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Kamra

BY R. LUKE REBENITSCH, MD

The concept of corneal inlays is nothing new: 
José Barraquer, MD, has been credited with 
the original idea as early as the 1940s.1 The 
benefits of these implants are numerous—
reversibility, ease of repositioning, and pos-
sible combination with previous and future 
refractive correction. Early designs were asso-
ciated with difficulties such as vascularization, 

keratolysis, decentration, and poor biocompatibility.2-7 Only 
recently have technological advances overcome these con-
cerns. Approved by the FDA in April, the Kamra (AcuFocus) is 
the first inlay available in the United States.8,9

Like most corneal inlays, the Kamra is implanted in the 
patient’s nondominant eye. This device is placed at least 
200 µm from the corneal surface, where it blocks unfocused 
peripheral rays of light in order to increase depth of focus. The 
inlay is composed of polyvinylidine difluoride. It is 6 µm thick, 
has a diameter of 3.8 mm, and features a central annulus of 
1.6 mm. There are 8,400 microperforations arranged in a pseu-
dorandom pattern to allow nutrient flow.

VISUAL RESULTS
The US investigational device exemption trial was a 3-year, 

international, multicenter study consisting of 507 patients who 
were 45 to 60 years of age and had a manifest refraction spheri-
cal equivalent (MRSE) of -0.75 to +0.50 D.10 Subjects’ distance 
BCVA was at least 20/20 in both eyes. At 3 years, patients 
achieved an average improvement in their near vision of J8 to J2 
while maintaining a distance UCVA averaging 20/20. Binocular 
contrast sensitivity and visual fields were clinically unaffected. 

Further analysis of the study determined other important 
factors for future surgical planning and patient selection. First, 
patients with an MRSE of -0.75 D experienced the greatest 
improvement in near vision while maintaining uncompromised 
distance vision. Second, a 6 × 6 spot-line separation delivered 
the greatest improvement in near vision, no lost lines of dis-
tance BCVA, and the greatest refractive stability compared with 
larger spot-line separations. Finally, unlike with monovision, 
there was no change in stereopsis.11 It should also be noted that 

most diagnostic equipment could still be used after the Kamra’s 
implantation. 

Numerous studies in the United States and abroad have cor-
roborated these results.12-15 In my experience with more than 100 
Kamra inlays, I have had similar, if not better, results. 

CONSIDERATIONS
Comparison to Other Presbyopic Solutions

The Kamra has been shown to improve near vision across 
the presbyopic age group, although those under the age of 
50 experienced the greatest improvement.16 Results with 
the inlay and IOLs were comparable, but there were some 
advantages with the latter modality for certain intermediate 
and near demands.16 I now typically recommend the inlay to 
patients under the age of 55 and refractive lens exchange to 
those who are older than 55 years of age. There can be much 
overlap, depending on the measured scatter within a patient’s 
visual pathway as well as his or her preference. 

Combination With Laser Vision Correction 
The strong recommendation is to place the Kamra in a cor-

neal pocket, but the device has been implanted under a LASIK 
flap as a combined procedure with equal or lesser success.12,16-18 
The inlay’s placement in a deep pocket facilitates centration and 
causes less inflammation and remodeling because of the loca-
tion and density of keratocytes.19 

Given the improved visual results with an MRSE of -0.75 D in 
the nondominant eye and plano in the dominant eye, I perform 

CORNEAL INLAYS: 
RESEARCH AND RESULTS
Surgeons provide an update on three devices.

Figure.  Monocular mean near UCVA (converted from 

LogMar) of the author’s first 22 patients.
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laser vision correction (LVC) in nearly all patients receiving the 
Kamra. I target a plano result in the dominant eye and -0.75 
to -1.00 D in the nondominant eye; then, I place the inlay in a 
pocket of approximately 250 µm. I recommend initially per-
forming LVC and implantation of the inlay on different days.

Pupillary Size
The size of the pupil has been shown to have no effect on 

near vision and only a minimal effect on distance vision.20 This 
has been my experience as well.

Pseudophakia and Cataract
Although the Kamra can provide stable vision for years, len-

ticular opacities and cataracts will develop. I inform patients 
of this eventuality and explain that successful cataract surgery 
with monofocal IOL implantation can be performed while the 
inlay remains in place.21

Speed of Visual Recovery and Long-Term Stability
The speed of visual recovery after implantation of the 

Kamra is slower than after other forms of LVC. In my experi-
ence, most patients are satisfied with the procedure within 
1 to 4 weeks, although their vision continues to improve for 
months (Figure). 

Patients must be monitored closely during the postopera-
tive period, because fluctuations—especially from ocular 
dryness—are normal. I counsel patients that it can take up 
to 6 months for full stability. I also inform them that hyper-
opic shifts, which are typically the result of inflammation and 
remodeling, can happen 3 to 6 months after the procedure. 
I find that a course of topical steroids typically resolves this 
problem. 

CONCLUSION
The Kamra is a safe and effective treatment for presbyopia. 

Visual recovery is slower than after other forms of vision cor-
rection, and as with all refractive surgery, patient selection 

and education are important. I have found the inlay to greatly 
improve presbyopic patients’ vision and to achieve high satis-
faction in this age group.
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R. Luke Rebenitsch, MD, combines LASIK with 
implantation of the Kamra inlay.

WATCH IT NOW

http://bit.ly/rebenitsch0716

•  According to Dr. Chu, emmetropic presbyopes may be 
some of cataract and refractive surgeons’ more chal-
lenging patients, because they never had vision prob-
lems before becoming presbyopic.

•  Dr. Rebenitsch has found the Kamra to greatly improve 
presbyopic patients’ vision and to achieve high satisfac-
tion in this age group. He typically recommends the 
inlay to patients under the age of 55 and refractive lens 
exchange to those who are older.

•  The Kamra and Raindrop Near Vision Inlay are 
approved in the United States, and the Presbia Flexivue 
Microlens is in FDA clinical trials. 

•  The transparent Raindrop Near Vision Inlay changes 
the shape of the cornea by increasing its central curva-
ture, creating greater depth of focus.

•  The Presbia Flexivue Microlens can change the way 
the cornea refracts light without altering its anterior 
corneal shape. This clear implant causes a mild myopic 
shift, typically leaving the eye about 1.00 D myopic 
postoperatively, says Dr. Maloney.

AT A GLANCE
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Raindrop Near Vision Inlay

BY Y. RALPH CHU, MD

Emmetropic presbyopes may be some of 
cataract and refractive surgeons’ more chal-
lenging patients, because they never had 
vision problems before becoming presby-
opic. Compared with other candidates for 
refractive correction, these patients may 
need more counseling upfront about their 
options, and some studies suggest that this 

group of individuals has limited tolerance for monovision 
correction (somewhere around 1.50 D, which is less than 
needed for best near function).1 Corneal inlays can benefit 
these patients, and several of these devices are available in 
Europe. I have been a part of the investigator study group 
evaluating the Raindrop Near Vision Inlay (ReVision Optics), 
which received FDA approval on June 29. The implant is 
indicated to improve near vision in presbyopic patients who 
have emmetropic refractions (+1.00 to -0.50 D).

DETAILS
The Raindrop is the first and only inlay that changes the 

shape of the cornea by increasing its central curvature, cre-
ating greater depth of focus. The device is manufactured 
from a hydrogel material with a water content and refrac-
tive index similar to that of the cornea. The diameter of the 
implant measures 2 mm, and it has a thickness of 30 µm. 
The Raindrop Near Vision Inlay is implanted under a LASIK 
corneal flap created with a femtosecond laser at 30% of the 
patient’s central corneal thickness. Because the inlay is not 
refractive and is completely transparent, it does not obstruct 
diagnostic and surgical views of internal ocular structures. 

Published data are now available from ReVision Optics’ 
pivotal investigational device exemption study, which 

enrolled 343 patients at 11 different sites. At the 12-month 
follow-up visit, the average near UCVA improved by 5 lines 
in the treated eye, with no loss of binocular distance vision; 
93% of patients achieved a near UCVA of 20/25 or better. 
Intermediate UCVA improved by 2.5 lines, and distance UCVA 
decreased by 1.2 lines. The severity of visual symptoms was 
rated either absent or mild in 95.9% of patients, with blurred 
vision (1%), glare (2%), and halo (4%) the most common com-
plaints.2,3 Patients’ satisfaction was high: 92% were somewhat, 
very, or completely satisfied with their inlay vision.

PERSONAL EXPERIENCE
As part of the US investigational device exemption study 

investigators’ group, I evaluated visual outcomes, topog-
raphy, and refractive changes in my personal cohort of 
25 patients who received the Raindrop Near Vision Inlay. At 
18 months, I had outcomes for 23 patients. I evaluated their 
visual acuity with Early Treatment Diabetic Retinopathy 
Study (ETDRS) charts at near (40 cm), intermediate (80 cm), 
and distance (6 m). I used the iTrace (Tracey Technologies) 
to measure topographical and refractive changes along with 
manifest refraction. Figure 1 shows a typical topographic 
change after the device’s implantation—a central steepening 
at 18 months.

The largest increase was in central keratometry power, 
with a mean change of approximately 4.00 D from a pre-
operative value of 43.85 D to 47.81 D 18 months after sur-
gery. Mean keratometry power also changed but to a lesser 
degree, from 43.79 D preoperatively to 45.52 D at 18 months, 
a steepening change of about 1.70 D.

In my subset of patients, there was a typical myopic shift of 
approximately 1.00 D (manifest refraction spherical equiva-
lent) that stabilized over time. Preoperatively, mean manifest 
refraction spherical equivalent was +0.25 D, which shifted to 
-0.75 D at 6 months and stabilized out to 18 months. 

I observed very little induced astigmatism in my patients; 
preoperatively, the mean cylinder was -0.25 D, and at 

Figure 1.  Topographic changes 18 months after implantation 

of the Raindrop Near Vision Inlay.

Figure 2.  Average monocular visual acuity preoperatively 

and 18 months postoperatively.



JULY 2016 | CATARACT & REFRACTIVE SURGERY TODAY 49 

CO
V

ER FO
CU

S

18 months, it was -0.30 D. Refractive cylinder remained 
stable after surgery. 

On average, all of my patients saw about 20/20 at all dis-
tances binocularly. UCVA in the treated eye improved at 
near and intermediate distance and diminished slightly at 
distance. 

Figure 2 shows the average monocular visual acuities 
from before surgery to 18 months postoperatively (when 
my patients saw about 20/20). Near and intermediate vision 
improved from preoperative levels, whereas distance vision 
decreased slightly. Figure 3 shows the average binocular visu-
al acuities in this subset, and all patients saw approximately 
20/20 across all three distances. 

Patients completed an NEI RQL-42 quality-of-life (QOL) 
questionnaire preoperatively and 18 months postoperatively. 
The questions were measured on a scale of 0 to 100, with 
a higher score representing a better outcome. Although 

distance vision changed little from preoperatively to 
18 months postoperatively, patients had increased scores in 
near vision, satisfaction with their correction, and satisfac-
tion with their appearance. Figure 4 shows the mean QOL 
scores at the preoperative and 18-month time points.

WHAT THE FUTURE HOLDS
After receiving the Raindrop Near Vision Inlay, my patients 

exhibited good functional vision with average binocular 
acuities of approximately 20/20 at all measured distances. I 
am excited about the addition of this device to the options 
for treating presbyopia, because I think the inlay can provide 
great satisfaction to this growing and demanding group of 
patients.

1.  Durrie DS. The effect of different monovision contact lens powers on the visual function of emmetropic presbyopic 
patients. Trans Am Ophthalmol Soc. 2006;104:366-401.
2.  Whitman J, Dougherty PJ, Parkhurst GD, et al. Treatment of presbyopia in emmetropes using a shape-changing corneal 
inlay: one-year clinical outcomes. Ophthalmology. 2016;123:466-475.
3.  Kilcoyne J. Treatment of presbyopia. Presented at: OIS @ AAO 2015; November 12, 2015; Las Vegas, NV. Available at: 
http://ois.net/ois-aao-2015/presentations. Accessed April 18, 2016.

Presbia Flexivue Microlens

BY ROBERT K. MALONEY, MD

The Presbia Flexivue Microlens (Presbia) is 
an intracorneal inlay designed to treat pres-
byopia by altering the refractive power of 
the cornea. This tiny multifocal lens, 3.2 mm 
in diameter, has a central 1.6-mm-diameter 
area focused for distance vision and a 
peripheral annulus for near vision, much 
like a multifocal contact lens (Figure 1). 

The implant is available in nine add powers that can be 
customized to the patient’s degree of presbyopia. Made of 
a hydrophilic acrylic polymer that has an index of refrac-
tion higher than that of the corneal stroma, the inlay can 
change the way the cornea refracts light without altering 
its anterior corneal shape. That feature allows the implant 

to be inserted into a corneal pocket made with a femto-
second laser in a simple, in-office procedure under topical 
anesthesia. The lens is crystal clear and invisible to the 
naked eye, a cosmetic advantage (Figure 2). 

CLINICAL PARADIGM
The Presbia Flexivue Microlens is currently in FDA trials, 

although it is already approved for use in 42 countries. The 
ideal candidate is emmetropic or slightly hyperopic and 
suffering from presbyopia. The microlens is implanted in 
the nondominant eye only, similar to other intracorneal 
inlays. 

The Presbia Flexivue Microlens causes a mild myopic 
shift, typically leaving the eye about 1.00 D myopic postop-
eratively. This slight refractive difference between the eyes 
is well tolerated. Because of the multifocal effect, reading 
vision is generally much better than a patient could achieve 
with 1.00 D of monovision. Outside the United States, 

Figure 3.  Average binocular visual acuity preoperatively and 

18 months postoperatively.

Figure 4.  NEI RQL-42 QOL questionnaire mean values 

preoperatively and 18 months postoperatively.
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surgeons may combine LASIK with the inlay. LASIK is per-
formed first to create an emmetropic refraction in both 
eyes, and then the inlay is inserted into a corneal pocket 
under the LASIK flap to restore near vision. The device 
can stay in place permanently, or it can be removed if, for 
example, presbyopia advances and a stronger lens prescrip-
tion is required. 

CLINICAL RESULTS
Ioannis Pallikaris, MD, conducted the initial clinical trials 

in Europe, and Figure 3 summarizes his near vision results. 
In this study of 70 eyes, in each time interval, roughly 
three-quarters of eyes achieved logMAR vision of 20/25 or 
better; 20/25 near vision is equivalent to J1, consistent with 
excellent near acuity for almost all activities of daily living. 
Ninety-nine percent of eyes could see 20/40 or better at 

near, good enough for reading print of ordinary size such as 
on menus or a cell phone. 

FDA CLINICAL TRIAL
The Presbia Flexivue Microlens is currently under inves-

tigation in the United States as part of a US investigational 
device exemption trial. Four hundred twenty-one patients 
have been enrolled in a 3-year clinical trial. All were close 
to emmetropic in both eyes and had the device inserted 
in their nondominant eye. Enrollment was completed in 
September 2015. The company anticipates the completion 
of follow-up in September 2018 and hopes to file the pre-
market approval application soon thereafter. n

Figure 1.  The Presbia Flexivue Microlens is 3.2 mm in 

diameter, with a central distance portion measuring 1.6 mm 

in diameter and an annular reading portion surrounding the 

distance zone. 

Figure 2.  The implanted multifocal inlay is invisible to the 

naked eye and nearly invisible at the slit lamp.

Figure 3.  After the device’s implantation, approximately 75% 

of eyes achieved 20/25 or better near UCVA, equivalent to J1. 

Ninety-nine percent of eyes saw 20/40 or better at near.
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n -0.10 to 0.16 logMAR (20/16 to 20/25)
n 0.18 to 0.38 logMAR (20/30  to 20/40)
n 0.40 logMAR (20/50 or worse)
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