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Modeling utility of second-eye cataract
surgery
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Objectives: To study the impact on public health in terms of utility of various proportions
of first-eye and second-eye cataract surgery.

Methods: A model was used to study the impact on a population of a fixed cataract
surgical rate (9,250 operations/1,000,000 people) with varying proportions of first-eye and
second-eye cataract operations. The study population was the County of Blekinge with a
known incidence of previous cataract surgery. The prevalence of cataract, the estimated
need for cataract surgery, and the utility values were taken from the literature. The
population was grouped by disability stage of cataract and previous cataract surgery in
accordance with prevalence studies and data from a large national database on cataract
surgery and patients’ self-assessed visual function. The mortality rate was taken from real
data for the study population.

Results: Given a fixed cataract surgical rate over a period of five years, a high percentage
of second-eye cataract surgery (42 percent) resulted in a mean utility of 0.82239 in the
population forty years of age and older and the corresponding number for a low
percentage of second-eye cataract surgery (25 percent) was 0.82253. A high percentage
of second-eye surgeries resulted in 421 more individuals who were well compared with a
low percentage of second-eye surgeries. On the other hand, a low percentage of
second-eye surgeries resulted in 152 fewer individuals with disability and 118 fewer
individuals with dependence compared with a high percentage of second-eye

surgeries.

Conclusions: A high frequency of first-eye cataract surgeries instead of second-eye
surgeries affects more individuals and means an optimized improvement of utility in a
population. This should be recommended if the cataract surgical rate is very insufficient. If
the cataract surgical rate is high, more second-eye surgeries should be performed to
optimize quality of life to as many as possible.
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PUBLIC HEALTH ASPECTS OF
CATARACT SURGERY

Cataract is the most common cause of avoidable blindness
globally (32). Cataract is significantly related to age (10;11),
and the prevalence of cataract with impaired vision is high
in age groups over fifty-five years of age (10-12). Because
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of its high prevalence and risk for blindness if untreated,
cataract has a significant impact on public health. Cataract
can be treated successfully by cataract extraction and im-
plantation of an intra-ocular lens. Cataract surgery is one of
the most cost-effective public health interventions to prevent
blindness (31). However, access to this high-tech surgery
varies greatly between different countries. The global aim
for cataract surgical rate (CSR) as defined by WHO for the
year 2000 was 3,500 surgeries per 1,000,000 people (28). In
some developed countries, the surgical rate far exceeds this
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goal (14;20;24;28). However, there are long waiting lists for
cataract surgery (3;7;25;26) in these countries.

Estimated Need of Cataract Surgery

Several prevalence studies concerning cataract have been per-
formed (9-11;15;23;27). Many of these studies focussed on
the occurrence of lens opacities. The type and degree of lens
opacities can be described by the use of different classifica-
tion methods (4;12). In a prevalence study, cataract is defined
as one or more types of lens opacities of a certain degree ac-
cording to a grading system. It is well known that there is a
poor correlation between the degree of lens opacities and vi-
sual acuity. In many studies, the frequency of lens opacities of
a certain degree combined with a decrease in visual acuity is
used as a complementary measure of prevalence (11). In the
Beaver Dam Study, 3.9 percent of all examined men between
fifty-five and sixty-four years of age had cataract and a visual
impairment to 20/30 or worse in the worst-affected eye (11).
In the Maryland Watermen Study (27) and the Framingham
Eye Study (10) the corresponding numbers were 5.0 percent
and 4.0 percent, respectively. In men between sixty-five and
seventy-four years of age, the rate was 14.3 percent in the
Beaver Dam Study compared with 25.0 percent in Maryland
and 16.0 percent in Framingham. In men seventy-five years
of age or older in Beaver Dam, the rate was 38.8 percent,
whereas rates of 59.0 percent and 41.0 percent were found
for men between seventy-five and eighty-five years in the
Maryland and Framingham studies, respectively. Some stud-
ies have found a higher prevalence of cataract in women
than men (10;11). It is generally accepted that there is not
a good correlation between visual acuity and perceived dif-
ficulties in daily life for patients with cataract. In a recent
study, more than half of the patients with cataract and a vi-
sual acuity of 6/12 at best were satisfied with their vision
(22). Based on the literature (10;11;27), the prevalence of
cataract and a visual acuity of 0.6 in the worst-affected eye
can be estimated to 20 percent in age group sixty-five to
seventy-four, 50 percent in age group seventy-five to eighty-
four, and 80 percent in age group older than eighty-five.
For age groups forty to fifty-four and fifty-five to sixty-four,
the corresponding values are 0.6 percent and 5.0 percent,
respectively.

The need for cataract surgery in terms of CSR is scarcely
commented on in the literature. According to Hirveld et al.
(9), 30.3 percent of all eyes of persons seventy years of
age or older can be considered for cataract surgery. Frost
et al. (6) suggested that twenty-nine (95 percent CI 20-
41) operations per 1,000 people over fifty-five years of age
would be the most inclusive criterion for cataract surgery.
McCarty et al. (22) estimated the need to be approximately
100 eyes per 1,000 population forty years old and over if
the visual threshold is 6/7.5. Another approximately 100
eyes per 1,000 population forty years of age and over have
the same visual acuity and cataract but the individuals are

satisfied with their vision. According to Taylor (28), the
need for surgery if the threshold of visual acuity was set
to 6/9 would be 11,500 surgeries per 1,000,000 population
per year.

Health-Related Quality of Life in Different
Stages of Cataract

The Swedish National Cataract Register (NCR; 20) has col-
lected data about cataract patients’ self-assessed visual func-
tion before and after a cataract extraction annually since 1995
(18). A disease-specific questionnaire, Catquest (16;17), has
been used. Catquest contains questions about perceived dif-
ficulties in performing seven different daily life activities.
A disability score total of 7 or below means no diffi-
culty in performing these activities, a disability score total
of 28 or higher means extreme difficulty in performing
these activities. The database contains 13,129 completed
questionnaires.

Utility

In economic analyses, utility refers to the preference of in-
dividuals or the society for a particular health outcome. It is
measured on a cardinal scale between 0 (dead) and 1 (perfect
health). Utility can be measured directly by methods such as
standard gamble or time trade-off (TTO; 29) or by question-
naires such as the EQ-5D or the Health Utility Index (30).
Hawthorne et al. (8), using the EQ-5D in a general popula-
tion, found that the thirty-six to fifty year age group had a
mean utility of 0.88, the fifty-one to sixty-five year age group
a mean utility of 0.84, and the older than sixty-six age group
a mean utility of 0.79.

By using the EQ-5D, Kobelt et al. (13) compared
utility values to disability scores obtained by the disease-
specific questionnaire Catquest (16;17) for cataract patients.
Cataract patients with no difficulties in daily life and a
very low Catquest disability score had a utility of approx-
imately 0.83. Cataract patients with great difficulty in daily
life and a very high Catquest disability score had a utility
value of approximately 0.67. For the majority of cataract
patients with moderate disabilities, a mean utility value
of 0.75 was estimated. Thus, the optimal gain in utility
from cataract surgery was 0.16. The average patient in the
study had a utility gain of 0.028 from a cataract extrac-
tion. Busbee et al. (2) estimated by the TTO technique
that the improvement in visual acuity achieved by cataract
surgery increased the utility from 0.71 to 0.858. The net util-
ity gain for initial cataract surgery was thus 0.148 in this
study.

If a cataract is untreated, the final stage may mean a
visual acuity in the counting fingers to light perception range.
According to Brown et al. (1), such a poor visual acuity in
both eyes in age-related macular degeneration corresponds to
autility of 0.40. Drummond (5) estimated that an emotionally
well-adjusted blind person would have a utility of 0.48.
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Incident Cataract Surgery, One or Two
Eyes, and Public Health

The CSR is defined as the number of cataract extractions
per 1,000,000 population and year (28). In the literature, the
number of cataract extractions per 1,000 population and year
is also used as a measure of CSR. However, when the im-
pact of cataract surgery on public health is discussed, one
also must calculate the number of operated individuals. For
example, if the CSR for one calendar year was 10,000 per-
haps 6,000 operations were first-eye surgeries and the other
4,000 were second-eye surgeries. Of the 4,000 second-eye
surgeries, 2,000 operations could have been on individuals
previously operated on the first eye the same year. The other
2,000 second-eye surgeries could have been on individuals
operated on their first eye during a previous year. So, during
the actual year, 6,000 new individuals in the population had
cataract surgery, 4,000 of them only in one eye and 2,000
in both eyes during the same year. Thus, the impact on pub-
lic health by the CSR of 10,000 and 40 percent second-eye
surgeries was 4,000 new individuals with surgery in one eye,
2,000 new individuals with surgery in both eyes, and 2,000
previously operated individuals who turned into the both-eye
surgery group. Of course, the mortality rate will adjust these
numbers.

From a public health perspective, it is important to decide
which strategy should be used for cataract surgery as long as
the need for surgery is unmet. In this study, we will model
the impact on public health of different strategies for second-
eye cataract surgery. Different stages of cataract, including
previous surgery will be defined by using data from a large
cataract database (NCR; 20). The stages will be turned into
utility values and applied to a defined population with known
incidence of previous cataract surgery (PCS).

METHODS

Stages of Cataract

In a population forty years and older, the majority will not
have cataract and can be considered as “well” from this per-
spective. Several subjects will have cataract in at least one eye

Table 1. Cataract Stages

Cataract surgery and utility

without any symptoms or perceived disabilities. Then there
will be subjects with cataract in at least one eye, perceived
disabilities in daily life and dissatisfaction with vision. There
will also be people with previous cataract surgery in one or
both eyes. Thus, the following stages of cataract in a popu-
lation are easily defined: well (no cataract), cataract without
disabilities, cataract with disabilities, PCS in one eye, and
PCS in both eyes.

However, from a health perspective, subjects with
cataract and perceived disabilities in daily life may differ
greatly in severity of symptoms. A given number will be
dependent because of poor vision and cataract (17). There-
fore, cataract with disabilities could be separated into two
groups: cataract with disabilities and cataract causing de-
pendence. After first-eye surgery a subject may be “well”
because there was only a unilateral cataract. There may be
cataract in the fellow eye but no disabilities, cataract in the
fellow eye with disabilities, or finally cataract in the fellow
eye causing dependence. After surgery on both eyes, an in-
dividual may be “well,” but there may be other eye-diseases
causing disabilities or dependence. Thus, we can identify 11
different stages of cataract depending on the severity of symp-
toms (disability stages) and PCS stages in one or both eyes
(Table 1).

Utility is dependent on age (8). In the age group forty to
forty-nine, the utility can be estimated to 0.87 in healthy indi-
viduals. Cataract without disabilities will correspond to 0.84,
cataract with disabilities 0.79, and cataract causing depen-
dence 0.71. For each increasing decade of age, these figures
will be reduced with 0.03.

Application of Utility Values to Different
Strategies for Cataract Surgery

The distribution of disability stages before first-eye surgery,
after first-eye surgery, and after second-eye surgery were
taken from the NCR database. Before first-eye surgery
84 percent had disabilities (CatDis) and 16 percent depen-
dence (CatDep). After first-eye surgery 14 percent were
well (WellOpl), 27.8 percent had cataract without disabil-
ities (CatNoDisOpl), 54.5 percent had cataract in the fellow

Abbreviation Meaning

Well No cataract in either eye

CatNoDis Cataract in one or both eyes without symptoms

CatDis Cataract in one or both eyes causing disabilities

CatDep Cataract in one or both eyes causing dependence

WellOpl Successfully operated cataract in one eye, no cataract in the fellow eye

CatNoDisOp1 Successfully operated cataract in one eye, cataract without symptoms in the fellow eye

CatDisOpl Operated cataract in one eye (with or without complications), cataract with disabilities in the fellow eye
CatDepOp1 Operated cataract in one eye (with or without complications), cataract causing dependence in the fellow eye
Well Op2 Successfully operated cataract in both eyes

OtherDis Operated cataract in both eyes, disabilities because of complications or other coexisting eye diseases
OtherDep Operated cataract in both eyes, dependence because of complications or other coexisting eye diseases
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The Cataract Incident Model

Conditions: a defined population/cohort, estimated prevalence of cataract,
estimated need for surgery and known previous cataract surgery (PCS)

Start Event year; Result
Disability S(l:l?tgagg(,: t Disability
and PCS volume and PCS
stages and 1st/2nd stages
Utility eye surgery Utility
Mortality

Figure 1. Schematic illustration of the model used for calcu-
lating the impact on a population of different proportions of
first-eye and second-eye cataract surgery.

eye causing disabilities (CatDisOpl), and 3.7 percent had
cataract in the fellow eye causing dependence (CatDepOpl).
After second-eye surgery 52.4 percent were well (WellOp2),
44.4 percent had disabilities caused by other eye diseases
(OtherDis), and 3.2 percent had dependence caused by other
eye diseases (OtherDep). Each stage was given a utility
value according to a previous study (13). The surgery vol-
ume in 2001 in Blekinge was used as a study population
for the different strategies. The PCS and utility of the pop-
ulation in 2001 were compared with two different scenar-
ios with the same surgery volume during the period of 1996
to 2000 as in 2001 but with two different rates of second-
eye surgery, 42 percent and 25 percent. The actual history
of cataract surgery in Blekinge was a slowly rising annual
surgery volume from 768in 1996 to 1387in 2001 (21), and the
percentage of second-eye surgery changed from 25 percent
in 1996 to almost 40 percent in 2001. The situation in
1995 (PCS) in Blekinge was delineated in an earlier study
(21) and used as a starting point. The actual mortality rates
for cataract surgery patients in Blekinge each year (1995-
2001)(21) were used also in the theoretical scenarios. The
model used for the calculations is shown in Fig. 1. The same
model was tested for part of the population, the age groups
of seventy to seventy-nine years and eighty to eighty-nine
years.

Material

The study population was the county of Blekinge. In 2002,
the population was 150,017 and the age group of forty years
and over consisted of 78,570 individuals. This age group
was subgrouped in ten-year age groups, and the estimated
prevalence of cataract (=cataract and VA < 0.6 in the worst-
affected eye) was taken from literature. Thus, the age group
seventy to seventy-nine years consisted of 13,029 individuals,

the estimated prevalence of cataract was 32 percent resulting
in 4,169 affected individuals.

RESULTS

The actual distribution and two theoretical scenarios of dis-
ability stages and PCS stages in Blekinge in 2002 for the
population older than forty are shown in Table 2. Actually
3,231 individuals were alive and had undergone a cataract
extraction in one eye and 2,060 individuals were alive and
had undergone a cataract extraction in both eyes. The esti-
mated number of patients with a need for cataract surgery in
the first eye was 2,093. In the case of a yearly surgery vol-
ume of 1,387 operations and 42 percent second-eye surgeries
during 1996-2001, 2,371 individuals had undergone first-eye
surgery and 3,545 individuals had undergone surgery on both
eyes. In 25 percent, second-eye surgeries and the same total
surgery volume, the corresponding numbers were 4,860 and
2,079, respectively. Using the low percentage of second-eye
surgeries resulted in only 446 patients left with a need for
first-eye cataract surgery in 2002, and using the high per-
centage of second-eye surgeries resulted in 1,468 patients
left a with need for first-eye cataract surgery. The actual sit-
uation resulted in 66,744 individuals who were well, 4,434
individuals with disabilities, and 521 individuals with depen-
dence. A high percentage of second-eye surgeries resulted in
the highest number of individuals who were well (=67,403),
while a low percentage of second-eye surgeries resulted in the
lowest number of individuals with disabilities (=3,947) and
dependence (=318; Table 2). The actual estimated mean util-
ity of the population was 0.82180, and 0.82239 and 0.82253
with a high percentage and a low percentage of second-eye
surgeries, respectively. This means that a low percentage of
second-eye surgeries with the same CSR gave the highest
mean utility in the population. The average improvement of
utility was 0.03494 after first-eye surgery and 0.01722 after
second-eye surgery.

The actual distribution and two theoretical scenarios of
disability stages and PCS stages in Blekinge in 2002 for
the population aged 70-79 were also calculated. The actual
estimated mean utility was 0.76205. A high percentage of
second-eye surgeries resulted in a mean utility of 0.76409,
and a low percentage of second-eye surgeries resulted in a
mean utility of 0.76468. The average improvement of utility
was 0.03502 after first-eye surgery and 0.01738 after second-
eye surgery. The distribution of individuals who were well,
had disabilities, or dependence followed the same pattern as
for the whole population (forty and older).

The actual distribution and two theoretical scenarios of
disability stages and PCS stages in Blekinge in 2002 for the
population eighty to eighty-nine were calculated as well. The
actual estimated mean utility was 0.71170. A high percentage
of second-eye surgeries resulted in a mean utility of 0.71241,
and a low percentage of second-eye surgeries resulted in a
mean utility of 0.71311. The average improvement of utility
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Table 2. Actual Distribution of Disability Stages and PCS Stages in Blekinge in 2002 for the Population Aged 40 and over
(N=78,570) and Two Different Scenarios with the Same Surgery Volume for Each Year of the Period 1996 to 2000 as the Actual

in 2001

Stages Actual Alternative 1* Alternative 2 Utility
Well 65,213 65,213 65,213 0.83
CatNoDis 5,972 5,972 5,972 0.80
CatDis 1,758 1,233 375 0.75
CatDep 335 235 71 0.67
Before st eye surgery N = 2,093 1,468 446 mean: 0.7372
WellOp1 452 332 680 0.83
CatNoDisOpl1 898 659 1,351 0.80
CatDisOpl 1,761 1,292 2,649 0.75
CatDepOpl1 120 88 180 0.67
After 1st eye surgery N= 3,231 2,371 4,860 mean: 0.77214
WellOp2 1,079 1,858 1,089 0.83
OtherDis 915 1,574 923 0.75
OtherDep 66 113 67 0.67
After 2nd eye surgery N = 2,060 3,545 2,079 mean: 0.78936
Utility (mean) 0.821802 0.822388 0.822528

2In Alternative 1, there were 42% second-eye surgeries throughout the period, and in Alternative 2, 25% second-eye surgeries.

PCS, previous cataract surgery. For other abbreviations, see Table 1.

was 0.02969 after first-eye surgery and 0.01851 after second-
eye surgery. The distribution of individuals who were well,
had disabilities, or dependence followed the same pattern as
for the whole population (forty and older).

The utility results for cataract surgery for all in both
eyes versus surgery for no one with a need for surgery can
also be calculated for various age groups. In the case of no
surgery at all, two scenarios are specified: one with cataract
patients with very poor vision and one with cataract patients
with moderately reduced visual acuity. In case of moderately
reduced visual acuity, 86 percent with need for surgery have
a utility of 0.75 and 14 percent have 0.67; in case of very
poor vision, 86 percent with need for surgery have a utility
of 0.67 and 14 percent have 0.40 (counting fingers to light
perception in both eyes).

For the forty and older population, the difference in mean
utility between surgery to all (=0.8239) and surgery to no one
(=0.8190; moderately reduced vision) was 0.0049. The total
cohort was 78,570 individuals, which means that the differ-
ence corresponds to a gain in utility of 1.0 x 385. The cor-
responding numbers were 0.0113 for age group seventy to
seventy-nine, corresponding to a gain in utility of 1.0 x 147,
and 0.0227 for age group eighty to eighty-nine, correspond-
ing to a gain in utility of 1.0 x 168. The difference in mean
utility between surgery to all (=0.8239) and surgery to no
one (=0.8086; very poor vision) was 0.0153 corresponding
to a gain in utility of 1.0 x 1,202.

DISCUSSION

In this study, we have modeled two scenarios for second-eye
cataract surgery given the same total surgery volume in a de-

fined population. The most important findings were that a low
percentage of second-eye surgeries gave a higher estimated
mean utility in the population and fewer individuals with dis-
ability or dependence compared with a high percentage of
second-eye surgeries. The latter scenario, on the other hand,
gave a higher number of individuals who were well.

Why is there this impact on public health of first- and
second-eye surgery? The well-known advantage of surgery
on both eyes (18) is shown in our model by the fact that a
higher percentage of patients are considered to be well after
second-eye surgery than after first-eye surgery (52.4 percent
and 14 percent, respectively). The actual numbers were based
on findings accumulated over seven years in a large national
database (20). The mean utility before surgery for patients
with symptoms of cataract was 0.7372 according to our
model. The mean utility was 0.77214 after first-eye surgery
and 0.78936 after second-eye surgery. This finding means
that the average utility improvement was 0.03494 after
first-eye surgery and 0.05216 after surgery on both eyes.
Of course, two first-eye surgeries will give a higher to-
tal sum of improvement than surgery on both eyes in one
individual.

The same mortality rate was used for all patients irre-
spective of PCS in one or both eyes. However, a deceased
subject with PCS in both eyes would reduce the impact of
two surgeries instead of one surgery for a subject with PCS
in one eye only.

The utility values for different disability stages in this
study were obtained from an earlier study on cataract pa-
tients (13), whereas the differences in utility between dif-
ferent age groups were obtained from published population
studies (8). This may introduce a source of error, as utility
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values from a population study may not be compatible with
utility values for a chronic disease. However, patients with
cataract in a certain age group do not differ from the gen-
eral population regarding general health. Furthermore, small
changes in utility values will not change the results of our
study.

One important condition for our calculation is the occur-
rence of an ocular comorbidity in eyes undergoing a cataract
extraction. On average, 40 percent of eyes being operated
for cataract in Sweden also have a sight-threatening ocu-
lar comorbidity (20). This fact greatly influences the distri-
bution of disability stages after both first- and second-eye
surgery.

Cataract surgery includes the possibility of changing the
refractive power of the eye. This means that the power of the
lens to be implanted can be chosen to decrease or eliminate an
existing myopia or hyperopia. However, if the new refractive
power of the operated eye differs too much from the fellow
eye, the patient will have problems with cooperation between
the eyes. Therefore, if one deliberately operates only on one
eye, the possibility of correcting high myopia or hyperopia
will be lost.

In a population with good access to cataract surgery
and without accumulated cases of unoperated cataract, most
new cataract patients with cataract in both eyes should have
surgery in both eyes. There should not be too much delay
between surgery on the first and the second eye (19). This
strategy will give the highest quality of life to the patients. If,
however, there is a surgical “backlog” of cases with unoper-
ated cataract and poor access to surgery, the society will have
the greatest benefit from first-eye surgery in as many patients
as possible rather than a high percentage of second-eye surg-
eries. This will prevent blindness and dependence in as many
people as possible.

In this study, we have not made any economic calcu-
lation. If there is a large difference in cost between first-
eye surgery and second-eye surgery, our conclusions may be
modified.
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