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PURPOSE: To evaluate long-term outcomes of small-aperture corneal inlay implantation for the
surgical compensation of presbyopia.

SETTING: Paracelsus Medical University, Salzburg, Austria.

DESIGN: Prospective interventional cohort study.

METHODS: Monocular implantation of a Kamra small-aperture inlay (model ACI7000) (1.6 mm
central aperture) was performed in emmetropic presbyopic eyes. The preoperative and
postoperative parameters included monocular and binocular uncorrected (UDVA) and corrected
(CDVA) distance visual acuities, uncorrected intermediate visual acuity (UIVA), and uncorrected
(UNVA) and corrected (CNVA) near visual acuities; refraction; patient satisfaction; and
complications.

RESULTS: From September 4, 2006, to May 21, 2007, a small-aperture inlay (1.6 mm central
aperture) was implanted in 32 emmetropic presbyopic eyes. The mean binocular uncorrected
visual acuities improved as follows: UNVA from Jaeger (J) 6 G 1.2 lines (w20/50) to J2 G 1.8
lines (w20/25) (P < .001) and UIVA from 0.2 logMAR G 1.3 lines (w20/32) to 0.1
logMAR G 1.3 lines (w20/25) (P Z .04). The UDVA decreased from �0.2 logMAR G 0.2 lines
(w20/12.5) to �0.1 logMAR G 0.6 lines (w20/16) (P < .001). At 60 months, 74.2% of patients
had a UNVA of J3 (w20/32) or better, 87.1% had a UIVA of 0.2 logMAR (w20/32) or better,
and 93.5% had a UDVA of 0.0 logMAR (w20/20) or better. One inlay was removed after
36 months because of patient dissatisfaction with vision after a hyperopic shift in the surgical
eye, with no loss of CDVA or CNVA 2 years after removal.

CONCLUSION: Long-term results of monocular corneal inlay implantation indicate increased UNVA
and UIVA and slightly compromised UDVA in emmetropic presbyopic eyes.

Financial Disclosure: Dr. Grabner was reimbursed for travel expenses from Acufocus. Dr. Riha is a
consultant to Acufocus. No other author has a financial or proprietary interest in any material or
method mentioned.
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At present, there are more than 140 million people
over the age of 40 years in the United States; it is pro-
jected that by 2020, there will be 2.1 billion presbyopic
patients worldwide. These demographic trends drive
a continuing interest in developing refractive surgical
procedures to improve uncorrected near vision for
these patients.1 Corneal inlays have several advan-
tages: They are additive and do not require tissue to
be removed, they preserve future options for
SCRS and ESCRS
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presbyopic correction, some of them can be used in
the setting of pseudophakia and/or combined with
laser refractive surgery, and they are removable.1

Currently, 3 types of corneal inlay are in various
stages of development and commercial release for
use in the surgical compensation of presbyopia. These
inlays reshape the anterior curvature of the cornea to
enhance near and intermediate vision (Raindrop
Near Vision Inlay, Revision Optics, Inc.),2 add
http://dx.doi.org/10.1016/j.jcrs.2014.05.051
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refractive power to the central cornea by implanting a
refractive addition ofC1.5 toC3.5 diopters (D) (Flex-
ivue Microlens, Presbia Co€operatief U.A.),3,4 or use
small-aperture optics to increase the depth of focus
(Kamra corneal inlay, Acufocus, Inc.).5–7 Although
these inlays are widely used in and outside of clinical
trials, limited peer-reviewed data are available con-
cerning their long-term results. Only 2 papers report
on follow-up beyond 2 years.6,7

Mulet et al.8 reported outcomes and complications
of a hydrogel corneal inlay (Permavision, Anamed,
Inc.) after 5 years of follow-up that show the impor-
tance of long-term evaluation of corneal inlays or im-
plants. Although no cases of corneal vascularization
or melting were seen, inlay removal was necessary in
20 (58.8%) of 34 eyes up to 6.1 years postoperatively
because of intracorneal deposits in the visual axis,
irregular astigmatism, reduced vision, severe corneal
haze, implant decentration, or perilenticular opacity.8

This paper reports the visual acuity results, patient
satisfaction, and postsurgical complications in cases
followed for 60 months after monocular implantation
of the ultrathin Kamra small-aperture corneal inlay
(model ACI7000). To our knowledge, this is the
longest follow-up reported in the ophthalmic litera-
ture for this type of corneal inlay.
PATIENTS AND METHODS

This single-center prospective interventional noncompara-
tive cohort study evaluated eyes after monocular corneal
inlay implantation at the Department of Ophthalmology of
the Paracelsus Medical University Salzburg, Salzburg,
Austria. This clinic participated in the U.S. Food and Drug
Administration clinical trials with clinics in the U.S., Asia,
and Europe. The Ethics Committee, County of Salzburg,
approved the study protocol, and all patients provided writ-
ten informed consent. The study was performed in accor-
dance with the tenets of the Declaration of Helsinki.
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Patients were included in the clinical trial if they were 45
to 55 years old, were naturally emmetropic and presbyopic,
had a preoperative manifest refractive spherical equivalent
(MRSE) of plano (defined as C0.50 to �0.75 D with no
more than 0.75 D of refractive cylinder as determined by
cycloplegic refraction), and had a corrected distance visual
acuity (CDVA) of at least 0.0 logMAR (w20/20) in both
eyes. In addition, the surgical eye had to have uncorrected
near visual acuity (UNVA) of worse than Jaeger (J) 5
(w20/40), a central corneal thickness of 500 mm or more, a
central endothelial cell count of 2000 cells/mm2 or more,
and a corneal power of 41.00 to 47.00 D in all meridians.
Key exclusion criteria were previous ocular surgery, anterior
or posterior segment disease or degeneration, and any type
of immunosuppressive disorder. In addition, eyes with
latent hyperopia (a difference of 1.00 D or more between
the manifest and cycloplegic refractions) and patients using
systemic medication with significant ocular side effects
were excluded.
Corneal Inlay
The Kamra corneal inlay (ACI7000, a model from 2006 to
2008) is a 10 mm thick artificial aperture with an outer diam-
eter of 3.8 mm and a central aperture (inner diameter) of
1.6 mm. It is made of polyvinylidene fluoride that is pig-
mented with carbon nanoparticles for opacity; its 1600
randomly arranged microperforations (25 mm diameter)
allow nutritional flow through to the stromal tissue.A These
holes also allow an average of 7.1% light transmission
through the inlay annulus.A This small-aperture optic is de-
signed to increase the eye's depth of focus, improving near
and intermediate visual acuity in presbyopic eyes while
minimally affecting binocular distance vision.A

The model of the Kamra corneal inlay commercially avail-
able at present (ACI7000PDT) has design changes over the
previous model used in this study. It is thinner (5 mm) and
has 8400 smaller, pseudorandomly arranged microperfora-
tions (5 to 11 mm) that allow an average light transmission
through the annulus of 6.7%.A These modifications diminish
the visual symptoms experienced with use of the previous-
generation inlay.A Currently, the corneal inlay is implanted
within a corneal pocket to compensate for presbyopia in em-
metropic eyes or within a corneal pocket after laser in situ
keratomileusis (LASIK) in eyes with additional ametropia.9
Surgical Procedure
All surgeries were performed by the same experienced
surgeon (G.G.) from September 4, 2006, to May 21, 2007.
The surgical preparation and technique have been described
in detail.10 In brief, a superior hinged flap was created in the
nondominant eye using a 60 kHz Intralase femtosecond laser
(Abbott Medical Optics, Inc.) (8 mm� 8 mm spot/line separa-
tion, 0.9 mJ/pulse, 9.0 mm intended diameter). The intended
depth from the corneal surface was 170 mm. The inlay was
removed from the sterile package using a forceps and in-
spected under high magnification for defects. Centration
was considered optimum when the first Purkinje reflex
was in the center of the inner diameter of the inlay while
the patient fixated on the microscope's light source.
Postoperative Regimen
The postoperative regimen included lomefloxacin hydro-
chloride 0.3% eyedrops (Okazin Augentropfen) 3 times daily
VOL 41, MARCH 2015
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for 1 week, prednisolone acetate 0.5% eyedrops (Ultracorte-
nol Augentropfen) 3 times daily for 1 week and then tapered
over the next 2 weeks, and topical dry-eye therapy (sodium
hyaluronate 1 mg/mL [Hylo-Comod Augentropfen]) 5 to 8
times daily for 1 month. Afterward, dry eye was treated
with preservative-free hyaluronic acid eyedrops and corneal
haze and hyperopic shifts were treated with topical steroids.
Outcomes
Postoperative examinations were scheduled for 1 day,
1 week, and 1, 3, 6, 9, 12, 18, 24, 30, 36, and 60 months. The
primary parameters assessed were manifest refraction, vi-
sual acuity, patient satisfaction, and complications.

Manifest refraction and visual acuities were assessed pre-
operatively and postoperatively from 1 week to 60 months.
Visual acuity measurements included monocular and binoc-
ular uncorrected distance visual acuity (UDVA) and CDVA
(simulated for distance 20 feet [w6m]), uncorrected interme-
diate visual acuity (UIVA) (simulated intermediate distance
32 inches [w80 cm]), and UNVA and corrected near visual
acuity (CNVA) (test distance 16 inches [w40 cm]). All visual
acuities were measured using the Optec 6500P Vision Tester
(Stereo Optical Co., Inc.) by recording the number of
correctly identified logarithmic Early Treatment of Diabetic
Retinopathy Study (ETDRS) targets and deriving the corre-
sponding logMAR, Snellen, and Jaeger equivalents.

Using a subjective questionnaire developed by the manu-
facturer of the corneal inlay to assess outcomes of the clinical
trial, patients rated their postoperative need for reading
glasses under different lighting conditions and their satisfac-
tion with the procedure and with their UNVA.
Statistical Analysis
Table 1. Preoperative parameters (N Z 32).

Demographic Mean G SD Range

MRSE (D) C0.19 G 0.22 �0.05, C0.50
UDVA* �0.10 G 0.06 (w20/16) �0.20, 0.00
UIVA* C0.20 G 0.17 (w20/32) �0.20, C0.50
UNVA† C0.50 G 0.08 (wJ7/J8) C0.40, C0.60
CDVA* �0.10 G 0.05 (w20/16) �0.20, 0.00
CNVA† �0.10 G 0.06 (wJ 1C) �0.20, C0.00

CDVAZ corrected distance visual acuity; CNVAZ corrected near visual
All data were analyzed on the basis of the ETDRS scores
and then the logMAR, Snellen, and Jaeger equivalents. The
results are given as mean G standard deviation. Different
timepoints were analyzed using 1-way repeated-measures
analysis of variance (Sigmaplot 12, Systat Software), with a
P level less than 0.05 considered statistically significant.
Equal variance and normal distribution of the data were
checked using the Shapiro-Wilks and Levene tests, respec-
tively. All pairwise comparisons performed post hoc were
adjusted using the Bonferroni method. Where appropriate,
paired t tests were used to compare 2 timepoints.

RESULTS

The study cohort included 32 eyes of 32 patients with a
mean age of 51.2 G 2.2 years (range 48 to 55 years).
Seven patients (21.9%) were women, and 25 (78.1%)
were men. Of the 32 inlay eyes, 20 (62.5%) were left
eyes and 12 (37.5%) were right eyes. Table 1 gives
the preoperative parameters for the inlay eyes. All
patients completed every scheduled follow-up
examination; the inlay was removed from 1 eye after
the 36-month follow-up, but that patient still attended
the 60-month follow-up.
acuity; MRSE Z manifest refraction spherical equivalent;
UDVAZ uncorrected distance visual acuity; UIVAZ uncorrected inter-
mediate visual acuity; UNVA Z uncorrected near visual acuity
Refraction

*LogMAR (Snellen equivalent)
†LogMAR (Jaeger equivalent)
In the surgical eyes, the mean MRSE changed

from C0.19 D G 0.22 (range �0.05 to C0.50 D)
J CATARACT REFRACT SURG -
preoperatively to �0.07 G 0.47 D (range �1.75 to
C1.38 D) at 12 months, remained stable until
36 months (0.00 G 0.56 D, range �1.50 to C3.13 D),
and was C0.40 G 1.08 D (range �1.25 to C3.50 D)
at 60 months. The change through the 5 years was
not statistically significant (Figure 1). In the fellow
eyes, a slight shift toward hyperopia also occurred,
with the MRSE changing fromC0.17G 0.27 D preop-
eratively to C0.45 G 0.53 D at 60 months (P Z .005).
There was no statistically significant difference in the
refraction between both sets of eyes at 60 months
(P Z .81) (Figure 1).
Uncorrected Near, Intermediate, and Distance
Visual Acuities
The mean UNVA in the surgical eyes improved
from J7/J8 G 0.8 lines (w20/63; w0.50 logMAR) pre-
operatively to J1G 1.4 lines (w20/20;w0.00 logMAR)
(P ! .001) at 12 months, remained stable until
36 months (J1 G 1.2 lines [w20/20; w0.00 logMAR]),
and decreased slightly at 60 months (J3 G 2.0 lines
[w20/32; w0.20 logMAR]) (P ! .001). At 60 months,
23 (74.2%) of 31 surgical eyes had achieved a UNVA
of % J3 (w20/32; w0.20 logMAR) (Figure 2) versus
in only 2 (6.5%) of the fellow eyes. The binocular
UNVA showed the same pattern of stability until
36 months (J6 G 1.2 lines [w 20/50; w0.50 logMAR]
preoperatively, J1 G 1.4 lines [w20/20; w0.00 log-
MAR] at 12 months, and J1 G 1.2 lines [w20/20;
w0.00 logMAR] at 36 months), and a decrease at
60 months to J2 G 1.8 lines (w20/25; w0.10 logMAR)
(P ! .001). At 60 months, 23 patients (74.2%) could
read at or below J3 (w20/32; w0.20 logMAR) binocu-
larly, including 14 (45.2%) at or below J1 (w20/20;
w0.00 logMAR) (Figure 2).

ThemeanUIVA in the surgical eyes improved from
0.2 logMAR G 1.6 lines (w20/32) preoperatively to
0.1 logMAR G 1.2 lines (w20/25) (P ! .001) at
VOL 41, MARCH 2015



Figure 1. The spherical equivalents
in the surgical eyes during the
60 months of follow-up and in the
fellow eyes 60 months postsurgery
(NS Z not statistically significant).
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12 months, remained stable until 36 months (0.0
logMAR G 1.0 lines [w20/20]), and decreased
slightly at 60 months (0.2 logMAR G 1.5 lines
[w20/32]). The binocular UIVA showed the same
pattern of stability until 36 months (0.2
logMAR G 1.3 lines [w20/32]) preoperatively, 0.0
logMAR G 1.2 lines [w20/20] at 12 months, 0.0
logMAR G 0.9 lines at 36 months), with a slight
decrease (0.1 logMAR G 1.3 lines [w20/25]) at
60 months (P ! .001). At 60 months, the binocular
UIVA was 0.20 logMAR (w20/32) or less in 27 pa-
tients (87.1%), including 16 (51.6%) with a binocular
UIVA of 0.0 logMAR (w20/20) or less.
J CATARACT REFRACT SURG -
The mean UDVA in the surgical eyes decreased
slightly from �0.1 logMAR G 0.6 lines (w20/16) to
0.0 logMAR G 1.1 lines (w20/20) at 12 months
(P ! .001), then was stable until 36 months (0.0
logMAR G 1.1 lines [w20/20]) and decreased again
at 60 months (0.1 logMAR G 1.8 lines [w20/25]). At
60 months, 29 (93.5%) of 31 surgical eyes had a
UDVA of 0.2 logMAR (w20/32) or less, 26 (83.9%)
of 0.1 logMAR (w20/25) or less, and 14 (45.2%) of
0.0 logMAR (w20/20) or less (Figure 3). Preopera-
tively to 60 months, of 31 surgical eyes, 10 (32.3%)
lost 1 line of monocular UDVA and 8 (25.8%) lost 2
or more lines. The decrease in binocular UDVA from
Figure 2. Uncorrected near visual
acuities in surgical eyes and both
eyes during the 60-month follow-
up.
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Figure 3. Uncorrected distance vi-
sual acuity in surgical eyes and
both eyes during the 60-month
follow-up.
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36 months to 60 months was statistically significant
(P ! .001), although the mean binocular UDVA at
60 months was �0.1 logMAR G 0.6 lines (w20/16),
with 29 eyes (93.5%) reaching 0.0 logMAR (w20/20)
or better (Figure 3). Binocularly, 10 (32.3%) of those
31 patients lost 1 line of UDVA and 1 (3.2%) lost 2 or
more lines from preoperatively. However, the eyes
were tested to �0.20 logMAR (20/12.5), so although
this change might have been statistically significant,
it was not clinically significant.
Corrected Distance Visual Acuity and Corrected Near
Visual Acuity
In the surgical eyes, the mean CDVA was stable
through 36 months (�0.1 logMAR G 0.5 lines
[w20/16] preoperatively, �0.1 logMAR G 0.7 lines
[w20/16] at 12 months, and �0.1 logMAR G 1.0 lines
[w20/16] at 36 months) and decreased slightly at
60 months (0.0 logMAR G 0.8 lines [w20/20]) (P !
.001). At 60 months, the mean CDVA in the surgical
eyes was 0.0 logMAR (w20/20) or less in 24 eyes
J CATARACT REFRACT SURG -
(77.4%), 0.1 logMAR (w20/25) or less in 30 eyes
(96.8%), and 0.20 logMAR (w20/32) or less in 31 eyes
(100%). Fourteen surgical eyes (45.2%) lost 1 line and 7
(22.6%) lost 2 or more lines (Figure 4). Binocular CDVA
showed the same pattern of stability through 36 months
(�0.2 logMAR G 0.3 lines [w20/12.5] preoperatively,
�0.2 logMARG 0.4 lines [w20/12.5] at 12 months, and
�0.2 logMAR G 0.3 lines [w20/12.5] at 36 months),
and decreased slightly at 60 months (�0.1 logMAR
[w20/16]) (P ! .001). Until 36 months, no patient lost
any lines of binocular CDVA. From 36 months to
60 months, 16 patients (51.6%) lost 1 line and 5 (16.1%)
lost 2 or more lines (Figure 4).

ThemeanCNVA in the surgical eyeswas stable until
36 months (J1C G 0.6 lines [w20/16] preoperatively,
J1CG 1.0 lines [w20/16] at 12months; J1CG 0.6 lines
[w20/16] at 36 months) and then decreased slightly at
60 months (J1G 0.9 lines [w20/20]) (P! .001). Binoc-
ular CNVA values were also stable until 36 months
(J1C G 0.4 lines [w20/16] preoperatively, J1C G 0.3
lines [w20/12.5] at 12 months; J1C G 0.3 lines [w20/
12.5] at 36 months) and at 60 months, decreased
Figure 4. The change in CDVA
in surgical eyes and in both eyes
from baseline (preoperative) to
60 months.
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Table 2. Refraction and monocular visual acuities in eyes with explanted corneal inlay.

Measurement Preop 12 Mo Postop 36 Mo Postop (Preexplantation) 60 Mo Postop (2 Y Postexplantation)

MRSE (D) 0.00 C0.61 C2.25 C2.00
CDVA* 0.00 (w20/20) �0.10 (w20/16) �0.20 (w20/12.5) �0.10 (w20/16)
CNVA† �0.10 (wJ1C) �0.20 (wJ1C) �0.20 (wJ1C) �0.20 (wJ1C)
UDVA* 0.00 (w20/20) 0.00 (w20/20) C0.20 (w20/32) 0.00 (w20/20)
UIVA* C0.20 (w20/32) C0.20 (w20/32) C0.60 (w20/80) C0.40 (w20/50)
UNVA† C0.40 (wJ6) C0.30 (wJ5) C0.50 (wJ7/J8) C0.50 (wJ7/J8)

CDVAZ corrected distance visual acuity; CNVAZ corrected near visual acuity; MRSEZmanifest refraction spherical equivalent; UDVAZ uncorrected dis-
tance visual acuity; UIVA Z uncorrected intermediate visual acuity; UNVA Z uncorrected near visual acuity
*LogMAR (Snellen equivalent)
†LogMAR (Jaeger equivalent)
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slightly to preoperative values (J1C G 0.5 lines [w20/
16]) (P! .001). At 60 months, 27 patients (87.1%) were
able to read J1 or better (w20/20) monocularly,
whereas all 31 patients were able to read J1 or better
(w20/20) binocularly.
Complications
In 2 eyes, the inlays were recentered after 6 months
because misplacement caused an insufficient increase
in near and intermediate visual acuity and a decrease
in UDVA. Because these eyes were among the first to
have inlays implanted, late neural adaptation was
initially assumed to be the reason for the lack of vision
improvement. However, after 6 months with no
improvement, the slightly decentered inlays were re-
centered and visual acuity increased significantly in
the eyes of both patients. In addition, 1 patient devel-
oped flap striae after 1 month, requiring lifting and
smoothing of the flap. At 3 months, interface epithelial
ingrowthwas observed, requiring a repeat flap lift and
debridement of the epithelial cells in the interface. Af-
ter a second recurrence of epithelial ingrowth, 3 10-
0 nylon sutures were placed at the flap margin and
removed 2 months later. No further epithelial
ingrowth was observed.

During the follow-up, no inflammatory reactions
were observed in the surgical eyes. There was no evi-
dence of stromal deposits in the interface or around
the inlay. However, at 36 months, corneal epithelial
iron deposits developed in 18 eyes (56.3%). These ap-
peared as central, spot-like iron deposits (similar to de-
posits after epikeratophakia) in a half-moon shape in
the inferior cornea, parallel to the outer margin of
the inlay, or in a ring formation (similar to a Fleischer
ring and to iron lines reported after radial keratotomy)
in 1 or both areas. The location of the iron deposits was
positively correlated with characteristic postoperative
topographic changes; corneal topography showed
corneal flattening in the areas of the eyes where iron
J CATARACT REFRACT SURG -
deposits formed. No additional patients developed
iron deposits from 36 to 60 months postoperatively.

The inlay was removed from 1 eye after the
36-month follow-up because of the patient's dissatis-
faction with vision after a hyperopic shift occurred.
Table 2 shows the eye's refraction and visual acuities
before and 24 months after removal of the inlay.
Figure 5 shows cumulative images of 2 eyes without
refractive shift (A and B) and 2 eyes with the highest
hyperopic shift (C andD;C3.5 D andC3.75 D, respec-
tively). Images A1–D1 are from preoperative topog-
raphy, and A2–D2 and A3–D3 are from the slitlamp
examination at 60 months. The topographic images
show that the elevation above the inlay is more pro-
nounced in hyperopic-shift patients, but even in pa-
tients without refractive shift, the topographic red
ring is a typical finding in eyes with this earlier Kamra
model and implantation technique.
Patient Satisfaction
Table 3 shows the mean preoperative and 60-month
postoperative patient satisfaction. Askedwhether they
would have the procedure again, 26 patients (83.9%)
said yes, 3 (9.7%) were undecided, and 2 (6.4%) said
no. Unsatisfied patients (undecided or said no)
showed a pattern of hyperopic shift (mean MRSE
C1.65 D) and inferior binocular UNVA (mean binoc-
ular UNVA of J5).

DISCUSSION

This prospective nonrandomized cohort study evalu-
ated the visual acuities, complications, and patient
satisfaction after implantation of an early-generation
Kamra corneal inlay (model ACI7000) in nondominant
eyes to surgically compensate for plano and near-
plano presbyopia.

The ideal synthetic material for intracorneal use
should be permeable enough to allow sufficient
nutrient flow through the cornea because virtually
VOL 41, MARCH 2015



Table 3. Patient satisfaction.

Parameter

Mean Score* G SD

Preop 60 Mo

Near tasks
Reading small text (map) 9.4 G 1.0 5.3 G 3.1
Reading a book or newspaper 8.8 G 1.5 2.6 G 2.2
Doing fine handwork (sewing) 9.3 G 1.0 5.5 G 2.8

Intermediate task
Reading the computer screen 4.9 G 2.5 3.0 G 2.5

Distance tasks
Watching a movie 0.1 G 0.4 0.9 G 1.2
Driving at night 0.6 G 0.8 3.8 G 2.8

*Scale: 0 Z no problem; 7 Z severe problems

Figure 5. Topography and slitlamp
images for eyes of 2 patients
without refractive shift (A and B)
and for eyes of 2 patients with the
highest hyperopic shift (C3.50 D
and C3.75 D) (C and D, respec-
tively). Row 1 contains preopera-
tive topography, row 2 contains
60-month topography, and row 3
contains 60-month slitlamp images.
Patients with significant hyperopic
shift showmore pronounced eleva-
tion above the inlay as well as more
haze.
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all corneal nutrients come from the aqueous humor.
Interrupting this flow can cause corneal thinning,
transparency loss, and corneal epithelial and stromal
decompensation and melt.7 To date, we have seen no
evidence of biocompatibility concerns with this type
of inlay; the microperforations in the annulus seem
to allow the necessary nutritional flow of glucose
and other metabolic substances. Although in a study
of rabbit eyes, an early increase in stromal cell death
and inflammation occurred in eyes that had femto-
second laser pocket creation and Kamra inlay inser-
tion, compared to a control group with the pocket
only, no significant difference was noted between the
inlay group and the control group in stromal cell death
or inflammation 6weeks after surgery.11 In the present
study, within 60 months, we saw no stromal deposits
in the interface or around the inlay such as have
occurred with other corneal implants, including hy-
drogel corneal inlays8 and intrastromal corneal ring
segments.12

The development of epithelial corneal iron de-
posits after corneal surgery is common. In such
cases, confocal microscopy shows clusters of iron
deposits near Bowman layer and individual dots
of iron deposits in the rest of the epithelium.13 Pre-
vious studies13,14 reported the appearance of central
and paracentral corneal iron deposits and suggested
that contributing factors for these deposits might be
alterations in tear-film thickness and possibly its
composition and corneal epithelial basal cell storage
(as a result of minute changes in corneal
J CATARACT REFRACT SURG -
topography). These deposits did not affect visual
acuities, and no additional eyes developed deposits
between 36 months and 60 months. With implanta-
tion of the commercially available Kamra design
(ACI7000PDT), corneal topography changes and
corneal epithelial iron deposition occurred less
often, in 4% of eyes with this model versus in 56%
with the inlay model evaluated here.14 The inlay
thinness (5 mm versus 10 mm for the earlier model),
the greater number of nutritional pores (8400 micro-
perforations versus 1600), and the modified implan-
tation technique (insertion into a deep lamellar
pocket versus under a shallow LASIK flap) seem
VOL 41, MARCH 2015
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to be contributing factors in the difference in
observed biomechanical changes.14

Using monovision is simple and effective and is
the most common approach to alleviating presby-
opia.15 Durrie16 reported that UNVA in the eye cor-
rected for near vision improved with increased
contact lens power, achieving a mean UNVA of
0.29 logMAR (w20/39) using a C1.50 D lens and
of 0.11 logMAR (w20/26) using a C2.50 D lens.
Concomitantly, the UDVA in the eye corrected for
near vision decreased with increasing lens power
and became worse than 0.6 logMAR (w20/80)
when using a C2.50 D lens. Stereopsis is one of
the functions of binocular vision that can be seri-
ously compromised by applying monovision. Unlike
monovision, the Kamra corneal inlay uses small-
aperture optics to increase the eye's depth of focus
by allowing only central collinear light rays to reach
the retina. As a result, distance vision in the treated
eye does not decrease as much as in eyes treated
with monovision or modified monovision. Fern�an-
dez et al.15 also showed that a monocular small
aperture can yield stereoacuity values similar to
those attained under normal binocular vision in
photopic conditions.

Unlike other surgical treatments for presbyopia, a
corneal inlay can be removed easily if necessary. In a
long-term follow-up of inlay removal, Yilmaz et al.6 re-
ported that all patients returned to within G1.00 D of
their preoperative refraction with no loss of corrected
visual acuity. In our study cohort, 1 inlaywas removed
after 36 months, with no loss of CDVA and CNVA in
the eye (Table 2).

Because only 1 eye had a CDVA of 0.2 logMAR
(w20/32), we also checked that eye's CDVA using a
conventional 4 m chart. Surprisingly, the CDVA at
4 m was 0.0 logMAR (w20/20). We repeated the mea-
surements with the test-up setting of the Optec 6500P
Vision Tester using different available trial frames, but
were unable to achieve better CDVA results in this eye.

Yilmaz et al.6 reported 4-year follow-up data for 39
naturally and post-LASIK emmetropic eyes in Istan-
bul, Turkey. All of the eyes in that long-term study
had the same corneal inlay (ACI7000) implanted as
in the present study, and sowe did not have the benefit
of recent improvements to the inlay (redesign) and the
surgical technique (implantation in a corneal pocket
instead of a flap). The postoperative mean binocular
UNVA in the Istanbul trial was J1, with 96% of treated
eyes seeing J3 or better and no significant loss of binoc-
ular UDVA.

In the present study, intermediate visual acuity with
this small-aperture inlay was very good, with 87.1%
seeing at least 20/32 binocularly at intermediate dis-
tance after 60 months and with significant reported
J CATARACT REFRACT SURG -
improvements in the ability to perform intermediate
tasks without correction.9,17 For presbyopic eyes, this
is a major advantage over multifocal options, which
typically provide relatively poor intermediate visual
acuity.1

Clinical experience and optical modeling indicate
that overall binocular visual acuity with a small-
aperture inlay is optimized by leaving some residual
myopia in the implanted eye.1 Having �0.75 D of
myopia results in an average depth of focus of
2.50 D and a near visual acuity of J1 or better; in perfect
emmetropic eyes, the resultant depth of focus decreases
to approximately 1.75 D.18 Although small-aperture
inlays are forgivingof astigmatismandhigher-order ab-
errations, correcting astigmatism of more than 0.50 D
will also improve performance.18

There are many peer-reviewed articles about the
Kamra inlay,1,5–7,9–11,13–15,17–19 but only a few
regarding the other available inlay technologies.2,4

Yilmaz et al.6 reported safely performing cataract sur-
gery using small-incision phacoemulsification steps,
including capsulorhexis with intraocular lens (IOL)
implantation in the capsular bag in 2 corneal inlay pa-
tients. Both cataract eyes had a final UNVA of 20/20 or
better, indicating the inlay remained effective after
surgery. They concluded that pseudophakic eyes after
implantation of amonofocal IOLmight be good candi-
dates for a small-aperture corneal inlay to compensate
for the loss of near visual acuity.6 Recent papers indi-
cate this technique also can be performed safely in
post-LASIK emmetropic eyes in conjunction with a
LASIK correction as a simultaneous or 2-step
procedure.5,6,9,19

Only 1 peer-reviewed article about a clinical trial
involving the Flexivue Microlens has been pub-
lished.4 In that trial, this refractive optic inlay in
was implanted in the nondominant eye in 47 emme-
tropic presbyopic patients 45 to 60 years old; the pa-
tients were followed for 12 months. After this bifocal
optic was implanted, the MRSE changed from
C0.66 G 0.35 D to �1.95 G 1.32 D, improving the
binocular UNVA from 0.53 G 0.13 logMAR (w20/
60) to 0.13 G 0.13 logMAR (w20/25). However,
this refractive shift also decreased the monocular
UDVA from 0.06 G 0.09 logMAR (w20/25) to
0.38 G 0.15 logMAR (w20/50), representing a
mean loss of 3 lines. Thirty-seven percent of patients
lost 1 line of monocular CDVA, and no patient lost 2
or more lines. The binocular UDVA and CDVA were
not affected by the procedure. Twelve months after
implantation, 93.75% of patients were spectacle inde-
pendent; however, 12.50% experienced halos and
12.50% experienced glare.

Only 1 peer-reviewed clinical trial is currently avail-
able about the Raindrop inlay that reshapes the
VOL 41, MARCH 2015
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corneal surface. Barragan Garza et al.2 reported 1-year
results of 20 emmetropic and presbyopic patients (48
to 55 years of age) after monocular implantation in
the nondominant eye. Twelve months after implanta-
tion, the mean monocular and binocular UNVA were
0.1 logMAR (w20/25) or better and the mean monoc-
ular UDVA was 0.2 logMAR (w20/32) or better. A
minimal mean CDVA and CNVA loss of 0.02 logMAR
occurred, and no patient lost 2 or more lines. One pa-
tient required inlay removal because of poor UDVA
(0.4 logMAR; w20/50). One month after removal,
the UDVA returned to 0.0 logMAR (w20/20). At
1 year, 16 of the remaining 19 patients seldom or never
wore glasses and all 19 were satisfied or very satisfied
with their overall vision.

Although in the present study, results regarding
improvement in UNVA and UIVA and preservation
of UDVA remained stable until 36 months, a statisti-
cally significant decrease in UNVA, UIVA, and
UDVA occurred between 36 months and 60 months.
We concluded that these changes were caused by a
natural age-related hyperopic shift over the 60-
month follow-up that was evident in the inlay eyes
and in the untreated fellow eyes. Hyperopic shifts in
this age group are known from epidemiological trials
in the Beaver Dam Eye Study,20 which reported a
mean change in refraction of C0.48 D within 10 years
of follow-up in eyes of patients aged 43 to 59 years, and
the Liwan Eye Study,21 which showed that the MRSE
tends to become hyperopic at 60 years of age and then
shifts toward myopia at 75 years.

There is no published literature about wound-heal-
ing response or foreign-body reaction after Kamra
inlay implantation. All patients heal differently, and
some patients might experience a more aggressive
response than others. When implanting a device in
the cornea, a healing response should be anticipated,
although the incidence of such is low, as evidenced
by our study. In a wound-healing response, what typi-
cally occurs is stromal thickening over the inlay
annulus. This thickening translates forward to the
corneal surface and causes central flattening over the
inlay aperture, which results in a hyperopic refractive
shift. In this study, the inlay was thicker, implanted
under a flap, and not as deeply implanted in the cornea
than what is currently practiced. All 3 factors affect
topography. Also, corneal haze might form (Figure 5).

In this clinical trial, topical steroids were used to
treat 3 eyes with hyperopic shifts and corneal haze for-
mation. We know now that a small subset of patients
might be unresponsive to or might rebound after the
first round of steroid therapy. In our clinical trial, the
guidance was to continue steroids to try to keep the
inlay in the eye. However, nowwewould recommend
early removal of the inlayA because the eyes of such
J CATARACT REFRACT SURG -
patients will likely never adapt to it. Further evalua-
tion of the wound-healing response using the current,
state-of-the-art procedure is needed. As they become
available, long-term results of the current (corneal
pocket) implantation technique and the new inlay
design will yield additional important information.

From the long-term data in this study, we conclude
that Kamra corneal inlay implantation is an effective
and safe method for the surgical compensation of
plano and near-plano presbyopia.
V

WHAT WAS KNOWN

� Monocular implantation of a small-aperture optic in the
cornea of the nondominant eye safely and effectively
compensates for presbyopia by increasing the depth of
focus.
WHAT THIS PAPER ADDS

� The small-aperture corneal inlay safely and effectively
compensated for plano and near-plano presbyopia by
increasing the depth of focus.

� Although improvement of UNVA and UIVA and preservation
of UDVA were stable until the 36-month follow-up, a sta-
tistically significant decrease in UNVA, UIVA, and UDVA
occurred between 36 months and 60 months in response
to normal age-related hyperopic changes.
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