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Femtosecond laser–assisted intrastromal
corneal lenticule implantation for
treatment of advanced keratoconus in a child’s eye
Edna Motta Almodin, MD, MSc, Paulo Ferrara, MD, Flavia Motta Almodin Camin, MD,

Juliana Motta Almodin Colallilo, MD
We present a case of a 12-year-old male patient who received a
femtosecond laser–assisted intrastromal implantation of a donor
corneal lenticule for the treatment of advanced keratoconus.
Initially, the uncorrected distance visual acuity (UDVA) in the
left eye was counting fingers (CF) and cycloplegic refraction
was �18.50 �4.50 � 85 Z 20/400. Preoperative corneal
topography demonstrated a curvature of 65.90 � 62/57.17 �
152. Twelve months after lenticule implantation, the cornea
was completely clear and the thickness changed from 245 mm
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to 639 mm. The UDVA was CF at 2 m and refraction was
�12.25 �2.50 � 180 Z 20/30, whereas topography demon-
strated a curvature of 61.44 � 52/59.28 � 142. The results
showed that the procedure was successful in thickening and
flattening the cornea. It is expected that penetrating or deep
anterior lamellar keratoplasty, if required, could be postponed
to a more suitable age.
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Keratoconus is a progressive noninflammatory disor-
der that results in the thinning of the corneal
stroma, irregular astigmatism, myopia, and corneal

protrusion.1,2 Because correction with spectacles might be
limited by the progressive nature of the corneal irregular-
ity, the use of rigid contact lenses is usually required.
Difficulties with adaptation, discomfort, and sometimes

intolerance, might prevent patients from wearing contact
lenses,3 and surgical procedures might have to be consid-
ered. In the past 2 decades, new surgical techniques for the
treatment of keratoconus, such as the implantation of intra-
stromal corneal ring segments (ICRS)4–7 and corneal cross-
linking (CXL) with riboflavin and ultraviolet (UV) light,8–14

have been developed to improve visual performance and to
prevent further keratoconus progression. However, in very
thin corneas under 400 mm, both ICRS and CXL are contra-
indicated.7,15 New developments in CXL techniques, in
particular with the use of hypoosmolar riboflavin solution,
have been made to expand its use to corneas with less
than 400 mm.12,16 However, in cases of corneas showing se-
vere thinning and steepening, the efficacy and safety of these
procedures have yet to be demonstrated.13

Stabilizing the cornea and halting keratoconus progres-
sion might be an important strategy to preserve visual
acuity while simultaneously postponing or even preventing
the inherent complications of corneal transplantation.17,18

In cases of children and young patients, the situation is
complicated by the fact that a full-thickness corneal trans-
plant has demonstrated a high incidence of rejection,19

the prognosis of penetrating keratoplasty (PKP) is limited,
and results in children are not as good as they are in
adults.20,21

We present a case of a 12-year-old patient with an
extremely thin cornea who had a femtosecond laser–
assisted intrastromal implantation of a donor corneal lenti-
cule to thicken and flatten the cornea so that PKP or deep
anterior lamellar keratoplasty (DALK) could be postponed
to a more suitable age.

CASE REPORT
A 12-year-old white boy with extremely poor visual acuity in both
eyes was referred to our clinic for advanced keratoconus treat-
ment. At the initial clinical examination, the UDVA in the left
eye was counting fingers (CF) and cycloplegic refraction was
�18.50 �4.50 � 85 Z 20/400. The preoperative corneal topog-
raphy (TMS-4, Tomey Corp.) showed a curvature of 65.90 �
62/57.17 � 152 (Figure 1), whereas tomography (Allegro Oculyz-
er, Wavelight GmbH) demonstrated a curvature of 62.00 �
56.4/57.50 � 146.4 (Figure 2). Central pachymetry (Allegro
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Figure 1. Preoperative topography of the cornea in the left eye.
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Oculyzer, Wavelight GmbH) measured 245 mm (231 mm in its
thinnest part). Specular microscopy (Heron, Wavetek Vision Sys-
tems, Inc.) revealed 2620 cells/mm,2 and biomicroscopy demon-
strated leucoma in the lower paracentral Descemet membrane.
Tests with a fluorocarbon contact lens, piggyback with gelati-

nous lens, scleral lens, and a semi-scleral lens resulted in lens intol-
erance. The very thin cornea contraindicated the implantation of
ICRS or the application of CXL. Penetrating keratoplasty would
incur a high risk for complications, especially at this patient’s
very young age. Thus, a femtosecond laser–assisted intrastromal
implantation of a corneal lenticule obtained from a donor cornea
was performed in an attempt to thicken and flatten the cornea.

Donor Corneal Lenticule Preparation
The donor cornea was placed in a Barron artificial chamber (Med-
ical Mix), deepithelialized with a number 15 blade, and submitted
to crosslinking (IROC Innocross AG) with the application of ribo-
flavin (Mediocross) every 5 minutes for 30 minutes, followed by
application of riboflavin every 5 minutes under UV light for
another 30 minutes. Then, the cornea was stored in a flask with
Optsol-GS (Bausch & Lomb, Inc.) until the moment of surgery.
On surgery day (48 hours after CXL), the donor cornea was

placed in the artificial chamber of a femtosecond laser (Femto
LDV Z8 Ziemer Ophthalmic Systems AG). The equipment was
programmed to perform a lamellar cut at a depth of 110 mm, fol-
lowed by a second cut at a depth of 400 mm from the surface of the
cornea. A cut 6.0 mm in diameter was then performed perpendic-
ular to the surface of the cornea. This process resulted in a corneal
lenticule measuring 290 mm thick � 6.0 mm in diameter.

Lenticule Implantation
Once the lenticule was ready for implantation, a 9.0 mm diameter
pocket centered in the optical zone, 150 mm deep, together with a
5.0 mm incision at 12 hours, and another 2.0 mm incision at
6 hours were performed with the femtosecond laser (Figure 3).
A spatula was inserted into the pocket to create the necessary space
for the introduction of the lenticule. The lenticule was then intro-
duced into the pocket through the 5.0 mm incision with the aid of
a spatula. The 2.0 mm incision on the opposite side was used to aid
lenticule manipulation during its introduction. After the surgical
procedure was finished, the antibiotic moxifloxacin (Vigamox)
and an occlusive dressing were applied.
Twenty-four hours after the surgery, the slitlamp evaluation

(biomicroscopy) showed that the lenticule was well positioned
and centered. The eye presented a 4C corneal edema. Pachymetry
showed a central corneal thickness (CCT) of 880 mm.
One-week postoperatively, corneal edema had reduced to 3C,

pachymetry showed that the CCT was 870 mm, whereas optical
coherence tomography (OCT) (Cirrus 5000, Carl Zeiss
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Meditec AG) showed a thickness of 916 mm. The UDVA was CF
at 1.5 m. Topography demonstrated a curvature of 58.00 � 170/
54.92 � 80 and tomography showed a curvature of 61.02 � 63/
57.07 � 153.
At the 1-month follow-up, some corneal edema (1C) was still

present. Pachymetry showed a CCT of 720 mm (OCTZ 800 mm).
The UDVA was CF at 2 m. Topography demonstrated a curvature
of 59.93� 52/56.43� 142, and tomography showed a curvature of
62.00 � 53/59.8 � 143.
At the 3-month follow-up, biometry demonstrated a clear

cornea, and pachymetry showed a CCT of 677 mm (OCT Z
771 mm). The UDVA was CF at 2 m. Refraction was �12.00
�5.50 � 105 Z 20/60. Topography demonstrated a curvature
of 61.38 � 59/60.42 � 149, and tomography showed a curvature
of 63.2 � 48/58.1 � 138.
At the 6-month follow-up, pachymetry showed a CCT of 671

mm (OCT Z 742 mm). The UDVA was CF at 2 m. Refraction
was �12.25 �2.50 � 180 Z 20/30. Topography demonstrated a
curvature of 61.82 � 55/60.02 � 145, and tomography showed a
curvature of 62.6 � 54/58.3 � 144. The fundus examination was
within normal limits for high myopia.
Twelve months after lenticule implantation, the CCT was 639

mm (OCT Z 698 mm). The UDVA was CF at 2 m. Refraction
was �12.25 �2.50 � 180 Z 20/30. Topography demonstrated a
curvature of 61.44 � 52/59.28 � 142 (Figure 4), and tomography
showed a curvature of 62.90 � 70.9/59.20 � 160.9 (Figure 5).
Figure 6 shows the progressive incorporation of the lenticule in
the cornea of the left eye.
DISCUSSION
This is a delicate case of an adolescent boy who developed
severe social dysfunction because of his extremely poor vi-
sual acuity caused by advanced keratoconus. He refused to
communicate with anyone other than his mother, which re-
flected in his school performance and lack of socialization
with other children. Waiting until the patient reached
adulthood to increase his chances of a successful corneal
transplant was unacceptable. Thus, a new approach was at-
tempted to, at least, thicken and flatten the cornea and post-
pone the need for corneal transplantation until he reached
adulthood.
A previous study used an isolated Bowman layer graft im-

planted in mid-stroma to strengthen and flatten the cornea
of advanced keratoconus in a series of patients. The results
reported by the authors showed a low risk for complications
with a high success rate.22 Following the same rationale in
the present study, a layer of corneal stroma was obtained
from a donor cornea to increase the chances of cornea sta-
bilization. Before implantation, the donor cornea was sub-
mitted to UV crosslinking to strengthen the stromal
collagenous corneal matrix and to eliminate keratocytes.
Because the final lenticule was basically composed of acel-
lular tissue, the risk for allographic rejection was minimal.
Donor lenticule preparation and the corneal pocket in the

receiving eye were performed with the femtosecond laser.
With the introduction of the femtosecond laser several
refractive procedures have become safer and more precise
without the loss of corneal tissue.23 Among the advantages
of the femtosecond laser are small incisions with minimal
invasiveness, excellent accuracy, predictable improvement
of refractive outcomes, decreased suture-induced surgical
astigmatism, and low risk for infection.24



Figure 2. Preoperative tomogra-
phy of the cornea in the left eye.
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Previous animal studies have already demonstrated that
femtosecond laser autogenous25 and allogenic24,26 intra-
stromal implantation of lenticules obtained with the
small-incision lenticule extraction technique are safe and
feasible. In those studies, the lenticule was shown to thrive
and integrate within the recipient stroma. In the present
study, although a boundary between the lenticule and the
adjacent stroma can be seen (Figure 6), no serious postop-
erative complications such as infection, haze, or diffuse
lamellar keratitis were observed.
The regular follow-ups conducted after the procedure

demonstrated that postoperative edema subsided and the
cornea eventually became totally clear. In addition, pachy-
metry demonstrated that the cornea in the central optic
zone increased from 290 mm to 639 mm 12 months later.
Although visual acuity was still CF without correction,
refraction showed �12.25 �2.50 � 180 Z 20/30. To
improve the quality of the patient’s visual acuity, the adap-
tation of a contact lens in the left eye will be attempted.
Some corrected distance visual acuity (CDVA) improve-

ment after the intrastromal implantation of a donor lenticule
Figure 3. Femtosecond intrastromal pocket preparation.
was a possibility. Previously, van Dijk et al.22 also reported
that 4 of the 22 eyes treated with the transplantation of a
mid-stromal isolated Bowman layer demonstrated an objec-
tive reduction inCDVA.The authors attributed such a result
to the decreased irregularity of the corneal curvature after
the procedure, improving optical image quality despite the
low visual acuity. However, the marked CDVA improve-
ment observed in the present study was an unexpected
and surprising outcome. It was probably because of the reg-
ularization of corneal astigmatism, which reduced from 8.73
diopters (D) preoperatively to 2.16 D at 12 months postop-
eratively. Among the possible explanations for this decrease
would be the precise centering of the lenticule inside the
cornea provided by the femtosecond laser, or even the fact
the donor cornea was hardened by the crosslinking treat-
ment previously to its transplantation. Nonetheless, further
clinical studies are necessary to ascertain the reasons for the
marked CDVA improvement observed and whether this
could become a predictable outcome.
After thickening and flattening the patient’s cornea in the

left eye, we opted for a more conservative approach. The
Figure 4. Topography of the cornea in the left eye 12 months after
lenticule implantation.
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Figure 5. Tomographyof the cornea
in the left eye 12 months after lenti-
cule implantation.

Figure 6. Optical coherence tomography images showing lenticule
incorporation over time into the cornea in the left eye. A: Preopera-
tive. B: One-week postoperatively. C: One-month postoperatively.
D: Three-months postoperatively. E: Six-months postoperatively.
F: Twelve-months postoperatively.
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patient will be followed regularly and, in case cornea curva-
ture in the left eye shows signs of progressive ectasia, the
application of CXLmight be conducted in the future. None-
theless, It is expected that PKP or DALK, if required, might
be postponed to a more suitable age.
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