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Extending Depth of Focus

By RichaRd L. LindstRom, md

the Kamra inlay: 
a global perspective

By 2020, there will be 2.1 billion presbyopes worldwide, 
many of whom are eager to improve their near vision 
and reduce their spectacle dependence. The KAMRA 

inlay (AcuFocus) provides an excellent option for this 
population. 

 Corneal inlays are additive technologies that do not 
remove tissue; implantation is minimally invasive and they 
are also removable.   

The KAMRA inlay relies on the principle of small-
aperture optics to increase the eye’s depth of focus 
(Figure 1). It is implanted in the nondominant eye to 
improve near and intermediate visual acuity with mini-
mal compromise to distance vision.  

The current-generation inlay, just 5 µm thin, is the culmi-
nation of years of significant technological advancements. 
The inlay has now been studied in a wide range of patients, 
including natural emmetropes, post-LASIK emmetropes, 
ametropes (in conjunction with a LASIK correction) 
and pseudophakes after implantation of a monofocal 
IOL. Results from many of these studies have been peer-
reviewed and published.

  Because the KAMRA inlay is commercially available in 
50 countries, we also now have extensive registry data of 
real-world outcomes for thousands of commercial proce-
dures performed worldwide.

As with any novel ophthalmic technology, both the device 
and techniques for implanting it have evolved considerably 
over the years. The small-aperture inlay has progressed along 
this iterative continuum even faster than many other tech-
nologies on which we all rely, from IOLs and phacoemulsifi-
cation systems to excimer and femtosecond lasers.

Today’s state-of-the-art KAMRA procedure includes 
inlay implantation into a lamellar pocket at or deeper than 
200 µm, created with a femtosecond laser using 6 X 6 spot/
line separation (or the equivalent). When combined with 
LASIK, the procedure should be done using a dual-interface 
technique, where the excimer correction is performed 
under a thin flap and the inlay is implanted at least 100 
µm below in a pocket interface. Surgeons should aim for 
a postoperative refraction in the inlay eye of -0.75 D and 
plano in the fellow eye and use an appropriate postopera-
tive topical steroid and dry eye regimen.

When these guidelines are followed, patients achieve J2 
for near and 20/20 to 20/25 for distance, with a high level of 
satisfaction. Current approaches have increased the speed 

of visual recovery and reduced complications and the rate 
of inlay removal to levels comparable with presbyopia-
correcting IOLs.

Physicians implanting the inlay must understand that 
this is a unique procedure to LASIK, with different post-
operative findings and potential complications. The pres-
byopic patient population is an older one, with a higher 
incidence of dry eye and lenticular changes; these patients 
must be managed accordingly. One should not jump to 
conclusions from any one data point but take all elements 
of the exam into consideration when evaluating an indi-
vidual’s response to and visual gains from an inlay.

In this supplement, we have gathered the expert opin-
ions and collective wisdom of surgeons from around the 
world who have extensive experience implanting the 
KAMRA inlay. I hope you will find it to be a roadmap for 
success, providing important insights into best practices 
for patient selection, intraoperative considerations, and 
effective postoperative management. n

Richard L. Lindstom, MD, is Adjunct Professor 
Emeritus of the Department of Ophthalmology 
at the University of Minnesota, Minneapolis, and 
the Founder of Minnesota Eye Consultants in 
Minneapolis. Dr. Lindstrom states that he is a mem-
ber of the AcuFocus Board of Directors and Scientific Advisory 
Board. He may be reached at e-mail: rllindstrom@mneye.com.

Figure 1.  The small-aperture design allows central paraxial 

light to reach the retina without interference from competing 

focal points or defocused light. This effect results in an  

uninterrupted extended depth of focus.
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Extending Depth of Focus

KAMRA inlay implantation reliably extends depth of focus.

By John a. Vukich, md

an elegant Solution to 
presbyopia

T he KAMRA corneal inlay is an elegant solution for 
the ubiquitous problem of presbyopia. The current-
generation inlay, which is commercially available in 50 

countries, is 5 µm thin, with a 1.6-mm aperture and a total 
diameter of 3.8 mm. Through the well-known principle of 
small-aperture optics, it increases depth of focus to enhance 
near vision (Figure 1).   

Near acuity can be further enhanced with a slightly myo-
pic refractive target of -0.75 D in the inlay eye. This shifts 
the defocus curve to optimize it for near vision, and the 
small aperture eliminates distance blur from this amount 
of myopia. The inlay does not split light between near, 
intermediate, and distance focal points, and patients main-
tain binocular summation despite monocular implantation 
in the nondominant eye. The result is good near vision 
with minimal compromise in distance vision.  

VISUAL RESULTS
Recent data suggest that patients enjoy a wider range 

of functional vision and better contrast sensitivity with 
the inlay than with an accommodating or diffractive 
multifocal IOL (Figure 1).1   

In the Investigational Device Exemption (IDE) clinical 
trial, the inlay was implanted monocularly in 507 natu-
rally emmetropic patients, either in a corneal pocket or 
under a thick corneal flap. Near, intermediate, and dis-
tance mean uncorrected monocular acuity at 3 years was 

J2, 20/25, and 20/20, respectively. Binocular uncorrected 
distance acuity was 20/16.    

From this study and from a global registry of proce-
dures performed commercially, we have gained valuable 
experience in preoperative patient selection, surgical 
technique, and postoperative management. One key 
lesson is that the best results are achieved with a high-
quality lamellar pocket created with a femtosecond laser.

Results from nearly 9,000 commercial pocket procedures 
demonstrate that patients gain an average of 3 lines at 1 
week and an additional line at 1 month, resulting in an 
average near UCVA of 20/28. The mean distance UCVA 
was 20/20 (Figure 2). These results are maintained over 
time, and there was no change in distance BCVA.

 
CONCLUSION

Although there is no perfect solution to presbyopia, the 
KAMRA inlay is an excellent option for our presbyopic 
patients, as it closely approximates the effortless range of 
near and distance vision that young emmetropes enjoy. n

John A. Vukich, MD, is Surgical Director at the 
Davis Duehr Dean Center for Refractive Surgery in 
Madison, Wisconsin, and Chair of the AcuFocus 
Global Medical Advisory Board. He may be reached 
at e-mail: javukich@gmail.com. 

Figure 1.  The small-aperture extends depth of focus, resulting 

in continuous functional vision across all distances. This result is 

enhanced when paired with a small amount of myopia, as  

demonstrated in this image.

Figure 2.  The global KAMRA Data Registry shows that patients 

implanted with the KAMRA inlay achieve an average result of 0.8 

decimal (J2) for near UCVA and 1.1 decimal (20/25) distance UCVA, 

which is maintained over time. The registry includes more than 

8,000 eyes at month 1, more than 6,000 eyes at month 6, nearly 

4,000 eyes at month 12, and more than 700 eyes at month 24.  
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Moderator: John A. Vukich, MD 
Panelists: Perry S. Binder, MS, MD; Günther 
Grabner, MD; and Guillermo Rocha, MD

John A. Vukich, MD: How do today’s technology and 
implantation techniques compare with your earlier 
experience with small-aperture inlays?

Perry S. Binder, MS, MD: I have been involved with corneal 
inlay development since the 80s. The KAMRA small-aperture 
inlay has, by far, the largest numbers and longest follow-up of 
any inlay technology to date. There is robust data available, 
much of it already in the published literature. The company 
has been able to use the power of that data to continuously 
improve the technology and guidelines for its use.

Günther Grabner, MD: Since I began implanting small- 
aperture inlays 7 years ago, we have learned a lot about the 
ideal implantation depth for the inlay, the best target refraction, 
and the implantation methods that result in better outcomes.

Guillermo Rocha, MD: The move to pocket implanta-
tion has been particularly beneficial.  Although well-selected 
patients did fine with the inlay positioned under a 200-µm 
flap, I was never comfortable with the concept of a thick flap. 
With the current pocket implantation technique, we see 
much less postoperative dry eye and have better refractive 
predictability and stability.

Vukich: What near and distance visual performance do 
you expect to provide to your KAMRA patients?

Rocha: After surgery, patients have between J1 and J2 near 
vision with minimal compromise to distance acuity. Using 
eye models, Artal et al2 demonstrated that the combination 
of a small-aperture inlay with some residual myopia provides 
the greatest range of vision. This is reflected in my experience: 
There is a slight decrease in distance UCVA in the implanted 
eye, but patients do not typically note any change in binocu-
lar distance vision.  

Grabner: We did not know that early on. Some patients 
whom we thought were emmetropic and had the pro-
cedure years ago were actually mild hyperopes (±0.50 D). 
Targeting slight myopia in the inlay eye makes this a long-
lasting solution to presbyopia (Figure 1) . With the current 
guidelines for surgery, we expect patients to end up with 
20/25 distance and J2 near vision.   

What is also nice is how broadly applicable this procedure 
is. Because we can combine it with LASIK, it is suitable for 
emmetropes, hyperopes, myopes, and even for post-LASIK 
presbyopes or pseudophakes who want better near vision.  

Vuckich: What is the long-term viability of this technology?
Grabner: We now have 5- to 7-year follow-up on our ini-

tial series of 32 patients. Although patients received an earlier 
version of the inlay and did not benefit from the technique 
refinements made in the past few years, their vision remains 
stable as a result of the novel small-aperture design.

Binder: The polyvinylidene difluoride material of the 
KAMRA inlay is highly biocompatible and stable in the eye. I 
have performed scanning electron microscopy on removed 
inlays. Beyond a normal coating of proteoglycans, there were 
few fibroblasts or keratocytes on the anterior surface and 
none at all on the posterior, concave smooth surface of the 
inlays. There also have not been any cases of corneal thinning 
or melting with the 5-µm technology. These facts suggest 
the inlay is relatively inert, which bodes well for its long-term 
viability. 

Vukich: How does the KAMRA inlay compare with 
other options you can offer presbyopes?

Grabner: What sets the inlay apart is that it can be eas-
ily removed. We will never achieve 100% success with any 
procedure. When a patient is dissatisfied with refractive 
lens exchange, presbyopic LASIK, or monovision LASIK, 
he or she is either stuck with the unsatisfactory outcome 
or must undergo additional invasive intraocular or tissue 
removal surgery to correct it. I have not removed many 
inlays, but it is reassuring to me—and my patients—to 
know that I can remove it if necessary.  

1. Pepose J. Comparison of depth of focus and mesopic contrast sensitivity in small-aperture inlay, accommodating 
IOL, and multifocal IOL patients. Poster presented at: the 2014 Annual Symposium, American Society of Cataract 
and Refractive Surgery; Boston; April 25-29, 2014.
2. Tabernero J, Artal P. Optical modeling of a corneal inlay in real eyes to increase depth of focus: Optimum centra-
tion and residual defocus. J Cataract Refract Surg. 2012;38(2):270-277. 

ExPErt roundtablE: bEst PracticEs in cornEal inlay surgEry

With the current pocket implantation 
technique, we see much less  

postoperative dry eye and have better 
refractive predictability and stability.

– Guillermo Rocha, MD

Figure 1.  The best simultaneous near and distance vision 

is achieved when inlay implantation is paired with a small 

amount of myopia in the inlay-implanted eye.  

Source: Global KAMRA Data Registry.
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Implantation techniques have rapidly evolved.

By Wayne cReWe-BRoWn, md

perfecting the Kamra procedure

T echniques for implanting the KAMRA inlay have 
rapidly evolved as surgeons gain more experience 
with this technology. We know now that a small 

amount of myopia in the inlay eye combined with 
plano in the fellow eye is ideal (Figure 1). To achieve 
this, many patients require an additional LASIK pro-
cedure. At first, the combined LASIK-KAMRA (CLK) 
procedures were performed simultaneously, under 
a 200-µm lamellar flap; however, many of us disliked 
operating under a thick flap. 

Today, the AcuFocus Global Medical Advisory Board 
recommends that the inlay always be implanted in a cor-
neal pocket. 

If excimer laser correction is also required, it should 
be performed under a thin femtosecond laser flap and 
the inlay inserted into a lamellar pocket at least 100 µm 
below the LASIK interface. This dual-interface approach 
allows us to fine tune patients’ refractions and capitalize 
on the advantages of thin-flap LASIK and deep-pocket 
implantation.

ADVANTAGES
The advantages of the pocket procedure over a thick 

flap include simplified centration, improved refractive 
stability and predictability, lower incidence of dry eye, 
and faster visual recovery for greater patient satisfaction. 
Visual outcomes are better, and the rate of inlay removal 
is significantly lower.

Femtosecond laser developments have contributed to 
the success of inlay surgery. Specifically, we have found 
that laser settings should be adjusted to 6 X 6 or tighter 
spot/line separation (or equivalent) for the smoothest 
beds and best outcomes.  

RETROSpECTIVE ChART REVIEw
In a recent retrospective chart review of my results in 

162 patients undergoing monocular pocket implantation 
of the KAMRA inlay with LASIK, mean near UCVA in the 
implanted eye improved 4 lines from preoperative to 1 
week postoperative. Mean distance UCVA and BCVA 
remained unchanged at 20/25 and 20/20, respectively, at 
all time points (Figure 2).  

These are the outcomes we can expect to achieve 
with today’s state-of-the-art inlay technology and 
techniques. n

Wayne Crewe-Brown, MD, is Clinical 
Director of the Optilase Group in Belfast, 
Ireland. Dr. Crewe-Brown has performed 
more than 500 KAMRA Vision procedures 
and serves on the AcuFocus Global Medical 
Advisory Board. He may be reached at e-mail:  
waynecrewebrown@gmail.com.

Figure 1.  Pocket procedures for KAMRA inlay implantation.

Figure 2.  Mean distance UCVA remains constant in the early 

postoperative period and shows improvement over time.

the acufocus global medical advisory 
Board recommends that the inlay 
always be implanted in a corneal 

pocket. if excimer laser correction is also 
required, it should be performed under 
a thin femtosecond laser flap and the 
inlay inserted into a lamellar pocket at 

least 100 µm below the laSiK interface.
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Moderator: Wayne Crewe-Brown, MD 
Panelists: David Kent, MD; Minoru Tomita, MD, 
PhD; and Waleed Al-Tuwairqi, MD

Wayne Crewe-Brown, MD: What was your experience 
in transitioning from flap to pocket with the KAMRA 
inlay?

Minoru Tomita, MD, PhD: Combined LASIK and 
KAMRA (CLK) under a 200-µm flap greatly expanded 
the range of patients suitable for the inlay, with good 
results.1,2 However, by moving to all-pocket inlay 
implantation and separating the two procedures into 
a planned two-step process (pocket implantation plus 
thin-flap LASIK; PLK-2), the results are even better. Our 
removal rate has decreased from 5% with flaps to 1.5% 
with pockets.

David Kent, MD: Surgeons who began with the single-
step CLK procedure grew frustrated with the prolonged 
recovery and high incidence of dry eye. My experi-
ence was that these patients did not do as well as the 
emmetropes in whom I implanted the inlay in a corneal 
pocket. They were more likely to have a hyperopic shift 
or lose BCVA. 

My removal rate with flaps was significant. Based on 
Dr. Tomita’s experience, I changed in February 2012 to 
PLK-2, and I also began using a femtosecond laser with 
dedicated pocket software and a tight spot/line  
separation. 

My rate of complications dropped dramatically after 
moving to pockets, and I have not had a single case in 
the past year that required removal or enhancement. 
Patients are happy, and so am I. 

Waleed Al-Tuwairqi, MD: The pocket cuts fewer cor-
neal nerves and, in many eyes, can be made even deeper 
than 200 µm, which is a metabolically quieter level of 
the cornea. Implanting an inlay under a flap is not ideal 
for either inlay positioning or for ablating the cornea 
with the excimer laser; I am more satisfied with pocket 
surgery.     

Crewe-Brown: How do you center the inlay during 
the pocket implantation procedure?

Al-Tuwairqi: After assessing the centration information 
provided by the AcuTarget HD instrument (AcuFocus), I 
mark my target centration location using a PTK spot with 
the excimer laser and ink marking. This technique can 
be seen in my 2013 ASCRS Film Festival Champion video 
(http://youtube/LPseUwsyLy8).

Kent: Centering accurately under a flap was challeng-
ing and likely contributed to some of the loss of BCVA 
we saw. I find centration in a pocket much easier, as 
you can visualize the first Purkinje and pupil through-
out the inlay insertion process, with superior results.

Crewe-Brown: With a planned two-step procedure, 
how long do you wait between performing LASIK and 
implanting the inlay?

Tomita: We wait 1 month in order to give us the best 
control over the achieved refraction.

Kent: We also do them 1 month apart. Although not 
a requirement, I think it is worthwhile to measure the 
flap with anterior segment optical coherence tomogra-
phy or an excimer laser system that measures flap thick-
ness intraoperatively. Even though today’s femtosecond 
lasers are good, there is still some variation in flap thick-
ness. I like to have a precise measurement so that I can 
plan for at least 100 µm between the flap interface and 
the pocket.  

Crewe-Brown: Besides pocket implantation, what else 
do you consider part of a state-of-the-art KAMRA  
procedure?

Al-Tuwairqi: Patient selection is key. This procedure 
works remarkably well when surgeons do a comprehen-
sive exam and adhere to the preoperative criteria. You 
must be strict about ruling out anyone with severe dry 
eye, central lens opacity, or abnormal topgography. You 
must also follow the guidelines for pocket surgery with 
thin flaps, use an advanced femtosecond laser with high-
quality pocket capability, and use appropriate steroids 
postoperatively. When you do all this, you will have 
happy patients. 

1. Tomita M, Kanamori T, Waring GO 4th, et al. Simultaneous corneal inlay implantation and laser in situ 
keratomileusis for presbyopia in patients with hyperopia, myopia, or emmetropia: Six-month results.  
J Cataract Refract Surg. 2012;38(3):495-506.
2. Tomita M, Kanamori T, Waring GO 4th, et al. Small-aperture corneal inlay implantation to treat presby-
opia after laser in situ keratomileusis. J Cataract Refract Surg. 2013;39(6):898-905.

ExPErt roundtablE: statE-of-thE-art inlay surgEry

My rate of complications dropped  
dramatically after moving to pockets, 

and I have not had a single case in 
the past year that required removal or 

enhancement. Patients are happy,  
and so am I. 

– David Kent, MD
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It is important to pay close attention to the method of refraction.

By WoLfgang Riha, md

targeting excellent near and  
distance uCva 

Presbyopic patients seeking a corneal inlay are motivat-
ed primarily by a desire for better near vision. As sur-
geons, we want to help them meet that goal without 

compromising their distance vision. Thanks to two impor-
tant technique modifications in recent years, the KAMRA 
small-aperture inlay, in my experience, does this effectively.

The important modifications include targeting mild 
myopia in the inlay eye (combined with emmetropia in the 
distance eye) and pocket implantation.

A recent analysis of commercial (ie, nonstudy) pocket 
procedures with the KAMRA inlay showed that 99.6% of 
patients had a distance BCVA of 20/25 or better at 12 and 
24 months (Figure 1) and that only 1.03% lost 2 or more 
lines at 24 months. This excellent result can give surgeons 
confidence that distance vision is maintained in real-world 
practice.

When I first began implanting corneal inlays 7 years 
ago, we selected emmetropes in the -0.75 to +0.50 D 
range. Over time, we have learned that patients obtain 
the best possible vision when the inlay eye is between 
-0.50 and -1.00 D. This provides an average near UCVA 
of 20/28 by 1 month. 

With more than -1.00 D of defocus, patients lose some 
distance acuity; any less and near vision is not as satisfactory. 
Fortunately, combining thin-flap LASIK and pocket inlay 
implantation allows us to correct refractive error to the 
ideal range while the inlay treats the patient’s presbyopia.

With this latest procedure, postoperative vision is sta-
ble. At 1-year postoperative, 90% of patients worldwide 
who had undergone pocket implantation of the KAMRA 
inlay were within ±1.00 D of their intended refractive 
correction (Figure 2), compared with 71% who had the 
inlay implanted under a flap. Compared with the previ-
ous inlay implantation method that required a thick flap, 
the pocket reduces the healing response and dry eye, 
allowing vision to stabilize quickly.  

In assessing refractive outcomes with the KAMRA 
inlay, it is important to pay close attention to the 
method of refraction. Autorefraction is unreliable in an 
inlay eye and will bias the measurement hyperopically. 
A midpoint or red/green refraction is the most accurate 

given the increased depth of focus. It is helpful to view 
the subjective refraction in the context of the patient’s 
satisfaction with near and distance acuity. n

Wolfgang Riha, MD, is in practice at Sehkraft 
Eye Center in Cologne, Germany. Dr. Riha has been 
involved in clinical trials of small-aperture inlays since 
2007 and has implanted about 250 inlays in his  
current refractive practice. He also trains new KAMRA 
surgeons around the world. He is a member of the  
AcuFocus Medical Advisory Board. Dr. Riha may be  
reached at e-mail: riha@sehkraft.de.

Figure 1.  At 12 and 24 months, 99.6% of patients undergoing 

commercial pocket implantation of the KAMRA inlay had a  

distance BCVA of 20/25 or better, and only 1.03% lost 2 or 

more lines of distance BCVA at 24 months.

Figure 2.  One year after surgery, 90% of patients world-

wide who underwent pocket implantation of the KAMRA 

inlay (vs 71% with an inlay implanted under a flap) were 

within ±1.00 D of intended refractive correction. 
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Moderator: Wolfgang Riha, MD 
Panelists: David Kent, MD; Jong Ho Lee, MD; and 
Richard von Volkmann, MD

Wolfgang Riha, MD: What refractive targets do you 
aim for in each eye with the KAMRA inlay?  

Jong Ho Lee, MD: Patient satisfaction has greatly 
improved with a -0.75 D target in the inlay eye. It 
works well with the principle of small-aperture optics 
to increase the patient’s depth of focus for better near 
vision.  

David Kent, MD: I agree. Since I began aiming for -0.75 D, 
my patients have achieved at least J2 near vision, and about 
half are J1. I have not needed to do any enhancements in 
the past year.

Richard von Volkmann, MD: At first, I did not like the 
idea of such a large discrepancy between the two eyes, so I 
aimed for -0.75 D in the inlay eye and -0.25 D in the domi-
nant eye. But I quickly learned that patients did not like 
this. The noninlay eye must be truly emmetropic. 

It is not unusual for patients to come in wearing only 
reading glasses and claim to not need distance correction. 
Once you implant the inlay, you realize they are actually 
latent hyperopes and need an excimer correction in the 
other eye. 

I now make sure to treat even minor amounts of error 
in order to get both eyes within the ideal target range. 
With the combination of -0.75 D in the inlay eye and 
emmetropia in the noninlay eye, my patients typically 
have distance vision of 0.8 UCVA in the KAMRA eye and 
1.0 or 1.2 binocularly.  

Riha: How do you obtain reliable, post-inlay  
refractions in your practice?

von Volkmann: You must do a midpoint refraction. 
Initially, I was pushing patients too much to the plus side 
with a standard refraction. 

When I compared my results with others, I had the 
same excellent near UCVA results, but my subjective 
refractions were closer to +1.00 D, which is impossible 
if the patient can read 1.0 uncorrected. Once I began 
doing midpoint refractions, the results make much more 
sense.

Riha: At what point do patients achieve refractive 
stability?

von Volkmann: With any presbyopia procedure, 
neural adaption is required. Some patients adapt quickly 
and they are happy the day after surgery, but others 
may take several months. For the latter group, it is not 
as much a problem of unstable or fluctuating vision but 

simply a longer process of adapting to their vision after 
presbyopia correction.   

Riha: I agree. After 1 month, it is the brain—not the 
eye—that is still adjusting. In my experience, patients with 
strong eye dominance may struggle more to adapt than 
those with weaker ocular dominance. Patients can help 
the process by not using glasses and not comparing one 
eye to the other postoperatively.  

Kent: At 1 month, most patients are stable and happy. 
If there are problems with stability of the refraction, it may 
be that the patient has dry eye or stopped using the pre-
scribed drops.

Riha: Is refractive stability better with pocket 
implantation than with flaps?

Kent: Yes. Most patients in this age group, especially 
postmenopausal women, have preexisting dry eye. When 
we created thick flaps, we severed a lot of corneal nerves, 
made their dry eye worse, and prolonged visual recovery. 
Additionally, the uncertainties of ablation in the deeper 
stroma, flap repositioning problems, and the challenges 
of correctly centering inlays under flaps increased the 
likelihood of BCVA loss. 

Implanting the inlay in a deep corneal pocket and 
performing LASIK (if needed) under a thin flap is a better 
strategy. 

ExPErt roundtablE: rEfraction and rEfractivE stability

I now make sure to treat even minor 
amounts of error in order to get both 

eyes within the ideal target range. 
– Richard von Volkmann, MD

3   Target -0.75 D refraction in the inlay eye and 
plano in the fellow eye

3   Treat even minor amounts of refractive error 

3   To accurately assess refraction after inlay  
implantation, use either a midpoint or  
red/green refraction technique

3   If refractive changes are noted, check against  
acuity results

3   Treat dry eye aggressively 

3   Strong ocular dominance can influence  
neural adaption

PEarls for PostoPErativE oPtiMization
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Pocket implantation has simplified postoperative management.

By fRancesco caRones, md

postop findings in inlay patients

In my experience, presbyopes who are motivated to get 
rid of their reading glasses are overwhelmingly happy 
with a KAMRA inlay, and their results justify the time 

spent on postoperative management. 
Mild corneal steepening over the inlay or minor 

changes in refraction are normal postoperative findings 
that generally do not require treatment. Healing time 
is typically 1 month, with patients gaining 3 lines by 
1 week and an additional line by 1 month postopera-
tively. Minimizing surgical time may reduce edema and 
healing time.  

Near and distance vision with the inlay is dependent 
on refractive error. Patients who do not achieve the 
target refraction of -0.75 ±0.25 D in the inlay eye and 
plano in the fellow eye may not have the UCVA they 
desire. Regression and the method of assessment can 
affect the postoperative refraction. Autorefraction is 
unreliable in an inlay eye; a midpoint refraction should 
be performed. Fluctuations in vision are usually due to 
dry eye and associated with poor compliance with the 
postoperative drop regimen.

Pocket implantation, even in patients who also require 
LASIK, has simplified postoperative management. Global 
registry data show that the incidence of wound heal-
ing response has declined from 17% with the combined 
LASIK-KAMRA procedure under a thick flap to 4% when 
the inlay is implanted in a corneal pocket.

LOOk AT ThE AxIAL mAp
For the most accurate view of any areas of elevation on 

topography, surgeons should look at the axial map, rather 
than the instantaneous or tangential radius of curvature 
map. It is fairly common to see a red ring of mild, mid-
perhipheral steepening over the inlay. This is statistically 
significantly correlated with inlay depth, time since surgery, 
and ablation type.1 The red ring is most obvious in the eye 
with the shallowest implantation (Figure 1).   

By itself, a red ring is of no consequence and does not 
require therapy. However, when accompanied by central 
flattening, haze formation, and a hyperopic shift, corticoste-
roid treatment is needed.

A blue ring or area of flattening over the inlay is also not 
necessarily cause for concern. In most cases, this is due to tear 
film irregularity, which can result in a myopic shift and central 
steepening. Aggressive ocular surface treatment will resolve 
the problem (Figure 2). When accompanied by corneal 

haze and stromal thinning noticeable on optical coherence 
tomography (OCT), one might consider removal, but I have 
never seen this, nor has this been reported commercially. In 
fact, I have removed only one inlay out of 200, and that one 
was due to dissatisfaction rather than complication.

My recent OCT studies suggest that when postopera-
tive refractive shifts occur, they are related to changes 
in epithelial thickness rather than a stromal response. 
In the majority of eyes, appropriate management with 
topical steroids or dry eye therapies will reduce steep-
ening and reverse a refractive shift so that patients 
achieve the target refractive result. n

Francesco Carones, MD, is Medical Director of 
the Centro Oftalmo-Chirurgico Carones in Milan, 
Italy. Dr. Carones has implanted about 200 KAMRA 
inlays since 2010 and states that he is an advisor to 
AcuFocus. He may be reached at e-mail:  
fcarones@carones.com.

Figure 1.  Presence of a red ring on topography can be 

influenced by implant depth. These three patients had 

their inlay implanted at different depths. The deeper 

implant had no ring, whereas the shallower implant has an 

obvious ring.

Figure 2.  This patient had a good result at 1 month, but, at 

the 2- and 3-month visits, there appeared to be a myopic shift 

and a blue ring was seen on the topography axial map. Dry 

eye treatment resolved the problem.  

Courtesy of Francesco Carones, M
D

Courtesy of Francesco Carones, M
D
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Moderator: Francesco Carones, MD
Panelists: Günther Grabner, MD; Joon Hyun Kim, MD, 
PhD; Jeffery J. Machat, MD, FRCSC; and Jay S. Pepose, 
MD, PhD 

Francesco Carones, MD: What has been your 
experience with topographic assessment following 
KAMRA inlay surgery?

Jay S. Pepose, MD, PhD: As you noted in your article, 
some patients develop a wound healing response, but 
they generally respond nicely to a course of topical ste-
roids. In the Investigational Device Exemption (IDE) clini-
cal trial, we rarely saw a wound healing response requir-
ing an additional course of steroids in eyes in which the 
pocket was created with a femtosecond laser using a 
spot/line separation of 6 X 6 or less.  

Jeffery J. Machat, MD, FRCSC: I have only seen this 
once, and I do not think a red ring with hyperopic 
shift is common with the current technique. The most 
important thing is that we are treating the patient, 
not the topography, as the imaging only tells part of 
the story. We must look at topography in the context 
of visual acuity, ocular surface conditions, and other 
results.  

Carones: What is the typical healing time for your 
patients?

Machat: About 20% of my patients experience incred-
ibly fast visual recovery and are able to read J1 or J2 the 
next day. The majority take 3 to 4 weeks to heal and 
adapt to the inlay, and only about 5% experience a longer 
recovery of 3 to 4 months. Although it is hard to predict 
who will fall into this last category, we can improve their 
chances of faster recovery with a long, slow, steroid taper 
and aggressive treatment of dry eye.  

Kim: I agree. Although many patients are satisfied within 
the first month or two, I set expectations by telling patients 
to expect 3 months for complete healing. Once they reach 
that point, patients continue to enjoy good vision indefinitely, 
unlike other procedures that become less effective as presby-
opia advances.  

Carones: If the refraction is off or the patient  
experiences fluctuations in vision, is that an  
indication for inlay removal?

Pepose: The biggest source of fluctuations in vision is the 
tear film. In the clinical trial, we learned that we must be 
aggressive on the front end in diagnosing and treating ocular 
surface problems and continue treatment postoperatively. 

Grabner: These are not young LASIK patients. The 
reality is that almost all of them have dry eye, and that 

has a major impact on quality of vision, especially near 
vision. I now put punctal plugs in all my inlay patients 
and recommend the use of artificial tears for 6 to 9 
months after surgery.  

Kim: If the problem is a missed refractive target, we can 
perform an enhancement.

Carones: Do you see reduction in contrast sensitivity 
postoperatively?

Grabner: Any perceptible loss occurs only in dark situ-
ations, such as driving in a tunnel at night. Our published 
results demonstrate that binocular mesopic vision continues 
to be excellent.2 

Pepose: There is some reduction in monocular mesopic 
contrast sensitivity in the inlay eye, but it remains within nor-
mal limits. To put this in perspective: There is less loss of con-
trast than with presbyopia-correcting IOLs (Figures 1 and 2).3 
With a small-aperture inlay, we are not inducing aberrations, 
so the result is high-quality vision.  

1. Carones F. Assessment of the KAMRA inlay using videokeratography and corneal OCT: 2-year results. Paper 
presented at: the ESCRS Annual Meeting; October 5-9, 2013; Amsterdam, Netherlands.
2. Seyeddain O, Bachernegg A, Riha W, et al. Femtosecond laser-assisted small-aperture corneal inlay implantation 
for corneal compensation of presbyopia: two-year follow-up. J Cataract Refract Surg. 2013;39(2):234-241. 
3. Pepose J. Comparison of depth of focus and mesopic contrast sensitivity in small-aperture inlay, accommodating 
IOL, and multifocal IOL patients. Poster presented at: the 2014 Annual Symposium, American Society of Cataract and 
Refractive Surgery; April 25-29, 2014; Boston.

ExPErt roundtablE: EffEctivE PostoPErativE ManagEMEnt

Figure 1.  KAMRA inlay patients had statistically  

significantly better mesopic contrast sensitivity (CS) at 3, 

6, and 12 spatial frequencies, without glare, when  

compared with commercially available accommodating 

and diffractive multifocal IOLs. 

Figure 2.  Inlay patients had significantly better binocular 

mesopic contrast sensitivity at all spatial frequencies, 

when compared to all three IOLs for the glare condition. 
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Following best practices for inlay implantation can help to maximize success rates.

By minoRu tomita, md, Phd

addressing and minimizing 
postoperative Complications

Surgical complications with small-aperture corneal 
inlays are relatively rare and have been decreasing 
with advances in surgical technique. By following 

best practices for inlay implantation, surgeons can maxi-
mize their chances of success and minimize the chance 
of a complication or removal.

Best practices include adequate patient selection and 
counseling. The primary reasons for removal are dissatisfac-
tion with vision and/or failure to adapt to vision with the 
inlay (Figure 1). Therefore, it is important to hit the desired 
refractive targets and educate patients about what to expect.  

REpORTED COmpLICATIONS AND pATIENT 
COmpLAINTS 

Some reported complications are related to shallow 
implantation or complications with a thick flap. Pocket 
implantation at 200 to 250 µm in the stroma is the best 
way to avoid these problems. 

Even with pocket implantation, a small percentage of 
patients may still develop an aggressive wound healing 
response characterized by stromal thickening over the 
inlay, central flattening, haze over the inlay annulus, and 
hyperopic shift. However, the reaction occurs in only 4% 
of patients and, in the vast majority, it can be resolved 
with another round of steroid therapy. In the rare instance 
when the eye either does not respond or rebounds after 
steroid therapy, inlay removal should be considered.

Dry eye can result in fluctuations in vision. Care should be 
taken preoperatively to address any preexisting ocular surface 
problems. Lubrication with artificial tears and/or therapeutic 
measures can resolve most vision problems related to post-
operative dryness. Patients may also report shadows and/or 
double vision if their inlay is not centered correctly. However, 
recentration results in almost immediate improvement.1

Globally, the removal rate has decreased from 6% with 
flap procedures to 1.2% with pocket-based procedures 
(Figure 2). This mirrors my own removal rate, which has 
declined from 5% to 1.5% with pocket procedures. Even at 
the peak, the removal rate was similar to the rate of surgical 
monovision reversal,2,3 and it is now approaching the rate 
of IOL exchange,4 which carries greater surgical risk. 

When removal is indicated, it should be done prompt-
ly to ensure faster return and stabilization of vision. Both 
distance and near UCVA recovered by 1 month and sta-
bilized by 3 months, and 97% recovered their preopera-
tive distance BCVA by 6 months. The remaining 3% only 
lost 1 line of distance BCVA at 6 months.5  

Today, complications with the inlay are exceedingly low 
and continue to decline as surgeons develop their surgical 
skill and technology advances. n

Minoru Tomita, MD, PhD, is Medical Director of 
the Minoru Tomita Eye Clinic Ginza in Tokyo. Dr. 
Tomita has implanted more than 10,000 KAMRA 
inlays and has helped to refine both the inlay technol-
ogy and techniques for implantation. He serves on the 
AcuFocus Global Medical Advisory Board and may be  
reached at e-mail: harvardmedical1972@gmail.com. 

Figure 1.  The KAMRA inlay removal rate has declined to 1.2% 

after surgeons moved from flap-based procedures to pocket 

implantation. Data from Global KAMRA Data Registry.

Today, complications with the inlay 
are exceedingly low and continue to 

decline as surgeons develop their  
surgical skill and technology advances.

– Minoru Tomita, MD, PhD
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Moderator: Minoru Tomita, MD, PhD
Panelists: Wayne Crewe-Brown, MD; Jong Ho Lee, MD; 
Wolfgang Riha, MD; and Roger Zaldivar, MD 

Minoru Tomita, MD, PhD: What is your personal inlay 
removal rate, and how has it changed over time? 

Wayne Crewe-Brown, MD: My overall explant rate is 2%. 
This includes the early flap procedures, which I moved away 
from rather quickly. For pocket procedures only, my removal 
rate is 1.1%.

Wolfgang Riha, MD: During previous work with Günther 
Grabner, MD, which included some of the earliest patients 
implanted with the inlay, our removal rate was more like 5%. 
It has declined significantly with advancements in the past 
7 or 8 years. In my refractive practice, our explant rate has 
dropped from 4% with flaps to 1.3% with pockets.

I had one patient treated with a thick flap procedure 
in whom the inlay was removed due to a wound heal-
ing response. I have not removed any from a pocket 
to date. We want to get the removal rate as low as 
possible, but it will never be zero. The relative ease of 
removal in case of dissatisfaction is one advantage of 
the KAMRA inlay.

Jong Ho Lee, MD: I have performed only pocket proce-
dures. In more than 250 cases, my explant rate is 0.8%.

Roger Zaldivar, MD: With the pocket procedure, I have 
not removed a single inlay. This is a big improvement over 
implanting an inlay under a thick flap. 

I have done enhancements on some patients and found 
that PRK works well in inlay-implanted eyes. In post-LASIK 
patients, I lift the flap to perform an enhancement if needed 
prior to inlay implantation. As I continue to refine my treat-
ment nomograms, I anticipate that the enhancement rate 
will decrease.

Tomita: What postoperative complications have you 
encountered, and how were they managed?

Zaldivar: With the pocket procedure, the only complica-
tion I have seen is dry eye, which can be easily managed.  

Lee: I agree. I treat dry eye aggressively with punctal plugs, 
artificial tears, cyclosporine, lid scrubs and compresses, and 
autologous serum.  

Crewe-Brown: I have seen fewer problems with dry 
eye (Figure 1) and wound healing response than we had 
with the flap procedures. Epithelial ingrowth occurred 
occasionally with flap procedures, particularly if one 
needed to relift the flap. Although epithelial ingrowth 
into a pocket is possible, it is highly unlikely, especially if 
you use a secondary instrument to open the pocket for 
inlay insertion. The rate of early complications with the 
inlay is lower than with many other well-accepted tech-
nologies. We have learned from the complications and 
improved the procedure to minimize them.

Tomita: What do you consider a sign that the inlay 
should be removed rather than continuing to treat the 
complication?

Lee: It is important to follow the patients carefully and 
move quickly to treat with corticosteroids if indicated. 
Proper steroid treatment at an early stage will substan-
tially decrease the need for removal. I would consider 
removing the inlay if there is an aggressive wound heal-
ing reaction that is uncontrolled or recurs as soon as 
steroids are stopped.

Crewe-Brown: I agree. If steroids do not resolve the situa-
tion, I would remove the inlay. It is also important to ensure 
that what one believes to be a refractive shift is not simply 
regression of the excimer laser treatment.  

Tomita: When you have removed an inlay, has the end 
result been satisfactory?

Riha: Yes. In my experience, the earlier you remove it, the 
faster the patient can return to his or her preoperative state. 
When you remove the inlay within the first year, recovery 
takes just a few days.

1. Gatinel D, El Danasoury A, Rajchles S, Saad A. Recentration of a small-aperture corneal inlay. J Cataract Refract Surg. 
2012;38:2186-891.
2. Reilly CD, Lee WB, Alvarenga L, et al. Surgical monovision and monovision reversal in LASIK. Cornea. 
2006;25(2):136-138.
3. Braun EH, Lee J, Steinert RF. Monovision in LASIK. Ophthalmology. 2008;115(7):1196-1202.
4. Marketscope 2012 IOL Report.
5. Vilupuru S, Tomita M. Visual recovery following removal of small aperture intra-corneal inlay. Poster presented at: 
the 2014 Association for Research and Vision in Ophthalmology; May 4-8, 2014; Orlando, Florida.

ExPErt roundtablE: Managing inlay coMPlications 

Figure 1.  Based on clinical trial results, there appears to  

be a lower incidence of dry eye after a pocket-based  

procedure than a flap procedure. LASIK was not performed 

in the flap cases presented here. Data on file, AcuFocus.

We want to get the removal rate as 
low as possible, but it will never be 
zero. The relative ease of removal in 

case of dissatisfaction is one  
advantage of the KAMRA inlay.

– Wolfgang Riha, MD
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The pocket procedure has been a game-changer for the patient experience.

By RogeR ZaLdiVaR, md

Set patients up to Succeed

T he ideal KAMRA patient is a presbyope between 
45 and 65 years of age with preoperative mani-
fest refractive spherical equivalent between -5.00 

and +3.00 D with less than 3.00 D of cylinder. The eye 
should have sufficient central corneal thickness to 
accommodate the inlay at a depth of 200 to 250 µm 
and leave at least 250 µm between the inlay pocket 
and the endothelium. Post-LASIK patients and pseudo-
phakes with monofocal IOLs are also great candidates.

CLEAR OpTICAL pATh
Patients must also have generally good ocular health, 

good binocularity, a healthy and stable tear film, and a 
low degree of optical scatter. For small-aperture optics 
to function as intended, a clear optical path through the 
center of the inlay is required. 

The AcuTarget HD instrument is an excellent tool for 
evaluating the patient’s quality of vision pre- and post-
operatively. It uses double-pass retinal imaging technol-
ogy to assess the amount of forward light scatter and 
assigns an objective scatter index (OSI) score in order to 
quantify visual quality. For example, patients with an OSI 
score below 1.0 have good quality of vision and may be a 
good candidate for the KAMRA inlay. For patients with 
an OSI score above 1.0, they may be developing a cata-
ract or have dry eye and may require another therapy, 
such as cataract surgery (Figure 1).

I also look for candidates with a positive outlook and 
realistic expectations. There is no fountain of youth, 
but I know through experience that KAMRA patients 
achieve great optical quality with minimal compromise 
in their range of vision. Furthermore, data indicate that, 
at 1 year, 95% of patients are satisfied and only 8% occa-
sionally or sometimes use reading glasses. 

The pocket procedure has been a game-changer for the 
patient experience. We see less dry eye postoperatively, 
and visual recovery is much faster—often, patients do not 
even feel like they had an operation the day before.  

ImmEDIATE ImpROVEmENTS, fOLLOwED by 
fURThER ImpROVEmENTS

It is important to talk to patients about their visual recov-
ery in order to ensure they understand they will see immedi-
ate improvement on day 1 and further improvement over 
the first month. Those with strong eye dominance should 
also understand that they may take a little longer to adapt. 

I find this helps to set an appropriate expectation that it 
will take time to achieve their optimal functional near vision. 
Distance vision is well maintained during this time (Figure 2).  

CONCLUSION
With the selection criteria outlined here combined 

with pocket implantation, appropriate refractive tar-
geting, and postoperative management, surgeons can 
expect a high rate of success with the KAMRA inlay. n

Roger Zaldivar, MD, is President and Scientific 
Director of Instituto Zaldivar in Mendoza, 
Argentina. Dr. Zaldivar has implanted about 50 
KAMRA inlays and states that he serves as a 
member of the AcuFocus Global Medical Advisory 
Board. He may be reached at e-mail: zaldivar@zaldivar.com.

Figure 1.  Using the objective scatter index (OSI) and double-pass 

technology, the AcuTarget HD instrument quantifies quality of 

vision.  A presbyopic patient presenting with an OSI score below 

1.0 preoperatively indicates a clear optical system and that 

patient may be a good candidate for a KAMRA inlay.

Figure 2.  The AcuTarget HD instrument shows the change in 

depth of focus with and without the inlay. In this example, the 

patient’s depth of focus improved from 1.00 D preoperatively to 

3.00 D postoperatively with implantation of a KAMRA inlay.
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Moderator: Roger Zaldivar, MD
Panelists: John Blaylock, MD, FRCSC; Jeffery J. Machat, 
MD, FRCSC; and Marco Rossi, MD 

Roger Zaldivar, MD: What patient selection pearls 
have helped your success with the KAMRA inlay?  

John Blaylock, MD, FRCSC: We have gotten excellent 
results by adhering closely to the company’s recom-
mended selection criteria and not pushing the technol-
ogy on patients who are not good candidates. I think 
it is also important to ensure that you get patients to 
an optimum refraction (-0.50 to -1.00 D in the non-
dominant eye and plano in the dominant eye) before 
implanting the inlay.  

Jeffery J. Machat, MD, FRCSC: I am quite picky about 
the tear film. I also try to rule out patients who are 
extremely intolerant of differences between their two eyes 
and those who would be better served by binocular vision 
for extensive near work, such as a graphic artist or a den-
tist who uses a loupe.  

Zaldivar: How do you set expectations for the  
presbyopic patient?

Marco Rossi, MD: A successful patient experience 
is directly related to how effective initial counseling is. 
Beware of the patient with completely unreasonable 
expectations: People who expect to be able to read news-
papers in the dark are not going to be happy with any 
presbyopic correction.

Blaylock: People who seek refractive surgery tend to be 
demanding and compulsive or a perfectionist—exactly 
who many experts say we should stay away from. I am 
like that myself, so I do not shy away from these patients. 
I have an honest conversation with patients about what 
to expect from the technology. I tell them they may still 
need reading glasses or better light at certain times or for 
some activities. If you are upfront about those aspects, 
patients will self-select. 

Machat: It is really important to emphasize to patients 
not to use readers or compare their two eyes during 
the initial postoperative period. That inhibits the neural 
adaption that needs to happen and will slow down visual 
recovery.  

Zaldivar: What is your experience with the 
AcuTarget HD?

Rossi: The device helps me to see how the patient sees 
and gives me important visual quality data that we can 
use clinically. The data help to overcome the difficulty 
some patients have in articulating their visual problems or 
symptoms, both pre- and postoperatively.

Machat: It has helped us achieve more precise centra-
tion, which I have increasingly focused on in performing 
this surgery. In addition to centration, the AcuTarget HD 
instrument (AcuFocus) helps identify barriers to success 
preoperatively such as visual quality degradation from dry 
eye or early cataract formation (Figure 1). We now use it 
routinely on all our cataract patients, too.

Zaldivar: How has adding the inlay impacted your 
practice?

Blaylock: The visual outcomes for the two-step LASIK 
and KAMRA procedure have been stellar. I offer a range of 
procedures, from LASIK to refractive lensectomy, and the 
small-aperture inlay fits nicely into the mix. 

Offering the KAMRA inlay has strengthened our pres-
byopia practice overall, because it brings in people who 
want to get rid of their reading glasses. Some are good 
candidates for the inlay; others have lenticular changes 
or significant dry eye, and I recommend lens exchange 
instead. 

Machat: I explored every solution to presbyopia that 
has been suggested in the past decade or more, from 
scleral implants to thermal keratoplasty to multifocal or 
intrastromal ablations. Nothing grabbed my attention 
until the small-aperture inlay came along. 

With the KAMRA inlay, we can reliably get patients to 
20/25 or 20/20 distance and J1 or J2 near—and that is 
what it takes to satisfy today’s presbyopes. 

ExPErt roundtablE: PatiEnt satisfaction with cornEal inlays

Figure 1.  The AcuTarget HD instrument provides an 

objective measure of the impact of tear film instability on 

quality of vision. The chart reports objective scatter index 

(OSI) score over time. This result indicates that when the 

patient has their eye open that their OSI score increases 

from 0.5 to more than 1.5 over 6 seconds. This is an 

example of a patient who could benefit from dry  

eye therapy.



the Kamra inlay is an investigational device, limited by federal (uS)

law to investigational use and not available for sale in the united States.

the Kamra inlay and acutarget Hd instrument are trademarks of acufocus, inc.

the acutarget Hd was developed by visiometrics in collaboration with acufocus. visometrics is an optical science  

company, based outside of Barcelona, Spain, and developers of the oQaS technology and Hd analyzer.  

the acutarget Hd is distributed by acufocus, inc.
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