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We report a case of a 40-year-old female with keratoconus
and high myopia who had previous ICRS implantation in
both eyes (OU) and was intolerant to contact lenses. Manifest
refraction was -8.50 -1.50 x 95 (20/25--) in right eye (OD)
and -9.50 -2.50 x 60 (20/70--) in left eye (OS). A topography-guided
transepithelial-photorefractive keratectomy (ttPRK) was
performed to correct high-order aberrations on OS, resulting in
corneal surface and coma improvement, and CDVA achieved
20/30. Correction of residual ametropia was performed with
an iris-fixated toric phakic lens in OU. CDVA improved
to 20/20- (Plano) in OD and 20/20- (Plano -1.00 90°) in OS.
In conclusion, it is possible to rehabilitate a patient with
keratoconus and high ametropia after intrastromal corneal ring
segments (ICRS) implantation associating ttPRK and phakic
lens (“Trioptics”).

Key words: Keratoconus, phakic lens implantation, refractive
surgery

Many patients with keratoconus present corneal distortions
and refractive errors that are not fully corrected with spectacles,
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contact lenses (CL), or surgical procedures, namely, intrastromal
corneal ring segment (ICRS) or corneal transplantation.

The ICRS implant aims to regularize the corneal surface,
improving the corrected distance visual acuity (CDVA). For
correction of residual ametropia, there are spectacles, CL,
and phakic lens implantation™ or excimer laser treatment.*”!
However, many patients remain unsatisfied with their CDVA
after ICRS implantation.”! Therefore, we describe a surgical
alternative for those challenging cases.

Case Report

A 40-year-old female presented with keratoconus (grade I
in right eye [OD] and grade II in the left eye [OS], according
to Amsler-Krumeich classification) and high myopia. The
patient had a medical history of an ICRS implantation in
both eyes 10 years ago in another service, without corneal
crosslinking (CXL) associated. She had no medical history,
however, at biomicroscopy a 160° ICRS was well-positioned,
the cornea was clear, and the rest of the ophthalmological
examinations were unremarkable. The patient was CL-intolerant
and unsatisfied with spectacles.

The uncorrected distance visual acuity (UDVA) was
counting fingers in both eyes (OU). The manifest refraction was
-8.50 -1.50 x 95 (20/25--) in OD and -9.50 -2.50 x 60 (20/70--) in OS.

Since CDVA in OS was below expected for ICRS implantation,
but the ICRS was well-placed, the corneal topography
showed an acceptable regularity [Fig. 1a], and an elevated
corneal high-order aberration (HOA) was observed (Fig. 2a,
preoperative corneal coma of 1,815 um [SCHWIND Corneal
Wavefront Analyzer, SCHWIND eye-tech-solutions,
Kleinostheim, Germany]), a topography-guided transepithelial
photorefractive keratectomy (ttPRK) with mitomycin C 0.02%
was proposed to correct the HOA with an optical zone (OZ) of
5 mm (ICRS optical zone), intending to regularize the cornea
and improve the CDVA [Fig. 1]. The procedure was performed
with the Corneal Wavefront-guided module on the Schwind
Amaris® 1050RS (SCHWIND eye-tech-solutions, Kleinostheim,
Germany), consuming 62 um centrally (from initial 451 um) and
100 um at the periphery (from initial 395 um) [Fig. 1d], values
which include the 55 um of the epithelial thickness since it was
a transepithelial treatment.

After 6 months, there was an improvement in the topographic
pattern of the visual axis [Fig. 1b] with Surface Asymmetry
Index (SAI) improving from 3.85 to 2.07. Besides, the
HOA (especially coma) [Fig. 2] improved, and the epithelial
pattern became more regular [Fig. 3]. The manifest refraction
was -9.50 -3.00 x 130 with an improved CDVA of 20/30.

The surgical correction of the high residual ametropia
was performed with an iris-fixated toric phakic lens (Artisan
Toric, Opthec, Netherlands) in OU. The preoperative
endothelial cell count was 2,888 cells/mm? in the OD and
2,863 cells/mm? in the OS. The depth of the anterior chamber
from the endothelium (Galilei G4, Ziemer Ophthalmic Systems
AG, Port, Switzerland) was 2.89 mm in OD and 2.95 mm in OS.

After 4 months, the patient was very satisfied with a manifest
refraction of Plano (20/20-) in OD and Plano -1.00 90° (20/20-)
in OS.

Discussion

Treating keratoconic patients with low CDVA and CL
intolerance is challenging. Most cases are submitted to ICRS
implantation; however, frequently, the CDVA improvement
is lower than desired.

In 2017, Coskunseven et al.’! demonstrated the possibility of
a quadruple procedure for keratoconic patients which combines
CXL, ICRS, phakiclenses, and excimer laser ablation to correct
residual ametropia. Unlike ours, his ablation, however, was
associated with CXL and was not aimed at HOAs.

Despite being a common situation in referral eye-care centers,
there are few studies about the surgical visual rehabilitation of
patients with unsatisfactory CDVA after ICRS.**! We propose
that after initial corneal regularization with ICRS, #tPRK can
be performed with a small OZ to exclusively correct HOA,
improving CDVA with little corneal consumption. In the
presented case, the CDVA improved from 20/70 to 20/30. If
necessary, a phakic lens can be implanted, at least 6 months
later, to correct the residual ametropia. In cases of keratoconus
submitted to phakic lens implantation, astigmatism cannot be
properly corrected by the incision, therefore, the use of toric
lenses is frequently necessary.

The Athens and the Cretan protocols combine CXL with a
transepithelial excimer laser to treat patients with keratoconus,
using the epithelium as a masking agent for the cone apex. It
is important to note that both protocols are intended for the
excimer laser to partially correct the ametropia, which differs
from our proposal to correct the HOA exclusively.

Two studies evaluated the use of conventional PRK in
suspected keratoconus patients and verified the safety in these
cases.*”l In keratoconus patients, the safety of PRK without
CXL has already been demonstrated by some studies. Chelala
et al¥ assessed the results of PRK in 119 eyes with grade I or
II keratoconus based on Amsler-Krumeich classification, with
maximum ablation of 50 um and a residual stromal bed of 450
um. After a 5-year follow-up, 66.3% obtained a UDVA of 20/20,
and only two eyes (1.7%) showed progression that required
CXL. Khakshoor et al.®’ had similar results using PRK in 38 eyes
of patients aged 40 years or older with grade I or Il keratoconus.
After a 3-year follow-up, 58% showed a UDVA of 20/20, and
none progressed. On the other hand, Kasparova and Kasparov!"’!
observed progression in 8.57% out of 70 eyes with keratoconus
submitted to PRK combined with PTK after a 6-year follow-up.
We did not combine CXL in this case since the patient was
already 40 years old and the tissue consumption was small.

Regarding PRK after ICRS, current studies also associate
the treatment with CXL. Al-Tuwairqi et al.®! studied 41 eyes
submitted to topography-guided PRK with CXL after 6 months
of ICRS implantation and verified that more than 60% of the
eyes achieved a UDVA of 20/25 after 1 year, but 15% lost one
or two lines of CDVA. Kremer et al."! performed a similar
study with 45 eyes with a wavefront-guided PRK technique,
showing an efficacy index of 0.948 and a safety index of 1.327
at the 1 year follow-up, without the loss of vision.

To our knowledge, this is the first case reported in literature
combining ICRS followed by ttPRK for the correction of HOA
and sequential phakic lens implantation to correct residual
ametropia. We named this combination “Trioptics.”
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Figure 1: (a) Topographic map of the left eye 9 years after ICRS. The
preoperative evaluation showed irregular and asymmetric astigmatism
with inferior ectasia characterizing keratoconus. The red arrow
indicates the area of higher curvature with 51.5D, and the black arrow
indicates the flat area with 38.4D. (b) A postoperative topographic map
presenting regularization of the central cornea area. (c) Ablation map of
topography-guided profile for HOA correction: the red arrow indicates the
ablation on in the apical region that will be flattened, and the black arrow
shows where deeper ablation will occur to steepen the flattest area of the
central cornea. (d) Values of corneal ablation and residual stromal bed.
Central ablation was 62 um and peripheral ablation was 100 um with an
OZ of 5 mm. Since it is a transepithelial ablation, 55 um of the epithelial
thickness must be discounted to calculate the real stromal ablation

Epithelial Thickness OD

Range(mm) Min. (um) Avg. (um) Max. (um) S-1 (um) SN-IT (um)
0,0-2,0 42 45 51 - -
2,050 38 44 56 ] K
5,0-7,0 36 42 55 0 -6
7,0-9,0 33 43 76 4 2

| Mini Thick wm) [ 33 ] Y min. (mm) [ 41 ]
| Min-Median (um) | 6 |Central Corneal Thickness(um) | 45 |
Epithelial Thickness OS

Range (mm) Min. (um) Avg. (um) Max. (um) S-1 (um) SN-IT (um)
0,0-2,0 44 46 51 - &
2,0-5,0 38 49 55 1 -1
5,0-7,0 34 42 56 5 4
7,0-9,0 30 43 62 -9 -2

| Minimum Thicknessum) | 27 | Y min. (mm) | 46 |
| Min-Median (um) | -10  [Central Corneal Thickness(um) | 46 |

Figure 3: Epithelial map obtained through A-OCT (Cirrus HD-OCT Model
5000, Carl Zeiss Meditec Inc., Dublin, CA, USA) demonstrating greater
epithelial regularity in the left eye (red circle). Both the SN-IT index and
the S-l index show greater symmetry of the epithelial thickness in the
central 5 mm of the left eye when compared to the untreated right eye
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Figure 2: (a) Preoperative corneal HOA map of OS showing 1.815 um
of corneal coma and 0.023 um of spherical aberration. (b) Postoperative
corneal HOA map of OS showing 1.279 um of corneal coma and
0.144 um of spherical aberration. Both obtained through a Corneal
Aberrometer (SCHWIND Corneal Wavefront Analyzer, SCHWIND
eye-tech-solutions, Kleinostheim, Germany)

Conclusion

The present case demonstrates that it is possible to rehabilitate
a patient with stable keratoconus and high ametropia by
combining ICRS, ttPRK, and phakic lens implantation. Thus,
we believe that “Trioptics” is a viable option for patients
with keratoconus, who are dissatisfied with their CDVA and
unhappy with or intolerant to CL.
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