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Objective
To study the long-term intraocular-pressure (IOP) outcome after laser

peripheral iridotomy (LPI) among patients presenting with acute primary
angle closure.

Methods
Records of 64 eyes of 54 consecutive patients diagnosed with acute primary

angle closure from March 1996 to November 2003 were reviewed. Follow-up
was at least 6 months after LPI to detect any long-term rise in IOP requiring
further treatment. Eight predictive factors on the need for long-term treatment
were analyzed.

Results
The mean follow-up period was 30.9 ± 23.6 months. The mean presenting

IOP was 52.6 ± 14.1 mm Hg. Fifty-two eyes were treated with LPI, of which 48
were patent. Of the 48 eyes, 17 (35.4%) had successful long-term IOP control
while 31 (64.6%) required further treatment on follow-up. All developed raised
IOP within 6 months of the LPI. Positive predictive factors on the need for
long-term treatment include duration of symptoms greater than 6 days
(p = 0.01), duration of attack greater than 6 days (p = 0.003), and initial cup-
disc ratio >0.4 (p = 0.002). Age and sex of the patient, level of presenting IOP,
time it took to perform LPI, and the presence of cardiovascular diseases did
not significantly affect the long-term need for treatment. Eleven (35.5%) of
the 31 eyes eventually underwent surgery because of uncontrolled IOP. The
mean time to trabeculectomy after a patent LPI was 5.6 months.

Conclusions
LPI alone was not sufficient in preventing the long-term IOP rise after an

attack of acute primary angle closure in majority of cases. Risk factors for
failure of LPI include late presentation, longer duration of attack, and larger
cup-disc ratio at presentation. As many eyes developed raised IOP within 6
months of the LPI, close monitoring during this period is essential to detect
those requiring further treatment.
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ACUTE primary angle-closure glaucoma is a potentially
blinding condition commonly regarded as an ophthalmic
emergency. Initial medical therapy is aimed at lowering
the intraocular pressure (IOP), and once reduced, laser
peripheral iridotomy (LPI) is usually performed. LPI has
been established as a safe and effective treatment for the
affected and fellow eye. It has superseded surgical periph-
eral iridectomy as the definitive treatment of choice for
acute primary angle closure (APAC). Its major advantage
is that it is noninvasive and can be performed quickly and
safely on an outpatient basis, without the attendant risks
of invasive surgery like hemorrhage, wound leakage, and
infection.

Studies in Caucasian eyes have shown that LPI is
effective in maintaining IOP control in the long term after
APAC.1, 2 However, in a series of Asian eyes, only 41.8%
were successfully treated with LPI alone.3 Many patients
experienced a rise in IOP within 6 months despite a patent
LPI.3, 4 It is believed that APAC tends to be more severe in
Asian patients who often consulted late.3  These findings
emphasize the need to monitor IOP carefully in the first
few months after LPI to detect any subsequent IOP rise.

Malaysia is a multiracial country composed largely of
Malays, Chinese, and East Indians. Even though the inci-
dence and long-term outcomes of APAC in Malaysia are
not known, data on the effectiveness of LPI after an APAC
attack will be useful in the management of these patients.
Thus, we determined the percentage of eyes with APAC
that developed raised IOP after definitive treatment with
LPI. We quantified the subsequent treatment needed to
control the elevated IOP, and determined the factors
influencing the final IOP outcome in a Malaysian
population after an attack of APAC.

METHODOLOGY
Records of consecutive patients presenting with APAC

at the Penang Hospital from March 1, 1996 to November
30, 2003 were reviewed. Included were patients presenting
with APAC who have completed at least 6 months of follow-
up, with or without glaucomatous optic neuropathy at
presentation. Patients with less than 6 months of follow-
up, those with chronic angle closure without symptoms
of APAC, those with secondary angle closure, and those
who have had previous intraocular surgery or filtration
surgery in the affected eye were excluded.

Acute primary angle closure1,5 is defined as the presence
of at least 2 of the following symptoms: ocular or periocular
pain, nausea and vomiting, and a history of intermittent
blurring of vision with halos. The presenting IOP
measured by Goldmann applanation tonometry must be
more than 21 mm Hg with at least 3 of the following ocular
signs: conjunctival injection, corneal epithelial edema,
mid-dilated unreactive pupil, shallow anterior chamber,

glaukomflecken, and iris atrophy. Gonioscopy must show
an occludable angle.

Presenting IOP is the IOP at consultation as measured
by Goldmann applanation tonometry.

Duration of symptoms before presentation is the time
symptoms first appeared to the time of consultation at
the eye clinic. Symptoms included pain, redness of the
eye, nausea and vomiting, and seeing haloes around light.
Duration of less than 24 hours is taken as 0 day, less than
48 hours as 1 day, and so forth.

Time to control the IOP to ≤ 21 mm Hg after an attack
of APAC is the period (in days) when patient presented
with symptoms of APAC to the time IOP was reduced to
21 mm Hg or less. If the IOP was controlled in less than
24 hours, it was recorded as 0 day. If the IOP was controlled
between 24 and 48 hours, it was recorded as 1 day, and so
forth.

Long-term raised IOP5 is defined as IOP greater than
21 mm Hg and requiring continuing treatment by medi-
cation or surgery despite LPI.

Data collected included demographic characteristics,
duration of symptoms before presentation, IOP and
Snellen visual acuity at the time of diagnosis, time to
control the IOP to ≤ 21 mm Hg after an attack of APAC,
methods of treatment of the acute episode, associated
medical problems, time to raised IOP after an attack of
APAC, antiglaucoma treatment required including the
time of commencing treatment and the number of
topical medications needed, surgery required including
timing and type of surgery, and duration of follow-up.

Figure 1 shows the algorithm for APAC management.
Factors predictive of the development of subsequent

increase in IOP requiring further treatment were analyzed.
Significance level was ≤ 0.05.

RESULTS
A total of 1,271 new glaucoma cases from March 1996

to November 2003 were reviewed. Of these, 54 consecutive
patients (64 eyes) met the selection criteria. Ten patients
(18.5%) presented with bilateral acute attacks. There were
35 left eyes (54.7%) and 29 right eyes (45.3%). The mean
follow-up period was 30.9 ± 23.6 months (range 6 to 93
months, median 25.5 months).

Forty-six (85.2%) patients were Chinese, 4 (7.4%) Malays,
and 4 (7.4%) East Indians. Forty (74.1%) were females with
a mean age of 61.4 ± 7.8 (range 44 to 79)   and 14 (25.9%)
males with a mean age of 61.4 ± 9.6 years (range 45 to 78).

Twenty-one patients (38.9%) had cardiovascular
diseases, most common of which were hypertension
(35.2%) and diabetes mellitus (13.0%).

The mean duration of symptoms was 6.7 ± 9.1 days (range
half an hour to 60 days) (Table 1). The mean IOP at pre-
sentation was 52.6 ± 14.1 mm Hg (range 26 to 80 mm Hg).
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The initial medical treatment was
similar in every case; it consisted of
intravenous 500 mg acetazolamide,
followed by oral acetazolamide, topi-
cal pilocarpine, timolol, and beta-
methasone or dexamethasone. In
some cases, intravenous mannitol or
oral glycerol was also administered.
One patient underwent laser irido-
plasty during the acute management.

Fifty-two eyes (81.3%) underwent
sequential argon laser and Nd:YAG
laser peripheral iridotomy. Out of
these, 48 eyes (92.3%) had a patent
iridotomy. Out of the 4 eyes where LPI
was not patent, 2 underwent trabe-
culectomy, one extracapsular cataract
extraction, and one phacoemulsi-
fication.

The mean time to performing LPI
was 6.1 ±15.1 days. In 43 eyes (89.6%),
LPI was performed within one week
of the attack.

LPI was not performed in 12 eyes
(18.8%). One eye of a patient who

combined lens extraction and
trabeculectomy to achieve IOP
control.

Thirty-one eyes had raised IOP
within 6 months of the LPI (Table 3).
The increase in IOP occurred in less
than a month in 19 (61.3%) eyes and
in less than 2 months in 30 (96.8%).

Despite antiglaucoma medications
(range 1 to 4), 7 eyes eventually
underwent trabeculectomy to achieve
IOP control (Table 2). The mean
time to trabeculectomy after LPI was
5.6 months (range 0.3 to 15.7).
Trabeculectomy was performed
within 1 year of the LPI in 5 (71.4%)
eyes. Five eyes had final IOP of 21 mm
Hg or less without medication
(success), 1 had final IOP of 21 mm
Hg or less with medication and 5-
fluorouracil needling of the encap-
sulated bleb (relative success), and 1
had final IOP of 21 mm Hg or less
with repeat trabeculectomy and
subsequent medication (failure of
initial trabeculectomy) (Table 4). All
5 eyes with successful trabeculectomy
underwent surgery between 2.5 and
15.7 months after LPI. The other 2
eyes with failed or partially successful
trabeculectomy underwent surgery
within 10 days of LPI.

Eight possible predictive factors for
the development of a subsequent
increase in IOP requiring further
treatment were analyzed (Table 5).
These included age and sex of the
patient, duration of symptoms,
presenting cup-disc ratio, time to
control the IOP to ≤ 21 mm Hg
(duration of attack), level of
presenting IOP, time to perform LPI,
and the presence of cardiovascular
diseases. Only duration of symptoms,
presenting cup-disc ratio, and
duration of attack showed statistically
significant differences between
patients requiring long-term treat-
ment or not. Patients who presented
with symptoms 6 days or more after
the attack had 6.4 times higher risk
(p = 0.01). Patients who had their IOP
controlled after 7 days had 8.5 times

consulted late was blind at present-
ation. Only medical treatment was
given. Seven eyes (58.3%) underwent
primary trabeculectomy, 3 (25.0%)
underwent phacotrabeculectomy,
and 1 (8.3%) had extracapsular
cataract extraction combined with
trabeculectomy.

The final treatment outcomes are
shown in Table 2. Of the 48 eyes that
underwent successful LPI, only 17
had no subsequent IOP increase on
follow-up; 31 developed a subsequent
increase requiring further treatment.
One patient, who presented 7 days
after the acute attack with an IOP of
56 mm Hg and no light perception,
had uncontrolled IOP despite patent
LPI and antiglaucoma medications.
Six needed 1 topical medication, 15
needed 2, and 9 needed 3 or more.
Nineteen (61.3%) eyes were controlled
with topical medications alone, while
11 (35.5%) eventually underwent
trabeculectomy, lens extraction, or

Groups A and B  were analyzed for predictive factors for long-term raised IOP.

A – patent LPI and no further treatment

B – patent LPI and requiring further treatment

Figure 1.  Algorithm for the management of acute primary angle closure.

 Acute primary angle closure

Acute medical treatment

Primary surgery Laser peripheral iridotomy

IOP controlled       IOP raised  Nonpatent       Patent

 Follow-up Medical/

surgical treatment

Surgery IOP

controlled

IOP

raised

 Follow-up

A

Medical/

surgical

treatment

B

IOP controlled IOP raised

 Follow-up Medical/

surgical treatment
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risk (p = 0.003) and those presenting with cup-disc ratio
>0.4 had 10.6 times risk (p = 0.002) of requiring long-
term treatment.

DISCUSSION
APAC is a major form of glaucoma in East Asia.6-8 It is

common in Chinese and Sino-Mongolian populations.7-9

Considering that Penang has a predominantly Chinese
population, this study found acute angle closure to be

more common among Chinese than Malays and Indians,
similar to findings in Singapore.3, 9

Women of all races are more susceptible to angle-closure
glaucoma; they develop acute angle-closure glaucoma 3 to
4 times more than men.10-12 In this study,  3 quarters of the
affected eyes involved women.

The incidence of pupillar y-block angle-closure
glaucoma increases with age, peaking between 55 and 70.13

In this study, the mean age was 61 years, similar for both
genders. The declining incidence after the seventh decade
in several groups may be associated with the reduced
tendency toward shallow anterior-chamber depth later in
life.13

LPI has been established as a safe and effective method
of alleviating an acute attack of primary angle closure and
in preventing acute attack in the unaffected fellow eye.
Data on the effectiveness of surgical or laser peripheral
iridotomy in preventing a subsequent increase in IOP vary.
In  studies on Caucasian eyes, the effectiveness varied from
as high as 75%1, 2, 14 to as low as 36.6%.15 Further antiglau-
coma medication and surgery were needed in 21% and
35% of eyes respectively.16 Among Asian eyes, the effec-
tiveness was lower, ranging from 6 to 56%.3, 4, 6, 17

In our series, 35.4% of eyes were successfully treated

Table 3. Interval for increase in intraocular pressure after LPI.

PercentNumber of eyes

17

31

19

11

1

0

Outcome

No increase in IOP

With increase in IOP

< 1 month

≥ 1 month to < 2 months

≥ 2 months to < 6 months

≥ 6 months

35.4

64.6

61.3

35.5

3.2

0

Table 2. Final treatment outcomes.

PercentNumber of eyesTreatment Outcome

Primary filtering surgery

   (unable to do LPI)

Peripheral iridotomy alone

Peripheral iridotomy and

   subsequent medication

Peripheral iridotomy ➔ medication

   ➔ trabeculectomy

Others

11

17

20

7

9

17.2

26.6

31.2

10.9

14.1

Table 4. Interval and outcome of trabeculectomy after LPI.

PercentNumber of eyesInterval/Outcome

< 1 month

1 month to 6 months

> 6 months to 1 year

> 1 year

Success

Relative success

Failure

2

1

2

2

5

1

1

28.6

14.3

28.6

28.6

71.4

14.3

14.3

Table 1. Profile of the study population (n = 54).

Number Percent

* Number of eyes (n = 64)
a Counting fingers
b Hand movement
c Light perception
d No light perception
e Cup-disc ratio

Characteristics

Age (years)

Range

Mean

Gender

Male

Female

Race

Malay

Chinese

East Indian

Systemic diseases

Hypertension

Diabetes mellitus

Ischemic heart disease

Cerebrovascular accident

Hypercholesterolemia

Duration of symptoms before

   consultation (days)

0 to 3

4 to 7

8 to 13

14 to 20

> 20

Mean

Median

Presenting IOP (mm Hg)

21 to 40

41 to 60

> 60

Mean

Presenting visual acuity

6/6 to 6/12

6/18 to 6/24

6/30 to 1/60

CFa to HMb

LPc  to NLPd

Presenting CDRe

Undetermined

≤ 0.4

> 0.4

 44 to 79

61.4 ± 8.2

25.90

74.10

7.40

85.20

7.40

35.19

12.96

0.06

0.02

0.02

48.44

35.94

10.02

0.06

0.08

17.20

50.00

32.80

15.62

28.13

23.43

28.13

4.69

28.12

42.19

29.69

14

 40

4

46

4

19

7

3

1

1

*31

*23

*1

*4

*5

6.7

7

*11

*32

*21

52.6

10

18

15

18

3

18

27

19
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longer the attack remained, the greater was the likelihood
of damage to the trabecular meshwork with subsequent
development of peripheral anterior synechiae (PAS) that
compromise the aqueous drainage. The long–term raised
IOP usually developed within the first 2 months of attack
(96.8%). All eyes developed raised IOP within 6 months
of the LPI, illustrating that once angle damage had
occurred, LPI was no longer effective in preventing a
subsequent rise in IOP. Thus, all patients must be
monitored closely for possible treatment within the first 6
months of attack, especially during the first 2 months.

Seven eyes (10.9%) eventually underwent trabecu-
lectomy to achieve IOP control. The mean time to
trabeculectomy after LPI was 5.6 months. This illustrates
the importance of follow-up in the first 6 months of those
presenting with raised IOP to determine the need for
further surgery. Our series also showed that early trabecu-
lectomy during an acute attack was more likely to fail or
be partially successful largely because these eyes may be
markedly congested and have a more severe form of APAC
with wide areas of PAS. In such instances, adequate
medical treatment to include antiinflammatory agents
during the acute stage is necessary to increase the success
rate of trabeculectomy in APAC.

Eight possible predictive factors for the development
of a subsequent increase in IOP requiring treatment were
analyzed. In this series, gender, age, presence of associated
cardiovascular diseases, and presenting IOP did not
increase the risk. These findings are similar to those
reported by Aung et al. in a Singaporean population.3

Presenting symptoms of more than 6 days and duration
of attack of more than 6 days showed statistically significant
risks of the long-term need for treatment following LPI.
Similar results reported by Saunders showed that duration
of symptoms prior to presentation was significant in
distinguishing between patients who will be cured by
simple iridotomy and those who will require additional
medication or surgery.15 Thus, it is important to educate
the public on the symptoms of acute primary angle closure
and the need to seek treatment immediately. This would
help reduce morbidity and health costs associated with
this potentially blinding condition. The primary-care
physician should be educated in recognizing the condition
early and to refer such cases without delay. A compre-
hensive treatment protocol should also be formulated so
that a standardized treatment regimen can be given
adequately.

The time to performing LPI did not contribute to the
need for long-term treatment in our study, suggesting that
immediate control of IOP by whatever means is the main
contributing factor to the long-term outcome. Thus,
medical treatment to abort the acute attack and bring
down the IOP to a safe level may be effective in preventing

with LPI alone and 64.6% developed subsequent increase
in IOP, of which 70% needed additional 1 to 2 antiglau-
coma medications. The most common medications used
were pilocarpine, timolol, latanoprost, and dorzolamide.
Eleven eyes eventually underwent trabeculectomy, lens
extraction, or both to achieve further IOP control.

The differences in the efficacy of LPI among the
different studies may be the result of differences in study
population, characteristics, and definitions of APAC. Series
that included patients with preexisting glaucomatous optic
neuropathy would most likely have a higher failure rate
of LPI than series involving patients with normal optic
disc. The appropriate treatment given during the acute
attack is also not standardized and the type of treatment
for long-term raised IOP depends largely on the clinician.
Nevertheless, the success rate of LPI seems to be higher
among Caucasians probably because they have better
access to medical care, consulted earlier, and may have a
milder form of the disease.

Our study showed that patients who consulted more
than 6 days after an  attack of APAC and whose IOPs were
controlled after 6 days were likely to require additional
long-term treatment (p = 0.01 and 0.003 respectively). The

Table 6. Association of selected factors and risk of developing

subsequent increase in IOP after LPI.

* Fisher exact, χ2

Additional

treatment

required

No further

treatment

required

Odds

Ratio

p*

0.74

0.75

0.21

0.69

0.99

0.01

0.75

0.003

0.002

1.33

1.52

2.68

1.00

1.62

1.11

6.40

0.75

8.50

10.6

4

13

5

12

4

13

2

11

4

14

3

13

4

14

3

15

2

9

22

12

19

14

17

5

17

9

13

18

22

9

11

20

12

17

Risk factors

Sex

Male

Female

Age

< 60

≥ 60

Cardiovascular diseases

Yes

None

Presenting IOP (mmHg)

≤ 40

> 40 to ≤ 60

> 60

Duration of symptoms

≤ 6 days

> 6 days

Time to LPI

≤ 3 days

> 3 days

Time to IOP < 21 mm Hg

≤ 6 days

> 6 days

Presenting cup-disc ratio

≤ 0.4

> 0.4
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damage to the trabecular meshwork and drainage angles
during an acute episode.

Eyes presenting with a cup-disc ratio of more than 0.4
was a significant contributing factor to long-term need for
treatment (p = 0.002). A large cup-disc ratio may be an
indication of a more serious attack with resultant
glaucomatous optic neuropathy. In such instances, the
clinician is required to bring down the IOP to a much
lower level commensurate to the degree of glaucoma
damage. This is in concordance with findings that LPI is
not a satisfactory long-term therapy in eyes with established
primary angle-closure glaucoma with glaucomatous optic
neuropathy and visual-field damage.18, 19

The drawback of this study is that it is retrospective with
variable follow-up. Several ophthalmologists and medical
officers were involved in the care of the patients. The data
obtained from hospital case notes were not collected for
purposes of research and were frequently inadequate.
Detailed and standardized gonioscopy was also lacking. A
prospective study of this sort would require several years
and may be needed in spite of the attendant costs and
administrative difficulties.

In summary, LPI alone was found to be insufficient in
maintaining IOP less than 22 mm Hg after an attack of
APAC in two-thirds of the patients in this series. They
developed elevated IOP within 6 months of LPI. Close
monitoring of patients within the first 6 months of APAC
is, therefore, important to detect those requiring further
medical or surgical treatment. Predictive factors on the
long-term need for additional treatment include
presenting symptoms of more than 6 days, duration of
attack of more than 6 days, and a presenting cup-disc ratio
greater than 0.4.
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