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We report 2 patients implanted with a small-aperture corneal inlay to correct presbyopia. After the
surgery, both patients complained of visual symptoms and poor visual acuity. The distances from
the center of the inlay to the corneal vertex center were 593 mm nasally and 159 mm superiorly in
Case 1 and 72 mm temporally and 17 mm superiorly in Case 2. The 2 inlays were recentered at
2 weeks and 3 weeks postoperatively, resulting in significant improvement in the visual acuity
and quality of vision. Accurate centration of a small-aperture corneal inlay seems to be an impor-
tant factor in obtaining a satisfactory result. Recentration is possible and improves visual acuity if
proper centration was not obtained after the first surgery.
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The Kamra small-aperture intracorneal inlay (Acufo-
cus, Inc.) is designed to increase depth of field in the im-
planted eye, based on the principle of small-aperture
optics. The inlay restores near and intermediate visual
acuity without a significant impact on the distance
vision.1–3 The 5 mm thick microperforated inlay has
a 1.6 mm central aperture and measures 3.8 mm in
overall diameter. Implantation can be combined with
excimer ablation to simultaneously address presbyo-
pia and ametropia. The inlay is implantedmonocularly
in a lamellar pocket or under a 200 mm femtosecond
laser–created flap in the nondominant eye.

As with photoablative surgery, correct centration of
a corneal inlay is important to improve distance and
near visual acuity and to avoid a reduction in quality
of vision. The corneal intersection of the visual axis is
probably the best point on which to center the inlay.
The visual axis is the line joining the fixation point
and the foveal image by the nodal points. The line of
sight is the line joining the fixation point and the center

of the entrance pupil. The position atwhich this line in-
tercepts the cornea is called the corneal sighting center.4

Le Grand and El Hage5 referred to the intersection of
the visual axis with the cornea as the ophthalmometric
pole.However, the trueposition of the visual axis at the
corneal plane is unknown and whether to center the
correction on the entrance pupil center or on the coax-
ially sighted corneal reflex has not been determined.6–9

The coaxially sighted corneal reflex provides an easy
reference to center procedures performed over the cor-
neal surface. Angle kappa is the angle between the
visual axis and the pupillary axis, which is perpendic-
ular to the cornea through the center of the entrance
pupil. Angle lambda is the angle between the line of
sight and the pupillary axis; in practice, these angles
can be confounded. Their estimation in angular degree
is difficult without proper knowledge of the geometry
and depth of the anterior chamber. Because of the an-
gle kappa, the corneal reflex usually appears to be lo-
cated on the nasal side of the pupil center. The position
of the corneal reflex does not mark the intersection of
the visual axis with the cornea (ophthalmometric
pole); however, it may be the closest landmark10 and
can be used to center the placement of the inlay.We
present 2 cases of decentered inlays requiring recentra-
tion because pf unsatisfactory visual outcome after the
first surgery.

CASE REPORTS

Case 1

A 56-year-old man seeking a solution for presbyopia was
referred to our practice. The refraction was C1.50 diopter
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sphere (DS) in the right eye andC1.00 DS in the left eye. The
corrected distance visual acuity (CDVA) was 20/20 in both
eyes. Corneal topography obtainedwith Orbscan II (Techno-
las Perfect Vision GmbH) revealed no inferior steepening or
superior–inferior asymmetry and the anterior and posterior
elevation maps were normal. Laser in situ keratomileusis
(LASIK) was performed in the right eye, and a combination
of LASIK treatment and inlay implantation was performed
in the left eye. The Intralase 60 kHz femtosecond laser was
used to make a 130 mm thick flap in the right eye and
a 200 mm flap in the left eye. The Bausch & Lomb 217z
excimer laser with eye tracking, including cyclorotational
tracking, was used for LASIK ablation. The right eye was tar-
geted for plano, and the inlay eye was targeted for�0.75 DS.
The right eye surgery was uneventful. During the excimer
ablation in the left eye, the patient had difficulty maintaining
fixation on the coaxial microscope light source. As a result,
inlay centration on the corneal vertex was difficult.

One week postoperatively, the uncorrected distance vi-
sual acuity (UDVA) was 20/20 in the right eye and 20/50
in the left eye. The CDVA in the left eye was 20/40 with
amanifest refraction spherical equivalent of�0.50 D. Subjec-
tive refraction did not show any refractive astigmatism in the
left eye. The uncorrected near visual acuity (UNVA)was Jae-
ger (J) 5 in the right eye and J4 in the left eye. The patient com-
plained of double vision in the left eye. An illustration of his
visual symptoms shows an image with lateral doubling or
shadowing of the original image (Figure 1). It was not possi-
ble to register the position of the inlay by inspecting the cor-
neal topography. The Acutarget Diagnostic Unit (Acufocus,
Inc.) showed that the center of the inlay was 835 mm nasal
and 53 mm superior to the pupil image center. The center of
the inlay was also 593 mm nasal and 159 mm superior to the
corneal vertex (Figure 2). Ocular wavefront measurements
could not be obtained because the inlay obstructed the pupil.

Based on these findings, it was decided to recenter the
inlay in the temporal direction, aiming for placement half
way between the corneal vertex and the pupil center. The
surgery was performed 2 weeks later. The flap was lifted
and the inlay easily separated from the underlying stroma.
While the patient was fixating on the coaxial light source,
the inlay was repositioned temporally and slightly

inferiorly (Figure 3). The width of the inlay ring body
(3.8 mm or 3800 mm) was used as a gauge. The final place-
ment was slightly superior to a distance equivalent to half
the outer body ring.

Onemonth after recentration, the UDVAwas 20/30 in the
left eye, the UNVA was J2, and all complaints of double
vision were resolved. The diagnostic unit showed the new
centration of the inlay (Figure 4).

Case 2

A 60-year-old man presenting for presbyopia correction
was treated with LASIK in the right eye and LASIK treat-
ment and inlay implantation in the left eye. The refraction
was C1.75 �0.50 � 80 and C2.75 –1.25 � 105, respectively.
The CDVA was 20/20 in both eyes. Corneal topography ob-
tained with the OPD-Scan (Nidek Co., Ltd.) revealed a mean
keratometric power of 43.02 D in the right eye and 42.94 D in
the left eye (Figure 5). The corneal topography was normal.

Figure 1. Case 1; Simulation of shadow images of a circle (A), a cross (B), and a human face and heart shape (C).

Figure 2. Case 1. Before recentration, the inlay is 593 mm nasal to the
first Purkinje reflex and 835 mm nasal to the center of the pupil.
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The Intralase 150 kHz femtosecond laser was used to make
a 110 thickness flap in the right eye and a 200 mm flap in
the left eye. The right eyewas targeted for a postoperative re-
fraction of plano and the left eye, for �0.75 DS. The Nidek
Quest excimer laser was used for the excimer ablation. This
laser was also equipped with eye tracking compensation
similar to that used in Case 1. After the ablation was per-
formed in the left eye, the inlay was centered on the corneal
vertex. Both surgeries were uneventful.

Three weeks postoperatively, the UDVAwas 20/20 in the
right eye and 20/100 in the left eye. The CDVA was 20/50
with �0.50 DS in the left eye. The UNVA was J5 in both
eyes. The patient complained of blurred and horizontal dou-
ble vision in the left eye, and the diagnostic unit showed that
the center of the inlaywas 509 mmnasal and 27 mm inferior to

the pupil image center. The center of the inlay was very close
to the corneal vertexd72 mm nasal to the corneal vertex and
17 mm superior to the corneal vertex (Figure 6). It was de-
cided to recenter the inlay between the center of the pupil
and the corneal vertex, which required a temporal shift of
the inlay by 250 mm.

Onemonth after recentration, the UDVAwas 20/25 in the
left eye and the UNVAwas J2. The final position of the inlay
is shown in Figure 7.

DISCUSSION

The reports describe 2 patients who benefited from
recentration of a small-aperture inlay due to unsatis-
factory results after their primary surgery. One

Figure 3.Case 1. Surgical view showing the stromal landmark of the
previous inlay location.

Figure 4. Case 1. After recentration, the inlay is almost directly over
the pupil image center.

Figure 5. Case 2. Corneal topography shows a regular cornea without suspicion of keratoconus.
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advantage of the corneal inlay is the ability to recenter.
However, as with LASIK, relifting a flap can increase
the risk for infection or epithelial ingrowth,11,12 so
achieving proper inlay centration during the initial
surgery is preferable.

In Case 1, decentered placement of the corneal inlay
was partly caused by poor patient fixation during the
surgery. The resulting inlay position was clearly dis-
tant from the intended position. During the recentra-
tion procedure, care was taken not to move the inlay
while lifting the flap and to use the original inlay posi-
tion as a landmark. The inlay was moved 600 mm tem-
porally, which represented approximately one-sixth
the total inlay diameter. The final position of the inlay
was very close to the entrance pupil center. The post-
recentration improvements in the visual acuity and
symptoms were remarkable.

In Case 2, the small-aperture inlay was perfectly
centered on the corneal vertex. However, the visual
acuity was not satisfactory and the patient described
typical symptoms of decentration such as monocular
double vision. Recentration of the inlay between the
corneal vertex and the entrance pupil center led to sig-
nificant improvement in the quality of vision. In kera-
torefractive surgery, decentered ablations may be
responsible for visually disabling side effects such as
glare, ghosting, halos, loss of contrast, monocular dip-
lopia, and irregular astigmatism.13,14 Even if dramatic
progress in the treatment of decentered corneal laser
ablation has been made, the surgical correction re-
mains a challenging problem.

It has been debated whether to use the entrance pu-
pil center or the corneal vertex as the ideal reference for
ablation centration.15–17 The corneal light reflex has
been described as the basis of centration techniques.

The reflection of a light source by the anterior surface
of the cornea creates virtual images behind the cornea,
also known as the first Purkinje-Sanson image. The lo-
cation of this image depends on the location of the
light source and the patient's direction of gaze.

Pande and Hillman10 have stated that the ideal
physiologic centration point for keratorefractive surgi-
cal procedures is the corneal intercept of the visual
axis, but it is difficult to identify this in clinical practice.
Using a modified autokeratometer to photograph the
corneas of 50 patients, Pande and Hillman concluded
that the coaxially sighted corneal light reflex was the
closest to the corneal intercept of the visual axis.
They proposed use of the corneal light reflex for cen-
tration instead of the entrance pupil.

Determining the location of the corneal light reflex is
instrument dependent, and simulations have shown
that the location may change between preoperati-
vely and postoperatively.18 Uozato and Guyton9 dis-
counted this technique, emphasizing that the corneal
light reflex may not be used because of errors arising
from the angle lambda (ie, the angle between the line
of sight and the pupillary axis of the eye). In eyes
with a large angle lambda (which in practice can be
considered equivalent to angle kappa), the location
of the ophthalmometric pole may drift significantly
from the corneal reflex.

In corneal excimer laser-based surgery, the prevail-
ing method for centration is to use the center of the en-
trance pupil, which corresponds to the line of sight
when the surgeon and patient are fixating coaxially.
The inlay manufacturer recommends centering the in-
lay over the corneal vertex. However, in patients with
a significant angle kappa, the inlay should be placed
half-way between the corneal vertex and the center

Figure 6. Case 2: Before recentration, the inlay is almost perfectly
centered on the first Purkinje reflex.

Figure 7. Case 2. After recentration, the inlay is positioned between
the first Purkinje image and the center of the pupil.
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of the entrance pupil. To achieve optimal centration,
the surgeon should try to identify the coaxial light re-
flex and its position versus the center of the entrance
pupil. Additionally, use of the Acutarget Diagnostic
Unit provides an objective measure of the distance
and direction of first Purkinje versus the pupil center.

The diagnostic unit is designed to image corneal re-
flection of 12 light-emitting diodes (LEDs) arranged
around a fixation target coaxial to the camera's
charge-coupled device array. This arrangement en-
sures that patients are coaxial with the optical axis of
the instrument when they are fixated on the target.
During acquisition, 5 images are sequentially acquired
and the centroid of the 5 images is stored to disk. Dur-
ing post hoc analysis, the coaxially sighted corneal
reflex is determined as the center of the reflection of
12 LEDs. In addition, the pupil is fitted with a circle
and the centroid of the pupil is determined. Based on
the 2 measured reference points, distance between
the coaxially sighted corneal reflex and the pupil is cal-
culated. In the postoperative mode, the instrument is
designed to use red light to retroilluminate the eye to
visualize the inlay better against the red pupillary
reflex; the coaxially sighted corneal reflex is also ob-
tained, along with the inlay location and pupillary
center.

The use of objective measurements based on the
analysis of preoperative specular Placido disk-based
topography, including pupil contour delineation, can
assist with estimating the distance between the vertex
and the pupil center.

Because of the reduction of the entrance pupil to
1.6mmwith the inlay, imprecise centrationmay not re-
sult in a significant increase in higher-order aberrations
(HOAs), at least for entrance pupils smaller than the di-
ameter of the inlay (3.8 mm). In cases involving a small
pupil diameter, diffraction governs the optical quality
of the eye. In mesopic conditions, the artificial 1.6 mm
pupil created by the inlay may also reduce the optical
disturbance caused by decentration. The Stiles-
Crawford effect may also contribute to the reduced
impact of peripheral light rays stimulating the fovea.
Therefore, the primary cause of the visual symptoms
reported by the 2 patients may not have been an
increase in monochromatic wavefront HOAs (eg,
defocus, coma, spherical aberration, astigmatism).

Similar to other refracting optical systems, the eye
can experience chromatic aberration, longitudinal
and transverse, both of which are caused by varying
refractive indices for different wavelengths. Trans-
verse chromatic aberration at the fovea varies among
individuals but is usually less than 2 minutes of arc
in most human eyes.19–22 The optical transverse chro-
matic aberration can bemeasured as the chromatic dif-
ference of position between a red and a blue target

viewed through a small centered pupil.21 Hence, ex-
periments have shown that controlled amounts of
transverse chromatic aberration may be induced at
the fovea by displacing an artificial pupil from the vi-
sual axis.20,21 Transverse chromatic aberration affects
contrast sensitivity, localization of visual direction,
color vision, and stereopsis.23 To quantify the magni-
tude of transverse chromatic aberration present at
the fovea and the functional impact on vision, Rynders
et al.19 defined a secondary reference axis called the
foveal achromatic axis because it defines the path of light
rays passing through the eye to the fovea without ex-
periencing the dispersive effects of chromatic aberra-
tion. This path, joining the nodal point to the fovea,
was also considered a reasonable operational defini-
tion of the visual axis by Thibos et al.21,22

In the special case of a small-aperture inlay, any de-
centration from the achromatic axis may increase the
level of transverse chromatic aberration. We may
hypothesize that in the presented reports, the visual
complaints of the patients were partly caused by in-
creased transverse chromatic aberration at the fovea.
The monocular diplopia and blur may have been
caused by the relative defocus and laterally spread
light rays of varying wavelengths emanating from
the observed polychromatic sources. Better insight
into the effect of the inlay on transverse chromatic
aberrations may be required for ideal placement of
the device. Further study may be necessary to investi-
gate the relationship between the inlay centration rel-
ative to the natural pupil and subsequent effects on
transverse chromatic aberration.
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