Clinical Ophthalmology

Dove

ORIGINAL RESEARCH

Safety and Indicative Effectiveness of Porcine
Corneal Lenticular Implants in Patients with
Advanced Keratoconus and Post Lasik Ectasia:
A Retrospective Clinical Study

Ahmed El-Massry
Osama Ibrahim
Moones Abdalla

lhab Osman

Shahira Mahmoud
Department of Ophthalmology,

Alexandria Faculty of Medicine,
Alexandria, Egypt

Correspondence: Ahmed El-Massry
Department of Ophthalmology, Alexandria
Faculty of Medicine, Champollion Street, Al
Attarin, Alexandria, Egypt

Tel +2 0122 215 2435

Email ahmad.elmassry@gmail.com

Purpose: This study aimed to evaluate the safety and feasibility of implanting decellularized
porcine corneal lenticules in a femtosecond laser-assisted pocket for patients with advanced
keratoconus and post-Lasik ectasia.

Methods: This is a retrospective clinical study of implanting a porcine corneal lenticular
implant in seven eyes: six with advanced keratoconus and clear cornea and one with
advanced post-Lasik ectasia with a follow-up for 12 months. The lenticules are extracted
from porcine tissue, subjected to a decellularization process, intensely cross-linked, sterilized
and packed. They are 7 mm in diameter with at 100—120-micron thickness. The femtosecond
laser was used to create an intra-stromal pocket, and then the lenticules were implanted
inside the pocket followed by corneal cross-linking 3 months later for six out of seven eyes.
Results: Five patients had keratoconus (6 eyes) and one patient (one eye) had post-Lasik
ectasia. Visual acuity improved in all patients except for one case at 6 and 12 months and this
was statistically significant (P=0.002 and 0.007). At one-year follow-up, the mean central
corneal thickness increased from 389.43 + 45.41 to 429.33+ 63.20 um, the maximum
keratometry decreased from 64.8 £5.11 to 62.82+ 6.16 D, the mean corneal resistance factor
(CRT) increased from 5.67 to 8.42, and the total higher-order aberrations decreased from
1.80 to 1.16. Both changes in the CCT and CRF were statistically significant. One eye had
wrinkles and opacified graft, and it was exchanged 3 months postoperatively.

Conclusion: Porcine corneal lenticules implantation is immunologically safe and well
tolerated in patients with advanced keratoconus and post-Lasik ectasia and may be feasible
as an alternative to keratoplasty.
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Introduction

Keratoconus is a bilateral, often asymmetric progressive disorder of the cornea that
causes thinning and protrusion of the cornea. Vision is compromised because of
high and irregular astigmatism.'” The early stages of the disease can be managed
with glasses, rigid contact lenses, or intracorneal ring segments (ICRS) implanta-
tion, usually combined with corneal cross-linking.® Corneal transplantation, either
penetrating or lamellar keratoplasty, is reserved for eyes with severe disease or
those who do not tolerate rigid contact lenses.* The prognosis of keratoplasty in

keratoconus is good in comparison to other diseases’® However, severe visual loss
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can occur due to either intra or postoperative complica-
tions, such as graft failure, rejection, infection, high astig-
matism, suture-related complications and recurrence of
keratoconus in the donor tissue.*”"*

Transplantation of isolated Bowman layer (BLT) has
been introduced recently as an alternative to keratoplasty
in advanced keratoconus.” This procedure aims to flatten
the cornea, stop the progression of the disease, and
increase the tolerance to contact lens.'*"!

The Bowman layer graft is prepared from either whole
globes or from poor quality corneal grafts. Manual pre-
paration of the grafts is technically challenging with a 30%
failure rate.'> The implantation of the isolated Bowman
layer involves creating an intra-stromal pocket, which can
be difficult in cases with advanced corneal thinning and
can result in corneal perforation. A femtosecond laser has
been recently used for creating the pocket to avoid this
complication.'?

As the demand for donor corneas exceeds the supply,
other strategies have been investigated. Swine have similar
ocular anatomy and physiology, which is why they are used
to model ocular diseases and develop novel therapies."
Transplantation of swine corneal graft has shown to be
a potential alternative to human corneal grafts.'* This
study aimed to evaluate the safety, and indicative effective-
ness of porcine corneal lenticules (Gebauer Medizintechnik
GmbH, Cleveland, OH) (XENIA implants) in patients suf-
fering from severe Keratoconus or post-LASIK ectasia with
clear cornea in a femtosecond laser assisted pocket created
in the corneal stroma.

Subjects and Methods

The study was conducted following the tenets of the
Declaration of Helsinki and was approved by the institu-
tional Ethics Committee of the Faculty of Medicine,
Alexandria Egypt
0304462). All patients signed a written informed consent

University, (Approval Number:

before any intervention. Inclusions criteria included
patients over 18 and less than 60 years old with keratoco-
nus grade II, IIT or IV by Amsler Krumish classification or
post-Lasik ectasia with clear cornea, diagnosed clinically
and by corneal topography, intolerance to rigid contact
lens, with no corneal opacities and patients preferring to
avoid corneal transplantation. Exclusion criteria were
abnormal corneal epithelium, previous keratoplasty,
hydrops, cataract, active inflammation and/or infection of
the eye or adnexa, glaucoma, autoimmune diseases, preg-

nancy and lactation.

The lenticules are manufactured from highly purified
porcine corneas. The manufacturing process includes
clearing all donors’ cells and its elements followed by UV-
sterilization for cross-linking of the collagen fibrils. The
lenticules are transparent disc-shaped with a 7-mm dia-
meter and 100—120-micron thickness.

The Procedure

A 9-mm mid-stromal pocket was created using
a femtosecond laser (VisuMax, Carl Zeiss Meditec AG).
The dissection of the pocket was done using the spatula for
SMILE procedure. The Gebauer™ Corneal Lenticule is
inserted into the pocket using a McPherson forceps then
centered with the spatula.

Postoperatively, the patients received Gatifloxacin
0.3%, prednisolone acetate 1%; 5 times per day for five
days to be tapered gradually on five-day schedule and
lubricants for three months. Follow-up visits were sched-
uled at 1 day, 1 week, 1, 6, and 12 months postoperatively.
All patients underwent Epi-off accelerated corneal cross-
linking (CXL) 3 months after the Corneal Lenticular
implantation except the case of post-Lasik ectasia because
all cases except post-Lasik Ectasia showed progression of
the K readings on Pentacam, despite the improvement in
the thickness and the visual acuity. The CQL methods
follow the standard protocol as shown in our previous
work. ">

Before surgery and at follow-up visits, patients were
examined for: Best spectacle-corrected visual acuity
(BSCVA), slit-lamp examination, Scheimpflug-based cor-
Wetzlar,
Germany), The iTrace wavefront aberrometry (Tracey

neal tomography (Pentacam HR; Oculus,
Technologies, Inc.) to measure total higher order aberra-
tions (Total HOA), spherical aberrations, and coma,
Ocular Response Analyzer® (ORA; Reichert Ophthalmic
Instruments, Buffalo, NY) to measure the corneal hyster-
esis (CH) and the corneal resistance factor (CRF).

Statistical analyses were performed using Microsoft
Excel, and a paired Student’s ¢-test was used to test for
statistical significance. A p-value less than 0.05 was con-
sidered statistically significant.

Results

Seven eyes of six patients (3 males and 3 females) were
included in the study. All patients had keratoconus except for
one patient (number 5 in tables) who had post-LASIK ectasia.
The mean age of the patients was 27.67 £ 9 years.
Preoperatively, the mean LogMAR visual acuity was 1.3 +
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Table | Preoperative and Postoperative LogMAR Visual Acuity and Central Corneal Thickness

Patient No/Sex/Age/ Eye LogMAR Visual Acuity CCT
FU

Preop Im 6m ly Preop Im 6m ly
1/M/24/6 oS | 0.7 0.3 367 417 383
2/F/40/12 oD 1.5 1.4 1.4 1.3 389 475 462 488
3/F/19/9 oD 0.1 | 0.7 0.5 369 399 416 394
4/M/21/12 (ON 1.4 0.5 0.4 0.4 329 390 426 390
5/F/38/12 (ON 1.3 1.3 0.5 0.2 320 326 341 320
6/M/24/12 oD 1.3 1.4 0.5 0.5 454 498 479 470
6/M/24/12 (O 1.3 0.8 0.5 0.5 439 491 473 470
Mean 1.3 1.0l 0.61 0.57 389.43 431.43 415.57 429.33
SD 0.17 0.36 0.37 0.38 45.41 61.32 51.78 63.20
Range 1-1.5 0.5-1.4 0.3-1.4 0.2-1.3 320454 | 326498 | 341-493 320488
P-value 0.1 0.002* 0.007* 0.004* 0.009* 0.05*

Note: *Statistically significant.
Abbreviations: M, males; F, Females; CCT, central corneal thickness.

0.17, and the mean central corneal thickness (CCT) was
389.43 + 4541 um (Table 1). The mean flattest K (Kf),
Steepest K (Ks), and maximum keratometry (Kmax) were
5323 + 5.11, 58.06 +3.77, 64.8 + 5.11 D, respectively
(Table 2). The mean CH and CRF were 7.01 £+ 1.82, and
5.67 £2.60, respectively (Table 3). The mean total HO, coma
and SA were 1.8+ 1.89, 1.33 + 1.82, and 0.50 £ 0.62 p,
respectively (Table 4).

All patients completed one year of follow-up except
patient number 1 who only completed 6 months of follow-
up. All surgical procedures were uneventful.

The graft was visualized using Slit-lamp biomicroscopy
and Anterior Segment Computed Tomography (ASOCT)
(Heidelberg Germany) in all patients after one month,
three months, six months and 12 months after surgery.
Case number 2 in tables had graft opacification and wrinkles
immediately postoperatively that persisted for 3 months
(Figure 1). The patient had undergone another lenticule
implantation that was uneventful.

Visual acuity improved in all patients at 1 and 6 and
12 months, which was statistically significant at 6 and
12 months (P=0.002 and 0.007) except patient number 2
even after the second transplantation who showed only
improvement in the BSCVA from counting fingers at
50 cm to 3 m only. The mean CCT increased to
431.43, 415.57, and 429.33 p at 1 and 6 and 12 months,

respectively, that was statistically significant (P= 0.004,
0.009, and 0.05) (Table 1). The mean Kf decreased to
49.41, 50.70, and 49.25 D at 1, 6 and 12 months, which
was statistically significant at one month (p=0.04). The
mean Ks decreased to 53.51 and 55.49 and 55.05 D at 1,
6 and 12 months, which was statistically significant at
one month (p=0.01). The mean Kmax decreased to
61.06 and 62.67 and 62.82 D at 1, 6 and 12 months,
respectively, which was statistically significant at one
month (p=0.01) (Table 2). Comparative Scheimpflug-
based corneal tomography of patients before and after
porcine corneal lenticule implantation showed statisti-
cally significant improvement in the corneal Kmin, and
Kmax.

The mean CH increased to 8.93, 10, and 9.05 at 1 and 6
and 12 months, which was statistically significant at one
and six months (p=0.01 and 0.01). The mean CRF
increased to 8.46, 9.13 and 8.42, respectively, that was
statistically significant (p =0.01, 0.005, and 0.05).
(Table 3) The mean total HO decreased to 1.51, 1.18 and
1.16 at 1 and 6 and 12 months, respectively. The mean
coma decreased to 0.61, 0.68 and 0.76 at 1 and 6 and 12
months, respectively. The mean SA decreased to 0.36,
0.21 and 0.26 at 1 and 6 and 12 months, respectively.
The change in the total HO, coma, and SA was not statis-
tically significant (Table 4).
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Table 2 Preoperative and Postoperative Keratometry
Patient Kf Ks Kmax
Preop Im 6m Last Preop Im 6m Last Fu | Preop Im 6m Last
FU FU
| 59 54.1 55.3 60 58.4 573 724 66.2 66.8
2 54.9 53.7 49.9 52.1 55.1 54.1 55.7 56.1 64.5 60.1 62.6 62.1
3 56.1 51.8 51.3 51.7 62.5 56.7 559 56.8 65.6 62.2 59.9 60.4
4 57.2 45.8 51.4 53 62.5 52.8 539 57.7 69.1 65.6 69 59.6
5 525 49.4 53 50.9 54.5 50.7 60.5 59.3 585 62.3 60.5 59.3
6 OD 45 46.4 46.2 45.8 53.5 52.8 54.8 543 585 56.2 59.5 59.2
6 OS 47.9 44.7 47.8 47.9 583 49.1 60.4 60.4 65.3 54.8 60.4 60.7
Mean 53.23 49.41 50.7 49.25 58.06 53.51 55.49 55.05 64.84 61.06 62.67 62.82
SD 5.11 3.88 3.07 2.65 3.77 3.23 1.73 2.28 5.11 435 3.76 6.16
Range 45-59 44.7— 46.2— 45.8- 53.5- 49.1- 53— 51.3- 58.5- 54.8— 59.5- 59.2—-
54.1 55.3 52.1 62.5 584 57.8 57.6 724 66.2 69.0 75.2
P-value 0.04* 0.06 0.1 0.01* 0.11 0.14 0.03* 0.06 033
Note: *Statistically significant.
Table 3 Preoperative and Postoperative Corneal Hysteresis and Corneal Resistance Factor Measurements
Patient CH CRF
Preop Im 6m ly Preop Im 6m ly
| 5.4 9 6.9 27 74 5.9
2 9.9 9.7 16.1 13.1 10.1 8.6 15.5 12.1
3 7.3 78 85 5.3 6.2 8.1 7.7 5.9
4 5.7 9.2 1.1 1.1 34 8.7 9.3 8.6
5 43 5.6 6 7.2 29 6 57 6.4
6 OD 8.4 10.4 8.9 7.8 79 10.1 8.2 7.9
6 OS 8.1 10.8 12.5 9.8 6.5 10.3 1.6 9.6
Mean 7.01 8.93 10.00 9.05 5.67 8.46 9.13 8.42
SD 1.82 1.63 3.25 2.59 2.60 1.39 3.46 2.07
Range 4.3-9.9 5.6-10.8 6-16.1 5.3-13.1 2.7-10.1 6-10.3 5.7-15.5 5.9-12.1
P-value 0.01* 0.01* 0.16 0.01* 0.005* 0.05%

Note: *Statistically significant.
Abbreviations: CH, Corneal hysteresis; CRF, corneal resistance factor.

Discussion

50 to 2300 per 100 000.'® A standard recommended treat-

Keratoconus is a common disorder that affects both sexes  ment for advanced keratoconus is corneal transplant (DALK

and all races. The prevalence in the literature is ranging from  or PKP).* Bowman layer transplantation (BLT) is recently
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Table 4 Preoperative and Postoperative High Order Aberrations

Patient | Total HO Coma SA

Preop Im 6m ly Preop Im 6m ly Preop Im 6m ly
1.00 6.32 0.77 0.72 5.74 0.68 0.52 1.98 0.03 0.05
2.00 1.43 2.50 1.91 1.16 0.84 0.39 0.41 0.85 0.42 0.47 0.65 0.28
3.00 1.02 1.79 0.94 1.68 0.56 0.34 0.44 0.92 0.18 0.28 0.19 0.38
4.00 0.52 2.34 0.48 1.70 0.32 1.10 0.38 I.19 0.05 0.76 0.10 0.57
5.00 0.54 0.42 0.64 0.67 0.21 0.10 0.46 0.52 0.18 0.14 0.09 0.08
6 OD 1.78 |.44 1.75 1.42 0.98 I.10 1.44 1.02 0.43 0.27 0.18 0.10
6 OS 1.02 1.31 1.82 0.31 0.68 0.56 1.10 0.08 0.24 0.60 0.18 0.13
Mean 1.80 1.51 1.18 1.16 1.33 0.61 0.68 0.76 0.50 0.36 0.21 0.26
SD 1.89 0.71 0.57 0.52 1.82 0.35 0.39 0.37 0.62 0.24 0.19 0.18
Range 0.52— 0.42— 0.48- 0.31- 0.21- 0.10- 038- 0.08- 0.05- 0.03- 0.05- 0.08-

6.32 2.50 1.91 1.70 5.74 I.10 1.44 1.19 1.98 0.76 0.65 0.57
P-value 0.75 0.48 0.73 0.36 0.42 0.44 0.69 0.33 0.95

Abbreviations: HO, Higher order; SA, spherical aberrations.

introduced as a minimally invasive surgical treatment for
advanced keratoconus to flatten the cornea, to stop the pro-
gression of keratoconus, and to increase tolerance to contact
lenses so corneal transplantation can be avoided or
postponed.” The grafts are prepared from either donor tissues
with poor endothelium or the anterior corneal buttons after
harvesting the grafts for endothelial keratoplasty.'” The esti-
mated success rate of the Bowman layer transplantation is

about 84%. Postoperatively, significant anterior corneal

Figure | Three months after implantation shows wrinkles of the lenticule and hazy
graft.

flattening and visual acuity improvement stabilize for up to
7 years with few complications, mainly corneal hydrops.'®
Although BLT is a good treatment option for keratoconus, it
is not widely used for two reasons: harvesting the graft for
BLT is technically challenging. Groeneveld-van Beek et al
reported a 70% success rate.'” Secondly, corneal transplanta-
tion is not easily available in some areas of the world.
A global survey on the accessibility of corneal transplanta-
tion found that about 53% of the world’s population had no
access to corneal transplantation.””

In the current study, we present the results of the trans-
plantation of Porcine Lenticules, made of highly purified
collagen fibers of porcine origin that were intensely cross-
linked, in patients with keratoconus and post-LASIK ectasia.

Manual lamellar dissection is technically difficult in ker-
atoconus due to corneal thinning and can be complicated by
corneal perforation. Perforations occurred in 10% of cases
during BLT using manual dissection techniques.'® The fem-
tosecond laser has shown great success in channel creation
for ICRS implantation. Ibrahim et al successfully implanted
ICRS using femtosecond laser in 160 eyes with moderate
keratoconus with no intra-operative complications.?' In the
present study, we used a femtosecond laser to create a mid-
stromal pocket at a depth of 100 um and no intra-operative
complications using the femtosecond laser pocket creation
were reported.
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Postoperatively, vision improved in all patients with no
loss of BSCVA except for the second patient who had persis-
tently poor vision even after the replacement of the opacified
wrinkled flap. There was no statistically significant difference
between the preoperative and postoperative keratometry at 6
and 12 months and higher-order aberrations. Because the
number of eyes included in the study is small, the statistical
significance may not be accurate and more studies with larger
numbers are needed to confirm the present data.

The increased CCT in all eyes postoperatively allowed
safe corneal cross-linking three months after the lenticule
transplantation. Porcine corneal lenticular implants do not
integrate with the corneal tissue, and progression of the
ectasia can occur underneath the implants. In a case series
of 20 eyes with successful BLT, three eyes of two patients
developed corneal hydrops at 4.5, 6, and 6.5 years''*
postoperatively, so, corneal cross-linking might be neces-
sary to stabilize the cornea and stop the progression of the
keratoconus underneath the implants.

Although the graft was visualized by slit-lamp exam-
ination and ASOCT shows a hyper-reflective layer, this
was not visually significant and did not result in visual
complaints post-operatively or increase in corneal higher
order aberrations.

Initially, the study aimed to assess the safety and effi-
cacy of porcine corneal lenticules in advanced keratoconus
with Amsler—Krumeich classification stages IIT and IV;*
however, patient number 6 had stage II in his right eye.

As porcine corneal lenticules are made from animal
tissue, there is a potential risk for developing tissue rejec-
tion and immunological reaction. Patients need to be clo-
sely monitored after the withdrawal of topical steroids.
None of the patients developed any immunological reac-
tion or tissue rejection throughout the study period (twelve
months). We did not use the lenticule of SMILE patients
for three reasons; these lenticules are not cross-linked so
their efficacy for strengthening the cornea is not guaran-
teed, and the thickness of the SMILE lenticules is variable
depending on the patient’s refraction, which will not give
fixed results and as these lenticules are neither decellular-
ized nor cross-linked, the reaction of the SMILE lenticules
is not predictable in human eyes.

To the best of our knowledge, this is the first study on the
transplantation of porcine collagen corneal lenticules as an
alternative to BLT or DALK. The advantages of these
implants (named Xenogenic Implants) are: surgery is done
under topical anesthesia, short learning curve, easy implanta-
tion, short rehabilitation time, reversibility and in case of

failure, still lamellar keratoplasty could be done. The limita-
tions of the current study are the small sample size, absence
of control group and the relatively short follow up. For the
assessment of optical property and amount of scattering of
this lenticule, visometry may be used. In addition, to evaluate
the histologic changes and host immune reactions, confocal
microscopy could be used. We recommend future studies to
avoid these limitations.

Porcine corneal lenticules implantation is safe and well
tolerated in patients with advanced keratoconus and post-
Lasik ectasia. Further studies with a larger number of
patients and longer follow-up are needed.

Abbreviations

ICRS, Intracorneal ring segments; BLT, Isolated Bowman
layer; BSCVA, Best spectacle-corrected visual acuity; CH,
Corneal hysteresis; CRF, Corneal resistance factor; CCT,
Central corneal thickness.
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