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EDITORIAL
Our main article will highlight one of 

the main problems in cataract surgery 
which is its postoperative refractive outcome 
in¯uenced by Biometric and IOL power 
calculation. However, this new edition of ªthe 
Ophthalmographeº introduces the new brand 
CROMA. 

· Professor Oliver Findl will present a 
comparison between the IOL master's 
performances and the conventional A-scan 
ultrasound and manual keratometry.

· Dr. Philippe Sourdille will then continue 
with an Eye-Bank eye's study conducted at 
the University of Utah showing signi®cant 
and individual variation of crystalline lenses 
and capsular bags diameter before and after 
IOL implantation.

· The third article written by Dr. Damien 
Gatinel con®rms the need of the objective 

clinical measurements of optical vision  
quality with the OQAS (Optical Quality 
Analysis System) in daily clinical practice.

· We will express one of our main concerns: 
SAFETY.

· And lastly I would like to announce the 
launch of our new OVD product range: 
EYEFILL • . Our sales team is looking  
forward to presenting it to you during 
upcoming national and international 
congresses.
  
I hope you will enjoy reading this 29th 
edition of the Ophthalmographe.

Gerhard Prinz
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With modern cataract surgery the 
clinical outcomes concerning safety 

and best corrected visual acuity are excellent 
and probably among the best of all medical 
procedures. With the recent developments 
in cataract surgery, we see an increase 
in the patients demand for a near-to-
perfect outcome after surgery, especially in 
patients undergoing refractive lens exchange 
for refractive surgery, and with newer  
intraocular lens (IOL) technologies 
such as multifocal, aspheric, toric and  
accommodating IOLs. In all these cases, 
refractive outcome close to emmetropia is 
of critical importance for success and good 
visual function for the patients.

Refractive outcome: 
contributing factors
The most critical step to attain the desired 
refractive outcome after cataract surgery 
is the precise preoperative measurement of 
axial length1. Until recently, this biometric 
measurement was performed with ultrasound 
A-scan technique (US). Past studies based on 
preoperative and postoperative US biometry 
demonstrated, that 54 % of the error in 
predicted refraction after implantation of an 
intraocular lens (IOL) is attributed to axial 
length measurement errors, 8 % to corneal 
power measurement errors, and 38 % to 
errors in the estimation of the postoperative 
anterior chamber depth (ACD). A 
measurement error in axial eye length of 
100 !m would result in a corresponding  
post operative refractive error of 0.28 D. 
Hence, a more accurate axial eye length 
determination was postulated as the 
greatest contributor to improve IOL power 
prediction.

Optical Biometry
In the last decade, a new non-invasive optical 
biomedical imaging technology, called  
optical coherence tomography (OCT) has  
been developed. It is analogous to conven-
tional ultrasonic pulse-echo imaging, 

except that OCT uses laser light and does 
not require direct contact with the eye. It 
measures echo delay and intensity of infrared 
light re¯ected back from internal tissue 
interfaces rather than using acoustic waves. 
OCT is based on an optical measurement 
technique known as partial coherence inter- 
ferometry (see ®gure 1).

The ®rst medical application of this  
technique for biometry of the eye was  
described by Fercher et al. in 1986 2. A 
special version of this interferometric 
technique, called dual beam partial 
coherence interferometry, has been 
introduced for performing `optical'  
biometry. Several studies showed that the 
precision and resolution of optical biometry 
are about 10 times better than that of 
applanation US 3, 4. One reason is the mis 
match of the beam axis and the visual axis 
during ultrasound measurements, resulting 
in an incorrect axial length measurement. 
Such a mismatch does not happen in optical 
biometry since the patient ®xates the 
measuring beam. A commercially available 
biometry instrument (IOL-Master, Zeiss 
Meditec AG, Germany) using this optical 
biometry technique was recently introduced 
and this technology has replaced ultrasound 
as the state-of-the-art method for biometry. 
With optical biometry the measurement of 
axial length has been improved signi®cantly 
compared to ultrasound measurements, 
especially when done by less experienced 
examiners. 
We were interested to compare the IOL-
Master's performance to that of conventional 
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applanation A-scan ultrasound and manual 
keratometry under conditions of varying 
experience of the operator.  For this study, 
a large sample of consecutive patients  
(696 eyes) with mainly age-related cataract  
scheduled for cataract surgery was included 5. 
The patients were randomly allocated to one of 
the operators. The operators were categorized 
into two groups before commencement of 
the study. The ®rst group, the experienced 
operators, consisted of 5 residents in their  
®nal year of training or fellows of anterior 
segment surgery that have had an experience 
of at least 500 ultrasound biometries. The 
second group, the less experienced operators, 
consisted of 4 ®rst-year residents with  
relatively little experience in ultrasound 
biometry (but at least 30 biometries done 
independently). Experienced ultrasound 
operators showed less difference and a 
lower variability of the difference between 
applanation ultrasound and IOL-Master 
readings for AEL and ACD measurements 
than the less experienced operators (0.15 mm 
versus 0.22 mm, p < 0.01). The non-contact 
optical method, which is essentially operator-
independent, enables signi®cantly more 
reliable biometry before cataract surgery, 
especially in the case of less experienced 
operators. This means that the biometry 
measurements can be delegated to less 
experienced staff in the clinical setting. The 
optical technique has a higher precision 
of measurement than the US technique. 
Measurements can be carried out with more 
comfort for the patient, without contact to the 
cornea and therefore minimizing the risk of 
infection. The assessment of axial eye length 
with this technique is time-saving, easy to 
use, quick to learn and appears adequate 
for clinical routine. The main drawback of 
optical biometry was that measurements were 
not attainable in some eyes (approximately  
8-10%). Reasons were mainly mature and 
dense posterior subcapsular cataracts not 
allowing enough transmission of the laser 
light. These dif®culties have been addressed 
by Zeiss very recently with the new software 
version 5.0 which allows averaging of the 
optical axial scans which resulted in a 
signi®cantly lower drop-out rate due to low 
signal-to-noise ratio and in our hands leaves 
less than 5% of eyes that need US biometry 
for length measurements.

Refractive errors today
With the use of optical biometry (see be-
low) the contribution of the measurement 
errors towards the refractive outcome has 
changed signi®cantly. In a recent publica-
tion by Norrby 6, the preoperative estimation 
of postoperative IOL position contributes 
35%, the actual postoperative assessment 
of refraction 27% and the preoperative 
axial length measurement 17%. The mean  
absolute refractive error is 0.6 D for an  
eye of average dimensions. Additionally, pupil 
size variation between eyes accounted for 8% 
of the error, and the variability in IOL power 
from the side of the manufacturer only 1%. 

Predicting IOL position
The main difference between the different 3rd 
generation IOL power calculation formulae, 
such as SRK-T, HofferQ, Holladay and others 
is in how they predict the postoperative IOL 
position since that will critically in¯uence 
refractive outcome (see ®gure 2). 

®gure 2

As a rule of thumb for a normal eye, about 
1 mm miscalculation for IOL position will  
result in about 1.5 D ametropia. If the IOL sits 
more anterior than expected, the outcome will 
be myopic, and vice versa. Nowadays, only 3rd 
generation formulae should be used, the SRK-
II formula still used in the 1990's has shown 
to result in poorer outcomes and its authors 
have recommended to stop using it. But as 
pointed out above, even with the use of optical 
biometry and a modern formula, we still have 
quite a scatter in outcomes, that seems to be 
mainly due to IOL position. Several studies 
have attempted to better predict position 
by using more pre-operative biometric 
parameters, such as white-to-white distance 
and pre-operative ACD, but the results 
were disappointing7. These measurements 
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only seemed to help somewhat in very short 
eyes, but not in the normal or long eyes. 
Studies attempted to better understand the  
interaction between the collapsing and 
shrinking capsule bag and the IOL position, 
showing that the IOL haptic design has 
some effect on this postoperative behaviour. 
Angulated IOLs with PMMA haptics start  
off in a relatively posterior position straight 
after surgery and then move forward with  
the concomitant loss in haptic memory, 
especially so in the ®rst 4 weeks after 
surgery8 (see ®gure 3).

®gure 3

®gure 3

Non-angulated IOLs do not show this 
behaviour and appear to be a little more 
predictable as a result. This behaviour is 
also closely related to capsule bag size9, 
however, that in turn is currently dif®cult 
to impossible to predict before surgery. The 
IOL manufacturers are challenged to modify 
the IOL geometry and haptic design to allow  
a predictable and stable positioning of the 
IOL inside the shrinking capsule bag.

Conclusion
Prediction of postoperative axial IOL position 
remains the critical factor in predicting 
refractive outcome. Through improvements 
in axial length measurements with optical 
biometry and by assessing the spherical 

equivalent of postoperative refraction using 
a modern auto refractor, we were able to 
reduce the number of refractive outliers 
and also bring down the mean error of 
postoperative ametropia. However, there 
still remain a bothering high number of eyes 
that have signi®cant refractive errors after 
uncomplicated biometry and surgery. This 
is especially relevant when using multifocal 
IOLs, aspheric IOLs, toric IOLs and 
accommodating IOLs, where the performance 
of these IOLs is much more dependent on a 
refractive outcome near to emmetropia. 
 

Figure legends
Figure 1. Setup used for optical biometry. The eye is illuminated
via an external interferometer that produces a coaxial dual beam. 
Re¯ected signals from the cornea and the retinal pigment epithelium 
(C and R) are superimposed on and detected by a photo detector. 
The resulting A-scan of the optical axial length (OL) is depicted 3.

Figure 2. Optical a-scan before and after cataract surgery showing 
the relative IOL position relative to that of the crystalline lens.

Figure 3. Postoperative change in IOL position during the 
®rst weeks for an angulated 3-piece IOL, illustrating that 
the main forward shift of the IOL takes place in the ®rst 
week after surgery due to a loss in haptic memory 9.
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Introduction
Most of the intraocular lenses currently 
available on the market have a unique 
diameter per type, which considers a certain 
uniformity of the capsular bag receiving 
these IOLs. If such uniformity does not exist, 
it would be much more suitable to implant 
IOLs with haptics designed to allow excellent 
adaptability in all cases.

This eye bank eye's study; in particular with 
the Miyake-Apple view enables to measure the 
diameters of crystalline lenses and capsular  
bags immediately after removal of the lens 
matter and to observe the results after 
implantation. It is, under these conditions, 
possible to compare, for the same capsular 
bag, different IOL-types while observing their 
in¯uence on the diameter of the capsular bag 
and on the IOL-positioning.

The study of the above mentioned with high 
ultrasounds frequency enables an in vivo 
measurement before surgery and the follow-
up of the anatomical modi®cations caused 
by the surgery and the implantation. This 
complete vision of the retro-retinal structures 
is only possible with ultrasounds. They give 
us information about both the bag and its 
correlation to the surrounding structures: 
the ciliary body, the ciliary sulcus, the zonula 
and especially the iris.

These experimental and clinical measure- 
ments show very signi®cant individual 
differences in regards to the size and the 
positioning of the crystalline lens and  
capsular bag. They have practical 
consequences on the lenses' design 
and their dimensions concerning their 
adaptation to the anatomical changes 
and the improvement of their outcomes.  
We have worked in this direction to develop 
new IOL-types: Quatrix Evolutive and other 
upcoming IOLs. 

Preoperative measurement of the 
capsular bag and bag positioning 
regarding the ciliary diaphragm 
(ciliary ring)
The measurements on 28 Eye-bank eyes 
(Utah University, Liliana Werner, Nick 
Mamlis) underline very signi®cant individual 
variations of the crystalline lens diameter: 
from 8.14 millimeters to 9.88 millimeters. 
These measures con®rm Marina Modesti's 
ultrasound clinical data (Alma Mater, Rome): 
29 eyes with cataract which diameters range 
from 8.20 to 10.44 millimeters. Which 
corresponds to the data provided by the 
literature. We moreover know that the size 
of the crystalline lens increases with age and 
with the eye's axial length. Still, these last 2 
statistical data's do not prevent individual 
variations.

The related diameter of the crystalline lens 
and ciliary diaphragm is very important 
for the postoperative positioning of the  
implanted bag and for potential pseudo-
accommodative movements: if in 80% of the 
cases the diameter of the crystalline lens 
turns out to be smaller or of same size that 
of the ciliary diaphragm (also called ciliary 
ring), in 20% of the analyzed eyes it is bigger 
(®gure 1).

This inversion of the diameter size is 
accompanied with a retro-ciliary position of 
the crystalline lens. This position behind the 
ciliary ring will have consequences on the 
IOL-positioning and on the movements of the 
implanted capsular bag.

MEASUREMENT OF THE CAPSULAR BAG 
BEFORE AND AFTER IMPLANTATION

Philippe Sourdille, 
Marina Modesti, 
Liliana Werner
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Capsular bag Diameter imme-
diately after implantation and  
evolution
What are the consequences of an IOL-implan-
tation on the capsular bag? The pictures pro-
vided by Miyake-Apple such as those of the 
ultrasound examination enable to answer this 
question: we almost automatically observe an 
increase in the diameter of the implanted bag 
with several IOL-types. This is more obvious 
with three-piece lenses than with one-piece 
lenses. So (®gure 2) we can see that the diam-
eter of the bag after implantation of a one-
piece IOL is 9.70 mm against 10.31 mm for 
another type of lens. 

In addition to a signi®cant diameter increase 
we almost systematically observe that the bag 
gets an oval shape, the appearance of capsu-
lar folds and its insertion behind the ciliary 
ring.

Marina Modesti's ultrasound clinical study 
was conducted on 29 eyes, which were 
consecutively implanted with the same 
hydrophobic one-piece lens. 

The mean preoperative diameter is 9.46 mm 
" 0.6 mm (minimum 8.20 - maximum 10.44). 
After one month it reaches 9.95 " 0.81 mm 
(min, 8.53 - max. 12.14). We have therefore 
observed a constant increase of the size of the 
bag after implantation.

This increase causes a space reduction of the 
equator of the bag - ciliary ring.
The size of the bag is 0.52 " 0.33 (min 0.00-
max 1.2) preoperatively and then only 0.02 

" 0.06 (min 0.00-max 0.20) one month post- 
operatively.

What would be the practical consequences of 
these changes? They may cause an insertion 
of the bag behind the ciliary ring, a closer 
contact with the uveal structures, a gradual 
refractive modi®cation if the lens moves 
forward or more often backwards during 
the healing of the bag. If it seems dif®cult to 
measure the diameter of the crystalline lens 
in every patient to offer the ªtailor-madeº 
IOL for each operated eye, it is certainly 
important to improve the adaptability of a 
given IOL to anatomical situations which are 
known to be variable.
We have worked along in this direction to 
develop two new IOL-types: Quatrix Evolutive 
and other upcoming IOLs. 

Quatrix Evolutive

Since the ratio between the axial length of 
the eye to be implanted and the diameter of 
the crystalline lens is a data provided by the 
clinical study; and even if this ratio may vary, 
it is logical to offer bigger IOL diameters 
for longer eyes. Other manufacturers have  
already thought of this and offer 2 or 3 
different sizes according to the axial length. 
The originality of our IOLs is the gradual 
variation of the diameter from 10.30 mm for 
the shortest eyes (highest powers) to 10.80 
mm for the longest eyes (lower powers). 
This gradual variation improves the IOL-
position. On ®gure 3, the axial length 23.09 
mm and diameter of the bag 9.34 mm which 
corresponds to a usual situation.

The diameter of the implanted bag reaches 
10.26 mm with an 11 mm Quatrix lens and 
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the yellow circle (diameter of the bag) is 
bigger than the red circle (diameter of the 
ciliary ring). Whereas, the implantation 
in the same bag of a Quatrix Evolutive lens 
(here 10.50 mm) brings the diameter to the 
ideal anatomical dimension of the measured 
diameter after removal of the crystalline 
matter: 9.37 mm for 9.34 mm

The studies, that were conducted in 
laboratories and clinics have brought new 
data concerning the dimensions and the 
behaviour of the lenses after a crystalline lens 
surgery. The results we have already observed 
six months after the operation for the above-
mentioned IOL-types meet the expected effect 
and encourage us to continue our work.

Bibliography :
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 Menapace R, Vass C. : CBC signi®cantly decreased during 
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 posterior chamber IOL implantation. 
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The OQAS (Optical Quality Analysis System) 
is an innovating instrument which provides 
essential information concerning visual 
function to clinicians. It allows measuring 
of the joint effect of high degree optical 
aberrations and loss of transparency of 
ocular tissues on the quality of the retinal 
image. From the analysis of an image of a light 
spot focused onto the retina and collected in 
the retinal plan this promising investigation 
technique which has been evaluated at the 
Rothschild Foundation for more than a year 
offers the possibility to objectivise the effect 
of the loss of transparency of the ocular 
environments. This article is dedicated to 
the description of the principles used by 
the OQAS technology and provides to the 
clinician a statement of the optical quality of 
the human eye.

Introduction
Vision is the capacity to perceive light,  
colours, and shapes. Our most valuable 
sense is a complex phenomenon which uses a 
cascade of events starting with the capture of 
photons coming from an observed target, and 
then continuing with a visual feeling coming 
from the activation of specialized neuronal 
structures of the occipital cortex. 
This process' ®rst step can be described 
as optical, because it includes successive 
refractions through the optical interfaces of 
the eye (lachrymal ®lm, cornea, crystalline 
lens, vitreous) of light waves all the way to 
the photo receptors of the retina. This major 
step has an impact on the quality of the 
retinal image: it should take place under good 
conditions in order to provide a good vision.
The second step, known as ¹sensoryª, begins 
after reception of the information by the  
retinal photoreceptors; it includes the coding 
and the transfer of this information towards  
the specialized cerebral cortex, and is 
completed by a visual feeling. Vision quality 
results from the execution of these two 
stages. Even if the knowledge of the achieved 
modulation by the neuro-cognitive system 
remains necessary for the prediction of vision 
quality, the retinal image's quality allows 
the clinician to check the good process of 
the optical step of the vision. The two major 
causes of the reduction of the optical quality 
of the human eye observed in clinical practice  

are the presence of uncorrected optical 
aberrations (refractive anomalies), and the 
partial reduction of ocular transparency 
whose corollary is the existence of an 
increased light scatter1. The main sources of 
physiological and pathological ocular scatter 
are reported in Figure 1.

®gure 1

The aberrometers which were introduced 
since the beginning of the years 2000 allow 
a measurement of low and high degree of 
the optical aberrations but not of the loss 
of ocular transparency2. So the estimated 
optical quality provided by an aberrometer 
is only valuable if the transparency of the eye 
does not signi®cantly decrease. 
The OQAS (Optical Quality Analysis System) 
is the only apparatus currently available 
which provides a direct measurement of the 
combined effect of the optical aberrations 
and the loss of ocular transparency on the 
optical quality of the eye. The data provided 
by this instrument are established by a study 
of the retinal image obtained after focusing 
an infra-red light. This light beam can be 
projected according to various vergence in 
order to carry out a group of measurements 
corresponding to the image of a spot located 
at various distances. This analysis enables to 
estimate the importance of ocular scattering 
(reduction of the ocular transparency),  
and to predict its effects on the contrast 
sensitivity and the maximum theoretical 
visual acuity. The Dynamic measurements 
enable to assess the accommodation's quality 
and/or the ®eld depth.

INTEREST  OF  OQAS  
(O PTICAL  Q UALITY  A NALYSIS  S YSTEM  IN  CATARACT  SURGERY ).

Dr. Damien Gatinel
Ophthalmology Service,
Rothschild Foundation, 
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Claude Bernard

CERCO 
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and Research in 
Clinical Optics).
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Principles of the analysis of 
ocular optical quality with OQAS
The reliability of any optical imagery 
instrument is correlated with the way in which 
this instrument can turn a light source spot 
into the most accurate image possible. OQAS 
enables the retinal projection of a source spot, 
and to analyze its characteristics. OQAS' 
measurements derive all from the analysis of 
the retinal image of a spot. In simple words,  
the study of the quality of the ocular  
stigmatism provides the overall data's. The 
dimensions and the space distribution of 
light energy onto the retina after focusing on 
a source point through the ocular dioptres 
determine the aspect of the Spreading 
Function of the retinal spot (FEP). The 
acronym PSF (for the Anglo-Saxon equivalent 
¹Point Spread Functionª) is commonly used 
in optics and will be mentioned in this article. 
The PSF can be represented as a two or 
three dimensional diagram, whose diameter 
conditions the separating power of the eye 
and its contrasts sensitivity. The maximum 
visual acuity is reached when the diameter of 
the point does not exceed the one of a foveal 
photoreceptor. It decreases of about its half 
when the diameter is multiplied by two, etc...
OQAS provides a tri dimensional 
representation of the retinal PSF under the 
aspect of a light intensity ¹peakª from an 
image collected by the CCD and translated 
into levels of grey. This allows an easier 
interpretation and comparison of the PSF. 
In the case of a transparent and deprived of 
optical aberrations eye (or when perfectly 
corrected), the focal image formed on the 
retina is not a point but a luminous spot 
whose diameter depends on that of the iridal 
pupil (pupillary diffraction). Diffraction 
is an essential limitation of absolute  
stigmatism; it necessarily requires a 
¹wideningª of the image dimensions which 
are formed according to the source point. 
The high degree optical aberrations (coma, 
spherical aberration, etc...) are noxious for 
the eye optical quality because they induce 
a reduction of the stigmatism which is added 
to the one imposed by the diffraction (Figure 
1A). At last, the existence of a disorder of 
the environments results in a light scatter 
entailed by total or partial micro opacities 

then inducing a random pace dispersion of 
the light waves. The distribution of the light 
intensity is focused by the ocular dioptres  
and is de®nitely less compact (Figure 1B) .

®gure 1b

OQAS optical quality indices

One can predict the aspect of a more complex 
image from gathering the image formed from 
a light-source spot on the retina, as well as 
the retinal contrast reduction percentage. 
The main indices provided by the software's 
instrument are (Figures 2 and 3):

®gure 2

®gure 3

· The maximum visual acuity predicted for 
objects with 100%, 50% 20% and 9% of 
contrast. 
· This visual acuity is calculated by taking 
into account the optical characteristics of 
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the analyzed eye: aberrations, and ocular 
scatter.
· The MTF curve (Modulation Transfer 
Function): this curve represents the 
attenuation percentage of the contrast of the 
retinal image at various resolutions (space 
frequencies), and also includes the combined 
effects of scatter and high degree optical 
aberrations.
· A scattering index: this index is useful to 
quantify the scattering degree caused by 
the loss of transparency of one or more of 
the ocular structures, such as the haze and 
corneal opacities, cataract, hyalite...
In order to not be disturbed by sphero-
cylindrical aberrations (second degree 
aberrations which can be corrected with 
glasses), the analysis of the retinal PSF 
must be carried out for the best sphero-
cylindrical correction. The apparatus carries 
out a scrambling thanks to an integrated 
autorefractometer, a compensation of the 
spherical focus is performed, in order to 
combine the retina with a point located at 
a de®nite distance (the ¹in®nite oneª by  
defect). The ªfar visionº is also studied by 
combining the retina with a point located at 
the ¹in®niteª. Several images of the retinal 
focusing spots are collected thanks to a 
CCD sensor. The natural pupil diameter is  
measured by the instrument, but the 
measurements are taken with a ®xed  
pupillary diameter chosen by the operator 
(from 3 to 6 mm). It is possible to estimate the 
depth of ®eld of the studied eye by collecting 
series of measurements for points located at 
successive distances.

Measure sequence with  OQAS

The instrument which occupies a similar 
volume as the one of an auto refractometer 
is equipped with a chinrest, a frontal v and 
is handled with a joystick. It is controlled 
by data-processing software. In addition to 
patient's standard data's (identity, date of 
birth, etc...), the user enters the refractive 
error's value (spherical equivalent) and 
chooses a given pupillary diameter for the 
analysis. It can be useful with patients 
presenting with a strong ocular astigmatism, 
to compensate with a cylindrical glass  
prior to the measurements. The diameter 
of the ocular pupil is measured once it is 

aligned on the light reticules, measured, and 
an automatic scrambling/unscrambling is 
performed by the instrument. The patient  
then stares at a test card representing a 
landscape. Once the focusing on the retinal-
foveal plan is done, several captures of 
the retinal PSF are performed and then 
moderated. The accommodation exploration 
is carried out by performing repeated 
PSF measurements for the plans located 
on increasing vergence, which optically  
simulates the nearing of the plan of the ®xed 
object.

Some clinical examples for 
cataract surgery 
The clinical applications of the OQAS are 
numerous: they gather all clinical situations 
where it is important to objectivise and 
quantify the reduction of the optical quality 
of the measured eye caused by an increase 
of the high degree aberrations and a 
reduction of the transparency of the ocular 
environments. The crystalline lens opacities 
refract and diffract in a random way the 
incident light focused towards the retina, but 
the anatomo-clinic parallelism between the 
degree of opacity estimated with the slit lamp 
examination and the repercussion of these 
opacities on the optical quality of the eye is 
not always relevant, in particular for young 
cataracts. A permanent visual discomfort 
(¹veilª) can be compatible with a moderate 
decrease of visual acuity. (Figure 5).

 

®gure 5

Some instruments dedicated to the 
imagery of the anterior segment like the 
acquisition system via Scheimpl¯ug camera 
make it possible to quantify the degree of  
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®gure 5

opaci®cation of the crystalline lens by a 
densitometry technique. But the effect of 
this light transmission opaci®cation is not 
measured with this instrument.
The direct measurement of ocular light  
scatter is more relevant because it translates 
the objective effect of crystalline lens  
opacities on the incident light. It should  
enable the con®rmation or not of the 
responsibility of a young cataract in 
the genesis of visual symptoms, and to 
establish a functional classi®cation of the 
cataract from the OSI's values (Figure 3). 
OQAS's measurements con®rm or not the 
responsibility of a diffuse opalescence or 
a discrete biomicroscopic opacities in the  
genesis of visual trouble. This capacity to 
objectivise the effect of a reduction of the 
crystalline lens transparency enables to 
forecast a possible medico-legal role in the 
crystalline lens surgery (objective distinction 
between clear crystalline lens surgery and 
cataract surgery). The direct visualization 
of the retinal PSF deterioration help to 
con®rm the responsibility of a posterior 
capsular opaci®cation in case of doubt about 
the diagnosis of the assessment of a visual 
acuity drop on a pseudophakic patient. The 
improvement of the PSF after capsulotomy 
re¯ects the reduction of the consecutive 
scatter at the capsular opening (Figure 6).
Traditional aberrometric methods (ex; 
Hartmann-Schack ) do not enable an 
accurate measurement of vision quality after 
insertion of multifocal diffractive optics3. The 
principle of the rebuilding of the wavefront 
requires a monofocal optic, and cannot 
properly describe the variations caused by 
the diffractive network of the implant. The 
measurements of OQAS are more relevant 
in this context, because they are carried out 

®gure 6

from the collection of the retinal image which 
contains all optical information (combined 
effect of monofocal optics and the diffractive 
network) (Figure 7). 

®gure 7

The possibility of exploring the depth of 
®eld should make OQAS an instrument  
particularly adapted to objectivise the 
accommodative pseudo effect of the  
multifocal lenses and the accommodative 
effects of the implants known as 
accommodative.

Conclusion 
The OQAS provides valuable information 
to the clinician involved in the study and 
treatment of pathologies responsible for 
the reduction of ocular transparency with 
cataract on top of the list. It has become 
essential in our daily treatment of anterior 
segment diseases.
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CROMA's highly skilled research team is 
developing a completely new portfolio of 

innovative Ophthalmic Viscosurgical Devices 
(OVDs) in cooperation with worldwide  
leading cataract surgeons. This portfolio 
consists of four different OVDs (from high 
cohesive to high dispersive) to ful®l each 
surgeon's needs at every surgical step. Our 
strong focus on patient's safety provides a 
guaranteed and perfect cell protection and 
optimal stabilisation of the anterior chamber 
and capsular bag throughout the whole 
surgery. The ®rst two are already available 
on the international market. They have been 
highly appreciated by an increasing number 
of surgeons:

EYEFILL•  S.C. 
(Supreme Cohesive)

Speci®cation:
· 2% biofermentative Hyaluronic Acid
· Molecular weight: 3.106 Dalton
· Viscosity (0.1 s-1): 400,000 mPa´s
· Volume: 0.9 ml
· Inner and outer sterility guaranteed

EYEFILL ®

our new OVD portfolio
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Advantages:
· Constant low injection force
· Comfortable retention in the anterior    
 chamber and capsular bag
· Good protection of intraocular tissues
· Easy aspiration at the end of the surgery
· Bio fermentative Hyaluronic Acid
· Steam sterilized for inner and outer  
 sterility
EYEFILL •  S.C. is indicated in cases 
of ¯at Anterior Chambers and Iris 
prolapsed as a supreme cohesive OVD. 
Hence, it features exceedingly comfortable 
retention in the Anterior Chamber 
during phacoemulsi®cation, and can be 
easily removed at the end of the surgical 
procedure. 

Viscosity:
· Medium to high pseudoplasticity  
 [•0,1/ •100] = 100 (1

· Quick and easy injection while ®lling the  
 Anterior Chamber and the capsular bag

Elasticity:
· High elasticity, Cross Over Index   
 (GÂ[Pa] /  [1/s]) = 170 (2

· Perfectly suitable for IOL implantation 
 into the Capsular Bag 

EYEFILL•  H.D.
(High Dispersive.)

Speci®cation:
· 2% HPMC
· Molecular weight: 86,000 Dalton
· Viscosity (5 s-1): 5,000 mPa´s
· Volume: 1.5 ml / 2.5 ml
· Inner and outer sterility guaranteed

Advantages:
· Excellent cell protection
· Perfect adjuvant for funduscopy and   
 gonioscopy
· 2 different ®lling volumes available
· Steam sterilized for inner and outer   
 sterility

EYEFILL •  H.D. can be used during 
cataract surgeries and as an adjuvant during  
funduscopy and gonioscopy. It may 
also be used as a coupling ¯uid for 
diagnostic and therapeutic contact lenses. 

EYEFILL •  H.D. provides the most 
outstanding cell protection and prevents 
damage of the endothelial cells during  
surgery due to its low-viscous, dispersive 
features.

2008 ± Launch of 2 new OVDs 
from the EYEFILL !  product line: 
We will launch two new ophtalmic 
viscosurgical devices at the ESCRS in Berlin 
in September 2008.  

Supreme raw materials for 
excellent biocompatibility:
All our OVDs are made of Hyaluronic 
Acid of biofermentative origin and/or 
ultrapure HPMC. Since they are completely 
free of animal proteins, they are highly  
biocompatible and are also suitable for 
patients who are allergic to animal proteins.

CROMA ± Production at a  
constant high quality levels:
Our OVDs are produced exclusively in our 
company near Vienna, which was established 
in 1994. CROMAÂs high-tech production 
site constantly provides products of high 
quality at all time due to our most careful 
selection of supreme raw materials and 
our manufacturing process according to  
validated safety guidelines (GMP, ISO 
9001: 2000, ISO 13485: 2003 and MDD).  
Additionally, annual controls by independent 
and accredited authorities guarantee a 
maintained quality level. Furthermore,  
each syringe must undergo a 100% visual 
control at the end of the production process. 
Thus, it is guaranteed that only immaculate 
products will leave our production facilities. 
All these measures show our competences in 
the ®eld of Cataract surgery and make our 
OVDs safe and competitive. 

Steam sterilisation for inner and 
outer sterility:
CROMA's OVDs are sterilised following a 
validated procedure. They are heat and 
steam sterilised inside their blister after 
having been aseptically ®lled into pre-
sterilised glass syringes. This leads to a 
safety assurance level of 10-6 compared with 
OVDs which are sterilised in a conventional 
way. Our viscosurgical devices feature  
inner and outer sterility and are ready to be 
used in the operating room.



Our main concern is the optimization of our 
IOL manufacturing process because we want 
to always improve the quality of our products. 
We improve our process yearly to insure a 
better quality and security of our IOLs. The 
regular audits and monitoring of the market 
allow to identify the critical points and then 
generate corrective and preventive actions in 
our IOL production such as:

·  Additional cleaning steps during polishing  
 to eliminate all residues.
·  The cleaning agent previously used for  
 cleaning our IOLs has been changed to a 
 European pharmacopeia preservative free  
 component according to the literature1.
·  The extraction step applied to the IOLs  
 during the removal process of polymerization  
 and process residues has been again  
 optimized to insure a 0% leachable content  
 even in the process worst case conditions.
·  The pro®le of the square edge has been  
 optimized to make the cleaning of the  
 hardly accessible parts of the IOLs easier,  
 keeping its anti-PCO function. 
 (see picture)

CROMA could then observe a constant 
reduction of the complaints coming from the 
end-user thanks to the improvement of our 
manufacturing process. We see unexpected 
events and complaints as the starting point 
for improvements. We have been, since 2007, 
performing extensive inspection of surgical 
and manufacturing sites to understand 
why problems were occurring. Our new 
manufacturing procedures helped us to 
prevent and signi®cantly reduce the amount 
of in¯ammation-related complaints. More 
detailed informations will be published in the 
next edition of the Ophthalmographe.

1 J. Cataract. Refract. Surg., 

Mamalis et al., vol 32, february 2006
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CROMA ± The New Brand
The strategic union between Croma-Pharma  
and Corn#al Ophthalmology brings both  
companies under the new brand CROMA in 2008.

CROMA stands for heath, care and innovation. 
Our goal is the improvement of people's quality of 
life.

CROMA is strengthening its new strategic  
positioning by communicating a clear and unique 
corporate pro®le and core values. Our Research  
and Research and Developement Departments will 
keep focusing on outstanding high quality and 
ef®cacious products. 

CROMAÁs core values can be described in
three words: 
Fair, limitless, surprinsingly simple.

CROMA is an internationally active and
open-minded company.

fair no limits

surprisingly
simple

FAIR
NO LIMITS

SURPRINSINGLY SIMPLE
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