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Abbreviations and Acronyms

ALK = anterior lamellar keratoplasty; BSCVA = best spectacle-corrected visual
acuity; Cl = confidence interval;, COVID-19 = coronavirus disease 2019; DALK =
deep anterior lamellar keratoplasty, D = diopters; ECD = endothelial cell density;
ETDRS = Early Treatment Diabetic Retinopathy Study; IOP = intraocular pressure;
logMAR = logarithm of the minimum angle of resolution; PK = penetrating

keratoplasty; RA= refractive astigmatism.
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Abstract

Purpose

To compare the outcomes of deep anterior lamellar keratoplasty (DALK) using
dehydrated versus standard organ culture stored donor corneas for eyes with
keratoconus.

Design

Prospective, randomized, single-center trial conducted in Italy

Participants

Adult patients with keratoconus (= 18 years old) with keratoconus scheduled for an
elective DALK

Methods

Cases with successful type 1 bubble pneumatic dissection using standard DALK
technique were intraoperatively randomized to receive either dehydrated (n=30) or
standard organ culture stored donor corneas (n=30).

Main Outcome Measures

The primary study outcome was best spectacle-corrected visual acuity (BSCVA) 12
months after surgery. Secondary outcomes were refractive astigmatism (RA),
endothelial cell density (ECD) and complication rates.

Results

Postoperative logMAR BSCVA did not significantly differ between groups at both time
points (mean difference at 6 months = 0.030 [95%CI: -0.53-0.10] p = 0.471) and at 12
months = -0.013 [95%CI: -0.10-0.08] p = 0.764). No significant differences between
groups were observed in terms of postoperative RA and ECD at all time points. In the

first 3 days after DALK, an epithelial defect was presentin 10 cases (33%) of the organ
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culture cornea group and in 29 cases (97%) of the dehydrated cornea group. Complete
re-epithelialization was achieved by day 7 in all cases (100%) of both groups.
Conclusions

The study provides evidence that the use of dehydrated corneas is non-inferior to the
use of standard organ culture donor corneas for DALK. Corneal tissue dehydration
represents a viable solution that can allow long-term cornea preservation and avoid

wastage of unused corneas.
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The coronavirus disease 2019 (COVID-19) pandemic has resulted in periods of
sudden disruption in global corneal tissue procurement and/or distribution.? The
unprecedented crisis has underscored the need to develop alternative strategies that
can strengthen our resilience to various factors that adversely impact corneal
availability.>® Based on eye bank statistical data from the United States, Italy, India
and Brazil, annual discard rates of initially viable donor corneas can vary widely
ranging from 10% to up to 50%.4® Issues in corneal storage solution production further
result in significant disruptions in the global corneal supply.® Hence, since donor
corneas are considered viable for 2 weeks in cold storage at 4°C or up to 4 weeks in
organ culture at 32°C, cornea preservation methods that allow storage for longer
periods should be ideally explored.” Use of alternative long-term preservation
techniques could potentially avoid wastage of unused corneas, maximize the pool of
available donor corneas and provide increased access to sight restoring corneal
transplantation.

Traditionally, endothelial cell density (ECD) after corneal storage is considered the
primary basis for corneal donor selection at the eye bank. However, endothelial cell
viability is not required for anterior lamellar keratoplasty (ALK) grafts. Tissue
dehydration through lyophilization, albeit not compatible with preservation of donor
endothelium, has allowed preservation of stromal lenticules for use in epikeratophakia,
which is a variant of ALK.'%-'" Recently, the Venice Eye Bank has explored the
feasibility of dehydrated corneal tissue for ALK and validated its preservation time for
up to 6 months (personal communication, D. Ponzin, Fondazione Banca degli Occhi
del Veneto, 2023). Rehydration of dehydrated corneas was not found to affect corneal

biomechanical and molecular properties.'?
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While alternatives to fresh corneal tissue have been evaluated for emergency tectonic
keratoplasty, there is a lack of high-level evidence supporting the use of for elective
optical indications such as ALK for keratoconus.'®'* The objective of this prospective
randomized trial was to compare the outcomes of deep anterior lamellar keratoplasty
(DALK) using dehydrated versus standard organ culture stored donor corneas for eyes
with keratoconus.

Methods

This study was a prospective, randomized, single-center, institutionally funded, two-
arm, parallel-group, non-inferiority trial comparing the clinical outcomes of DALK
utilizing dehydrated with those of DALK employing donor corneas stored in standard
organ culture. Modified big-bubble DALK was performed by two corneal surgeons
(M.B., C.B.) at a tertiary level center (Ospedali Privati Forli “Villa Igea”, Forli, Italy).
Each surgeon has performed more than 300 DALK surgeries prior to study initiation.
Written informed consent for the surgery and participation in the research was
obtained from all study participants during the screening visit. The study adhered to
the tenets of the Declaration of Helsinki, was prospectively approved by the local
institutional review board/ ethics committee, Comitato Etico Ospedali Privati Forli
(Forli, Italy) and was registered with ClinicalTrials.gov, number NCT04430244.
Participants

Participants referred to Ospedali Privati Forli “Villa Igea”, Forli, Italy between June
2020 and March 2021 were consecutively screened and evaluated for inclusion. Adult
patients (= 18 years old) with keratoconus scheduled for an elective DALK were
eligible for participation in the study. Diagnosis of keratoconus was based on history,
typical slit-lamp biomicroscopic findings (corneal thinning, Fleischer ring, Vogt striae),

refraction, and anterior segment optical coherence tomography (AS-OCT, CASIA,
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Tomey, Erlangen, Germany) findings. Patients unsatisfied with best-corrected visual
acuity with spectacles and/or contact lens were considered candidates for surgery.
Exclusion criteria were the presence of vision-limiting comorbidities, co-existing
corneal endothelial disease, previous corneal transplantation or other ocular surgeries
except uncomplicated cataract surgery in the study eye, the inability to comply with
study procedures or to complete the follow-up, presence of systemic or autoimmune
disorders, pregnancy or breastfeeding. Cases with successful type 1 bubble
pneumatic dissection were intraoperatively randomized to receive either dehydrated
or standard organ culture stored donor corneas.

Preoperatively, each patient underwent a complete ophthalmic evaluation including
best spectacle-corrected visual acuity (BSCVA) testing, manifest refraction, slit-lamp
examination, applanation tonometry, fundoscopy, AS-OCT and non-contact specular
microscopy (EM-3000; Tomey Gmbh, Erlangen, Germany).

Donor Preparation

Donor corneal grafts were prepared and stored in the Fondazione Banca degli Occhi
del Veneto Onlus, Venice, Italy according to standardized eye bank techniques. All
donor preparation procedures were performed under sterile conditions using a laminar
flow hood.

For the standard organ culture arm, corneoscleral buttons were stored in culture
medium containing 2% (vol/vol) newborn calf serum in minimum essential medium-
Earle, 25 mmol/l 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 1 mmol/l
pyruvate, 2 mmol/l L-glutamine, 100 IU/ml penicillin, 100 pg/ml streptomycin, and 25
Mg/ml amphotericin B at 31°C for up to 28 days. The quality of the corneal stroma and
the endothelium was assessed by slit lamp and light microscopy respectively.

Microbiological analysis of the corneal donor storage medium using the BACTEC
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aerobic and anaerobic systems (Becton, Dickinson and Company, New Jersey, USA)
was performed within 7 days after storage and 1 day prior to delivery.

For the dehydrated cornea arm, the Descemet-endothelium complex was stripped and
the epithelium was removed under sterile conditions using a laminar flow hood. The
donor corneal stroma was stored in a sterile Petri dish with sterile silica gel at room
temperature for 4 to 12 weeks. One day prior to delivery, the dehydrated corneal
stroma was rehydrated in sterile phosphate-buffered saline for 15 minutes and
transferred to the standard organ culture transport medium.'? Microbiological analysis
of the corneal donor storage medium using the BACTEC aerobic and anaerobic
systems (Becton, Dickinson and Company, New Jersey, USA) was performed prior to
dehydration and 1 day prior to delivery.

All donor corneas in both study arms were transported using the standard organ
culture medium containing (2% (vol/vol) newborn calf serum in minimum essential
medium-Earle, 25 mmol/l 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 1
mmol/l pyruvate, 2 mmol/l L-glutamine, 100 IU/ml penicillin, 100 ug/ml streptomycin,

25 pg/ml amphotericin B at 31°C) and 6% dextran.

Surgical Procedure

A standardized approach employing a modified big bubble DALK technique was
utilized for all cases of both arms.™ In brief, anesthesia and akinesia were obtained
through peribulbar injection of 10.0-mL of 0.75% ropivacaine solution. Initial partial-
thickness deep trephination was carried out using a vacuum trephine calibrated within
100-pm from the thinnest AS-OCT pachymetry value at the 9.0-mm zone. In cases
with highly irregular peripheral corneal thickness (>100-um difference in corneal

thickness at 9.0-mm zone), peripheral intrastromal hydration using 1.0-mL of normal
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saline for every clock hour of corneal thinning was performed to increase the stromal
volume and allow deep trephination. From the base of the deep trephination, a DALK
probe was inserted and advanced centripetally by about 1.0-mm. The probe was
replaced by a DALK cannula, which was further advanced by another 1.0-mm. Air was
injected using a 5.0-mL syringe until big bubble formation. After en bloc anterior
keratectomy of the host corneal stroma, the roof of the bubble was incised with a 15°
blade under viscoelastic protection. Excision of corneal stroma was limited to the 6.0-
mm optical zone resulting in a peripheral crown of residual deep stroma. Using the
automated lamellar keratoplasty system (Moria SA, Antony, France), the assigned
donor cornea was prepared by microkeratome-assisted dissection using a 400-um
microkeratome head and was secured to the recipient bed using 16-bite double-
running 10-0 nylon suture. Donor corneal rim bacterial and fungal cultures were
obtained.

Triamcinolone acetonide and gentamicin sulfate 0.3% were injected subconjunctivally
at the end of the procedure. Postoperatively, a fixed combination of betamethasone
0.3% and chloramphenicol 0.5% (Betabioptal, Thea Pharma, Clermont-Ferrand,
France) ophthalmic solution was started every 2 hours daily and tapered to 4 times
daily over the first postoperative month. Subsequently, antibiotic treatment was
discontinued while betamethasone was changed to fluorometholone 0.2% (Flumetol,
Thea Pharma, Clermont-Ferrand, France) and slowly tapered once daily up to
complete suture removal. The first running corneal suture was removed 3-4 months
postoperatively, while the second within 12 months after DALK.

Outcome Measures
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The primary study outcome was BSCVA 12 months after surgery. Secondary
outcomes were BSCVA at 6 months, refractive astigmatism (RA) at 6 and 12 months,
endothelial cell density (ECD) at 6 and 12 months and complication rates.

Clinical Examination

Study participants were examined postoperatively at day 1, 3, 7 and 14 and months
1,6, and 12. BSCVA were recorded at enrollment and at 6 and 12 months by a masked
certified refractionist using Early Treatment Diabetic Retinopathy Study (ETDRS) letter
charts (Chart R [CAT. No. 2110], Chart 1 [CAT. No. 2111], Chart 2 [CAT No. 2112]) in
logarithm of the minimum angle of resolution (logMAR)."® As in the Steroids for
Corneal Ulcers trial, low vision was assessed by counting fingers, hand motions, light
perception, and no light perception.’”

Refractive astigmatism was determined by manifest refraction with the cross-cylinder
technique. A calibrated slit lamp biomicroscope was used to assess corneal
epithelialization, clarity, graft attachment and the presence of complications.
Postoperative ECD was assessed by non-contact specular microscopy using
automatic focusing and digital capture of 15 images of the central cornea.

Elevated intraocular pressure (IOP) was defined as an IOP greater than 21 mmHg,
which required either medical or surgical treatment. Complete re-epithelialization was
defined as the absence of an epithelial defect with administration of fluorescein. Graft
rejection was diagnosed as the presence of epithelial rejection line or subepithelial or
stromal infiltrates with or without clinically apparent increase in stromal thickness or
clarity. Graft failure was defined as the occurrence of a re-graft for all and any
indication; or in the absence of a regraft or a cornea that was initially clear after surgery
and subsequently became irreversibly opaque.

Sample Size

10
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The sample size was calculated to test non-inferiority using a margin of 0.10 logMAR
with a standard deviation of BSCVA of 0.15 logMAR following DALK.'® Assuming a
significance level of 5% for non-inferiority, a power of 80%, and loss to follow-up rate
of 5%, 30 patients were required per treatment arm.

Randomization and Blinding

Intraoperative randomization was performed using identical, sequentially numbered,
opaque, sealed, letter-sized envelopes. Block randomization in a 1:1 ratio in permuted
blocks with block size of 6 was generated from the University of Ferrara (Ferrara, Italy).
For each case, one dehydrated and one standard organ culture stored donor cornea
was prepared by the eye bank (Fondazione Banca degli Occhi del Veneto, Venice,
Italy). After intraoperative assessment of eligibility was performed and inclusion criteria
were met, each randomization envelope was opened in a sequential manner and
monitored by a research coordinator who logged and securely maintained the trial
randomization sheet. Surgeons were not provided with information on treatment
allocation and did not participate in measuring study outcomes to minimize the
possibility of bias. All study participants were masked to their intervention and all
patients received the same postoperative instructions. The refractionist and outcome
assessors were masked to the intervention group.

Statistical Analysis

An intention-to-treat analysis was performed for all outcomes measures. Statistical
analysis was performed using SPSS (version 27.0, IBM Corp., New York, USA). Data
were expressed as individual counts and percentages for categorical values and mean
and standard deviation (95% confidence interval [Cl]) for continuous variables.

The primary endpoint of BSCVA was examined using linear mixed-effects model

analysis. The use of dehydrated corneas would be deemed non-inferior to the

11
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standard organ culture if the difference of the upper limit of the 95% confidence interval
and the mean postoperative BSCVA of the standard organ culture group was within
the non-inferiority margin of 0.10 logMAR.

Linear mixed-effects model analysis was also used to compare RA and ECD between
groups. Adjustment with Bonferroni correction was applied to multiple pairwise
comparisons. Statistical significance was set at 0.05. Intergroup comparisons of
categorical data were tested using Fisher exact test or Pearson chi-square test, as
appropriate.

Results

A total of 117 patients with keratoconus were screened between June 2020 and March
2021 of whom 46 did not meet inclusion criteria and 11 declined to participate in the
study. Sixty eyes of 60 patients were randomized to receive dehydrated (n=30) or
standard organ culture corneas (n=30). All cases (100%) received the intended
treatment and were included in the statistical analysis. Follow-up at 6 and 12 months
was available for 60 of 60 eyes (100%). No protocol deviations were recorded. Figure
1 shows participant flow throughout the ftrial.

Baseline demographic and clinical characteristics were well balanced between both
groups (Table 1). Compared to the control arm, the mean baseline BSCVA of the
dehydrated cornea arm was slightly worse but not significantly different.

As reported in Table 2, baseline logMAR BSCVA (dehydrated cornea group = 1.18 +
0.42 [95%CI: 1.02 - 1.34] and organ culture cornea group = 1.10 £ 0.43 [95%CI: 0.95
- 1.26]) significantly improved at 6 months (p < 0.001) and at 1 year (p < 0.001). Mean
logMAR BSCVA was 0.24 + 0.17 [95%Cl: 0.19 - 0.30] and 0.15 £ 0.18 [95%CI: 0.09 -
0.22] in the dehydrated cornea group and 0.21 + 0.15 [95%CI: 0.16 - 0.27] and 0.17

0.17 [95%CI: 0.10-0.23] in the organ culture cornea group at 6 and 12 months

12
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respectively. Dehydrated corneas were non-inferior to corneas stored in organ culture.
Postoperative logMAR BSCVA did not significantly differ between groups at both time
points (mean difference at 6 months = 0.030 [95%CI: -0.53 - 0.10] p = 0.471) and at
12 months = -0.013 [95%CI: -0.10 - 0.08] p = 0.764). No significant differences
between groups were observed in terms of percentage of eyes achieving 20/20, 20/40
or 20/80 or better.

After complete suture removal, mean RA did not differ significantly between groups.
Mean difference between groups did not achieve statistical significance. Twenty-
seven cases (90%) in the dehydrated cornea group had 4.0 D or less of refractive
astigmatism compared with 26 cases (87%) in the organ culture cornea group (risk
difference = 3.3 [95%CI: -12.9 - 19.6], relative risk = 0.75 [95% CI: 0.18 - 3.07]).
Postoperative ECD failed to reach a significant difference between groups.

No intraoperative complication occurred in either group. Donor rim bacterial and fungal
cultures were negative in all cases. In the first 3 days after DALK, an epithelial defect
was present in 10 cases (33%) of the organ culture cornea group and in 29 cases
(97%) of the dehydrated cornea group (risk difference = -63.3 [95%CI: -81.4 - -45.2],
relative risk = 2.90 [95% CI: 1.74 - 4.83]). Complete re-epithelialization was achieved
by day 7 in all cases (100%) of both groups. Corneal epithelial ingrowth and late onset
epithelial defects were not observed. Based on slit lamp examination, all corneas
appeared optically transparent. Stromal haze was not observed in any case of both
study arms (Figure 2).

Double anterior chamber formation, which occurred in 1 case (3%) in the organ culture
cornea group, which was managed successfully through a single intracameral air
injection procedure. Elevated IOP was observed in 1 case (3%) of each group and

was both managed with medical therapy alone. No case developed wound
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dehiscence, suture loosening, suture breaks, infectious keratitis, immune rejection or
graft failure within the 12-month follow-up period.

Discussion

Based on a recent survey of corneal transplantation, global demand exceeds the
supply of corneas by a factor of 70.'° Several lines of research have been focused on
the development of stem cell and tissue bioengineering for corneal regeneration.
Although these efforts may prove to be beneficial in narrowing the gap between supply
and demand, the scarcity of donor corneas could be alternatively addressed by directly
reducing wastage of donor corneas.?°

In the United States, tissue dehydration through lyophilization has been previously
employed for the commercial preparation and long-term storage of anterior lamellar
grafts for epikeratophakia.?!?? Although corneal inlay procedures have since fallen out
favor, the reported outcomes of epikeratophakia support that the use of dehydrated
corneal stromal tissue is compatible with corneal clarity and successful
engraftment.?’-22 Moreover, while lyophilized corneas are no longer commercially
available, a small clinical trial including patients with keratoconus has previously found
comparable clinical outcomes following DALK using lyophilized corneas (n=10) and
corneas preserved in Optisol GS (n=10).23

The unprecedented impact of COVID-19 pandemic in the corneal donor supply has
brought renewed interest in long-term corneal tissue preservation.?* While not
compatible with extended endothelial viability, alternative preservation techniques
could permit greater flexibility in the use of the donor tissue and ensure a continued
adequate supply of transplantable tissue, thereby representing an important mitigation
against possible risks to availability of donor corneas for DALK.?® Although less

frequently performed over endothelial keratoplasty, DALK has become increasing

14



322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

preferred treatment for anterior corneal disease which represents one of the main
causes of bilateral corneal disease especially in the developed world.?®

Silica gel dehydration represents a practical alternative technique that is easily
accessible, inexpensive and does not require specialized equipment or specific
technical expertise for tissue processing. In addition, silica gel dehydration allows
extended corneal tissue preservation at room temperature, which facilitates tissue
storage and handling, especially in areas with poor or limited access to corneal
tissue.’? As demonstrated by ex vivo studies, following rehydration, silica gel
dehydration was not found to affect the gross quality or clarity of the corneal tissue. 12
While also relatively inexpensive, glycerol-based preservation would ideally require
specialized equipment for cryopreservation at -80°C to maintain tissue transparency
for optical indications.?”?8 Previous clinical studies have demonstrated comparable
clinical outcomes between DALK using glycerol-cryopreserved and fresh corneal
tissue for high-risk and low-risk corneal conditions.?%-3° However, surgical manipulation
and handling especially during suturing of glycerol-preserved corneas has also been
found to differ from fresh tissue due increased corneal thickness and altered
consistency.3! Moreover, glycerol-preserved corneas are associated with significant
stromal haze requiring several weeks to achieve clearing.3?

Recently, gamma-irradiated corneal tissue has become commercially available.
Developed using proprietary and patented technology, gamma irradiation involves the
use of specific synthetic radioactive isotopes for long-term preservation of corneal
tissue. In six cases with keratoconus (n=3) and corneal dystrophy (n=3), DALK using
gamma-irradiated tissues achieved clear grafts with satisfactory postoperative vision
(mean logMAR BSCVA = 0.17 £ 0.21) at last follow-up (18 + 7 months).33 While the

initial results from various retrospective case series including DALK for both

15
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emergency and elective indications appear promising, there are currently no published
prospective randomized clinical trials evaluating the efficacy of gamma-irradiated
corneas.32-34

The results of the current study provide evidence that the use of dehydrated corneas
for DALK is noninferior to corneas stored in organ culture. Between-arm difference in
postoperative BSCVA indicates no statistically significant differences. Consistent with
findings of previous studies on 9.0-mm diameter DALK, the cumulative percentages
of eyes achieving higher levels of Snellen vision (20/20 and 20/40 or better) with low
rates of high-degree astigmatism represent clinically relevant visual and refractive
advantages of using large diameter grafts for DALK.2°

Of note, no patient in both treatment groups reported any quality of vision symptoms
such as glare, haloes, or starbursts. This finding supports the results of an in vitro
study by Xia et al who found no significant difference in mean optical transmittance
between small incision lenticule extraction (SMILE) — derived lenticules preserved by
silica gel dehydration for up to 4 weeks and fresh lenticules preserved in Optisol, but
significantly reduced transmittance in SMILE lenticules preserved with anhydrous
glycerol .3

Although the use of larger grafts can conceivably cause apprehension among some
surgeons due to the potential need of conversion to full-thickness keratoplasty, limiting
stromal clearance to the central 6.0-mm reduces the risk of inadvertent perforation of
Descemet membrane.'® Cases associated with significant DM perforation during large
diameter DALK can be converted to 2-piece mushroom PK instead of a full-thickness
PK to allow minimal endothelial transplantation, thereby reducing risk of immune
rejection.'® Moreover, an important consideration of dehydrated corneas in DALK is

the logistics involved with its use. In our practice, a spare corneal tissue for PK is
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routinely available during each keratoplasty theatre session. In the absence of fresh
tissue, careful patient selection and meticulous surgical technique would be required
if the use of dehydrated corneas is contemplated.

Long-term graft survival has been associated to the presence of sufficiently high
postoperative ECD. In the current study, cases in both arms maintained relatively high
endothelial cell counts after surgery.

As early as 4 days of storage, progressive breakdown of the donor corneal epithelial
cells occurs.?3” Consequently, increased storage time in dehydrated donor corneas
expectedly result in a higher incidence of corneal epithelial defect following DALK.
However, no detrimental effects on visual outcomes and complication rates were
observed in the study with complete epithelialization within 7 days in all cases.

When evaluating adverse events other than an epithelial defect, both treatment arms
had a similar complication profile, further supporting the relatively safety of the use of
dehydrated corneas for DALK. Of note, stromal decellularization induced by tissue
dehydration may theoretically reduce the risk of allograft rejection. Because the risk of
immune rejection and failure exists throughout the lifetime of the graft, extended
follow-up would be required to evaluate whether true benefit exists with
decellularization. Longitudinal follow-up of this trial population is currently underway to
assess longer-term differences between treatment arms.

In this prospective randomized trial, evaluating the results of DALK performed for a
single indication using a standard technique allowed comparison of clinical outcomes
while controlling for other possible sources of bias. However, a similar study involving
multiple sites or surgeons at varying stages of the learning curve might not necessarily
reproduce the results encountered in our trial. As with any surgical procedure, the skill

and experience of the surgeon may have a significant effect on the outcomes obtained

17



397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

and could account for the low rate of complications. Nevertheless, randomization of
homogenous group of the study patients who underwent big bubble DALK for
keratoconus alone using a standardized technique is a notable strength of the study.
Although all donor corneas in both study arms were transported using the standard
organ culture medium and the surgeons were not provided with corneal donor data, it
is important to note that unlike the corneas in the standard organ culture group, the
epithelium nor Descemet membrane-endothelium complex in the dehydrated cornea
group were removed at the Eye Bank. While the surgeon could possibly surmise the
treatment allocation based on the absence of epithelium in the dehydrated cornea
group, the epithelium of corneas in the standard organ culture group may just as also
have been inadvertently removed during donor preparation and handling. With regards
to the Descemet membrane-endothelium complex, using our standard institutional
DALK technique,’ all anterior lamellar grafts in both study arms were prepared by
microkeratome-assisted dissection without instillation of trypan blue nor manual
stripping of the Descemet membrane-endothelium complex. Moreover, the surgeons
were not involved during the outcome assessment of all study subjects.

The study provides evidence that the use of dehydrated corneas is non-inferior to the
use of standard organ culture donor corneas for DALK. Corneal tissue dehydration
represents a viable solution that can allow long-term cornea preservation and avoid

wastage of unused corneas.
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Figure legend
Figure 1. Participant flow diagram
Figure 2. One-year postoperative images of patients who underwent deep anterior

lamellar keratoplasty using standard organ culture (A) and dehydrated (B) corneas.
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Table 1. Baseline patient characteristics

Dehydrated Cornea Standard Organ Culture p-value*
Baseline Patient Characteristics
Number of eyes 30 30
Number of patients 30 30
Age, years, mean + SD (range) 41+11 (22-64) 39+9 (24-61) 0.612
Sex, male, n (%) 18 (60%) 17 (57%) 0.793
Modified Amsler - Krumeich stage 0.718
Stage 3, n (%) 4 (13%) 5(17%)
Stage 4, n (%) 26 (87%) 25 (83%)
BSCVA, logMAR, mean+ SD (95% Cl) 1.18+0.42 (1.03-1.33) 1.101£0.43 (0.94-1.26) 0.465
K mean, D, meanz SD (95% Cl) 62.0+£7.9 (59.1-65.0) 60.9+7.6 (58.1-63.8) 0.584
CCT, y, meant SD (95% Cl) 398147 (380-416) 416152 (397-436) 0.163
ECD, cells/mm?, mean+ SD (95% Cl) 2220+238 (2131-2308) 21761235 (2089-2264) 0.485
Lens status
Phakic, n (%) 30 (100%) 30 (100%) 1.000
Donor Characteristics
Age, years, mean + SD (range) 6318 (47-79) 66+7 (50-75) 0.132
Death to preservation time, hours, mean + 1413 (19-24) 15+4 (10-23) 0.143
SD (range)
Storage time, days, mean + SD (range) 7119 (58-84) 17+4 (10-23) <0.001
Central graft thickness, y, mean + SD (range) 579+41 (505-651) 587+47 (513-680) 0.318

BCVA = best spectacle-corrected visual acuity; CCT = central corneal thickness; Cl = confidence interval; D = diopter; ECD =
endothelial cell density; logMAR = logarithm of the minimum angle of resolution; SD = standard deviation

*t test for continuous variables and chi-square tests for categoric variables




Table 2. Postoperative outcomes comparing DALK using dehydrated and

standard organ culture corneas

Dehydrated Cornea Standard Organ Culture p-value*

Best spectacle-corrected acuity, logMAR, meant SD (95% CI)

6 months 0.24+0.17 (0.19-0.30) 0.21 £0.15(0.16 - 0.27) 0.471

12 months 0.15+0.18 (0.09-0.22) 0.17+£0.17 (0.10 - 0.23) 0.764

Refractive astigmatism, D, mean+ SD (95% ClI)

6 months 3.02+1.37(2.51-3.53) 3.06 +1.15(2.60 - 3.51) 0.909

12 months 278+142(2.25-3.31) 2.88+1.09(2.44-3.31) 0.777

Endothelial cell density, cells/mm?, mean+ SD (95% Cl)

6 months 2166 * 235 (2078 - 2254) 2099 + 245 (2008 - 2190) 0.287

12 months 2138 + 297 (2027 - 2249) 2078 + 217 (1998 - 2160) 0.379

BCVA = best spectacle-corrected visual acuity; Cl = confidence interval; D = diopter;
logMAR = logarithm of the minimum angle of resolution; SD = standard deviation

*Linear mixed model analysis
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With no detrimental effect on the outcomes of deep anterior lamellar keratoplasty,
corneal tissue dehydration prolongs preservation time, potentially minimizing tissue

wastage and mitigating imbalance in supply and demand during times like the COVID-

19 pandemic.



