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ABSTRACT

Introduction:  Pinhole intraocular lenses (IOLs) 
were developed to improve reading by compen‑
sating for loss of accommodative function. The 
IC-8® Apthera™ is a small-aperture presbyopia-
correcting IOL that combines the proven prin‑
ciple of small-aperture optics with an aspheric 
monofocal lens to deliver a continuous range of 
vision for patients with cataracts from distance 
to near vision. Posterior capsule opacification 

is the most common sequela after cataract sur‑
gery. It is effectively treated by laser capsulot‑
omy. However, if the laser beam is incorrectly 
focused, the IOL can be permanently damaged 
(pits/shots).
Methods:  In this experimental study, yttrium–
aluminum-garnet (YAG) pits were purposefully 
created. Defects were analyzed and compared 
between the periphery of the ring in the clear 
area of the hydrophobic acrylic lens and at 
the carbon black (CB)-polyvinylidene fluoride 
(PVDF) filtering component (FilterRing™) of the 
pinhole lens. All defects were made using identi‑
cal settings/energy levels (2.6 mJ). The damage 
induced to the IC-8® Apthera™ IOL was exam‑
ined by low-magnification images, light micros‑
copy, scanning electron microscopy, and micro-
computed tomography (micro-CT).
Results:  YAG defects in the carbon black fil‑
ter ring were much more severe than those in 
the clear zone due to the high absorption of the 
carbon black. Massive defects and destruction 
of the lens with tearing out of fragments and 
particles were observed. The missing volume 
calculated from the micro-CT reconstruction 
was 0.266 mm3, which is 1.6% of the entire IOL 
volume, or more than 1000 times the volume 
damaged in the largest shot in the periphery.
Conclusion:  Based on the results, we highly 
recommend using the lowest possible energy 
levels, posterior offset setting, and circular pat‑
tern for maximum safety when performing 

Supplementary Information  The online version 
contains supplementary material available at 
https://​doi.​org/​10.​1007/​s40123-​024-​01007-9.

A. F. Borkenstein (*) · E.-M. Borkenstein 
Borkenstein and Borkenstein Private Practice, 
Privatklinik Der Kreuzschwestern Graz, Kreuzgasse 
35, 8010 Graz, Austria
e-mail: crustalith@gmx.at

T. K. Kormilina · H. Fitzek · J. Rattenberger · 
G. Kothleitner 
Graz Centre for Electron Microscopy (ZFE), 
Steyrergasse 17, 8010 Graz, Austria

G. Kothleitner 
Institute of Electron Microscopy and Nanoanalysis 
(FELMI), Graz University of Technology, Steyrergasse 
17, 8010 Graz, Austria

F. E. M. Charry 
Institute of Solid State Physics, University 
of Technology Graz, Petersgasse 16/2, 8010 Graz, 
Austria

http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-024-01007-9&domain=pdf
http://orcid.org/0000-0001-6341-9069
https://doi.org/10.1007/s40123-024-01007-9


	 Ophthalmol Ther

laser capsulotomy with pinhole implants. Care 
should be taken to avoid creating irreversible 
iatrogenic defects that may affect overall qual‑
ity. The safest area for performing capsulotomy 
seems to be the periphery of the ring segment.
Video available for this article.

Keywords:  Small aperture; Pinhole intraocular 
lens; Presbyopia correcting lens; Damage in 
intraocular lens; YAG pits; Hydrophobic acrylic; 
Nd:YAG laser; Capsulotomy

Key Summary Points 

This laboratory experiment shows that laser-
associated defects are much more severe 
in the carbon black filter ring of pinhole 
intraocular lenses (IOLs) due to the high 
absorption.

Incorrect focusing of the laser with standard 
energy levels leads to massive defects and 
destruction of the lens.

The safest area for performing laser capsul‑
otomy in pinhole IOLs seems to be the clear 
area in the periphery of the ring segment.

DIGITAL FEATURES

This article is published with digital features, 
including a video, to facilitate understanding of 
the article. To view digital features for this arti‑
cle, go to https://​doi.​org/​10.​6084/​m9.​figsh​are.​
26312​122.

INTRODUCTION

A pinhole is a small circular hole, as could be 
made with the point of a pin. In optics, pinholes 
with various diameters are used as apertures in 
optical systems and can focus light or act as a 
kind of lens. This effect is used in solarigraphy 
and in pinhole cameras and the so-called camera 

obscura [1, 2]. The same effect is used in pinhole 
occluders, which are used by ophthalmologists 
to test visual acuity. The pinhole effect has also 
been successfully used in spectacles, contact 
lenses, and corneal inlays to improve reading. In 
recent years, presbyopia-correcting intraocular 
lenses (IOLs) have become increasingly popu‑
lar and more frequently used in cataract surgery 
to treat presbyopia after removal of the cloudy 
lens [3, 4]. Pinhole IOLs were developed to use 
the pinhole effect to improve reading by com‑
pensating for loss of accommodative function 
[5]. The effect of paraxial rays is minimized by 
the small aperture, reducing the circle of blur 
and minimizing the effect of higher-order aber‑
rations (HOAs), enhancing depth of focus, and 
reducing the effect of refractive errors.

The IC-8® Apthera™ (Bausch & Lomb) is a 
small-aperture presbyopia-correcting IOL that 
combines the proven principle of small-aper‑
ture optics with an aspheric monofocal lens to 
deliver a continuous range of vision from dis‑
tance to near vision for patients with cataracts. 
The hydrophobic acrylic, ultraviolet-blocking 
one-piece lens has a 6.0 mm optic diameter and 
an overall diameter of 12.5 mm. The biconvex 
IOL with an anterior aspheric surface is built 
on a classic c-loop IOL platform with 360° pos‑
terior square edge design and 5° angulation to 
prevent posterior capsule opacification (PCO). 
The spherical aberration is –0.22 mm. The refrac‑
tive index of the material is 1.48 at 35 °C and 
589 nm. The lens has a filtering component 
(FilterRing™) made of polyvinylidene fluoride 
(PVDF) and carbon black (CB) with an outer 
diameter of 3.23 mm and an aperture diame‑
ter size of 1.36 mm. The FilterRing component 
thickness is 5.00 mm, and the number of micro‑
perforations is 3200.

PCO is still the most common late conse‑
quence of cataract surgery [6–8]. The data differ 
greatly on the frequency and timing. This is due 
to different study designs and many different 
existing IOL models. Various factors have been 
identified which may have an influence. In addi‑
tion to the material and design of the lens, these 
include factors relating to the surgical technique 
as well as secondary diagnoses of the eye [9–13]. 
Experts currently agree that secondary cataracts 
(PCO) can develop with all IOLs after a certain 
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period of time. PCO incidence has been reduced 
by various measures and advancements in IOLs 
but is still an important issue [14, 15]. PCO can 
lead to deterioration of visual performance, 
decrease in contrast, increase in glare and stray 
light, and decrease in overall visual quality 
with blurred vision. This condition is currently 
treated with a neodymium:yttrium–aluminum-
garnet (Nd:YAG) laser to create a posterior cap‑
sulotomy (gold standard). This procedure is con‑
sidered safe, simple, and effective. Nevertheless, 
complications can still occur. These include 
permanent damage to the implant if laser-asso‑
ciated defects occur within the IOL.

The main purpose of this experimental study 
was to compare the YAG-associated defects at 
the clear zone of the hydrophobic acrylic lens 
with the YAG-associated defects at the carbon 
black filter ring of the IC-8® Apthera™. We 
demonstrate that, due to the high absorption 
of the carbon black, the YAG defects in the car‑
bon black filter ring are much more severe than 
those in the clear zone and should be avoided.

METHODS

In this laboratory experiment, a Q-switched 
Nd:YAG laser system (Visulas YAG III, Carl Zeiss, 
Germany) with a wavelength of 1064 nm and 
pulse length of < 4 ns was used. IOL samples 
were placed within a self-constructed transpar‑
ent glass cuvette, which was fixed to the head- 
and chin-rest of the device. The laser beam was 
focused directly on the surface of the IOL and 
within the IOL material body in order to inten‑
tionally create defects. In all cases, the same 
energy level of 2.6 mJ was used. The defects were 
made in the periphery of the ring in the clear 
area of the hydrophobic acrylic lens and at the 
carbon black (PVDF) filtering component (Filter‑
Ring™) of the pinhole lens. In total, 17 Nd:YAG 
pits (defects) were created, out of which 13 were 
focused in the clear part of the lens (10 anterior 
surface, three posterior surface) and four were 
focused in the ring layer.

The following measurements and tests were 
carried out to investigate the effects of the laser 
on the test samples.

Low‑Magnification Images

Low-magnification images of the entire IOL and 
large defects were acquired using an Olympus SZ 
Series stereomicroscope (Olympus, Tokyo, Japan) 
equipped with a camera and a Nikon D7500 
photo camera (Nikon, Tokyo, Japan) with an RS1 
stand (Kaiser Fototechnik, Buchen, Germany). 
The images were taken directly in the IOL fixa‑
tion device.

Light Microscopy

Light microscopy images were acquired using an 
Alicona Infinite Focus microscope (IFM; Bruker 
Alicona, Graz, Austria) in order to ensure a suf‑
ficient depth of focus, even for high-resolution 
images on the sloped surface of the IOL. The 
images were taken using a Nikon LU Plan ×50/
NA0.55 objective (Nikon, Tokyo, Japan) and 
directly in the IOL fixation device.

Environmental Scanning Electron 
Microscopy (ESEM)

Secondary electron (SE) images were acquired 
using an FEI Quanta 600 FEG (Thermo Fisher 
Scientific, Waltham, MA, USA) ESEM. To com‑
pensate for surface charges and to minimize 
alterations of the sample surface, the meas‑
urements were taken in the low-vacuum (LV) 
mode, using water vapor as the imaging gas. An 
accelerating voltage of 10 kV was used for all 
measurements, and the IOL was placed in the 
microscope directly in the IOL fixation device.

Micro‑Computed Tomography (micro‑CT)

The volume study of Nd:YAG pits was conducted 
with a TESCAN UniTOM HR instrument (Tescan, 
Brno, Czech Republic) operating in microfocus 
regime. The sample in its native protective cas‑
ing (as supplied from the manufacturer) was 
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pre-dried with CO2 gas flow and fixed with a 
custom-made polylactic acid (PLA) holder and 
Parafilm. Accelerating voltage of 50 kV at 5 W 
target power was used. Tilt series were acquired 
at 7.5 µm voxel size over 2286 projections in 
360° range, each constituting 1500 ms exposure 
and four averages. Tilt series were reconstructed 
with TESCAN Panthera software (Tescan, Brno, 
Czech Republic). Visualization and analysis were 
carried out with Object Research Systems (ORS) 
Dragonfly software (Comet Technologies, Mon‑
treal, Canada). Ethics approval was not required 
for this experimental, laboratory study type, as 
no human or animal subjects or materials were 
involved.

RESULTS

The damage induced to the IC-8® Apthera™ 
IOL by the Nd:YAG laser was examined by light 
microscopy, scanning electron microscopy, and 
micro-CT. Figure 1 demonstrates the IOL posi‑
tion in its native protective casing/fixation 
device, where the IOL was kept throughout all 
the measurements. It was adapted for the micro-
CT setup using a slot-in holder.

The micro-CT reconstruction in Fig. 2 classi‑
fies defects based on their depth relative to the 
position of the CB-PVDF ring (anterior/posterior, 
ring layer) and their lateral position (periph‑
ery or on the ring). The numbered shots (1–4) 

Fig. 1   Overview of the micro-computed tomography 
(micro-CT) experiment: a–b sample positioning using the 
custom-made polylactic acid holder; c orientation of the 

intraocular lens (IOL) in the fixation device viewed with a 
photograph; d X-ray transmission images (radiographs) of 
the IOL in the fixation device in the front and side views
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marked in red are the shots on the ring. Damage 
to the lens is already discernible with the naked 
eye, as is evident from the photo in the inset of 
Fig. 2b, where at position 3, part of the acrylic 
material is missing, accompanied by two missing 
patches of the CB-PVDF ring layer. This shot led 
to severe and most obvious damage. The dam‑
age caused by the other three shots in the ring 
(1, 2, 4), while not as clearly visible here, is still 
significant. Finally, the damage from the shots 
in the periphery (both anterior and posterior) 
is smaller.

Figure 3 presents typical examples of shots in 
the periphery (the clear part of the IOL), includ‑
ing two shallow surface shots < 50 µm in depth 
(Fig. 3a, b) and a deep-penetrating shot (Fig. 3c, 
d). Characteristic diameters of the shot pits are 
10–50 µm, resulting in damage volumes of up 
to 200,000 µm3 (0.0002 mm3) for the largest 
shot measured. The sizes and shapes of the pits 
on the surface, as seen in the IFM/SEM images, 
from laser shots to the periphery of the lens 
have characteristics similar to those observed in 
previous research for other IOL types [16]. Nar‑
row but deep penetration shots like the one seen 
in Fig. 3c, d were also observed in a micro-CT 

feasibility study for the 3D imaging of Nd:YAG 
shots for other IOL types [17].

The defects resulting from the Nd:YAG shot 
of the CB-PVDF ring layer are much more dra‑
matic. At the largest damage site (position 3 in 
Fig. 2), a macroscopically recognized portion 
of acrylic lens material is missing, as shown in 
Fig. 4. This missing piece is about 1.95 mm in 
diameter and extends as deep as the CB-PVDF 
ring layer (~ 0.29 mm). The missing volume, 
calculated from the micro-CT reconstruction, 
is 0.266 mm3, which is about 1.6% of the 
entire IOL volume, or more than 1000 times 
the volume damaged in the largest shot in the 
periphery. 

The dimensions can be clearly observed in a 
3D rendering (Video 1). Note: See Video 1 in the 
online/HTML version of the manuscript or fol‑
low the digital features link under the abstract. 

An additional long crack is present in the 
acrylic material propagating from the right wall 
of the missing piece to a total distance of 2 mm 
that could potentially result in a second compa‑
rable piece being broken.

Furthermore, a region of the CB-PVDF ring 
itself (1.15 mm in diameter) is exposed and a 

Fig. 2   Classification of the defects based on the lateral 
position (periphery/ring) and depth: a anterior, b ring 
layer, c posterior. Laser shots radially matching the filter 
ring are shown in red and numbered. The numbering order 
has no relation to the order the shots were induced. The 
crosshair marks the center of the lens. The inset in b shows 

a photo of the critical shots. Note that the horizontal 
stripes are absorption shadows of the polylactic acid holder 
and that micro-computed tomography (micro-CT) views 
are averaged over a depth of 80 µm to make all the features 
visible simultaneously
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large degree of damage to the ring layer is clearly 
visible (Fig. 5). The perforated CB-PVDF ring 
appears to be both bending and torn, with miss‑
ing patches as large as 0.38 mm in diameter and 
curling edges ready to fall off.

While the other three shots on the CB-PVDF 
ring did not blow off a large piece of acrylic 
material, there is nevertheless substantial dam‑
age visible on the CB-PVDF ring itself. At all 
positions, damaged areas of the CB-PVDF ring 
are visible by light microscopy (Fig. 6).

In summary, for the Nd:YAG shots that hit 
the carbon black filter ring directly, substantial 
damage to the ring and the IOL was observed, as 
compared to Nd:YAG shots that hit the periph‑
eral clear zone of the acrylic lens and missed the 
filter ring. This makes sense, as the high absorp‑
tion of the carbon black in the filter ring for the 
laser wavelength means that significantly more 
laser energy is absorbed by the CB-PVDF filter. 
Consequently, this leads to more heating, higher 

temperatures, and thus more damage. How‑
ever, shots that also hit the carbon black filter 
ring but were focused anteriorly or posteriorly 
caused comparatively minor damage. This can 
be explained by the lower energy density of the 
defocused laser at the ring.

DISCUSSION

Many investigations of laser-associated defects 
in clear acrylic IOLs have been carried out using 
various methods and have delivered consist‑
ent results [16–18]. These results showed that, 
depending on the water content of the mate‑
rial and the manufacturing process of the lens, 
there may be differences in laser-associated and 
mechanically induced defects/scratches. These 
differences relate to the depth, shape, and extent 
of the craters. It has also been shown that these 

Fig. 3   Periphery shots: a–b shallow shots < 50 µm as seen 
with infinite focus microscope (IFM) and scanning elec-
tron microscope (SEM), respectively; c deep-penetrating 

shot seen in IFM and d its depth profile in micro-com-
puted tomography (micro-CT) side-view cross section
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damage-induced tiny defects within the IOL can 
have a negative impact on the quality of the lens 
optics, with a reduction in contrast sensitivity, 
stray light effects, and increased glare [19, 20].

In this study, the Nd:YAG pits that were intro‑
duced in the clear acrylic part of the IOL appear 
comparable in size and shape to Nd:YAG pits 
introduced into a variety of other IOL types in 
the literature [16], when observed using light 
microscopy and ESEM on the surface (2D struc‑
ture). Note that a comparison of the 3D struc‑
ture and extent of these defects for different 
IOL types is part of ongoing research. However, 
this work clearly shows that significantly larger 

defects occur at the same laser energy when the 
laser beam is focused directly on the carbon 
black ring compared to the clear zone. Whilst 
a detailed account of the damage mechanism is 
well beyond the scope of this work and is likely 
highly complicated in a composite material like 
this, we can obtain some indications from the 
literature on laser ablation of polymers.

Laser ablation, i.e. the removal of material 
from a solid by a laser, occurs above a critical 
fluence, called the ablation threshold, which is 
dependent on (among other things) the absorp‑
tion coefficient of the material [21]. For poly‑
methyl methacrylate (PMMA) and a 1064 nm 

Fig. 4   Largest area of damage to the intraocular lens 
(IOL) by a Nd:YAG-shot: a micro-computed tomography 
(micro-CT) side-view slice, showing the missing piece of 
acrylic and curling carbon black–polyvinylidene fluoride 

(CB-PVDF) film, b 3D rendering of the damage, c opti-
cal appearance of the lens featuring the missing piece and 
additional crack, d surface of the damage accentuated with 
scanning electron microscopy (SEM)



	 Ophthalmol Ther

Nd:YAG laser, it has been shown that the abla‑
tion process is mostly photothermal [22]. A 
study on the ablation of various polymers 
using a 1064 nm Nd:YAG laser also showed that 
exceeding the degradation temperature of the 
polymer is critical for the onset of ablation in 
this case [23]. Finally, Zelenska et al. specifically 
mixed carbon black with a transparent polymer 
matrix (polystyrene; PS) to achieve local pho‑
tothermal decomposition of the PS at lower 
laser fluence [24]. Based on these insights from 
the literature on laser ablation of polymers, we 
propose that there is a risk of crossing critical 
temperature thresholds when the laser directly 
hits the highly absorbent carbon black in the 
filter ring, leading to the large degree of dam‑
age observed for the Nd:YAG shots. Once again, 
it should be emphasized that all defects in this 
experiment were made with the same device and 
identical energy and settings. This explanation 
also means that it is more likely to observe sig‑
nificant anterior damage, as seen in this study, 
because it is the anterior side of the carbon ring 
that is heated the most by the laser. However, 

this does not mean that it is not possible to 
induce posterior damage as well.

The positive effects of the pinhole concept 
have been confirmed several times in the past. 
Studies showed that the pinhole effect improved 
visual acuity in patients with irregular corneas 
and higher-order aberrations that cannot be 
treated with customized refractive surgery. 
Results of clinical studies demonstrated that 
the monocular IC-8® intraocular lens provides 
a continuous, broad range of vision and excel‑
lent visual acuity across all focal distances [25]. 
The small-aperture IOL has also shown a high 
safety index and a high satisfaction rate [26, 
27]. According to authors, the pinhole sulcus 
implant not only helped eliminate the fluc‑
tuation in residual refraction after cataract sur‑
gery, but also provided an elongated depth of 
focus without greatly affecting the visual field 
[28, 29]. Studies showed that the pinhole effect 
helped to substantially decrease irregular astig‑
matism and improve visual acuity. With a partial 
aniridia implant, a reduction in glare symptoms 
was achieved, while allowing sufficient fundus 
assessment. The combined implantation of 

Fig. 5   Largest area of damage to the carbon black–poly-
vinylidene fluoride (CB-PVDF) filter ring by a Nd:YAG-
shot: a micro-computed tomography (micro-CT) view of 
exposed CB-PVDF film averaged over a depth of 50  µm, 

b infinite focus microscope (IFM) and c scanning electron 
microscope (SEM) close-up view of the torn curling CB-
PVDF film
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the small-aperture IOL and the partial aniridia 
device, therefore, presents an effective option for 
improving the visual symptoms in patients with 
traumatic iris defects [30]. Laboratory tests with 
eye models confirmed that pinhole implants 
have the potential for increasing the depth of 
focus compared to conventional intraocular 
lenses [31]. Small-aperture optics seem to be a 
good option in treating presbyopia-related prob‑
lems. They are effective throughout the range 
of accommodation loss and in pseudophakia. 
Small-aperture optics offer an opportunity to 
improve vision in presbyopes. They may also 
be able to reduce the impact of aberrations or 
improve vision in eyes with corneal irregulari‑
ties, scars, or iris damage [32].

The IC-8® Apthera™ IOL has demonstrated 
high quality in various clinical studies and 

has led to good postoperative results. The lens 
appears to be an important component in the 
adequate treatment of special patient groups. 
The IC-8® Apthera™ IOL is US Food and Drug 
Administration (FDA)-approved as presbyopia-
correcting or extended-depth-of-focus intraocu‑
lar lens. It filters out peripheral light entering 
the eye, delivering only central light rays to 
the retina and thus providing extended depth 
of focus, free from “blurry zones.” This pinhole 
effect provides a continuous clear range of vision 
from near to far.

According to the manufacturer, the IC-8® 
Apthera™ IOL is indicated for unilateral implan‑
tation to create monovision. Indications include 
patients with bilateral cataracts and astigma‑
tism up to 1.5 D. There must be no pronounced 
retinal diseases and no signs of early stages of 

Fig. 6   Damage to the carbon black–polyvinylidene fluo-
ride (CB-PVDF) filter ring by the other three shots; a, c, d 
infinite focus microscope (IFM) images showing distorted 
interface of acrylic/CB-PVDF film in positions 1 (c), 2 (a), 

and 4 (d). Inset in each panel is a micro-computed tomog-
raphy (micro-CT) cross section of the respective shot pro-
file. b Frame from a slit-lamp image showing the extent of 
damage
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retinal diseases at the time of surgery. Accord‑
ing to the manufacturer, the pinhole lens should 
only be implanted after successful surgery has 
been performed on the contralateral eye. This 
eye should be adjusted to emmetropia with a 
monofocal or monofocal toric lens. The IC-8® 
is intended for implantation in the capsular bag 
of the non-dominant eye. The refractive target 
for the IC-8® Apthera™ should be slight myopia 
(−0.75 D). The lens provides an extended depth 
of focus by improving intermediate and near 
visual acuity, while maintaining comparable 
distance visual acuity, compared to an aspheric 
monofocal or monofocal toric IOL [32].

Disadvantages of using the pinhole effect can 
include high susceptibility to decentration and 
decreased retinal luminance levels. Difficulties 
in performing fundus examinations or posterior 
segment surgery in eyes with implanted devices 
have been described. There are also concerns 
regarding issues of perception with different 
retinal illuminance in the two eyes [5]. The so-
called Pulfrich effect is caused by the brightness-
dependent delay in the perception of visual 
stimuli [33].

In the FDA registration studies, the rate of 
clinically significant PCO needing treatment 
was 32.4% in IC-8® eyes compared with 14.0% 
in fellow eyes and 16.4–17.3% in the eyes of 
the control group subjects [34]. During the FDA 
study, 31.2% of the IC-8® eyes received poste‑
rior capsulotomy (Nd:YAG) as treatment for 
PCO affecting vision. In 12.1% of these capsu‑
lotomy procedures, the investigators reported 
some difficulty in performing the procedure in 
an IC-8® IOL-treated eye. Moreover, a correla‑
tion was noted between difficulty performing a 
capsulotomy procedure and resulting issues or 
laser damage (pits) to the IOL [34]. It should be 
noted here that the final publication of the FDA-
approved study was not available at the time of 
our laboratory tests. The summary of safety and 
effectiveness data (SSED) available online at fda.
gov is provided herein [34].

Our laboratory experiments support and 
confirm these data and show that an appropri‑
ate capsulotomy technique in pinhole IOLs is 
particularly important. Therefore, it is recom‑
mended by the manufacturer that in the event 
of secondary cataracts (PCO), a hinged circular 

YAG capsulotomy should be performed around 
the FilterRing component (i.e. “a capsule open‑
ing of approximately 10 clock hours around the 
outside of the FilterRing component from 5 to 7 
o’clock leaving an inferior hinge”). This should 
ensure that the capsulotomy flap retracts inferi‑
orly and does not interfere with visual quality 
later on. It is recommended that the capsulot‑
omy be performed in the periphery of the Filter‑
Ring component [34]. Therefore, in cases with 
pinhole implants, particular attention should be 
paid to sufficient pupil dilation.

Limitations of the Study

For our laboratory tests, we used Nd:YAG energy 
levels that are used by many colleagues as stand‑
ard settings in clinical routine. However, the 
energy levels of Nd:YAG capsulotomy still war‑
rant further investigation to determine critical 
limits. The defects were not evenly distributed 
in each group, and the small sample size of the 
study is a limitation. Given that this was an 
experimental study, further clinical studies are 
needed to evaluate patients’ subjective percep‑
tion, including visual acuity, contrast sensitiv‑
ity, and visual symptoms. The topic should be 
given much more attention in order to avoid 
negative effects and increase safety. At the time 
of submission of our revised manuscript, there 
were only case reports presented by colleagues at 
conferences discussing the challenges of Nd:YAG 
laser in eyes with pinhole IOLs and the possibil‑
ity of damaging the lens. No published articles 
were available at that time.

CONCLUSION

In summary, it can be concluded that the capsu‑
lotomy for presbyopia-correcting lenses should 
be performed with the utmost precision and 
accuracy, taking care in all cases to avoid caus‑
ing iatrogenic defects in IOLs. This applies in 
particular to pinhole implants like the IC-8® 
Apthera™. It seems most important that the 
clear central area is not compromised, as this 
area is essential for the quality of vision and 
should therefore not be damaged. It is also 
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important to ensure that the carbon black fil‑
ter ring is not damaged by the Nd:YAG laser, as 
relatively severe effects and damage are to be 
expected there, and particles/fragments of the 
material could even detach from the implant.

The lab experiment again showed that direct 
focusing of the Nd:YAG laser beam on the 
hydrophobic acrylic IOL leads to tiny defects 
(YAG pits) in the material, as has been shown 
for other IOL types. The size and shape of these 
tiny defects on the surface (2D structure) is com‑
parable to what has been observed for other IOL 
types [16]; a detailed comparison of the size and 
shape of the 3D structure of these defects in dif‑
ferent IOL types is part of ongoing research. 
However, it has been shown that hitting the car‑
bon black filter segment with the same energy 
levels leads to dramatically more severe defects, 
resulting in partial destruction of the ring seg‑
ment and the destruction of the lens material. 
Consequently, parts of the material detach from 
the lens, creating a crater or hole.

Therefore, special care should be taken when 
PCO occurs in an eye with an implanted pinhole 
IOL. Nevertheless, Nd:YAG laser capsulotomy 
can be performed effectively and safely in these 
cases with the necessary caution.

The safest zone of the IC-8® IOL seems to 
be the clear area of the acrylic lens outside the 
carbon black ring segment, as this is where the 
risk is lowest, comparable to other acrylic IOLs 
(Fig. 7). Therefore, with pinhole implants, we 
can recommend using the lowest possible energy 
levels, the posterior offset setting, and a circular 
pattern for maximum safety. As with all other 
implants, care should be taken to avoid creat‑
ing irreversible iatrogenic defects that may affect 
the overall quality. Further laboratory and clini‑
cal studies are needed to determine what effects 
fragments or particles of broken material can 
have in the eye.
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