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Abstract

Background—Individuals who have failed one or more full thickness penetrating keratoplasties
(PKs) may be offered repeat corneal surgery using an artificial or donor cornea. An artificial or
prosthetic cornea is known as a keratoprosthesis. Both donor and artificial corneal transplantations
involve removal of the diseased and opaque recipient cornea (or the previously failed cornea) and
replacement with another donor or prosthetic cornea.

Objectives—To assess the effectiveness of artificial versus donor corneas in individuals who
have had one or more failed donor corneal transplantations.
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Search methods—We searched CENTRAL (which contains the Cochrane Eyes and Vision
Group Trials Register) (2013, Issue 10), Ovid MEDLINE, Ovid MEDLINE In-Process and Other
Non-Indexed Citations, Ovid MEDLINE Daily, Ovid OLDMEDLINE (January 1946 to
November 2013), EMBASE (January 1980 to November 2013), Latin American and Caribbean
Health Sciences Literature Database (LILACS) (January 1982 to November 2013), the
metaRegister of Controlled Trials (mRCT) (www.controlled-trials.com), ClinicalTrials.gov
(www.clinicaltrials.gov) and the World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (www.who.int/ictrp/search/en). We did not use any date or language
restrictions in the electronic searches for trials. We last searched the electronic databases on 27
November 2013.

Selection criteria—Two review authors independently assessed reports from the electronic
searches to identify randomized controlled trials (RCTs) or controlled clinical trials (CCTs). We
resolved discrepancies by discussion or consultation with a third review author.

Data collection and analysis—~For discussion purposes, we assessed findings from
observational cohort studies and non-comparative case series. No data synthesis was performed.

Main results—We did not identify any RCTs or CCTs comparing artificial corneas with donor
corneas for repeat corneal transplantations.

Authors’ conclusions—The optimal management for those individuals who have failed a
conventional corneal transplantation is not known. Currently, in some centers, artificial corneal
devices routinely are recommended after just one graft failure, and in others, not until after
multiple graft failures, or not at all. To date, there have been no controlled trials comparing the
visual outcomes and complications of artificial corneal devices (particularly the Boston type 1
keratoprosthesis which is the most commonly implanted artificial corneal device) with repeat
donor corneal transplantation, in order to guide surgeons and their patients. It is apparent that such
a trial is needed and would offer significant benefit to an ever-increasing pool of people with
visual disability due to corneal opacification, most of whom are still in productive stages of their
lives.

PLAIN LANGUAGE SUMMARY

Artificial corneal devices versus human donor corneas for people undergoing repeat
corneal transplantation

Review question—Our objective was to compare the success of artificial corneal devices
versus donor (human) corneas in people who had already had at least one donor cornea
transplant that had not worked.

Background—There are several types of corneal transplantations. The type of
transplantation depends on how much of the cornea (front part of the eye) is removed and
replaced. When the entire cornea is removed and replaced completely, it is called a full
thickness penetrating keratoplasty (PK). If only part of the cornea is removed and replaced
by the same part from a donor, the surgery is named based on the parts transplanted (e.g.
endothelial keratoplasty (EK) refers to transplantation of the inner or endothelial layers of
the cornea).
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Corneal transplantation is one of the most successful tissue or organ transplantations.
However, sometimes the transplantation fails and the donor tissue becomes opaque (cloudy).
We looked only at people who had failed at least one PK and required another corneal
surgery.

In some medical centers, artificial corneas are recommended after a person has had just one
failure of a donor PK; in other centers, an artificial cornea is not recommended until after a
person has had several donor PKs fail. At some centers an artificial cornea is never offered.
Currently, no guidelines are available as to how many donor corneal transplants can be
performed in an eye that has failed a corneal transplantation.

Corneal transplantation with either a donor cornea or an artificial cornea (known as a
keratoprosthesis) involves removal of the cloudy cornea and replacement with a clear cornea
or corneal device. Some examples of keratoprostheses (KPros) are the Boston KPro (Types |
and I1), AlphaCor, osteo-odonto-keratoprosthesis (OOKP), and Fyodorov-Zuev KPro. The
Boston KPro is the most commonly implanted artificial corneal device.

Key results and conclusions—We found no controlled trials that have compared the
success, including vision and side effects, of artificial corneas against donor corneas in
people whose previous donor corneal transplants have failed. The best treatment for
someone whose PK has failed is not known. There is no high-quality evidence to guide
surgeons and patients as to the best treatment to use after a donor transplant fails. Therefore,
a trial comparing the use of artificial versus human donor corneas after PK failure is needed.
Comparative clinical trials are needed to provide the missing information and would offer
significant benefit to an ever-increasing pool of people with visual disability due to a cloudy
cornea, most of whom are still at working age or in school.

BACKGROUND

Description of the condition

The cornea is the transparent layer of the anterior surface of the eye and functions to
transmit light and provide most of the refractive power of the eye. Diseases affecting the
cornea are a major cause of blindness worldwide. Globally, corneal opacity is the fourth
leading cause of bilateral blindness after cataract, glaucoma, and age-related macular
degeneration, affecting some four to eight million people, 90% of whom live in the
developing world (Murthy 2012; Whitcher 2001). Furthermore, unilateral corneal blindness,
which also creates much disability, is not reflected in these statistics. Additionally, children
and young adults are affected by corneal blindness proportionately more than by other major
blinding diseases, such as macular degeneration and glaucoma, which are associated with

aging.

Unfortunately, there are currently no proven medical treatments available to restore clarity
in diseased corneas. Surgery with donor corneal transplantation (keratoplasty) is the
definitive treatment for corneal blindness. Although the majority of these transplants are
successful, if the transplantation fails the first time for any reason, a repeat transplantation
using an artificial or donor cornea may be considered.

Cochrane Database Syst Rev. Author manuscript; available in PMC 2014 December 18.
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Description of the intervention

Corneal transplantation is one of the most commonly performed transplant procedures in the
developed world. A total of 46,892 corneal transplantations were performed in the United
States in 2013 (EBAA 2013). Successful transplantation occurs when the corneal graft is not
rejected and it retains clarity and integrity. Several recently published studies documented
that the single most important factor affecting the success of corneal transplantation is the
pre-operative indication for the surgery (Thompson 2003; Wagoner 2009). Donor corneal
transplantation achieves remarkable overall success rates with approximately 90% of “low
risk” patients having successful transplants (ACGR 1993; Thompson 2003; Wagoner 2009).
Patients at “low risk” of corneal graft failure typically suffer vision loss from corneal shape
problems (such as keratoconus) or from loss of clarity due to genetic problems of the
endothelial layer of the cornea (such as Fuchs endothelial dystrophy), trauma or infection.
For example, although the five-year survival probability is usually over 90% for
keratoconus, this rate is less than 50% when the indication is corneal edema due to
endothelial failure from intraocular surgery, and even lower when the eye is aphakic
(without the natural lens) (ACGR 1993; Thompson 2003).

The likelihood of corneal graft survival drops markedly in the setting of previous corneal
graft failure. Re-graft (repeat donor corneal transplantation), presence of significant
neovascularization of the host bed, history of glaucoma and previous herpetic infection also
decrease the likelihood of graft survival (ACGR 1993; Siganos 2010; Thompson 2003;
Wagoner 2009). Overall risk of failure for re-grafts is about 50% at five years (Thompson
2003; Yildiz 2010), although this percentage is probably an underestimate as most surgeons
tend to limit re-grafting only to patients in whom they believe there is a reasonable chance
of success for subsequent graft survival and improvement in visual acuity. Of note, about
10% to 16% of all corneal transplants around the world are re-grafts (EBAA 2013;
Thompson 2003; Yildiz 2010).

In the United States, patients who have failed multiple corneal grafts may be offered an
artificial cornea. An artificial or prosthetic cornea, known as a keratoprosthesis (KPro), is a
corneal implant made of synthetic material, the most common of which is the Boston
keratoprosthesis (Boston KPro). The Boston KPro is a two piece, collar-button device made
of polymethylmethacrylate (PMMA), a transparent thermoplastic, with a titanium locking
ring. Although it is associated with some complications, such as infection, extrusion,
glaucoma, and retinal detachment, because it is made of artificial material it will not opacify
(become cloudy). The AlphaCor device, made from poly-2-hydroxyethyl methacrylate, is
made of a one-piece flexible implant with a peripheral skirt and a transparent central region
connected on a molecular level by an interpenetrating polymer network. It is implanted in
the recipient eye via a two-stage surgical procedure. Osteo-odonto-keratoprosthesis,
reserved for individuals with severe ocular surface disorders, requires a complex multi-step
surgical procedure and, therefore, is performed very infrequently. A lamina of the patient’s
tooth is grafted into the eye after having been transplanted elsewhere for biointegration and
vascularization purposes. An artificial optic made of PMMA is then installed in the unit to
allow vision. The Fyodorov-Zuev keratoprosthesis, commonly used in the former Soviet
Union, is made of a titanium supporting plate with two large openings to allow aqueous
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humor to flow anteriorly. An optical cylinder is screwed into the center of the supporting
plate, then the assembled device is implanted.

In general, artificial corneal implantation requires long-term topical and sometimes oral
treatment to prevent or treat complications such as infections and glaucoma. Close
postoperative follow-up is required due to risk of complications, which can sometimes lead
to permanent blindness, particularly due to retinal detachment and endophthalmitis. These
complication rates have been well monitored by surveillance studies (Boston Type 1 KPro
Study; Hicks 2006). The rates of vision-threatening complications and visual outcomes on
the other hand are less well studied in repeat donor corneal transplantation cases. However,
the rates of corneal melting and infection certainly are expected to be lower with donor
transplantation than with artificial devices.

How the intervention might work

Both donor and artificial corneal transplantations involve removal of the diseased and
opaque portion of the recipient cornea, and replacement with clear cornea or corneal device.
The surgical procedure using an artificial cornea is similar to full thickness corneal
transplantation using a donor cornea (penetrating keratoplasty, PK) once the device has been
assembled.

The Boston KPro, the most commonly implanted artificial corneal device, comes in two
main types (Aquavella 2005; llhan-Sarac 2005; Ma 2005). Type | is the most commonly
used style in the United States. It consists of two plastic parts: an anterior part which houses
the refractive portion, and a removable perforated back plate. The device requires donor
corneal tissue to be sandwiched between the two plates. The holes in the back plate are
thought to enhance nutrition and rehydration of the clamped corneal stroma adjacent to the
stem, which may help to prevent necrosis of the surrounding tissue. In addition, the device
has a titanium locking c-ring to secure the unit after its assembly and prevent unscrewing of
the back plate. After assembly, the whole device is then sutured into the recipient eye in the
same manner as with donor corneal transplantation. A newer generation type | KPro with a
back plate made of titanium recently has been approved by the United States Food and Drug
Administration (MEEI 2013). This model does not require a locking c-ring (Todani 2011).

The type | Boston KPro is indicated in eyes with sufficient tear secretion and normal
blinking. The longer type 11 device is similar to type I, except for an additional 2 mm long
anterior nub for through-the-lid implantation. The front plate is usually 5 mm in diameter
and the back plate is 8.5 mm in diameter. The back plate also has two rows of eight holes,
each 1.5 mm in diameter. The type Il Boston KPro is reserved for extreme dry eye
conditions and end-stage ocular surface diseases with significant cicatricial conjunctival
changes, such as mucous membrane pemphigoid (MMP) and Stevens Johnson syndrome
(SJS), in which there is a lack of fornices to support a contact lens as recommended for the
type | device. Both types are custom made to have a range of dioptric powers to match the
axial length of the patient’s eye when aphakic (the natural lens, if present, is removed during
surgery and no additional intraocular lens needs to be implanted).
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Other artifical corneas such as AlphaCor, osteo-odonto-keratoprosthesis, and Fyodorov-
Zuev keratoprosthesis, work in the same general manner, as substitutes for donor corneas.

Why it is important to do this review

There has been a renewed interest in artificial corneal implantation following the approval of
AlphaCor device in 2002 by US Food and Drug Administration (FDA). Although the
Boston type | device was cleared by US FDA in 1992, prior to 2004, fewer than 100 had
been implanted, most of which were performed at the Massachusetts Eye and Ear Infirmary
(the distributor of the device) (Zerbe 2006). This renewed interest resulted in a wealth of
studies evaluating artificial corneal devices. However, due to high complication rates
associated with the AlphaCor, the device has been removed from the market, leaving the
artificial corneal device arena mostly to the Boston KPro. Once considered a last resort, the
Boston KPro is now frequently a viable alternative for eyes with prior failure of traditional
donor penetrating keratoplasty. Furthermore, there has been interest in expanding
indications for KPro implantation as a primary procedure in patients with limbal stem cell
failure from various causes (Michael 2008; Utine 2011). As surgeons and centers have
gained more experience with keratoprosthesis, it has become apparent that artificial corneal
devices may be an alternative to repeat PK in a broader subset of patients than previously
considered. It also has been suggested that artificial corneal transplant surgery is comparable
to PK surgery using donor corneas in terms of cost-effectiveness (Ament 2010). The
purpose of this review was to compare systematically the clinical performance of artificial
corneas with the current standard of care, transplantation with donor corneas, as the use of
keratoprostheses is becoming more popular for repeat corneal replacement procedures.

OBJECTIVES

To assess the effectiveness of artificial versus donor corneas in individuals who have had
one or more failed donor corneal transplantations.

METHODS

Criteria for considering studies for this review

Types of studies—We planned to include randomized controlled trials (RCTs) and quasi-
randomized controlled clinical trials (CCTs). We also stated a priori that we would discuss
findings from non-RCTs, prospective and retrospective cohort studies, and interventional
case series (Akpek 2012). We excluded from our discussion of the latter group of studies
those that reported on fewer than 10 individuals/cases. We grouped multiple reports from
the same study when authors reported only information on the same group of participants
(e.g. results from longer follow-up, data for subsets of participants).

Types of participants—We included studies of participants with corneal opacity who
had failed one or more full thickness PKs. We excluded reports of primary keratoprosthesis
cases only. We included studies with adults (ages 18 years and older), but did not exclude
studies that also included some participants less than 18 years of age. However, we excluded
the studies that reported results exclusively or mostly from pediatric patients. There was no
restriction regarding whether participants were phakic, aphakic, or pseudophakic.

Cochrane Database Syst Rev. Author manuscript; available in PMC 2014 December 18.
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Types of interventions—We included artificial corneas (keratoprostheses) of any type
and full thickness, and penetrating human donor corneal transplantations. We excluded
studies of anterior or posterior (endothelial) lamellar corneal transplantations for previous
graft failures. We also reported each type of artificial cornea (e.g. Boston KPro, AlphaCor,
osteo-odonto-keratoprosthesis, and Fyodorov-Zuev KPro) individually.

Types of outcome measures

Primary outcomes: The primary outcome for comparison of corneal transplant procedures
was the proportion of participants with best-corrected visual acuity (BCVA) of 20/100 or
better, measured as Snellen equivalent, at two years after corneal replacement.

Secondary outcomes: Secondary outcomes for comparison of corneal transplant procedures
included:

» the proportion of participants with BCVA of 20/100 or better at one and five years
after corneal replacement;

« the proportion of participants with worse vision than pre-operative vision at one,
two and five years after corneal replacement;

» the mean change in BCVA at one, two and five years after corneal replacement;

» the proportion of participants with corneal graft failure at one, two and five years
after corneal replacement;

—  PK group: the proportion of participants with corneal allograft rejection or
failure leading to opacity of the graft at one, two and five years after corneal
replacement;

—  KPro group: the proportion of participants with removal of KPro due to any
cause at one, two and five years after corneal replacement;

» the proportion of participants with enucleation of the eyeball due to any cause at
one, two and five years after corneal replacement.

When data were available, we reported the proportion of participants with failure who
required another corneal surgery with a donor or artificial cornea, and the proportion of
participants who had complications requiring other surgery, such as glaucoma and retinal
detachment.

We also summarized adverse events reported by the individual studies, including glaucoma,
infection, retinal detachment, retroprosthetic membrane formation and further extrusion of
the device. We planned to compare quality of life outcomes and economic outcomes;
however, these outcomes were not reported by eligible studies.

Search methods for identification of studies

Electronic searches—We searched CENTRAL (which contains the Cochrane Eyes and
Vision Group Trials Register) (2013, Issue 10), Ovid MEDLINE, Ovid MEDLINE In-
Process and Other Non-Indexed Citations, Ovid MEDLINE Daily, Ovid OLDMEDLINE
(January 1946 to November 2013), EMBASE (January 1980 to November 2013), Latin

Cochrane Database Syst Rev. Author manuscript; available in PMC 2014 December 18.
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American and Caribbean Health Sciences Literature Database (LILACS) (January 1982 to
November 2013), the metaRegister of Controlled Trials (MRCT) (www.controlled-
trials.com), ClinicalTrials.gov (www.clinicaltrials.gov) and the World Health Organization
(WHO) International Clinical Trials Registry Platform (ICTRP) (www.who.int/ictrp/search/
en). We did not use any date or language restrictions in the electronic searches for trials. We
last searched the electronic databases on 27 November 2013.

See: Appendices for details of search strategies for CENTRAL (Appendix 1), MEDLINE
(Appendix 2), EMBASE (Appendix 3), LILACS (Appendix 4), mRCT (Appendix 5),
ClinicalTrials.gov (Appendix 6) and the ICTRP (Appendix 7).

Searching other resources—We searched the reference lists of relevant studies for any
additional studies not identified by the electronic searches. We planned to use the Science
Citation Index to identify potentially relevant studies that cited included studies; however,
since no RCTs or CCTs were included, we did not use this database. We contacted experts
in the field for information on current, past or unpublished trials, but no RCTs or CCTs were
identified (KPro Study Group Bibliography 2013).

Data collection and analysis

Selection of studies—Two pairs of review authors (SN and FH; KL and MA) assessed
the search results independently. Authors classified each record based on title and abstract
as: (1) definitely relevant, (2) possibly relevant, or (3) definitely not relevant according to
the “Criteria for considering studies for this review’. No relevant RCTs or CCTs were
identified; thus, we classified no records as (1) definitely relevant. We resolved
discrepancies by consensus for non-randomized studies assessed as (2) possibly relevant.
For consideration of non-randomized studies to include in discussion, we obtained full text
copies of reports and two authors working independently assessed each as (a) include for
discussion, (b) exclude from discussion, or (c) exclude, not relevant. Studies assessed as ()
include for discussion are listed in the review as Excluded studies. Studies assessed as (b)
exclude from discussion or (c) exclude, not relevant are summarized, but not listed
individually in the Results section under "Excluded studies’. We resolved discrepancies by
consensus. No study was classified as unclear after review of the full text and there were no
study reports in languages that we required to be translated.

Data extraction and management—Two pairs of review authors (SN and FH; KL and
MA\) extracted data independently onto data extraction forms adapted from Cochrane Eyes
and Vision Group forms. Study characteristics extracted for each relevant study included
methods, participants, interventions, outcomes, and funding sources. One review author
entered the data into Review Manager (RevMan 2014) and a second review author verified
the data entered. We resolved discrepancies by discussion. We did not contact primary
investigators of observational studies to request missing data; instead we used the
information as available in the published reports.

Assessment of risk of bias in included studies—Two review authors assessed
independently the sources of systematic bias in studies according to the methods described
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in Chapter 8 (Higgins 2011) and Chapter 13 (Reeves 2011) of the Cochrane Handbook for
Systematic Reviews of Interventions. We resolved discrepancies through discussion.

We planned to consider the following parameters when assessing risk of bias in RCTs and
CCTs: (a) selection bias (random sequence generation, quality of allocation concealment);
(b) detection bias (masking of outcome assessors and data analyzers); (c) attrition bias
(completeness of follow-up, intention-to-treat (ITT) analysis); (d) reporting bias; and (e)
other potential sources of bias (such as funding source). We did not plan to assess masking
(blinding) of study participants and personnel (performance bias) due to the differences in
interventions and surgical procedures. Each risk of bias parameter was to be assessed as
having a “low risk of bias”, a “high risk of bias” or an “unclear risk of bias” (insufficient
information to permit judgment of low or high risk).

Although a formal assessment of risk of bias was not done for observational studies, we
considered the following parameters when discussing cohort studies: (a) selection bias
(similarity between groups, reporting of baseline characteristics and potential confounders);
(b) performance bias (objective measurements of exposures); (c) detection bias (masking of
outcome assessors, objective measurements of outcomes, equal likelihood of detecting
outcome for both groups); (d) attrition bias (low attrition rates, similar follow-up between
groups); (e) reporting bias; and (f) other potential sources of bias (such as funding source).

Risk of bias considerations for non-comparative studies included: (a) selection bias
(consecutive versus preferential selection of participants); (b) performance bias and
detection bias (objective measurements of exposures and outcomes); (c) attrition bias (rate
of loss to follow-up); (d) reporting bias; and (e) other potential sources of bias (such as
funding source).

Measures of treatment effect—The primary outcome for this review was a
dichotomous outcome. We planned to report the measure of effect as a risk ratio with 95%
confidence intervals. We planned to report dichotomous secondary outcomes in the same
manner.

We planned to report mean changes in BCVA as mean differences between groups with
95% confidence intervals. We also planned to report continuous data for quality of life
outcomes or economic outcomes as mean differences with 95% confidence intervals.

Unit of analysis issues—The unit of analysis was the eye. For studies in which both
eyes of a single participant were included, we reported whether or not adjustments for inter-
person correlation of outcomes were made.

Dealing with missing data—No RCTs or CCTs were included in the review and we did
not contact study authors of non-randomized studies for additional information.

Assessment of heterogeneity—We planned to use the |2 statistic to examine
heterogeneity. An 12 value greater than 60% would have been interpreted as indicating
substantial statistical heterogeneity. If substantial statistical heterogeneity was present, we
did not plan to conduct meta-analysis and instead would have reported the study results

Cochrane Database Syst Rev. Author manuscript; available in PMC 2014 December 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Akpek et al.

RESULTS

Page 10

independently. We also planned to assess clinical heterogeneity based on the characteristics
of participants in the included studies, including type of artificial cornea, lens status (phakic,
aphakic, or pseudophakic), age, and underlying co-morbidities (such as retinal detachment,
glaucoma, and ocular surface disease).

Assessment of reporting biases—We planned to examine the symmetry of funnel
plots to assess reporting biases when more than 10 studies were included in a meta-analysis.

Data synthesis—We did not perform quantitative data synthesis.

Subgroup analysis and investigation of heterogeneity—We did not perform
subgroup analysis.

Sensitivity analysis—We did not perform sensitivity analysis.

Description of studies

Results of the search—We identified a total of 853 unique records by the electronic
searches as of 27 November 2013 (Figure 1). After screening of titles and abstracts, we did
not identify any relevant RCTs or CCTs comparing artificial versus donor corneas in people
undergoing repeat corneal transplantation. Of the 853 records from the search, we excluded
690 records and reviewed full-text reports for 163 potentially relevant records. From the 163
potentially relevant records, we identified 41 reports of 19 non-randomized studies that
evaluated keratoprosthesis in people undergoing repeat corneal transplantation, which we
assessed as relevant for discussion.

Non-randomized studies—Of the 19 studies of keratoprosthesis we identified, 14
evaluated the Boston KPro (previously known as the Dohlman-Doane KPro), three
AlphaCor (previously known as the Chirila KPro); and one each of osteo-odonto-
keratoprosthesis (OOKP) and Fyodorov-Zuev keratoprosthesis (see Characteristics of
excluded studies).

Boston KPro: The Boston Type 1 KPro Study Group consisted of 19 surgeons at 18
medical centers who volunteered clinical data of Boston keratoprosthesis type 1 surgeries
they performed in 300 eyes of 300 patients between January 2003 and July 2008 (Boston
Typel KPro Study). Some of these surgeons also have published separate reports of
outcomes from their own patients, which made it difficult to assess study cohorts
independently. In addition to the Boston Type 1 KPro Study, we identified case series
reports from 12 individual institutions (combined total of 638 patients; 687 eyes) and one
international case series (100 patients; 107 eyes) (Table 1).

Visual acuity and graft failure outcomes were reported in many of the Boston KPro studies.
However, few studies reported outcomes at specified follow-up times (e.g. one year, two
years, five years) (Table 2). These studies also had large amounts of missing data,
particularly beyond one year of follow-up.

Cochrane Database Syst Rev. Author manuscript; available in PMC 2014 December 18.
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AlphaCor: Similar to the Boston Type 1 KPro Study Group, Hicks and colleagues compiled
clinical data of AlphaCor surgeries between 1998 to 2006 from surgeons who voluntarily
contributed their patient data (Hicks 2006). This case series included data reported by 84
surgeons from 11 countries who implanted 322 AlphaCor devices in 302 patients. We
identified two additional case series of Alpha-Cor (Table 3).

Visual acuity data were reported in all of the three AlphaCor studies; however only one
study reported outcomes at specified follow-up times (Table 3). Two studies reported graft
failure or retention outcomes.

Other types of artificial corneas: We identified case series reports of two other types of
artificial corneal devices, one each of Fyodorov-Zuev keratoprosthesis (10 patients) and
osteo-odonto-keratoprosthesis (OOKP) (25 patients). Both studies reported visual acuity
outcomes and number of device extrusions (Table 4).

Excluded studies—We further excluded 122 reports after review of the full-text for the
following reasons: 47 reports were of primary KPro procedures or did not specify how many
patients had previous PK procedures; 31 reports included fewer than 10 patients undergoing
repeat corneal transplantation; 34 reports did not include original data (e.g. editorials,
descriptions of surgical procedures, reviews); and 10 reports dealt with postoperative
management of corneal transplantation (e.g. use of soft contact lenses, how to image eyes
with implanted KPros, treatment of endophthalmitis).

Risk of bias in included studies

We could not assess risk of bias since no RCTs were included in the review.

Effects of interventions

We did not identify any evidence comparing the effectiveness of artificial versus donor
corneas for repeat corneal transplantation.

DISCUSSION

Summary of main results

No relevant randomized or quasi-randomized controlled trials were identified for inclusion
in this review. We identified 19 studies of KPro surgery in patients undergoing repeat
corneal transplantation, none of which compared implantation of KPro devices with human
donor corneal transplantation.

The majority of non-randomized studies we identified were reports of case series of KPro
implantations from medical centers in the USA. One study compared results of Boston
KPros implanted at a medical center in the USA with a case series of Boston KPros
implanted internationally (Aldave 2012a; Aldave 2012b). The authors of the report
concluded that visual acuity outcomes, retention rates, and adverse events were comparable
between the two groups of patients. It is important to note, however, that the average follow-
up times differed in the two cohorts, with the US-based cohort having a mean follow-up of
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24 months (up to 84 months) and the non-US-based group having a mean follow-up of 14
months (up to 48 months).

When data could be abstracted from the non-randomized studies, the failure rates at one year
after implantation ranged from 0% to 30%. However, these rates are very uncertain due to
the high amount of loss to follow-up in the studies and the variability in patient risk factors
(e.g. indication for surgery, number of previous graft failures).

Overall completeness and applicability of evidence

This review aimed to gain information regarding the visual outcomes and complication rates
of artificial corneal transplantation surgeries in comparison with repeat donor corneal
transplantation in individuals with prior failed full thickness penetrating keratoplasty. No
such studies directly comparing the results were noted from extensive literature searches.
Given the increasing popularity of Boston type | KPro and a trend to expanding the
indications even to patients who have not yet received donor transplantations, a head-to-
head comparison is needed. The inclusion criteria to enroll participants in such a study
should be carefully considered. For instance, a non-vascularized cornea in a phakic eye after
a single episode of rejection may do very well with repeat donor grafting and probably
would not be considered for KPro surgery. The situation is entirely different when there are
additional risk factors for failure such as neovascularization, ocular surface diseases, or
glaucoma. Future studies comparing these methods should take into consideration the cause
of prior graft failure, preoperative diagnosis, and presence of high risk characteristics for
rejection when enrolling participants.

In addition, the currently available studies reporting outcomes of both repeat donor PK as
well as KPro surgeries are limited in regards to the length of follow-up. It is conceivable that
the lifetime risks of complications and the possibility of permanent vision loss after either
procedure may differ significantly. This fact could not be addressed in this review due to the
very limited follow-up of the available reports. A careful review of literature of repeat PK
outcomes might perhaps help determine the best outcomes to assess in a head-to-head
comparison. For example, incidence of endophthalmitis and vision loss due to glaucoma,
which have been reported to be higher after implantation of Boston type 1 KPro compared
with PK, would be important outcomes to study.

Quiality of the evidence

The literature we found on this topic consisted primarily of clinical studies evaluating only
one type of procedure (KPro or PK), i.e. non-comparative case series and case reports. We
also found that few of these studies reported visual acuity or graft survival outcomes up to
one year of follow-up for all study participants. The most common method of reporting
outcomes was to combine participant data at “final follow-up’, rather than at specific follow-
up time points. Since graft survival is associated with the duration of the implantation (i.e.
the longer a person has the device), it is inappropriate to combine findings from different
follow-up times. When outcomes were reported at specific time points (e.g. six months, one
year, two years), data often were not reported for all study participants and reported only for
those with available data.
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Potential biases in the review process

We conducted a highly sensitive search to identify trials comparing artificial corneal
implants with human donor corneas for people needing repeat corneal transplantation. As we
anticipated finding few or no randomized controlled trials on this topic, we also searched for
any observational or clinical study evaluating KPro for repeat corneal transplantation.
Clinicians and methodologists on the review team were paired to duplicate tasks in order to
minimize selection bias and errors during the study selection and data abstraction processes.

Not all of the studies included only eyes undergoing repeat corneal surgery. Many studies
also included keratoprosthesis as a primary procedure in eyes at high risk of failure with
donor corneal transplantation (e.g. people with chemical injury, SJS, or MMP). We limited
our review of non-randomized studies to those in which more than 60% of participants had
at least one failed PK. We allowed a mix of cases based on clinical experience, knowing
these cases were likely to be grouped together in study cohorts.

Agreements and disagreements with other studies or reviews

We are unaware of any other systematic review comparing artificial versus donor corneas in
people needing repeat corneal transplantation following a failed full thickness PK. Based on
non-randomized studies identified from our searches, different types of KPros are being
used for individuals undergoing repeat corneal transplantation procedures. Historically,
artificial corneas have been considered for ‘salvage’ procedures when no alternative exists.
Therefore, the majority of the patients in the published reports had been deemed “ineligible”
to receive another donor corneal transplantation and hence were likely to have worse vision
prior to the surgery as well as worse co-morbidity than the patients who were considered for
repeat corneal transplantation with donor corneas. Despite this trend, the high retention rates
reported with Boston type 1 KPro have made this device an attractive alternative to repeat
donor corneal transplantations (AAO PPP 2013; Boston Type 1 KPro Study). As surgeons
and centers have gained more experience with KPro, particularly following advances in
design and materials, the utilization of KPros has shown a substantial increase in the most
recent few years including in a wider subset of patients than previously considered (MEEI
2013).

Importantly, the number of repeat corneal transplantations in the US has been steadily
increasing. According to the Eye Bank Association of America, repeat corneal
transplantation for a previously failed graft is the second most common indication for full
thickness donor PK in the US, after keratoconus, comprising about 17% of all those
undergoing a full thickness donor PK during the last decade (EBAA 2013). This percentage
is in line with rates from other countries as well (Bersudsky 2001; Wagoner 2009; Williams
1995). Of all transplant procedures, corneal transplantation has a good success rate:
however, the risk of graft failure increases with the number of repeat procedures and time.
The graft survival rate at one year was reported to be 80.5% (95% CI 75.4% to 85.0%) for
the first repeat PK, 76.9% (95% CI 64.9% to 85.6%) for the second repeat PK, and 51.9%
(95% CI 33.4% to 73.4%) for the third or more repeat PKs based on national data from
Australia (ACGR 1993). A more recent study of repeat PK in the USA showed better overall
survival rates for the second or more repeat PKs than the Austrailian study, but also
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supported findings that graft survival at one year was higher for eyes having their second
repeat PK (89%, 95% CI 76% to 96%) versus their third repeat PK (73%, 95% CI 39% to
94%) (Yildiz 2010).

AUTHORS’ CONCLUSIONS

Implications for practice

The optimal management for patients who have failed conventional corneal transplantation
is unknown. Our review of the evidence did not discover any comparative clinical studies
evaluating artificial corneal devices versus donor corneas in patients who had failed one or
more full thickness human corneal transplantations. Currently, there are no guidelines
regarding the limit to the number of times donor corneal transplantation should be repeated.
The corneal surgeons managing these patients are left to make recommendations based only
on patient values, personal clinical experience, local culture, and non-randomized studies.

Implications for research

Currently, in some centers, KPros routinely are recommended after a single graft failure; in
others, not until after multiple graft failures or not at all. To date, there have been no
controlled trials comparing the visual outcomes and complications of artificial corneal
devices with repeat donor corneal transplantation to guide surgeons and their patients
despite wide use of the Boston type 1 KPro and other artificial corneal devices. It is apparent
that such a trial is needed and should be conducted before an approach is adopted without
evidence of comparative effectiveness. The findings from a randomized controlled trial
would offer significant benefit to an ever-increasing pool of people with visual disability due
to corneal opacification, most of whom are still in productive stages of their lives. It is
important that future studies measure clinical and patient-important outcomes at specified
follow-up time points and account for all study participants in the analyses. Of particular
interest would be long-term visual acuity outcomes and complications (e.g., two and five
years post-transplantation) to help inform the expected benefits and risks associated with
each procedure over time. Cost comparison outcomes also should be considered to evaluate
the applicability of these procedures, particularly in regions with few eye banking resources.
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Appendix 1. CENTRAL search strategy
#1 keratoprostheses or keratoprosthesis
#2 Kpro
#3 AlphaCor
#4 (#1 OR #2 OR #3)

Appendix 2. MEDLINE (OVID) search strategy
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Appendix 3. EMBASE (OVID) search strategy
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Appendix 4. LILACS search strategy

keratoprostheses or keratoprosthesis or Kpro or AlphaCor

Appendix 5. metaRegister of Controlled Trials search strategy

keratoprostheses or keratoprosthesis or Kpro or AlphaCor

Appendix 6. ClinicalTrials.gov search strategy

Keratoprostheses OR Keratoprosthesis OR Kpro OR AlphaCor

Appendix 7. ICTRP search strategy

Keratoprostheses OR Keratoprosthesis OR Kpro

DATA AND ANALYSES

This review has no analyses.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Because no eligible trials were identified after screening titles and abstracts, we revised the
classification of studies for the full-text screening stage. Rather than classifications of (a)
include, (b) unclear, or (c) exclude, we assessed study reports as (a) include for discussion,
(b) exclude from discussion, or (c) exclude, not relevant. Studies assessed as (a) include for
discussion are listed in the review as Excluded studies.
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1381 records identified
through database searching
as of 27 November 2013

¥

853 records after duplicates
removed

¥
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relevance

T

163 full-text reports
assessed for eligibility for
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T

0 studies included in the
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._| 690 records excluded

41 reports of 19 studies
excluded, with reasons.
See discussion for details

__ 1122 reports excluded as
not relevant for discussion

Figure 1. Results for searching for studies for inclusion in the review
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Study

Reason for exclusion

Aldave 2012a

Retrospective case series of Boston keratoprosthesis

Aldave 2012b

Retrospective case series of Boston keratoprosthesis;international cohort compared with cohort from Aldave

2012a

Aquavella 2005

Retrospective case series of Boston keratoprosthesis (Dohiman-Doane model)

Boston Type 1 KPro Study

Multicenter prospective and retrospective case series of Boston keratoprosthesis

Chew 2009

Retrospective case series of Boston keratoprosthesis

Dunlap 2010

Retrospective case series of Boston keratoprosthesis

Ghaffariyeh 2011

Retrospective case series of Fyodorov-Zuev keratoprosthesis

Greiner 2011

Retrospective case series of Boston keratoprosthesis

Guell 2011

Retrospective case series of Boston keratoprosthesis

Harissi-Dagher 2007

Retrospective case series of Boston keratoprosthesis (Dohiman-Doane model)

Hicks 2006

Multicenter prospective and retrospective surveillance study of AlphaCor

Hille 2006

Retrospective case series of osteo-odonto-keratoprosthesis

Jiraskova 2011

Retrospective case series of AlphaCor

Kamyar 2012 Retrospective case series of Boston keratoprosthesis
Koller 2012 Retrospective case series of Boston keratoprosthesis
Patel 2012 Retrospective case series of Boston keratoprosthesis

Shihadeh 2012

Retrospective case series of Boston keratoprosthesis

Talajic 2012

Retrospective case series of Boston keratoprosthesis

Trichet 2013

Retrospective case series of AlphaCor
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