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Abstract
Objectives

Post-operative endophthalmitis results from an intra-ocular
infection and usually occurs following cataract surgery. It has
significant morbidity and causes severe visual impairment or
blindness of the eye. The aim of this study was to assess the
trends in the incidence rates of cataract surgery and post-oper-
ative endophthalmitis in Western Australia for the period 1980
to 1998.

Methods

The Western Australian Record Linkage Project was used to
link the morbidity records for all patients treated for cataract
surgery in Western Australia in 1980-98. Patient records were
selected using the international classification for diagnosis and
procedure codes pertaining to cataract surgery and post-opera-
tive endophthalmitis. All cases of post-operative endophthalmi-
tis were validated by case-note review. The separate databases of
the Royal Perth Hospital microbiology and anaesthetic depart-
ments as well as the vitreo-retinal surgeon logbooks were used
to cross-validate the hospital morbidity database. Trends in the
incidence rates of cataract surgery and post-operative endoph-
thalmitis were assessed by Poisson regression.

Results

There were 94,653 cataract procedures performed for 63,007
patients in Western Australia during the 19-year period. The
majority (88%) of cataract procedures performed were in
patients aged 60 years or older. Post-operative endophthalmi-
tis developed in 188 patients, with serious visual impairment
occurring in 70.6% of patients for whom visual acuity data was
available at presentation. Cataract surgery and post-operative
endophthalmitis were more common in women compared to
men. The incidence rate of cataract surgery increased more
than three-fold from 1981 (102 per 100,000 PY) to 1998 (345

per 100,000 PY), mainly due to the increase in extracapsular
cataract extraction during the 1980s and phaco-emulsification
extraction from 1990 onwards. In contrast, the average annual
incidence rate of post-operative endophthalmitis remained rel-
atively unchanged at around 2 per 1,000 cataract procedures
over the same period.

Discussion

Cataract surgery is becoming more prevalent in the elderly as
the life expectancy of the population increases. There has been
a dramatic shift in surgical practice during the last 20 years
with small incision phaco-emulsification being the predomi-
nant method of intervention used since 1990. Despite changes
in surgical practice the incidence rate of post-operative endo-
phthalmitis has remained the same.

Introduction

Post-operative endophthalmitis is a serious intra-ocular infec-
tion that occurs most commonly as a complication of intra-
ocular surgery and causes severe visual impairment or the
loss of an eye.'® As cataract extraction is the most common
intra-ocular operation, most cases of endophthalmitis follow
cataract surgery. Although the reported rate of post-operative
endophthalmitis is low, the prevalence of endophthalmitis has
increased significantly with the increasing number of cataract
procedures performed.

During the last 30 years there have been significant changes in
surgical practice for cataract extraction. Intracapsular extraction
was the main method used until the late 1970s; extracapsular
extraction became the preferred method in the early 1980s
due to the introduction of intra-ocular lens implantation; and
improved instrumentation has led to the predominant use of
small incision phaco-emulsification since the late 1980s. The
current state of the art is sutureless phaco-emulsification surgery
with injected foldable intra-ocular lenses. Although some have
described a fall in the incidence rate of post-operative endo-
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912 it was

phthalmitis following extracapsular cataract surgery,
unknown if the transition to small incision phaco-emulsifica-
tion further reduced the risk of post-operative endophthalmi-
tis. Previous studies that attempted to address this question
did not take into account the learning curve of surgeons fol-
lowing the transition from extracapsular extraction to phaco-
emulsification because of the lack of long-term data.'® !> While
concerns about an increased risk of endophthalmitis with
phaco-emulsification surgery were raised, they have yet to be
convincingly demonstrated.'® As phaco-emulsification surgery
is almost universally performed in Australia today, the lack of
information regarding the risk of post-surgical endophthalmi-
tis is a significant gap in our knowledge of the safety of this
new method of surgery.

Most existing analyses of post-operative endophthalmitis have
utilised data derived from individual centres or groups of
surgeons which resulted in very low case numbers, making com-
parisons and statistical validity of data difficule.”'* 2 The rarity
of the disease means that a randomised control trial is not the
appropriate methodology to study this adverse outcome. With
the development of the Western Australian Record Linkage
Project which completely encompasses a geographically isolated
and generally stable population of 1.9 million people, the
opportunity now exists to examine ophthalmic data for a whole
community.'* Isolation and minimal net migration into the
State enables almost complete ascertainment of peri-operative
data using the linkage of health records.

As part of the Western Australian Safety and Quality of
Surgical Care Project,” we used record linkage of health data
supplemented by case validation to provide population-based
estimates of the incidence rates of cataract procedure and post-
operative endophthalmitis.

Patients and methods

The Western Australian Record Linkage Project was used to
extract hospital morbidity data for all patients who were sur-
gically treated for cataract or diagnosed with endophthalmitis
in 1980-1998. Patient morbidity data was selected using the
international classification codes for the diagnosis and proce-
dures: ICD-9 and ICPM for 1980-87, and its modification,
ICD-9-CM for 1988-98.'6"? Cataract procedures included int-
racapsular extraction of lens (ICD-9 codes: 5-144; ICD-9-CM
codes: 13.11, 13.19), extracapsular extraction (linear/aspiration/
other) (ICD-9 codes: 5-142, 5-145; ICD-9-CM codes: 13.2,
13.3, 13.51, 13.59), phaco-emulsification (ICD-9-CM codes:
13.41-13.43), other cataract extraction (ICD-9 codes: 5-146;
ICD-9-CM codes: 13.64, 13.65, 13.66, 13.69) and cata-
ract-related lens operations (ICD-9 codes: 5-147, 5-149;
ICD-9-CM codes: 13.70-13.72, 13.9). Endophthalmitis cases
were identified using ICD-9 diagnosis codes 360.0 and 360.1
and ICD-9-CM codes 360.00-360.04 and 360.11-360.19.
Postcode data was used to classify patients as residing in metro-
politan Perth or country areas (rural and remote) following the
Health Zone classification system of the Health Department of
Western Australia.

Database validation

An extensive program of validation was carried out for all
patients coded with endophthalmitis by medical record review,
and the use of other specific data sources including the micro-
biology and anaesthetic databases from Royal Perth Hospital
(Perth, Western Australia), and surgeon log-books. Of the
63,007 patients who were treated for cataract in the study
period, 538 patients were coded with endophthalmitis in
1980-1998. An additional 160 patients were identified as
possible post-operative endophthalmitis cases from the other
data sources described above. Validation of the records of these
patients confirmed 188 cases as having post-operative endo-
phthalmitis. Data on visual impairment was available for 109
patients with post-operative endophthalmitis and the visual
impairment was assessed by the treating ophthalmologist at the
time of admission using the Snellens visual acuity chart. A more
detailed summary of the accuracy of codes used for cataract
surgery and post-operative endophthalmitis is provided by the
authors elsewhere.?

Statistical analyses

Descriptive analyses were carried out using the statistical
program, SPSS.?! Annual age-specific and age-standardised
rates for cataract procedures per a case 100,000 person years
(PY) were estimated using the World Standard Population
as the standard set of weights.?? The incidence rate of post-
operative endophthalmitis was calculated per 1,000 cataract
procedures and differentiated by surgical type, locality (met-
ropolitan, rural and remote) and hospital type (public and
private). Poisson regression was used to assess whether these
factors affected the incidence rate of post-operative endoph-
thalmitis and to estimate the overall trends in cataract pro-
cedures and post-operative endophthalmitis. Hospital-spe-
cific trends in cataract procedures were estimated using linear
regression.

Results
Descriptive analysis

There were 94,653 cataract procedures performed on 63,007

patients in Western Australia during the 19-year period, of
which 188 patients developed post-operative endophthalmitis
(Table 1). The majority (88%) of patients treated for cataract
disease were over 60 years of age and 72% were 70 years or
older. The increase in cataract operations was most striking
among patients aged 70-79 years (Figure 2c). The mean age
(_SD) of women receiving cataract surgery was around four
years older than men receiving surgery (74.3 _ 14.7 years ,
70.6 _ 14.2 years, p<0.0001, respectively) and a similar trend
was apparent for post-operative endophthalmitis. Cataract
surgery (58%) and post-operative endophthalmitis (65%)
were more common in women compared to men. Serious
visual impairment occurred in many patients (N=109) with
70.6% being classified as either blind or with severe visual
impairment at presentation.
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Trends in cataract procedure 1980—1998

The number of cataract procedures performed annually
increased 7-fold, from 1,335 in 1980 to 9,653 in 1998.
The age-standardised incidence rate of cataract procedure
per 100,000 PY is presented in Figure la. The adjusted rate
ratio increased by 6.13% per year (RR, 1.063; 95% CI,
1.06-1.064). In the early 1980s, the frequency of cataract
intervention in men and women were similar. Since 1984,
there has been a greater increase in surgical intervention for
cataract in women compared to men (Figure 2d). Gender-
specific trend analysis showed that the adjusted incidence rate
ratio increased 6.5 % per year in women (RR, 1.065; 95% ClI,
1.063-1.067), compared with 5.7 % per year in males (RR,
1.057; 95% CI, 1.055-1.059).

The increase in cataract procedures over the study period
was largely attributed to the increase in extracapsular cataract
extraction (aspiration, linear and other), and phaco-emulsi-
fication from 1990 onwards (Figure 1b). Since 1990, the
use of phaco-emulsification increased by around 166% per
annum, while the use of extracapsular extraction stabilised in
1987-1992 and declined thereafter. Intracapsular extraction
and other cataract extraction (including cataract-related lens
operations) remained relatively constant over the study period
despite of a small increase in other cataract extraction between
1987 and 1991 and an increase in intracapsular procedure

between 1992—-1994.

The majority of cataract procedures (81%) and post-operative
endophthalmitis cases (73%) occurred in the metropolitan area
throughout the study period (Table 1, Figure 2a). There was a
slight increase in the rural area from 1993 onward, while the
number of operations in remote areas remained stable through-
out the study period.

While a similar proportion of cataract procedures were per-
formed in public and private hospitals, there was a greater
increase in the number of cataract procedures carried out in
private hospitals compared to public hospitals, particularly
apparent from 1990 onwards (Table 1, Figure 2b). The average
rate of increase in cataract procedures in private hospitals (17%
p-a., 289 procedures p.a.) nearly doubled that in public hospi-
tals (8.8% p.a., 145 procedures p.a. p = 0.001) (Table 2).

Trends in post-operative endophthalmitis

In contrast to the increase in the incidence rate of cataract
operations, the incidence rate of post-operative endoph-
thalmitis remained relatively constant at around 2 per 1,000
cataract procedures throughout the study period despite the
transition from intracapsular cataract extraction to extracap-
sular extraction and then to predominantly phaco-emulsifi-
cation (Table 1, Figure 1a).

The trends in the incidence rate of post-operative endoph-
thalmitis by cataract procedure type, locality and hospital type
remained stable throughout the study period (Table 3). In
contrast to extracapsular, phaco-emulsification and lens proce-
dures, there was a two-fold increase in the incidence rate of post-
operative endophthalmitis among patients who had undergone

other cataract surgery from 1990-94 to 1995-98. However,
this increase did not reach statistical significance due to the
small number of cases (RR 2.438, 95%CI, 0.583-10.203, p
=0.222).

The overall incidence rate of post-operative endophthalmitis
was significantly higher for intracapsular extraction than for
extracapsular (linear/aspiration/other) and phaco-emulsifica-
tion (Table 3). However, we found no significant difference
between extracapsular procedures and phaco-emulsification

(RR, 0.91; 95% CI, 0.61, 1.35).

The incidence rate of endophthalmitis is higher in rural than
metro areas but there was no significant difference between
remote and metro areas. There is no substantial difference
between public and private hospitals where the relevant cataract
surgery was performed (Table 3).

Discussion

The last two decades have seen a dramatic increase in patients
receiving surgical treatment for cataracts in Western Australia.
The trend may reflect the increasing prevalence of the disease
in the elderly population as life expectancy increases. Cataract
surgery was mainly associated with people aged 60 years or
older, with those aged 70 years or more providing the greatest
increase in demand for surgical treatment. Around 36% more
women were treated for cataract than men and these women
were on average four years older.

Consistent with international trends, surgical treatment for
cataract has shifted from intracapsular extraction to extracap-
sular extraction, then to predominantly small incision phaco-
emulsification from 1990. Post-operative endophthalmitis is
a serious complication of ocular surgery and results from an
infection of the internal structures of the eye. As with cataract
surgery, there was a greater proportion (62%) of women affected
by the post-operative endophthalmitis than men (38%). The
consequence of the disease to the patient and surgeon is devas-
tating: around 70% of affected patients suffered severe visual
impairment and/or blindness. While the incidence rate of post-
operative endophthalmitis remained relatively unchanged at 2
per 1000 cataract procedures, the rapid rise in cataract surgery
has resulted in a seven-fold increase in the crude number of
patients with this complication during the study period and
doubled during the last ten years of the study. Approximately
30 patients are now diagnosed with post-operative endoph-
thalmitis each year in Western Australia, or around 300 cases
per year in Australia. The cumulative long-term consequences
of this condition create significant emotional, physical and
economic burdens to the community.

The incidence rate of post-operative endophthalmitis halved
as surgical practice shifted away from intracapsular extraction
to extracapsular extraction and phaco-emulsification. However,
given the relatively small number of intracapsular procedures
performed since 1980, this reduction had no effect on the
overall trend of post-operative endophthalmitis over the study
period. The incidence rate of post-operative endophthalmitis
was similar for extracapsular extraction and phaco-emulsifica-
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tion, which is consistent with other reports from Europe and
North America.'* %% This finding is of interest because it
was anticipated that the introduction of small-incision phaco-
emulsification would further reduce the risk of post-operative
endophthalmitis. A number of reasons may account for the
unchanged rate of endophthalmitis with change in surgery;
the phaco-emulsification technique is technically more diffi-
cult than extracapsular extraction and requires more time to
gain surgical proficiency; and variations in the technique (eg,
suture versus sutureless) have occurred since its introduction.
Previous studies failed to present a clear answer to the question
of whether the sutureless phaco-emulsification procedure posed
a higher risk for bacteria access to the eye possibly due to small
number of post-operative endophthalmitis patients and the
limited time period available for analysis.?> In addition, both the
extracapsular and phaco-emulsification techniques frequently
involve the insertion of an intraocular lens which provides a
potential pathway for the introduction of bacteria.”

During the last two decades, the greatest increase in cataract
procedures in Western Australia occurred in the metropolitan
area as would be expected given the centralisation of the health
services, facilities and technological resources. There was also a
significant increase in procedures performed in private hospitals
which most likely resulted from the introduction of small-inci-
sion phaco-emulsification. This technique has made cataract
extraction efficient and affordable on an outpatient basis and is
also considered by the ophthalmologists to have a safer wound
than the previous methods.

The increase in the incidence rate of post-operative endo-
phthalmitis following ‘other cataract extraction’ between
1995-1998 may be attributed to the higher risk of infection
resulting from additional eye procedures performed during
cataract surgery (eg. anterior vitrectomy).'> Diabetes has also
been reported to be a factor associated with an increased risk of
endophthalmitis.?® ¥

There have been three large-scale studies on post-operative
endophthalmitis: two were conducted in the U.S.!%!? and one
in France. It is difficult to make direct comparison of our
results of the incidence rate of post-operative endophthalmitis
with previous estimates due to different study methodology. It
is possible, however, to compare the completeness and accuracy
of our data with those of the datasets on which the previous
national studies were based. The Western Australian Record
Linkage Project has provided a unique opportunity to generate
a population-based estimate of post-operative endophthalmitis
and analyse the social and demographic trends of the disease
over last the 19 years. The data for our study has been val-
idated by chart review for endophthalmitis cases and some
of the cataract procedures. In contrast, the three previous
national studies covered only a short time span of two years,
and were not population-based estimates. Two of the studies
excluded patients with multiple cataract procedures and those
who underwent other ocular surgeries during the cataract pro-
cedure from their investigations due to difficulties in ascertain-
ing the causal procedure. Since those patients may represent
a high-risk group, the exclusion may have underestimated the

incidence rate of post-operative endophthalmitis.'®!? The use
of population-based data complemented by case validation for
all patients coded with post-operative endophthalmitis in the
present study gives us confidence about our findings.

This paper reports on the trends in cataract surgery and the
incidence rate of post-operative endophthalmitis during the
last two decades. Further research is currently being carried out
in a nested case-cohort study of patients to examine the risk
factors that may contribute towards the disease and to assess
the effectiveness of the different methods of chemoprophy-
laxis used during cataract surgery. This research will enable a
more accurate estimate of the costs involved to prevent or treat
the disease and will provide a framework for policy makers to
determine the provision of ophthalmic services.

Demographic variables Cataract Endophthalmitis
procedure case (N=188)
(N =94653)

Age

0-49 4041 (4.3%) 10 (5.3%)

50-59 6501 (6.9%) 17 (9.0%)

60-69 18489 (19.5%) 25 (13.3%)

70-79 38997 (41.2%) 67 (35.6%)

80 + 26619 (28.1%) 69 (36.7%)

Missing 6

Sex

Female 54655 (57.7%) 117 (62.2%)

Male 39998 (42.3%) 71 (37.8%)

Locality

Metro 76597 (80.9%) 137 (72.9%)

Rural 14717 (15.5%) 40 (21.3%)

Remote 3071 (3.2%) 10 (5.3%)

Missing 268 (0.3%) 1 (0.5%)

Hospital

Public 46154 (48.8%) 84 (44.6%)

Private 48434 (51.1%) 104 (55.4%)

Not classified 65

Surgical type

Intra-capsular extraction 5024 (5.3%) 18 (9.6%)

Extra-capsular extraction 46298 (48.9%) 76 (40.0%)

Phaco-emulsification 32355 (34.2%) 64 (34.0%)

Other cataract procedure 8203 (8.7%) 19 (11.1%)

Lens procedure 2770 (2.9%) 8 (4.3%)

Surgical type unknown 3 3 (1.6%)

Visual impairment

(N=109)

No perception of light 3 (2.8%)

Worse than 6/60 74 (67.8%)

6/36 to 6/60 23 (21.1%)

6/12 to 6/24 9 (8.3%)

Table 1 Demographic characteristics of patients treated
for cataract and for those who developed post-opera-
tive endophthalmitis
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Year Public Private Difference 95% CI T-value
No. % No. %

1980-90 193%* 12.3 201 ** 19.7 -8 -71, 55 -.25

1991-98 122%* 43 462%** 13.6 -340 -444, -236  -6.41

All years 163** 8.8 274%* 17.0 -111 -151, -71 -5.47

**p<0.001 *p<0.01

Table 2 Differences between hospital types in average annual increase in cataract surgery

1980/84  1985/89 1990/94 1995/98 All years Rateratio  Z score 95% CI P-value
(all years) (2-tail)

Surgical type
Intracapsular (reference) 3.93 3.48 4.60 0 358 e e s e
Extracapsular 1.27 1.70 1.63 1.76 1.64 0.469 -2.88 0.280, 0.785 0.004
Phaco-emulsification NA* NA* 1.96 1.99 1.98 0.516 -2.28 0.292, 0.912 0.023
Other cataract 2.66 0.90 2.39 5.83 2.32 0.649 -1.30 0.337, 1.248 0.195
Lens procedure 0 233 4.85 3.95 2.89 0.806 -0.51 0.350, 1.856 0.612
Area
Metro (reference) 1.51 1.55 1.97 1.86 1.79 - e e e
Rural 4.60 1.61 2.50 2.93 2.72 1.459 2.03 1.014, 2.100 0.042
Remote 4.53 5.19 2.99 1.91 3.26 1.823 1.81 0.953, 3.488 0.070
Hospital type
Private (reference) 2.69 1.54 2.20 2.30 215 e e s e
Public 1.88 1.77 1.96 1.69 1.82 0.809 -1.38 0.599, 1.093 0.167
Time
Year 1.048 0.51 0.875, 1.254 0.610
*NA - not applicable

Table 3 Differences in the incidence rate of post-operative endophthalmitis (per 1,000) by surgical type,
locality and hospital for the period 1980-1998

77 a. Overall trend of cataract procedure [ 400 10000 b. Trends in cataract procedure types
) L350 5

6 —&— age-standardized rate of cataract procedure o 8000
m —&— endophthalmitis: three-year rolling average &
3 L 3 —&— intracapsular
a 300 &
S 5 3 —v— extracapsular
= T 6000 —&— phaco-emulsification
i L 250 & —&— other cataract/lens
3 8
s 4 g 4000
g r 200 3 z
= ° ]
g 3 8 g
o F 150 & 9 2000
@0 < =3
2 3 o
3, 3 g
8 100 2 g
3 g s °
¢ = g
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3 <
$ 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2 g 1980 1982 1984 1986 1966 1990 1992 1994 1996 1998 2000

o ) Year of cataract procedure
Year of cataract procedure or endophthalmitis diagnosis

Figure 1 Trends in the age-standardised incidence rate of cataract procedures and post-operative
endophthalmitis (1980-1998)
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Figure 2. Demographic trends in cataract procedure
in WA by locality, hospital type, age-group and gender
(1980-1998)
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