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METHODOLOGY

Keyhole Anterior Lamellar Keratoplasty for Boston
Keratoprosthesis Corneal Melt
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Abstract: Corneal melt remains a challenging complication of Boston keratoprosthesis
(KPro) and may lead to disastrous consequences such as endophthalmitis, KPro extrusion,
and permanent loss of vision. Several procedures have been suggested to repair established
melts; however, KPro removal or exchange is often required due to high recurrence. We
herein describe a novel surgical technique to repair corneal melt: a lamellar corneal graft is
centrally trephined, and a radial cut is extended from the central opening to create a keyhole
graft. The graft is draped around the KPro and tightly secured around the central stem. The
radial cut is closed with sutures, and the graft is secured into the underlying tissue with fibrin
glue and sutures. The graft remains stable with the KPro in place, while the patients maintain
a 20/200 vision or better at two years. This technique is a useful alternative for securing
KPro and preventing corneal melt recurrence.
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Introduction

Boston keratoprosthesis (KPro) is currently the most popular and widely used
artificial cornea worldwide. Typically, it is considered for patients with corneal
blindness that are expected to have poor prognosis for conventional corneal
transplantation.! Common indications include failed multiple corneal transplants
specially in patients with corneal chemical burns, autoimmune disorders, and
congenital anomalies.” Despite multiple advances in KPro design, surgical techni-
que, and postoperative care, several postoperative challenges remain, such as
corneal melt, KPro extrusion, and infection.® The incidence of KPro corneal melt-
ing ranges from 14% to 16%."° Corneal melting usually starts around the KPro
stem due to stromal thinning and degradation secondary to persistent inflammation,
infection, or mechanical stress.® Established corneal melting may lead to disastrous
consequences such as aqueous leak, hypotony, choroidal effusion, retinal detach-
ment, endophthalmitis, KPro extrusion, permanent loss of vision or ocular structural
deformity.’

Several procedures have been suggested to repair established melts including
tectonic grafts, however most of the cases often require KPro removal or exchange
due to the high rate of recurrence after repair.” Utine et al reported their unfavorable
outcome with the reconstruction of the ocular surface using amniotic membrane and
corneal lamellar grafts and recommended opting for repeat KPro.* Wang et al also
observed favorable outcomes of patients undergoing a repeat KPro procedure for
a failed KPro, when comparing them with primary KPro patients.” The recurrence
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may be triggered or aggravated by the presence of clefts or
gaps between the KPro and the carrier graft.'” In this
article, we describe a new surgical technique, in which
a keyhole anterior lamellar keratoplasty (ALK) is tightly
applied around the KPro stem in eyes with extensive
corneal melt and partial KPro extrusion. In addition to
eliminating the recurrence, the anatomic and visual out-
comes were promising.

Ethical committee review and approval was not
required for this surgical report as it is not considered
a research study. In addition, the description of the surgical
technique does not contain any identifiable patient
information.

Surgical Technique

The surgery can be performed under monitored local
anesthesia; however, general anesthesia is preferred, espe-
cially if corneal melt is associated with excessive aqueous
leak and hypotony. Corneal melt is usually detected
around the stem of the collar-button design and the ante-
rior surface of the KPro, exposing the titanium backplate
(Figure 1A). Hence the goal is to apply a lamellar corneal
graft around the KPro stem and completely cover the
exposed backplate. Before preparing the donor graft, the
space between the front and back plates of KPro should be
carefully cleared of all remaining tissue and debris.
knife (Alcon,
Switzerland) is used to initially dislodge the remaining

A curved Crescent Inc., Geneva,
tissue (Figure 1B), followed by a balanced salt solution
(BSS) irrigation to flush the remaining debris.

Attention is then directed to the donor cornea, mounted
into an artificial anterior chamber (Moria, Inc., Georges
Besse, France). An automated microkeratome is used to
fashion a 9mm lamellar graft (Figure 1C) with an average
thickness of 400um to fit in the cleared space between the
KPro plates. The graft size is adjusted to cover any sur-
rounding defect. The graft center is marked by a sterile
surgical marker pen, and trypan blue stain (Vision Blue,
Dorc, Zuidland, The Netherlands) is used to augment visua-
lization of the edges. A 3.0 mm trephine punch is used to
create a central opening to fit tightly around the central stem
of the KPro collar button (Figure 1D). A radial cut is then
extended from the central opening to the outer edge
(Figure 1E) to create a keyhole lamellar graft (Figure 1F).
The graft is then draped around the KPro stem (Figure 1G),
while the keyhole’s cut edges are approximated using inter-
rupted 10-0 nylon sutures (Figure 1H). This results in
a circular, collar of donor lamellar graft that is firmly

surrounding the central KPro stem and completely covers
the areas of corneal melt. Fibrin glue (Tisseel, Baxter,
Deertfield, IL) is then used to attach the lamellar graft to
the ocular surface (Figure 11I), and a muscle hook is used to
iron the graft to ensure uniform attachment to the under-
lying tissues (Figure 1J). Also, graft edges are anchored to
the underlying tissues using interrupted 10-0 nylon sutures
(Figure 1K). Partial or complete peritomy may be per-
formed as needed to facilitate securing the edges of larger
grafts at the limbus. The conjunctiva is then secured back
using fibrin glue and additional sutures as needed. An intra-
operative slit-lamp examination confirms the graft’s uni-
form attachment to the recipient ocular surface without
any debris or air bubbles at the donor-recipient interface
(Figure 1L). The patient received routine postoperative care
including prednisolone acetate 1% and ofloxacin 0.3% one
drop four times daily along with lubrication using artificial
tears as needed. Continuous wear of a bandage contact lens
is also recommended to protect the ocular surface from
desiccation and related complications. Complete healing
was noted within two weeks, and the graft remained stable
with the KPro in place, while patients maintained a visual
acuity of 20/200 or better at two years.

Discussion

The development of new strategies to prevent melting after
KPro is crucial to improve the outcomes, especially in
eyes with autoimmune disease, as this group of patients
is particularly susceptible to such complications.''

Several procedures have been suggested to repair estab-
lished melts; however, KPro exchange is often required for
severe corneal melting with full-thickness melting or aqu-
eous leak. If a new KPro is not available, several investiga-
tors have reported the use of tectonic and lamellar grafts as
well as the use of amniotic membrane. However these endea-
vors generally fail probably due to the formation of peripros-
thetic fistulous tracts from epithelial downgrowth into the
anterior chamber.®* Lower incidence of melt recurrence and
longer survival after repeat KPro may be attributed to the
tight apposition of the new graft around the new KPro.
However, delaying the melt management until a graft and
KPro are obtained can put the eye at greater risk of hypotony,
retinal detachment and infection.

Our technique appears effective in securing KPro and
reducing corneal melt recurrence. We believe that the
exact thickness graft and its firm apposition eliminates
the potential dead space around the KPro stem, which is
likely a conduit of microorganisms or proteolytic enzymes
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Figure | Surgical Technique; keyhole anterior lamellar keratoplasty for KPro corneal melt. (A) Intraoperative photograph showing significant corneal melt, almost 360
degrees around the stem and the anterior surface of the Boston KPro plate with exposure of the back plate. (B) A Crescent blade is used to remove the necrotic tissue
around the KPro. (C) A microkeratome is used to create a lamellar disc from a donor cornea mounted within an artificial anterior chamber. (D) The center of the stained
donor lamellar graft is trephined. (E) Westcott scissors is used to complete a radial cut between the central opening and periphery. (F) A keyhole lamellar disc is created.
(G) The keyhole lamellar disc is draped around the central stem of the KPro. (H) The cut edges of the keyhole lamellar graft are approximated with interrupted 10-0 nylon
sutures. (I) Fibrin glue (Tisseel) is used to attach the lamellar graft to the ocular surface. (J) A muscle hook is used to iron the lamellar graft surface to ensure uniform
attachment of the donor graft to the underlying tissues. (K) The edges of the lamellar graft are further anchored to the underlying tissues with interrupted 10-0 nylon
sutures. (L) Intraoperative slit-lamp view confirms uniform attachment of the keyhole lamellar graft without any debris or air bubbles in the donor recipient interface.
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responsible for graft melting. Tight apposition may also
reduce the friction between the carrier graft and the KPro
stem, which is expected to occur continuously due to
regular eye movements and eye rubbing.'? Therefore, our
technique helps decrease the mechanical stress on the
carrier graft which is known to increase the expression
of MMP, IL-6, and TNF-a, and hence implicated in the
progressive corneal thinning.” Collectively, our technique
helps improve the outcomes and reduce devastating com-
plications of KPro, especially for those group of patients
with the most desperate need for visual rehabilitation.

What Was Known

e KPro exchange is often required for severe corneal
melting with full-thickness melting and aqueous leak.
¢ Delaying management of the melt until a graft and
KPro are obtained can put the eye at greater risk of
hypotony, retinal detachment, and infection.

e Several investigators have reported failure of KPro
repair using amniotic membrane, tectonic and lamellar
corneal grafts.

What This Paper Adds

e This is the first reported use of keyhole anterior lamel-
lar corneal graft to successfully repair corneal melt

along with partial KPro extrusion.

® This technique appears effective in securing KPro with a low risk
of melt recurrence and longer survival after repair.

® [n addition to eliminating the recurrence, the anatomic and visual
outcomes were promising.
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