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Surgical precision

Real world results

Preliminary data suggests the ZEISS Cataract Suite with 
CALLISTO eye provides better outcomes than the theoretical 
best without intraoperative assistance1 and comparable 
refractive outcomes as intraoperative aberrometry.2,3
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¹ http://www.doctor-hill.com/IOLmain
² http://http://getorasystem.com/ora-data/
³ Preliminary data from Jonathan Solomon, M.D., Solomon Eye Associates (Bowie, MD), n = 15



Surgical precision

Real world results

Preliminary data suggests the ZEISS Cataract Suite with 
CALLISTO eye provides comparable refractive outcomes 
and predictive as intraoperative aberrometry.2,3

Swipe this way for more content

² http://http://getorasystem.com/ora-data/
³ Preliminary data from Jonathan Solomon, M.D., Solomon Eye Associates (Bowie, MD), n = 15



Surgical precision

Real world results

Preliminary data suggests the ZEISS Cataract Suite with CALLISTO 
eye provides more accurate and precise alignment of toric IOLs 
than without intraoperative assistance.1

Swipe this way for more content

¹ Lackerbauer, C. Modern Solutions for Refractive Cataract Surgery: CALLISTO eye. 
Cataract & Refractive Surgery Today. February 2013;20-27.
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Abstract

Purpose: The power and axis of corneal astigmatism play an 

important role in the implantation of toric IOLs. For toric IOL 

calculation, preference among US surgeons is divided almost 

evenly among the IOLMaster, manual keratometry, and corneal 

topography.

Methods: An extensive literature search was conducted using 

PubMed and the ISI Web of Science to identify papers published 

since 2006 reporting outcomes of toric IOL implantation.

Results: A total of 28 papers were identified. Of these papers, 

17 used the IOLMaster exclusively. The mean reported reduction 

in astigmatism for studies using the IOLMaster to measure the 

cornea was 74% compared with 72% in studies using other 

methods. 

Conclusions: The IOLMaster has been used extensively in peer-

reviewed, published studies of toric IOLs. The reported clinical 

outcomes for the IOLMaster exceed, or are at least as good as, 

those using manual or automated keratometry. 

Determining Spherical IOL Power

Before the introduction of biometry using partial coherence 

interferometry (PCI), ultrasound measurements were considered 

the gold standard for axial length and anterior chamber depth 

measurement.1 In 2000, the PCI-based IOLMaster optical 

biometer was introduced.2-4 With this device, the measurement 

process was not only fast, but the non-contact method reduced 

the risk of infection and increased patient comfort during 

measurements. Initial reports suggested that the IOLMaster 

had the same accuracy as immersion ultrasound systems.3 

Subsequently, refractive outcomes using the IOLMaster have 

been shown to be consistently superior to those based on 

ultrasound, either immersion or applanation.5-8 The IOLMaster 

has now been in use for over a decade and achieves 

measurements for axial length, anterior chamber depth and 

corneal curvature with high precision and good resolution.2, 4, 9, 10

Consequently, measurement devices based on PCI with 

integrated keratometry are being used exclusively by many 

ophthalmologists to retrieve axial length and keratometry values 

and to calculate IOL power.11 Indeed, the 2010 Survey of ASCRS 

members, reports that 81% of surgeons use the IOLMaster  

as their preferred method of axial length measurement for  

IOL calculations (www.analeyz.com). 

Determining Cylindrical IOL Power

While only the mean corneal power is of significance in the 

IOL power calculation of spherical IOLs, the power and axis 

of the corneal astigmatism plays an additional important 

role in the implantation of toric IOLs. As such, surgeons are 

using automated keratometry more frequently than ever for 

the calculation of toric IOL power. As summarized in Table 

1, evidence for this trend is provided by the 2010 Survey of 

ASCRS members, which reports that 32% of surgeons use 

the IOLMaster as their preferred method of keratometry for 

toric IOL calculations (www.analeyz.com). Around half of 

ESCRS surgeons state the IOLMaster is their preferred method.

While spherical IOL power calculations are generally performed 

on ultrasound or optical biometry devices such as the 

IOLMaster 500 using standard formulas, for toric IOL calculation 

manufacturers indicate the use of their own toric IOL calculation 

methodology, usually in the form of an online toric lens 

calculator. In the US, the most frequently used calculators are  

the AcrySof Toric IOL Web Based Calculators (reference http://

www.acrysoftoriccalculator.com/). In contrast to spherical IOL 

power calculation, these calculators are concerned with the 

astigmatic component (i.e. cylinder and axis) of the IOL power 

only and rely on the surgeon’s preferred standard formula 

for the spherical equivalent component of the toric IOL. It is 

plausible that the first choice of most surgeons for calculation 

of IOL spherical power (P-IOL) of their toric IOL is the IOLMaster 

given its wide range of formula options and comprehensive 

set of optimized lens constants. This is also supported by the 

2010 ASCRS survey that shows that 71% of surgeons use the 

IOLMaster as the preferred method of keratometry for spherical 

IOL power calculation. (www.analeyz.com).

The IOLMaster and determining  
toric IOL Power
Mark A. Bullimore, MCOptom, PhD, FAAO

The IOLMaster and 
determining toric power
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The IOLMaster®, first launched as a novel approach to obtaining 
biometric data, has evolved over the past decade to become 
the predominant device and standard routine as part of a 
surgeon’s IOL calculations prior to cataract surgery. Previous 
surveys by SM2 Strategic have documented its value as a tool 
in modern cataract surgery as well as the ongoing improve-
ment of the platform in terms of both speed and ability to 
accurately read through dense cataracts.1, 2 Carl Zeiss Meditec 
(Dublin, CA) recently launched a new innovation that brings 
the Holladay 2 formula directly into the IOLMaster device, an 
upgradable feature that is designed to further improve out-
comes with added convenience to the surgeon and increased  
workflow. SM2 Strategic was asked to provide a historical per-
spective on the evolution of IOL formu-
las, which was accomplished through a 
review of the literature and an interview 
with Jack Holladay, MD, well-known as 
a surgical innovator, optics expert, and 
developer of today’s leading Holladay 2 
formula. 

History of IOL Formulas

The theoretical basis for today’s 
advanced IOL power calculations 
were first developed over 100 years 
ago, and for decades surgeons 
worked with an assumed anterior 
chamber depth (ACD) of 4.5 mm. 
The original first-generation formulas of the early 1980s, 
such as Binkhorst 2, are best described as “single vari-
able” formulas that used biometric measurement of axial 
length in its calculations.3 In 1988, the Holladay 1 for-
mula added keratometry to offer the first “two variable” 
formula, which helped improve accuracy in short and 
long eyes. Over time, more robust diagnostic measure-
ment of ocular structures has allowed for more refined 
formulas to be developed. “The only difference between 
today and older formulas,” remarked Dr. Holladay, “is 
how we predict the effective lens position (ELP).”    

Indeed, the third-generation formulas such as 
Holladay 1, Hoffer Q, and SRK-T each had their 
strengths and weaknesses and became segmented for 
use with the specific eye type (short, medium or long) of 
which each was best-suited. These formulas assumed that 

anterior segment size was directly related to axial length.
This assumption resulted in “surprise” outcomes, espe-
cially in short eyes.  

The Role of ELP

The Haigis formula (circa 1991) uses ACD and axial 
length as two variables to predict the effective lens posi-
tion. One limitation of the Haigis formula was that it 
required a large data set of several hundred cases from a 
surgeon in order to be “optimized,” and further optimi-
zation required the use of an excel spreadsheet. (Note: in 
2010, Carl Zeiss’ release of the IOLMaster 500 included 
optimization of the Haigis formula within the device, 

reducing the number of cases to 
50 that a surgeon needed to input 
in order to effectively use the for-
mula). 

 In 1993, Dr. Holladay led a 
worldwide study involving 34 cata-
ract surgeons to determine which 
of seven  variables were relevant as 
predictors of effective lens position. 
In addition to axial length (now 
measured optically) and K readings, 
data were collected on horizontal 
white-to-white (WTW), refraction, 
ACD, lens thickness, and patient 
age at time of surgery. Because of 

the 2% incidence in the population of short eyes, a large 
data set of from 34,000 eyes was collected and analyzed 
to determine relative significance of each variable, as 
shown in Figure 1. “We were surprised to learn that hori-
zontal white-to-white measurements emerged as the next 
most important variable relate to ELP after axial length 
and Ks,” remarked Dr. Holladay. “We also proved that 
there is almost no correlation between axial length and 
size of the anterior segment in 80-90% of eyes.”   

The results from this study led to the release of 
Holladay 2 formula and an easy-to-use program that 
allowed for data entry of the new variables and instant 
calculation of ELP and the appropriate IOL power selec-
tion. It also led to a new paradigm of evaluating eyes by 
both their axial length (short, normal, long) and their 
anterior segment size (small, normal, large). In essence, 

1. Axial Length 100

2. Average K 76

3. Horizontal WTW 24

4. Refraction 18

5. Anterior Chamber Depth 8

6. Lens Thickness 7

7. Age 1

Source: Jack Holladay, M.D. 

Figure 1:  Relative Importance of 
Variables Affecting IOL Calculation

(From Worldwide Study of 34,000 Eyes)

IOLMaster 500 and the Haigis-L Formula in  
IOL Calculations for Post-Refractive Patients
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Modern cataract surgery has evolved significantly in terms of 
safety and accuracy of the procedure. Today’s surgeon has an 
array of tools that can be applied before, during and after sur-
gery to help patients achieve outcomes that just several years 
ago were hard to imagine. 

The demand for improvement in cataract outcomes has 
been fueled in part by what 
has been achieved in refrac-
tive surgery and laser vision 
correction (PRK and LASIK). 
Surgeons must contend with 
growing expectations by cataract 
patients, with a growing percent-
age of them having undergone 
laser vision correction at an 
earlier stage of life. Carl Zeiss 
Meditec (Dublin, CA) has made 
the Haigis-L formula available 
on its IOLMaster 500 and asked 
SM2 Strategic to interview and 
summarize the experience with 
Haigis-L of Mitchell Jackson, MD, 
a refractive cataract surgeon in 
Chicago, Illinois. 

Solving a Problem

In the United States, 9-10 
million people (17-19 million 
eyes) have undergone some 
form of laser vision correction 
since its approval as a com-
mercial treatment in late 19951. Worldwide estimates of 
procedure rates range from 2 to 4 times this amount. While 
formulas such as Holladay 2 for IOL calculation in cataract 
surgery have served to significantly increase precision and 
predict outcomes, none of these formulas were designed to 
take into account corneas that have been altered due to cor-
neal refractive surgery. Because these formulas use corneal 
power as part of their calculations, they won’t be accurate 
unless modified to account for the change. 

Several alternatives have emerged to help surgeons. The 
Masket Regression method as published in JCRS in 2006 
estimates a 1D adjustment in IOL power for every 3D of 
laser vision correction performed prior to cataract surgery. 
This method can be utilized on website calculators but 
still requires knowledge of the pre-LASIK refractive error. 

The contact lens method, where the preoperative workup 
includes over-refraction of the patient with a contact lens 
(CL) placed on the cornea, has been deemed time-consuming 
as well as inconvenient for the patient. A third alternative 
is the clinical history method, which requires access to the 
patient’s refractive data prior to having refractive surgery 

(and is not always available). 
With these data, a surgeon 
can use online calculators 
available at several websites. 

Haigis-L

German Professor 
Wolfgang Haigis, author of 
the standard Haigis formula, 
helped overcome the limita-
tions by creating a formula 
specifically designed for eyes 
that have had LASIK or PRK 
(note:  the formula does not 
apply to RK, as post-RK eyes 
typically show an unchanged 
relationship between anterior 
and posterior corneal cur-
vature, where both are flat-
tened as a result of peripheral 
weakening). Known as the 
Haigis-L, this formula has 
been available since 20062 
and is now included as stan-
dard (along with Holladay 2) 

within the IOLMaster 500 unit. 
The Haigis-L formula removes the relationship between 

corneal power and postoperative effective lens position 
(ELP), instead using the measured anterior chamber depth 
to predict ELP. All necessary measurements are taken on 
the IOLMaster; no clinical history or CL over-refraction is 
required. The only other information needed is whether the 
patient had myopic or hyperopic LVC.

Haigis-L in Practice

Besides being an optimized formula for LASIK and PRK 
eyes, the advantage of Haigis-L is one of convenience in 
saving time both before surgery (reduced planning) and 
after surgery (dealing with refractive surprises)1. Mitchell 
Jackson’s practice, located in suburban Chicago, is a com-
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Figure 1:  Target Refraction vs. Post-Op Outcome

“Besides being an optimized formula for LASIK 
and PRK eyes, the advantage of Haigis-L is 

one of convenience in saving time both before 
surgery (reduced planning) and after surgery 

(dealing with refractive surprises)”
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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 Eye 

Figure 1.  The Rhexis Assistant helps the surgeon achieve the 

desired capsulorrhexis size and shape.

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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C
reating a continuous curvilinear capsulorrhexis 
(CCC) is perhaps the most crucial—and the 
most delicate—step of cataract surgery. The 
CCC is typically completed safely and appro-

priately; however, when a complication arises, a well-
planned approach can avoid further harm to the eye. 
This article reviews several common complications of the 
CCC and suggests plans for their resolution. 

ECCENTRIC RHEXIS AND RADIAL TEARS
Rhexis moving out. A rhexis traveling toward the 

periphery of the anterior capsule is dangerously close 
to causing a radial tear. The capsulorrhexis can usu-
ally be saved with a simple maneuver (see Rescuing a 
Capsulorrhexis Tear-Out); however, chances are that the 
resulting CCC may not overlap with the IOL’s optic. If 
the rhexis cannot be completed, this may be a precur-
sor for posterior capsular rupture, especially in patients 
with an intumescent cataract. 

Using a highly cohesive ophthalmic viscosurgical 
device (OVD) to fill the anterior chamber and flatten 
the anterior capsule, along with relieving some of the 
intracapsular pressure by aspirating liquefied cortical 
material after opening the capsule, usually counteracts 
the centrifugal vector and makes a tear-out less likely. 

Radial tear. Radial tears during CCC usually occur 
because pressure is applied to the wound lip, allowing 
too much OVD to flow out of the eye and causing the 
anterior chamber to shallow. Once this occurs, the 
vector force of the tear shifts toward the periphery 
of the lens, pushing or pulling the rhexis flap in that 
direction. If the surgeon has difficulty controlling the 
capsulorrhexis, a radial tear can result. The logical 
solution in these cases is to convert to a can-opener 

technique, using a needle to create small cuts in the 
capsule. The drawback to a can-opener capsulotomy 
is that, with the possibility of several radial tears 
extending into the periphery, postoperative visual 
results can be poor. 

A radial tear can also occur during phacoemulsifica-
tion, when a sharp instrument or a vibrating phaco 
tip touches the edge of the capsulorrhexis. It may still 
be safe to complete phacoemulsification, but minimal 
stress should be applied to the capsule to avoid exten-
sion of the tear onto the posterior capsule. The use of 
slow, controlled movements to chop or divide the lens 
can avoid the extension of the capsulorrhexis into the 
periphery. When I feel that there is a lot of stress being 
exerted on a radial tear, I may create one or two relax-
ing incisions in the anterior capsule at other positions 
to reduce the strain on the existing tear. 

RHEXIS SIZE
A typical capsulorrhexis. The CCC should be 

between 5.0 and 5.5 mm in diameter. 

One of the easiest ways to avoid difficulty is to completely fill the  

anterior chamber with an OVD.

By OLIvER FINDL, MD, MBA

Complications  
of the CCC

Take-Home message

• A rhexis traveling toward the periphery of the anterior  
capsule can be saved, but the resulting CCC may not overlap 
with the optic of the IOL.

• Radial tears are often the result of too much pressure 
applied to the wound lip.

• If a radial tear occurs during phaco, avoid extension by  
placing minimal stress on the capsule.

• Posterior capsular opacification can result if there is no  
overlap of the optic and the rhexis.
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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.
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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 Eye 

Figure 1.  The Rhexis Assistant helps the surgeon achieve the 

desired capsulorrhexis size and shape.

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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C
reating a continuous curvilinear capsulorrhexis 
(CCC) is perhaps the most crucial—and the 
most delicate—step of cataract surgery. The 
CCC is typically completed safely and appro-

priately; however, when a complication arises, a well-
planned approach can avoid further harm to the eye. 
This article reviews several common complications of the 
CCC and suggests plans for their resolution. 

ECCENTRIC RHEXIS AND RADIAL TEARS
Rhexis moving out. A rhexis traveling toward the 

periphery of the anterior capsule is dangerously close 
to causing a radial tear. The capsulorrhexis can usu-
ally be saved with a simple maneuver (see Rescuing a 
Capsulorrhexis Tear-Out); however, chances are that the 
resulting CCC may not overlap with the IOL’s optic. If 
the rhexis cannot be completed, this may be a precur-
sor for posterior capsular rupture, especially in patients 
with an intumescent cataract. 

Using a highly cohesive ophthalmic viscosurgical 
device (OVD) to fill the anterior chamber and flatten 
the anterior capsule, along with relieving some of the 
intracapsular pressure by aspirating liquefied cortical 
material after opening the capsule, usually counteracts 
the centrifugal vector and makes a tear-out less likely. 

Radial tear. Radial tears during CCC usually occur 
because pressure is applied to the wound lip, allowing 
too much OVD to flow out of the eye and causing the 
anterior chamber to shallow. Once this occurs, the 
vector force of the tear shifts toward the periphery 
of the lens, pushing or pulling the rhexis flap in that 
direction. If the surgeon has difficulty controlling the 
capsulorrhexis, a radial tear can result. The logical 
solution in these cases is to convert to a can-opener 

technique, using a needle to create small cuts in the 
capsule. The drawback to a can-opener capsulotomy 
is that, with the possibility of several radial tears 
extending into the periphery, postoperative visual 
results can be poor. 

A radial tear can also occur during phacoemulsifica-
tion, when a sharp instrument or a vibrating phaco 
tip touches the edge of the capsulorrhexis. It may still 
be safe to complete phacoemulsification, but minimal 
stress should be applied to the capsule to avoid exten-
sion of the tear onto the posterior capsule. The use of 
slow, controlled movements to chop or divide the lens 
can avoid the extension of the capsulorrhexis into the 
periphery. When I feel that there is a lot of stress being 
exerted on a radial tear, I may create one or two relax-
ing incisions in the anterior capsule at other positions 
to reduce the strain on the existing tear. 

RHEXIS SIZE
A typical capsulorrhexis. The CCC should be 

between 5.0 and 5.5 mm in diameter. 

One of the easiest ways to avoid difficulty is to completely fill the  

anterior chamber with an OVD.

By OLIvER FINDL, MD, MBA

Complications  
of the CCC

Take-Home message

• A rhexis traveling toward the periphery of the anterior  
capsule can be saved, but the resulting CCC may not overlap 
with the optic of the IOL.

• Radial tears are often the result of too much pressure 
applied to the wound lip.

• If a radial tear occurs during phaco, avoid extension by  
placing minimal stress on the capsule.

• Posterior capsular opacification can result if there is no  
overlap of the optic and the rhexis.

Hear how the ZEISS Cataract Suite helps Dr. Oliver Findl meet 
the high expectations of today’s cataract surgery patients.
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A
nterior segment surgeons are not accus-
tomed to thinking of the operating micro-
scope as an instrument, but increasing clini-
cal experience with the OPMI Lumera (Carl

Zeiss Meditec, Inc., Dublin, CA) has provided the author
with a better understanding of certain features of this
new technology. In 2007, Zeiss introduced a new illumi-
nation system with its Lumera operating microscope.
Compared with the company’s OPMI (output module
interface) systems featuring a single light beam, the
Lumera actually splits the light source into three sepa-
rate illumination beams. 

OPTIONS FOR ILLUMINATION
The traditional single OPMI illumination beam is

aligned 2º off a truly coaxial viewing alignment (Fig-
ure 1). This near-coaxial orientation provides the red
reflex familiar to all surgeons, yet it also provides
enough of an oblique lighting angle to produce minor
shadows around structures. These shadows are neces-
sary to highlight depth and contrast, which provides
three-dimensional detail of nuclear fragments or a
sculpted nuclear trench. 

With the Lumera, surgeons have two separate illumi-
nation beam angles that they can switch off separately
or combine in differing proportions. The first is a 6º
oblique field illumination, whereas the second is a sepa-
rate coaxial illumination beam. The latter is subdivided
into two separate coaxial light paths that are individual-
ly aligned with each microscope ocular (Figure 1).

Retroillumination is thereby maximized, because each
ocular’s optical path has its own dedicated zero-degree
light source—a system that Zeiss calls stereo coaxial 
illumination. 

Surgeons can limit the oblique beam by progressively
reducing the aperture of a shutter through which it
must pass. A side-mounted “shutter” knob with an
autoclavable cover allows the surgeon to adjust the rel-
ative brightness of these two illuminating components

Improving the Red
Reflex and Surgical
Outcomes With the
Lumera Microscope

Options for customizing illumination help optimize visualization
at all stages of the cataract procedure.

BY DAVID F. CHANG, MD

Figure 1. A comparison of a conventional illumination beam

(2º offset from viewing axis) and stereo coaxial illumination

(SCI) in which each ocular has its own coaxially aligned illumi-

nation beam.

42% Decrease In 
Vitreous Loss Rates 
With OPMI LUMERA

See What UPMC Found 
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OPMI LUMERA 700
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