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Study of power use and complication frequency
of Nd:YAG laser iridotomy in the management
of primary angle closure glaucoma
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ABSTRACT

BACKGROUND: The aim of the study was to assess the power use and efficacy of Nd:YAG laser iridotomy in the man-
agement of primary angle closure (PAC).

MATERIAL AND METHODS: A prospective cross-sectional analysis was done in 146 eyes of 81 cases who underwent
neodymium: yttrium-aluminum-garnet laser iridotomy. There were 42 patients with chronic primary angle closure
glaucoma (PACG), 46 with acute and subacute PAC, and 11 with PACS (suspects). After initial intraocular pressure
(I0P) controlling, all patients were treated with Nd:YAG laser iridotomy. Before and after the laser therapy, IOP,
laser parameters, mean power use, and complications, if any, were noted.

RESULTS: The average total power used was 78.56 + 8.1 m] per eye. The anatomy of angle structures improved by
one or two of Shaffer’s grades. Controlled IOP was noted in 71% (17) of patients with PACG (chronic) and 93%
(43) of patients with PAC (acute and subacute). The average total power used was 78.568.1 m] per eye. Junior
residents used more power than senior residents (88.5 62.5 m] vs. 63.55 + 5.8 m], p = 0.011). Complications in-
cluded elevated IOP in 38.27% (31/81), aqueous flare/debris in 34.56% (24/81), iris bleeding in 18.51% (15/81),
corneal burns in 4.93% (4/81), and lens damage in 3.71% (3/81). Laser peripheral iridotomy (LPI) was repeated
in 48.14% of cases (39/81), with junior residents having a higher rate of repeat LPI than senior residents (p = 0.02).
Complication rates differed between residents who performed the procedure (p = 0.16). In PACS subjects, 63.6%
had a history of repeated LPI, followed by 58.33% in PACG and 39.1% in PAC cases. At follow-up, 3% of PAC
eyes had glaucomatous optic neuropathy.

CONCLUSION: Laser iridotomy in managing early PACG reduces IOP and improves patient acuity. Nd:YAG laser

iridotomy is effective in widening the drainage angle and lowering elevated IOP in patients with PAC.
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INTRODUCTION loss. Primary angle closure glaucoma (PACG) is

Angle-closure disease due to glaucoma accounts distinguished from primary angle closure (PAC) by

for half of global blindness [1—4]. Early treatment glaucomatous optic neuropathy, as well as visual field,

prevents permanent optic nerve damage also visual nerve fibre layer changes, and optic nerve damage [5].
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PACG affects 6% of glaucoma patients but only
0.6% of the general population; women are more
affected than men [6-8].

PACG needs immediate treatment to reduce in-
traocular pressure (IOP) and the risk of vision loss
[9]. In the last decade, the preferred method for
creating an opening in the irides has shifted from
incisional surgery to laser surgery [10].

This is because there is no risk of infective en-
dophthalmitis, and it can be done as an outpatient
procedure [11]. Nd:YAG Laser iridotomy reduces
IOP in PACG patients [12-15].

Iridotomy alleviates angle closure development
by removing the relative pupil block. Non-pu-
pil block mechanisms influenced angle closure in
the Asian population as well.

In theory, laser peripheral iridotomy (LPI)
should prevent the onset of chronic and acute an-
gle closure glaucoma. However, once chronic angle
closure glaucoma has developed, limited evidence
suggests that laser peripheral iridotomy may be suf-
ficient to control IOP [10].

LPI is thought to be safe, but complications were
also possible. Transient blurred vision, increased
IOP, dysphotopsia, hyphema, iridotomy closure,
and tissue damage are complications [16-18].

A number of studies have reported on the typ-
ical power use and complication rates among LPIs
performed by ophthalmologists, but none have
reported on the power use, IOP improvement,
and complication rates among resident-performed
LPIs [19-22].

The purpose of this study was to assess the effica-
cy of YAG laser in the treatment of PACG and IOP
control. Anatomical changes in the anterior cham-
ber following peripheral iridotomy were also eval-
uated.

MATERIAL AND METHODS
Study design

The study was prospective, descriptive, and ob-
servational. It was conducted on 146 eyes of 81 con-
secutive patients with PACG who attended a glau-
coma clinic at a tertiary care centre.

The institutional ethics committee approved
this protocol, and all subjects provided informed
consent. The current study adhered to the Helsinki
Declaration’s tenets.

Sample size measurement: The prevalence of
PACG in south India ranges from 0.5% to 4.3%
[23, 24]. The sample size of 81 patients was cal-

culated at the 5% significance level with an 80%
power.

Sampling technique: Purposive.

Patients were followed from January 2012 to
August 2013. The average period of follow-up was
6 months.

Procedure: A static Humphreys automated
field analyzer was used to analyse the visual fields.
A slit-lamp examination was performed to look for
ischaemic sequelae of angle closure as well as glauco-
ma signs. The patency of the laser iridotomy site was
assessed using retro illumination and direct visual-
isation of structures in the posterior pole. A Gold-
mann applanation tonometer was used to determine
IOP. To calculate the final IOP of each eye, the me-
dian of the three tonometer readings was used. For
the gonioscopy, a Goldmann gonioscopy lens was
used. The iridotrabecular recess was measured in
each of the four quadrants. The angle was classified
as either occluded or open. To determine the pres-
ence or absence of PAS, dynamic gonioscopy with
a Zeiss four mirror gonioscopy lens was used.

Procedure: This study followed routine clinical
practice.

Two hours before the procedure, one drop of
pilocarpine nitrate 2% was infused into the eyes
every fifteen minutes. Iris stretching and thinning
are maximised by intensive pretreatment with miot-
ics such as pilocarpine nitrate 2% topically. Because
a tense iris tears more easily, laser penetration or
perforation of iris tissue is made easier.

Glaucoma was treated with pupillary miosis
and 2% pilocarpine nitrate, which reduced IOP.
1% acloclonidine or 0.15-0.2% brimonidine tar-
trate eye drops were instilled one hour before a laser
session to prevent post-laser pressure spikes. One or
two carbonic anhydrase inhibitor tablets (acetazola-
mide 250 mg) were administered orally thirty min-
utes before the procedure in glaucomatous eyes.

Improved corneal clarity was achieved by in-
stilling 5% sodium chloride into the eye to reduce
corneal oedema.

Before inserting the contact lens, a topical ligno-
caine 4% or preferably proparacaine HCL 0.5% eye
drop was used to provide anaesthesia.

The procedure was completed with a YAG laser
and 1-3 shots. A full-thickness opening in the iris
in a single shot was the ideal target. It is not un-
common to perform up to four shots to perforate
the iris. The contact lenses axis should be parallel
to the axis of the focusing beam. The pulse energy
should be no more than 10-12 m] if the anterior
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chamber depth is zero. Burst mode was not used
because an iris hole could occur prior to the burst,
resulting in anterior lens capsule damage.

Laser beams are typically directed at the iris’s pe-
riphery, onto iris crypts, or into areas of thin stroma
where the iris thickness is less. This also prevents
anterior lens capsule injury due to the peripheral lo-
cation. The lens curves backwards towards the equa-
tor and the periphery. As a result, the anterior lens
capsule’s periphery is not adjacent to the iris’s pos-
terior surface.

Patients were followed one day, one week, two
weeks, one month, and six months after the proce-
dure, with particular emphasis on IOD, visual acuity,
and angle status.

If the IOP measured after 1-hour iridotomy
was 30 mm Hg, oral steroid was administered,
and the eye undergoing LPI was treated with tobra-
mycin + dexamethasone (Tobradex) eye drops four
times daily for three days.

For statistical analysis, SPSS software was used
(version 20, SPSS Inc., Chicago, IL, United States).
The range and mean + standard deviation (SD) of
variables were used. To compare quantitative vari-
ables, the unpaired t-test was used. The Student’s
t-test, Pearson’s correlation coefficient test, multi-
variate logistic regression analysis, and Fisher’s exact
test were used whenever possible. A p-value of 0.05
was deemed significant.

RESULTS

A total of 146 eyes of 81 consecutive patients
with PAC, treated with Nd:YAG laser iridotomy,
were included in this study. Demographics are de-
picted in Table 1.

A mean age of patients was 59.5 + 20.5 years;
69.13% were female. The majority of subjects
(56.7%) had a diagnosis of PACS. The anatomy of
angle structures improved by one or two of Shaffer’s
grades. 41.78% of the study subjects underwent bi-
lateral YAG laser iridotomy. The baseline mean IOP
before treatment was 19.45 + 10.9 mm Hg, and at
45-50 minutes after the procedure, the mean IOP was
16.2 + 7.7 mm Hg. IOP was well controlled in 71%
(n = 17) patients of PACG (chronic) and 93%(n = 43)
of the PAC (acute and subacute) group.

Junior residents performed 35 (37.03%) of
the procedures, and senior residents performed
the remaining.

The mean total power used by both residents was
78.56 + 8.1 m] per eye, which decreased significant-

Characteristics Subjects
Total number of procedures done (n) 146
Total number of cases (n) 81
Total number of eyes [n(%)] 146 (100%)

Right eye 80 (54.79%)
Left eye 49 (33.56%)
Bilateral 61(41.78%)
Age distribution [n(%)]

31-40 yr 3(3.71%)
41-50 yr 32(39.5%)
51-60 yr 31(38.27%)
61-70 yr 15(18.51%)
Age (yr) mean = SD 59.5 + 20.5
Sex [n(%)]

Male 25 (30.86%)
Female 56 (69.13%)
Residence [n(%)]

Urban 49 (60.49%)
Rural 32(39.5%)
Diagnosis

PACG 24 (29.6%)
PAC 46 (26.8%)
PACS 11(13.58%)
10P [mm Hg]

Mean baseline I0P 19.45 = 10.9
Mean post I0P 16.2 = 7.7

PACG — primary angle closure glaucoma; PAC — primary angle closure;
PACS — primary angle closure suspects; IOP — intraocular pressure

Characteristics Subjects
Mean power used in all study subjects 7(865:1(1 2;1
Failures [n(%)]

PACG (chronic) 7 (8.64%)
PAC (acute and subacute) 3(3.7%)
PACS 0(0%)
Complications [n(%)]

Transient elevation of IOP (> 8 mm) 31(38.27%)
Aqueous flare/debris 28(34.56%)
Bleeding of iris 15(19%)
Corneal burns 4(4.93%)
Lens damage 3(3.71%)

PACG — primary angle closure glaucoma; PAC — primary angle closure;
PACS — primary angle closure suspects; I0P — intraocular pressure
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Table 3. Mean power use and complication rates in different diagnoses

Complication PA(':;; (=chzr40)nic) — (acu(t: :n;iss)ubacute) PACS (n = 11) p-value
Mean power = SD [mJ] 108.2 + 88.9 89.5 + 63.9 70.8 = 60.5 0.025*
Mean power used by junior residents 130.2 + 126.4 86.2 = 46.9 71.8 = 68.3 0.011
Mean power used by senior residents 76.5 = 62.5 61.5 = 39.6 72.8 = 59.2 0.011
Elevated IOP 11 15 5 0.03
Aqueous flare/debris 9 17 2 0.04
Bleeding of iris 3 10 2 0.02
Corneal burns 1 2 1 0.85
Lens damage 0 2 1 0.5
Repeat 14/24 18/46 7M1

PACG — primary angle closure glaucoma; PAC — primary angle closure; PACS — primary angle closure suspects; I0P — intraocular pressure

able 4 0 Pd 0 0 ed DO E e dnd 0 ) d 0 ONng dl dNd Dd DOP d 0

Complication Rural (n = 32) Urban (n = 49) p-value
Mean power = SD 69.84 = 62.5 845 +81.5 0.39
Elevated 0P 11 20 0.08
Aqueous flare/debris 8 20 0.1
Bleeding of iris 7 8 0.9
Corneal burns 3 1 0.45
Lens damage 3 0 =
Total repeat 20 19 0.9

SD — standard deviation; IOP — intraocular pressure

ly with increasing residency years (p = 0.011). Jun-
ior residents used significantly more electricity than
senior residents (88.5 + 62.5 mJ vs5. 63.5 + 55.8 mJ,
p=0.011).

The mean power use decreased with increasing
experience years among urban subjects, but there
was no significant change in power use among rural
subjects (p = 0.39). Among the various subclasses of
angle closure, mean power use on LPIs performed
on eyes with PAC decreased with increasing residen-
cy years, whereas mean power usage for other sub-
classes of angle closure did not change significantly
over the years.

The majority of the uncontrolled group present-
ed with synechial angle closure at follow-up visits
and were treated with filtration surgeries, with only
a few receiving long-term medications.

Prophylactic YAG laser iridotomy was per-
formed on all PACS (suspect) eyes and fellow eyes
from the PAC and PACS groups. During their
follow-up visits, none of them experienced symp-
tomatic angle closure or glaucomatous optic neu-
ropathy.

Complication rates differed between residents
who performed the procedure (p = 0.16). In PAC
suspect cases, 63.6% had repeated LPI, followed by
58.33% in PACG and 39.1% in PAC cases.

30% of glaucomatous optic neuropathy eyes
were classified as treatment failures because IOP was
poorly controlled or visual acuity had deteriorated
due to glaucoma progression. At follow-up, 3% of
PAC eyes were found to have glaucomatous optic
neuropathy, but other features, such as pseudoexfo-
liation, could explain the poor prognosis.

After iridotomy, there were minor complica-
tions, such as transient elevation of IOP in 38% of
patients and iris bleeding in 19% of patients.

There was no glaucomatous optic neuropathy or
symptomatic angle closure in any PACS eyes. Once
extensive synechial angle closure and glaucomatous
optic neuropathy have developed, it appears that
an iridotomy would less likely reduce IOP and pro-
tect visual function than in eyes treated earlier in
the disease’s progression.

The mean power and complication rates for
the various types of PI indications were com-
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Figure 1. A. Acute angle closure glaucoma, the right eye of case 1; B. Post Yag iridotomy eye of case 1; C. Post Yag iridotomy of chronic angle closure
glaucoma — left eye; D. Prophylactic Yag iridotomy — right eye; E. Gonioscopy showing closed angle before iridotomy; F. Gonioscopy showing
open angle in the right eye after iridotomy; G. Closed angle before iridotomy of the right eye of case 6; H. Open angle after iridotomy — the right eye

of case 6

pared. The power used in PACS patients was sig-
nificantly lower than in PAC and PACG patients
(p = 0.0025), and the complication rates did not
differ significantly.

DISCUSSION

This study presents the findings of a single-cen-
ter study of YAG LPI procedures performed by ju-
nior and senior residents. The study aimed to assess
the efficacy of YAG laser iridotomy as a treatment
for PACG. Also, the anatomical changes in the an-
terior chamber were assessed following peripheral
iridotomy.

Among the patients included in the study,
the majority, 61 (75%), were females, with a 3:1
ratio of female:male.

According to Lewis et al., the mean energy used
ranged from 41.0 to 49.0 m] among various types of
glaucoma. Jiang et al. presented mean energy values
ranging from 146.01 + 85.2 mJ t0 205.8 + 118.5 m]
in Asian subjects [19, 20].

Vera et al. study found that the mean total ener-
gy ranged from 41.5 + 48.2 m] to 47.1 + 107 m].

In senior residents, the mean power usage in
rural and urban patients’ eyes was 69.84 + 62.5 m]
and 84.5 = 81.5 mJ, comparable to the literature
data.
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Figure 2. A. Acute angle closure — left eye; B. Prophylactic iridotomy of the right eye of case 10; C. Primary angle closure suspect — the right eye
of case 9; D. Prophylactic Yag iridotomy — the right eye of case 9; E. Pre-Yag Pl of acute angle closure glaucoma of the right eye of case 8; F. Post Yag
iridotomy of the right eye of case 8; G. Open angle after iridotomy of the left eye of case 7; H. Prophylactic iridotomy of Right eye of case 7

The amount of power used was also significantly
different between PACS patients and PACG pa-
tients, with PACG patients requiring significant-
ly more power. Other studies have not analysed or
investigated this trend [9, 10, 25, 26].

In our study, the angle of the anterior cham-
ber improved by 1 to 2 Shaffer’s grades. 65% of
patients improved by 2 Shaffer’s grades. Improve-
ment observed in 1 Shaffer’s grade was noted in
25%, and little or no improvement was noted in
Shaffer’s grades in 10% of eyes with PAS in three
quadrants of the anterior chamber angle.

At follow-up visits, 17 (71%) of 24 PACG
(chronic) patients had good IOP control and sta-

ble visual acuity improvement. Neither the PAC
nor the fellow eyes developed glaucomatous optic
neuropathy or symptomatic angle closure during
the follow-up period. During follow-up visits,
7 (30%) of the PACG group patients had un-
controlled IOP. On follow-up gonioscopy, 5 of
the 7 chronic angle closure patients had PAS
in > 3 quadrants of angle structures, and 2 had
PACS in more than 2 quadrants. Three of them
underwent trabeculectomy, while three underwent
a combined procedure.

Three patients with uncontrolled IOP in the pri-
mary angle closure (acute and sub-acute) group
were advised to undergo filtration surgery. Two of
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them were linked to synechial angle closure, while
the third was linked to pseudoexfoliation. Two of
them had trabeculectomy 1 with a combined pro-
cedure and maintained good IOP control at fol-
low-up visits. These findings are similar to See et
al. [27]. Another study observed that iridotomy
controlled 86.7% of patients’ IOP. According to
Bithi Chaudary et al., iridotomy controlled IOP in
90% of patients [28].

The iridotomy hole is no smaller than 0.2 mm”’.
Within 4-8 weeks of follow-up, most of them were
occluded. Iridotomy was performed a second time
in a different location with a larger hole. The ma-
jority of cases had small iridotomy holes at the time
of treatment or experienced severe aqueous flare
and tissue reactions following iridotomy. These
findings are similar to Jiang ye et al., who noted that
6% of eyes at 6 months were affected. At the end of
the study, 4% of the eyes had closed iridotomies.
Jing et al. [20] and Naveh et al. show iridotomy
was closed in 10% of post-PI cases due to pigment
epithelial proliferation [29].

YAG LPI was effective in all PACG and PAC
fellow eyes and in PACS prophylactic iridotomies.
There was no symptomatic angle closure or glau-
comatous optic neuropathy in any of the PACS
or fellow eyes of PACG or PAC. These findings
are consistent with Stefanescu’s findings that LPI
is highly effective in controlling IOP in the other
eye. i.e., preventative [30].

Before treatment, 25 of the 81 patients had IOPs
of 30 mmHg or higher. In our study, 31 (38%) pa-
tients experienced transient elevation of IOP, and 15
(19%) experienced iris bleeding. Corneal burns
were treated with a pad and bandage. Mild topical
steroids (luoromethalone) were used for 3—4 days
to treat mild iritis. These findings are consistent
with those of Naveh et al., who show that post-yag
increases IOP in 42% of eyes and causes the iris to
bleed in 20% of eyes. Brazier et al. [31] show that
IOP increased in 33% of the eyes after Yag LPI.

Complications included increased IOP in
38.27% (31/81), aqueous flare/debris in 34.56%
(24/81), iris bleeding in 18.51% (15/81), cor-
neal burns in 4.93% (4/81), and lens damage in
3.71% (3/81). LPI was repeated in 48.14 percent
of the cases (39/81). Due to occluded iridotomies,
all repeat procedures were performed, similar to
another study.

Another study found no association between

total energy consumption and the risk of post-LPI
IOP elevation [19,20].

Similarly, our study found no association be-
tween post-LPI IOP elevation and energy consump-
tion.

No correlation was observed between pre-laser
IOP and energy used (r = 0.11, p = 0.13). Our re-
search found no association between post-LPI IOP
elevation and energy consumption.

In our study, 30% of eyes with glaucomatous
optic neuropathy and 7% with primary angle clo-
sure failed to control IOP and maintain or improve
visual acuity. Surgery for filtration is also required.
These findings support Gray et al. study [14].

Our re-treatment rate was higher than the 2% to
9% reported in the literature [21].

Except for two, which were deemed insufh-
cient in size after gonioscopic examination, all
repeat procedures were performed due to occlud-
ed iridotomies. The rate of re-treatment did not
differ significantly between junior and senior res-
idents.

Several studies have found that as IOP rises above
21 mm Hg, the percentage of patients experiencing
visual field loss increases rapidly, most notably at
pressures greater than 26-30 mm Hg. A patient
with an IOP of 28 mm Hg is 15 times more likely
to develop field loss than a patient with an IOP of
22 mm Hg. Iridotomies must be performed with
the least amount of laser energy to avoid complica-
tions [21, 32].

A limitation is the lack of a standardised post-LPI
assessment of iridotomy efficacy.

CONCLUSION

The higher frequency of repeat procedures calls
for further investigation, and it suggests that addi-
tional training is required. Laser iridotomy effec-
tively lowers the IOP and improves patient acuity
in managing early PACG. Early laser iridotomy
treatment also reduces the risk of developing prima-
ry angle glaucoma.
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