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¢ Objective.—To develop the Lens Opac-
ities Classification System Ill (LOCS Iil) to
overcome the limitations inherent in lens
classification using LOCS Il. These limi-
tations include unequal intervals between
standards, only one standard for color
grading, use of integer grading, and wide
95% tolerance limits.

Design and Results.—The LOCS Hi
contains an expanded set of standards
that were selected from the Longitudinal
Study of Cataract slide library at the
Center for Clinical Cataract Research,
Boston, Mass. It consists of six slit-
lamp images for grading nuclear color
(NC) and nuclear opalescence (NO), five
retroillumination images for grading
cortical cataract (C), and five retroillumi-

he Lens Opacities Classification
System 11 (LOCS 1) was intro-
duced in 1989, was validated by other
investigators in 1989 and 1991%** and
has been used in epidemiologic studies
of the natural history of age-related
cataract. It has also been compared
with objective means of measuring cat-
aract type and cataract growth,”® used
to evaluate the effects of cataract on vi-
sual funetion,™ adopted in clinical trials
of anticataract and potentially catarac-
togenic'’ drugs or diseases,' and com-
pared with other systems of cataract
classification.’” The LOCS II is a sim-
ple classification system based on a set
of standard color photographic trans-
parencies of cortical cataract (C), nucle-
ar opalescence (NO), posterior subcap-

Accepted for publication February 12, 1993.

From the Center for Clinical Cataract Research,
Brigham and Women’s Hospital (Drs Chylack,
Wolfe, Singer, Friend, and McCarthy, and the
Longitudinal Study of Cataract [LSC| Study
Group) and Harvard Medical School (Drs Chylaek,
Wolfe, and Friend, and the LSC Study Group),
Boston, Mass; Department of Preventive Medicine,
State University of New York at Stony Brook (Drs
Leske and Wu and the LSC Study Group), and
School of Optometry, University of California,
Berkeley (Drs Bullimore and Bailey).

Reprint requests to the Center for Clinical Cat-
aract Research, 221 Longwood Ave, Boston, MA
02115 (Dr Chylack).

Arch Ophthalmol—Vol 111, June 1993

nation images for grading posterior
subcapsular (P) cataract. Cataract se-
verity is graded on a decimal scale, and
the standards have regularly spaced in-
tervals on a decimal scale. The 95% tol-
erance limits are reduced from 2.0 for
each class with LOCS 1 to 0.7 for nu-
clear opalescence, 0.7 for nuclear color,
0.5 for cortical cataract, and 1.0 for pos-
terior subcapsular cataract with the
LOCS I, with excellent interobserver
agreement.

Conclusion.—The LOCS Ill is an im-
proved LOCS system for grading slit-lamp
and retroillumination images of age-related
cataract.

(Arch Ophthalmol. 1993;111:831-836)

sular cataract (P), and nuclear color
(NC) that can be used as references to
classify lens opacities at the slit-lamp or
in standardized lens photographs.

Although LOCS II has proven valu-
able in several clinical research applica-
tions, it does have several limitations:
(1) The scale for NC grading is small and
coarse. (2) The guidelines for color grad-
ing are not linked to parameters of col-
or (ie, hue, purity, and luminance) and
have been difficult to teach to others. (3)
The early stages of nuclear cataract
(NO in theLOCS II system) are under-
represented. (4) The scaling intervals
on all scales are unequal, only indirect-
ly related to objective measurements,
and often too broad to allow delineation
of small changes in cataract severity. (5)
The scale for P grading underrepre-
sents early P change, and the extent of
the cataract in two of the standards is
difficult to define. (6) The 95% tolerance
limits are large because LOCS 11 grad-
ing employs an integer scale.

We have attempted to rectify these
deficiencies in the LOCS 11 by develop-
ing LOCS II1. We have (1) expanded
the scale for NC grading from three
steps (using one standard reference) to
six steps (with five standards); (2)
linked the subjective scaling of NC to
two objective measures of color (purity

and the Commission Internationale
I'Eclairage [CIE] X chromaticity coor-
dinate [1931 scale!]) and confirmed that
the ranking by eye and by fast spectral
scanning colorimetry are concordant;
(3) expanded the scale for NO so that
the early stages of nuclear cataract are
better represented; (4) established ob-
jective bases for the selection of the in-
terval steps for the grading of different
cataract features; (5) used equal scaling
intervals for measuring NO and NC and
intervals between the reference stan-
dards for the grading of C and P that are
based on a monotonic function; (6) ex-
panded the lower end of the P scale to
better represent the early stages of P
formation; and (7) used decimalized
rather than integer grading to reduce
the size of the 95% tolerance limits.

Recently, Bailey et al'® and others!®!?
have shown that adopting a finer grad-
ing system can have substantial advan-
tages. Grading in finer incremental
steps lowers the observed concordance
(ie, the frequency of perfect agreement
between independent observers), but it
can dramatically increase the sensitivi-
ty to change in the parameter or char-
acteristics being assessed. Finer scales
may be easily adopted in cataract grad-
ing by decimalizing the scale so that the
observer interpolates in 0.1-unit steps
between the standard photographic ref-
erence images that represent integer
values. This type of grading system has
been incorporated into LOCS IIL

We believe the LOCS IIT will find
useful application in long-term studies
of age-related changes and short-term
clinical trials of anticataract drugs and
drugs with cataractogenic potential.
The purpose of this article is to deseribe
LOCS 111 and to illustrate some of its
features.

MATERIALS AND METHODS
Selection of LOCS lil Standard Images

For NO and NC.—From the large library
of Lens Opacities Case-Control Study’® pho-
tographs at the Center for Clinical Cataract
Research, Boston, Mass, we selected 5X5-cm
color transparencies (Ektachrome ASA 200,
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Eastman Kodak, Rochester, NY) of eyes
with NO or NC' but minimal ¢ (LOCS 11
scores: NO=0 through 4; NC=0, 1, or 2; and
C=1). We climinated technically unsatisfac-
tory slides and subjected each of the others
to objective measurement of NO and NC. We
assessed NO with a specially developed nu-
clear mean density program that measures
the mean density of the nuclear zone,"™ and
we assessed NC objectively by measuring
purity and the CIE X chromatieity coordi-
nate with fast spectral scanning colorime-
try" 2% of slit-lamp images of the lens
obtained with a conventional slit lamp
with photographic abilitles (Carl Zeiss,
Oberkochen, Germany).

The X, Y, and Z chromaticity coordinates
were defined by the CIE in 1931 and were
the bases of one method of defining color.
Application of these numbers to the CIE
chromaticity diagram of 1931, which is a
commonly aceepted norm for color definition,
provides an exact definition of color. This
system is used in parallel with the more fa-
miliar system involving dominant wave-
length (hue) and purity.' From several hun-
dred images, we selected six standard
images, each separated by nearly equal in-
tervals in nuclear mean density, purity, and
the CIE X chromaticity coordinate (Figs 1
and 2). This sequence of photographs is used
as the reference standard for independently
grading NO and NC in LOCS IIL

Standards for C.—For LOCS 111, we
elected not to increase or decrease the num-
ber of standard images used to grade C in
LOCS IT since these standards spanned a
wide range of cortical changes (up to 75% of
the area opacified) in convenient intervals.
Each of the cortical standards was analyzed
with opacity (OPAC),* a computerized, ob-
Jective method of measuring the area of C or
P in retroillumination images taken with a
retroillumination camera. With OPAC, the
percentage of pupillary area that is opacified
is measured. The LOCS 11 standard images
for (* showed a simple monotonic relation-
ship to the objective measures (Fig 3). These
images are also used in LOCS 1I1.

Standards for PC.~—From the photo-
graphs for the Lens Opacities Case-Control
Study,™ we selected all those showing evi-
dence of P but no significant C (LOCS 11
scores: P21 and C, none or only a trace). We
obtained OPAC measurements for all photo-
graphs and ranked them according to OPAC
score, the objeetive measure of severity of P.
We selected six images vielding 1 monotonic
Increase from very small P to very pro-
nounced P. Figure 4 shows the relationship
between the P grading and the percentage of
area with opacity using OPAC for the LOCS
T standard images for P.

Rules for Grading With the
LOCS iil System

The following grading guidelines should
be followed when evaluating slit-lamp and
retroillumination images of cataracts. The
Photographs are taken exactly as specified in
the original LOCS 11 publication.' The LOCS
TI standards are presented in Figure 5.

General Rules.—(1) All of the standards
are boundaries of scaling intervals. There
are no 0 standards or grades in LOCS 111, (2)
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The grader decides In which interval the un-
known image falls; the severity of the opac-
ity must be more than that in the lower
standard and less than or equal to that in the
next higher standard. Each interval between
adjacent reference standards is imagined to
be divided into 10 equal parts, each being (.1
of an interval unit. For each cataract type or
for NC, higher grading scores indicate great-
er severity. The scale ranges from 0.1 (clear
or colorless) to 5.9 (very opaque [in cases of
Cand P)) or 6.9 (very opaque or brunescent
[in cases of NO and NCJ). (3) A decimal
grade, using 0.1-unit intervals, is then as-
signed to the opacity. The decimal grade
should reflect the position of the unknown in
the standard interval; for example a grade of
2.5 would mean that the severity of the cat-
aract was judged to be midway between
standards 2 and 3. Tf the severity of the cat-
aract is equal to that in standard image 3, the
grade is 3.0. If it is less than that shown in
standard image 3 but more than midway
through the interval, the score would range
from 2.6 to 2.9. Similarly, a score of 1.1 t0 2.0
is assigned if the cataract is greater than that
in standard 1, but less than or equal to that
shown in standard 2. The most severe cata-
ract shown in the reference standards is 5 for
C and P and 6 for NC and NO. The highest
score for each would be 5.9 and 6.9, respec-
tively. Thus, the assigned score ranges from
0.1 to 5.9 or 6.9.

To Grade NO.—Nuclear opalescence is
graded by comparing the colored slit-lamp
image to be graded with the standard nucle-
ar images (standards 1 through 6). The
average opalescence of the entire nucleus in
the lens being evaluated is compared with
that of the opalescence in each of the stan-
dards. The grader then assigns a decimal
grade to reflect the position of the unknown
within the appropriate standard interval.
For example, if the average opalescence of
the unknown is slightly greater than stan-
dard 1 but definitely less than standard 2, the
grader might assign a grade of 1.2. For
grading purposes, the nuclear area extends
between the anterior and posterior supra-
nuclear zones of scatter and comprises ana-
tomic zones of increased scatter from the
embryonal nucleus and both its outer shells
(together called the figure) and background
regions that may be clear or hazy (called the

t

Al

e bt
'

100 + t 4
1 2 3 4 5 6
NO

Fig 1.—Relationship between nuclear opal-
escence (NO) with the subjective Lens Opac-
ities Classification System (i and an objec-
tive measure of nuclear mean density (NMD).
The relationship between the objective and
subjective measures is linear.

ground). In lenses of very young patients,
the ground is perfectly clear and the figure
is very faint. In very early nuclear opacifica-
tion, the background remains clear and the
figure becomes more pronounced. Such re-
ductions in contrast of the figure may be
misinterpreted as a reduction in cataract se-
verity when in fact they are due to increased
opalescence of the ground. In very advanced
nuclear cataracts, the components of the fig-
ure merge and form an oval zone of marked-
ly enhanced scatter that may have a defined
perimeter. The outermost zone of the nucle-
us usually remains clear even in very ad-
vanced nuclear cataracts.

To Grade NC.—Nuclear color is graded by
comparing the color of the lens to be graded
with that in NC standards 1 through 6 (which
are the same as NO standards 1 through 6).
Nuclear color grading requires the grader to
focus on two regions of the nucleus: the en-
tire cross-sectional view of the nucleus
and the posterior subcapsular reflex. This
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Fig 2.—Relationship between grades of nu-
clear coior (NC) with the subjective Lens
Opacities Ciassification System (i and two
objective measures: purity and the X chro-
maticity coordinate of the 1931 Commission
Internationale Eclairage (CIE). The relation-
ship between the subjective measure and the
two objective measures is almost linear.
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Fig 3.—Relationship between grades of cor-
tical cataract (C) with the subjective Lens
Opacities Classification System 1l and the
objective measure of percentage of area with
opacity. The relationship between percent-
age of area with opacity and the subjective
grade is monotonic. The square root of the
percentage of area with opacity is linearly re-
lated to the subjective grade.
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Fig 4 —Relationship between grades of pos-
terior subcapsular cataract (P) with the sub-
jective Lens Opacities Classification System
Il and the objective measure of percentage
of area with opacity. The relationship be-
tween percentage of area with opacity and
the subjective grade is monotonic. The
square root of the percentage of area with
opacity is linearly related to the subjective
grade.

is slightly different from the rules used in the
LOCS 1T in that attention is being directed
to the color of the entire nucleus, not just to
that of the posterior reflex. This is done to
avoid overestimating the severity of the
brunescent change, such as oceurs occasion-
ally when the reflex alone is used. The over-
all view indicates whether there is signifi-
cant brunescence of the nucleus, and the
posterior reflex is the best location to judge
the quality of the brunescent color. The col-
or in the observed lens should be compared
with the color in NC standards 1 through 6
and the grade assigned by using decimals to
interpolate between the integer values of the
reference standards. The assigned score for
NC may range from 0.1 to 6.9. In LOCS 111,
the color standards are boundaries, unlike in
LOCS II where there are no color bound-
aries. In LOCS 111, the grader is asked to do
the simpler task of deciding if the color is
more than or less than or equal to that in a
standard image.

To Grade C.—Cortical cataract is visual-
ized in retroillumination images focused ei-
ther anteriorly (at the plane of the iris) or
posteriorly (at the plane of the posterior
capsule). Small opacities are graded in LOCS
111. To decide whether a small opacity s
gradable, its size is compared with the size of
the small dot opacity located at the 6 o’clock
position in ' standard 1. Any opacities that
size or larger are included. The grader com-
pares the aggregate area of the opacity in the
image heing graded with that in standards 1
through 6 and selects an interval that brack-
ets the amount of C in the unknown. In es-
timating the severity or aggregate extent of
C, the observer should mentally compress
the three-dimensional information into a
two-dimensional image and compare the ag-
gregate area of the opacity in the unknown
with that in the standard C images. Again,
decimalization should be used to interpolate
the integer values depicted in the sequence
of standard C images. The assigned score
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may range from 0.1 10 5.9, Opacities visible
only in the posteriorly focused image are
graded as cortical if they are closer to the
periphery than to the center of the pupil un-
!ess they are connected to a central opacity:
in that case, the entire opacity is graded as
P. Isolated water clefts, vacuoles, retrodots,
lamellar separations, and sutural opacities
are ignored (not graded). If, however, such
irregularities are clustered and organized
mto discrete arrays, they should be graded
as C. In many retroillumination images, the
peripheral portions of the image manifest
soft, radially oriented areas of variable
contrast—almost like very soft opacities;
these zones lack the sharp, discrete edges of
most cortical opacities. These soft hazy zones
should be ignored. We have not been able to
grade these areas consistently.

To Grade P.—Only posteriorly focused
retroillumination images are used in grading
P. The area of the opacity in the lens being
graded is compared with that in standards 1
through 5. The standard interval selected
should bracket the opacity of the ungraded
image. The assigned decimal grade should
reflect the location of the cataract in the in-
terval; the assigned score may range from (.1
to 5.9. Opacities visible only in Lthe posterior-
ly focused image are graded as P if they are
closer to the center than to the periphery of
the area.

Evaluating the LOCS lil System

Selection of Photographs 1o Test LOCS
IIL.—One hundred sixty sets of cataract im-
ages were identified from the slide library of
Longitudinal Study of Cataract at the Cen-
ter for Clinical Cataract Research to repre-
sent the full range of cataract types and
severities based on their LOCS IT classifica-
tion. Each set included three photographs:
one 35-mm color slit-lamp transparency of a
cross-sectional view of the nuclear region of
the lens and two black-and-white retroillu-
mination images, one focused on the anteri-
or lens at the pupillary plane and one on the
posterior lens capsule. For the black-and-
white photographs, a flash intensity of 3, il-
lurnination aperture of 8§ mm, and lens aper-
ture of 3 are used. These images are used to
grade C and P. For the color transparency,
the beam of the slit lamp is oriented 45° to the
line of vision, and the camera is focused in the
center of the nucleus. The illumination aper-
ture is set at 4 mm; the slit-lamp width at 0.2
mm; and the flash intensity at 3. The beam ix
tall enough to just overlap the margins of the
pupil. One takes the film using an ASA speed
of 200. The color images are used to grade
NO and NC. A slit-lamp image is also useful
in identifying the anteroposterior location of
opacities seen in retroillumination photo-
graphs.

Grading of Test Photographs.—The
slides were coded by a technician, arranged
in random sequence, placed into slide carou-
sels, and projected onto a large screen for
grading. For grading NO and NC, the color
slit-lamp image was projected; for grading C
and P, the two retroillumination images and
a slit-lamp image were projected. Between
experimental sessions a technician rear-
ranged the slide sequence into 1 new random
order. In each experimental session, either

NO and NC or ¢ and P were graded. The
relevant LOCS HIT standard images were
continueusly projected onto the same large
sereen and were maintained at the same
magnification us the slide being graded. Six
sessions were needed for conducting the test
and retest sessions for NO/NC and (/P
groups of slides. Grading sessions were -
ically separated by 1 Lo 2 weeks.

Fach set of slides was graded by the same
two experienced graders. Each grader wrote
a seore on a separate standardized form; the
two graders then compared scores and ar-
rived at a consensus score that was record-
ed on a third standardized form.

Method of Analysis.—We analyzed the
repeatability of LOCS ITT gradings and esti-
mated the 95% tolerance limits for defining
change. For each photograph and for each
characteristic, two grades may be compared
(either grades from each observer in the
same session or grades from different ses-
sions determined by the same observer). The
discrepancy or difference between the two
scores can be simply caleulated. The distri-
bution of these discrepancies is then plotted,
and the SD of the discrepancy distribution
provides a measure of the reproducibility of
the grading. We defined change as a differ-
ence greater than a specified distribution of
grading errors. The approximate 95% toler-
ance limits'** are a useful specification of the
distribution of grading errors. They were
calculated as the next highest increment
above the 95th percentile of discrepancy
values. These limits become clinieally useful
ag the established tolerance limits for defin-
ing change. If the difference between se-
quential observations exceeds these 95%
tolerance limits, it is assumed that a change
has occeurred. If the discrepancy between
sequential measures does not exceed the
tolerance limits, it is assumed there has been
no significant change in the condition. As-
suming no bias (the tendency to obtain con-
sistently higher or consistently lower values,
cither between observers or between ses-
sions), the distribution of discrepancies
should have a mean of (1, about which there
should be a relatively symmetrical distribu-
tion of discrepancies.

RESULTS

The results are presented in the Ta-
ble. For each of the four eataract types,
the table shows the mean difference,
the median difference, the SD of differ-
ence, and the 95% tolerance limits for
the five different comparisons: for ob-
servers 1 and 2, values obtained at ses-
sion 1 were compared with those ob-
tained at session 2. For consensus,
values determined by both observers
were averaged and then compared for
the two sessions. For sessions 1 and 2,
values obtained by observer 1 were
compared with those obtained by ob-
server 2.

For NO, the between-sessions 95%
tolerance limits were 0.7 for observer 1
and 1.0 for observer 2, and the between-
observer tolerance limits were 0.7 and
0.8 at sessions 1 and 2, respectively. For
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Fig 5.—The LOCS Il standards. This set of standards is prepared as a set of slides for grading standardized photographic images of opacity.
The five or six individual standard slides for the cataract type or nuclear color being graded are projected at the same size as the slides of un-
known opacity. NO1 to NO6 and NC1 to NC6 are the standards for nuclear opalescence and nuclear color, respectively. C1 to C5 are the stan-

dards for cortical cataract, and P1 to P5 are the standards for posterior subcapsular cataract.

NC, the between-session limits were 0.7
and 0.8 for observers 1 and 2, respec-
tively, and the between-observers tol-
erance limits were 0.6 at both sessions
1 and 2. For C, the between-sessions
tolerance limits were 0.7 for observers
1 and 2, and the between-observers tol-
erance limits were 0.6 for session 1 and
0.5 at session 2. Finally, for P, the
between-sessions tolerance limits were
0.9 for observers 1 and 2, and the
between-observers tolerance limits
were 0.4 for both sessions 1 and 2.

COMMENT

The LOCS ITI, with its expanded sets
of reference photographs and decimal-
ized grading, is easier to use and pro-
vides more sensitive grading than
LOCS 1I when applied to photographic
images of cataracts. A fuller analysis of
the benefits of decimalizing grading
systems has been presented else-
where,”” but the 95% tolerance limits for
all of the LOCS III classes are much
smaller (0.4 to 1.0) than the 95% toler-
ance limits for LOCS II, which uses in-
teger increments only. For each cate-
gory of cataract or for NC, the LOCS I1
tolerance limits are at best 2.0. Because
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sequential observations do not show
95% concordance, the level of concor-
dance required for the 95% tolerance
limit would be 1.0.%

For each category (NO,NC, C, and P)
LOCS III has some specific advantages
over LOCS II. For grading NO, the
rescaling has achieved approximately
equal intervals between each reference
standard, and there are more standards
for evaluation of the early stages of NO.
Removal of inconsistent variations in
color over the range of NO standards
makes judgments about the severity of
NO much more straightforward. Im-
proved opalescence grading may offer
opportunities to assess in vivo basic
age-related biochemical processes such
as protein aggregation, and there is ev-
idence that NO, as judged using LOCS
II, is correlated to some aspects of
visual dysfunction (eg, contrast sensi-
tivity loss).™!

In LOCS II, there was only one
reference standard for NC, making
assessment of NC the most subjective
of all the judgments in LOCS II. A
much broader array of standard refer-
ence images in LOCS III greatly fa-
cilitates the assignment of NC grades.

In the past, grading brunescence has
not always been considered impor-
tant. However, there is evidence that
increased NC may be related to con-
trast sensitivity dysfunction.”! In ad-
dition, grading NC is necessary if one
is to assess the protective effect of
lens pigments against short-wave-
length visible and long-wavelength
UV light. There is also a well-known
but poorly quantified clinical relation-
ship between NC and ease of nuclear
phacoemulsification.

Nuclear opalescence and NC are cor-
related.”'1?! In one analysis,” 33% of the
variability in NO grading (using LOCS
1I) was due to variations in NC. If one
is to isolate the effect of opalescence on
visual function and define the relation-
ship between NO and other biologic
phenomena, one must be able to isolate
and eliminate the variability in opales-
cence grading due to color in statistical
analyses using regression models.
Therefore, it is important to grade NC
as well as NO.

For grading C, the reference stan-
dards in LOCS III are the same as those
used in LOCS II. The standards are
separated by intervals that increase
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Results of Photograding Using LOCS 111
Grade Mean Median SD of 95% Tolerance
‘Determinationt Difference _Difference  Difference  Limits |
T "7 Nuclear Opalescence
 Obsenvert o2 0 . *030 w07 |
| Observer 2 +0.02 0 _ zo4t 10
Consensus I o7 |
Session 1 -006  -o4 +0.29 - =07 i -
Session 2j -0.02 OV - :(133 +0.8
Nuclear Color
| Observer 1 +0.02 0 +0.31 =07
| Obsever2  —001 o ~0.35 =08
Consensus  .002 o =02z =07
Session1 002 o ‘026 =06 |
Session 2 B ——0.017” h T 0 o - 10_3077 B *0v6
Cortical Cataract
L\C)E§e_r\fr”1M_i_g\ 003 0 +0.22 07 )
Observer2 ~  +0.01 0 +0.27 07
Consensus o w002 o +0.22 ' =05
| Sesson1 4003 0 2023 ~ -06
Session2 +001 0o 020 205
Posterior Subcapsular Cataract
| Observert =~ -0or. O
3 Observer 2 R o o
Comsensus ~ -001 0
Sesson1 4002 0
kgession 2 0 ) o

*|.LOCS indicates Lens Opacities Classification Syste
tFor observers 1 and 2, values obtained at session 1

m.
were compared with values obtained at session 2.

For consensus, values determined by both observers were averaged and then compared for the two ses-
sions. For sessions 1 and 2, values obtained by observer 1 were compared with those obtained from ob-

server 2.

monotonically when measured with the
computerized objective method of as-
sessing cataract area, OPAC, and are
easy to use. We have changed the
instruetions for using cortical standards
in LOCS 111 to reduce between-session
variability. We have determined that
much of the variability is due to vari-
ability in the contrast of the peripheral
parts of the cortical region in nearly
clear lenses. The areas of variable con-
trast are sometimes graded as opacity
and at other times graded as clear. The
instructions for LOCS 11 specify that
only sharply defined areas of cortical
opacity are to be graded; the soft hazy
areas should be ignored.

With respect to grading P, LOCS
111 standards are considerably im-
proved {rom those of LOCS 11, Stan-
dards illustrating early P have clearly
defined, sharp borders that make es-
timation of area more straightfor-
ward. Furthermore, the number of
standards has increased, with a svs-
tematic inerease in the area of P be-
tween standards; these features con-
tribute to  improved P grading.
Irregular and stellate opacities would
be assessed by estimating the area of
a circle that would be occupied by the
cataract, much in the same way that
we form a mental aggregate of multi-
centric cortical opacities, and the cir-
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cular surrogate would be compared
with the discoid opacities in the P
standards. The outliers in P grading
oceurred when large Ps with very
vague borders coexisted with ad-
vanced NO or C. Inevitably, some
portions of mixed cataracts will not
be clearly imaged and delineation of
the extent of each portion of the cat-
aract will not be clear to the grader.
We doubt that a new approach to
grading will alter this situation.

We have investigated the use of
grids and templates to measure Cs
and Ps and demonstrated that results
with these tools are similar to results
obtained using OPAC. We continue to
use OPAC regularly for objective
analysis of C and P. However, we be-
lieve that there is still a place for the
use of subjective systems in evaluating
cataract because much of the hard-
ware and software required for objec-
tive analysis is expensive and not
readily available,

Alternative methods of grading in-
volve adjustment of beam width of
the slit lamp to measure the vertical
and horizontal limits of P%; consider-
ation of the circumferential extent of
C, which is advocated in the Wilmer
system®; and a percentage/grid ap-
proach, which is used in the Wiscon-
sin system.* We chose to adopt deci-

mal grading so that the assessment
approach would be the same for all
cataract types. This facilitates the use
of consistent analysis techniques.

For these reasons, we believe that
LOCS IIT represents substantial im-
provement from LOCS 1T for grading
standardized lens photographs and is
superior to LOCS II as a means of
accurately specifving the type and se-
verity of cataract. However, we have
not presented data regarding the use of
LOCS III for grading cataract type and
severity at the slit lamp. The LOCS IT
has been validated in both ecross-
sectional and longitudinal in vivo stud-
ies, and experiments assessing this for
LOCSI1I are under way. Therefore, for
those studies in which in vivo slit-lamp
classification is used to generate classi-
fication data, LOCS 11 should be used
until we have tested LOCS IIL

In general, and in an ideal world,
photograph-derived classification of
cataract type and severity is preferable
to patient-derived classification be-
cause a photographic record is not af-
fected by variations due to staffing
changes or “drift” in the manner in
which a grader applies the classification
system. Diift refers to systematic in-
consistency in a grader’s application of
classification criteria with time. There
is no easy way to correct for this drift
when it occurs in patient-derived clas-
sification data. One can easily correct
for it in photo-derived classification
data by presenting images from sever-
al visits at one classification session.
The impact of drift is greater when
grading scales are coarse or reference
standards are few. Furthermore, in our
experience, it is easier to train proper-
ly a new lens/cataract photographer
with the photographic techniques need-
ed for LOCS 11 or III than it is to train,
certify, and periodically retest the per-
formance of slit-lamp graders. Also, it is
our experience that it is easier to grade
photographs than to grade at the slhit
lamp. It is essential, however, that
when photograding is used strict proto-
cols for photographic procedures be fol-
lowed and photographs meet LOCS 11
standards.

In the “vreal” world, however, the cost
or inefficiency of photograding may be
too high, especially when screening
large numbers of patients rapidly in
field conditions. In this situation,
patient-derived subjective grading
with LOCS II offers a simple and effec-
tive alternative to photograph-derived
grading. The larger number of patients
may enable investigators to shorten the
length of the protocol, thereby limiting
the effects of drift.

The LOCS III is unique among cata-
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ract classification systems in that its in-
tervals have been determined by objec-
tive measures of cataract applied to a
vast array of candidate images. When
the images were ranked according to
their objective measurements, no sub-
Jjective inconsistencies in ranking were
apparent. In other words, objective
methods ably rank a series of images in
a manner perfectly acceptable to the
eye. It should not be surprising, there-
fore, to find a high correlation between
the subjective grades and correspond-
ing objective scores derived from the
same photographs. The LOCS II stan-
dards were selected using subjective
criteria alone, and although recent anal-
vses indicate that increasing LOCS 1
grades of NO, NC, C, and P are associ-
ated with increasing corresponding ob-
Jective scores, there is considerable
overlap. Few have sought to make di-
rect correlations between frequently
used cataract classification systems®
and objective measures of cataract. One
study by Adamsons et al' demonstrat-
ed good correlation between clinical
gradings and digital analysis of NO and
C. With LOCS 11, we have a subjective
system that gives results comparable to
the objective systems in NC and the
three cataract types (NO, C, and P).
Thus, we believe LOCS 111 is a subjec-
tive system that gives results compara-
ble to those of objective methods. There
may be concern that objective and sub-
jective systems for quantifying cataract
measure completely different features
of the cataractogenic process. Our re-
sults with the subjective and objective
aspects of LOCS III suggest that the
grader’s eve and the objective sensors
are assessing essentially the same fea-
tures in an image. Thus, LOCS I11 may
be useful also in evaluating new objec-
tive systems of cataract quantification.

This work was supported in part
by research grants RO1 EY-8291
(Dr Leske) and RO EY-06365 (Dr
Bailex) from the National Eve in-
stitute and the Brigham Surgical
Group Foundation. We thank Roy
Milton, MD, and Robert Sperduto,
MDD, for helpful suggestions in the
developmental stages of LOCS 11

Additional members of the Longitudinal Study of
Cataract study group include Margarett Buker and
Laura Bury from the Center for Clinical Cataract
Research and Elinor Schoenfeld, PhD, from the
State University of New York, Stony Brook.

CELERRATING

2516 ARNIVERSART

H
RATIOKAL EYE INSTHUTE

836 Arch Ophthaimol—Vol 111, June 1993

Printed and Published in the United States of America

References

1. Chylack LT Jr, Leske MC, McCarthy D, Khu
PM, Kashiwagi T. Sperduto, 12 Lens Opacities
Classification System 11 (LOCS 11). Areh Ophthal-
mol. T989;107:991-997.

2. Maraini G, Pasquini P, Tomba MC, et al. An
independent evaluation of the Lens Opacities Clas-
sification System IT (LOCS 1), Ophithalmology.
1989;96:611-615.

3. Maraini G, Pasquini P, Sperduto RD. et al.
The effect of cataract severity and morphology on
the reliability of the Lens Opacities Classification
System 1T (LOCS 11). Inwest Ophthalmol Vis Sei.
1991:32:2400-2403,

4. Khu PM, Chylack LT Jr, Leske MC. McCar-
thy D, Wu 5-Y. Measuring the rate of age-related
cataract formation in vivo using LOCS 1T standard
photographs. Inwest Ophthalnol Vis Sci. 198930
(ARVO supply164. Abstract.

5. Leske MC, Chylack LT Jr, Wu S-Y, McCarthy
D, Grimson R, the LSC Group. Longitudinal
changes in lens photographs with the LOCS 11
method. Invest Ophthalmol Vis Sei. 1991332
(ARVO suppl):1244. Abstract.

6. Wolfe JK, Chylack LT Jr, Leske MC, et al.
Nuclear lens changes with image analysis and
LOCS 11 photograding. Invest Ophthalniol Vis Sei.
lf)‘)l,é)"(A} VO suppl):1991. Abstract.

Drews-Bankiewicz MA. Caruso RD, Datiles
MB. Raiser-Kupfer M1. Contrast sensitivity in pa-
tients with nuclear cataracts. Arch Ophthalmol.
1992;110:953-959,

8. Chyluck LT Jr, Wolfe JK, McCarthy D. Cross-
sectional and Jongitudinal correspondence between
LOCS 11 (subjective) and various ohjective mea-
sures of human eataract and nuclear color. Invest
Ophthalmol Vis Sei. 1990:31(ARVO suppl):374.
Abstract.

9. Chylack LT Jr, Jakubicz G, Rosner B, et al.
Contrast sensitivity and visual acuity as funetions
of cataract type and extent. J Cataract Refract
Surg. In press,

10. Chylack LT Jr, McCarthy D, Wolfe JK, et al.
Monitoring cataracts with LOCS 11 and counter-
part objective methods: lovastatin and the human
lens: results of a 2-vear study. Optomn Vis Sci. In
press. ‘

11. Chylack LT Jr, Padhye N, Khu PM, et al.
Loss of contrast sensitivity in diabetic patients
with LOCS 11 classified cataracts. Br J Ophthal-
mol. 1993;77:7-11.

12, Sparrow JM. Methods of clinical cataract
grading: two systems compared. Arch Ophthalmol.
1990;108:1209,

13, Taylor HR, Lee JA, Wang ¥, Muhoz B. A
comparison of two photographic systems for grad-
ing cataract. Invest Ophthalno! Vis Sei. 1991:82:
529-532,

14. Agoston GA. Color Theory and Its Applica-
tiow i Art and Design. New York, NY: Springey-
\/er)dg NY Inc: 1987 32

15, Bailey IL, Bulhmmo MA. Raasch TW, Tay-
lor HR. Clinical grading and the effects of scaling.
Tuvest Ophthalmaol Vis Sei. 1991;32:422-432,

16. Adamsons I, Taylor K1, Enger C, Taylor HR.
A new method for documenting lens opacities. A
J Ophthalmol. 1991:111:65-70.

17. Munioz B, West S, Wang F, Taylor HR. Mea-
suring cataract progression for longitudinal stud-
ies. Tnvest Ophthalmol Vis Sci. 1991:32(ARVO

suppl):1243. Abstract.

18 Leske MC, Chylack LT.Jr, Wu S-Y, the Lens
Opacities Casce-Control Study Group. The Lens
Opacities Case-Control Study: risk factors for cat-
aract. Arch Ophthalmol. 1991;109:244-251.

19. Chylack LT Jr, Rosner B, Cheng H-M,
McCarthy D, Pennett M. Sources of variance in
the objective documentation of human catarac-
tous change with Topeon SL-45 and Neitz-CTR
retroillumination photography and computerized
image analysis. Curr Eyc Res. 1987;6:1381-1390.

20. Wolfe J, Chylack LT Jr, Leske MC, et al.
Nuclear lens changes with image analysis and
LOCS 1I photograding. Invest Ophithalmol Vis Sci.
199182(ARVO suppl)1244. Abstract.

21. McCarthy D. Chylack LT Jr, Rosner, B.
Quantification of nuclear yellowing and its effect on
visual function. Tnvest Ophthalmol Vis Sci. 198930
(ARVO guppl):497. Abstract.

22, Herzberg 8, McCarthy D, Kansupada K,
Wolfe JK, Chylack LT Jr. Positional dependence of
objective measures of nuclear color in the lens:
correlation with LOCS T score. Dirvest Ophithalmol
Vis 5( i 1990:31(ARVO suppl):352. Abstract.

23. Wolfe JK. Chylack LT Jr. Objective mea-
surement of cortical and subcapsular opacification
in retroillumination photographs. Ophithalmic Res.
1990:22(suppl 1):62-67.

24, Rosner B. Fundamentals of Biostatisties.
2nd ed. Boston, Mass: Duxbury Press: 1986:106.

25, Chylack LT Jr. How successfully can we
measure cataract growth rate? Presented at the
Sixth  Annual Cooperative Cataract Research
Group Meeting; December 3, 1991; Kona, Hawaii.

26. Datiles MB, Podgor MJ, Sperduto RD, Kash-
ima K, Edwards P, Hiller R. Measurement errors
in assessing the size of posterior subcapsular cata-
racts from retroillumination photographs. Invest
Ophthalmol Vis Sci. 1989:30:1848-1854.

27. Taylor HR, West S. A simple system for the
clinical grading of lens opacities. Lens Res. 198%:5:
175-181.

28. Klein BEK. Magli YL, Neider MW, Klein R.
Wisconsin System for Classification of Cataracts
From  Photographs. Springfield, Va: National
Technical Information Service; 1989. Accession
No. PB 90-138306.

29, Sparrow JM, Bron AJ, Brown NAP, Avliffe
W, Hill AR. The Oxford clinical cataract classifica-
tion system. Intl Ophthalmol. 1986:9:207-225.

30. Sparrow JM, Ayliffe W, Bron AJ, Brown NP,
Hill AR. Inter-observer and intra-observer vari-
ability of the Oxford clinical cataract classification
and grading system. Intl Ophthalmol. 198%:11:151-
157,

31, Laties AM, Keates E, Lippa E, et al. Field
test reliability of a new lens opacity rating svst
utilizing slit-lamp examination. Lens Eye Towicol
(:443-464.

32. Sasaki K, Shibata T, Obazawa H. Classifi-
cation system for cataracts: application by the
Japanese  Cooperative Cataract  Epidemiology
Study Group. Ophthalnic Res. 1990:22(suppl 1):
46-50.

35. Khu PM, Chylack 1.T Jr. Subjective classifi-
cation and objective quantitation of human cata-
ract. In: Jakobiee FA, Albert DM, eds. The Princi-
ples and Practice of Ophthaluology: The Harvard
Systewr. Philadelphia, Pa: WB Saunders Co. In
press.

Lens Opacities Classification Svatem Wl—Chvlack et al




