lower half of the lens containing the
near focus, with a blended junction between the two. (B) Schematic diagram of a typical multifocal IOL based on a concentric distance and near ring zone design.

activities. In contrast, the multifocal implanted lens showed
better intermediate and near vision, normal levels of depth per-
ception and fewer difficulties with everyday near activities. The
multifocal artificial lens appeared to complement the natural
focusing of the untreated eye in order to restore normal near
vision. Although the case series is too small to create widespread
guidance, the results indicate a need and methodology for further
investigation, using newer multifocal IOL designs.

Introduction
Cataracts are the worldwide leading cause of reversible
blindness,' typically due to the natural lens aging; how-
ever, other factors such as metabolic abnormalities, nutri-
tional disorders, chronic ocular inflammation and trauma
can predispose younger pre-presbyopic individuals to early
cataract onset.” In addition, vitreoretinal surgery has seen
many advances in the last 40 years, this has led to the
increased  incidence of  vitreoretinal  procedures.’
Moreover, the advent of gene therapy in young patients
with inherited retinal conditions such as choroideremia
and X-linked retinitis pigmentosa involves vitrectomy
and subretinal injection surgical procedures.*> Cataract is
a known side effect of vitreoretinal surgery with a reported
incidence of 85.5% within 5 years of the vitrectomy sur-
gery. Of these, 50% occurred within the first year.® These
cataracts develop following the removal of the vitreous
due to increased lens nucleus oxidation. Strategies to
reduce vitreous oxygen levels and reduce cataract occur-
rence remain hypothetical.® Therefore, improving post-
surgery cataract management and cataract extraction
outcomes are paramount.

Currently, only monofocal intraocular lenses (IOL) are
available in the National Health Service (NHS) in the

United Kingdom as part of standard care. In other health-
care systems, multifocal IOLs will require greater justifi-
cation due to the increased cost. This means pre-
presbyopic patients' prioritise their distance vision at the
expense of their accommodation, affecting the treated eyes
near vision ability and overall their near binocularity. This
sacrifice significantly hinders near stereopsis and patient
reported near visual function.”®

Many studies have demonstrated improved near vision and
near visual function with multifocal IOLs in presbyopic
patients.” "> However, to date, the effects of using a multifocal
IOL to complement accommodative ability and near binocular
visual function in a pre-presbyopic patient requiring only
uniocular cataract surgery have not been formally assessed.

The LENTIS MPlus LS-313 MF30 multifocal IOL
(Oculentis, Eerbeek, Netherlands) is a rotationally asymme-
trical bifocal “multifocal” IOL design, with an aspheric dis-
tance lens and an inferiorly embedded near vision segment
(providing a +3.00DS add). The optical power transitions
from distance to near, within the segment in order to avoid a
sharp junction (Figure 1).'*'? The advantage of this approach
is to avoid sharp borders, to reduce the haloes and glare
stimuli, commonly experienced with multifocal IOLs."*

The monofocal IOL chosen for this study was the 4-point
fixation haptic AKREOS® ADAPT AO (Bausch + Lomb,
Montpellier France). This was chosen as it was the closest
possible lens type comparable to the multifocal IOL, avail-
able across different NHS hospitals at the time the study
commenced. Further, IOL details are shown in Table 1.'°

Our aim was to determine the extent of binocular visual
function, following uniocular IOL implantation, with both
the monofocal and multifocal IOL, in pre-presbyopic sub-

jects requiring cataract extraction surgery in one eye only.
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Table |1 The Properties of the Multifocal and Standard IOL Lenses Used in the Study

Lentis Mplus LS-313 MF30

AKREOS® ADAPT AO

Foldable one-piece multifocal acrylic IOL
6.0x 11.0

Type

Optic Size (mm)
Optic Design
+3.00DS
Available Diopters (D)
Refractive Index 1.46

Aspheric, square edges, posterior sector shaped near segment

~10.0D to —1.0D (1.0D), £0.0D to *36.0D (0.5D)

One piece, aberration free acrylic IOL
6.0/6.2 x 10.7/11.0
Aspheric, square edge, four point fixation

0.0D to+10.0D (1.0D), +10.0D to +30.0D (0.5D)
.46

Materials and Methods

Ethical Approval and Recruitment
Oxford Eye Stoke Mandeville
Kingston Hospital, Queen Alexandra Hospital and Kent

Hospital, Hospital,
and Canterbury Hospital participated in this ethics
approved prospective randomized control trial. Subjects
were recruited from NHS clinics following approval by
the research ethics committee (NCT01872000) and con-
ducted in accordance with the Declaration of Helsinki
2013. The trial had intended to recruit and randomize
more subjects however, it was closed early due to slow
recruitment and because the chosen multifocal lens had
been superseded by newer IOL models.'®!” Five subjects
had completed the trial by termination; however, as a
consequence of randomisation, four of these subjects had
been randomised to control, receiving a monofocal IOL,
only one subject received the multifocal IOL. The control
participant with the baseline characteristics most alike the
subject participant was selected for analyses in this case
series.

Preoperative Inclusion and Exclusion

Criteria

The recruited subjects had to be of pre-presbyopic age and
have no history of ocular surgery, as well as no other
ophthalmic pathology, squint or amblyopia, or corneal
astigmatism greater than 1.00DC, and required an IOL
power range of between 10-30D. Cataract type or aetiol-
ogy was not a controlled factor. The subject’s fellow eye
had to have VA of at least 6/9 and predicted visual
improvement in the treated eye of at least 6/12.

Randomization and Allocation
Concealment
The subjects were randomized, to either the Lentis MPlus

LS-313 MF30 multifocal or the monofocal aspheric 4-point
fixation haptic IOL, using the Microsoft Excel “RAND”

function. This was administrated by a research staff member
not associated with this work, to enable the investigating
optometrist and patient to remain masked to the IOL type
used for the duration of the study. The surgeon was informed
about the lens allocation at the time of surgery to avoid the
patient being informed by the surgeon ahead of time which

lens they were receiving.

Surgical Procedure and Postoperative
Follow-Up

The subjects underwent standard phacoemulsification catar-
act surgery. The case series had no influence on the specifics
of the surgical procedure. Following surgery, the subjects
were seen at 1 week and 6 weeks as per routine care. An
additional visit was arranged between 3 and 6 months fol-
lowing surgery for the final assessment visit. This timescale
was chosen to allow the subject time to settle and adapt to
their new lens and spectacle correction if required, enabling
the measurement to reflect final visual function.

Postoperative Visual Assessment

The visual assessments conducted at baseline and visit
five, listed below, were performed in a carefully planned
order so as to progressively assess the depth of

binocularity.

Visual Acuity

All distance VA tests were assessed using the Early
Treatment Diabetic Retinopathy Study (ETDRS) chart,
performed at 4 m. These measurements included unaided
distance VA and best distance corrected distance VA.
Intermediated and near VA were assessed with the
Radner reading charts at 67 cm and 30 cm, respectively,
using the standardised Radner test methodology.'® This
included unaided intermediate VA, best distance corrected
intermediate VA, unaided near VA, best distance corrected
near VA and best near corrected VA.
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LogMar VA
(all specified distances with &
without correction)

Worth Four Dot Test,
distance, intermediate & near

If binocular single vision

If diplopia detected, proceed
to depth of focus curve

detected continue testing
binocular vision

If suppression detected
proceed to foveal suppression
test

Fixation disparity at distance
& near

Stereopsis with butterfly with
& without near correction

If fail, proceed
to foveal
suppression
test

If pass,
complete TNO

disc stereopsis

test

Foveal Suppression

Depth of focus curve

Near Activity Visual
Questionnaire (NAVQ)

Figure 2 The order of testing and the optimised test procedures depending on the subject’s binocular vision status and level of stereopsis.

Suppression

The Worth Four Dot Test was used to assess for mono-
cular suppression at distance (6 m), intermediate dis-
tance (67 cm) and at near (33 cm), both with and

without a near addition lens placed in front the oper-
ated eye.'” Figure 2 shows the progression of testing
depending upon the outcome of the Worth Four Dot
Test.
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Fixation Disparity

Fixation disparity test measures small ocular

misalignment under the conditions of binocular
single vision, it was performed at both distance (6 m)
and near (33 cm) with a mallet unit. The amount of
aligning prism required to neutralize any misalignment in

both horizontal and vertical directions was recorded.?’

Stereopsis

Gross stereopsis was assessed using the TNO butterfly test
at a viewing distance of 40 cm both with and without a
+2.50DS near add. The results were recorded as either
pass or fail on plate one, depending on whether one or
two butterflies were seen. To measure the level of stereop-
sis the disc TNO stereo test was applied beginning at plate
five.?! The subjects were encouraged to identify the miss-
ing shape until they had two consecutive incorrect
answers, the last correct answer was recorded as the
stereoacuity.

Foveal Suppression

A panel on the top of the near Mallet unit was used to test
for foveal suppression, at the subject’s habitual reading
distance and with the subject’s habitual near addition.**
The number of letters seen was recorded each time. To
calculate the percentage of foveal suppression, a ratio
scoring method was applied using the number of letters
read with dichoptic viewing while binocularly fused (b)
and under monocular (m) conditions. The following for-
mula was applied:

—-b
Foveal suppression % = 100 x (m—b)

By using polarizing filters to maintain binocular fusion
whilst dissociating the eyes, healthy subjects should be
able to read more letters in monocular conditions than
binocular conditions due to the presence of foveal
suppression.”?

Depth of Focus

To assess the range of neurological and perceptual toler-
ances of the subjects' visual system, the depth of focus was
assessed monocularly.”® Using the ETDRS charts R, one
and two, at 4 m, with the subjects distance correction in
place and the contralateral eye occluded, lens powers ran-
ging from +3.00DS to —4.00DS in 0.50D steps were pre-
sented in front of the eye in a random order. The logMAR
VA was recorded for each lens presentation. The test charts
were presented in a randomly rotated order to prevent

learning of the letters. These results were used to create
a defocus curve, to illustrate the depth of focus for each
eye for each subject.

NAVQ Questionnaire

Subjective change in vision was assessed using the vali-
dated Near Activity Vision Instrument Questionnaire
(NAVQ) developed in 2012.%* This was designed to assess
and grade the difficulty of specific near activities that are
reflective of daily life. The subject had to specify whether
they found the activity to be of no difficulty, of little
difficulty, moderate difficulty or extreme difficulty. No
difficulty scores zero and the score increases stepwise
until extreme difficulty scoring three. The sum of the
scores determines the overall difficulty experienced, the
higher the result,

the more problems the subject

experiences.**

Results

Two subjects with comparable baseline characteristics,
including age, pupil sizes and pre-surgery refraction, detailed
in Table 2, underwent uncomplicated cataract surgery and
showed clinically significant improved corrected distance
VA at the final visit, visit five. Intermediate vision with the
multifocal IOL was maintained at visit five, whilst the near
VA with the multifocal IOL improved. This is in comparison
to the monofocal IOL, where both the intermediate and near
VA deteriorated at visit five (Table 3).

Global Suppression and Fixation Disparity
Both participants had no signs of suppression or diplopia
with the Worth Four Dot Test at all distances with and
without corrections. This demonstrates the presence of
gross binocular single vision. No distance or near fixation
disparity was found with either subject indicating intact
ocular muscle alignment.

Table 2 Subject Demographics and Baseline Parameters

Multifocal IOL Standard IOL
Subject Subject
Subject age (years) 40 44
Pre-surgery refraction +0.25 +0.25/-0.25x170
(dioptres)
IOL power (dioptres) +18.50 +21.50
Right horizontal pupil 4.5 4.0
diameter (mm)
Left horizontal pupil 5.0 4.0
diameter (mm)
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Table 3 Shows the Baseline and Postoperative VA Results in LogMAR/LogRAD

Visit | Visit 5
Standard IOL Multifocal IOL Standard IOL Multifocal IOL
Unaided distance VA 0.26 0.34 0.36 0.00
Unaided intermediate VA - - 0.80 0.00
Unaided near VA 0.30 0.25 0.90 0.10
Best distance corrected VA 0.16 0.22 0.06 -0.16
Best distance corrected intermediate VA 0.30 0.20 0.70 0.20
Best distance corrected near VA 0.30 0.25 0.90 0.10
Stereopsis Foveal Suppression

The monofocal IOL subject was unable to accurately identify
the number of butterflies on the TNO butterfly test, despite
retesting with a +2.50DS near correction to compensate for
any near blurring effect. Whereas the multifocal IOL subject
passed the TNO butterfly test and revealed 30 seconds of arc
stereoacuity with the TNO disc test, this reduced dramati-
cally to 120 seconds of arc with the addition of a +2.50DS
lens in front of the treated eye as would be expected, con-
firming the presence of pseudo-accommodation.

Table 4 Standard and Multifocal IOL Binocular Assessment
Results at Visit 5

Binocular Vision Assessment Standard | Multifocal
IoL 1oL

Distance Worth Four Dot Test (6m) BSV BSV

Intermediate Worth Four Dot Test BSV BSV

unaided (67cm)

Near Worth Four Dot Test unaided BSV BSV

(33cm)

Intermediate Worth Four Dot Test BSV BSV

with +2.50DS add (67cm)

Near Worth Four Dot Test with BSV BSV

+2.50DS add (33cm)

Distance fixation disparity, horizontal/ 0/0 0/0

vertical (6m)

Near fixation disparity, horizontal/ 0/0 0/0

vertical (33cm)

TNO butterfly stereopsis test without | Failed Pass

near +2.50DS add

TNO butterfly stereopsis test with Failed Pass

near +2.50DS add

TNO disc stereopsis test without near | NA 30 seconds

+2.50DS add of arc

TNO disc stereopsis test with near NA 120

+2.50DS add seconds of

arc
Foveal suppression with near mallet unit | —11.76% 21.05%
NAVQ score (visit | score) 26 (20) 3 (14

Abbreviation: BSV, binocular single vision.

Foveal suppression assessments with the multifocal IOL
showed that more letters were seen monocularly resulting
in a foveal suppression of 21.5%. Whereas with the mono-
focal IOL, an equal sum of letters were seen monocularly
and binocularly, whilst fewer letters (particularly the smal-
ler ones) were seen with the right eye (treated monofocal
IOL eye), resulting in an abnormal negative suppression
result (—11.8%) (Table 4).

Depth of Focus

The multifocal IOL showed a much larger depth of focus
which was similar to the untreated eyes in both subjects. In
comparison to the monofocal IOL that showed a steep
decline in LogMAR VA with the addition of plus and
minus lenses, indicating poor depth of focus (Figure 3).

NAVQ Score results

The NAVQ score improved by 11 (from 17 at visit one to 3
at visit five) with the multifocal IOL, with the subject
reporting no difficulties apart from with very fine detail
tasks such as painting nails. Whereas the monofocal IOL
NAVQ score deteriorated by six (scoring 20 at visit one
and 26 at visit five), with the subject reporting extreme
difficulty with reading small print, seeing phone displays
and generally conducting near work without correction.

Discussion

After successful cataract surgery in both subjects, normal
binocular vision operated to fine degrees in the subject
implanted with the multifocal IOL at both distance and
near, with their stereopsis within normal limits.>> The subject
with the monofocal IOL showed poor near vision, only gross
binocular single vision and the absence of stereopsis, which
was reflected in the deteriorated NAVQ results with the
monofocal IOL. This suggests that the multifocal IOL was
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Figure 3 Depth of focus curve for both the multifocal IOL and monofocal IOL subject. The solid black line representing the multifocal IOL shows a greater depth of focus
with the addition of minus powered lenses, compared with the solid grey line representing the monofocal IOL which demonstrates very poor focus depth.

able to complement the accommodative power of the
untreated eye, whereas the monofocal IOL could not. The
monofocal IOL did demonstrate slightly lower distance VA
post-surgery (equivalent to 6/7.5"2), due to posterior capsular
opacification; however, it was deemed not -clinically
significant.

The gross binocular vision indicated with the Worth
Four Dot Test and fixation disparity showed that the ocular
alignment required for binocular single vision, particularly
at near, was not impaired by either IOL. Likewise, the
global suppression assessments were not impaired by
either IOL, indicating the absence of any neurological
visual function defects.

The reduced stereopsis seen with the monofocal IOL
indicates reduced visual function. Stereopsis can be
affected by refractive blur; however, the addition of an
uniocular spectacle add in front of the monofocal IOL did
not improve the stereoacuity. This could be due to altered
accommodation stimulation in the untreated contralateral
eye. Alternatively, this could be due to aniseikonia, pre-
venting the fusion of the retinal images, although this is
unlikely as the add power was less than three dioptres. It
has been reported that adults with anisometropic blur, due
to monovision correction, either from long-term contact

lens wear or surgical correction, develop a deficiency of
foveal binocular vision. This leads to the development of
permanent monofixation syndrome while the extrafoveal
fusion reflex remains intact, the absence of foveal fusion

manifests as reduced stereoacuity.*®

These findings could
extrapolate to pre-presbyopic patients, who require mono-
cular cataract extraction and receive a monofocal IOL.
Those patients would rely on their non-treated eye for
near vision tasks and therefore may develop reduced
foveal fixation or reduced near function in the treated
eye. This would explain the reduced stercopsis results
seen in our patient with the monofocal IOL, who had
reduced stereoacuity even with a near add correction.
The trial was terminated early due to the selected multi-
focal IOL lens been superseded by newer models, preventing
any clinical application conclusions. However, the case series
demonstrates that the carefully selected methodology enabled
an advanced understanding of binocular visual function in
both subjects; using a range of tests to assess the muscular,
neurological, optical and functional aspects of binocularity.
The study methodology would provide a useful framework
for future multifocal binocular visual function assessments.
The highly selective inclusion criteria were created to
reduce the number of variables, to enable a more accurate
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representation of binocularity amongst the subjects.
However, the impacts of these variables such as previous
vitreoretinal surgery need to be addressed before clinical
recommendations are made. Similarly, a patient’s level of
retinal visual function must be carefully considered, those
with poorer quality of vision, such as reduced contrast
sensitivity may struggle to adapt to the visual limitations
of the multifocal IOL.

The known adverse effects of multifocal IOLs (including
the LENTIS MPlus LS-313 MF30 multifocal IOL) such as
increased glare, dysphotopsia, and visual distortions must be
considered when counselling patients for a multifocal IOL.
Although the multifocal subject in this case series did not
report any major problems or adaptation difficulties. Careful
lifestyle review is paramount to determine an individual’s
suitability for implantation of a multifocal IOL. The Lentis
Mplus LS 313 was chosen as its +3.00DS near addition range
could mimic the accommodative requirement for near vision.
However, this may not be suitable for all patients, particularly
those who spend a lot of time on tablet devices, reading music
or on computers or simply prefer a longer reading distance. An
IOL incorporating a lower power add may be more suitable in
such patients; however, investigation is required to determine
the effects of a lower near add on near binocular performance.

In addition, specific multifocal design suitability is
imperative to this unique application. It must be stressed
that many of the multifocal IOL’s available would be
unsuitable due to the effects of glare and haloes caused
by sharp borders and the less natural near vision-generat-
ing zones, making neuro-adaptation very difficult.

Conclusions

This two-patient case series demonstrates binocular near
ability with the multifocal IOL compared to the monofocal
IOL, in a pre-presbyopic patient undergoing uniocular catar-
act surgery. The case series is too small for widespread
guidance. It does highlight the need and methodology for
investigating further the functional and quality-of-life bene-
fits of implanting multifocal IOLs in pre-presbyopic patients,
those in their twenties and thirties, undergoing uniocular
cataract surgery. Particularly in light of advancing multifocal
IOL technologies and improving vitreoretinal procedures and
prognoses.

Abbreviations

BSYV, binocular single vision; FD, fixation disparity; IOL,
intraocular lens; VA, visual acuity; NAVQ, Near Activity
Instrument Vision Questionnaire.
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