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ABSTRACT

Purpose: To report a case of ulcerative keratopathy following implantation of acellular porcine corneal stroma
(APCS) in a patient with keratoconus (KC).

Methods: A 58 year-old patient initially presented with an ulcerative keratopathy in the left eye. Previously,
several corneal procedures (including radial keratotomy, laser-in-situ keratomileusis, crosslinking) were per-
formed for KC. Eight months ago, an APCS lenticule (Xenia corneal implant, Gebauer Medizintechnik GmbH,
Neuhausen, Germany) was implanted into a stromal pocket because of progressive keratectasia. Visual acuity
was hand movement. Anterior segment optical coherence tomography showed a space between the APCS
lenticule and the host stroma. Excimer laser-assisted penetrating keratoplasty (PKP, 8.0/8.1 mm) was performed
in the left eye. The corneal explant was investigated by light and transmission electron microscopy.

Resuits: Best-corrected visual acuity was 20/40 six weeks after PKP. Light microscopy demonstrated a stromal
ulceration down to the APCS lenticule. No stromal cells could be found within the APCS lenticule eight months
after implantation. The APCS lenticule did not show a green stain of the collagens with Masson-Goldner staining
and exhibited a strong Periodic acid-Schiff positive reaction. Electron microscopy of the APCS lenticule revealed
cross-linked collagen lamellae without cellular components. Close to the interface, corneal collagen lamellae of
the host cornea were disorganized. Few vital keratocytes were present on the surface of the lenticule and
appeared to cause mechanical disruption of the host stroma along the lenticule-stroma interface.

Conclusion: APCS implantation may lead to severe complications such as ulcerative keratopathy in otherwise
uncomplicated KC corneas. In such cases, excimer laser-assisted PKP or Deep Anterior Lamellar Keratoplasty are
the methods of choice to restore visual acuity.

1. Introduction

to address organ shortages and might be a particularly attractive
approach in the cornea due to the immune privileged status with a

Corneal allograft transplantation is an established procedure to treat
corneal blindness for more than 100 years [1]. As the demand for human
donor corneas far exceeds the supply in certain regions of the world,
research is focusing on new sources of corneas for clinical trans-
plantation [2,3]. However, the clinical experience with alternative
grafting options such as xenotransplantation (e.g. pig cornea-to-human)
and bioengineered corneas (3D-bioprinting) is limited and requires
further investigation to solve the imbalance between supply and de-
mand [4-8].

Xenotransplantation is a promising option in many areas of medicine
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relatively low risk of graft rejection compared to other organ transplants
[7,9,10]. A variation of corneal xenotransplantation is the use of an
acellular porcine corneal stroma (APCS) lenticule, which is processed
from porcine corneas by removing nuclear and cellular components to
achieve a low antigenicity as keratocytes constitute from 3 % to 5 % of
the natural stromal volume [11]. In general, the APCS lenticule is pri-
marily used as a substitute for emergency lamellar keratoplasty (APCS-
LK), whereas only one study to date has reported clinical and functional
outcomes following the implantation of APCS to stabilize thinned ker-
atoconus (KC) corneas [12].
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This case report is the first to present a patient with severe ulcerative
keratopathy after APCS lenticule implantation who required excimer
laser-assisted penetrating keratoplasty (PKP), and provides light and
electron microscopic findings of the corneal explant.

2. Case report
2.1. Patient history and clinical presentation

A 58-year-old male patient underwent several refractive procedures
for myopia correction due to KC in the left eye, including radial kera-
totomy (25 years ago) and laser-in-situ keratomileusis (LASIK, 10 years
ago). Due to progressive keratectasia, corneal crosslinking (CXL, four
years ago) and repeat LASIK combined with CXL (three years ago) were
performed.

Eight months ago, the patient underwent an APCS lenticule im-
plantation at an external clinic to stabilize the severely thinned cornea of
the left eye as keratectasia progressed.

In Germany, the stromal lenticule is commercially available (Xenia
corneal implant, Gebauer Medizintechnik GmbH, Neuhausen, Germany)
and derived from a porcine cornea that underwent a decellularization
process to completely remove the cellular components containing anti-
gens. The tissue has also been stabilized by a CXL process ex vivo. Sur-
gery was performed under topical anesthesia and the porcine lenticule
(ex vivo thickness: 100 ym, diameter: 8 mm) was implanted in the host
cornea after creating an intrastromal pocket at 40 % of the corneal
thickness using a femtosecond laser.

At the initial presentation of the patient eight months after APCS
implantation, the left eye (Fig. 1A-C) showed melting of the overlying
host stroma with a severe corneal ulcer down to the APCS lenticule. The
corneal defect was restricted to the stromal area above the lenticule.
There were no clinical signs of infection. Corneal neovascularization was
present in the radial keratotomy incisions. The clinical findings in the
right eye were normal without tomographic or biomechanical evidence
of KC. Visual acuity was hand movement in the left eye and 20/20 in the
right eye.

Anterior segment optical coherence tomography (AS-OCT) (Fig. 2)
demonstrated a space at the horizontal interface between the APCS
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lenticule and the underlying host stroma. Besides, the axial power map
exhibited a severe irregularity of the anterior corneal surface of the left
eye.

An excimer laser-assisted PKP (8.0/8.1 mm) was performed on the
left eye due to the severe findings. The postoperative course was un-
eventful. At six weeks follow-up, the graft was completely epithelialized
and clear (Fig. 1D). Best-corrected visual acuity was 20/40 in the
affected eye six weeks after PKP.

2.2. Microscopic examination

The light microscopic examination (Fig. 3) demonstrated a corneal
ulceration of the host cornea extending to the APCS lenticule. In contrast
to the surrounding host stroma, the APCS lenticule did not show a green
stain of the collagens with Masson-Goldner staining but exhibited a
strong Periodic acid-Schiff (PAS) positive reaction. The latter method
indicated a carbohydrate-rich tissue. No cells could be found within the
APCS lenticule. Vimentin-positive cells appeared at the interface be-
tween the APCS lenticule and the host stroma, suggestive of fibroblastic
transformation. The lenticule thickness as well as the thinnest part of the
host stroma were both 50 ym. A mild cellular inflammatory infiltrate
was present in the host stroma.

Electron microscopy (Fig. 4) of the APCS lenticule showed cross-
linked collagen lamellae without cellular debris. Close to the interface,
corneal collagen lamellae of the host cornea were disorganized and
amorphous extracellular material was dispersed between the lamellae.
The keratocytes were partially degenerated in the host stroma. Few vital
keratocytes or fibroblasts were present on the surface of the lenticule
and appeared to cause mechanical disruption of the host stroma along
the lenticule-stroma interface.

3. Discussion

Since 2015, APCS has been used clinically as a substitute for a human
cornea in therapeutic lamellar keratoplasty to treat various corneal in-
fectious diseases. The surgical steps of therapeutic APCS-LK include a
partial trephination, lamellar keratectomy of the diseased tissue, and
fixation of the APCS lenticule with interrupted single sutures analogous

Fig. 1. Pre- and postoperative slit-lamp biomicroscopic photographs. A-C) The preoperative photographs demonstrate a central corneal ulcer extending to the
acellular porcine corneal stromal (APCS) lenticule with melting of the overlying host stroma by diffuse (A) and thin slit illumination (B). Fluorescein vital staining (C)
marks the extent of the central ulceration. D) Postoperative findings six weeks after excimer laser-assisted penetrating keratoplasty (8.0/8.1 mm) show a clear graft

that was fixed with a double running suture according to Hoffmann.
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Fig. 2. Preoperative anterior segment optical coherence tomography (AS-OCT). A, B) The sections are showing a central ulceration of the host stroma down to
the acellular porcine corneal stroma (APCS) lenticule. The host cornea is severely thinned (B). A dehiscence between the APCS lenticule and the underlying host
stroma is marked by arrows. C) The axial power map is demonstrating a severe irregularity with inferior steepening and superior flattening of the anterior corneal
surface. D) The pachymetry map displays a paracentral thinning of the cornea with a thinnest point of 219 um.

Fig. 3. Light microscopy of the corneal explant. A, B) The host cornea is demonstrating a stromal ulceration down to the acellular porcine corneal stroma (APCS)
lenticule (white arrow), which exhibits a strong Periodic acid-Schiff (PAS) positive reaction. No stromal cells can be found within the APCS lenticule eight months
after implantation. The thickness of the lenticule and the thinnest part of the host cornea measure 50 pm. Periodic acid-Schiff (PAS)-reaction, original magnification
2x (A), 20x (B). C) In contrast to the surrounding host stroma, the stromal lenticule does not show a green stain with Masson-Goldner staining. A mild cellular
inflammatory infiltrate of the host cornea (stars) is visible near the lenticule by using a higher magnification. Masson-Goldner stain, original magnification 20 x. D)
Vimentin-positive cells (black arrows) appear at the interface between the APCS lenticule (not shown) and the host stroma, suggestive of fibroblastic transformation.
Vimentin immunostaining, original magnification 10 x. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version
of this article.)

to human corneal tissue [11,13-16]. keratectasia, more invasive procedures such as Deep Anterior Lamellar
The use of APCS in elective procedures has only been described in Keratoplasty (DALK) or PKP are the only remaining surgical options

one study for stabilization of thinned KC corneas [12]. In contrast to [17]. Nevertheless, little is known about potential risks associated with

therapeutic APCS-LK, the lenticule is implanted into a femtosecond APCS implantation in ectatic corneas, as no complications have ever

laser-created intrastromal pocket. The purpose is to improve visual been reported in the literature.

acuity by altering the corneal structure, as in advanced stages of For the first time, a case of severe ulcerative keratopathy as a
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Fig. 4. Transmission electron microscopy of the corneal explant. A) Semithin section showing localization of the lenticule underneath the host corneal
epithelium and stroma. Boxes indicate localization of electron micrographs (B-F). B, C) Electron micrographs of the lenticule consisting of cross-linked collagen
lamellae without any remaining cells. D) Ultrastructure of the host corneal stroma adjacent to the lenticule. Close to the interface, the stromal collagen lamellae
appear disorganized and the keratocytes (arrows) are degenerated. E) Electron micrograph showing the interface between lenticule and host stroma. Keratocytes (Kc)
line the surface of the lenticule. Amorphous extracellular material (asterisks) is dispersed between the stromal collagen lamellae. F) Strong adherence of keratocytes
or fibroblasts to the lenticular surface may cause mechanical disruption of the host stroma along lenticule-stroma interfaces.

complication after implantation of an APCS lenticule in KC is presented
together with light and electron microscopy of the corneal explant.
The only study to date examined the outcome after APCS lenticule
implantation in 20 KC patients without contact lens tolerance of two
clinical cohorts (India and Iran) over a 24-month period [12]. No
postoperative complications were reported in all 20 patients [12].
Although clinical experience with APCS is very limited, there have
been several reports of complications following therapeutic APCS-LK.

These complications included reduced graft transparency of varying
severity, corneal neovascularization, and early suture loosening
[11,13,14,16]. It is important to note that in almost all cases, the
lenticule never became clear and more or less severe corneal graft
opacities persisted even months after the procedure, which might not be
satisfying to any corneal surgeon. Complete corneal clarity, as can be
achieved after PKP, was not present.

Li et al. reported graft calcification after therapeutic APCS-LK in
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three of 85 patients (3.5 %) after one month postoperatively [15].
Furthermore, one study found a high rate of graft melting in three of 13
patients (23.1 %) after APCS-LK in herpetic keratitis [14].

In the present case, implantation of an APCS lenticule resulted in
corneal melting of the overlying host stroma. The nutrition of the cornea
with glucose is mainly provided by the aqueous humor with increasing
concentrations from the posterior to the anterior stroma [18]. The
structurally and chemically altered lenticule might have disturbed the
diffusion of metabolites, causing malnutrition and melting of the over-
lying host stroma. Furthermore, unlike the adjacent host stroma, light
microscopy of the APCS lenticule showed a strong PAS reaction and no
green staining of the collagens with Masson-Goldner stain, which could
also indicate that the collagens were no more present in their natural
form. The pronounced PAS positivity could be attributed to glycogen
being used as a possible crosslinking agent, however, nothing is known
about the exact preparation of the lenticule.

Another microscopic finding is the absence of stromal cell migration
in the lenticule even eight months after implantation, which was
confirmed by multiple histologic sections through the lenticule. Li et al.
demonstrated by in vivo confocal microscopy that stromal cell repopu-
lation of APCS grafts did not occur until three months after surgery. Even
after 12 months, only a small number of stromal cells were present in the
graft [11]. In contrast, Shi et al. found a large number of stromal cells in
APCS grafts after two months [19]. The reduced stromal cell migration
might also indicate why the lenticule showed dehiscence towards the
host stroma, since fibrotic remodeling for graft integration did not occur,
and stromal cells were seen only sporadically on the lenticule surface,
except for Vimentin-positive cells at the interface of the host stroma.

This case illustrates that implantation of an APCS lenticule might
lead to severe complications such as ulcerative keratopathy in otherwise
uncomplicated KC corneas. In such cases, excimer laser-assisted PKP or
DALK are the methods of choice to restore visual acuity [1,17,20].
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