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Course Description:   This course will explore the current state of 
femtosecond lasers in cataract surgery with an emphasis on advanced 
applications. New imaging systems and integrated software will be presented 
along with the latest clinical data. Discussion will include surgical logistics, 
patient flow and laser location in cataract as well as refractive surgical 
centers. This course will also include video selections on special surgical 
saves and challenging cases enabled with femtosecond laser technology.  

  Course Objectives:   Participants will be acquainted with the logistics of 
the femtosecond laser cataract surgery and also with the most important 
application, patient selection criteria and difficult cases, where femtosecond 
laser offers a new solution for surgeons.   

 Course Schedule:   Zoltan Z. Nagy: The trajectory of innovation: 
advancing technology and technique with femtosecond lasers in refractive 
surgery (video review also) Rudy Nuijts: The clinical significance of a 
femtosecond laser capsulotomy: what have we learned? Stephen Slade: Trips 
and tricks for femtolaser refractive cataract surgery with hydrodissection, 
lens fragmentation and how to open and titrate the effect of arcuate 
keratotomy incision Michael Knorz: A multipurpose femtosecond laser 
platform in a high profile refractive surgery center - corneal and cataract 
procedures A. John Kanellopoulos: The science of the incision: nomogram 
development with image-guided arcuate incisions Philippe Crozafon: 
Reduce surgically induced astigmatism with femtosecond laser incisions   
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CHIEF MEDICAL EDITOR’S PAGE: EDITORIAL

T hroughout my 20 years of experience in ophthal-
mic surgery, nothing has impressed me more than 
my introduction to the concept of the femtosec-
ond laser for ophthalmic use. I will never forget the 

first time I learned of this prospect—it was at the American 
Society of Cataract and Refractive 
Surgery (ASCRS) meeting in 2000. 
An investigative tool at the time, the 
prototype IntraLase femtosecond laser 
(now Abbott Medical Optics Inc.) had 
potential applications in corneal and 
possibly anterior segment surgery. 

It took only a few years to witness 
bladeless LASIK become a main-
stay in refractive surgery globally. 
Although we all know that you can 
perform very good LASIK with a 
mechanical microkeratome, 6 years 
of experience with laser-only LASIK 
surgery, initially with the IntraLase 
and currently with the FS200 (Alcon Laboratories, Inc.), 
has convinced me that I will never go back to a bladed 
microkeratome. The high reproducibility and accurate 
flap parameters, regardless of corneal astigmatism, 
thickness, and diameter, as well as patient age, are a 
signature feature with almost all femtosecond laser sys-
tems. Similarly, after 6 months of 
experience in laser cataract surgery 
with the LenSx femtosecond laser 
(Alcon Laboratories, Inc.), I am 
starting to see some of the advan-
tages of this technology, especially 
in high-risk and pseudoexfoliation 
cases, compared with manual cataract surgery. One of 
my recent cases is featured at eyetube.net/?v=dehir. 

This month, CRST Europe’s cover stories feature a global 
perspective from a team of well-known cataract surgeons, 

offering varied points of view on the application of the fem-
tosecond laser in cataract surgery. Following the approval of 
the LenSx in the United States and in Europe, several other 
excellent and promising laser devices for cataract surgery 
are now available, all of which are discussed in this issue. As 

you will see in each surgeon’s article, 
the learning curves have been relatively 
short. There are some intrinsic restric-
tions in performing  laser cataract 
surgery, however, such as achieving 
adequate pupil dilatation, avoiding lens 
fragmentation close to the posterior 
capsule (as this may risk posterior cap-
sular rupture prior to entering the eye), 
performing careful hydrodissection (as 
there will be air within the capsular 
bag from the femtosecond-assisted 
lens fragmentation), and dealing with 
annoying pupil constriction after the 
femtosecond laser treatment has been 

applied. Additionally, application of laser cataract surgery 
may necessitate an updated technique for lens fragment 
removal. 

Most of the early adopters of this technology agree that, 
even at this early point, the femtosecond laser has estab-
lished itself as a far more accurate tool than manual cataract 
surgery in regard to wound creation, impeccable position-
ing and construction of the capsulorrhexis, and significant 
reduction or elimination of phacoemulsification time by 
allowing prefragmentation of the lens. 

Of course, the procedure is still in its infancy. It is now 
up to the ultimate surgical machine, which is nothing 
other than ourselves, the surgeons. Over time, we will 
devise and advance new femtosecond cataract tech-
niques, new instruments, and possibly further upgrades 
of these technologies to make cataract surgery an even 
safer and easier procedure. 

Laser (Bladeless) 
Cataract Surgery is 
Here to Stay

A. John Kanellopoulos, MD
Associate Chief Medical Editor
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Surgeons discuss their preferred tools for achieving superior results.

BY WARREN E. HILL, MD; CARLO LACKERBAUER, MD; THOMAS OLSEN, MD, PHD; 
AND SUNIL SHAH, MBBS, FRCOPHTH, FRCS(ED), FBCLA

Diagnostic Technologies 
for Enhanced Cataract 
Surgery Outcomes

Greater Refractive Accuracy 
With the Lenstar LS900
By Warren E. Hill, MD

The Lenstar LS900 (Haag-Streit AG) represents the newest 
generation of optical biometers. I have found that this instru-
ment, by allowing user validation of all aspects of the mea-
surement process, increases the refractive accuracy of cataract 
surgical outcomes. No longer do we have to assume that a 
specific measurement is correct. Additionally, many of the 
individual measurements made by the Lenstar are more accu-
rate than those made by other devices, with anterior cham-
ber depth and lens thickness determined by optical biometry 
and a high density of corneal measurement points. Five scans 
on both eyes can be accomplished in 3 minutes or less.

KERATOMETRY
One of the strongest features of the Lenstar is its strategy 

of high measurement density for determining the central 
corneal power. Using two rings of 16 measurements each 
at 1.65 mm and 2.3 mm, the Lenstar carries out a total of 
32 measurements spaced 22.5º apart. The greatest distance 
that any meridian can be located from a measurement 
point is approximately 11º. This renders the keratometry 
(K) readings of the Lenstar highly accurate for the determi-
nation of the steep and flat meridians and also the differ-
ence in power between them—a feature that makes this 
instrument especially useful for toric IOLs. The device’s K 
measurements have been demonstrated to be equivalent 
to manual keratometry for use with a toric IOL.1 Lenstar K 
measurements may also be used with the American Society 
of Cataract and Refractive Surgery (ASCRS) online post-
keratorefractive surgery IOL power calculator.

Each button push allows the operator to view four 

images of the cornea with the reflected image of the 
measurement LEDs. Areas where the reflected image is 
not well formed, as with a dry eye, are an indication that 
information may not be correct in that area. Individual 
measurements can be deleted and repeated until it is cer-
tain that the quality of all measurements is acceptable. 

The standard deviation for displayed K values should be 
a variation that is no greater than 3.5° in the steep merid-
ian and no greater than 0.25 D for the power in each of 
the two principal meridians. For toric IOL calculations, we 
have found that the Lenstar is the only keratometry device 
needed in our practice. 

AXIAL MEASUREMENTS
For axial measurements, the Lenstar segments the eye 

into three sections: cornea and aqueous, lens, and poste-
rior segment. Central corneal thickness, anterior chamber 
depth (ACD), lens thickness, and overall axial length are 
all measured by optical biometry. The axial measurement 
display is presented in the familiar form of an immersion 
A-scan, with a spike at the location of each optical inter-
face. Validation of each of the axial measurements simply 
involves verifying that the moveable electronic calipers 
are in the correct locations. Precise measurements of ACD 
and lens thickness are requirements of later-generation 
theoretical formulas such as the Holladay 2 and Olsen. For 
future generations of IOL power calculation methodolo-
gies, and also those that may employ advanced ray-tracing 
and engineering-based statistical models, exact measure-
ments of the ACD and lens thickness will be critical.

HORIZONTAL CORNEAL DIAMETER
Each of the five measurements of the horizontal cor-

neal diameter can be adjusted by the user to line up per-
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fectly with the corneal limbus. This is especially important 
for patients with lightly colored irides, which sometimes 
make the interface between the sclera and the limbus dif-
ficult to discern. Once the user verifies that all five measure-
ments are correct, the instrument generates a mean value, 
unless one or more of the measurements has been dese-
lected. Again, newer-generation formulas incorporate hori-
zontal corneal diameters into the calculation process, and 
this information is also used to estimate the size of back-up 
anterior chamber IOLs, making accuracy very important.  

Warren E. Hill, MD, is in private practice at East Valley 
Ophthalmology in Mesa, Arizona. Dr. Hill may be reached 
at (480) 981-6130; hill@doctor-hill.com.

1. Hill WE,Osher R,Cooke D, et al. Simulation of toric IOL results comparing manual keratometry to dual-zone 
automated keratometry from an integrated biometer. J Cataract Refract Surg. 2011;37:2181-2187.

 
Modern Solutions for 
Refractive Cataract Surgery: 
Callisto eye
By Carlo Lackerbauer, MD 

According to recent studies,1,2 up to one-third of cata-
ract patients with astigmatic refractive errors could benefit 
from the implantation of a toric IOL. The use of optical 
biometry, a microincisional surgical technique, and an IOL 
with rotationally stable geometry are mandatory in toric 
IOL surgery, and all are commonly used today. One of the 
main reasons that the use of toric IOLs in cataract surgery 
is limited, however, is the difficulty of accomplishing perfect 
IOL alignment using standard marking methods. This prob-
lem is well known and documented in the literature.3-7 

Callisto eye (Carl Zeiss Meditec)—a novel intraoperative 
eye-tracking device designed to integrate with the OPMI 
Lumera 700 microscope (Carl Zeiss Meditec)—is a useful 
and safe assistance system to increase the accuracy of toric 
IOL positioning. All data including the toric axis of the lens 
to be implanted are configured in the Callisto eye system 
before surgery, optimizing the intraoperative workflow.
When the patient arrives in the operating room, the refer-
ence axis is detected automatically based on two markers, 
at 0° and 180°, which were previously marked while the 
patient was in a seated position. With the help of the 
Integrated Data Injection System (IDIS), keratometry data 
including the steep axis (K-track), incision position, rhexis 
diameter (Figure 1), and toric IOL alignment (Z Align; 
Figure 2) are visible for the surgeon as an online overlay 
picture in the operating microscope.

We have been using the Callisto eye system in our 

department for more than 2 years. Based on our experi-
ence, it is an easy-to-learn and easy-to-use system that 
increases the accuracy of our daily cataract surgeries, espe-
cially when we are implanting toric IOLs. We have found 
that during surgery the system is stable and tolerant of 
magnification activities of the microscope, light changes, 
and surgical instrument interactions.

My colleagues and I conducted a comparative study 
including 62 eyes. The Callisto eye system was used in 45 
eyes, and the standard marking method was used in 17 
eyes. We observed improved toric IOL alignment with the 
use of the intraoperative eye-tracking device. The precision 
of the IOL alignment to the toric axis, measured 1 day post-
operatively, showed the following results: Callisto eye, 2.88° 
±2.76; standard marking method, 5.94° ±10.67 (P=.076; 
Mann-Whitney U test, P<.05).

The next step in the development of this system will 
be a data-based picture, generated from the IOLMaster 
(Carl Zeiss Meditec), that includes a high-resolution digi-
tal image in which the limbal vessels, scleral vessels, and 
iris characteristics are shown; this will be used for an ink-
free reference intraoperatively.

Carlo Lackerbauer, MD, is the Clinical Director of the 
Eye-Competence-Munich and a member of the University 

Figure 1.  The Rhexis Assistant helps the surgeon achieve the 

Figure 2.  The Z Align feature assists with toric IOL alignment.

(Courtesy of Carlo Lackerbauer, M
D)

(Courtesy of Carlo Lackerbauer, M
D)
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Eye Hospital Munich (Ludwig-Maximilians-University). Dr. 
Lackerbauer states that he has no financial interest in the 
products or companies mentioned. He may be reached at 
e-mail: carlo.lackerbauer@augen-kompetenz-muenchen.de.

1. Ferrer-Blasco T, Montés-Micó R, Peixoto-de-Matos SC, González-Méijome JM, Cerviño A. Prevalence of corneal 
astigmatism before cataract surgery. J Cataract Refract Surg. 2009;35:70-75.
2. Hoffmann PC, Hütz WW. Analysis of biometry and prevalence data for corneal astigmatism in 23,239 eyes. J 
Cataract Refract Surg. 2010; 36(9):1479-1485.
3. Tseng SS, Ma JJ. Calculating the optimal rotation of a misaligned toric intraocular lens. J Cataract Refract Surg. 
2008;34(10):1767-1772.
4. Kohnen T, Klaproth OK. Correction of astigmatism during cataract surgery. Klin Monbl Augenheilkd. 
2009;226(8):596-604. 
5. Cha D, Kang SY, Kim SH, Song JS, Kim HM. New axis-marking method for a toric intraocular lens: mapping 
method. J Refract Surg. 2010;15:1-5.
6. Wolffsohn JS, Buckhurst PJ. Objective analysis of toric intraocular lens rotation and centration. J Cataract Refract 
Surg. 2010;36(5):778-782.
7. Carey PJ, Leccisotti A, McGilligan VE, Goodall EA, Moore CB. Assessment of toric intraocular lens alignment by a 
refractive power/corneal analyzer system and slit lamp observation. J Cataract Refract Surg. 2010;36(2):222-229.

 
Ray-Tracing Analysis and 
Other Improvements in IOL 
Power Calculation
By Thomas Olsen, MD, PhD

The frontier of IOL power calculation has changed 
considerably over the past 10 years. Before the era of opti-
cal biometry, ultrasound measurement of axial length was 
by far the largest source of error. Due to the introduction 
of laser biometry (IOLMaster, Carl Zeiss Meditec), the 
axial length can be determined with incredible accuracy, 
typically within 0.02 mm between 
repeated measurements. The major 
remaining sources of error are the 
estimated lens position (ELP) and the 
optics of the cornea.

NEW ACCURATE PRINCIPLE 
FOR ELP PREDICTION

My colleagues and I recently 
described a simple but very accurate 
method to predict individual IOL posi-
tion based on preoperative measure-
ments of the anterior chamber depth 
and lens thickness. The method intro-
duces the C-constant (Figure 3), which 
is a new IOL-specific constant describ-
ing the location of the IOL within the 
capsular bag as a fraction of the lens 
thickness. The formula is:

IOLc = ACDpre + C x LTpre

where IOLc represents the center 
of the IOL, ACDpre is the preopera-

tive anterior chamber depth, LTpre is the preoperative 
thickness of the crystalline lens, and C is a constant 
related to the IOL type, determined as the mean value in 
a representative sample.

The advantage of this formula is that it is based entire-
ly on the anterior segment anatomy and is independent 
of K reading and axial length (these measurements are 
still necessary to calculate the IOL power), and therefore 
it introduces no bias in short or long eyes, post-LASIK 
eyes, or other abnormal eyes. Its 
overall accuracy has been evalu-
ated in more than 1,000 cases and 
found to be significantly greater than 
that of other formulas. For a video 
description of the C-constant, visit 
eyetube.net/?v=gumej.

POST-LASIK CASES
In postrefractive-surgery cases, the challenge in obtain-

ing accurate IOL calculation arises from two sources: (1) 
difficulty in measuring the corneal optics and (2) errors 
in ELP calculation. The latter error stems from the fact 
that many conventional IOL power formulas (eg, SRK/T, 
Holladay, Hoffer Q) use only the K reading and the axial 
length for inputs and hence also base the ELP on those 
input variables. This will only work if there is a sound sta-
tistical relationship between the K readings and the effec-
tive ELP. An eye with an artificial flattening or steepening 

of the anterior corneal curvature will 
fall outside of normal relationships and 
therefore induce error. The C-constant 
offers a solution to this problem, as it 
will work in any type of eye, including 
post-LASIK eyes.

Difficulty measuring the corneal 
optics can be subdivided into (1) errors 
measuring the true cornea power and 
(2) difficulty reading the effective cen-
tral radius. The latter error stems from 
the fact that all Placido-disc–based 
measurements are blind to the very 
central cornea, which may be flattest in 
an eye after myopic refractive surgery. 
Another problem is that the normal 
ratio between the front and back 
curvatures of the cornea is disrupted, 
making it impossible to deduce the 
true corneal power from the anterior 
curvature only. Measurements of both 
the front and back surfaces of the cor-
nea are needed to get a better estimate 
of the effective corneal power.

Figure 3.  The C-constant is defined as 
a ratio of the preoperative thickness 
of the crystalline lens by which the IOL 
will locate itself after surgery.

(Courtesy of Thom
as Olsen, M

D, PhD)
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RAY TRACING
We now have access to several sophisticated instru-

ments that yield high-definition resolution of the shape 
of the anterior and posterior surfaces of the cornea. The 
measurement points can be fitted to a spherocylinder, 
giving us curvatures in principal meridians; they can be 
fitted to an ellipsoid, giving us a conic coefficient that is 
useful to describe spherical aberration; or they can be 
used directly in a ray-tracing model, which produces a 
total picture of the refraction with no shape fitting at all.

We have begun a study importing Pentacam raw 
height data into ray-tracing software, such as the Zemax 
software (Radiant Zemax, LLC; Figure 4) developed for 
optical engineering. The advantage of this technique 
is that it is possible to compose and analyze the entire 
optical system and investigate the optimal performance 
of any element, such as how the IOL should be designed 
to fit the optical properties of the cornea. This technique 
shows great potential, as illustrated in the following case.

CASE REPORT
A 68-year-old man with stable keratoconus presented 

with a cataract in the right eye. His preoperative examination 
revealed visual acuity of less than 0.05 (20/400), refraction of 
about -20.00 D of sphere and -7.00 D of cylinder. Pentacam 

Scheimpflug photography showed a very steep cornea with 
considerable variation in central curvature (Figure 5). 

Preliminary calculation predicted an IOL power of 
about -20.00 D with a large cylinder. We decided to per-
form high-definition analysis of the corneal optics and 
exported the Pentacam elevation data (Figure 6) into 
Zemax. The effective focal length was identified as the 
distance giving the minimum point spread at the image 
plane. We were therefore able to estimate the effective 
spherical and cylindrical powers of the cornea. These 
values were entered into the PhacoOptics software to 
determine the corresponding IOL power needed.  

The surgery was performed as a two-stage procedure 
with in-the-bag implantation of a -12.00-D spherical IOL 
and sulcus placement of an add-on toric -9.00-D cylinder 
IOL. Four weeks later, the patient’s UCVA in the oper-
ated eye was 0.5 (20/40). 

CONCLUSION
In modern IOL power calculation, the focus has shifted 

from error in the measurement of axial length to bet-
ter analysis of corneal optics, as we are challenged by an 
increasing number of patients who have had previous 
refractive surgery or who expect to achieve spectacle inde-
pendence with premium IOLs. The future looks bright for 
lens-based refractive surgery. 

Thomas Olsen, MD, PhD, is a Professor of Ophthalmology 
at the University Eye Clinic, Aarhus Hospital, in Denmark. 

Figure 4.  Ray-tracing experiment based on raw corneal 
height data measured by Pentacam and imported into Zemax 
optical engineering software. A pupil and an IOL have been 
added to the system, and the IOL power can be adjusted to 
obtain the sharpest point spread function at the retinal plane 
(inserts at right).

Figure 6.  Pentacam map of anterior curvature distribution 
showing central corneal curvature of about 4.6 mm (73.00 D) 
with considerable variation.

Figure 5.  Pentacam Scheimpflug photo of a keratoconic eye, 
showing thinning and steepening of the central cornea.
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Tips for Optimizing Results 
CRST Europe asked Editorial Advisory Board Members: What 
have you done in your practice to make patients say “wow”?

By Michael Amon, MD; A. John Kanellopoulos, MD; 
Thomas Kohnen, MD, PhD, FEBO; and Robert H. Osher, MD
 
MICHAEL AMON, MD

-

-

A. JOHN KANELLOPOULOS, MD

THOMAS KOHNEN, MD, PHD, FEBO

-

-

ROBERT H. OSHER, MD
-

-

New-Technology IOLs Help 
Achieve Optimal Outcomes 
By Allon Barsam, MD, MA, FRCOphth; Francesco Carones, MD; 
and H. Burkhard Dick, MD, PhD

ALLON BARSAM, MD, MA, FRCOPHTH

-

-
-

FRANCESCO CARONES, MD
-

H. BURKHARD DICK, MD, PHD

-

-
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Dr. Olsen states that he is a shareholder of IOL Innovations, 
manufacturer of the PhacoOptics program. He may be 
reached at tel: +45 89 493 228; fax: +45 86 121 653;  
e-mail: tkolsen@ dadlnet.dk.

 
The Aladdin for Precise 
Biometry
By Sunil Shah, MBBS, FRCOphth, FRCS(Ed), FBCLA

Cataract surgery has evolved into a refractive pro-
cedure from which patients demand accurate results. 
The correct selection of an appropriate IOL is crucial to 
achieve optimum refractive outcomes. Sources of error 
can arise from the inaccurate measurement of the bio-
metric parameters of the eye, leading to the implanta-
tion of an incorrect IOL; therefore, precise biometry is 
extremely important to ensure successful outcomes of 
cataract and refractive surgery.

Since the advent of interformetry techniques, the mar-
ket has been dominated by the IOLMaster (Carl Zeiss 
Meditec) and, more recently, the Lenstar (Haag-Streit). 
The most recent addition to the lineup of optical biom-
eters is the Aladdin (Topcon Europe). For the refractive 
cataract surgeon who worries about keratometry readings 
from the earlier devices in regard to astigmatic correction, 
the Aladdin incorporates Placido-based topography.

The Aladdin was developed with three key points in 
mind: speed, accuracy, and ease of use. The device uses 
optical low-coherence interferometery and, because of 
its design, is thought to be able to measure a very high 
percentage of eyes regardless of the type of cataract. The 
topographer analyzes approximately 1,000 data points at 
a 3-mm diameter. This topography-based keratometry 
figure is provided for use with IOL calculation formulas.

We have assessed the accuracy and reproducibility 
of biometry performed with the Aladdin biometer in 
comparison with the current gold standard device, the 

IOLMaster 500. Measurements of axial length, ACD, 
and keratometry were undertaken with the Aladdin 
and IOLMaster 500 by two experienced practitioners. 
The results were evaluated and compared to assess the 
interobserver variability of the Aladdin.

In a study of 100 cataractous eyes comparing the two 
systems, the mean difference was 0.005 mm for axial 
length and 0.007 mm for anterior chamber depth. The 
average Ks were 0.02 D different. None of these param-
eters showed any statistically significant difference. The 
calculated intraocular power was also very similar, with 
a mean difference of only 0.40 D. Interestingly, in this 
group, 6% of eyes could not be read by the IOLMaster 
500, but all eyes were read by the Aladdin (data on file 
with Topcon Europe).

There was no statistically significant difference in 
predicted IOL powers between the Aladdin and the 
IOLMaster. Interobserver agreement between the two 
practitioners was found to be good for each parameter 
measured by the Aladdin.

CONCLUSION
The Aladdin is an exciting addition to available biom-

etry instruments. It is extremely fast and convenient to 
use, especially considering that one automatically gets a 
topography map within the series of measurements. This 
device is capable of rapidly becoming a gold standard for 
biometry among refractive cataract surgeons. 

Sunil Shah, MBBS, FRCOphth, FRCS(Ed), FBCLA, is an 
Honorary Professor at the School of Biomedical Sciences, 
University of Ulster, Coleraine, Northern Ireland; Visiting 
Professor at the School of Life & Health Sciences, Aston 
University, Birmingham, United Kingdom; Director, Midland 
Eye Institute, Solihull, United Kingdom; and Consultant 
Ophthalmic Surgeon, Birmingham & Midland Eye Centre, 
Birmingham, United Kingdom. Professor Shah is a consultant 
to Topcon Europe. He may be reached at tel: +44 1217112020; 
fax: +44 1217114040; e-mail: sunilshah@doctors.net.uk.
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1. Dick HB. Change in paradigm refractive cataract surgery. Paper presented at: XXIX Congress of the European Society of Cataract & 
Refractive Surgeons; September 17-21, 2011; Vienna, Austria. 
2. Hengerer FH, Dick HB, Conrad-Hengerer I. Clinical evaluation of an ultraviolet light adjustable intraocular lens implanted after 
cataract removal: eighteen months follow-up. Ophthalmology. 2011;118:2382-2388.
3. Hengerer FH, Hütz WW, Dick HB, Conrad-Hengerer I. Combined correction of axial hyperopia and astigmatism using the light 
adjustable intraocular lens. Ophthalmology. 2011;119:1236-1241
4. Hengerer FH, Hütz WW, Dick HB, Conrad-Hengerer I. Combined correction of sphere and astigmatism using the light adjustable 
intraocular lens in eyes with axial myopia. J Cataract Refract Surg. 2011;37:317-323.
5. Hengerer FH, Böcker J, Dick HB, Conrad-Hengerer I. Light adjustable intraocular lens. New options for customized correction of 
presbyopia. Ophthalmologe. 2012;109:676-682
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O R I G I N A L  A R T I C L E

iometry is a basic and necessary examination that 
must be performed prior to cataract surgery. Ongoing 
improvement of intraocular lens (IOL) design (ac-

commodating, multifocal, aspheric, astigmatic, etc) requires 
high precision biometry calculations.1 Therefore, increased 
precision and accuracy of biometry measurements is essen-
tial in any preoperative measurement. 

Biometry determines the refractive power of the IOL as 
well as its effective lens position and helps achieve the tar-
geted postoperative refraction. To this aim, several preopera-
tive data have to be collected to be included in formulae such 
as the Olsen,2 Haigis-L,1,3 Holladay 2,4,5 and Hoffer Q.6 These 
data include corneal refractive power (by measuring steep 
and fl at meridian keratometry [K]) and ocular axial length. In 
addition, central corneal thickness (CCT, defi ned as the dis-
tance between the anterior corneal surface and posterior cor-
neal surface) and aqueous or anterior chamber depth (ACD, 
defi ned as the distance between the anterior corneal surface 
and anterior crystalline lens surface) are also measured by 
biometry devices. 

Central corneal thickness measurement is important for 
ensuring proper intraocular pressure correction in individuals 
with increased glaucoma risk, and ACD measurement is im-
portant for its correlation with axial length and its association 
with increased risk for angle closure if the anterior angle is 
shallow, particularly for hyperopic individuals. 

BIOMETRY DEVICES
The IOLMaster (Carl Zeiss Meditec, Jena, Germany) was 

the fi rst US Food and Drug Administration–approved non-
contact, optical biometry device to use partial coherence in-

BABSTRACT

PURPOSE: To compare and correlate central corneal 
thickness (CCT), anterior chamber depth (ACD), and 
keratometric (fl at and steep K) measurements using 
two anterior segment imaging methods, a Scheimpfl ug 
camera system (Oculyzer II [Oculus Optikgeräte GmbH]), 
and a partial coherence biometry system (WaveLight 
OB820 [Alcon Laboratories Inc]) in eyes undergoing 
cataract surgery. 

METHODS: Ninety patients (mean age: 66!13 years 
[range: 32 to 88 years]) underwent preoperative mea-
surement of central corneal thickness, anterior chamber 
depth, and keratometric measurements by Scheimpfl ug 
tomography (Oculyzer II) and optical low coherence re-
fl ectometry (WaveLight OB820). Interdevice agreement 
and correlation between the two techniques were as-
sessed. 

RESULTS: All measurements were highly correlated, 
and showed no clinically signifi cant difference between 
methods. Mean CCT was 554.21!39.07 µm and 
546.59!37.75 µm for the Oculyzer II and WaveLight 
OB820, respectively (R2=0.9268). Mean ACD was 
2.63!0.44 mm and 2.63!0.43 mm for the Oculyzer II 
and WaveLight OB820, respectively (R2=0.9488). The 
principal meridian keratometric values were also highly 
correlated. Mean fl at K was 42.88!1.50 diopters (D) 
and 42.96!1.40 D for the Oculyzer II and WaveLight 
OB820, respectively (R2=0.8741). Mean steep K was 
44.08!1.79 D and 44.26!1.95 D for the Oculyzer II 
and WaveLight OB820, respectively (R2=0.9159). 

CONCLUSIONS: Our data show that the Oculyzer II 
and WaveLight OB820 provide measurements that are 
in agreement with published values for CCT and ACD 
in patients. Excellent agreement for CCT and ACD was 
found between the two devices, as demonstrated by a 
high degree of correlation and linearity, in addition to 
minimal bias. Thus, CCT, ACD, and K measurements by 
these instruments can both be used in clinical prepara-
tion, and their agreement is an ensuring precision fac-
tor for cataract and refractive surgeons. [J Refract Surg. 
2012;xx(x):xxx-xxx.] 
doi:10.3928/1081597X-20121005-07
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terferometry and has superseded keratometers for cor-
neal refraction measurement and A-scan ultrasound 
systems for axial length measurement.7

One of the most current, noncontact, optically based 
biometry devices is the WaveLight OB820 (Alcon Lab-
oratories Inc, Ft Worth, Texas). It is a fully automated 
partial interferometry system, and is considered the 
fi rst optical biometer that uses optical low-coherence 
refl ectometry, a technology similar to time-domain 
optical coherence tomography (OCT), for all measure-
ments, including CCT, ACD, and crystalline lens thick-
ness.8 Thus, the WaveLight OB820 is considered a bi-
ometer of the entire eye,9 as one scan consists of 16 
individual full eye scans and 4 individual keratomet-
ric scans, taken on 2 concentric rings, along the eye’s 
visual axis. 

ANTERIOR SEGMENT IMAGING DEVICES
Optically based anterior segment imaging technolo-

gies are well-established, as they provide excellent 
resolution, acquisition time is short (few seconds), and 
alignment is naturally aided via a fi xation target and an 
optical image of the eye during acquisition.  

The three major optical systems for anterior segment 
imaging are: 1) scanning slit-lamp combined with 
topography10,11 (eg, Orbscan [Bausch & Lomb, Rochester, 
New York]), 2) anterior segment OCT12, and 3) rotating 
Scheimpfl ug cameras13 (eg, Pentacam [Oculus Optik-
geräte GmbH, Wetzlar, Germany]). 

Optical coherence tomography is referred to as an 
optical analog to ultrasound, but detects optical in-
stead of acoustic backscatter. In the more recently de-
veloped frequency (also Fourier or spectral) domain 
OCT, the broadband signal is broken into a spectrum 

using a grating or linear detector array, and depth is 
determined from the spectrum Fourier transform with-
out motion along the reference arm. This allows data 
along one line of sight to be acquired virtually instan-
taneously, with the acquisition speed of the photode-
tector becoming the rate-limiting factor. 

In our clinical practice, we evaluate Oculyzer II 
(Oculus Optikgeräte GmbH) and WaveLight OB820 
imaging to reduce the chance of interexaminer and in-
terdiagnostic error on all patients examined as general 
ophthalmology consults or refractive or cataract surgery 
candidates. 

PATIENTS AND METHODS
This study received ethics committee approval, and 

informed consent was obtained from each patient. The 
present study was conducted on virgin corneas of nor-
mal eyes with no ocular pathology other than refrac-
tive error and cataract. A complete ocular examination 
was performed to screen for corneal abnormalities. 

Ninety preoperative cataract surgery patients (47 
female, 43 male, all Caucasian) were studied over a 
4-month period during their scheduled preoperative 
visit in our practice between January and April 2012. 
Patients were excluded from the study if they had 
been previously operated, were wearing contact lenses 
(which may cause temporary steepening or fl attening), 
had any history of ocular disease, including glaucoma, 
or the presence of any other sign of compromised cor-
neal health. In patients for whom bilateral scans were 
performed, one eye from each patient was selected ran-
domly using coin toss between right and left eye. Patient 
age ranged from 32 to 88 years (mean: 66!13 years). 

The same trained investigator (G.A.) performed all 
measurements on all patients using each modality, 
Oculyzer II and WaveLight OB820. Each patient’s data 
were collected at the same time of day, consecutively 
via the two modalities. All devices were calibrated 
according to manufacturer recommendations prior to 
undertaking the measurements. 

Oculyzer II measurements were obtained and pro-
cessed via the Oculyzer software (version 1.17r91). The 
default setting of 25 images per acquisition was used. 

Linear regression analysis was performed to seek 
possible correlations of CCT, ACD, and K-readings 
between the two modalities. Descriptive statistics (av-
erage, minimum, maximum, standard deviation, and 
range), comparative statistics, and linear regression 
were performed in Microsoft Excel 2010 (Microsoft 
Corp, Redmond, Washington) and Origin version 8 
(OriginLab Corp, Northampton, Massachusetts). Anal-
ysis of variance between groups was performed via the 
Origin statistics tool. 

TABLE 1

Parameters Measured by 
Oculyzer II and WaveLight OB820

Mean!Standard Deviation (Range)

Parameter Oculyzer II WaveLight OB820

CCT (µm) 554.21!39.07 
(448 to 640)

546.59!37.75 
(466 to 633)

ACD (mm) 2.63!0.44
(1.77 to 3.61)

2.63!0.43
(1.78 to 3.55)

Flat K (D) 42.88!1.50 
(40.50 to 48.90)

42.96!1.40 
(39.40 to 47.05)

Steep K (D) 44.08!1.79 
(40.90 to 52.30)

44.26!1.95 
(40.73 to 54.39)

CCT = central corneal thickness, ACD = anterior chamber depth, 
flat K = flat meridian keratometry, steep K = steep meridian keratometry
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RESULTS
As shown in Tables 1 and 2, there was excellent 

correlation between the two devices for all studied 
parameters. Specifi c data for all parameters are pre-
sented in Figures 1-8.

TABLE 2

Comparative Statistics Between Oculyzer II and WaveLight OB820 Data
Statistic CCT ACD Flat K Steep K

Correlation coefficient (R2) 0.9268 0.9786 0.8741 0.9159

Linearity 0.9302 0.9488 0.9443 1.0383

Two-tailed P value !.0001 !.0001 !.0001 !.0001

Bias 7.60 µm 0.008 mm "0.135 D "0.182 D

Corresponding to % of average value 1.38% 0.30% "0.31% "0.41%

LoA @ 95% CI (lower - upper) "13.1 µm
   28.3 µm

"0.122 mm
   0.138 mm

"1.098 D
   0.829 D

"1.30 D
   0.93 D

CCT = corneal thickness, ACD = anterior chamber depth, K = keratometry LoA = limits of agreement, CI = confidence interval

Figure 1. Scatterplot depicting correlation between Oculyzer II and WaveLight OB820 central corneal thickness measurements with linearity coefficient 
and coefficient of determination (R2) (CI = confidence interval). Figure 2. Bland-Altman plot comparing central corneal thickness measurements between 
Oculyzer II and WaveLight OB820 with bias and 95% limits of agreement. Figure 3. Scatterplot depicting correlation between Oculyzer II and WaveLight 
OB820 anterior chamber depth measurements with linearity coefficient and coefficient of determination (R2) (CI = confidence interval). Figure 4. Bland-
Altman plot comparing Oculyzer II and WaveLight OB820 anterior chamber depth measurements with bias and 95% limits of agreement. 
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DISCUSSION
Our data show that the Oculyzer II and WaveLight 

OB820 provide measurements that are in agreement 
with published values for CCT,14-16 ACD, and K-val-
ues17-24 in normal and preoperative cataract surgery 
patients. Literature suggests that mean CCT normally 
varies among Caucasian people with an average of 
540 to 550 µm, which is in agreement with our data: 
WaveLight OB820, mean 546.59 µm; Oculyzer II, mean 
554.21 µm. The average young adult eye has ACD of 
3.15 mm,25 but it is commonly accepted that it decreases 
by 0.01 mm per year. This is in excellent agreement 
with our fi ndings, as shown in Figure 9, where the lin-
ear fi t line of both Oculyzer II and WaveLight OB820 
ACD versus age is displayed. (The data are highly nor-
malized, as demonstrated by the standardized residual 
plots and normal fi t shown in Figure 10 for the Ocu-
lyzer II ACD measurements.) Thus, for the mean pa-
tient age of 66 years in the current study, an ACD of 2.5 

mm is considered representative (our data: WaveLight 
OB820, mean 2.63 mm; Oculyzer II, mean 2.63 mm). In 
addition, the average corneal refractive K value is re-
ported at 43.00 to 44.00 D (our data: WaveLight OB820, 
mean 42.96/44.26 D; Oculyzer II, mean 42.88/44.08 D, 
for fl at/steep meridians, respectively). 

We fi nd that in the set of measurements provided 
by both systems (ie, CCT, ACD, and K), an excellent 
degree of correlation with minimal bias exists. Of the 
two modalities examined, the Oculyzer II features the 
largest number of acquired images per scan (although 
we used 25 in the present study per our protocol, there 
is an option to acquire 50 images) compared to the 9 
for the WaveLight OB820. It is, therefore, expected that 
the most detailed and accurate pachymetry maps re-
sult from the Oculyzer II; however, the comparison is 
valid only for the corneal apex, provided that precise 
pupil centering was achieved during acquisition. 

It is encouraging that the most positively correlated 

Figure 5. Scatterplot depicting correlation between Oculyzer II and WaveLight OB820 flat keratometry measurements with linearity coefficient and 
coefficient of determination (R2) (CI = confidence interval). Figure 6. Bland-Altman plot comparing Oculyzer II and WaveLight OB820 flat keratometric 
measurements with bias and 95% limits of agreement. Figure 7. Scatterplot depicting correlation between Oculyzer II and WaveLight OB820 steep 
keratometry measurements with linearity coefficient and coefficient of determination (R2) (CI = confidence interval). Figure 8. Bland-Altman plot com-
paring Oculyzer II and WaveLight OB820 steep keratometry measurements with bias and 95% limits of agreement. 
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set of data, featuring the lowest bias, was measured for 
ACD. Precise ACD measurement is essential not only 
for patient selection to ensure a safe distance of the 
lens from the iris and other anterior anatomical ele-
ments, but is also an important parameter to consider 
in phakic IOL calculation formulae. In our set of data, 
the bias (Oculyzer II–WaveLight OB820) was only 8 
µm (0.008 mm, corresponding to 0.3% of the average 
ACD and 0.0035 D target refractive error according 
to the Haigis formula), limit of agreement (LoA) was 
likewise very tight (!0.122 to 0.138 mm), the linear-
ity of the trend line was excellent (WaveLight OB820 
measurements=0.9488"Oculyzer measurements), 
and the coeffi cient of correlation was almost unity 
(R2=0.9786). 

Previous studies of ACD measurements compar-
ing Pentacam to other traditional devices such as the 
IOLMaster (Carl Zeiss Meditec) and ultrasound have 
yielded mixed results. In one study, the Pentacam dif-
fered signifi cantly from the IOLMaster, with the Penta-
cam bias by approximately 0.05 mm,25 while in another 
by 0.10 mm.26 This range of ACD uncertainty (0.05 to 
0.1 mm) corresponds to a refractive error discrepancy 
of 0.025 to 0.05 D for a standard posterior chamber IOL. 

Central corneal thickness measurements were also 
highly correlated. In our set of data the bias (Oculyzer 
II–WaveLight OB820) was only 7.6 µm (0.0076 mm, 
corresponding to 1.37% of the average CCT), LoA 
was likewise close (!13.1 to 28.3 µm), the linear-
ity of the trend line was excellent (WaveLight OB820 
measurements=0.93"Oculyzer measurements), and the 
coeffi cient of correlation was almost unity (R2=0.93). 

On the other hand, of the four pairs of data sets, the 
least correlated data (although still very well correlated), 
were found among the keratometric data. This can be 
explained by the fact that the Oculyzer II obtains re-

fractive maps from the entire corneal surface and com-
putes specifi c K readings for each zone of 3-, 5-, and 
7-mm diameter. It is quite unusual that any cornea will 
have the exact keratometric readings (including, but 
not limited to, shift of the principal meridian) in all 
three zones. On the other hand, the keratometric val-
ues reported by the WaveLight OB820 are considered a 
more “average” reading. 

Our data show that the Oculyzer II and WaveLight 
OB820 provide measurements that are in agreement 
with published values for CCT and ACD in patients. 
Excellent agreement for CCT and ACD was found be-
tween the two devices, as demonstrated by a high de-
gree of correlation and linearity, in addition to mini-
mal bias. Thus, CCT, ACD, and K measurements from 
these instruments can be used in clinical preparation 
and their agreement is an ensuring precision factor for 
any cataract or refractive surgeon. 
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Cataract Surgery After 
Refractive Surgery and 
Cross-linking

A 57-year-old woman presents with a history of bilateral LASIK using a Summit 
Laser and a mechanical microkeratome in 1996. Her original refraction was -12.5 +1 
X 80 = 20/25 OD and -13 +1 X 85 = 20/25 OS. Her original computed topography 
was normal with regular with-the-rule astigmatism. The original keratometry read-
ings were 46.10@90/44.75@180 OD and 47.00@80/45@170. Her original pachym-
etry readings were 475 µm OD and 485 µm OS. In 1997, the patient underwent a 
LASIK enhancement of her left eye. The surgeon lifted the flap and treated -0.5 +1 
X 65. She had no problems with her vision until 2003, when her refraction mea-
sured -1.5 +0.25 X 29 OS for 20/30 BCVA. Early signs of ectasia were present based 
on serial tomography and topography. The patient discussed her options with the 
surgeon, but she was using her left eye for monovision without incident (Figure 1).

The patient continued to show changes in keratometry and refraction. In 2004, 
she was referred for corneal collagen cross-linking (CXL) with riboflavin and the 
placement of Intacs (Addition Technology, Inc.). She underwent the procedure 
without difficulty, and Figure 2 shows her postoperative result by computed 
topography. Her refraction in 2006 was +0.75 +0.25 X 45, with a BCVA of 20/20 
and a UCVA of 20/40+2. 

The patient routinely returned for observation and was happy with her vision 
until she saw her ophthalmologist on June 17, 2011. Her left eye’s manifest refrac-
tion was +1.25 +0.25 X 22, with a BCVA of 20/50. A slit-lamp examination revealed 
peripheral cortical changes and a posterior subcapsular cataract. Figure 3 shows 
her current computed topography. The slit-lamp and retinal examinations were 
otherwise normal. 

The patient presents to you for cataract surgery on her left eye. How would you 
proceed? Would you require any additional tests or information for her treatment?

CASE PRESENTATION

Figure 3.  The topography of the right 
and left eyes remains stable for  
5 years (A). The Holladay EKR shows the 
mean zonal EKR of 35.6 at 4.5 mm and 
the mean zonal EKR of 36.2 at 1 mm, 
35.9 at 2 mm, 35.7 at 3 mm, and 35.5 at 
4 mm (B).

Figure 1.  Early signs of ectasia are 
present on the keratometric map 
and the posterior float map with 
Orbscan tomography.

Figure 2.  Computed topography 
shows a more normal corneal shape, 
with an average corneal power of 
36.18 D and 1.01 D of corneal  
astigmatism.
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ARTHUR CUMMINGS, FRCSED 
This case typifies what lies in wait for all of us cataract 

and refractive surgeons. Around 30 million LASIK and 
PRK procedures have been performed worldwide, and 
many of the patients are now presenting to us for cata-
ract surgery. As all of us know, IOL power calculations are 
a challenge in this population. The situation is even more 
complex here. 

The Intacs and CXL did not drastically change the 
corneal curvature: it has flattened by a diopter only. 
Complicating matters, however, is that the initial refrac-
tive error was very high myopia. A further challenge is 
that not much corneal tissue remains for refinements 
with laser refractive surgery. There is therefore a strong 
imperative to get the IOL calculations as accurate as pos-
sible the first time. One last thought in general terms: 
because the cornea is currently quite flat, if any further 
laser treatment were required, I would prefer to target 
hyperopia for two reasons. First, it would steepen the 
cornea. Second, it would not remove any central corneal 
tissue where it is thinnest. I should note that, when I refer 
to a hyperopic treatment, I mean a low magnitude of 
error—in the order of 1.00 to 1.50 D at most, if at all pos-
sible.

Several approaches are options, depending on the 
technology available. Biometry is required for the IOL 
power calculation. Measurements could be performed 
with the IOLMaster (Carl Zeiss Meditec, Inc.) or Lenstar 
LS900 (Haag-Streit AG) using the Holladay EKR kera-
tometry readings, with the power confirmed against the 
ASCRS postrefractive surgery calculator. I am involved in 
a research group (ClearSight) that is using ray tracing for 
challenging eyes such as this one, and I would certainly 
run this case by my colleagues. Another approach that 
might prove useful, however, is intraoperative aberrom-
etry (ORA System; WaveTec Vision). 

If all of the calculated IOL powers matched, there 
would not be much to discuss. If they differed, I would 
choose the IOL that would leave the eye slightly hyper-
opic (weaker-powered IOL) if the target were emme-
tropia. If the patient wished to use this eye for reading 
vision, I would use the average IOL power obtained by 
the methods employed. A last rule of thumb in these 
very complicated eyes is that, in my experience, the IOL 

will not be too far from 18.00 D. If I had no access to any 
measurements, I would choose this power. Obviously, 
that does not always work, or there would not be much 
to say about this particular case!

I would warn the patient that she will likely require fur-
ther surgery after the IOL procedure. This might include 
laser refractive surgery, an IOL exchange, and possibly the 
use of a supplementary pseudophakic IOL such as the 
Sulcoflex (Rayner Intraocular Lenses Ltd.; not available in 
the United States).

A. JOHN KANELLOPOULOS, MD
It appears that this lady was 42 years old at the time of 

her surgery in 1996 and that she had -12.50 D of myopia 
in her right eye and -13.00 D in her left eye. Based on this 
information and her corneal pachymetry measurements, 
I cannot help but wonder if she would be considered a 
good candidate for LASIK today or perhaps LASIK with 
prophylactic CXL. 

Today, the regression noted in the presentation would 
raise a suspicion of ectasia and prompt an extensive 
evaluation of biomechanics and corneal tomography. 
It appears that the patient again experienced regres-
sion 6 years after her enhancement, with another 1.50 D 
and 0.25 D of astigmatism. Actually, I am not sure that 
Figure 1 shows the early signs of ectasia. (After LASIK, I 
do not pay much attention to the posterior float, owing 
to potential bias with the Orbscan [Bausch + Lomb] 
and Pentacam Comprehensive Eye Scanner [Oculus 
Optikgeräte GmbH]. Moreover, based on the corneal 
topography provided, the ablated area appears to be 
symmetrical. It is therefore unclear if, in 2003, this eye had 
ectasia or perhaps early nuclear sclerosis. 

Nowadays, I would pay more attention to the 
changes in the crystalline lens, because in my experience, 
patients—especially women—with very high myopia 
tend to develop cataracts earlier in life than other individ-
uals. I would have discussed this with the patient, because 
she otherwise might interpret later myopic regression as 
a failure of the laser refractive procedure. That surgery, in 
my opinion, appears to have been performed perfectly. 

“This case typifies what lies in 
wait for all of us cataract and 

refractive surgeons.”
—Arthur Cummings, FRCSEd

“Because this patient has doubtless 
enjoyed emmetropia in place of her 
congenital high myopia, she would 

be extremely dissatisfied with a 
hyperopic or myopic result.”

—A. John Kanellopoulos, MD
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The corneal topography appears to be stable, and the 
peripheral retinal examination was normal. Prior to cata-
ract surgery, I would want to obtain an endothelial cell 
count, because this eye has undergone two LASIK proce-
dures and CXL. Because this patient has doubtless enjoyed 
emmetropia in place of her congenital high myopia, she 
would be extremely dissatisfied with a hyperopic or myo-
pic result. I would therefore devote a great deal of time to 
explaining to her the limitations of cataract surgery com-
pared with LASIK in terms of the refractive result. 

The most difficult task would be the IOL power calcu-
lation. Several formulas have been developed for use after 
LASIK. In high myopes, I expect an axial length of 28 to 29 
mm. In my experience with cases such as this one, calcu-
lating the IOL’s power with topographic data yields 1.00 
to 2.00 D of hyperopia postoperatively. I would therefore 
perform a power calculation using either the IOLMaster 
or the Wavelight Biograph (Alcon Laboratories, Inc.; not 
available in the United States) and then add 2.00 D. I 
believe an emmetropic or even slightly myopic result 
would be perfect for this patient.

I would not consider a multifocal lens for her for four 
reasons. First is that she requires cataract surgery in only 
one eye. Second is the imprecision of the IOL power 
calculation. Third is the eye’s significant spherical aber-
ration after LASIK. Fourth, due to the congenital high 
myopia, the patient probably has a significant angle 
kappa. Instead, if the corneal cylinder were greater than 
0.75 D, I would implant the AcrySof IQ Toric IOL (Alcon 
Laboratories, Inc.). 

ROY S. RUBINFELD, MD
Unlike most patients in the United States, this woman 

was able to access CXL with UVA-riboflavin in 2004. This 
procedure likely halted the progression of her irregular 
astigmatism and her loss of vision and explains her cur-
rent refractive stability. The implanted corneal ring seg-
ment likely was also useful in regularizing the corneal 
shape and improving her vision. 

This patient would have continued to do well had 
she not developed a cataract. Her corneal curvature and 
refractive status complicate the IOL power calculation 
and will make it difficult, if not impossible, to achieve an 
emmetropic result. Regardless of the method of calcula-
tion used, the surgeon will have to counsel the patient 
about her need for spectacle and/or contact lens correc-
tion after cataract surgery. 

With other patients who have undergone refractive 
surgery, it is often easy to lift the flap for a LASIK enhance-
ment or to perform PRK to achieve excellent unaided 
vision after cataract surgery. Almost no one would lift this 
patient’s flap, and PRK carries its own set of risks. As is 

often the case, an important part of good clinical practice 
is making certain the patient understands the limitations 
of any treatment. Outside the United States, topography-
guided PRK might be a reasonable option, but like CXL, 
this technology is not yet available here. 

Editor’s note: The FDA has not approved CXL.
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“Her corneal curvature and refrac-
tive status complicate the IOL 

power calculation and will make 
it difficult, if not impossible, to 
achieve an emmetropic result.”

—Roy S. Rubinfeld, MD

A. John Kanellopoulos, MD - IC67 ESCRS 2013, AMSTERDAM




