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Abstract

A composite slit-lamp based system for the clinical classification and grading of cataract is described.
Cataract features are classified morphologically, and individual features are graded by comparison with
standard diagrams mounted adjacent to the slit-lamp. Attention has been paid to relevant aspects ol
measurement theory, with equal intcrval steps between the grades. The image degrading effect of the
calaract is assessed using a ‘resolution target projection ophthalmoscope’. The method may be used in
conjunction with photographic and image analysing techniques.

Introduction

A well standardised system for the classification
and grading of cataract is central to any clinical
study of cataract. The Oxford Clinical Cataract
Classilication and Grading System provides this
facility in vivo, and is accessible to anyonc with a
slit-lamp. This paper describes the method and
standardization of the system; the inter-observer
variability dala will be presented scparatcly. The
concepts of the system werce originally described by
Bron and Brown, {2) since which time, clinical use
and thcoretical considerations have resulted in the
modifications and standardisations presented here.

Many systems of cataract classification relate to
extracted lenses. (12-14, 17-19, 20-22, 24, 26, 27,
50, 55) Some systems can be applied in an in vivo
situation, (2, 13, 20, 22, 45, 30, 35) and a few
informal systems of clinical classification are used
which allow the classification of cataracts into

broad morphological groups. (36) The image de-
grading cffect of a cataract may be assessed in vivo
using a modified ‘projection ophthalmoscope’.
(22) Some specific cataract types have attracted
individual grading systems. such as in Lowe’s syn-
drome (10) and corticosteroid induced cataracts.
(23) Such privatc systems are not of great value
when considering the classification of all types of
cataract. Photographic methods have been em-
ployed with success, both in vitro and in vivo. The
two most suitable techniques of in vivo photogra-
phy employ the Scheimpflug principle for slit-im-
ages, (4,5,7-9,33-35,37, 38, 53, 56, 57) and retro-
illumination for ‘en face” lens views. (9, 16, 29, 41,
42, 49) These photographs have been used for pur-
poses of cataract classification, (35, 37, 537) and
have been analysed by techniques such as linear
densitometry of Scheimpllug photographs; (5, 8,
33, 35, 37); arca densitometry and pattern analysis
of retro-illumination and Scheimpflug photo-
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graphs; (5, 16, 42, 49); colour (58); and fluores-
cence analysis. (32, 43, 46, 47) Video-imaging sys-
tems are also presently in use, although experience
with these is so far limited. These image analysing
techniques are elfective tools, but they essentially
quantify opacities, and need to be supported by a
clinical classification and grading system. (9) In
epidemiological studies, certain ‘field” situations
may be encountered in which the use of sophisti-
cated photographic and image analysing equip-
ment is precluded. Under such circumstances, a
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- C4
-C3

simple, comprehensive and standardized clinical
classification and grading system for use at the slit-
lamp has particular appeal. The Oxford System is
well equipped for such use, while at the same time,
it can be used in conjunction with other technol-

0gy.

Lenticular zones

The crystalline lens may be divided, on the basis of
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capsule

Fig. 1. Scheimpflug slit-image photograph showing the zones of the crystaline lens.



light scatlering properties, into a number of dis-
crete concentric shells, (30) demonstrable in opti-
cal section. (Fig. 1) The best known of these divi-
sions separates the cortex from the nucleus. The
nucleus 1s regarded as that portion of the post-natal
lens which represents the lens as it was, at birth.
The lens has a diameter of a little over 6mm at
birth, (25) and this is the size of the nucleus as
defined here. It is implicit in this definition that all
lens fibres added post-natally are designated as
being cortical. The cortex may be subdivided into
anterior (A) and posterior {P) cortical zones, Cl to
C4. Zone C1 consists of an outer clear shell, and an
inner shell of increased light scattering, designated
alpha and beta respectively. The outermost clear
shell is also referred to as the ‘clear zone’, and the
scallering zone as the ‘Tirst zone of disjunction’.
(Thus we may speak for example of zone Cl.al-
pha,A as the “anterior clear zone’). Zones C3 and
4 constitute the ‘peri-nuclear’ cortex, (which are
the zones of greatest autofluorescence). The nu-
cleus may be subdivided into foetal and embryonic
parts, but the nuclear zones are not as distinctly
visible as those of the cortex. The zone system is
best developed in individuals aged approximately
40 years, and may be hardly visible in children.

Cataract features

The features graded include: Anterior sub-capsu-
lar opacity, posterior sub-capsular opacity, cortical
spoke opacity, waterclells, vacuoles, retro-dots,
focal dots, and anterior clear zone thickness, (corti-
cal features); nuclear brunescence and white nu-
clear scatter, (nuclear featurcs). Each {eature is
graded on a 1-5 scale, the grade being entered on a
grading chart (Fig. 2) according to feature (rows)
and zone of opacity (columns). In practice it is
found that certain featurcs are confined to typical
zones, so that the matrix in Fig. 2 is only partially
filled. In some patients, especially the voung, not
all the zones are clearly visible. In this situation
reliance is based upon the prior knowledge that a
certain feature occurs tvpically in a particular zone,
and the feature is scored appropriately. Any other
features arc rccorded as present, but not graded.
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Fig. 2. Recording chart for the Oxford Clinical Cataract Classi-
fication and Grading System.

Cortical features

Anterior sub-capsular opacities (ASC) are defined
as areas of opacification lying just deep to the lens
capsule in the anterior clear zone, (zone C1al-
pha,A). They are visible by slit beam and by broad
focal illumination as whitish-grey opacities, which
may be granular, and sometimes by retro-illumina-
tion as shadows against the red reflex. Anterior
sub-capsular opacities tend to be round or oval in
shape, and may, in addition, have radial prolonga-
tions.

Posterior sub-capsular opacities (PSC) lie just
antenior to the posterior capsule in zone C1,P, and
are visible by both retro- and focal illumination. By
retro-illumination the opacity may appear as a dis-
turbance of the red reflex, or if sufficiently dense, it
may produce a black shadow. (Fig. 6B) In focal
illumination the opacity is typically a saucer-like
whitish, granular or vesicular disc, centered on or
near the antero-posterior central axis. There may
also be radial prolongations of the opacity. Vesicu-
lar features, often included in a definitive posterior
sub-capsular opacity, are regarded as an integral
part ol that opacity, and graded with it, not as
vacuoles. Specular reflection may demonstrate a
polychromatic lustre.

Cortical spoke (cuneiform) opacitics, are base
out wedges, visible by retro-illumination as shad-
ows in the red reflex, (Fig. 7B) and visible by direct
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focal illumination as scattering opacities. Therc
may be a linear array of vacuole-like structures
within the spoke, in which case these arc regarded
as an integral part of the spoke, and graded with
the spoke and not as vacuoles. The opacity follows
the lens fibre pattern, and may pass from the ante-
rior cortex, round through the equalorial cortex,
and so to the posterior cortex in a continuous band
occupying zone C2. When the anterior clear zone
(Cl,alpha,A) is absent, zone C2 is abnormally
close (o the anterior capsule. In this situation, a
cortical spoke in zone C2 may be confused with an
anterior sub-capsular opacity. Awareness of this
ditficulty helps to prevent misclassification.

Waterclefts are radial, fusiform or base out
wedge shaped features, producing localized areas
of altered refraction and reduced scattering. They
are most easily seen by slit beam illumination, ap-
pearing as an optically empty segment (Fig. 8).
Their extent can be gauged by traversing the slit
beam across the lens. The visibility of waterclefts
by retro-illumination is variable, they may only just
be visible, and their full extent may not be appreci-
ated. They are commonly accompanied by spoke
opacities, which may border the watercleft, or be
enveloped by it. These associated spoke opacities,
when seen by retro-illumination, often have a lace-
like appearance, and are less dense than spoke
opacities occurring in isolation. Waterclefts are
typically found in zone C2.

Vucuoles are small round cystic spaces typically
oceurring in zone C2. They may lie either ante-
riorly or posteriorly in the cortex. Optically they
behave as a diverging lens, and are therefore as-
sumed to be of lower refractive index than the
surtounding lens substance. Their edges are
sharply demarcated and they produce no reversal
of the retro-illumination pattern. (6) (Fig. 9C).

Retro-dots are somewhat rounded features, dis-
tinguished from vacuoles by their slightly larger
size, their refractive properties, and their faintly
demarcated cdges. (2, 3) (Fig. 10C) They behave as
converging lenses, producing a reversed retro-il-
lumination pattern, and are belicved to be of
higher relractive index than the surrounding lens
substance. (3, 6) Retro-dots occur in the peri-
nuclear zones, (C3 and C4), and although these

zones extend fairly far out towards the periphery of
the lens, retro-dots are uncommon peripheral to
3mm from the central axis. Retro-dots are visible
by both retro-illumination and specular illumina-
tion. Specular illumination is particularly unseful
when other opacities obscure the red reflex, thus
for example allowing visualization of retro-dots in
the presence of a dense nuclear cataract. Retro-
dots are poorly seen in focal iHlumination, and may
thereby readily be distinguished from focal dots
and coronary opacities. (3)

Focal dois are fine punctate opacities varying in
colour from blue through grey to white. They are
most prominent in zone C2 and are distributed with
increasing frequency towards the periphery of the
lens. This varying frequency is considered to be
partly a curvature effect, due to optical superim-
position of features as the equatorial region is ap-
proached, and partly a real increase in feature fre-
quency peripherally. Focal dots are hest seen in
broad focal illumination, but may also be visible in
retro-illumination, as small dark dots. (Coronary
lens opacities are not graded with focal dots, their
presence is merely noted, under ‘other features’.)

The thickness of the anterior clear zone (zone
Cl,alpha,A)is assessed centrally in the optical axis.
This zone may be thinned in posterior sub-capsular
cataract formation. (11)

Nuclear features

Nuclear brunescence is a colouring of the nucleus,
(Fig. 12B) and ranges {rom pale vellow, through
yellow, orange, reddish-brown to brownish black.
The colour is graded axially in the postcrior nuclear
zone, ie. just anterior to the centre of the posterior
nuclear shell. This region is chosen specifically be-
cause nuclear colour alters continuously from ante-
rior to posterior. This colour change results from
spectrally selective absorption by pigmented chro-
mophores, acting as a filter on both the incident,
and the exiting scattered light. The effect of this is
that the perceived brunescent colour, changes to-
pographically through the nucleus from anterior to
posterior,

White nuclear scatter may occur in the absence of
brunescence. (Fig. 13B) More commonly in nu-



clear cataract, the two features occur simul-
taneously, (Fig. 12B) and this makes the grading
more difficult. In order to minimize this difficulty,
white scatter grading is performed in the anterior
nucleus, ie. just posterior to the anterior nuclear
shell. This region is least affected by the potentially
confusing cffects of coexistent bruncscence, which
is seen to increase with posterior passage through
the nucleus.

Other features

Certain other morphological features are noted
when present, for example lamellar separation,
coronary opacities, pseudo-exfoliation, chalky de-
posits, capsular opacities, polychromatic lustre of
the posterior capsule, lamellar cataract, sutural
opacities, or fluorescence. The term lamellar sepa-
ration is used to denote fine opaque white lines in
zone C2, running in the plane of the capsule, and
directed at right angles to a meridian. (1) This
{feature is [requently seen in association with spoke
opacities or waterclefts.

limage degradation: The Resolurion Targer Projec-
tion Ophthalmoscaope

A modified ophthalmoscope has been described by
Cotlier (22) which can be used to assess the effect
of a cataract on retinal image formation. The in-
strument projects an image of a U.S.A.F. 3 bar
resolution chart (Fig. 3), into the subject’s eve,
while the examiner determines which size target,
within the projected image, is resolvable on the
subject’s retina. This image undergoes degradation
twice by passage through the patient’s ocular me-
dia, once as it passes into the eye to be projected
onto the retina, and again as the projected image
on the retina is viewed by the examiner. The reso-
lution target projection ophthalmoscope score is
reparded as an objective index ol the image degrad-
ing effect of a cataract, and is used in prelerence to
visual acuity or contrast sensitivity, becausc it docs
not rely on normal relinal, visual pathway, or
higher order functions on the part of the subject.
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Fig. 3. Modified USAF 3 bar resolution target, illustrating the
targets used and the numbering system. (The actual Resolution
target projection ophthalmoscape uses the original USAF for-
mat.)

Method

The observer uses his visual system as a compara-
tor, making judgments at the slit-lamp with refer-
ence 10 a mounted set of standard diagrams and
colour samples, which provide readily available
reference criteria for quantification of the cataract
features. (A card holder which clips onto the slit-
lamp frame serves this function well. (Fig. 4))
Pupillary dilatation is achieved with Tropicamide
1% (or Cyclopentolate 1%) and Phenylephrine
10%, rcpeated after 15 minutes. This drop com-
bination produces effective mydriasis, with mini-
mum side elfects. (54) Most patients dilate to a
pupil diameter of 8 mm or more, although occa-
sionally the full grading of a patient is not possible
as a result of poor pupillary dilatation. Senile
mjosis, diabetic autonomic neuropathy and phar-
macological miosis may accentuate this problem.

Examination routine
Following dilatation, patients arc cxamined with

the resolution target projection ophthalmoscope.
This is performed first, in order to exclude observer
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Fig. 4 The system in use. demonstrating the mounted reference
cards and lamp.

bias, which may occur if the assessment follows the
grading procedure. The paticntis then examined at
the slit-lamp, and the lens features graded and
recorded on the grading chart. (Fig. 2). The pupill-
ary diameter is recorded in mm, using the Haag-
Streit 900 slit-beam height measure. The diagrams
at the top of the chart are filled in first, thus indicat-
ing the major features of the cataract, and their
situation. Diagrams include anterior and posterior
‘en face’ views, as well as a sagittal projection of the
lens. These act as a morphological guide to the
detailed feature grading 1o be placed in the matrix
below. Each feature should then be assessed In
turn, with reference to the appropriate standard
diagrams. Finally, the predominant features are
summarized under the heading ‘Cataract type’ and
the ‘Lens status’ is indicated. (Vide infra.)

Grading of individual features

Grading is performed by comparison of the cata-
ract features with standard diagrams and colour
samples. The colour samples are standardized matt
pigment samples, taken from the internationally
accepted Munsell colour system. (52) Assessments
are made using an Smm pupil diameter, except
where otherwise indicated, {eg. retro-dots} or
where unnecessary, (eg. nuclear assessments.)
Whenever possible an interval scale has been used,
with linear or logarithmic relationships between
the grades. The standard diagrams are produced to
a size which corresponds (o the microscope image
size of the feature under consideration. These con-
ditions apply when the diagram is held at the same
plane as the eye under study, and make compara-
tive assessment easier as no mental adjustment for
size is required. (Fig. 4) The apparent feature sizes
are used, with no corrections for corneal or lenticu-
lar magnification. The magnification setting used
for grading is the ‘10 times” magnification of the
Haag-Streit slitlamp. Actual measurcment of the
magnitication of 8 Haag-Streit slitlamps has shown
it to be consistently 10.8 times, and diagrams are
made according to this. When higher magnification
is required for any individual feature, this is indi-
cated in the rclevant section, eg. anterior clear
zone thickness assessment.

In the following section the features will appear
in the same order as is used when the grading is
being performed. (Table 1)

The Resolution Target Projection Ophthalmoscope

The amount of cataractous image degradation 1s
assessed by the examiner, in terms of the smallest
resolvable target which he can see on the patient’s
retina. (Fig. 3) The score for the resolution target
projection ophthalmoscope is recorded on a 0 to 12
scale, which relates ta the different sized targets
which compose the projected image. A score of Ois
allocated if no targets are resolvable. The target
sizes are lincarly related on a log scale. The il-
lumination of the instrument must be maintained at
a standard level.



Table {. Recommended order of examination & summary of slit

lamp settings.

Assessment

Slit lamp setting

1. Resolution Target Projection

Ophthalmoscope

2. General scan and complete
diagrams

3. Thickness: Cl. alpha, A

4. Anterior sub-capsular
opacity

. Spoke opacity

. Waterclefts

. Vacuoles

. Retro-dots

—~ A

o0

Slit beam down axis
View from 45 degrees
‘Narrowest' beam
Full power
Magnification "16 x”
Focal, broad slit

Focal, narrow slit
Focal, narrow slit
Retro-ifluminalion
Retro- & specular

illumination

9. Posterior sub-capsular Retro- & focal il

opacity
10. Tocal dots Slit beam at 45 deg
Height 2mm
Width 0.7mm (No 14)
Temporal palch, 3 mm
off axis
Slit beam at 45deg
Width 0.3 mm
Full power
Posterior nucleus
Slit bearmn at 45 deg
Width 0.3 mm.
Full power

11. Nuclear brunescence

12. White nuclear scatter

Anterior nucleus

Cortical features

Thickness of the anterior clear zone (Cl,alpha,A) is
assessed by comparison with standard diagrams.
The diagrams display slit image photographs of
lenses which have been modified, in order to pro-
vide standard clear zone thicknesses [or refercnce.
(Fig. 5) The standard clear zone dimensions were
determined by measurement of Scheimpflug slit
image photographs, and are corrected for magni-
fication and angle of view. The ‘background photo-
graph’ on the clear zone diagram provides con-
textual cues in order to avoid perceptual crrors
related to the phenomonon of failure in size con-
stancy. (44) Asscssment is made with the slit-lamp

88
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microscope angled al 45 degrees to the optical axis,
while the slit beam is projected down the optical
axis. With the illumination at {ull power, the beam
width is set at the minimum width which provides
adequate illumination for assessment. The 16 times
magnification is used. The grades are linear, with
Grade 3 representative of normality. The diagrams
represent borders between one grade and the next.

Grade 1: Anterior clcar zone absent or markedly
decreased. (< or = 25 micrometers ac-
tual size.)

Grade 2: Anterior clear zone decreased. (>25;

< or = 75 micrometers actual size.)

Grade 3: Anterior clear zone normal. (>75;

< or = 125 micrometers actual size.)

Grade 4: Anterior clear zone increased. (>125;
< or = 175 micrometers actual size.)

Grade 5: Anterior clear zone markedly in-

creased. (>175 micrometers actual
size.)

Anfterior sub-capsular opaciiies are roughly circular
or oval in shape. They are graded according to
diameter. When the opacity is not circular, it 1s
mentally ‘rounded up’ and graded. The grading 1s
lincar with respect to diameter, and is made by
comparison with the diagram in Fig. 6.

Grade 0: feature absent.

Grade 1: >0; <or = 1st circle.
(>0% to 20% of diameter.)
Grade 2: >1st; < or= 2nd circle.
(>20% to 40% of diameter.)
Grade 3: >2nd; < or= 3rd circle.
(>40% to 60% of diameter.)
Grade 4: >3rd; <or = 4th circle.
(>60% to 80% of diameter.)
Grade 3: >4th circle.

(>80% to 100% of diameter.)

Cortical spoke (cuneiform) opacities arc typically
radial, basc-out wedge segments, and are graded
according to area affected in ‘pie shaped segments’.
When the opacified regions occupy non-adjacent
segments, these are apposed in the ‘mind’s eye” and
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Frg. 5. The "Anterior clear zonce thickness™ reference standards,

the overall area guaged. Assessments are made by Waterclefts have a radial configuration, and are
comparison with the standard diagram in Fig. 7, the therefore suited to the same grading treatment as
anterior and posterior spakes are superimposed spokes as described above, anterior and posterior
against the red reflex and graded together. Grades features again being superimposed. The full extent
are linear with respect to area. of the waterclefts is gauged by their appearance in

focal slit beam illumination. (Fig. 8)
Grade 0: fealure absent.
Grade 1: >0; <or = 1 pie segment.

. ASC 2 PSC OPACITIES
(>0% to 20% of area.) A
Grade 2: >1; < or= 2 pie segments. MAGAIELCATION *10x"
(>r)00/ 1o 400/ Of arca ) FOCAL & RETRO-IL_UMIKATICH
E (L] s0 s
Grade 3: >2; < or = 3 pie segments. SRR
(=40% to 60% of area.) 0 ¢ FRATURE ABSEN RN
T [:>0; <or=CIRCE I
Grade 4: >3; <or = 4 pie segments. I 3 & < R = CIRCLE 2
(>60% to 80% of arca.) 1Tz > 25 € o = CIRLE 3
. IV » 3 <or=CRCE 4
Grade 5: >4 pie segments. V> CIRCLE &
(>>80% to 100% of area.) DIAMETER SCALE

lig. 6A. The ‘Diameter scale’ relerence standards for anterior
and posterior sub-capsular opacities,
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Fig. 6B. An example of a Grade 2 posterior sub-capsular opacity.

Grade 0: feature absent.

Grade 1: >0; <<or = 1 pie segment.
(> 0% to 20% of area.)

Grade 2: >1; <or= 2 pie segments.
(>20% to 40% of area.)

Grade 3: >2; <or= 3 pie segments.
{(>40% to 60% of area.)

Grade 4: >3; < or= 4 pie segments.
(=60% to 80% of area.)

Grade 5: > 4 pie segments.

(>80% to 100% of area.)

Vacuoles are graded according to their frequency
within an 8§ mm diameter area. The standard dia-
grams (Fig. 9) display increasing vacuole frequency
on a logarithmic scale. Tiach diagram represents
the border between one grade and the next. The
greatest number of vacuoles possible, is taken as
that number of 0.2mm vacuoles, which would

cover the total area of an 8 mm diameter circle.
From this total number, equal interval logarithmic
steps were calculated, and the diagrams based on
these. When grading, anterior and posterior fea-
tures are superimposed and graded together.
Where vacuoles form an integral part of another

SPOKE OFAC:TIZS AND
HATERCIEZ TS

PUFIL Sepm

MAGNIFLLATCN "10x"

ANT & PCST SUPER[MPOSED
FOCAL & AETRO-TLLJMINATION

v 1

SR v
C : FEATURE ABS:N™ !
L:> X <or= L PIE
[I:>1; <orR =2 PIES
Pl > 20 < or 2 5 PIES
[¥: >3 <or =4 PIES I
voi x4 PIES
“PIE" SEGMENTS

Fig. 7A. The "Pie segment’ reference standards for spoke opaci-
ties and waterclefts.
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Fig. 7B. An example of Grade 2 spoke opacities.

opacity, as may occur in posterior sub-capsular and
spoke opacities, these vacuoles are graded with
that opacity.

Grade 0: feature absent.

Grade 1: >0; <or= 1st diagram.

(1 to 4 vacuoles.)

Grade 2: >1st; <or = 2nd diagram.
(5 to 20 vacuoles.)

Grade 3: >2nd; <or= 3rd diagram.
(21 to 90 vacuoles.)

Grade 4: >3rd; <or = 4th diagram.
{91 to 403 vacuoles.)

Grade 5: >4th diagram.

(=404 vacuoles.)

Retro-dots are graded similarly to vacuoles, but
with some important differences. Clinical experi-
ence has shown that retro-dots usually occur within

a 6 mm diamcter circular area centered on the optic
axis. (3) For this reason retro-dots arc graded only
within a central 6 mm diameter area. In addition
the individual rctro-dots are on average slightly
larger than vacuoles. The standard diagrams were
derived by the same method as that used above for
vacuoles, but here a 6mm diameter area is oc-
cupied by 0.3mm diameter retro-dots. (Fig. 10)
The diagrams are again based on a logarithmic
scale, and represent borders between grades. An-
terior and posterior features are superimposed
when graded.

Grade 0: feature absent.

Grade 1. >0; <or= 1st diagram.

(1 to 3 retro-dots.)

Grade 2: >1st; <or = 2nd diagram.
(4 10 11 retro-dots.)

Grade 3: >2nd; < or= 3rd diagram.
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Fig. 8. An example of 2 Watercleft.

(12 to 36 retro-dots.)

Grade 4: >3rd; < or = 4th diagram.
(37 to 121 retro-dots.)

Grade 5: >4th diagram.

(>>122 retro-dots.)

Posterior sub-capsular opacifies are iypically circa-
lar, and like anterior sub-capsular opacitics, arc
graded by diameter. When an opacity is not circu-
lar, or is oll centre, a corrective mental adjustment
is made. The concentric circles used in grading this
feature, produce a lincar grade with regard to di-
ameter. (Fig. 6)

Grade 0: feature absent.

Grade 1: >0; <or= 1st circle.
(=0% to 20% of diameter.)
Grade 2: >1st; <or = 2nd circle.
(>20% to 40% of diameter.)

Grade 3: >2nd; < or= 3rd circle.
(>40% to 60% of diameter.)
Grade 4: >3rd; << or = 4th circle.
(>60% to 80% of diameter.)
Grade 5: >4th circle.

(>80% to 100% of diameter.)

Focal-dots appear distributed with increasing lre-
quency towards the periphery of the lens. For this
reason a standard ‘grading patch’ is chosen, and ail
lenses are graded in this specilic region. Practical
considerations have delermined the ‘grading patch’
as [ollows: The slil beam is directed into the lens
from the nasal side, al 45 degrees (o the optic axis.
The slit beam height is set at 2 mm and the width at
0.7mm. (Number 14 on the Haag-Streit slit-lamp
width setting.) The ‘grading patch’ is located tem-
porally in zone C2A, 3mm temporal to the optic
axis. The standard diagrams represent this rec-
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Granc CRADE
RETRO-[LLUFINATION 0 : FEATURE ABSENT RETRO-ILLLMINALION 1I1: > 2uD; < CR = 3RD DIAG.
PUPIL 8MM DIAMETER 1:>0 <or =157 BIAG, PU”IL 8m CIAMETZR IV: » 3rD; < oR = 474 DIAG,
111 > 1sT: < gr = Z5p DIAG, v or ¥ 4TH DIAG,
Fig. 9A. The "Vacuole’ reference standards. (Lower grades.) Fig. 98. The *Vacuole' reference standards. (Higher grades.)

Fig. 9C. An example of Grade 2 vacuolcs.

tangular ‘grading patch’. When opacification Grade 0: feature abscnt.

makes it impossible (o grade a temporal patch, a Grade 1: >0; <or= Ist diagram.
similar nasal patch is chosen, and this is noted on (1 to 3 focal-dots.)

the recording sheet. The diagrams were derived by Grade 2: >1st; < or = 2nd diagram.
filling an appropriately magnified ‘grading patch’ (4 to 9 focal-dots.)

with ‘focal dots’, and then calculating from this Grade 3: >2nd; < or = 3rd diagram,
‘maximum number possibie’, equal interval log- (10 to 27 focal-dots.)

arithmic intervals. (Fig. 11). The diagrams repre- Grade 4: >3rd; <or= 4th diagram.
sent borders between grades. (28 to 81 focal-dots.)

Grade 5: >4th diagram. (>82 focal-dots.)



RETRO-IL_UMINATION (3 SPFTULAR: D & “EATURE ABSENT
DIAMETER &M : > 0; < or = 15T DIAG,

RETZ-DOTS  conpe
1
11 : > 1sT; < OR = 2ND DIAG,

Fig. 10A. The 'Retro-dol’ relerence standards. (Lower grades.)

g 10C. An example of Grade 4 retro-dots.
Nuclear features

Nuclear brunescence is graded by comparison with
standard Munsell colour samples. (52) The colours
used were selected by making multiple colour
matches on lenses with nuclear brunescence, fol-
lowing which evenly spaced representative colours
were chosen. (60) (Fig. 12A). The grading principle
adopted for brunescence differs from that of the
cortical features in that here the colours are a rep-
resentative example of the grade, rather than a
border between grades. The grade is selected ac-
cording (o the closest available match between the
nucleus and the colour samples. (Fig. 12) Although
an attempt has been made to place similar steps
between the grades in Munsell colour space, no
more than an ordinal scale of measurement is con-
sidered possible. The basic feature being assessed
is the presence of a yellow or brown pigment in the
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RETRO-DOTS
GRATE
RERO-LLUMINATION (2 SPECHLAR) I > onos € ok = 3kD DIAG,

DJAMETER BMm ¥ : > 3Rp; <OR= 47H D1AG.
¥ > 4TH DIAG,

Fig. 10B. The 'Retro-dot reference standards. (Higher grades.)

nucleus. The colour matches are made in a specific
region of the nucleus to maintain consistency. The
region chosen is the posterior parl of the nucleus,
just anterior to the posterior nuclear shell, axially.
The slit beam is adjusted to enter the lens at 45
degrees to the optic axis, with a beam width of
0.3mm, (number 12 on the Haag-Streit slit-lamp
width setting), and illumination on full power. For
accurate matching, the standard colour samples
should be viewed in a light with the same spectral
characteristics as the slit-lamp light source. This is
casily achieved by mounting a slit-lamp bulb in a
convenient position adjacent to the slit-lamp. (Fig.
4} When no yellow colour is detectable in the nu-
cleus, this is regarded as ‘Gradc 0, and the nuclear
colour matches the ‘Grade 0’ colour sample.

Colour Munsell
notation
Grade 0: No yellow detectable  (5GY 6/1)
Grade 1: Yellow just detectable  (5Y 7/4)
Grade 2: Dcfinate vellow (2.5Y 7/8)
Grade 3: Orange yellow (7.5YR 6/8)
Grade 4: Reddish brown {SYR 4/6)

Grade 5: Blackish brown {2.5YR 2.5/2)
White nuclear scatter is obvious when it occurs in
isolation. (Fig. 13B) More commonly however nu-
clear brunescence coexists with white nuclear scat-
ter in a nuclear cataract, (Fig. 12B), which compli-
cates the asscssment slightly. The feature being
assessed is the amount of white light being scat-
tered back to the observer by the lens nucleus.
Grading is accomplished by comparison with Mun-
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FOCAL DOT OPACITIES

SLIT HEIGHT 2mm
SLIT WIDTH No 14 (0,7MM)
SLIT ANGLE 45 DEGREES

TEMPORAL PATCH 3mMm OFF
AXIS, ZONE C2.

Fig. 1. The ‘Focal dot’ reference standards.

sell neutral density grey scale samples. (Fig. 13).
The ncutral grey samples are representative exam-
ples of each grade, and as with the colours, grading
is performed by selection of the best available
match. The lightness range was determined by per-
forming multiple matches on patients with all de-
grees of white nuclear scatter, using the complete
32 step Munsell neutral density grey scale range.
The grades were chosen with equal visually dis-
cernable steps along the Munsell grey scale, and
are linear with regard to this interval scale. In order
to reduce the confusing effects of cocxistent bru-
nescence on white scatter grading, a pair of specta-
cles containing a yellow filter (Wratten No. 12) is
employed. Both the lens being graded, and the
neutral density grey scale samples are viewed
through the vellow filters. Grading white scatter
without the filters is possible, but it is less accurate
and requires a considerable amount ol practisc.
Assessment 15 madce in the anterior nucleus, ax-
ially, and observations are made with the same slit-

E O : FEATURE ABSENT
I : <OoR = 1sT DIAG.
IT: > 1s1; < OrR = 2ND DIAG.
[IT: > 2ND; < OR = 3RD DIAG.
IV: > 3rRD; < OR = 4TH DIAG.
V : > 41H DIAG.

lamp settings and illumination as for the colour
grading. There is some white scatler in every nu-
cleus, (if not the nuclcus would appear black), and
for this reason Grade 1is considered to be inclusive
of normality, and no ‘Grade (' is recognised.

Munsell notation (% Reflectance)

Grade 1: N5 (19.8%r)
Grade 2: N6 (30.0%r)
Grade 3: N7 (43.1%r)
Grade 4: N8 (59.1%r)
Grade 51 N9 (78.7%r)

The percentage reflectance values quoted are those
specified by the manufacturers. (51)

Each of the above features is graded and the
matrix filled in for the appropriate zone. Absence
of a particular feature is indicated as ‘grade 0,
excepl [or anterior clear zonc thickness, and white
nuclear scatter, as indicated above. When a feature
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GRADE 0 i v

NUCLEAR BRUNESCENCE

POSTERIOR FOETAL NUCLEUS GRADE: “CHIPS" ARE

ANGLE 45 DEGREES REPRESENTATIVE EXAMPLES
SLIT WIDTH No. 12 (0,3MM)

FULL POWER

n \%
WHITE NUCLEAR SCATTER

ANTERIOR FOETAL NUCLEUS GRADE: “CHIPS" ARE

ANGLE 45 DEGREES REPRESENTATIVE EXAMPLES
SLIT WIDTH No. 12 (0,3MM)

FULL POWER

Fig. 12A. The ‘Nuclear brunescence’ reference standards. (It should be noted that photographic reproductions in colour are inaccurate,
and that these representations are for demonstration purposes only.)

Fig. I2B. Anexample of Grade 3 nuclear bruncseence., (It should be noted that photographic reproductions in colour arc inaccurale, and
that these representations arc for demonstration purposes only.)

Fig. 13A. 'The “White nuclear scatter’ reference standards. (It should be noted that photographic reproduciions in colour are inaccurate,
and that these representations are for demonstration purposes only.)

Fig. /3B. An example of Grade 5 white nuclear scatter. (It should be noted that ‘grev scale” photographic reproductions are inaccurate,
and that these representations are for demonstration purposes only.)
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cannot be graded for some reason, a *?’ sign is used
to indicate this. Such a situation may arise, for
example, when a posterior feature is obscured by
an anterior opacity.

Other features

Any other features present are annotated individu-
ally and are not graded.

The major cataract features are now summarized
in the section headed ‘cataract type’, and the grad-
ing is completed with a comment on the lens status.
(ie. immature, mature, [table 2].) The lens status
should not be regarded as a ranking scale, but
rather as a nominal scale. The lens status assumes
overriding importance when a cataract is mature,
because in this situation most of the graded fea-
tures become invisible.

Finally, the examiner signs the grading chart.

Discussion

The need for a standardised classilication of cata-
ract is well recognised. (2, 12-14, 22, 26-28, 39, 40,
45, 48, 49, 55, 59) Different systems have evolved
to serve the needs of workers in various scttings.
Early classifications were mainly designed for use
in laboratories on extracted lenses, (12, 13, 17-19,
26, 50, 55) although morc rccently systems have
evolved, or been modificd for usc invivo. (2, 10,15,
20, 22, 23, 36, 45) Photography has been used to
quantify lens opacities; the two most important in
vivo techniques are Scheimpflug slit-image pho-
tography, (4, 5, 7-9, 34, 37, 53, 56, 57) and retro-

Table 2. Descriptors of lens status

Clear

Immature

Mature

Hypermature

Morgagnian

Intumescent

Subluxed

Dislocated

Altered shape. eg lenticonus
Aphakic

illumination photography. (9, 16, 29, 41, 49) These
images may be subjected to various forms of analy-
sis, which provide reproducibile ‘hard data’. (5, &,
9,16, 32, 37, 42, 43, 47, 49, 58) The photographic
techniques have their merits, but they all require
sophisticated equipment. and although they offer
an excellent means of quantification, they do not
provide a comprehensive approach to classifica-
tion.

The Oxford Clinical Cataract Classification
Grading System is intended as a clinical tool. Tts
strengths lie in its availability, standardisation, and
case of use. The time taken to grade a cataract by
an examiner who is familiar with the system, varies
from 2 to 7 minutes, depending on the complexity
of the opacities. The average time required is under
5 minutes. The system is well suited to epidemio-
logical surveys, clinical trials of anti-cataract drugs,
toxicological and natural history studies, and rou-
tine clinical assessment. In order to place the Ox-
ford system on a firm theoretical foundation,
grades have included, whenever possible, the use
of interval scales with linear relationships provid-
ing equal interval category steps. (ASC, PSC,
spokes, waterclefts, white nuclear scatter and ante-
rior clear zone thickness.) Logarithmic conversions
have been used for leatures when linear scales arc
unrealistic. (Vacuoles, retro-dots and focal dots.)
This detailed attention to measurement theory is
new to cataract grading, and has been introduced in
order to strengthen the theoretical basis of the
grading, and to facilitate statistical analysis. Inter-
val measurcment is not possible for nuclear colour
grading.

Difficulties arise when direct comparisons are
attempted between studies from different centres,
as 4 result of varying methods of examination and
classification. It may be informative to compare the
Gxford system with certain other systems of lens
classification, which have been used in studies elsc-
where. Clayton et al use a clinical classification
scheme based on slit lamp appearances of cortical
teatures and nuclear colour. Their cortical features
are: Clefts, vacuoles, granules, and iridescence.
(20) Leibowitz et al describe their system in the
‘Framingham Eye Study’ monograph, (45) in
which features are divided into ‘early” and ‘late’



scnile lens changes, again according to their slit-
lamp appearances. Early features include: Vac-
uoles, waterclefts, spokes, and lamellar separa-
tions. Pseudoexfoliation, cortical cuneiform, de-
creased nuclear ‘lucency’, posterior subcapsular,
and ‘other’ classes exist for late features. (45) The
American Cooperative Cataract Research Group
(CCRG) method of cataract classification has been
well described by Chylack. The system was imtially
developed for use in vitro, (13, 17-19) and has been
modified f{or use in vivo. (15) Asscssments are
based on photographs and the cortical zoning is
considerably different from that in the Oxford sys-
tem. Nuclear colour js divided into 8 categories.
(15, 18)

A gradation of nuclear brunescent colour from
yellow, through ‘hazel brown’ to ‘deep brown’, was
first described by Pirie as an in vitro cataract classi-
fication system. (55) This gradation of colour has
been correlated by a number of researchers with
biochemical changes in the human lens. As brunes-
cence increases, water insoluble and urea insoluble
protein, protein fluorescence, and high molecular
weight aggregates increase; while wet and dry
weight, protein thiol and glutathionine decrease; to
name but a few ol the correlated biochemical pa-
rameters. (31) Although moderate degrees of nu-
clcar brunescence do not disturb vision signifi-
cantly, the higher grades of brunescence, partic-
ularly when associated with increased scattering or
perinuclear encroachment, may do so. It is there-
forc important to maintain a grading of nuclear
brunescence in any system of cataract classifica-
tion. The colour grades in the Oxford clinical sys-
tem correlate approximately with those of Piric as
follows:

Oxford Clinical Grade — Pirie's in vitro Grade

Grades 0, 1 & 2 Grade 1
Grade 3 Grade 2
Grade 4 Grade 3
(Grade 3 Grade 4

Such comparisons however, should not be taken
too far. Not only docs the nomenclature of the
systems vary, but the same terms may rcpresent
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different features in the various systems. An exam-
ple ol this is evident when comparing the Oxford
Clinical System with the Framingham method,
with regard to spokes and cuneiform opacities. (45)
In the Oxford system spokes and cuneilform opaci-
tics arc terms which are used interchangably,
whercas in the Framingham method these terms
denote separate cntities.

The Oxford Clinical Cataract Classification and
Grading System is a uscful clinical tool in cataract
assessment in vivo. The system can be used in
conjunction with photographic methods where
these are available, and is compatible with the in
vitro Pirie classification. Validation of the systcm
will be presented in a separatc publication.
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