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Long-term results of combined
transepithelial phototherapeutic

keratectomy and corneal collagen crosslinking
for keratoconus: Cretan protocol

George D. Kymionis, MD, PhD, Michael A. Grentzelos, MD, Vardhaman P. Kankariya, MD,
Dimitrios A. Liakopoulos, MD, Alexandra E. Karavitaki, MD, Dimitra M. Portaliou, MD,

Konstantinos I. Tsoulnaras, MD, Ioannis G. Pallikaris, MD, PhD

PURPOSE: To present the long-term results of combined transepithelial phototherapeutic
keratectomy (PTK) and corneal collagen crosslinking (CXL) for keratoconus.

SETTING: Vardinoyiannion Eye Institute of Crete, University of Crete, Heraklion, Crete, Greece.

DESIGN: Prospective case series.

METHODS: Patients with progressive keratoconus had combined transepithelial PTK and CXL
(Cretan protocol). Visual and refractive outcomes and the endothelial cell density (ECD) were
evaluated preoperatively and postoperatively.

RESULTS: Twenty patients (23 eyes) were enrolled; postoperatively 23 eyes were evaluated at 1 and
2 years, 11 at 3 years, and 7 at 4 years. Themean follow-upwas 33.83monthsG 10.82 (SD) (range 24
to 56 months). No intraoperative or postoperative complications occurred. The mean uncorrected
distance visual acuity improved significantly from 0.99 G 0.57 logMAR preoperatively to 0.61 G
0.36 logMAR at the last follow-up (P < .001) and the mean corrected distance visual acuity, from
0.27 G 0.24 logMAR to 0.17 G 0.14 logMAR (P Z .018), respectively. The mean steep and mean
flat keratometry readings decreased significantly from 53.39 G 7.14 diopters (D) and 47.17 G
4.87 D, respectively, preoperatively to 49.99 G 4.36 D (P < .001) and 45.47 G 2.95 D (P Z .002),
respectively, at the last follow-up. The mean corneal astigmatism improved significantly from
�6.27 G 4.19 D preoperatively to �4.52 G 2.80 D (P < .001) at the last follow-up. No significant
ECD alterations occurred (P > .05).

CONCLUSION: Combined transepithelial PTK and CXL was effective and safe in keratoconic patients
over a long-term follow-up.

Financial Disclosure: No author has a financial or proprietary interest in any material or method
mentioned.
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Keratoconus is a bilateral noninflammatory corneal
ectatic disorder characterized by progressive thinning
and bulging that leads to irregular astigmatism and a
subsequent decrease in visual acuity.1 Corneal collagen
crosslinking (CXL) is a surgical treatment that uses
riboflavin and ultraviolet-A (UVA) to strengthen the
corneal tissue and stabilize the ectatic cornea in
keratoconus.2

According to the Dresden protocol, the epithelium
has to be removed during CXL to permit penetration

of riboflavin into the corneal stroma.2 Collagen
crosslinking without epithelial removal may impair
the efficacy of the CXL treatment.3–5 Epithelial
removal during CXL can be performed with mechan-
ical debridement or with excimer laser transepithelial
phototherapeutic keratectomy (PTK).

The aim of transepithelial PTK is epithelial removal
as well as anterior corneal stromal smoothening to
decrease the keratoconic-induced irregular astig-
matism and thus enhance the postoperative outcome.
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Femtosecond Laser-Assisted Intracorneal Biopolymer
Insertion for the Symptomatic Treatment of

Bullous Keratopathy

George D. Kymionis, MD, PhD,*† Vasilios F. Diakonis, MD, PhD,* Vardhaman P. Kankariya, MD,*
Argyro D. Plaka, MD, MSc,* Sofia I. Panagopoulou, PhD,* George A. Kontadakis, MD, MSc,*

Michael A. Grentzelos, MD,* Miltiades K. Tsilimbaris, MD, PhD,* and Ioannis G. Pallikaris, MD, PhD*

Purpose: To describe a new minimally invasive surgical technique for
the symptomatic management of bullous keratopathy in blind eyes.

Methods: Four patients with severe corneal edema due to
endothelial decompensation and no visual function in the affected
eye presented for the relief of their ocular symptoms (pain and
tearing). Femtosecond laser technology was used to create a deep
corneal pocket into which silicone oil was inserted.

Results: After the procedure, all patients demonstrated immediate
relief of their symptoms, along with restoration of a normal corneal
surface 7 days after the procedure (no bullae and no epithelial
defects). All patients remained free of symptoms during the entire
follow-up period (from 24 to 31 months). Anterior to the inserted
implant, the corneal lamellae remained compact, transparent, and
without bullae; whereas the posterior corneal stroma under the
implant was edematous. No intraoperative or postoperative compli-
cations were noted.

Conclusions: Intracorneal insertion of silicone oil is a feasible new
technique for the symptomatic treatment of bullous keratopathy in
blind eyes.

Key Words: corneal endothelial disease, corneal edema, bullous
keratopathy, femtosecond laser, silicone oil

(Cornea 2014;0:1–4)

Endothelial decompensation after cataract extraction may
lead to pseudophakic or aphakic bullous keratopathy,

which comprises central stromal edema leading to blurred

vision, tearing, photophobia, and pain.1,2 Epithelial edema
develops when the corneal stromal thickness has increased
by approximately 30%; persistent epithelial edema often re-
sults in the formation of microcysts and bullae, which causes
pain and discomfort on rupture, possibly due to exposure of
naked nerve endings.1,2

Conservative treatment includes topical sodium chlo-
ride 5% drops, antibiotic drops, and bandage contact lenses.3

In eyes with good visual potential, surgical options consist of
either penetrating keratoplasty4 or selective posterior lamellar
procedures (such as, Descemet stripping endothelial kerato-
plasty or Descemet membrane endothelial keratoplasty).5,6

However, in eyes with poor visual potential (due to posterior
segment pathologies), conjunctival flaps and amniotic mem-
brane transplants may be considered.7,8

We present an alternative surgical technique, for the
symptomatic treatment of bullous keratopathy in eyes with
poor visual prognosis, by inserting silicone oil into a corneal
stromal pocket using femtosecond (FS) laser technology.

PATIENTS AND METHODS
All 4 eyes (4 patients) included in the study had no

visual function at the treated eye, and the aim of the proposed
surgical approach was the symptomatic treatment of bullous
keratopathy.

All patients were informed of the risks and benefits
before the surgery, and they gave their written informed
consent in accordance with institutional guidelines and the
Declaration of Helsinki for human research. Study approval
was obtained from the post-graduate committee—University
of Crete, Faculty of Medicine.

Custom Mask
A custom plastic mask fabricated using rapid prototyp-

ing was developed (Fig. 1); the mask allowed the creation of
a lamellar cut of 6.5 mm in diameter and a partial side cut
with an opening of 1.3 mm (25 degrees). The side cut opening
served as an entry point for the insertion of a cannula and
delivery of silicone oil, whereas the pocket-like intrastromal
space served as a chamber for the intrastromal retention of
silicone oil.
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