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I
n the early stages of cataract formation, visual distur-
bances may appear while visual acuity in standard
conditions is still preserved.1 These patients typically
complain that headlights, lamps, or sunlight may

appear too bright, with halos appearing around objects.
Poor night vision, glare, double vision, or multiple images
in one eye are possible signs of early cataract, which can
be compatible with 20/20 BCVA or UCVA. In these situa-
tions, visual disturbances are caused by crystalline lens
opacities, which randomly refract and diffract the inci-
dent light focused toward the retina.2 This effect, called
intraocular scattering, reduces the patient’s quality of
vision. In young, healthy eyes, its impact is usually mini-
mal for most visual tasks; however, when paired with
another ocular condition, such as cataract, patients expe-
rience noticeable visual symptoms. 

The parallel between the anatomic and clinical degree
of opacity (estimated by slit-lamp examination) and the
repercussion of these opacities on optical quality is not
always relevant, particularly for early cataracts. However,
because permanent visual discomfort may be compatible
with moderate visual acuity loss, clinicians may want to
objectively confirm and quantitatively assess ocular light

scattering. Different levels of scatter are caused by differ-
ences in the degree of lenticular opacification.

Wavefront evaluation techniques measure optical
aberrations in the human eye. Psychophysical techniques,
such the Scheimpflug camera or Hartmann-Shack aber-
rometry, estimate ocular scatter but do not image the
retina. More recently, double-pass aberrometry was
introduced.3,4 This technique does not depend on the
accuracy of the wavefront reconstruction; it integrates
higher-order aberrations and light scatter into a predic-
tion of retinal image quality.

Diaz-Douton et al5 compared retinal image quality
with a Hartmann-Shack wavefront sensor and a double-
pass aberrometer. In young patients with clear lenses, no
difference was found between the devices in the estima-
tion of image quality. However, in older eyes with early
stages of cataract, retinal image quality was estimated to
be significantly better with the Hartmann-Shack instru-
ment than with the direct double-pass technique. Thus,
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Figure 1.The OQAS instrument in use. Measurements can be

performed while the patient wears spectacles.

• When paired with other visual disturbances like cataract,

intraocular scattering can cause noticable visual symptoms. 

• Double-pass aberrometry is a new method of measuring

optical aberrations that incorporates higher-order aberra-

tions and light scattering to predict retinal image quality.

• The Optical Quality Analysis System provides an objective

measurement for the combined effect of optical aberrations

and the loss of ocular transparency on optical quality.
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wavefront measurements may fail to produce an objec-
tive assessment or overestimate image quality in eyes
with scatter symptoms, such as cataractous eyes. 

Some anterior segment imaging devices, including the
acquisition system of the Scheimplflug camera, allow
quantification of the degree of lens opacification via den-
sitometry. However, Scheimpflug does not directly meas-
ure the effect of the opacification on light transmission.
Ortiz et al6 established a correlation between subjective
clinical classification and other objective methods of
quantifying nuclear lens opacification. They evaluated
changes in density and optical properties in eyes with
lower grades of nuclear cataract. Modulation transfer
function (MTF) calculations, including the effect of scat-
ter, were based on the double-pass technique. They
found that very early stages of cataract are difficult to dif-
ferentiate using clinical classification (ie, Lens Opacities
Classification System III; LOCS III), highlighting a statisti-
cally significant difference between the cataract grade
groups in MTF values but not in optical aberrations val-
ues. Therefore, only the MTF should be used as an indica-
tive parameter of the optical degradation of the eye,
including scattering and aberrations. 

This article reports my clinical experience
with the Optical Quality Analysis System
(OQAS) double-pass instrument
(Visiometrics, Castelldefels, Spain; Figure 1)
to investigate patients with visual symptoms
related to early cataract.

ME A SURE MENT SEQUENCE
The OQAS provides an objective meas-

urement of the combined effects of optical
aberrations and the loss of ocular trans-
parency on optical quality. Data are estab-
lished by a study of the retinal image
obtained after the eye focuses on an
infrared light beam.

Standard data, including the patient’s
name and age, are entered, followed by the
value of his refractive error. The OQAS
measures the natural pupil diameter; how-
ever, measurements are taken at a fixed
pupillary diameter (3–6 mm) chosen by the
operator. In patients presenting with strong
ocular astigmatism, compensation for cylin-
drical error can be achieved by placing a
corrective spectacle cylindrical lens in the
machine’s mounting frame. Alternatively,
measurements can be performed while the
patient wears spectacles.

Pupil diameter is measured once the
pupil is aligned on the light reticules. With the patient
staring at a landscape test card, the retinal foveal plan is
completed, and several aerial images of the retinal point
spread function (PSF) are captured (Figure 2) and aver-
aged. To initiate accommodative exploration, repeated
PSF measurements are taken. Plans located on increasing
vergence optically simulate forward movement of the
fixed object. The depth of field is estimated by collecting
a series of measurements for points located at successive
distances.

ME A SURE MENT PRINCIPLE S
Studying ocular astigmatism provides the overall data

set. The dimensions and spatial distribution of light ener-
gy onto the retina, after focusing on a source point
through the ocular refractive interfaces, determine the
PSF (represented as a 2- or 3-D diagram). The diameter of
the PSF conditions the eye’s separating power and con-
trast sensitivity. The maximum visual acuity is theoreti-
cally related to the circular diameter of the light intensity
spread and the foveal photoreceptors. 

The PSF is obtained outside the eye after a double pass
of the light hits the eye (ie, aerial PSF). Although it is not
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Figure 2. Series of aerial images of the (left) retinal point spread function

(right) before averaging, color scaling, and 3-D plotting.

Figure 3. Examples of result maps in a 28-year-old woman without any visual

complaints.The slight irregularites noted in the point spread function (light

intensity plot) are due to higher-order aberrations.The optical scattering

index value is 0.5 (low scattering).



the exact retinal PSF (ie, the PSF that would be perceived
at the retinal level after a single pass), this measurement
estimates the optical ability to focus light on the retina.
OQAS provides a 3-D aerial image of the PSF, which is in
the form of peak light intensity from an image translated
into colored levels (Figure 2). 

In transparent and aberration-free eyes, the focal image
formed on the retina is not a point but, due to diffraction, is
a luminous spot whose diameter depends on that of the
pupil size. Diffraction is an essential limitation of absolute
astigmatism; it widens the formed PSF. To achieve good opti-
cal quality, spreading and scattering of light beyond diffrac-
tion must be minimized. Higher-degree optical aberrations
(eg, coma, spherical aberration) are detrimental to optical
quality because they reduce stigmatism, which is added to
that imposed by the diffraction. The spatial distribution of

this spread is usually restrained within an
angular diameter with less than 10º of arc.
When ocular transparency is reduced (eg, dif-
fuse or localized micro-opacities), the light
intensity spread scatters and is distributed
onto a larger zone (Figure 3).

DERIVED FROM D OUBLE PA SS
The OQAS software includes the follow-

ing indices:
• The maximum visual acuity is predicted

for objects with 100%, 50%, 20%, and 9%
contrast. Acuity is calculated by accounting
for optical characteristics of the analyzed
eye, including aberrations and ocular scatter.

• The MTF curve represents the attenua-
tion percentage of retinal image contrast at
various resolutions (spatial frequencies). It

also includes the combined effects of scatter and high-
degree optical aberrations.

• An optical scattering index (OSI) quantifies the
degree of scattering caused by the loss of transparency in
one or more ocular structures, such as haze, corneal
opacities, cataract, and vitreous opacities (Figures 3).

D OUBLE PA SS AND 
CATAR ACT A SSE SSMENT

The OQAS measurement confirms or repudiates the
responsibility of diffuse opalescence or discrete biomi-
croscopic opacities in the genesis of visual symptoms. In
our experience, and confirmed by others,6 correlation
between the LOCS III scale and scattering is inconsis-
tent. The direct visualization of deterioration of the reti-
nal PSF and the OSI value confirm the responsibility of a
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Figure 5. Examples of OSI values in relation to the lens as seen at the slit lamp.

Figure 4. The optical scattering index calculation is achieved by assessing the ratio of light intensity between the center and

the periphery of the PSF. OSI, which measures ocular scattering, is not a direct metric of the quality of vision.
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lenticular opacification in
case of diagnostic
anatomic uncertainty (ie,
when the crystalline lens
opacification is moderate
at slit-lamp examination).
The OSI is proportional
to the scattering of
lenticular origin (Figure
4). Light scatter at any
ocular level may cause an
increased OSI (Figure 5);
it is important to elimi-
nate other causes of scat-
ter, including corneal
haze and vitreous opacifi-
cation. 

In Figure 6, we see the
preoperative map of a
patient complaining of
severe night vision reduc-
tion and glare. At the slit lamp, only mild lens opacifica-
tion and discrete small central opacities were observed.
Despite their limited size, the role of these small opacities
may be particularly important in the light scattering.

In an otherwise healthy eye, a decrease in the trans-
parency of the crystalline lens may increase the OSI
value, which enables us to forecast a possible medicole-
gal role in crystalline lens surgery for OSI, provides an
objective distinction between clear crystalline lens sur-
gery and cataract surgery. Documenting the existence
of scattering may help the surgeon to justify the indica-
tion of cataract surgery in patients complaining of
reduced visual performance due to scattering and in
whom the maximal contrast visual acuity is preserved
or minimally affected. Alternatively, in older patients
who do not have lenticular scattering, it may docu-
ment the need for a corneal refractive procedure, such
as hyperopic LASIK. 

The OQAS can also be used to quantify the degree of
posterior capsular opacification after lens implantation.
Improved PSF and reduced OSI values after capsuloto-
my reflect the reduction of the scatter after capsular
opening. Traditional aberrometry methods, such as
Hartmann-Shack, do not accurately measure visiual
quality after multifocal diffractive IOL implantation.
The principle of rebuilding the wavefront requires a
monofocal optic and cannot properly describe the vari-
ations caused by the diffractive network of the implant.
OQAS measurements may be more relevant in this con-
text because they incorporate the scatter generated by
the diffractive element of the bifocal IOL.

CONCLUSION
There are many clinical circumstances where ocular

media may become less transparent and generate visu-
ally significant light scatter. When confronted with the
diagnosis of early cataract, the direct measurement of
ocular light scatter is particularly relevant because it
documents the objective effect of crystalline lens opaci-
ties on the incident light. It should confirm or repudiate
the responsibility of a young cataract in the genesis of
visual symptoms. Further studies should aim to estab-
lish new functional classification of cataract based on
the quantification of scattering values. ■
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Figure 6. Comparison between pre- and postoperative slit lamp and OQAS charts in a patient com-

plaining of reduced vision quality before cataract surgery, despite good visual acuity. Note the

reduction of the OSI value after cataract removal and monofocal IOL implantation.


