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ABSTRACT
Introduction The success of keratoplasty strongly 
depends on the health status of the transplanted 
endothelial cells. Donor corneal tissues are routinely 
screened for endothelial damage before shipment; 
however, surgical teams have currently no means of 
assessing the overall viability of corneal endothelium 
immediately prior to transplantation. The aim of this 
study is to validate a preoperative method of evaluating 
the endothelial health of donor corneal tissues, to 
assess the proportion of tissues deemed suitable for 
transplantation by the surgeons and to prospectively 
record the clinical outcomes of a cohort of patients 
undergoing keratoplasty in relation to preoperatively 
defined endothelial viability.
Methods and analysis In this multicentre cohort study, 
consecutive patients undergoing keratoplasty (perforating 
keratoplasty, Descemet stripping automated endothelial 
keratoplasty (DSAEK), ultra- thin DSAEK (UT- DSAEK) or 
Descemet membrane endothelial keratoplasty) will be 
enrolled and followed- up for 1 year. Before transplantation, 
the endothelial viability of the donor corneal tissue will 
be evaluated preoperatively through trypan blue staining 
and custom image analysis to estimate the overall 
percentage of trypan blue- positive areas (TBPAs), a proxy 
of endothelial damage. Functional and structural outcomes 
at the end of the follow- up will be correlated with 
preoperatively assessed TBPA values.
Ethics and dissemination The protocol will be 
reviewed by the ethical committees of participating 
centres, with the sponsor centre issuing the final 
definitive approval. The results will be disseminated 
on  ClinicalTrials. gov, at national and international 
conferences, by partner patient groups and in open 
access, peer- reviewed journals.
Trial registration number NCT05847387.

INTRODUCTION
Endothelial cell viability is one of the most 
important determinants of long- term graft 
survival in corneal transplantation.1 2 Higher 
endothelial cell density (ECD) values, both 
before transplantation and in the early post-
operative period, have been associated with 
better long- term survival rates of lamellar and 
perforating keratoplasties (PK).3 4 However, 
ECD represents only an estimation of total 
corneal endothelial health and, although 
ECD loss after keratoplasty has been accu-
rately reported and modelled,5 6 it is a less than 
ideal proxy for future endothelial failure.2 6 7

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Corneal endothelial cell viability is the main predic-
tor for corneal graft survival. Currently, surgeons 
have no means to assess the endothelial status in-
dependently before transplantation.

WHAT THIS STUDY ADDS
 ⇒ We developed a simple and widely applicable pre-
operative method to assess the viability of corneal 
endothelial cells before keratoplasty.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The proposed method might contribute to further 
standardise keratoplasty outcomes, improve graft 
survival and provide eye banks and surgical teams 
with an accessible tool to validate tissues before 
transplantation, reinforcing the quality of their 
services.
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In the current chain of supply of corneal tissues for 
keratoplasty, the surgical team performing the trans-
plantation has no means to independently evaluate the 
global endothelial cell viability of the graft. This task 
is in fact relied entirely on the eye bank providing the 
tissue. Pan- corneal evaluations of corneal endothelium 
viability using triple staining (Hoechst/ethidium homod-
imer/calcein- AM combination) suggest that central ECD 
as measured by eye banks might overestimate the true 
cell density.8–10 However, triple staining methods are not 
reproducible routinely in the operating theatre, as they 
require the endothelium- Descemet membrane complex 
to be peeled, incubated with appropriate stains and 
mounted in imaging chambers or microscope slides for 
examination, making the tissue no longer fit for trans-
plantation.

The Viability Control of Human Endothelial Cells 
before Keratoplasty (V- CHECK) is a cohort study that 
aims to validate a preoperative method to assess the 
global corneal endothelial viability of donor tissue. The 
V- CHECK method only employs trypan blue 0.05%, a vital 
dye widely available in operating theatres which is capable 
of staining areas of denuded Descemet membrane and 
areas of endothelial cell damage or mortality.11 12 Stained 
donor corneas will be preoperatively assessed with a 
custom image analysis tool to check for areas of endothe-
lial damage, and the cohort of transplanted patients will 
be followed over 1 year postoperatively to evaluate the 
correlation of the V- CHECK method with long- term ECD 
measurements and graft survival.

By validating this new preoperative assessment of 
global corneal endothelial viability, we aim to provide 
eye banks and surgical teams with an accessible tool to 
perform a final quality assurance before transplantation 
of the donor tissue and to identify potential issues in 
their chain of supply.

METHODS AND ANALYSIS
The V- CHECK study protocol has been established 
according to the Strengthening the Reporting of Obser-
vational studies in Epidemiology checklist for cohort 
studies.

Study design and setting
The V- CHECK study is a multicentre, prospective, 
single- arm cohort study of patients affected by corneal 
disease requiring keratoplasty. The purposes of this 
study are to validate a simple and accessible method of 
image analysis designed to preoperatively evaluate the 
viability of the donor corneal graft endothelium in the 
operating theatre, to report the proportion of tissues that 
are deemed suitable for transplantation by the surgical 
teams, and to investigate the relationship of preopera-
tively measured endothelial viability with the long- term 
ECD and overall survival of transplanted corneas. The 
study described adheres to the tenets of the Declaration 
of Helsinki.

Consecutive patients undergoing keratoplasty at partic-
ipating sites will be evaluated for inclusion in the cohort 
study starting from 1 September 2023. After institutional 
review board (IRB) approval, patient recruitment will last 
until 30 September 2024, date of primary completion of 
the study. The start of the follow- up will correspond to 
the day of surgery. The follow- up of recruited patients 
will last 1 year, and secondary outcomes will be evaluated 
at 1, 3, 6 and 12 months after keratoplasty. The study 
completion date will be 30 September 2025.

Treatment decisions, such as the indication for corneal 
transplantation, the choice of corneal graft, the timing 
of surgical treatment and concurrent systemic and/or 
topical medications administered, will be at the discre-
tion of the treating practitioner in consultation with 
the patient with no intervention by the investigators, 
reflecting routine clinical practice.

Participants
Patients undergoing either full thickness corneal trans-
plantation (ie, PK) or endothelial keratoplasty (ie, 
Descemet stripping automated endothelial kerato-
plasty [DSAEK], ultra- thin [UT] DSAEK or Descemet 
membrane endothelial keratoplasty [DMEK) satisfying 
eligibility criteria will be asked to participate in the study. 
To avoid the enrolment of patients at higher risk of endo-
thelial cell loss, only patients undergoing procedures 
considered to be at low risk for graft rejection (ie, kerato-
conus, Fuchs endothelial dystrophy) will be included, as 
indications for low- risk surgeries account in fact for the 
majority of keratoplasties.

The investigators will confirm the patients’ ability to 
understand the study and their willingness to participate. 
Only one eye per patient will be included. In cases where 
both eyes of a patient are scheduled for corneal trans-
plantation, only the first eye undergoing the procedure 
will be considered.

Inclusion criteria
 ► Age older than 18 years old.
 ► Planned corneal transplantation: PK, DSAEK, UT- D-

SAEK or DMEK.
 ► Indication for corneal transplantation: keratoconus, 

Fuchs endothelial dystrophy.
 ► Ability to provide written informed consent.

Exclusion criteria
 ► Prior corneal transplantation.
 ► Planned preloaded DSAEK or preloaded DMEK.
 ► Planned keratoplasty not involving corneal endothe-

lium transplantation (ie, superficial/deep anterior 
lamellar keratoplasty).

 ► Evidence of concurrent microbial keratitis.
 ► Evidence of non- infectious or autoimmune keratitis.
 ► Impending or frank corneal perforation.
 ► Uncontrolled, elevated intraocular pressure (IOP).
 ► Previous glaucoma surgery.

 on A
pril 24, 2024 by guest. P

rotected by copyright.
http://bm

jophth.bm
j.com

/
B

M
J O

pen O
phth: first published as 10.1136/bm

jophth-2023-001361 on 19 S
eptem

ber 2023. D
ow

nloaded from
 

http://bmjophth.bmj.com/


3Airaldi M, et al. BMJ Open Ophth 2023;8:e001361. doi:10.1136/bmjophth-2023-001361

Open access

 ► Acute or chronic inflammatory/infectious anterior 
segment uveitis.

 ► Presence of an anterior chamber intraocular lens for 
phakic or aphakic purposes.

Data measurements and variables
Preoperative endothelial viability evaluation
The ECD, overall mortality13 and mortality on corneal 
folds of corneal tissues destined for transplantation as 
declared by the eye bank providing the tissue will be 
recorded at baseline (ie, the day of surgery). Corneal 
tissues will then be assessed preoperatively for endothe-
lial viability before transplantation following the method 
hereby described.

In the operating room, donor corneas will be rinsed 
in balanced salt solution (BSS) to remove excess trans-
port medium. The corneal endothelium will be stained 
for 30–45 s with 0.05% trypan blue, then the dye will be 
gently washed away with BSS. Trypan blue is a vital dye 
commonly used in anterior segment surgery, which stains 
the nuclei of severely damaged and dead endothelial cells 
of donor corneas, as well as areas of Descemet membrane 
denuded of endothelial cells.11

The corneal tissue will then be placed face- up on a 
custom trephine base designed with no suction holes ( 
e. janach, Como, Italy) in order to provide a smooth, 
concave surface to rest the cornea on, with no back-
ground optical disturbance that could prevent optimal 
image analysis of the central endothelium. The corneo-
scleral rim will be filled with BSS to avoid the formation 
of reflexes of the microscope lights on the central endo-
thelium.

Images of the stained corneal endothelium will then 
be acquired and exported. In order to improve repro-
ducibility of the acquisition process and limit variability 
across different sites, magnification levels of images 
obtained through a surgical microscope will be adjusted 
to make sure that the entirety of the Schwalbe line is 
visible just inside the image frame. Illumination levels 
will be adjusted to avoid areas of hypoexposure/hyper-
exposure of the image and to provide a uniform, diffuse 
illumination of the corneal tissue. An example image can 
be seen in figure 1.

A custom algorithm will be developed to analyse the 
images in real time. All the images will be automati-
cally enhanced with contrast limited adaptive histogram 
equalisation. A weakly supervised segmentation model 
will be used to segment the cornea from the enhanced 
images.14 An unsupervised clustering method will be 
applied to the pixels within the cornea so to group pixels 
into different regions according to the colour and detect 
the trypan blue- positive pixels. The percentage of trypan 
blue- positive areas (TBPAs) over the whole area of the 
corneal endothelium will be calculated based on the 
segmentation results.

Patient data
Demographic data, indication for corneal transplanta-
tion, type of graft transplanted and other surgery- related 
variables—including intraoperative times and complica-
tions—will be recorded at baseline.

Clinical data will be recorded by the treating practi-
tioner at each follow- up visit at 1, 3, 6 and 12 months 
postoperatively. Recorded data will include the number of 
letters read on a logarithm of the minimum angle of reso-
lution visual acuity chart, presence of clinically definite 
corneal oedema, measurements of IOP, central corneal 
thickness, corneal tomography, and ECD, and occurrence 
of clinically defined postoperative complications such as 
graft rejection, infective keratitis, endophthalmitis.

Outcomes and variables
Primary outcome
The primary outcome of this study will be the comparison 
of the endothelial mortality of included donor corneas 
measured preoperatively (TBPA) and the overall endo-
thelial mortality as declared by the eye bank providing 
the tissue. TBPA will be estimated preoperatively with 
the above descripted novel method. TBPA and nominal 
overall endothelial mortality will be expressed as mean 
and 95% CI.

Secondary outcomes
Secondary outcomes will include the correlation of 
preoperatively measured TBPA and nominal ECD as 
declared by the eye bank providing the tissue, the correla-
tion of TBPA with mortality on corneal folds as provided 
by the eye bank, the final ECD of transplanted corneas at 
12 months, the rate of change of ECD over the follow- up, 
the incidence of endothelial graft failure (ie, the occur-
rence of clinically definite corneal oedema and/or need 

Figure 1 Example image acquired with surgical microscope 
showing correct positioning of the tissue and lighting. The 
corneoscleral rim is filled with BSS to avoid the formation 
of central reflexes. Several linear streaks of TBPAs are 
visible on corneal folds, along with circular areas of TBPA 
corresponding to mechanically induced endothelial damage. 
The cornea is resting on a custom trephine base with 
no suction holes to improve the visibility of the central 
endothelium (e.janach, Como, Italy). BSS, balanced salt 
solution; TBPA, trypan blue- positive area.
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for endothelial keratoplasty), and the risk of endothelial 
graft failure associated with TBPA.

Study size
Sample size was estimated based on the width of the CI 
for the LOA (limit of agreement) of a Bland- Altman 
plot.15

Anticipating a sample difference (TBPA vs overall 
mortality) with mean and SD of 0 and 1%, respectively, 
a sample of 108 subjects achieves 80% power to detect 
agreement when the confidence level of the LoA is 95% 
and the confidence level of the CIs about the LoAs is 
95%, given a maximum allowable difference of 2.5%.

Accounting for a 25% drop- out rate for the estimation 
of 12- month secondary outcome, we calculated a final 
sample size of 135 subjects.

Statistical methods
Data will be summarised using mean (SD) or median 
(IQR) for quantitative variable, and counts (percent-
ages) for qualitative variables.

Concordance between preoperative TBPA and nominal 
as ECD, as measured by the eye bank providing the tissue, 
will be estimated using Bland- Altman model on the log 
(or arcsine) transformed variables.

A Pearson correlation coefficient will be estimated 
for preoperatively measured TBPA and nominal ECD as 
measured by the eye bank providing the tissue. Pearson 
correlation coefficients will also be reported for the 
correlation of TBPA with mortality on folds and ECD of 
the donor cornea.

A generalised linear mixed model, with random 
intercepts (practice and patient) and suitable family 
distribution, will be used to evaluate the within patient 
trend of ECD over 12- month ECD. The model will 
include visits from baseline through 12 months from all 
eyes, regardless of whether 12 months of follow- up have 
been completed, as well as age and eye bank ECD values.

Time to endothelial graft failure as a function of 
preoperatively measured TBPA will be evaluated using 
Cox proportional hazards model. Cumulative incidence 
curve will be used to display the trend of endothelial graft 
failure over 12 months.

Raw, unadjusted estimates for the other secondary 
outcomes will be computed using the last observation 
carried forward in case of subjects lost to follow- up.

All models will be evaluated assuming a 5% significance 
level and two- sided tests. All analyses will be conducted 
using R Statistical Software (V.4.3.0 or higher, R Core 
Team 2023).

Patient and public involvement
International and national organ donors’ associations 
will be involved in the assessment of the patients’ burden 
of recruitment to and participation in the cohort study. 
Dissemination of the study results is expected to involve 
trial participants, patient groups and organ donors’ 
associations in addition to the traditional routes of 

publications outlined in the ‘Ethics and dissemination’ 
section.

ETHICS AND DISSEMINATION
Local IRB approval for participation will be sought by 
all centres willing to participate to the study. The study 
protocol is currently undergoing registration as observa-
tional study at  ClinicalTrial. gov, and the results from this 
study will be submitted and published on  ClinicalTrials. 
gov.

In addition, every attempt will be made to publish 
results in open access, peer- reviewed journals and to 
present these data at national and international meetings. 
Consistent with the collaborative nature of the proposed 
research, the principal investigator anticipates sharing all 
data generated by the study with collaborators. Further-
more, data generated by the study will be made available 
on reasonable request.
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