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Prevalence of primary angle closure
%
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Primary Angle Closure Suspect(PACS)

Primary Angle Closure (PAC)

Primary Angle Closure Glaucoma (PACG)

Foster, Paul J, et al. Br J Ophthalmol (2002)

Thomas. Acta Ophthalmol (2003)

28.5% in 5 year

22% in 5 year

Hypothetical natural history of primary angle closure

Laser PI 
(prophylactic 
treatment)



Short term angle width changes at 2-weeks after laser PI
(among PACS enrolled in a population-based study)

Before PI After PI

He et al. Ophthalmology 2007

80% Open and 20% remained closed immediately after LPI



Who needs an iridotomy? 
Require long-term randomized control trials

Friedman DS. Br J Ophthalmol (2001) 

 China: 28 million PACS, 6-10% in Chinese

 USA: nearly 50,000 LPI annually

 UK: 10,284 in 2014-2015, many were PACS

 Should we laser all of them?

 What are the risk factors and who should 
receive prophylactic LPI?



Zhongshan Angle-closure Prevention (ZAP) Trial

Tin Aung, Mingguang He, David Friedman, Paul Foster
(Liwan District, Guangzhou, 2006)

Specific objectives:

• Efficacy & safety of prophylactic LPI

• The natural history of PACS in untreated controls

• Predictors for PAC in untreated controls

6-years RCT to prove the efficacy and safety of prophylactic PI
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Enrollment and Eligibility

Enrollment
• Aged 50-70 years
• Identified from a community-based screening program

Eligibility
• Bilateral primary angle closure suspects
• Static gonioscopy:  posterior TM not visible in 180 degree of angle
• Without PAC or PACG



Bilateral PACS defined by 
gonioscopy

Aged 50–70 years

665 (75%) of 889 completed the 72 month study



• YAG laser (Visulas YAG III)

• Initial setting of 1.5 mJ and titrating if needed 

• Patent iridotomy of at least 200 μm in diameter

• Placed in a crypt or other thinnest 

• Positioned beneath the superior lid

Intervention: Single YAG laser



Baseline

Characteristic LPI (n=889) Control (n=889)

Goldmann IOP, mmHg

Before provocative test 14.3±2.6 14.3±2.6
After provocative test 18.6±3.2 18.6±3.2

Angle width on Gonioscopy

Total angle width, score† 5.33±2.37 5.34±2.40

Number of closed quadrants, 

No. (%)

2 quadrants

3 quadrants

4 quadrants

36 (4.05)

114 (12.82)

739 (83.13)

31 (3.49)

113 (12.71)

745 (83.8)



Pair-wise analyses on primary endpoints
at 72m visit
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LPI
Control No Endpoint Endpoint Total

No Endpoint 844 9 (1.0%) 853

Endpoint 26 (2.9%) 10 36 (4.0%)

Total 870 19 (2.1%) 889

McNemar’s test: Statistic 8.26, P=0.0041



Efficacy at 72 Month Follow-up
Survival analysis

Primary analysis LPI (889 eyes) Non-LPI (889 eyes) P-value

Endpoint Reached 19 (4.19/1000 eye-years) 36 (7.97/1000 eye-years) 0.021

IOP > 24mmHg 3 (0.66/1000 eye-years) 5 (1.11/1000 eye-years) 0.480

PAS ≥1 clock h 15 (3.31/1000 eye-years) 30 (6.64/1000 eye-years) 0.024

Acute attack 1 (0.22/1000 eye-years) 5 (1.11/1000 eye-years) 0.100

Incident PAC - a composite endpoint of elevation of IOP, or PAS, or acute angle-closure



How many PACS will be converted to PAC?

Primary analysis LPI (889 eyes) Non-LPI (889 eyes) P-value

Endpoint Reached 19 (4.19/1000 eye-years) 36 (7.97/1000 eye-years) 0.021

IOP > 24mmHg 3 (0.66/1000 eye-years) 5 (1.11/1000 eye-years) 0.480

PAS ≥1 clock h 15 (3.31/1000 eye-years) 30 (6.64/1000 eye-years) 0.024

Acute attack 1 (0.22/1000 eye-years) 5 (1.11/1000 eye-years) 0.100

Incident PAC - a composite endpoint of elevation of IOP, or PAS, or acute angle-closure

Among PACS identified from community screening
Incidence of PAC is very low

Majority of event are PAS formation
no immediate threat to vision



How useful is prophylactic LPI?

Primary analysis LPI (889 eyes) Non-LPI (889 eyes) P-value

Endpoint Reached 19 (4.19/1000 eye-years) 36 (7.97/1000 eye-years) 0.021

IOP > 24mmHg 3 (0.66/1000 eye-years) 5 (1.11/1000 eye-years) 0.480

PAS ≥1 clock h 15 (3.31/1000 eye-years) 30 (6.64/1000 eye-years) 0.024

Acute attack 1 (0.22/1000 eye-years) 5 (1.11/1000 eye-years) 0.100

Incident PAC - a composite endpoint of elevation of IOP, or PAS, or acute angle-closure

Risk on developing PAC was reduced by half
Statistically significant



HR=0.53 (95%CI: 0.30–0.92)

Cox proportional hazards model 

LPI-treated eyes had a 47% reduction in the risk of reaching an endpoint 



LPI (n=889) Control (n=889) p-
value

Reach primary endpoint 
(Total) 19 (4.19/1000EY) 36 (7.97/1000EY) 0.021

2 weeks 1 (0.1%) 1 (0.1%)
6 months 5 (0.6%) 3 (0.3%)

18 months 5 (0.6%) 6 (0.7%)

36 months 3 (0.3%) 6 (0.7%)
54 months 2 (0.2%) 11 (1.2%)
72 months 3 (0.3%) 9 (1.0%)

LPI (n=889) Control (n=889)
p-value

Reach primary endpoint (Total) 19 (4.19/1000EY) 36 (7.97/1000EY)
0.021

2 weeks 1 (0.1%) 1 (0.1%)

6 months 5 (0.6%) 3 (0.3%)

18 months 5 (0.6%) 6 (0.7%)

36 months 3 (0.3%) 6 (0.7%)

54 months 2 (0.2%) 11 (1.2%)

72 months 3 (0.3%) 9 (1.0%)

When will the endpoints developed?
Primary endpoints = IOP elevation or PAS or acute attack



LPI (n=889) Control (n=889)

p-value

IOP measures > 24 mmHg 3 (0.66/1000EY) 5 (1.11/1000EY)
0.480

2 weeks 0 (0.0%) 0 (0.0)

6 months 1 (0.1%) 0 (0.0%)

18 months 2 (0.2%) 2* (0.2%)

36 months 0 (0.0%) 2* (0.1%)

54 months 0 (0.0%) 0 (0.0%)

72 months 0 (0.0%) 1* (0.1%)

When will the endpoints developed?
Endpoint = IOP elevation



LPI (n=889) Control (n=889)
p-value

PAS ≥1 clock hour 15 (3.31/1000EY) 30 (6.64/1000EY) 0.024

2 weeks 0 (0.0%) 0 (0.0%)

6 months 4 (0.5%) 3 (0.3%)

18 months 3 (0.3%) 5† (0.5%)

36 months 3 (0.3%) 5† (0.5%)

54 months 2 (0.2%) 11 (1.2%)

72 months 3 (0.3%) 6† (0.7%)

When will the endpoints developed?
Endpoint = PAS formation



LPI (n=889) Control (n=889)

p-value

Acute attack 1 (0.22/1000EY) 5 (1.11/1000EY) 0.100

2 weeks 1§ (0.1%) 1§ (0.1%)

6 months 0 (0.0%) 0 (0.0%)

18 months 0 (0.0%) 0 (0.0%)

36 months 0 (0.0%) 1‡ (0.1%)

54 months 0 (0.0%) 0 (0.0%)

72 months 0 (0.0%) 3 (0.3%)

When will the endpoints developed?
Endpoint = Acute attack



What does half risk reduction mean?
In the context of very low event rate

Need to treat 44 to 
prevent 1 case of new 
PAC over 6 years

Assuming 35% PAC to PACG 
in next 5 years (R Thomas), 
Need to treat 126 to prevent 
1 case of vision loss due to 
PACG over 10 years

Community-based screening to identify PACS and perform LPI

NOT recommended based on the low risk of progressing to PAC



Who are likely to reach endpoints?

• Eyes with narrower angle
width at baseline were
more likely to develop a
study endpoint

• But baseline intraocular
pressure and dark room
prone provocative testing
were NOT associated with
reaching an endpoint.



What are long-term adverse effects of laser PI?

LPI
n=889

Control
n=889

72-month:
Change in endothelial cell density -107.95±152.24 -93.20±134.23
Cataract LOCS III

Nuclear opalescence 2.87±0.78 2.79±0.69
Nuclear color 2.92±0.79 2.84±0.71
Cortical 0.78±1.13 0.81±1.13
Posterior subcapsular cataract 0.05±0.41 0.05±0.40

Corneal endothelial loss & Cataract progression
No clinically significant difference observed



Limitation

Observational bias

• Not able to mask examiners and patients

Misclassification risk

• Gonioscopy is partially subjective 

Generalization

• Single center RCT

• Only directly applicable to Chinese PACS



Take home messages

• Incidence of PAC/G among Chinese with PACS

Very low

• Benefit of prophylactic LPI over 72 months

Limited given the low event rate

• Widespread prophylactic LPI for PACS 

Not recommended
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ZAP angle closure prophylaxis Trial
Local research team in China

(Photo taken in 2008 when the study was initiated)
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