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PURPOSE: To evaluate a new diffractive multifocal intraocular lens (10L) as an additional (add-on)
IOL for sulcus-based implantation.

SETTING: Augenklinik am Neumarkt, KdIn, Germany.

METHODS: In this prospective study, cataract patients had phacoemulsification and IOL implanta-
tion. After phacoemulsification, an aspheric silicone monofocal 10L (MS 612 ASP-Y) with a power
range of +4.00 to +27.00 diopters [D]) was implanted in the capsular bag. This was followed by
sulcus placement of an add-on multifocal IOL (MS 714 PB) with a 4 3.50 D diffractive element for
near but zero refractive power for distance.

RESULTS: The study included 56 eyes of 30 patients. Three months postoperatively, the mean
monocular uncorrected distance visual acuity was 0.10 logMAR + 0.11 (SD) (median 1.00 decimal;
20/20 Snellen), with a remaining mean postoperative spherical equivalent of 0.01 + 0.51 D. The
mean uncorrected intermediate visual acuity was 0.20 + 0.15 logMAR (median 0.63 decimal;
20/30 Snellen) with a luminance of 500 lux at 1 m. The mean uncorrected near visual acuity (Early
Treatment Diabetic Retinopathy chart) was 0.16 + 0.13 logMAR (median 0.80 decimal; Jaeger 2).
No major complications (eg, iris chafing, iris capture, lens epithelial cell ingrowth, glaucoma) were
associated with the add-on 10L in the sulcus.

CONCLUSIONS: Combined implantation of an add-on diffractive sulcus 10L and a monofocal
capsular bag 10L was safe and effective in improving far and near visual acuity in cataract surgery.
Preliminary visual acuity results were similar to those in eyes with a single 1-piece diffractive

multifocal 10L.
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Monofocal intraocular lenses (IOLs) provide adequate
restoration of visual acuity in pseudophakic eyes,
although often with spectacle dependence, especially
for near tasks."” With growing interest in presbyopia
correction,®* several surgical methods were developed
to provide near visual acuity without spectacles in
presbyopic phakic eyes™® and pseudophakic eyes.>” '

Several new IOL optic designs have been proposed
for pseudophakic eyes. One of the most clinically suc-
cessful concepts is the simultaneous projection of a far
image and a near image on the retina.'’ Because the
first generation of bifocal IOLs relied on the refractive
principle, their performance was very dependent on
pupil size and, compared with monofocal IOLs, they
had potential adverse optical effects, such as loss of
contrast sensitivity and compromised visual acuity
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under various lighting conditions."" A new generation
of diffractive multifocal IOLs was developed to re-
solve the issue of spectacle dependency by providing
balanced distance and near visual acuity while bein,
less dependent on pupil size.'> However, studies®” "
show that even the latest generation of multifocal
IOLs can cause a loss of contrast sensitivity, an in-
crease in spherical aberrations, and halo and glare
symptoms. Thus, many patients elect not to have mul-
tifocal IOL implantation because they fear developing
night-vision problems. Explantation of a diffractive
IOL and its replacement by a monofocal IOL is a possi-
ble, although not desirable, solution. The concept of an
additional functional diffractive optic is an alternative
for uneventful reversibility of this complex refractive
surgical procedure.
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There is a growing demand for spectacle indepen-
dence by pseudophakic patients with monofocal
IOLs. Again, an option is to replace the monofocal
IOL with a multifocal IOL; however, IOL explantation
followed by multifocal IOL implantation can be trau-
matic," especially if the posterior capsule has been
opened. Also, after IOL exchange, perfect IOL centra-
tion is hard to achieve and precise refractive outcomes
are difficult to predict. A technique to avoid the risks of
explanting and replacing an existing IOL is to implant
an additional (add-on) multifocal IOL in the sulcus,
with the goal of enhancing the patient’s vision. Intra-
ocular lens explantation is not suitable in many cases,
especially if the existing posterior chamber IOL (PC
IOL) successfully corrects cylindrical ametropia in
the pseudophakic eye, as occurs with toric IOLs."* If
patients have a residual refractive error after cataract
surgery, an add-on IOL can be customized with addi-
tional refractive properties. Patients with unilateral
pseudophakia and a monofocal IOL who require cata-
ract surgery in the second eye can be offered the option
of diffractive multifocal IOL implantation in the capsu-
lar bag in the second eye and an add-on diffractive
multifocal IOL in the pseudophakic eye.

In this study, we evaluated the safety and efficacy of
improving near visual acuity of combined implanta-
tion of a monofocal IOL in the capsular bag and
a new diffractive multifocal intraocular lens (IOL) as
an add-on lens in the sulcus.

PATIENTS AND METHODS

This prospective randomized clinical study included cata-
ract patients who had a preoperative corrected distance
visual acuity (CDVA) of logMAR 0.3 (0.5 decimal) or worse.
As required by German law, an ethical committee approved
the study. All patients provided informed consent according
to the Declaration of Helsinki.

Patients were excluded if they had a disease other than
cataract that might interfere with multifocal or sulcus-based
IOL implantation (eg, age-related macular degeneration,
uveitis, glaucoma), corneal abnormalities, or corneal
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astigmatism greater than 1.00 diopter (D). After uneventful
phacoemulsification, patients had implantation of a monofo-
cal IOL in the capsular bag and a multifocal IOL in the sulcus.

Intraocular Lenses

The monofocal IOL used in the study was the MS 612
ASP-Y (HumanOptics AG). It is a posterior chamber 3-piece
foldable IOL with a 360-degree sharp optic edge. The optic is
third-generation silicone elastomer with an ultraviolet (UV)
inhibitor and yellow tint for blue-light filtering. The yellow
tint absorbs blue light to prevent the adverse effects of UV
light on the retina while preserving contrast sensitivity and
color discrimination.'® The anterior surface of the optic is
spherical. The posterior IOL surface is aspheric, compensat-
ing for a mean corneal asphericity of —0.281 with an average
curvature of 7.71 mm."” The modified C-loop haptics have
zero-degree angulation and are high molecular poly(methyl
methacrylate) (PMMA) for adequate stability. In this study,
the power of the monofocal IOLs was between 4.00 D and
27.00 D.

The multifocal IOL used in the study was the MS 714 PB
(HumanOptics AG). It is a diffractive 3-piece foldable add-
on IOL designed for implantation in the sulcus. The
7.0 mm optic and 14.0 mm haptics are sized to prevent glare
effects and iris capture, provide stability, and prevent con-
tact with the PC IOL. The silicone elastomer optic is safe
and secure,'® with a UV absorber, a concave posterior sur-
face, and round anterior edge to prevent iris irritation. The
haptics, which are angulated 10 degrees from the iris, are
high-molecular PMMA with a modified C-loop configura-
tion. The IOL power varies from —6.00 to +6.00 D in
0.50 D increments; it can be customized with additional
lens power. In this study, IOLs with 0.00 D power were
used. The diffractive element is similar to that of other com-
mercially available intracapsular diffractive IOLs. From the
inner diameter of 1.2 mm to the outer diameter of 3.6 mm,
9 steps on the anterior IOL surface create an interference
pattern at a specific focal length to generate a near focus.
The diffractive element of the IOL is equivalent to a near
addition of +3.50 D at the IOL plane, which provides near
focus at approximately 40 cm. Approximately 18% of incom-
ing light is lost by the process of diffraction in higher-order
maxima. The remaining 82% of incoming light is usable for
the visual process and is distributed on the 2 focal planes
for near and far. With a small pupil (approximately
2.0 mm), the light distribution between far focus and near
focus is approximately 50/50; as the pupil enlarges, the ratio
slowly increases to 70/30 with a 5.0 mm pupil.

Preoperative Examination

All patients had a complete preoperative ophthalmic
examination including subjective and objective refractions,
biomicroscopy of the anterior segment, intraocular pressure
(IOP) measurement, endothelial cell count (ECC), and opti-
cal biometry (IOLMaster, Carl Zeiss Meditec). The Haigis
formula'® was used for IOL calculation. Patients also had
Scheimpflug imaging of the anterior segment (Pentacam,
Oculus) and dilated fundus examination.

Surgical Technique

Standard sutureless microincision phacoemulsification
was performed by the same surgeon (G.G.). Parabulbar or
topical anesthesia of preservative-free lidocaine 2% and
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mild sedation with midazolam were administered. Sufficient
pupil dilation was achieved with intracameral mydriasis
using 1 mL of a 2 mL vial containing cyclopentolate 1%,
phenylephrine 10%, lignocaine 2%, and a balanced salt solu-
tion. An astigmatism-neutral incision (2.6 mm x 1.5 mm)
was placed temporally. An S3 phaco unit (Geuder AG)
with a piranha phaco tip was used for surgery (80% ultra-
sound power, bimanual phaco-chop technique).

After phacoemulsification, the monofocal IOL was im-
planted in the capsular bag. The sodium hyaluronate 1%
(Provisc) was removed from behind the capsular bag IOL
and the sulcus opened with additional ophthalmic viscosur-
gical device (OVD). The diffractive add-on IOL was loaded
in a cartridge and inserted into an injector (Abbott Medical
Optics, Inc.). The tip of the cartridge was introduced partially
into the eye, and the leading haptic of the add-on IOL was
slowly released into the sulcus. The proximal haptic was
placed in the sulcus with a second instrument (push-pull
manipulator, Geuder AG) while the add-on IOL was slowly
rotated. After the OVD was bimanually removed anteriorly
and from between the IOLs, the incisions were hydrated
with a 30-gauge cannula. Intraocular preservative-free cefur-
oxime 1% (0.1 cc) was injected into the anterior chamber. No
sutures were used in any case. Postoperative topical therapy
comprised ofloxacin and prednisolone 1% eyedrops 5 times
a day.

Postoperative Examination

All patients had a complete postoperative ophthalmic
examination, including monocular and binocular CDVA,
uncorrected distance visual acuity (UDVA), uncorrected
intermediate visual acuity, corrected intermediate visual
acuity, uncorrected near visual acuity (UNVA), and
corrected near visual acuity (CNVA). Intermediate visual
acuity was measured with Early Treatment Diabetic Reti-
nopathy (EDTRS) charts (Precision Vision) at 1 m with
a luminance of 500 lux controlled by a lux meter (Voltcraft
MS-1500, Conrad Electronic SE). Near visual acuity was
also measured with EDTRS charts with a luminance of
1000 to 1100 lux at 40 cm. Visual acuity was measured in dec-
imal units and converted to logMAR units for statistical
analysis.

Figure 1. APCIOL and an add-on IOL in the sulcus the first day after
implantation.

The postoperative examination included biomicroscopy
of the anterior segment and IOP measurement at 1 day, 1
week, and 1 and 3 months. At the 3-month visit, patients
also had measurement of corrected and uncorrected visual
acuity at all 3 distances, an ECC, Scheimpflug anterior seg-
ment imaging, and a dilated fundus examination. Intraocu-
lar lens centration was evaluated during the slitlamp
examination, with the ring-shaped steps of the diffractive
element used as landmarks. As in all Fresnel optics, the rings
on the add-on surface are concentric but not equidistant. The
diameter of the inner ring is 1.2 mm, and the diameter of the
next outer ring is approximately 1.6 mm. Most elderly
patients have small pupils that, under bright slitlamp illumi-
nation, are no larger than 2.0 to 2.5 mm. If the pupil were
2.4 mm and the complete inner ring structure of the add-
on were visible, decentration could be estimated to be
0.5 mm or less. If the 2 inner ring structures were visible,
decentration would be 0.3 mm or less. The add-on IOL
was considered centered if the inner ring structure was
completely visible.

RESULTS

This study included 56 eyes of 30 patients (15 men, 15
women). The mean age of the patients was 65 years +
12 (SD).

All monofocal IOLs and add-on multifocal 1OLs
were implanted successfully (Figure 1). All add-on
IOLs were well centered throughout the postoperative
follow-up (Figure 2).

Table 1 shows the monocular and binocular uncor-
rected and corrected near, intermediate, and distance
visual acuities. Figure 3 compares the preoperative
and postoperative monocular CDVA. Figure 4 shows
the uncorrected and corrected visual acuity results at
all 3 distances at 3 months. All eyes achieved
a UNVA of at least 0.5 decimal, which was sufficient
for reading newspaper-size print without spectacles.

Figure 5 shows the anterior chamber depth (ACD)
results. No eye had shallowing of the anterior chamber.

Figure 2. Well-centered add-on IOL in a miotic eye.
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Table 1. Three-month visual acuity results.
Visual Acuity
Uncorrected Corrected*

Distance/Parameter Monocular Binocular Monocular Binocular
Near

Mean (logMAR) + SD 0.16 £+ 0.13 0.08 + 0.08 0.12 + 0.14 0.05 £ 0.08

Range (decimal) 0.32 to 1.00 0.50 to 1.00 0.25 to 1.00 0.40 to 1.00

Median (decimal) 0.80 0.80 0.80 1.00

Interquartile range 0.63 to 0.80 0.80 to 1.00 0.63 to 1.00 0.80 to 1.00
Intermediate

Mean (logMAR) 0.20 £ 0.15 0.11 £ 0.12 0.17 + 0.12 0.09 + 0.09

Range (decimal) 0.20 to 1.00 0.32 t0 1.25 0.32 to 1.00 0.50 to 1.00

Median (decimal) 0.63 0.80 0.63 0.80

Interquartile range 0.50 to 0.80 0.63 to 1.00 0.63 to 0.80 0.80 to 1.00
Distance

Mean (logMAR) + SD 0.10 £ 0.11 0.02 + 0.07 0.02 £ 0.06 —0.02 £0.05

Range (decimal) 0.4 to1.25 0.63 to 1.25 0.63 to 1.25 0.80 to 1.25

Median (decimal) 0.80 1.00 1.00 1.00

Interquartile range 0.80 to 1.00 0.80 to 1.00 0.80 to 1.00 1.00 to 1.00
*Spectacle correction

Figure 6 shows the predictability results. The mean
targeted spherical equivalent (SE) was 0.09 + 0.25 D
and the mean achieved SE, 0.01 £+ 0.51 D, showing
good predictability.

No complications, such as lens epithelial cell (LEC)
growth, were associated with the distance between
the 2 IOLs (Figure 7). The mean distance between the
back surface of the add-on IOL and the anterior surface
of the monofocal IOL was 450 £ 190 pm (Figure 8).

Centration of the add-on IOL (assessed at the
slittamp) was stable at 3 months. In all but 1 eye
(ectopic pupil), the inner ring structure of the add-on
was completely visible with a 2.0 to 3.0 mm pupil
under the bright light of the slitlamp (Figure 2). Based
on the diameter of the Fresnel optic ring structures on
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Figure 3. Preoperative and postoperative monocular CDVA.

the surface of the add-on IOL, decentration was to be
0.5 or less in 55 eyes (98.2%).

Table 2 shows the postoperative complications. The
presence of the sulcus add-on IOL was not associated
with any complication (ie, loss of iris pigment,
prolonged irritation of the anterior chamber, shallow
anterior chamber, glaucoma, LEC proliferation
between IOLs, iris capture). Intraocular lens pigment
deposits were seen on some add-on IOLs during the
first postoperative month; they resolved by the third
postoperative month. In 1 eye with extreme intraoper-
ative mydriasis, 1 of the 2 haptics of the add-on IOL
was inadvertently implanted in the anterior chamber.
This error, which was likely related to the learning
curve for implanting this new IOL, was recognized

1.2 4
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0.4 -
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Uncorrected Corrected Uncorrected Corrected Uncorrected Corrected
Distance Intermediate Near

Figure 4. Uncorrected and corrected visual acuity at all distances
3 months postoperatively.
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Figure 5. Comparison of preoperative and postoperative ACD (IOL
= intraocular lens).

at the first postoperative visit and corrected by rotat-
ing the misplaced haptic into the sulcus. In 2 eyes, 1
haptic of the add-on IOL was bent or cracked during
implantation. In the case with the cracked haptic, the
add-on IOL was explanted and replaced during the
same surgery. In the case with the bent haptic, the
add-on IOL was left in place and the PMMA haptics
recovered, which recentered the IOL. In another case
with a slightly ectopic pupil, the add-on IOL was not
perfectly matched with the line of sight (decentration
approximately 0.8 mm). However, the decentration
did not affect the clinical result and the IOL was left
in the eye. The rate of posterior capsule opacification
(PCO) with subsequent neodymium:YAG (Nd:YAG)
capsulotomy was approximately 28%.

No patient required spectacles for distance vision.
Two patients required spectacles for near tasks
3 months after implantation.

DISCUSSION

Add-on diffractive multifocal IOLs designed for
implantation in the sulcus appear to produce visual

446 £ 187um

Figure 7. Scheimpflug image of the distance between the monofocal
IOL in the bag and the multifocal IOL in the sulcus.

SE Achieved (D)

SE Target (D)

Figure 6. Targeted SE versus achieved SE (predictability)
(SE = spherical equivalent).

results that are as good as, and in some cases better
than, those of single diffractive multifocal IOLs."*"
In a study of an apodized diffractive multifocal IOL,
de Vries et al.*® found a mean UDVA of 0.046 +
0.099 logMAR and a mean CDVA of —0.040 £+ 0.075
logMAR at 6 months. The mean UNVA and CNVA
were the same, 0.009 £ 0.029 logMAR. In a study of
another diffractive multifocal IOL,*" 90.0% of eyes
achieved a monocular UDVA of 20/30 or better and
92.8% of patients were spectacle independent 6 months
after surgery. In our study, the addition of an optical
interface in a pseudophakic eye caused no serious
problems, making it a safe and effective procedure.
There was no LEC ingrowth because the proper dis-
tance was maintained between the IOLs.** There
were no cases of anterior chamber shallowing, and
no eye required iridectomy as of the last follow-up.
A larger study to verify these findings is required.

Figure 8. A photograph taken at 1 week shows sufficient distance
between the anterior add-on IOL and the PC IOL at all sites.
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Table 2. Complications.

Complication Eyes (n)
Pupil deformation 2
Pigment deposits* 4
Cell deposits 3
(macrophages)*

False add-on haptic implantation

Relative add-on TOL decentration’ 1

IOL = intraocular lens
*One week postoperatively, resolved by 3-month visit
T Asymptomatic

The exclusion criteria for sulcus implantation of an
add-on diffractive multifocal IOL mirrors those for
implantation of a conventional multifocal IOL. In
addition, a single add-on multifocal IOL can be used
in patients with problems such as light scatter or aber-
rations, slight amblyopia, mild epiretinal gliosis, tear-
film deficiency, unusual refractions, or uncertain
patient expectations. If the IOL does not satisfy the
patient, it can be removed easily at almost any time
postoperatively.

Taking into account the preoperative refractive
distribution and the dioptric range of the IOL, the
refractive results in our study were excellent. All
patients were informed about the possibility that the
add-on IOL might have to be exchanged or that they
might have to have laser in situ keratomileusis as a sec-
ond intervention. Intermediate uncorrected visual acu-
ity results showed reasonable outcomes that are similar
to those reported for other multifocal IOLs.'*>*%*!

Posterior capsule opacification is the most common
complication of modern cataract surgery, with an inci-
dence of up to 50% at 2 years.” In our study, the PCO
with Nd:YAG rate was relatively high compared with
that after monofocal IOL implantation. However,
reports of the PCO and Nd:YAG rates in eyes with
multifocal IOLs are conflicting.”*** It has been spec-
ulated that multifocal IOL distribution of light to 2 foci
stresses the visual system to the limit. If additional
optical disturbances (eg, defocus, astigmatism, aberra-
tion, straylight) occur, the visual system may be over-
stressed. If patients with a multifocal or add-on IOL
tend to be more sensitive to scatter or straylight, even
low levels of PCO can lead to subjective complaints
and subsequent Nd:YAG laser capsulotomy. This the-
ory is supported by our clinical observation. Although
we did not assess PCO objectively, some of our pa-
tients, even those with relatively low-grade PCO, re-
ported subjective visual symptoms, despite good
high-contrast visual acuity; the symptoms resolved af-
ter Nd:YAG laser capsulotomy. Neodymium:YAG la-
ser posterior capsulotomy significantly improves

stereoacuity, more so than it improves spatial acuity
and contrast sensitivity.?® Stereoacuity and contrast
sensitivity are essential to the proper functioning of
diffractive multifocal IOLs, which further supports
the benefit of early Nd:YAG treatment in eyes with
a multifocal or add-on IOL. This issue must be further
evaluated in future studies.

With regard to method and technique, diffractive
multifocal IOLs are easy to implant in the sulcus
with a forceps or an injector or shooter system. An
injector system for the add-on multifocal IOL we
used is under development (A. Messner, CEO, Hu-
manOptics AG, personal communication, January
2009). It is important to enlarge the sulcus with OVD
to avoid in-the-bag or anterior chamber placement of
the leading haptic. The haptics of the add-on IOL
diffractive are very flexible and have good shape
memory. In addition, the optic is large enough to pre-
vent iris capture and to allow the use of mydriatics
without problems. So far, no adjustments of biometric
constants have been necessary in the implantation
procedure; however, a study with a larger cohort is
needed to further assess this.

Although implantation of a new-generation diffrac-
tive multifocal IOL alone offers an alternative to bilat-
eral and unilateral pseudophakic patients, the
decrease in contrast sensitivity and the incidence of
halos and glare can compromise optical performance.
The reduction in contrast sensitivity might be caused
by the IOL’s principle of dividin% and directing incom-
ing light between 2 focal points.” A greater incidence
of photopic phenomena has been reported with multi-
focal IOLs than with monofocal IOLs. However, pa-
tients can often adapt to these symptoms, and it is for
the patient to decide whether the benefits outweigh
the disadvantages. If there is concern that a patient
will not be able to adapt to the side effects of the diffrac-
tive optic, an add-on multifocal IOL in the sulcus can be
easily explanted. If the capsular bag were not suitable
for a diffractive IOL (eg, because of zonule rupture,
broken posterior capsule, inadequate capsulorhexis
leading to unpredictable bag shrinkage), it would not
preclude implantation of an IOL in the sulcus.

Sulcus placement is a possible reason that the add-
on IOLs in our study were well centered 3 months
postoperatively. Sulcus IOLs are not subject to capsu-
lar bag abnormalities, deformation, or shrinkage. In
our study, centration was assessed by the position of
ring structure of the Fresnel optic on the IOL surface
in relation to the pupil margin. Other methods of eval-
uating IOL centration included Scheimpflug ghotog—
raphy,**?° digital slitamp photographs,” and
Purkinje reflections.”® Because of different study
designs (eg, different reference points and methods),
results are conflicting and not directly comparable to
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those in our study. Our method of evaluating add-on
IOL centration is not a precise measurement but is
an easy way to obtain a reasonably exact estimation
of centration for clinical purposes. Future studies
should be performed to determine the best way to
measure centration of this IOL in a clinical setting.

The full dioptric range is not yet available for some
capsular bag diffractive multifocal IOLs. Again, com-
bined implantation of a monofocal IOL in the capsular
bag and an add-on multifocal IOL in the sulcus can
provide a solution. Combined sulcus implantation of
an add-on IOL with other IOL types—for example a to-
ric IOL in the capsular bag—can also be considered
(personal experience).

The concept of piggyback IOLs (ie, implanting
2 10Ls in the capsular bag) has been proposed.’*°
However, the results are unpredictable because of
optical disturbances (contact zones with Newton
rings),*® LEC ingrowth between the IOLs (interlenticu-
lar opacity),*® and capsular bag shrinkage that leads to
IOL displacement.” However, implanting 1 IOL in the
capsular bag and a second in the sulcus produces bet-
ter results.”” Intraocular lenses placed in the sulcus
that are not designed for sulcus fixation are not shaped
to prevent contact with the capsular bag IOL, which
can lead to unstable fixation, iris irritation, and chronic
intraocular inflammation.*®***° The posterior concave
optic of the diffractive multifocal add-on IOL we
used prevents contact with the capsular bag IOL
because the rounded optic edge and the design of
the optical zone do not cause iris irritation. The larger
optic (7.0 mm) prevents undesired glare effects and iris
capture, and the 14.0 mm total diameter provides
stable centration in the ciliary sulcus.

In conclusion, implantation of an add-on diffractive
multifocal IOL in the sulcus in cataract surgery
patients was safe, predictable, and efficient and further
improved visual results. However, subjective evalua-
tion must be performed to validate the stability of con-
trast sensitivity and the incidence of halos and glare. In
addition, sulcus-placed add-on diffractive multifocal
IOLs should be evaluated with different posterior
chamber IOLs (eg, toric and aspheric) and IOLs of differ-
ent materials. Add-on IOLs have the potential to correct
small residual refractive errors in pseudophakic eyes
with a monofocal IOL while also providing near vision.
This raises the question of whether add-on IOLs can be
used as secondary IOLs in different pseudophakic eyes.
A study to address this issue is underway.
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