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Abstract 

Congenital aniridia is a rare, panocular disorder with a main phenotypic characteristic of a partial or 

complete absence of the iris existing alongside other ocular morbidities such as cataract, 

keratopathy, optic nerve and foveal hypoplasia, and nystagmus. The iris abnormality, however, 

often leads to symptoms such as photophobia, glare and decreased visual acuity, as well as cosmetic 

dissatisfaction. Current management options for the iris deficit include colored iris contact lenses, 

corneal tattooing, and tinted contact lenses. Symptoms arising from small iris defects can be 

resolved with surgical management using micro-tying suture techniques such as McCannel or 

Siepser. Currently, larger iris defects can be treated with artificial iris implants. New prosthetic 

options range from colored intraocular lenses to flexible custom-made silicone iris implants. With a 

range of therapeutic options available and given the challenges of multiple comorbidities in 

aniridia, we evaluate the literature relating to the use of artificial iris implants in congenital aniridia, 

with a focus on the different surgical implantation techniques, the clinical outcomes achieved, 

complications occurred, and risk of bias of the studies included. 

 

Key Words aniridia implant, aniridia surgery, aniridia cataract, aniridia timing, iris prosthesis, 

Morcher. aniridia 

Word Count 5990 

1. Introduction 

Congenital aniridia is a rare ocular disorder, with a global incidence rate of 1:64.000 to 1:96.000, 

characterized by the absence of the iris, which can be partial or total, and progressive bilateral 

vision loss.
18,40
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Genetically, congenital aniridia is most often caused by a heterozygous mutation in the PAX6 gene 

on chromosome 11 (11p13).
21

 One-third of cases arise from sporadic mutations, while the 

remaining two-thirds are inherited with an autosomal dominant pattern. PAX6 contributes to the 

development of the eye and its surrounding extraocular structures resulting in other defective 

conditions such as, glaucoma in early childhood or adolescence; cataract; aniridia-associated 

keratopathy; zonular laxity; capsule fragility; corneal changes; and foveal hypoplasia; as well as 

nystagmus; amblyopia; and ptosis.
18

 Because of the involvement of these multiple eye structures, 

congenital aniridia is considered a pan-ocular disorder. 

Other less common mutations include those in the genes FOXC1, PITX2, CYP1B1, FOXD3 and 

TRIM44 – a mutation in each of these genes can give rise to different phenotypes of partial or total 

aniridia. 
40 

. Contiguous deletion of both PAX6 and WT1 genes, which are located next to the 

aniridia genes, results in Wilms tumor as part of WAGR syndrome (Wilms tumor, aniridia, 

genitourinary anomalies and intellectual deficit).
40

 Rarely, aniridia can also be linked to Gillespie 

syndrome causing cerebellar ataxia and oligophrenia. 
40

  

 

The absence of iris tissue not only has cosmetic implications, but also has a direct impact on visual 

acuity. Indeed, it leads to reduced visual acuity, decreased contrast sensitivity, poor depth of focus, 

photophobia, and glare.
18 

Therefore, clinical management is directed towards restoring the iris 

function, aiming to improve the visual acuity. This can be achieved by modifying the ocular surface 

or the intraocular environment. The former approach includes eyelid surgery, tinted contact lenses 

and tattooing of the cornea, none of which have consistently shown satisfactory results.
14,18

 The 

intraocular approach consists of pupilloplasty or an artificial iris, the choice being mainly based on 

the extent and etiology of the iris defect. In cases of small (≤ 2 clock hours sectoral) iris defects, in 

which the remaining iris tissue is adequate in quantity and quality, it is possible to restore the iris 

function by suturing the residual iris with McCannell or Siepser techniques or with the intracameral 

microtying iris suture technique. 
33,43,51

 By contrast, in the case of wider iris defects, iris prostheses 
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are commonly used.
45

 Here we summarize all the iris devices described in the literature, their 

implantation techniques, and their clinical outcomes. 

 

2. Methods 

2.1 Literature search  

An advanced search on PubMed, Scopus, Cochrane, and Web of Science was performed 

independently by two reviewers. The search included the following terms (Iris) AND (aniridia OR 

WAGR syndrome OR Wilms tumor OR nephroblastoma OR Gillespie syndrome OR cerebellar 

ataxia) AND (implant OR prosthesis OR artificial OR device), with no set limitations on searching 

fields, date or language. Each search term is either a synonym for ‘implant’ or a disease associated 

with aniridia, allowing for a broad search, and minimizing potential selection bias. All retrieved 

literature was screened, and the following exclusion criteria were applied non-English language, 

non-human studies, cohort of aniridia patients not receiving iris implantation, non-peer reviewed 

publications, traumatic aniridia. (Table. 1).  

 

2.2 Study selection and data extraction 

Following removal of duplicates, the articles were title screened to narrow down relevant literature 

for this review. This screening serves to remove studies that are obviously irrelevant, however, care 

was taken to prevent removal of useful studies. The second round of screening was based on 

abstracts, further distinguishing between appropriate and inappropriate literature.  

Full texts of remaining studies were then screened for eligibility following the “Patient/problem, 

Intervention, Comparison, and Outcome “(PICO) format.
41

 Data extraction was conducted by 

noting the common outcomes, for example best-corrected visual acuity (BCVA), complications and 

taking note of other outcomes.  
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The literature screen was performed independently by two reviewers (DR and AR) based on the 

inclusion and exclusion criteria. Disagreements on the eligible literature were resolved by a third 

reviewer (VR). 

2.3 Quality appraisal of included studies and assessment of risk of bias 

To assess the methodological quality of the studies included and the risk of bias, two tools were 

used, in view of the lack of a unique quality tool for both cohort studies and case series/reports.  

The Newcastle-Ottawa Scale (NOS) was used for cohort studies and the Joanna Briggs Institute 

(JBI) critical appraisal checklist for case series and case reports. The choice of these tools was 

based on the literature, which suggest that NOS is the most commonly used tool for cohort studies, 

and JBI is the only tool which can be used for case series and case reports.
23

 

To assess the risks of bias, the Risk of Bias in Non-Randomised Studies of Interventions (ROBINS-

I) assessment tool was used. This tool includes seven specific bias domains, pre-intervention, and 

post-intervention.
46

 The domains are (1) confounding; (2) selection of participants; (3) classification 

of intervention; (4) deviation from interventions; (5) missing outcome data; (6) measurement of 

outcomes; and (7) selection of reported result; overall. Risk of bias was rated as 0—no information; 

1—low risk; 2—moderate risk; 3—serious risk; and 4—critical risk. 

Two authors (DR and AR) independently assessed the methodological quality and risk of bias of the 

included articles. Disagreements were resolved by a third reviewer (VR). 

 

3. Results  

3.1 Study selection, quality appraisal, and assessment of risks of bias  

The search yielded 937 articles, of which 293 duplicates were later removed. The remaining 644 

articles were title and abstract screened, which further excluded 551 articles. A full-text screen was 

then conducted, removing 76 studies and leaving 17 remaining studies 10 retrospective case series 

and 7 retrospective cohort studies. Of these, congenital aniridia cases were reported in 3 
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retrospective case series and 2 retrospective cohort studies. Furthermore, one case series had a 

patient with bilateral congenital aniridia and was included in the review.
11,29,31,37,38

 The PRISMA 

flowchart in Figure. 1 details the selection process.  

Regarding the quality appraisal, the NOS score of the two cohort retrospective studies was 5 out of 

9 for each study, with overall quality of “Poor”, in view of lack of non-exposed comparison group 

(score of 0 in comparability domain)
52

 (Table. 2), while for the JBI checklists, Menenzo and 

coworkers had 5 “yes” out of 10, Figueiredo and coworkers, 7 of 10, and Mostafa and coworkers, 4 

of 8 (Table. 3 and 4). 
11,29,31,37,38

 

For the JBI checklists, there are however, no cut-off scores to determine whether a study is low, 

moderate, or high quality.
32

 

Results of risk of bias using ROBINS-I tool were as follows; In domain 1, 1 study out of 5 (1/5) 

was rated as moderate, 1/5 as critical, and 3/5 as serious; in domain 2, 1/5 was rated as low and 4/5 

as moderate; in domain 3, 4/5 were rated as low and 1/5 as moderate; in domain 4, 5/5 were rated as 

low; in domain 5 5/5 were rated as moderate; in domain 6, 5/5 were rated as moderate; in domain 7, 

4/5 were rated as serious and 1/5 as moderate. Only Figueiredo and coworkers
11

 had an overall 

moderate risk of bias, while Reinhard and coworkers Menezo and coworkers, and Qiu and 

coworkers 
29,36,38

 had a serious risk, and Mostafa and coworkers, a critical risk 
31

. Only Figueiredo 

and coworkers
11

 provided sound evidence for non-randomized studies, but this cannot be 

considered comparable to well-performed randomized trials. Table. 5 details the score in each 

‘dominion of bias’ in the tool, while Figure. 2 reports a color-code graph for each domain. 

 

3.2 Literature review 

The literature described three prosthetic iris devices (PIDs) iris-lens diaphragm (ILD), capsular 

tension ring-based prosthetic iris device (CTR – based PID) and customised Artificial Iris (AI) 

(Table. 6 and Table. 7). 

                  



 7 

Considering the manufacturers of the PIDs reviewed, all the ILD and CTR-based PID were 

manufactured by Morcher (Morcher GmbH, Stuttgart, Germany) (Figures 3-6), while the AI were 

manufactured by BrightOcular implants (Stellar Devices, New York, USA) (Figure. 7) in cases of 

the Mostafa and coworkers 
31

, while Figueiredo and coworkers 
11

 used the CustomFlex Artificial 

Iris (HumanOptics AG, Erlangen, Germany) (Figure. 8). Considering the up-to-date market 

availability, Morcher withdrew aniridia implants at the end of 2020 for marketing reasons; 

BrightOcular did not receive FDA approval or the CE mark, while the CustomFlex Artificial Iris 

was sold as custom-made device since 2002 until it received CE mark in 2011 and FDA approval in 

2018. 

To mention other PIDs reported in literature but not included in this systematic review, due to our 

exclusion criteria, there are the foldable acrylic ILD with CE mark, no FDA approved, produced by 

Reper (Reper-NN Ltd., Nizhniy Novgorod, Russia) 
35

 and distributed by Ophtec (Ophtec BV, 

Groningen, Netherlands) in Europe until March, 2022 (currently no longer available in Europe) and 

ILD, no longer marketed, produced by Ophthec, as the model 311, the Iris Prosthetic System, and 

the Artisan Iris Reconstruction IOL
45

.  

 

The literature suggests an iris implementation in combination with cataract surgery is likely to 

improve aniridic patients’ visual acuity and symptoms (glare and/or photophobia), considering that, 

overall, 90 out of 144 eyes (62.5%) had increased BCVA, and 78 out of 83 patients (94%) reported 

a reduction in symptoms after implantation. Across all studies, cataract surgery was performed at 

the time of PID implantation in 140 out of 144 eyes (97%) while 4 out of 144 eyes (3%) were 

already pseudophakic. Among the 140 eyes who underwent cataract surgery, the presence of 

cataract was noted in 138 eyes (98.6%) while 2 eyes (1.4%) presented subluxation of the lens. None 

of the patients were left aphakic (Table. 8).  

To better estimate the rate of improvement, a mean of all preoperative BCVA should be reported; 

however, this was reported in only 3studies (Menenzo at al., Mostafa and coworkers, and Qiu and 
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coworkers).
29,31,37

  Furthermore, in Menenzo et al. and Mostafa et al., only 2 eyes were evaluated 

for BCVA, while in the study by Qiu and coworkers, 23 eyes were evaluated. In these 3 studies, the 

corresponding preoperative BCVA in logMAR units was respectively 0.70
29

, 1.26 
31

, and 1.54 
37

, 

while the postimplantation BCVA was 0.50
29

, 0.5 
31

, and 0.983, respectively
37

. Notably, Qiu and 

coworker reported that 16 out of 23 eyes had a BCVA better than 1.0 logMAR after PID implant 

and cataract surgery. 

In a study by Reinhard and coworkers
38

 (19 eyes), a list of each patients pre- and postoperative 

BCVA was given, with values ranging from “light perception” “finger counting” “meter vision” to 

decimal values. Excluding from the evaluation the “meter vision,” which does not have a 

corresponding value in logMAR, we estimated that the mean BCVA improved from 1.2 logMAR to 

0.76 (15 eyes) after cataract surgery and PID implantation.  

In the largest study by Figueredo and coworkers 
11

 improvement in BCVA following cataract 

surgery and PID implantation was reported as improvement ≥ 2 Snellen lines, which was achieved 

in 56 out of 96 operated eyes (58.3%). 

 

Overall, excluding the case series of two eyes of the same patient who underwent surgery at the age 

of 13 years
31

, the age at the time of PID implant was around 30 years. 

Deterioration of BCVA after PID implantation was observed in 13 out of 144 eyes (9.8%), while in 

39 out of 144 eyes (27.1%) the BCVA remained unchanged.  

Although visual acuity improvement is reported in the majority of cases after iris implantation and 

cataract surgery, it should be noted that the degree of improvement was generally limited to 2 – 3 

logMAR lines of vision in most cases, with a best possible acuity of around 0.5 logMAR in a small 

subset of individuals. This is likely due to other factors such as the status of the cornea, lens, and 

fovea being the vision-limiting factors in this population.  
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Considering the type of PID, iris-lens diaphragm prosthesis (ILD) was implanted in 45 eyes 

(31.2%), artificial iris (AI) in 98 eyes (68.1%), and capsular tension ring-based prosthetic iris 

device (CTR-based PID) in 1 eye (0.7%).  

 

Focusing on the type of PID and the outcome on BCVA, improvement was reported in 32 out of 45 

eyes who had ILD (71.2%) and 58 out of 98 (59.2%) who had AI. In the only case of CTR-based 

PID the pre-and post- BCVA was not possible to assess. Deterioration of BCVA after implantation 

was instead reported in 4 out of 45 eyes (8.8 %) with the ILD and 9 out of 98 eyes (9.2%) with the 

AI (Table. 9).Differences in reduction of symptoms were also noted depending on PID, as 

symptoms reduced in 96% of cases receiving the AI (49/51 patients) versus 90% of cases with the 

ILD (29/32 patients).  

 

Considering the surgical technique of implantation (trans-scleral suture approach, sulcus 

implantation or bag implantation), it was not possible to correlate it with BCVA outcomes, as most 

studies did not report the data at this level of detail. The trans-scleral suture approach, however, was 

used in 24 out of 144 eyes (16.67%). 

 

All reviewed studies included cases with postoperative complications glaucoma progression in 

patients with pre-existing glaucoma (58.9%; 23/39 eyes), secondary glaucoma (27.6%; 29/105 

eyes) progression of aniridia-associated keratopathy (AAK) (27%; 27/100 eyes), prosthesis 

decentration (10.6%; 14/132 eyes), and endothelial cell loss (9%, 13/144 eyes).  

Considering complications possibly related to the PID implant (secondary glaucoma, prosthesis 

decentration, and endothelial cell loss), slight differences were noted according to the type of PID 

used. Secondary glaucoma occurred in 28.7 % (19/66 eyes) of cases of AI implantation and in 

25.6% (10/39 eyes) of cases with the ILD, while prosthesis decentration was noted in 9.2% (9/98 
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eyes) with the AI and 14.7% (5/34 eyes) with the ILD. Notably, endothelial cell loss was assessed 

and reported only with the ILD (28.8%, 13/45 eyes) but not with the AI. 

Onset of the reported complications was not specifically described, generally occurring sometime 

during the follow up, which was highly variable across studies, from 6 to 120 months
11,29,36,38

 to 

exactly 12 months. 
31

 

Glaucoma was the most common complication requiring additional surgery (53.8 %; 28/52 eyes). 

Evaluating differences in additional surgeries for glaucoma progression and secondary glaucoma 

was not possible, however, as most of the papers lacked a subgroup analysis. None of the cases of 

endothelial cell loss, however, underwent corneal transplantation during follow-up.  

 

4. Discussion  

A large proportion of the current literature concerning congenital aniridia focuses on the genetic 

and phenotypic aspects of the disorder, while studies regarding clinical management of aniridia are 

less common. 
20

 None of the iris implants described in the reviewed literature can mimic the 

dynamic properties of a human iris; therefore, a fixed pupil size is determined as a compromise for 

vision in both high and low light intensities. 
34

 All the studies identified were retrospective, with 

relatively small sample size, and without control group. Even if the low incidence of aniridia makes 

clinical studies with adequate sample size difficult, strong scientific evidence is lacking, and thus 

conclusions drawn from the literature may be considered less reliable. The major drawback of small 

studies is they are vulnerable to overestimating the magnitude of an association, which is a 

limitation of this review. All reviewed papers were single-surgeon studies, and due to the rarity of 

aniridia patients, there was no strict inclusion criteria, resulting in possible selection bias.  

The follow-up times in this review varied greatly, the shortest being the Mostafa and 

coworkers,with only 2 eyes of 1 patient and a follow-up time of 12 months, and the longest being 

the Figueiredo and coworkers, with a maximum 120-month follow-up.
11,31

 The Mostafa case had 
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few complications and a large increase in BCVA, but this was just a single case, and was possibly 

due to its relatively short follow-up time, as many postoperative complications occur much later. 
31 

Furthermore, Mostafa and coworker was the only report of BrightOcular artificial iris implants.
31

 

This type of iris implant is well-known in literature to be associated in healthy eyes with serious 

ocular complications, as uveitis, glaucoma, corneal decompensation, with possible blinding 

consequences. 
13,16,24,25,27,42,48

 . Several reports describe subsequent explantation of the device in 

non-aniridia subjects. 
13,25,27,42 

 

Consequently, the results and outcome reported by Mostafa as a single case should be considered 

with caution as this deviates from the majority of cases reported in the literature. 

 

While 80% of the included studies had mean follow-up times greater than 24 months, within each 

study (apart from Mostafa and coworkers), the range of follow-up time had a large variance thus 

reducing the ability to clearly assess the results. A similar variability in the age of patients at the 

time of PID implantation was also noted. Caution should therefore be recommended until studies 

with longer, standardized follow-up times, and stratification of patient age at the time of surgery are 

conducted, allowing for stronger analyses of factors affecting patient outcomes and complications.
47

 

Indeed, in the study by Figueiredo and coworkers
11

 , which had the longest follow-up, the latest 

BCVA was considered and not the best BCVA post PID implant. This may suggest that the 

improvement on BCVA is not sTable. over time. 

 

Choice of PID is made based on the patient, considering the condition of the eye and the iris defect. 

However, the extent of the iris defect was reported only in one paper. 
31 

The literature suggests an iris implantation is likely to improve visual acuity and symptoms (glare 

and/or photophobia), even if the identified studies have high risk of bias. The domains which were 

at higher risks were those referring to “bias due to confounding” and “bias in selection of reported 

result”. We are aware that confounding factors may be intrinsic in cases of patients with congenital 
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aniridia, in view of their complex and heterogenous clinical presentation, 
18

 but they should be 

clearly assessed to prove the safety and efficacy of a treatment. We consider that, to better evaluate 

the outcomes and complications, a full examination of the patients’ characteristics must be 

performed, listing all the possible ocular co-morbidities present or absent at the baseline, to avoid 

any doubt. Moreover, the evaluation of these comorbidities should be standardized. Indeed, 

especially in case of aniridia-associated keratopathy, we noticed a wide range of definitions and 

assessment in the literature, where it would be beneficial to use for example, the novel proposed 

five-point scale. 
17

 This new scale accounts for the specific feature of limbal stem cell deficiency 

(LSCD) observed in patients with congenital aniridia. 
17

  

Grade 0, limbal border are intact, with no conjunctival tissue or vessels crossing the limbus. Grade 

1, vessels and conjunctival tissue cross the limbal border within approximately 1mm from the 

limbus. The invasion can be localized to one region of the limbus, with other areas of the limbus 

remaining intact. Grade 2 conjunctival tissue with vessels invades the peripheral and mid-peripheral 

cornea, without interest the central 2-3 mm of cornea. Grade 3 conjunctival tissue also invades the 

central cornea (spared at grade 2), subsequently affecting the central visual axis. Typically, a 

translucent corneal pannus covers the entire corneal surface. Grade 4 the pannus become opaque, 

vascularized, and thick. In Grades 0–2 central corneal transparency is not impacted, while Grades 3 

and 4 affect the central vision (Figure. 9). 

The second high-risk domain was “selection of reported result”, in view of the before mentioned 

high variance of follow-up time, patients age, and lack of subgroup analysis. 

 

Parameters for each study varied, but the functional outcomes of implants were mostly monitored 

through visual acuity, as either BCVA (or CDVA), using the Snellen chart, the LogMAR chart, or 

documented poor vision in terms of ‘hand motion’ or ‘light perception”. Although standardised, 

differences of units and human errors in VA measuring techniques mean that it can be difficult to 

make direct comparisons across papers.
10
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Subjective symptoms (glare and photophobia) were not strictly monitored and were always 

described by patients; a more reliable method could be a questionnaire involving a scoring system 

whereby patients rate difficulty in performing vision-related daily activities, as proposed by 

Moghimi and coworkers, who used a modified version of the “Visual Function-14 (VF-14)” 

questionnaire, while more recently Ayres and coworkers opted for the “25-item National Eye 

Institute Visual Function Questionnaire (NEI VFQ-25)”.
3,30

  

This can help quantify subjective symptoms, which can be used as a valuable indicator of the 

effects of PID implants. Likewise, cosmetic outcomes were assessed only in two papers and were 

based on the opinions of patients
31,37

. As for the reduction of the symptoms, also in case of cosmetic 

outcomes could be useful using a scale, as done by Ayres and coworkers, who proposed the Global 

Aesthetic Improvement scale to assess the cosmetic results.
3
 Mostafa and coworkers

31
 was the only 

study (with a single case) which described the use of “slit-lamp photography and ultrasonic 

biomicroscopy to evaluate the artificial iris positioning and contact with uveal structures” to 

properly assess the aesthetic outcome of the implant, thereby providing a more accurate 

understanding of the cosmetic position of the artificial iris implant. Moreover, attention should be 

paid to the pupil centration after PID, as the literature suggest that it is an important parameter 

correlated to personal aesthetic satisfaction. 
54

 

The Morcher series iris-lens diaphragm (ILD) prostheses are the most frequently described in the 

literature in cases of congenital aniridia (specifically, the models 67F and 67G). Morcher devices 

are polymethylmethacrylate (PMMA) black-colored implants, with various types of occluding 

segments for total or partial aniridia correction.
12

 The 67G and 67F have the same central optic of 5 

mm in diameter, while the differences are in the aptics diameter, of 13.5 mm in the 67F and 12.5 

mm in the model 67G. 

The ILD can be implanted in the ciliary sulcus if adequate capsular support is present, otherwise 

their aptics are often sutured trans-sclerally. 
37,38

 A possible endocapsular implantation, using the 

Morcher model 67G, is reported by Menenezo et al., previous performing a larger capsulorhexis. 
29
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Additionally, the implantation requires a wide incision,  10 mm, which can be corneal or scleral. 

5,6,29,30,36–38,45
 A corneal approach may be chosen aiming to reduce the risk of intra and post-

operative hemorrhage 
38

, whereas a scleral approach may preserve the cornea, already at risk of 

delayed reepithelization in view of LSCD associated to congenital aniridia. 
19

 The lack of 

comparative studies among these techniques, however, make it difficult to recommend a particular 

approach, and, until now, no differences have been reported in terms of the incidence of 

complications. 

 

Multiple authors place importance on the position of the prosthesis for favorable long-term 

outcomes, and ILDs have been described as difficult to place centrally, owing to a lack of a central 

pupil to provide reference for an optic axis.
5,45

  

The incidence of BCVA deterioration after ILD implantation was roughly equal to that after AI 

implantation; however, the slightly higher rate of postoperative complications with ILD can be 

detrimental to patient outcomes. ILDs work by substituting the optical function of the lens and 

diaphragm function of the lens simultaneously, therefore, making it a preferable choice of implant 

for patients presenting with both aniridia and aphakia, rather than patients who present instead with 

aniridia and cataract.
12,18

 The ILD prostheses, however, were associated with a higher rate of 

endothelial cell loss compared with AI. 

 

Use of the AI has increased in recent years. The AI, due to its foldable silicone material, can be 

implanted through a small corneal incision, roughly 3.2mm (for the fiber model which can be 

placed in the sulcus and then trans-sclerally sutured, in case of lens coloboma, and lack of capsular 

support), or 2.5mm for suture-less technique (fiber-free model, which can be placed in the capsular 

bag above the IOL).
45

 Its minimally invasive technique is a plausible contributor to its relatively 

lower rate of complications that were noted in this review.  
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In case of in-the-bag placement, which guarantee less contact with uveal structure and better 

centration, a capsular tension ring (CTR) is advisable. 
2,11

 This in view to reduce the risk of capsular 

bag contracture and device buckling.
2
  

About which CTR size to choose, the literature suggests correlations between the capsular bag size 

and axial length (AL) and corneal power. 
8,28,49

 Of these, the most feasible in patients with 

congenital aniridia may be the AL, with a compressed CTR size of 12.3 mm, in case of AL <24mm, 

13 mm for AL between the 24-28 mm, and 14.5 mm in case of AL > 28 mm. 
28

 

AI can be inserted by folding them or using an IOL injector. In the latter case, Amaral and Snyder 
2 

suggest folding the AI into a conoid, trifolded orientation. allowing an easier loading into the 

injector barrel and delivery of the AI in bag with standard (4.8-6.00 mm) capsulorhexis size, 

obviating the risk related to larger capsulorhexis to facilitate the placement in the bag of AI. 

To facilitate the placement of AI in the bag, dyeing the anterior capsule, if not previously performed 

for the phacoemulsification, may be advisable.
2
   

AI could be also the choice in case of subluxation of an ILD. Indeed, the literature suggest that 

replacement of ILD with AI with sutured IOL has comparable outcome with better aesthetic results. 

26
 

The majority of cases report an IOL-AI implant to correct congenital cataract and aniridia 

simultaneously. This is a more ethical, efficient and safe method to treat both problems in a single 

surgery to reduce the risk of complications such as keratopathy after repeated surgeries – as it 

would be unethical to only correct one condition; however, it prevents the assessment of the effect 

of the AI alone on the BCVA. As a result, BCVA results are confounded by the simultaneous 

cataract surgery, performed in 100% of ILD and CTR-based PID and 95.9% of AI cases. Because 

cataract surgery alone can be expected to improve BCVA in almost all cases and given the modest 

vision gains of a few logMAR lines in the majority of cases, the additional benefit of PID 

implantation in improving BCVA would be limited. More reports of rarer cases of PID implantation 
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without cataract surgery are clearly needed.In terms of cosmetic appearance, the AI prosthesis 

reported the best results, likely due to its customizable nature with a variety of iris colors available.  

 

The use of endocapsular capsular tension ring-based prostheses appears less frequently in the 

literature, this may be due to their requirement of an intact capsular bag, and the fact that many 

aniridia patients lack one. Menezo and coworkers discuss the gentle surgical technique required 

with this prosthesis (a Morcher 50D, which has a diameter of 10 mm) due to their brittle nature and 

susceptibility to fracture, but also state they are easier to implant, requiring fonly a small incision of 

3.5mm. 
29  

Only one capsular tension-ring based prosthesis was used in the study, however,meaning its results 

may not be representative, but it does further highlight that, if a prosthesis is easier to implant, the 

results tend to be favorable. Other authors instead describe their experience with the Morcher 50D 

prosthesis as time-consuming, requiring precision and dexterity for its accurate alignment.
22

 
 

 

Regarding postoperative complications following artificial iris implantation, in the case of 

congenital aniridia it is difficult to determine the possible causal relationship between onset of 

complications and PID implantation. Consequently, is neither possible to confirm nor refute 

whether artificial iris implantation may be related to complications, given the lack of a control 

group. Furthermore, studies did not report exactly when the complication arose, but indicated only 

that the complication was noted during follow-up.  

 

Secondary glaucoma was the most prevalent complication found between various prosthesis types, 

with a similar prevalence among most studies, around 27%. Its mechanism appears not to be fully 

understood. 
11,38

   

In case of ILD, Reinhard and coworkers hypothesized that post iris implantation glaucoma may be 

from compression by the prosthesis’ haptics onto the trabecular meshwork.
38

 This theory has been 
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partially questioned by Qiu and coworkers
37

,because in 2 out of 6 cases of secondary glaucoma 

reported in their study, the ILD haptics were well positioned in the ciliary sulcus. Therefore, the 

authors suggested that secondary glaucoma may be not only due to haptic displacement, but 

possibly also due to blood-aqueous barrier breakdown, chronic irritation by ILD, and inflammation; 

suggesting also that the implantation of ILD in eyes with existing glaucoma should be performed 

with caution. 

Considering instead AI, the following advice may be helpful to minimize the potential risk of 

developing glaucoma.First, AI should be always placed in the bag, if possible, to prevent the 

contact with uveal tissue, reducing inflammation, which, as reported, may be a triggering factor for 

glaucoma onset or deterioration. 
2,37,39

 Second, the diameter of the AI should be chosen measuring 

the vertical white-to-white (WTW) vertical distance, and under sizing it by 0.5-1.00 mm. 39 Finally, 

the fiber-free AI is preferable over those with embedded fiber; after the trephination and cutting, 

the sharp-polymer fiber ends of the artificial iris are exposed and can lead to chronic irritation of 

surrounding tissue, potentially increasing the risk for developing glaucoma.39 

In cases of either secondary glaucoma or glaucoma progression which are refractory to the topical 

treatment, the preferable surgical approach should be the use of glaucoma drainage devices, 

especially the Baerveldt implant over Ahmed valve, which provides higher succession rates 

compared to other procedures. 
15

 

Corneal endothelial decompensation is another common complication and only reported with ILD, 

possibly because fo the greater diameter of the prosthesis and the requirement of a larger corneal 

incision for implantation.A possible causal relationship of secondary glaucoma with endothelial cell 

loss may exist, as both have also been reported as common complications of PID implants in cases 

of traumatic aniridia.
36,44

  

 

The complication of aniridia fibrosis syndrome (AFS) is serious but was only noted in the 

Figueiredo study 
11

, who had the largest cohort of patients. This allowed for more reliable statistical 
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analysis to assess whether congenital aniridia was a risk factor for the 3 eyes that developed AFS, 

which was not statistically significant, emphasizing that outliers or rare occurrences can be 

misconstrued within smaller patient groups. 

 

The problem of lack of detailed description of baseline pre-existing ocular copathology and post-

operative complications is important. Otherwise, the need for multidisciplinary evaluation and 

management by different ocular subspecialities may be underestimated, particularly in glaucoma 

and in ocular surface stem cell transplantation in patients with congenital aniridia that tend to 

present with very complex cases. 
18

  

 

This systematic review conducted a broad search using various search engines, minimizing the 

inclusion bias to a feasible extent. This review also assesses included studies using the validated 

The Newcastle-Ottawa Scale (NOS) and the Joanna Briggs Institute (JBI) critical appraisal 

checklists and scoring each study to optimize research quality. The use of the PICO format gave a 

structure to selecting included studies, allowing for relevant data to be included, while ROBINS I 

assessment tool evaluated the possible biases of the reviewed literature.  

 

5. Conclusions  

We highlight the variability of iris implantation outcomes in congenital aniridia. Our aim was to 

identify which prosthesis exhibited the most favorable outcomes; however, this proved difficult, 

and conclusions drawn from results may not be truly representative, being possibly overly positive. 

Each type of prosthesis and technique presented with several adverse complications, and despite 

being able to associate some with certain prostheses, most complications appeared across all 

devices seemingly at random. The most prevalent complication was postoperative glaucoma 

secondary to iris device implantation. The mechanisms behind this and other complications, 
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however, are not fully understood. Further research in mechanisms leading to the observed 

complications would be of great benefit. Once an understanding is established, surgeons can work 

to prevent them to avoid multiple interventions and improve patient outcomes.  

Ideally, the use of randomized-control groups alongside patients are needed; however, ethical issues 

of restricting a potentially beneficial treatment to some patients would need to be considered, and it 

may be difficult to find homogeneous study groups as many ocular comorbidities exist in aniridia. 

Although congenital aniridia is a rare disease, ideally large prospective randomized control trials 

(RCTs) would be needed to achieve an appropriate level of scientific evidence concerning the use, 

outcomes, and complications of artificial iris devices. We are aware that RCTs may be difficult in 

case of congenital aniridia, in view of lack of homogeneous subjects, however, well-designed 

nonrandomized studies (NRSs) may provide good clinical practice evidence.
46

 One issue is that the 

current literature, despite being composed of NRSs, suffers from high risk of bias, as shown with 

the ROBINS- tool. Another important issue is the lack of outcome measures specific for aniridia, 

where the patient may benefit from interventions despite a lack of objective improvement in visual 

acuity. Furthermore, research is needed on the optimal time to implant the prosthetic iris device.  

The use of an iris prosthesis appears to be beneficial in terms of subjective symptom improvement 

among patients, although more quantitative and objective measures are needed. The results suggest 

the AI is associated with slightly more favorable outcomes; however, the success of a PID 

implantation appears to rely on individual patient anatomy, existing technology, and surgical skill.  

 

The potential benefits and risks of artificial iris implantation in congenital aniridia should also be 

carefully weighed. The risk of developing secondary glaucoma or worsening of the existing 

glaucoma is significant and may lead to multiple unplanned interventions and need for long-term 

medications. The risk of triggering or aggravating the keratopathy may be even more serious, 

possibly needing additional interventions, as limbal stem cell transplant (LSCT) including 
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keratolimbal allograft (KLAL) transplantation, living-related conjunctival-limbal allograft (lr-

CLAL) transplantation, corneal transplantation, and Boston keratoprosthesis (KPro). 
1,4,7,9,15,50,53

  

These procedures require a careful management (systemic immunosuppression for LSCT, and, in 

case of KPro possibly severe complications, as retroprosthetic membrane, glaucoma, corneal melt, 

and endophthalmitis), and they have a failure rate around the 40%, reaching, according to Jacobson 

and coworkers, 100% for LSCT at 5-years. 
9,15,50,53

Of note, autologous limbal stem cell 

transplantation is not advisable, in view of bilaterality of the AAK. 
18

 

 

These risks would need to be considered against the potential benefits of possible improved vision 

and symptom relief. Although vision was reported to improve in the majority of cases, the vision 

generally is low in aniridia and the best attainable vision is limited by the condition of the cornea, 

lens and fovea, along with nystagmus. Still, 37% of cases had no change or reduction in vision after 

iris implantation, while those with vision improvement may have benefitted more from the 

concomitant cataract operation than the iris implant itself. While improvement in BCVA was 

modest, the improvement in functional vision was less clear and would require more detailed 

investigation of patient satisfaction and ability to perform vision-related tasks. This is an important 

point, as published studies tend to evaluate the efficacy of an PID mainly focusing on the BCVA, 

whereas in patients with congenital aniridia the improvement of symptoms and improvement of 

health-related quality of life affected by vision should be the main focus.It is thus imperative that 

surgeons and patients both understand the risk/benefit scenario before the decision to implant an 

artificial iris implantation is made, keeping in mind the limited scientific literature on this topic and 

the limitations and risks of bias within the individual studies. 

6. Method of Literature Search 

This study was a systematic review. The literature search was conducted on PubMed, Scopus, 

Cochrane, and Web of Science was performed independently by two reviewers. The search 
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included the following terms (Iris) AND (aniridia OR WAGR syndrome OR Wilms tumour OR 

nephroblastoma OR Gillespie syndrome OR cerebellar ataxia) AND (implant OR prosthesis OR 

artificial OR device), with no set limitations on searching fields, date or language. Each search term 

is either a synonym for ‘implant’ or a disease associated with aniridia, allowing for a broad search, 

and minimizing potential selection bias. All retrieved literature was screened, and the following 

exclusion criteria were applied non-English language, non-human studies, cohort of aniridia 

patients not receiving iris implantation, non-peer reviewed publications, traumatic aniridia. (Table. 

1).  

Footnotes 

prosthetic iris devices (PIDs); iris-lens diaphragm (ILD); capsular tension ring-based prosthetic iris 

device (CTR – based PID); customised Artificial Iris (AI); The Newcastle-Ottawa Scale (NOS); 

Joanna Briggs Institute (JBI); Risk of Bias in Non-Randomised Studies of Interventions (ROBINS-

I) 
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Table 1. Inclusion and Exclusion criteria 

Inclusion Criteria Exclusion Criteria 

English language  

Human studies  

Aniridia patients receiving iris implantation  

Surgical techniques discussed  

Dated up to 2021  

Case reports 

Non-English language  

Non-human studies  

Aniridia patients not receiving iris implantation  

Surgical techniques not discussed  

Systematic reviews, books, conferences or other articles 

wherein no cases were recorded  

Non-peer reviewed  

Traumatic Aniridia 

 

Table 2. Results of NOS quality assessment for Cohort Studies 

 Representativeness 
of the exposed 

cohort 

Selection 
of the 

non-

exposed 
cohort 

Ascertainment 
of exposure 

Outcome 
of 

interest 

was not  
presented 

at start of 

study 

Comparability 
of cohorts on 

the basis of 

the desing 
analysis 

Assessment 
of 

outcomes 

Was 
follow-

up long 

enought 
for 

outcome 

to occur 

Adequacy 
of follow-

up 

cohorts 

Total 
quality 

score 

Reinhard 2000 1 N/A 1 1 N/A 1 0 1 5 

Qiu 2016 1 N/A 1 1 N/A 1 0 1 5 

N/A: not applicable, in view of lack of non-exposed cohort. 

 

Table 3. Results of JBI quality assessment for Case Series (Menenzo 2005 and Figueiredo 2020) 
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 1. 
Were 

there 

clear 
criteria 

for 

inclusi
on in 

the 

case 
series? 

2. Was 
the 

condition 

measured 
in a 

standard, 

reliable 
way for 

all 

participa
nts 

included 

in the 
case 

series? 

3. Were 
valid 

methods 

used for 
identificati

on of the 

condition 
for all 

participant

s included 
in the case 

series? 

4. Did the 
case series 

have 

consecutiv
e 

inclusion 

of 
participant

s? 

5. Did the 
case series 

have 

complete 
inclusion 

of 

participant
s? 

6. Was 
there clear 

reporting 

of the 
demograph

ics of the 

participants 
in the 

study? 

7. Was 
there clear 

reporting 

of clinical 
informatio

n of the 

participant
s? 

8. Were 
the 

outcom

es or 
follow-

up 

results 
of cases 

clearly 

reporte
d? 

9. Was 
there clear 

reporting 

of the 
presenting 

sites’/clini

cs’ 
demograph

ic 

informatio
n? 

10. Was 
statistical 

analysis 

appropriat
e? 

Menenzo 
2005 

Yes Yes Yes Yes Yes No No No No Not 
Applicabi

le 

Figueiredo 
2020 

Yes Yes Yes Yes Yes No Yes No No Yes 

 

Table 4. Results of JBI quality assessment for Case Report (Mostafa 2018) 

 1. Were patient’s 

demographic 
characteristics 

clearly 

described? 

2. Was the 

patient’s history 
clearly 

described and 

presented as a 
timeline? 

3. Was the 

current 
clinical 

condition of 

the patient 
on 

presentation 

clearly 
described? 

4. Were 

diagnostic 
tests or 

methods 

and the 
results 

clearly 

described? 

5. Was the 

intervention(s) 
or treatment 

procedure(s) 

clearly 
described? 

6. Was the 

post-
intervention 

clinical 

condition 
clearly 

described? 

7. Were 

adverse 
events 

(harms) or 

unanticipated 
events 

identified 

and 
described? 

8. Does 

the case 
report 

provide 

takeaway 
lessons? 

Mostafa 2018 Yes No No Yes Yes No Unclear Yes 

 

Table 5. Risk of bias in non-randomised studies according to the Risk of Bias in Non-Randomised 

Studies of Interventions (ROBINS-I) tool. 

Auhtor, year (Ref.) D1 D2 D3 D4 D5 D6 D7 Overall 

Reinhard 2000 3 2 1 1 2 2 3 3 

Menenzo 2005 3 2 1 1 2 2 3 3 

Mostafa 2018 4 1 2 1 2 2 3 4 

Qiu 2016 3 2 1 1 2 2 3 3 

Figueiredo 2020 2 2 1 1 2 2 2 2 

Risk of bias assessment: 0 - No information; 1 - Low; 2 - Moderate; 3 - Serious; 4 - Critical   
D1: bias due to confounding 

D2: bias in selection of participants into the study 

D3: bias in classification of intervention 
D4: bias due to deviation from iintended interventions 

D5: bias due to missing data 

D6: bias in measurement of outcomes 
D7: bias in selection of the reported result 

 

Table 6. Advantages and disadvantages of each type of iris prosthesis used in reviewed literature 

Prosthesis Type Advantages Disadvantages 

Iris-lens Diaphragm (ILD) 

(e.g. Morcher 67F, 67G, 67L) 

Treats aniridia and aphakia 

simultaneously 

Requires a large corneal incision 

Placement into anterior segment is 

difficult 
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Endocapsular Capsular Tension Ring-

based iris prosthesis (CTR-based 

PID) 

(e.g. Morcher 50D) 

Requires only a small corneal incision 

Decreased risk of intra-operative and 

post-operative complications 

Brittle and susceptible to fracture 

Intact capsular bag required for 

implantation 

Accurate alignment is difficult 

Customised Artificial Iris 

(e.g. BrightOcular) 

Requires only a small corneal incision 

due to its silicone material and lack of 

central optics 

Customisation increases cosmetic 

satisfaction 

Separate intraocular lens required if 

needed 

 

Table 7. Indications for which type of prosthetic iris device to choose 

Phakic status Aphakic Capsular support: Yes > Iris-lens 

diaphragm in the sulcus without 

trans-scleral suture fixation 

Capsular support: No > Iris-lens 

diaphragm in the sulcus with 

trans-scleral suture fixation 

Phakic Cataract extraction with 

simultaneous implant of ILD or 

CTR-based PID  

Pseudophakic Endocapsular CTR-based PID  

IOL exchange with secondary ILD 

in the sulcus or in the capsular bag 

Secondary implant in the sulcus of 

Artificial Iris 

Capsular bag Intact CTR-based PID in the bag 

ILD in the bag 

Damaged  ILD with trans-scleral suture 

fixation 

 

Table 8. Summary of literature for final review 

First 

Author, 

Date & 

Countr

y  

Study 

design & 

Follow-

up Period 

(min – 

max  or ± 

SD) 

Eyes 

(Patien

ts) 

Mean 

age 

at 

surge

ry 

(min 

– 

max 

or ± 

SD) 

Type of 

Prosthesis 

& 

Procedure  

Site of 

PID 

implantat

ion 

N° 

eyes 

with 

catar

act 

surge

ry at 

time 

of 

PID 

impla

nt 

N° 

eyes 

whic

h had 

PID 

trans

-

sclera

l 

sutur

ed 

Summary of 

results: BCVA 

(n°eyes) 

Glare/Photop

hobia 

(n°patients) 

If BCVA 

improved, 

which was 

the rate of 

improvem

ent?  

Reinhar

d, 2000, 

German

y  

Retrospec

tive 

cohort 

study with 

a mean 

follow-up 

of 46 

months 

(18-84 

months) 

19 (14) 30 

y/o 

(10-

59) 

ILD 

(Morcher 

67 

variable)  

Ciliary 

sulcus  

19 

(100%

) 

0 

(0%) 

BCVA 

improved: 14 

(73.7%)  

BCVA 

unchanged: 

1(5.3%)  

BCVA 

reduced: 4 

(21%) 

Glare/photoph

1.2 

logMAR 

(baseline) 

0.76 

logMAR 

(follow-up) 

(15 of 19 

eyes)* 
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obia reduction: 

11 (78.6%) 

Glare/photoph

obia 

unchanged: 3 

(21.4%) 

Menezo, 

2005, 

Spain  

Retrospec

tive case 

series 

with a 

mean 

follow-up 

of 22.5 

months 

(16 – 44 

months) 

4 (3) 22 

y/o 

(16 – 

44) 

ILD 

(Morcher 

67 G, 3 

eyes) and 

CTR-based 

PID 

(Morcher 

50D, 1 

eye) 

Capsular 

bag 

4 

(100%

) 

0 

(0%) 

BCVA 

improved: 2 

(50%) 

BCVA not 

assessed: 2 

(50%) 

Glare/photoph

obia reduction: 

3 (100%) 

0.70 

logMAR 

(baseline) 

0.50 

logMAR 

(follow-up) 

Qiu, 

2016, 

China 

Retrospec

tive 

cohort 

study with 

a mean 

follow-up 

of 26 

months 

(±7.76 

months) 

23 (15) 27 

y/o (± 

15.5) 

ILD 

(Morcher 

67G)  

Ciliary 

Sulcus  

23 

(100%

) 

18 

(78%) 

BCVA 

improved: 16 

(69.6%) 

BCVA 

unchanged: 7 

(30.4%) 

Glare/photoph

obia reduction: 

23 (100%) 

1.54 

logMAR 

(baseline) 

0.98 

logMAR 

(follow-up) 

16/23 eyes 

had a 

BCVA 

better than 

1.0 

logMAR 

after PID 

implant. 

 

Mostafa

, 2018, 

Egypt  

Retrospec

tive case 

report 

with a 

follow-up 

of 12 

months 

(12 

months) 

2 (1) 13 

y/o 

(13) 

Artificial 

Iris 

(BrightOcu

lar)   

Ciliary 

sulcus 

2 

(100%

) 

0 

(0%) 

BCVA 

improved: 2 

(100%) 

Glare/photoph

obia reduction: 

1 (100%) 

1.26 

logMAR 

(baseline) 

0.5 

logMAR 

(follow-up) 

Figueire

do, 

2020, 

USA  

Retrospec

tive case 

series 

with a 

mean 

follow-up 

of 44.36 

months 

(±26 

months; 6 

– 120 

months) 

96 (50) 34 

y/o 

(±15 ) 

Artificial 

Iris  

(Custom 

made) 

Capsular 

Bag (90 

eyes) 

Ciliary 

sulcus (6 

eyes) 

92 

(95.8

%) 

6 

(6.25

%) 

BCVA 

improved: 56 

(58.3%) 

BCVA 

unchanged: 

31(32.3%)  

BCVA 

reduced: 9 

(9.4%) 

Glare/photoph

obia reduction: 

48 (96%) 

No mean 

BCVA at 

baseline 

reported 

56/96 eyes 

had BCVA 

improveme

nt ≥ 2 

Snellen 

lines after 

PID 

implant. 

BCVA: Visual Acuity.  

CTR: Capsular Tension Ring. 

ILD: Iris-lens Diaphragm. 

IOL: Intraocular lens. IOP: intraocular pressure (mmHg).  

PID: Prosthetic Iris Device 

SD: Standard Deviation 

Y/O: years old 

                  



 32 

* In the Reinhard study a pre-PID implant mean BCVA was not reported; instead, individual patient pre-and post-op 

BCVA was reported, ranging from not measurable values such as “light percepetion” and “finger counting” to decimal 

values. We converted values to logMAR, except for “meter vision”. 

 

Table 9. Overall and specific PID type improvement of BCVA 

Type of PID N° eyes implanted BCVA Improved BCVA 

unchanged 

BCVA 

reduced 

BCVA not 

assessed 

ILD 45 (31.2%) 32 (71.2 %) 8 (17.8%) 4 (8.8%) 1 (2.2%) 

AI 98 (68.1%) 58 (59.2%) 31 (61.6%) 9 (9.2%) 0 (0%) 

CTR-based PID 1 (0.7%) / / / 1 (100%) 

 

 

 

Figure 1. PRISMA flowchart for the eligible literature 
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Figure 2. Graphical representation of the results of the Table. 5 Risk of bias in non-randomised 

studies according to the Risk of Bias in Non-Randomised Studies of Interventions (ROBINS-I). In 

order, from top “Bias due to confounding” to down “Bias in selection of reported results”, are the 

Domain from 1 to 7 of the Table. 5. Low risk of bias green (score 1 on the Table. 7); Moderate risk 

of bias yellow; (score 2 on the Table. 5) High risk of bias red (score 3 on the Table. 5), Critical risk 

of Bias dark red (score 4 on the Table. 5) 

 

Figure 3. Morcher ILD 67F (A) ILD 67G (B) CRT-based PID 50E (C) 
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Figure 4. Decentered Morcher ILD Implant 
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Figure 5. Morcher ILD implant 

 

 

Figure 6. Anterior segment OCT of the eye in Figure. 5 

 

                  



 36 

 

Figure 7. BrightOcular Artificial Iris implant 
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Figure 8. HumanOptics Artificial Iris implant 

 

Figure 9. Aniridia-associated keratopathy. Grade 2 (A) and Grade 4 (B) 

 

                  


