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ABSTRACT

Purpose: A major concern for eye banks internationally is the
detection on routine screening of corneas with previous corneal
refractive surgery. It is increasingly becoming a concern with
the rise in prevalence of refractive surgery in our community
and the variety of refractive procedures available. Inadvertent
transplantation of corneas with previous refractive surgery can
have serious visually significant sequelae varying from unex-
pected refractive surprises to tectonic compromise. Morpholog-
ical screening has undergone significant changes as recovery
of corneoscleral rims for corneal donation has increased in
frequency to the older technique of whole globe enucleation.
The current screening protocols, namely using slit lamp bio-
microscopy of tissue stored in transport media coupled with a
medical history, has been shown to be fallible. To overcome
this shortfall, new technology such as specular microscopy,
corneal topography and optical coherence tomography have
been employed to improve the detection rate of previous corneal
refractive surgery. However, there are major limitations that
have prevented their widespread use. The newer screening mo-
dalities are better suited to screening whole globes rather than
corneoscleral rims and for effective utilization the technology
has to be compatible with both tissue recovery techniques. No
single modality has been shown to be adequate in detecting the
full variety of refractive procedures. In addition the technology
has to be cost effective for eye banks to incorporate them into
their screening protocols. This review summarizes the literature
to date on screening techniques currently available and their
utility in detecting previous refractive surgery in donor corneas.
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concerns about the quality of donor corneas within
eye banking systems.(1) While the Eye Bank Asso-
ciation of America (EBAA) specifies that previous refrac-

The rise in refractive surgery in recent years raises

tive surgery is an absolute contraindication for anterior
corneal transplants, it has yet to adopt a screening method
that guarantees corneas have not had previous refractive
surgery.! This corresponds to the increasing number of
reported cases of erroneous transplantation of corneas with
previous refractive corrections.”* This is not so much an
issue with endothelial keratoplasty, where previous refrac-
tive surgery in donor corneas does not affect quality of
corneal endothelium.® The risks involved include postoper-
ative ametropia and irregular astigmatism from unmatched
refractive corrections and displaced optical zones as well
as reduced structural integrity from transplanting tissue of
reduced thickness and previous laser in-situ keratomileusis
(LASIK) flaps.®

This issue has long been recognised by the ophthalmology
community, and subsequently, several screening methods
have been suggested to identify corneas with previous ker-
atorefractive surgery. Much of the technology developed
is based on measurements of corneal curvature, thickness
and structural changes, which currently are better suited
to screening whole globes rather than corneoscleral rims.
In selecting the most appropriate method for wide-spread
use in eye banks, sensitivity/specificity, availability and
cost-effectiveness are some of the factors to be consid-
ered.” This review evaluates and compares these alternate
screening methods, and attempts to draw conclusions on
the most appropriate screening technique.

CURRENT EYEBANK METHOD

Recovery, Processing and Tissue Evaluation

Tissue recovery can be performed via enucleation or in-

situ corneoscleral rim collection.! Povidone-iodine solution
is applied to reduce bioburden. Prior to harvesting, the cor-
nea is examined by the technician with a penlight or porta-
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Morphological Screening of Donor Corneal Tissue

ble slit lamp for surface defects including clarity, epithelial
defects, foreign objects, contamination and scleral colour!
and the detection of defects is dependent on the quality

of their training. Whole globes intended for transplant are
preserved in a moist chamber at 2-8°C, freezing below 0°C
or some other validated method. While corneoscleral rims
are processed via excision of the corneoscleral disc from
enucleated whole eyes or via microkeratome/femtosecond
laser for lamellar tissue processing and stored in culture
medium at 4°C for short term preservation.! There is in-
creasing use of long-term preservation and organ culturing
in Europe, allowing globes to be procured up to 72 hours
postmortem and corneoscleral discs to be stored in organ
culture and then transplanted with good corneal outcomes.!
Depending on the intended use of the corneal tissue, slit
lamp biomicroscopy, endothelial cell density and pachym-
etry measurements are undertaken.' In combination with
these microscopy techniques, history of previous intra-
ocular or refractive surgery is also elicited from medical
records or family members of the donor.!

Whole Globe Enucleation Versus In Situ
Corneoscleral Rim Excision

Many eye banks are moving towards in situ excision of
corneoscleral rims as it is simpler and less invasive and
disfiguring to donors.? Further, corneoscleral rim collection
has the added benefit of reducing the death-to-preservation

time, as donor corneas are immediately placed into culture
medium post extraction.’ The feasibility of such a method
is comparable to the whole globe enucleation in terms of
contamination risk, endothelial cell count and quality of
the recovered tissue (Table 1). 10911 12.11-13

Limitations to the Current Screening Method

Slit lamp biomicroscopy has low sensitivity and specificity
for detecting LASIK flaps and limited ability in identifying
superficial refractive procedures (photorefractive keratec-
tomy (PRK) or laser assisted sub-epithelium keratomileu-
sis).!* 15 Mootha et al showed a 15% false negative rate in
slit lamp biomicroscopy failing to detect LASIK flaps,'
while Kang et al demonstrated a 18.5% false positive rate
in misidentifying normal corneas as having had previous
LASIK." Further, once the corneoscleral disc has been
harvested, corneal topography cannot be performed. While
consulting medical records and taking history from family
members may help to increase the detection rate, a more
reliable screening technique is needed to identify corneas
that have had previous refractive procedures.

ALTERNATE PROPOSED SCREENING METHODS

Many methods attempt to identify the characteristic chang-
es in corneal macro and micro structures to distinguish
normal corneas from those that have had previous refrac-

2048 in situ excision of
corneoscleral rims

Paper Number of cases Conclusions
Schroeter et al 975 enucleation eyes Rate of microbial contamination in
(2012)(9) 1830 in situ excision of organ-cultured donor corneas does
corneoscleral rims not depend on the method of their
retrieval.
Kimetal (2010)(11) 3618 enucleation eyes Endothelial cell density, level of

acceptability for transplantation and
post-operative infection levels were
comparable between the two groups.

Jhanji et al (2008)(12) | 50 enucleation eyes

rims

50 in situ excision of corneoscleral

No statistical differences in
endothelial cell count, contamination
rate or graft clarity between the two
groups.

Rootman et al 168 enucleation eves

In situ procurement of

rims

(2007)(13) 300 in situ excision of corneoscleral | corneal tissue results in higher initial
rims corneal tissue quality than whole-
globe procedures
Lancetal (1994)(10) | 24 enucleation eyes Less tissue contamination and

24 in situ excision of corncoscleral

endothelial cell trauma with standard
enucleation compared to in situ
excision of corneoscleral rims.

Table 1: current literature available comparing whole eye to rims
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tive surgery. Corneal topography, pachymetry and internal
stromal flap reflectivity are some of the key measurements
suggested. The instruments employed range from slit lamp
examination and specular microscopy, which are available
in most eye banks, to the more advanced systems, includ-
ing computerized videokeratography, corneal topography
and optical coherence tomography (OCT). Amongst these
instruments, various algorithms have been tested to allow
for a more objective, consistent and encompassing screen-
ing method (Table 2).

Recoverytechnique Screening methods available
Whole Globe Slit Lamp Biomicroscopy
Videokeratography
Orbscan

Optical Coherence Topography
Light microscopy

Specular Microscopy

Confocal microscopy

Optical Coherence Topography
Optical Coherence Topography

Corneoscleral rim

Both whole globe &
corneoscleral rim

Table 2: screening techniques available by harvest technique

Slit Lamp Biomicroscopy — Screening of Whole
Globes for PRK

The current slit lamp method does not allow for the de-
tection of refractive surgery without corneal flaps, such
as PRK.'"* However, Kanavi et al showed that by altering
the method of tissue preparation, slit lamp biomicroscopy
can be improved to enable the detection of such donor
corneas.'® Donor globes are first immersed in povidone-io-
dine solution for 3 minutes, prior to slit lamp examination
and corneas exhibiting a disciform, hazy area within the
central 8mm of the cornea, representing the sloughing of
the loosely attached epithelium overlying the PRK treated
area, is suggestive of previous PRK. In their study, twenty
corneas with suspected PRK were evaluated against 57
controls using this method and all 20 were detected and
confirmed with histopathology to have undergone PRK.'

Other advantages of this method include its cost-effective-
ness, accessibility and efficiency. However, it is limited to
the whole globe technique of donor cornea recovery and
only for the detection of previous PRK.

Specular Microscopy for Detection of LASIK Interface

Specular microscopy is currently being used to evaluate the
endothelial cell count density of donor corneas and may
prove beneficial in detecting a LASIK flap. Previously, in
vivo confocal microscopy revealed the presence of highly
reflective particles in the corneal interface post LASIK,!"-1°

which is thought to be vacuolisation and pyknosis of
keratocytes along the lamellar cut.'* Specular microscope
is a reflected light microscope similar to confocal micros-
copy and is able to detect the presence of highly reflective
particles in the LASIK flap interface.'* A prospective study
by Mootha et al evaluated 26 donor LASIK corneas against
26 control normal corneas and showed that specular mi-
croscopy was able to identify highly reflective particles in
23 of 26 (88%) cases of LASIK performed as far back as
4.5 years and as early as 9 days.'

Given the wide availability of specular microscopes this
method is inexpensive, though time consuming, and can
be readily implemented. However, it is only appropriate
for screening corneas with stromal flaps. Further, the study
failed to establish the sensitivity and specificity of the
method, and is an area that needs further research.'*

Computerized Videokeratography to Screen PRKs
Using Corneal Topography

Changes to corneal topography are expected in corneas
with previous keratorefractive surgery. Thus, characteri-
sation of changes in corneal curvature may be useful as a
screening tool. Various instruments have been developed
to evaluate corneal topography including the placido disk
computerized videokeratography.

Lim-Bon-Siong et al, evaluated the effectiveness of com-
puterized videokeratography as a screening tool for detect-
ing myopic PRK.? 12 normal human donor corneas were
given myopic PRKs in the laboratory and preoperative and
postoperative topographic maps were compared. Similarly,
12 rabbit eyes received refractive treatment with harvesting
and analysis performed 6 weeks post PRK. Both groups
demonstrated the characteristic bull’s-eye pattern with cen-
tral corneal flattening, with the study concluding that this
topographic technique reliably detects all laser-treated eyes
of both human and rabbit models.*

Further, two methods of evaluating corneal curvatures
were compared, the newly developed tangential mapping
against the existing axial-formula based colour maps. In

a preliminary study, three patients who had myopic PRK
ablations of -1.5 to -3D at least 6 months previously were
compared. Despite the absence of myopic regression on
refraction, colour map topography was unable to detect the
previous PRK while tangential mapping clearly demon-
strated the bull’s eye pattern.?’ Larger studies are needed
to convincingly demonstrate the superiority of the newer
imaging algorithm as well as to determine if computerized
videokeratography has a role in detecting corneas with
refractive surgery apart from PRK.
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Computerized videokeratograph is an expensive technol-
ogy and can only be used on whole globes, as artificial
elevation of intraocular pressure is required.?’ This is a sig-
nificant limitation as in situ excision of the corneoscleral
rim is the preferred method in nearly half of the retrievals
worldwide. Further, contact is required when measure-
ments are made, potentially increasing the risk of microbi-
al contamination.?

Portable Topography for Screening at Donor Sites

The Keratron Scout portable topographer, an advancement
on table top topography systems, was designed to evaluate
corneas at donor sites prior to enucleation or in situ exci-
sion of corneoscleral rims.*' This helps screen for defective
corneas, avoiding unnecessary removal of tissue.

Ousley and Terry evaluated corneal topography obtained
with the Keratron Scout before (at donor sites) and after
whole-eye enucleation (in the laboratory.?! 22 eyes of 12
normal donors were studied; field and laboratory measure-
ments of central curvature, astigmatism, and the differ-
ence between the corneal curvature at the 7mm and 3mm
zone were compared. The 7mm and 3mm zone curvature
differences were measured to establish the normal range,
which may be used to screen corneas with prior refractive
surgeries. The central curvature and astigmatism between
field and laboratory measurements were comparable, as
were the curvature differences between the 7mm and the
3mm zone in the field and laboratory.?! All eight corneas
with myopic refractive surgeries and one of two eyes

with hexagonal keratotomy for hyperopia were flagged as
lying outside 2 standard deviations of the normal range of
the curvature difference at 7mm and 3mm zone.?' These
results suggest the Keratron Scout can be employed for
measurements both at donor sites and in the eye bank
laboratory with comparable results. Once again, however,
further studies are needed to validate these results and de-
termine its usefulness in detecting the variety of refractive
surgery available.

This portable system may circumvent the problem of to-
pography not being able to be used on corneoscleral rims,
as measurements can be made prior to tissue collection.
The Keratron Scout is substantially cheaper than similar
desktop topography units, and it can be mounted onto a
table top for laboratory evaluations if needed.?' Given its
diverse use, relative low cost, unique portability and the
ability to make measurements before in situ excisions,
the Keratron Scout may be a promising screening tool for
wide spread use. However, contact with the cornea is still
required with this instrument.

Combined Corneal Topography and
Pachymetry Measurements

Aside from topography, corneal thickness can also be
measured for screening. Terry and Ousley first demonstrat-
ed that the average difference between the thinnest midpe-
ripheral pachymetry and central corneal pachymetry can
be used to screen for refractive surgery in donor corneas.?!
A later study with higher numbers of donor corneas that
had undergone various refractive surgeries (refractive
keratectomy, PRK and LASIK) combined with corneal
topography (Orbscan) the detection rate increased to 7 of
10 (70%) eyes.?

Laliberte et al further developed this combined tech-
nique using new automated measurement algorithms in
the analysis of corneas with previous LASIK.? The first
algorithm calculated the volume summation between the
best-fit sphere in the central and mid-peripheral regions
while the second set of algorithm examined the mean
anterior tangential curvature difference between the central
and mid-peripheral regions. Both techniques demonstrated
similar sensitivity and specificity of above 92%.% Hick et
al went on to add another criteria for screening by evalu-
ating the difference between anterior and posterior central
corneal elevations, which yielded a similar sensitivity and
specificity of 90% and 92.5%, respectively.?*

The combined pachymetry and corneal topography al-
gorithm based methods allow objective evaluation that is
consistent and not operator dependent. However, similar
to videokeratography, it can only be used on whole globes
and requires contact with the corneal surface for measure-
ment, posing a risk for microbial infections.

Optical Coherence Tomography

Optical coherence tomography (OCT) is a non-invasive,
noncontact method for acquiring optical cross-sections

of the eye and is effective in screening donor corneas for
structural changes. Unique to its function, OCT can per-
form corneal pachymetry, topography and reflectivity mea-
surements through the storage media, without the need for
contact of the corneal surface.” ?¢ Importantly, measure-
ments can be made on both whole globes and corneoscleral
rims, allowing its use in both harvesting techniques.?

High-resolution OCT has been shown to accurately detect
LASIK flap interfaces in donor corneas through direct
visualisation.”” Priglinger et al demonstrated in normal hu-
man donor corneas that underwent LASIK in the laborato-
ry and were analysed at various flap depths and at different
intervals post-surgery (up to 6 months) that OCT was able
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to identify the flap interface in all studied corneas and at
all examined time intervals.?’ The signal decreased over
time during the 6 month observation period in 20% of the
organ-cultured corneas; nonetheless, they remained detect-
able with OCT.?” A case study reported OCT detection of
LASIK flaps up to 9 months post-operation.?®

More recently, Verrier et al devised an objective OCT
evaluation of LASIK flaps using an in vivo and in vitro
animal model of rabbit eyes.® LASIK was performed on
normal rabbit eyes after whole globe enucleation in one
group and in live rabbits in the second group, with analysis
made at 1month post refractive surgery. This enabled low
flap signals, otherwise undetectable, to be amplified and
display on the monitor as the second peak.® Further study
is required for analysis on human eyes.

With time LASIK flaps become more integrated with

the stroma, and by the 3rd year post-surgery, the inter-

face can no longer be directly visualised by OCT and the
internal LASIK flap reflectivity become lower than that

of the posterior stroma.” A study by Lin et al** analysed

5 donor LASIK corneas, where flaps could not be visual-
ised under slit lamp or OCT. However, it was noted that
the anterior/posterior stromal reflectivity ratios in corneas
with LASIK were consistently lower than that of control
corneas, especially in the central 2mm diameter and in the
annular region from 2 to 4mm in diameter.?® Further, using
OCT topography, the authors were able to demonstrate
statistically significant differences in the central anteri-

or curvature between the LASIK group and non-LASIK
group, with the LASIK corneas exhibiting a flatter anterior
surface, as expected in myopic keratorefractive surgery.
The same principle could be applied to screen corneas with
other types of refractive surgeries.

DISCUSSION

While an array of instruments have been trialled to screen
for donor corneas with refractive surgery, this review
demonstrates a clear lack of robust large clinical studies
evaluating the sensitivity and specificity of these screen-
ing methods, as well as their accessibility and cost effec-
tiveness. Most of the trials mentioned failed to recruit
adequate study participants to arrive at meaningful con-
clusions, with many not employing the use of controls to
establish a specificity value to determine the accuracy of
the instruments. Furthermore, many of the studies were
not blinded. As the majority of these screening techniques
were tested only on donor corneas with one type of re-
fractive surgery, extrapolation of these data to other forms
refractive surgeries cannot be made. This brings into ques-

tion the widespread application of these instruments. These
studies are summarised in Table 3.

Examining the available data indicates that the Orbscan

I algorithm based topography is the most effective and
accurate instrument to screen for donor corneas. The study
by Laliberte et al employed a large n number (n = 476),
resulting in a high sensitivity (93-95%) and specificity
(95-97%). The algorithm-based methods were further
validated against four experienced LASIK surgeons, whose
manual interpretations of Orbscan topographies yielded a
lower sensitivity (84%), with a similar specificity (96%).%
Nonetheless, the study was limited to LASIK corneas and
thus, cannot be applied to other forms of refractive surger-
ies.? In addition, Orbscan measurements require contact
with the corneal surface.

With its varied applications and non-contact technique,
OCT has the potential to be the instrument for widespread
use. However, further studies are needed to validate its
application, with larger n numbers.

CONCLUSIONS

The rapid rise in refractive surgeries is a major concern

for eye banks, with increased reported incidence of trans-
plantation of corneas with prior keratorefractive surgery.
Slit lamp biomicroscopy has low accuracy for detection of
LASIK flaps and is unable to screen for refractive surgeries
without corneal flaps. In considering the most appropriate
screening method for widespread use in eye banks, cost-ef-
fectiveness, ease of use and high level of accuracy for a
wide range of refractive surgery are some of the factors to
be considered (Table 3).”

Further studies are needed to expand the literature cur-
rently available in each screening technique. From the
current literature, slit lamp biomicroscopy in combination
with povidone-iodine and specular microscopy looking for
high reflective particles are potential tools to screen for
PRK and LASIK, given their widespread availability in
eye banks.'* ' The limitations of topographic instruments
mainly concern their inability to be utilised when recover-
ing corneoscleral rims (ameliorated in the portable mod-
els). OCT can evaluate corneas through a diverse range of
measurements, including direct visualisation, topography,
pachymetry and LASIK flap reflectivity.?> %’ It can be used
on both whole globes and corneoscleral rims, without the
need to remove the tissues from the storage media.?® None-
theless, in order for OCT to be considered for widespread
use, further studies are required to validate the instrument
and to assess its cost-effectiveness.
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Method 2: Measuring anterior
corneal curvature.

5 denors
24 controls

Method Application Method Type of study Detection rate Time Comment on the study
from
surgery
Slit lamp(16) ‘Whole globe Povidone iodine treatment of donor | Blinded (20/20) 100% sens n/a Level of evidence — Moderate (small n number).
corneas. Prospective (57/57) 100% spec High sensitivity and specificity.
PRK Limited to PRK.
Examination under slit lamp for 20 donors Nil indication of time from refractive surgery.
Myopia central hazy disciform area. 57 controls
Specular Whole globe Examination of LASIK doner Non-blinded ¥8% sens 9d- 4.5y | Level of evidence — Low.
microscopy(14) corneas under specular microscopy, | Prospective 96% spec Operator dependent.
LASIK looking for maximal number of Time consuming.
highly reflective particles at flap 26 donors No quantitative definition of a highly reflective
Myopia edge. 26 controls particle.
Limited to LASIKs.
Computerized ‘Whole globe Normal human donoer eyes and Non-blinded 100% sens Humans | Level of evidence — Low (small n numbers & no
Videokeratography rabbit underwent PRK. Prospective n'a - spec (n/a) specificity).
(20) PRK Rabbits | Nil indication of time from refractive surgery for
Topographic examination looking 12 humans (6w) human corneas.
Myopia for bull’s eye pattern. 12 rabbits The alternative tangential method of measurement
required further validation (n = 4)
Portable Whole globe at Comparison between portable Non-blinded 100% sens 2m-13y | Level of evidence — Low (small n number & no
topography(21) donor site. keratron topographer’s accuracy at Prospective n/a - spec specificity).
donor site and at the laboratory. Nonetheless, comparable results when used at donor
RK, LASIK, HK 9 donors site and at the laboratory.
Differences between regional 22 controls
corneal curvature at Tmm and 3mm
zones were evaluated to establish a
“normal” range (mean +/- 2 SD).
Donor corneas’ regional differences
in curvature were then compared to
the established “normal range™
(outside normal range of mean +/- 2
SD).
Orbscan — ‘Whole globe Pachymeiry method: Compare the Non-blinded Pachymetry: 6.5m — Level of evidence — Low (small n numbers).
Topography and regional thickness difference Prospective (3/10) 30% sens 6y Low sensitivity and specificity.
pachymetry(21, 22) | RK(n=2), PRK between the thinnest mid-peripheral (1/22) 95% spec
(n=2), LASIK and central cornea. Controls were 10 donors
(n=6) used to establish the “normal” 22 controls Topography:
range (mean +/- 2 SD). (4/10) 40% sens
(3/22) B6% spec
Topography method: Compare the
regional corneal curvature Combined:
difference between the Tmm and (7/10) 70% sens
3mm zones. Controls were used to (4/22) 82% spec
establish the "normal” range (mean
+/-2 8D).
Orbscan — ‘Whole globe Algorithm 1: Volume summation Blinded Algorithm I Mean Level of evidence — High (large n number).
Algorithm based between the anterior corneal surface | Prospective 93% sens 4.4m High sensitivity and specificity.
topography(23) LASIK for and the best-fit sphere in the central 95% spec High correlations between algorithm 1 and 2.
myopia(n=81) and mid-peripheral regions. Myopia total n=239 Higher detection rate compared to experienced
Hyperopia total n=237 | Aigerithm 2: clinicians.
LASIK for Algorithm 2: Calculated the mean 95% sens Limited to LASIKs.
hyperopia(n=5) anterior tangential curvature Myopia/LASIK (n=81) | 97% spec
difference between the central and
mid-peripheral regions. Hyperopia LASIK for Clinicians:
(n=57) 84% sens
Performances of 4 experienced 96% spec
clinicians were then compared to
that of the algorithms.
OCT - Direct ‘Whole globe LASIKs performed on normal Non-blinded 100%sens Im-6m Level of evidence — Low (small n number & no
visualisation(27) donor corneas, with ablation Prospective n'a spec specificity).
LASIK ranging from 0-12 diopters. High detection rate (sensitivity).
20 donors Assessment of wide range of diopters.
Direct visualisation of LASIK flaps | 0 controls Limited to LASIKs.
up to 6 months post LASIK
SUrgEry.
OCT — Reflectivity Whole globe Methed 1: Measurement of Non-blinded 100% sens 3-4y Level of evidence — Low (small n number).
ratio & anterior anterior/posterior reflectivity ratio Prospective 100% spec Limited to LASIK.
curvature(25) LASIK in the central 4mm diameter.

Table 3: summary of screening techniques with methods and results.
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METHODS OF LITERATURE SEARCH

A search of the MEDLINE and Cochrane Library data-
bases were conducted (CN) during October 2014 using
the following key words: Eye Bank Association of Amer-
ica, eye bank recovery method, whole globe enucleation,
corneoscleral rim, in-situ excision, corneal contamination,
corneal screening methods, corneal screening: slit lamp,
specular microscopy, videokeratography, orbscan, optical
coherence topography. The search covered all published
literature until September 2014. The review was limited
to peer-refereed papers published in English including all
age groups. Bibliographies of identified studies were hand
searched for further references. Search results were col-
lected and abstracts screened to remove any articles clearly
not relevant to the topic. Total references for the review is
27. The manuscript was edited by CS and RV.
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