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Abstract
Background The custom-made, flexible artificial iris devel-
oped by HumanOptics and Koch can reconstruct the anterior
segment of patients with aniridia. The aim of this study was to
evaluate the long-term clinical outcome and complication
spectrum after artificial iris implantation and the role of the
embedded fiber mesh in view of specific complications.
Methods In this retrospective interventional case series, pa-
tients received an artificial iris between 2004 and 2013.
Only eyes with a minimum follow-up period of 2 years were
included. Indications were congenital, traumatic, or iatrogenic
aniridia. The artificial iris was used either with or without
embedded fiber mesh for partial or full prostheses.
Results We included 34 patients (mean age 48.8 years; SD
±17.2) with a mean follow-up of 50.0 months (SD
±18.9 months). No repositioning of prostheses was necessary.
In cases of keratopathy (17.6 %) visual function increased
from baseline mean 1.6 logMAR (SD ±0.7) to 1.2 logMAR
(SD ±0.7) after artificial iris implantation. The remaining iris
tissue darkened during the follow-up in 23.5 % (83.3 % with
and 10.7 % without mesh), 8.8 % developed glaucoma (50 %
with and 0 % without mesh) and 14.7 % needed consecutive
surgery after prostheses implantation (50 % with and 7.1 %
without mesh). In three out of seven trauma cases (42.9 %)

silicone oil was spilled into the anterior chamber after 2.5 years
on average.
Conclusion The artificial iris prosthesis revealed a good clin-
ical outcome in terms of long-term stability, cosmetic appear-
ance, visual function, and represents a good functional iris
diaphragm for compartmentalisation. Complications such as
glaucoma, darkening of iris tissue, and need for consecutive
anterior segment surgery are clearly associated with implants
with integrated fiber mesh, but not to those without. Hence,
the use of full iris prostheses without embedded fiber mesh,
even in cases with remnant iris, and the use of slightly smaller
implants than officially recommended may be beneficial.
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Introduction

Pupil or iris defects may cause decreased visual acuity (VA),
increased glare, reduction in contrast sensitivity, and loss in
depth of focus. Most cases of aniridia occur after severe ocular
trauma, less common causes are congenital, ICE-syndrome, or
an iatrogenic iris defect. While small defects can be repaired
with specific suture techniques [1], more complex cases re-
quire an iris prosthesis [2, 3]. Due to limited flexibility of the
iris tissue, better iris implants have evolved over the last de-
cade with soft and foldable material for easy and minimal
invasive implantation and with enough structural stability for
suturing [4].

The flexible and foldable artificial iris was developed by
HumanOptics and Koch [5]. It has a diameter of 12.8 mm and
a decreasing thickness from pupil margin (0.4 mm) towards
periphery (0.25 mm). It can be easily cut with scissors or with
a trephine and then inserted through small incisions into the
ciliary sulcus of pseudophakic or aphakic eyes [6]. The iris
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prosthesis is custom-made to match the color of the patient’s
natural iris. The multi-layered implant consists of a core ma-
trix made of silicon with incorporated color pigment, coated
with another layer of medical-grade silicone. The color pig-
ment is not applied on the surface but embedded within the
material, creating a three-dimensional impression. This way
the natural iris with its topographic surface is simulated opti-
mally resulting in an improved aesthetic appearance [7–9].

The artificial iris is available in two variants, with or with-
out embedded fiber mesh. The model without fiber mesh is
more flexible, can be folded easily and adapts very well to the
anatomical structure of the sulcus. However, the soft material
is only fairly suited for suture fixation because tension of the
sutures can easily damage the material. Therefore, implants
without an embedded fiber mesh are preferred for full pros-
theses implantation [10]. Implants with an additional fiber
mesh are more rigid and provide a better tensile strength for
sutures. Hence, it is rather used for partial implant surgery
when side-to-side anastomosis is required in addition to trans-
scleral suture fixation [10]. However, the use of implants with
integrated fiber mesh has been suspected to provoke specific
complications due to exposing sharp endings if trephined or
cut in size [10].

To reconstruct partial or full aniridia, the artificial iris is an
improved technique for satisfactory cosmetic and visual out-
comes [7–9]. However, the long-term biocompatibility of an
artificial iris has not been investigated in a large cohort yet.
The aim of this study was to evaluate the long-term clinical
outcome and complication spectrum of eyes with artificial iris
implantation and the role of the embedded fiber mesh in view
of specific complications, thereby identifying risk factors to
minimize long-term complications.

Methods

In this retrospective interventional case series, we analysed the
long-term outcome of patients who consecutively received an
artificial iris with or without integrated fiber mesh between
2004 and 2013. Only those eyes with a minimum follow-up
period of 2 years were included. Indications for artificial iris
implantation were congenital, traumatic or iatrogenic aniridia
(e.g., after complicated phacoemulsification).

The manufacturer recommends a diameter of iris prosthesis
that corresponds to the horizontal white-to-white (WTW) dis-
tance plus 0.5 mm. But previously, we have recommended
rather to use a smaller size to decrease the risk of glaucoma.
We suggest a diameter equivalent to the vertical WTW dis-
tance, from which 0.5 – 1.0 mm should be subtracted in most
cases. In more practical terms, a diameter of 11 mm after
trephination is suitable for most eyes, occasionally 10 mm in
smaller eyes. A detailed description of the surgical implanta-
tion procedure was published earlier by Szurman et al. [10]

(Fig. 1). Briefly, a superior corneoscleral tunnel incision of 4-
5 mmwas made and a transscleral suture fixation Bab interno^
was performed [11]. The base of the iris prosthesis was fixed
at both edges to an anchor through the loop stitch without any
knot. The prosthesis was then inserted through the scleral
tunnel incision with a forceps [14], positioned into the sulcus
and kept in place by stretching the transscleral sutures in op-
posite directions. The side-to-side anastomosis for partial
prosthesis was performed as previously described by Engels
[12]. The final transscleral fixation of the implant was per-
formed using the Z-suture technique [13] or a scleral flap.

The implantation of mesh-free prostheses is relatively easy
due to the flexibility and foldability of the material. A
corneoscleral tunnel incision of 3.5 – 4.0 mm is usually suffi-
cient to insert the implant. In principle, the use of an injector is
possible, but only if there is no need for additional suture
fixations like in the case of traumatic mydriasis where enough
iris root is available. Be aware, that with an injector, uncon-
trolled unfolding can occur and the endotheliummay get dam-
aged. Therefore, an implantation with forceps with a slightly
larger incision size should be preferred in most cases. The
transscleral suture fixation of the implant is performed at three
locations maximum: 4, 8, and 12 o’clock and follows the same
Bab interno^ technique and Z-suture technique as described in
the above section for Bpartial prostheses^. During insertion
into the sulcus, the transscleral sutures are tightened carefully
as they can tear easily with full prosthesis.

Some aphakic eyes required permanent or long-standing
silicone oil tamponade to maintain retina re-attachment or to
prevent phthisis. Practically, full prosthesis without fiber mesh
was used and a semicircular inferior ando-iridectomy was cre-
ated with a 4 mm trephine. In eyes with silicone oil, a larger
implant diameter can be used to tightening the sulcus.

To analyse differences in VA and intraocular pressure
(IOP) before and after implantation, data were analysed using
ANOVA variance analysis. Bonferroni corrected p-values of
p≤0.05 were considered statistically significant.

Results

We included 34 eyes of 34 patients with a mean age of
48.8 years (SD ±17.2, range 28 - 85 years). Twenty-two
(64.7 %) were male and 11 (35.3 %) were female. The mean
follow-up time was 50.0 months (SD ±18.9 months, range 12-
84months). Reasons for prosthesis implantationwere congen-
ital aniridia in six eyes (17.6 %), congenital coloboma in one
eye (2.9 %), traumatic iris defect in 23 eyes (67.6 %), and
iatrogenic iris defect after complicated phacoemulsification
in four eyes (11.7 %). Before artificial iris implantation, 14
eyes were pseudophakic (41.2 %), 15 were aphakic (44.1 %),
and five were phakic (14.7 %). The mean number of ocular
interventions prior artificial iris surgery was 1.9 (SD ±1.5;
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range 0-6). At baseline, 5 eyes were hypotonic (14.7 %), 10
eyes had glaucoma (29.4 %), 6 eyes had pre-existing keratop-
athy (17.6 %), and in four eyes there was silicone oil in the
anterior chamber (11.8 %). The iris defect before surgery
showed a complete aniridia in 17 eyes (50 %), a partial
aniridia in eight eyes (23.5 %), a circular remnant iris in six
eyes (17.6 %), a coloboma in one eye (2.9 %), and a half-
moon shaped defect in two eyes (5.9 %). Those eight eyes
with partial aniridia had a mean iris defect of 5.8 hours (SD
±2.5; range 3-10 hours). All artificial iris implantations were
performed by the same surgeon. Twenty-eight eyes received a
full artificial iris prosthesis without mesh (82.4 %, Fig. 2) and
six eyes a partial prosthesis with mesh (17.6 %, Fig. 3). The
mean size of the artificial iris was 11.2 mm (SD ±0,5 mm;
range 10-12 mm). The mean size of incision was 3.9 mm (SD
±0.7 mm; range 3.5-6.5 mm). The final transscleral fixation of
the implant was performed using the Z-suture technique in 26
cases (76.5 %) and with a scleral flap in eight eyes (23.5 %).
There was no case of suture failure during the follow-up. In
addition, for artificial iris implantation, vitrectomy was

performed in eight cases (23.5 %), one eye received a cerclage
(2.9 %) and four eyes a corneal graft (11.8 %).

Clinical success In none of the 34 cases repositioning of the
artificial iris was necessary.

In eight of 17 eyes with remnant iris (47.1 %), all of them
were trauma cases, the remaining iris tissue darkened during
the follow-up (Fig. 4). Interestingly, darkening of the remnant
iris appeared in 83.3 % of eyes with an implant with mesh
(five of six eyes) and only in 10.7 % of eyes with an implant
without mesh (three of 28 eyes) (Table 1).

Eleven eyes (32.4 %) developed complications such as
glaucoma (three eyes, 8.8 %), keratopathy (two eyes,
5.9 %), silicone oil in the anterior chamber (three eyes,
8.8 %), haemorrhage of the remnant iris (one eye, 2.9 %),
and retinal detachment (two eyes, 2.9 %). Only five eyes
(14.7 %), again all of them trauma cases, needed a consecutive
surgery: one penetrating keratoplasty (progressive keratopa-
thy), one Ahmed Valve implant (progressive glaucoma), two
vitrectomies (retinal detachment with proliferative

Fig. 1 Surgical technique of implantation of partial prosthesis. For this
purpose, an iris implant with fiber meshwork is more suitable. Preparation
of the artificial iris with a trephine (a) and scissors (b). Be aware, when
cutting the model with a fiber meshwork, some sharp-edged polymer
fibers can get pulled out and exposed. Therefore, we advise to size it
slightly smaller than originally planned. The base of the iris prosthesis
is fixed at both edges to an anchor through the loop stitch without any
knot (c). Implant segments larger than 5 clock hours need three points of
fixation. The transscleral suture fixation is performed using an Bab
interno^ technique [11] (d). The prosthesis is then inserted through the
scleral tunnel incision with a forceps (e), positioned into the sulcus (f).
Note that half-implants do not exceed 5 mm so that they do not need to be

folded. Since half-prostheses are less flexible, the prosthesis diameter
should be sized so that it prevents chronic pressure in the sulcus area as
well as damage of the surrounding uveal tissue. For partial prostheses
larger than 4 clock hours, the diameter should correspond to the vertical
white-to-white (WTW) distance shortened by 0.5-1 mm. For smaller
prostheses, the vertical WTW distance is appropriate. The side-to-side
anastomosis is performed as previously described by Engels [12] (g). It
might be helpful to press against the opposite side of the prosthesis with a
push-pull hook to facilitate the puncture. After watertight closure of the
scleral tunnel incision, the final transscleral fixation of the implant is
performed using the Z-suture technique [13]. This may help reduce com-
plications such as scleral necrosis, suture erosion, and infections

Fig. 2 Fellow eye (a) for colour
comparison. Full iris prosthesis
before (b) and 20 months after
surgery (c)
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vitreoretinopathy (PVR)), and one anterior chamber lavage
(recurrent haemorrhage of the remnant iris). Presumably, the
iris haemorrhage was caused by pulled-out sharp-edged poly-
mer fibers of the artificial iris mesh (Fig. 5). Interestingly, the
other two anterior segment surgeries (penetrating keratoplasty
and Ahmed Valve implantation) also occurred in eyes with an
artificial iris with mesh. Therefore, eyes with artificial iris with
mesh showed a high rate of consecutive surgeries of 50 %
(three of six eyes, all anterior segment surgeries). In contrast,
the rate of consecutive surgeries in eyes with an artificial iris
without mesh was much lower with 7.1 % (two of 28 eyes, all
vitrectomies due to retinal detachment with PVR) (Table 1).
All 34 patients had an attached retina at the last follow-up
visit. Two of them had a mild but stable PVR-reaction (5.9%).

Visual acuity Prior artificial iris implantation, mean VA of all
34 eyes was 1.0 logMAR (SD ±0.6. Compared to baseline,
mean VA increased in all subgroups (traumatic, congenital,
and iatrogenic iris defects) at the final follow-up (Fig. 6,
p=0.56). At the final examination, 16 eyes (47.1 %) gained
two or more VA lines, 15 eyes (44.1 %) remained stable, and
three eyes (8.8 %) lost two or more VA lines. Moreover, in the
6 eyes with pre-existing keratopathy before artificial iris im-
plantation (17.6%) VA increased from a mean baseline of 1.6
logMAR (SD ±0.7) to a mean of 1.2 logMAR (SD ±0.7) at the
last follow-up examination (p=0.4). At the final examination,
two eyes (33.3 %) gained two or more VA lines and four eyes
(66.7%) remained stable. No eye lost two ormore VA lines. In
seven patients with silicone oil tamponade, prior artificial iris
surgery VA was stabilized in six eyes (85.7 %) from 1.84

logMAR (SD ±0.5) at baseline to 1.86 logMAR (SD ±0.5)
at the last follow-up, just one eye (14.3 %) lost two VA lines.

Intraocular pressure (IOP) Mean IOP before artificial iris
surgery was 14.6 mmHg (SD ±5.6 mmHg). At the final
follow-up examination, mean IOP showed no significant dif-
ference compared to baseline (mean 14.7 mmHg, SD
±16.7 mmHg, p=0.06, Fig. 7). There was no statistically sig-
nificant difference between the subgroups traumatic, congen-
ital, and iatrogenic iris defects, neither at baseline, nor at the
final follow-up (p=0.07). However, all three eyes, which de-
veloped glaucoma (8.8 %), received an artificial iris with
mesh. In contrast, none of the eyes with implantation of an
artificial iris without mesh developed glaucoma (Table 1).
Hypotony was existent in five eyes before artificial iris im-
plantation (mean IOP 3.8 mmHg, SD ±2.9 mmHg). All of
them were eyes with a traumatic iris defects and a silicone
oil tamponade (both was pre-existent in seven eyes in total).
In all five eyes hypotony persisted at the final follow-up ex-
amination (3.2 mmHg, SD ±2.2 mmHg).

Artificial iris diaphragm Out of all 34 patients reviewed,
seven of 23 eyes with traumatic aniridia (30.4 %) required a
permanent silicone oil tamponade. All seven eyes received a
full prosthesis without mesh and with ando-iridectomy in
combination with a pars plana vitrectomy and change of the
silicone oil. Prior to artificial iris implantation, all these eyes
were aphakic. Two of them additionally received a sclera fix-
ated intraocular lens together with the artificial iris implanta-
tion. Themean number of ocular interventions before artificial
iris surgery in those seven eyes was a mean of 4.4. Four of
seven eyes had silicone oil in the anterior chamber before
prosthesis implantation. In three eyes, all were hypotonic, sil-
icone oil returned into the anterior chamber after 2.5 years on
average.

Discussion

The development of foldable, custom-tailored iris prostheses
has been a significant advance for anterior segment iris recon-
struction in patients with partial or full aniridia [15]. The arti-
ficial iris set a new standard with improved cosmetic results

Fig. 3 Fellow eye (a) for colour
comparison. Partial iris prosthesis
before (b) and 17 months after
surgery (c)

Fig. 4 Exemplary photograph of a large partial iris prosthesis with
exposed mesh fibers. Note darkening of the remaining iris tissue within
12 months
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and improvements in VA, contrast sensitivity, depth of focus,
and decreased glare from lights [16, 17].

This retrospective case series presents a large data collec-
tion with a long-term follow-up after full or partial artificial
iris implantation of 34 patients with traumatic, congenital, or
iatrogenic iris defects. The study evaluated the clinical out-
come and complication spectrum of eyes with artificial iris
implantation with and without fiber mesh identifying risk fac-
tors to subsequently minimize long-term complications.

Concerning VA, we could show a gain in 47 % and a
stabilisation in 44 % after artificial iris implantation. A severe
complication after artificial iris implantation is glaucoma [6].
In this study, 9 % developed glaucoma after implantation. All
received an artificial iris with mesh. No patient of the group
with an artificial iris without mesh developed glaucoma. We
could demonstrate that trephination and cutting of the artificial
iris expose the sharp-edged polymer fiber ends in artificial iris
implants with mesh. It might be speculated that this could lead
to chronic irritation of the surrounding tissues causing glau-
coma. This is supported by the fact that implants with exposed
mesh fibers provoke hyperpigmentation of iris remnants as a
sign of chronic tissue irritation. Therefore, in order to avoid
potential complications with partial prostheses, we recom-
mend to use full prosthesis without mesh and to size it slightly
smaller than originally planned. These implants exerted sig-
nificantly less complications. According to our experience, a
diameter of 11 mm after trephination is suitable for most eyes.
This might be the reason why we did not see a significant
increase of IOP after artificial iris implantation compared to
previous studies [6]. Mayer et al. also recommend a smaller
diameter and achieved a low complication rate with glaucoma
[16].

Consecutive surgery was necessary in 15 %, all trauma
cases. Predominantly artificial iris with mesh showed a higher
rate of consecutive surgery (50 %) than artificial iris without
mesh 7%. Strikingly, consecutive surgeries of the artificial iris
with mesh were performed at the anterior segment because of
glaucoma, keratopathy, and iris haemorrhage. Thismight be in
coherence with the rigid mesh-material or exposed sharp-
edged polymer fibers. However all eyes needing consecutive
surgery were trauma cases being often associated with numer-
ous other ocular pathologies. Therefore, the retinal detach-
ment with PVR seen in two eyes with an artificial iris without
mesh might be associated with the preexisting trauma and not
with the implant.

Besides aniridia, common associated pathologies after trau-
ma may require treatment with silicone oil tamponade. For the
trauma eyes, 30 % required permanent or long-standing sili-
cone oil tamponade to sustain retina attachment. These eyes
require an intact iris-lens-diaphragm to prevent the passage of
silicone oil into the anterior chamber. Our study shows that in
about 60 % of these eyes silicone oil could be kept behind the
artificial iris even in the long-term. All eyes with silicone oil
spilled into the anterior chamber were hypotonic. In general
the artificial iris represents a good functional iris diaphragm
for compartmentalisation in the presence of silicone oil
tamponade [18], although less effective in hypotonic eyes.

Furthermore, we could demonstrate for the first time an
over-pigmentation of the remaining iris tissue in 47 % of the
eyes during the follow-up. Interestingly, in the majority of
cases (83 %) the remnant iris darkened in eyes with an artifi-
cial iris with mesh, compared to only 11 % in eyes with an
implant without mesh. All eyes were trauma cases, therefore
artificial iris with mesh and trauma might be a risk factor for

Table 1 Comparison of
complication rate for artificial iris
with or without mesh. (Wilcoxon
Test)

+ mesh - mesh Significance

Darkening of the remnant iris 5/6 (83 %) 3/28 (10.7 %) P < 0.05

Newly developed glaucoma 3/6 (50 %) 0/28 (0 %) P < 0.05

Consecutive anterior segment surgery 3/6 (50 %) 0/28 (0 %) P < 0.05

Fig. 5 Detail view of a partial iris prosthesis with mesh. Indicated are
sharp-edged polymer fibers that are pulled out (arrow head)
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darkening of the remnant iris. We could show that cutted pros-
theses with mesh can have sharp-edged polymer fibers possi-
bly leading to chronic irritation of the surrounding tissues with
subsequent over-pigmentation of the remaining iris tissue.
Therefore, we recommend using a full artificial iris prosthesis
without mesh also in eyes with remaining iris to avoid dark-
ening of the remnant iris and accordingly improve the cosmet-
ic outcome. This is consistent with long-term results of Mayer
et al. who recommended using full prosthesis with a smaller
diameter [16].

Summarized, our long-term results suggest that artificial
iris implantation represents an advance for anterior segment
iris reconstruction in patients with partial or full aniridia, even
in complex cases. The artificial iris implant revealed a good
clinical outcome in terms of long-term stability, cosmetic ap-
pearance, and visual function. Furthermore, it represents a
good functional iris diaphragm for compartmentalisation with
satisfactory aesthetic results. However, limitations of the study
are a wide range of aniridia causes and variation in disease and
management. Therefore, direct correlation of the success rate
and the surgical technique might be critical.

However, our study shows that long-term complications
such as glaucoma, over-pigmentation of the remaining iris
tissue, and need for a secondary surgery are significantly as-
sociated with implants with integrated fiber mesh, but not to
implants without mesh. This might be due to the fact that
exposed sharp-edged fibers exert a chronic tissue inflamma-
tion with specific complications.

Therefore, we recommend using full iris prosthesis without
embedded fiber mesh even in cases with remnant iris. In ad-
dition we recommend sizing the artificial iris slightly smaller
than originally planned to avoid exerting chronic pressure to
the trabecular meshwork.
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