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Abstract

Purpose To determine whether prophylactic
laser peripheral iridotomy (LPI) for primary
angle closure (PAC) is associated with cataract
progression.

Methods 1In 1999, Mongolian volunteers aged
>50 years were invited to participate in a
longitudinal study. Glaucoma was excluded in
all participants and 712 of them were selected
to undergo a full ophthalmic examination as
part of the study protocol. Lenses were graded
and PAC diagnosed using international
classification systems. In 2005, all traced
participants underwent a similar dilated
examination. Diagnosis of cataract progression
was based on the inter-observer variation +2
standard deviations. The association between
LPI at baseline and cataract progression was
assessed using y’-test and logistic regression.
Results Of 712 participants, 158 were
diagnosed with occludable angles and treated
with LPI In 2005, 137 participants (19.2%) had
died, 315 (315/575 = 54.8%) were traced, and
dilated examination was performed on 276
(48%) of them. Progression of nuclear opacity
(NO), cortical, and posterior subcapsular (PSC)
opacities were evident in 40 (14.5%, 95%
confidence interval (CI) =10.6-19.2%), 89
(32.2%, 95% CI = 26.8-38.1%), and 11
participants (4.0%, 95% CI=2.0-7.0%),
respectively. Although NO was more likely to
progress in those with LPI in a crude analysis
(odds ratio (OR) =2.02, 95% CI=1.00-4.11,

P =0.05), no evidence of an independent
association was detected in multivariate
analysis adjusting for age, sex, and baseline
Schaffer grading (adjusted OR =1.24,
0.41-3.75, P =0.7). There was no evidence

of an association between LPI and
progression of PSC or cortical opacities.
Conclusions There is no evidence that
prophylactic LPI is independently associated
with cataract progression in this study.
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Background

Glaucoma is the leading cause of irreversible
blindness.' Primary angle closure (PAC)
glaucoma (PACG) is an important source of
visual morbidity in Asian countries.>* Although
more people are affected by primary open angle
glaucoma (POAG), PACG blinds nearly half of
those affected compared with POAG, which
blinds 25% of sufferers.>*

Laser peripheral iridotomy (LPI) is the most
effective intervention for the majority of cases of
PAC.>* Iridotomies relieve pupil block in
patients presenting with acute PAC (APAC)
and almost completely protects the fellow
eye from symptomatic episodes.” Ultrasound
biomicroscopy (UBM) studies of treated fellow
eyes have shown that LPI can result in a
significant widening of the angle, 2 weeks
after treatment.” LPI is also more effective if
performed in the earlier stages of disease.® A
major concern is the potential for complications
that may arise from prophylactic treatment,
especially if applied to people with an early
precursor of disease that may not lead to
morbidity in their lifetime.®® In particular,
there is a theoretical long-term risk of cataract
formation due to the disturbance of normal
aqueous flow.®>? There has been much interest
in this potential risk with different studies
showing differing results.">"" For example, a
study from Singapore suggested that there was
a potential association between LPI and cataract
progression, whereas another study from the
United States showed no association. One
possible explanation for these differences is that
different populations may experience different
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underlying cataract progression rates, which may affect
the observed cataract progression rates after LPL'°

The aim of this study was to investigate the association
between prophylactic LPI for PAC suspects (PACS) and
PAC and cataract progression in a longitudinal study
with a 6-year follow-up.

Materials and methods

This longitudinal study was nested within a randomised
controlled screening trial in Mongolia, designed to
investigate prophylactic LPI in the prevention of PACG.
The study was carried out in accordance with the World
Medical Association’s Declaration of Helsinki. The
methods and preliminary results of the baseline study
have already been described.'? In brief, all residents from
the capital Ulaanbaatar and the rural province of
Bayanhongor aged >50 years were invited to participate
in the trial. Glaucoma was excluded in all participants.
A full ophthalmic examination was performed on 712 of
4597 participants who had failed a screening test or were
examined because of suspicious discs detected on direct
ophthalmoscopy. This included LogMAR visual acuity,
central anterior chamber depth (cACD) using slit lamp
mounted ultrasound A-scan, slit lamp examination of the
anterior segment, Goldmann applanation tonometry,
modified van Herrick grading, gonioscopy, dilated lens,
and fundus examination. Lenses were graded using the
Lens Opacity Classification (LOCS) III system with
reference to photographic standards at the slit lamp."?
Lenses were graded to the nearest 0.5 U. At baseline, the
slit lamp examination, including gonioscopy and
subsequent LOCS III grading under maximal dilation
with tropicamide, was performed by one observer
(WPN) with 690 participants consenting to dilatation. Of
the 712 examined participants, 550 had open angles and
162 were diagnosed with occludable angles (62 PAC and
100 PACS) using the International Society for
Geographical and Epidemiological Organisation grading
system,'* of which 158 had LPI in both eyes. PACS was
diagnosed in participants with an occludable angle on
gonioscopy (where >270° of the posterior trabecular
meshwork could not be seen), but no evidence of
peripheral anterior synechiae (PAS), raised IOP, previous
acute angle closure, or glaucomatous damage. PAC was
diagnosed in those with an occludable angle and features
indicating that trabecular obstruction had occurred, such
as PAS, raised IOP, signs of previous acute angle closure,
or excessive pigment on the trabecular surface, but no
evidence of glaucomatous damage.

Participants were located through contact tracing,
asking key informants, and by reviewing national
registration records, 6 years later. Deaths were
ascertained through the same methods. At follow-up, all
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traced participants underwent a full ophthalmic
examination similar to that described at baseline,
including a dilated LOCS III grading on the same

slit lamp. This was performed by a single observer at
follow-up (JLY). Inter-observer variability between
WN and JLY was evaluated by consecutive lens
grading at the same slit lamp of the right eye of

25 patients with severity ranging from 2 to 6 for nuclear
opacity (NO) and colour; from 0 to 2.5 for cortical
opacity; and from 0 to 1.5 for posterior subcapsular
(PSC) opacity. There was good agreement between
baseline and follow-up observers for LOCS III grading
(weighted kappa>0.5 for all types of lens opacity).
All data were collected using standardised forms and
double entered independently into a computerised
database.

Cataract progression was defined as inter-observer
variation + 2 standard deviations and rounded up
to the nearest 0.5U. This resulted in a cutoff point of an
increase of 1 LOCS III grade for NO, nuclear colour, and
PSC opacity and an increase of 1.5U for cortical lens
opacity. Data obtained from the right eye only were
analysed.

The association between cataract progression and
demographic and ocular variables were assessed using
y>-test for categorical variables and t-test or the Wilcoxon
rank sum test for quantitative variables. The association
between LPI at baseline and cataract progression was
assessed using y*-test and logistic regression in
multivariate models using a stepwise approach to
account for detected and a priori confounders.

Detected confounders were identified by a statistically
significant association (based on cutoff <0.1 for inclusion
in model) with both the putative risk factor (LPI) and
the outcome (cataract progression). Important a priori
confounders such as age and sex were included in

the final model. Tests for interaction between

variables within the final models were also performed.
Differences in baseline characteristics between subjects
who did and did not attend for re-examination were
analysed to assess the effect of bias on the results.
Participants who were known to have died were
excluded from this analysis.

We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.

Results

Of the 712 participants examined at baseline, 6 years
later, 137 (19. 2%) had died and 315 (315/575 =54.8%)
were traced and re-examined between March and
September 2005. Of 158 participants who had LPI at
baseline, 30 (21.9%) had died and 80 (80/128 = 62.5%)
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were re-examined. Of 315 traced participants, 39
refused dilation or had corneal opacities that precluded
a full lens examination. The results are presented

for 276 participants with full dilated examination at
follow-up.

The mean age of the traced cohort was 69.6 years
(range 55-91 years), 70 of whom (23.0%) were men. The
life expectancy of Mongolians in 2005 was 64 years;
therefore, we expected a high death rate in our study
population. There was no difference in baseline cup disc
ratio (CDR) between participants who were re-examined
and those who were lost to follow-up (both CDR median
0.3, inter-quartile range 0.2-0.4, Wilcoxon rank sum test
for difference P=0.23).

Lens characteristics

The baseline and follow-up characteristics of lens
opacities are summarised in Table 1. As grading of
nuclear colour and NO were closely correlated, only NO
will be described. Overall, 40 participants (15.4%, 95%
CI=10.4-18.8%) were diagnosed with progression of NO
and 89 (32.2%, 95% CI=26.8-38.1%) had evidence of
progression of cortical opacity. Only 4 participants

(1.5%, 95% CI1=0.4-3.7%) had evidence of PSC opacity
at baseline with progression evident in 11 participants
(4.0%, 95% CI1=2.0-7.0%).

The baseline lens characteristics of the group with
follow-up were similar to the whole baseline group
examined, and there was no statistical evidence of a
difference in baseline lens characteristics in those with
and without follow-up (all P<0.01).

Risk factors

The association between ocular and demographic risk
factors with LPI is shown in Table 2, and with cataract
progression in Table 3. LPI was performed on
participants who had shallower cACD and narrower
Shaffer grading at baseline (P <0.01). Progression of
cortical opacity and PSC opacity, but not NO, was
associated with older age (P<0.01 and 0.03,
respectively). There was no association between gender
and progression of any type of lens opacity. There was
no association between cataract progression and
screening IOP or cACD measurements.

There was weak evidence that NO was more likely
to progress in those with LPI in a crude analysis

Table 1 Characteristics of lens opacity prevalence and progression in 276 participants at baseline and follow-up

N =276 Nuclear opacity

(LOCS 1I>2)

Cortical lens opacity
(LOCS II>0)

Posterior subcapsular
opacity (LOCS III>0)

Prevalence at baseline 276 (100%) 64 (23.2%) 4 (1.5%)
Prevalence at follow-up 275 (99.7%) 123 (44.6%) 11 (4.0%)
Progression 40 (14.5%) 89 (32.2%) 11 (4.0%)
Table 2 Relationship between demographic and ocular risk factors with peripheral iridotomy
N LPI No LPI P-value*
n (%) n (%)
Follow-up 276 69 (25.0) 207 (75.0)
Sex
Male 61 18 (29.5) 43 (70.5)
Female 215 51 (23.7) 164 (76.3) 0.36
Mean SE Mean SE
Age at follow-up (years) 64.3 +0.94 623 +0.60 0.08
Baseline cACD 2.30 +0.02 2.43 +0.02 <0.01
Baseline angle width (mean Shaffer grading) 0.46 +0.05 2.00 +0.05 <0.01
Change in VA (LogMAR) —0.08 +0.03 0.01 +0.02 0.01

cACD, central anterior chamber depth; LPI, laser peripheral iridotomy; SE, standard error; VA, visual acuity.
*P-value for comparison between participants treated with LPI at baseline and those not treated, t-test for continuous variables, y*-test for categorical

variables.
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Table 3 Relationship between demographic and ocular factors with progression of different types of lens opacities

Posterior subcapsular lens opacity

Cortical lens opacity

Nuclear opacity

P-value*

No progression

P-value* Progression

No progression

P-value* Progression

No progression

Progression

276

(%)

n

(%)

n

(%)

n

(%)

n

(%)

n

(%)

n

4.4) 66 (95.7)
199

(3.9)

3
8

(30.4) 48 (69.6)

21

15 (21.7) 54 (78.3)
25

69
207

LPI

0.86

96.1)

0.7

139 (67.2)

(87.9) 0.05 68 (32.9)

182

(12.1)

No LPI

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

0.03
0.5
0.6
0.9

+0.8
+0.3
+0.01

+0.9 <0.01 76.9 +23 67.9
13
+0.06

+04
+0.02

68.0

+15
+0.5
+0.02

0.5 69.5
0.1

+0.9

68.0

69.6

Age (years)

16.9

15.8

0.7
0.3
0.2

17.0

16.7

0.2
0.3
0.06

17.1

15.8

Screening IOP (mm Hg)
Baseline cACD (mm)

24
1.6

24

24
1.6

24

2.36
1.34

+0.06

+0.27

1.6

+0.1

1.7

+0.1

1.67

Baseline angle width
(mean Shaffer grading)
Follow-up lens thickness

0.5
0.2

+0.02
+0.02

48
0.0

48 +0.03 0.3 48 +0.10
+0.02 —0.1

0.00

+0.04
+0.03

49 +0.02 <0.01 49
+0.01 —0.03

0.00

47

+0.10

0.4

0.01

+0.05

0.1

Change in VA (LogMAR)

cACD, central anterior chamber depth; IOP, intraocular pressure; LPI, laser peripheral iridotomy; SE, standard error; VA, visual acuity.

*P-value for comparison between participants treated with LPI at baseline and those not treated, t-test for continuous variables, y*-test for categorical variables.
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Table 4 Unadjusted and adjusted odds ratios for cataract
progression

With LPI at baseline P-value*
OR (95% CI)
Nuclear opacity progression
Unadjusted estimate 2.02 (1.00-4.11) 0.05
Model 1 (adjusted for 1.77 (0.84-3.72) 0.14
age and sex)
Model 2 (adjusted for 1.24 (0.41-3.75) 0.70
age, sex, and baseline
Schaffer grading)
Cortical lens opacity progression
Unadjusted estimate 0.91 (0.52-1.60) 0.75
Model 1 (adjusted for 0.75 (0.40-1.40) 0.37
age and sex)
Model 2 (adjusted for 1.32 (0.55-3.20) 0.53
age, sex, and baseline
Schaffer grading)
Posterior subcapsular lens opacity progression
Unadjusted estimate 1.13 (0.29-4.39) 0.86
Model 1 (adjusted for 0.67 (0.14-3.34) 0.63

age and sex)

ClI, confidence interval;, OR, Odds ratio.
*P-value from yz>-test in unadjusted estimate and Wald test for LPI in
logistic regression models.

(21.7 vs 12.1%, odds ratio (OR) =2.02, 95% CI=1.00-4.11,
P =0.05). However, in a multivariate analysis adjusting
for age and sex as a priori confounders and baseline
Shaffer grading as a detected confounder, no association
was found (adjusted OR =1.24, 95% CI=0.41-3.75,

P =0.7). There was no evidence that LPI was associated
with progression of cortical or PSC lens opacities. No
interactions were detected in any of the multivariate
models examined (Table 4).

Progression of NO only was associated with a
reduction in visual acuity. There was also evidence to
suggest that participants with LPI at baseline had greater
reduction of vision over the 6-year follow-up. However,
LPI was no longer associated with reduction of vision
in multiple regression analysis adjusting for age, sex,
and NO progression.

A total of 10 people with lens examination at baseline
had undergone cataract surgery in the interim period,
all of whom had NO or NO in combination with other
types of opacities. There was no association between
cataract surgery and LPI performed at baseline.

Discussion

This study has provided information on the asso-
ciation between LPI and cataract progression from

Eye
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a community-based sample in East Asia. The baseline
study showed that all participants had evidence of
NO, nearly a quarter had cortical opacity (23.2%), but
PSC opacity was less common (1.5%). At follow-up,
progression was noted in 14.5% of NO scores, 32.2% of
cortical opacity, and 4.0% of PSC opacity. Progression
of NO was comparable with the findings of a study
undertaken in Australia (19.3% over 5 years),15 but was
lower than that detected in the Longitudinal Cataract
Study (45.8% over 5 years)'® and the Beaver Dam Eye
Study (70% over 5 years)."” Progression in our study was
higher than that reported among Blacks in Barbados
(3.6% over 4 years).18 However, different classifications
and definitions were used in these studies making
comparisons misleading and therefore should be
viewed with caution.”

A higher proportion of participants treated with LPI
at baseline had progression of NO (22.9% with LPI vs
13.0% without LPI, P =0.05), but the association was
not statistically significant after adjusting for age, sex,
and baseline Shaffer grading. There were also higher
proportions of progression for PSC opacity, but this
was not statistically significant. PSC opacity is the most
commonly reported type of cataract to occur after
trabeculectomy,'® and is the type of cataract most likely
to occur as a potential complication of prophylactic LPI
due to disturbances in aqueous flow. A clinic-based
study involving an urban East Asian population reported
that 16.7% of patients with LPI showed evidence of
progression of PSC opacity after 12 months," but the
study suffered from lack of controls and high loss
to follow-up.” Similarly, a letter in response to this
study showed a high rate of cataract extraction after
prophylactic LPI in a Caucasian population. However,
in this report, there were also no controls, nor was there
evidence that cataract extraction was performed for
symptomatic cataract progression.”’ In our study,
we did not find an independent effect of prophylactic
LPI on the 6-year PSC opacity progression, but the
small number of cases may have reduced the ability of
the data to detect an effect. Assuming 4.0% progression
in the untreated group (taken from the overall PSC
progression rate from this study) and 16.7% in the
LPI group (taken from the PSC progression rate from
the study by Lim et al'!), this study would have had
85% power to detect an effect. There was good agreement
between observers for LOCS III grading, which
suggests that the results were less likely to be due to
measurement error; in addition, we used two standard
deviations of the inter-observer variation as a cutoff
for diagnosis of progression. Although different
diagnostic criteria for cataract progression yield
different estimates for incidence and progression,'® there
was no association between LPI and progression of

Eye

any type of cataract using different cutoff points in
this data set.

We presented results from participants who were
traced and re-examined with dilatation. Excluding
available data can bias results; however, similar results
were obtained with analysis using all available data,
including participants examined without dilatation.
There were no differences in either baseline LOCSIII
scores for any cataract type or baseline CDRs between
those who were re-examined and those not re-examined,
suggesting that those who were re-examined are likely to
be representative of the whole cohort. This would reduce
the likelihood of an effect from selection bias due to the
loss in follow-up on the results.

Narrower baseline angle width was identified as
confounding the association between LPI and
progression of NO. This has a biological basis with a
theoretical risk that alteration in aqueous outflow
dynamics could influence exposure of the lens to aqueous
flow,® which in turn may hasten the development of
opacities. In the multivariate model with age, sex,
and LPI, neither narrower angles nor LPI were
independent risk factors for NO progression. This
suggests that the effects of narrow angles at baseline and
LPI on cataract progression are interdependent, wherein
the initial relationship between LPI and NO progression
may be mediated through narrower baseline Shaffer
grading. It is also possible that progression of NO may
be associated with both narrower angles and subsequent
LPL

Prophylactic LPI is commonly used in standard
clinical practice to protect fellow eyes from acute
angle closure and clinical guidelines also recommend
that LPI be considered for potentially occludable
angles.”?* This study has shown that LPI is not
independently associated with cataract progression
and supports the findings in Bobrow’s' clinical study
from the United States. However, further studies
from East Asian populations are necessary to corroborate
these findings. In addition, the question of whether
narrow angles themselves are associated with
cataract progression is an important question to
address, as this will repeatedly confound the association
between prophylactic LPI and cataract progression.

An alternative treatment for occludable angles is
cataract surgery, which also widens narrow angles.?®
This could potentially address both PACG and cataract
blindness with one procedure and trials are currently
ongoing.”® However, the potential complications

from intraocular surgery are greater than for LPI,

and using this approach to prevent PACG in some
settings may not be feasible. There remains an important
role of prophylactic LPI in the treatment of occludable
angles.



Summary

What was known before

® Prophylactic laser peripheral iridotomy (LPI) is effective
in the treatment of primary angle closure (PAC).
Iridotomies relieve pupil block in patients presenting with
acute primary angle closure (APAC), and almost
completely protects the fellow eye from symptomatic
episodes. Ultrasound biomicroscopy (UBM) studies of
treated fellow eyes have shown that LPI can result in a
significant widening of the angle, 2 weeks after treatment.

® There is a theoretical risk of cataract progression with LPL.
Disturbance of aqueous flow with LPI could increase risk
of cataract progression. A descriptive study from
Singapore has shown high rates of cataract progression
after LPI in fellow eyes after acute angle closure. Whereas,
no association between LPI and cataract progression was
shown in a study from the United States.

What this study adds

® There was no evidence of an independent effect of
prophylactic LPI and nuclear opacity progression from
this study. Although nuclear opacity (NO) was more likely
to progress in those with LPI in a crude analysis (Odds
ratio (OR) =2.02, 95% CI =1.00—4.11, P = 0.05) no evidence
of an independent association was detected in
multivariate analysis adjusting for age, sex, and baseline
Schaffer grading (adjusted OR =1.24, 0.41-3.75, P=0.7).

® DPosterior subcapsular (PSC) lens opacity and cortical lens
opacity progression was not associated with prophylactic
LPI. There were higher proportions of progression for PSC
opacity, but not for cortical lens opacity in those with LPI,
but this was not statistically significant.
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