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Management and the Evolving
Role of Laser Peripheral Iridotomy

By THoMAS SiEmPis, MD, FRCOPHTH, AND MATT SCHLENKER, MD, FRCSC

Angle closure is an aggressive and blinding disease. We have now developed a deeper understanding
of its pathophysiology due to the use of imaging tools such as anterior segment optical coherence
tomography and ultrasound biomicroscopy. Recent landmark studies such as ZAP and EAGLE have
changed our management approach, with a shift from the universal use of laser peripheral iridot-
omy in patients with angle closure to earlier lens-based surgery. Combined phacoemulsification
with filtering surgery has a role in uncontrolled primary angle-closure disease, whereas microinva-
sive glaucoma surgery combined with phacoemulsification offers promising results in selected cases
of primary angle-closure glaucoma, facilitating a stepwise approach. This issue of Ophthalmology
Rounds discusses these latest advances in our understanding of optimal imaging and management
of patients with angle closure.

Angle closure describes an anatomical configuration where the peripheral iris mechanically blocks the
trabecular meshwork (TM) through apposition and/or consequent to peripheral anterior synechiae (PAS).

Staging and Pathophysiology (Table 1)

Primary angle closure suspect (PACS) is defined by the presence of >2 quadrants of iridotrabecu-
lar contact (ITC) but no signs of elevated intraocular pressure (IOP), PAS, or glaucoma.' Primary angle
closure (PAC) is defined as the presence of ITC with elevated IOP and/or PAS in the absence of any glau-
comatous optic neuropathy. Primary angle closure glaucoma (PACG) is defined as ITC that results in
glaucomatous optic neuropathy.!* While the majority of glaucomatous progression is from intermittent
asymptomatic angle closure (i.e., chronic), acute angle-closure crisis (AACC) describes sudden and dra-
matic IOP elevation due to total TM occlusion.** If detected and managed early, these episodes can allow
definitive treatment of the angle closure before it leads to irreversible blindness.

PACG is a less common but more aggressive and blinding disease than primary open-angle glaucoma
(POAG) .57 The prevalence of PACG is higher in people of Asian and Inuit origin and a high index of sus-
picion for the disease should be maintained in these populations.>® Risk factors for angle-closure disease
include older age, female gender, shallow central and peripheral anterior chamber, positive family his-
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tory for angle closure, shorter axial lengths and thicker crystalline lenses.*'? Hyperopia is not consistently
associated with angle-closure disease, as cases of angle closure occur in people with a myopic refraction.
In such cases, plateau iris is the usual mechanism.*

It is important to understand the pathophysiology of angle closure as this impacts the approach to
management. The level of obstruction in aqueous circulation can vary. Obstruction most commonly
occurs due to pupillary block.” It can also be related to anomalies at the level of the ciliary body (plateau
iris configuration) or due to an abnormal lens (lens-induced angle closure due to intumescence or zonu-
lopathy). It is not uncommon for these mechanisms to coexist. Retrolental causes are uncommon but
should be considered in selected cases such as malignant glaucoma, tumours, and uveal effusions that
can be drug induced; e.g., topiramate.>*%!*

Imaging

Anterior-segment (AS) imaging enables clinicians to investigate the mechanism of angle closure
more accurately. AS optical coherence tomography (AS-OCT) is a highly sensitive, rapid, and contact-free
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Figure 1. A case of iridotrabecular contact (ITC) in the
temporal quadrant and significant narrowing of the

angle nasally on anterior-segment optical coherence
tomography (AS-OCT) in the presence of lens rise and
pupillary block.

method of detecting angle closure when compared to gonios-
copy (Figure 1).!* AS-OCT can be performed in lower light
conditions, thereby revealing unrecognized angle-closure dis-
ease. A systematic review and meta-analysis confirmed the
sensitivity of AS-OCT, corresponding to a strong negative pre-
dictive value; however, a high false-positive rate indicates poor
specificity.’® It is unclear whether false-positive results that
refer to angles that appear to be closed on AS-OCT but not on
gonioscopy represent errors and not simply eyes at higher risk
of developing angle closure.

High-frequency ultrasound biomicroscopy (UBM) is use-
ful to visualize the structures behind the iris, which is the main
limitation of AS-OCT." UBM has been well established for more
than 3 decades in the detection of a plateau iris configuration
and is effective in the detection of pupillary block and malig-
nant glaucoma (Figures 2A-C).!"?

Gonioscopy continues to be very important in diagnosing
angle-closure disease. Dynamic gonioscopy enables detection
of the presence of PAS towards establishment of the underlying
mechanism.

Management Considerations

The treatment of patients with angle-closure disease
depends on the type of the angle closure, as described above.
Recentlandmark studies such as the ZAP trial and EAGLE study
have changed the management of angle closure.”*

General management principles include treatment of fluc-
tuations in the IOP, reduction of acute IOP increases, and relief
of pupillary block.?! Laser peripheral iridotomy (LPI) and/or
medical treatment have traditionally been used to treat angle
closure since the mid-1970s.* LPI as the treatment of choice
is based on the hypothesis that relief of pupillary block and
subsequent normalization of the pressure gradient between
the posterior and the anterior chamber will result in poste-
rior movement of the iris away from the TM." Imaging with
Scheimpflug photography in patients with occuladable angles
has confirmed that the anterior chamber volume and angle
increase post LPI. #

PACS

The Canadian Ophthalmological Society (COS) Glaucoma
Clinical Practice Guidelines recommend the use of LPI for eyes
with narrow angles at risk for an attack of acute angle closure;
i.e., any degree of appositional closure, when >180° of TM can-
not be visualized with proper gonioscopic maneuvres, or when
the TM can be visualized for 360° but the approach is very nar-
row.? The recent United Kingdom (UK) Royal College of Oph-
thalmologists (RCOphth) guidelines recommend LPI for people
with PACS and additional risk factors such as a positive family
history of angle closure, high hypermetropia (>6D), monoc-

Table 1. Staging of primary angle-closure disease

Two or more quadrants of
ITC with normal IOP, no PAS
and no signs of glaucoma

Primary angle closure
suspect

Primary angle closure ITC resulting in PAS and/or
elevated IOP without signs

of glaucoma

Primary angle closure
glaucoma

ITC causing glaucomatous
optic neuropathy

PAS and raised IOP may
be absent in the initial
evaluation

Acute angle closure attack/ A sudden and dramatic
crisis elevation in the IOP due
to total occlusion of the
trabecular meshwork

ular vision, taking medications with anticholinergic activity,
frequent pupillary dilatation, and difficulty accessing emer-
gency ophthalmic care.* This recommendation stemmed from
the results of the ZAP trial, in which 889 patients with bilateral
PACS received LPI in one eye and the contralateral eye served
as an untreated control.” The primary outcome was incident
PAC as a composite endpoint of IOP elevation, peripheral ante-
rior synechiae, or acute angle closure during 72 months of fol-
low-up. LPI significantly reduced the relative risk of developing
PAC compared with no treatment (4.19 vs. 7.97 per 1000 eye-
years; hazard ratio 0.53; 95% confidence interval [CI] 0.30-0.92;
P=0.024). However, due to the low incidence of PAC in treated
and untreated eyes in ZAP, prophylactic LPI for patients with
PACS is not recommended. The European Glaucoma Society
Guidelines (EGS) also recommend LPI in patients with PACS
and high-risk features such as frequent pupil dilatation, posi-
tive family history of angle closure, and very high hyperopia.?

PAC and PACG
LPI

LPI has been the mainstay of treatment for cases of PAC
and PACG for decades.”” Nevertheless, an analysis of the use
of LPI in PAC published by the American Academy of Ophthal-
mology (AAO) in 2018 showed that even though LPI results in
an increase in angle width in all stages of primary angle closure,
many PAC and AACC eyes and most PACG eyes require further
treatment to control IOP.»

Argon laser peripheral iridoplasty (ALPI)

A 2021 Cochrane review concluded that, despite the pos-
itive impact of ALPI on the anterior chamber morphology, it
confers no additional benefit to the use of LPI alone in reducing
IOP and preventing the progression of the disease.”

Phacoemulsification

Evidence demonstrating the utility of phacoemulsification
for cataract extraction in PACG was first published in the early
2000s.2” A 2015 AAO report on the effects of phacoemulsifica-
tion on longer-term IOP in different types of glaucoma, includ-
ing 12 studies (N=495) of PACG, showed reductions in IOP and
need for glaucoma medications of 30% and 58%, respectively,
over a mean follow-up of 16 months.?” A Bayesian analysis by
Thomas et al showed that phacoemulsification in PACG has a
50% chance of reducing IOP by >5mm Hg.?®



not improve post-LPI but the pupillary block resolved.

Figures 2A-C. Pre- and post-laser peripheral iridotomy (LPI) AS-OCT images of a patient with ITC in the context of
plateau iris configuration with concurrent pupillary block. It can be noted that the angle configuration and ITC did

Figure 2A. The rectangular areas in
yellow highlight the area of ITC and
the arrow shows the pupillary block
with the increased convexity of the
iris at the pupillary margin.

pupillary block.

Figure 2B. Appearances post-LPI
with ongoing ITC contact highlighted
in yellow but resolution of the

Figure 2C. The respective ultrasound
biomicroscopy image better
highlights the anterior position of
the ciliary body and the difference
in resolution between the 2 imaging
modalities.

Clear lens extraction (CLE)

The 2016 EAGLE trial was the first randomized, controlled
trial comparing CLE with standard-of-care LPI in patients with
PAC and IOP 230 mmHg or PACG.” EAGLE was a large multi-
centre study that included 419 patients aged =50 years with a
diagnosis of PAC and an IOP 230 mmHg or a diagnosis of PACG.
Patients with symptomatic cataracts or advanced glaucoma
(defined as MD worse than -15 db or cup-to-disc ratio >0.9) were
excluded. Co-primary endpoints were IOP, patient-reported
health status (European Quality of Life-5 Dimensions question-
naire), and incremental cost-effectiveness ratio per quality-ad-
justed life-year gained at 36 months post-treatment. Although
EAGLE showed only a 1-mmHg difference in the mean IOP at 3
years, the authors commented that large differences were not to
be expected as the study allowed clinicians to escalate treatment
to achieve the target IOP (15-20 mmHg, depending on degree
of optic nerve damage). Of greater clinical relevance is that only
21% of the participants in the CLE needing further treatment
to control their IOP compared to 61% in the LPI group. Patient
health status significantly favoured the CLE group and a high
likeliness of cost-effectiveness was also determined for CLE vs. LPI.

It is worth noting though that cataract surgery in eyes with
PAC or PACG can be more challenging compared to normal
eyes due to the presence of a shallow anterior chamber, often
a large lens and an atonic pupil.”® In the EAGLE study the pos-
terior capsule rupture rate was 1% similar to published cata-
ract studies but the surgeries were performed by experienced
surgeons with glaucoma subspecialty training. It is known that
shorter axial length below 21 mm is associated with a higher
complication rate.” As well, biometry measurements can be
inaccurate and lead to refractive surprises.*

Combined phacoemulsification with trabeculectomy

The effect of combined phacotrabeculectomy was com-
pared with phacoemulsification alone in parallel randomized,
controlled studies in patients with medically controlled PACG
and coexisting cataract and in those with medically uncon-
trolled PACG and cataract.’**! The former study found no sig-
nificant difference in mean postoperative IOP at 24 months
when 7 cases of hypotony were excluded from the phacotrab-
eculectomy group; however, that group required an average of
0.8 fewer topical drugs over 24 months compared to those who
received phacoemulsification alone. As expected, the phacotra-
beculectomy group experienced more complications compared
to phacoemulsification alone.*® The second study involving

patients with medically uncontrolled PACG concluded that
phacotrabeculectomy was significantly more effective com-
pared to phacoemulsification alone in these patients at 15 and
18 months but not at 24 months, albeit with a higher number of
complications.’ Patients who underwent phacotrabeculectomy
required an average of 1.25 fewer topical drugs over 24 months.
Thus, combined phacotrabeculectomy should be considered in
patients with medically uncontrolled PACG and cataract.

Microinvasive glaucoma surgery (MIGS)

MIGS is defined as a group of minimally traumatic sur-
gical approaches that are associated with good efficacy, high
safety profile, and rapid recovery.® The majority of MIGSs
are performed ab-interno, in combination with cataract sur-
gery, and spare the conjunctiva, allowing a stepwise approach
that was impossible a decade ago. As explained above, some
patients with PACG continue to experience elevated IOP after
phacoemulsification despite the associated release of ITC with
this procedure (except in cases of established PAS), thereby
revealing an underlying trabecular dysfunction. Histological
studies have shown that persistent ITC or PAS can cause pro-
gressive changes in the Schlemm canal and TM.*

Over the last few years, several publications have presented
favourable results for combined phacoemulsification and MIGS
(phaco-MIGS) in patients with PACG. Chen et al showed that
phacoemulsification with concurrent iStent” injection was asso-
ciated with a higher likelihood of complete success (87.5%; 95%
CI 58.6-96.7%) compared to phacoemulsification alone (43.8%;
95% CI 19.8-65.6%) at 12 months post-operatively (P=0.01).>
Complete success was defined as IOP between 6-18 mmHg,
no reoperations, and no IOP lowering medications required.
Similar results have been reported in Canada and in Singapore
in retrospective observational studies.**** The use of Kahook
Dual Blade® or gonioscopy-assisted transluminal trabeculot-
omy (GATT) with or without goniosynechialysis but combined
with phacoemulsification also yielded promising results in
producing significant IOP reductions and/or reduction in post-
operative IOP medications in patients with PACG.*"*® The main
complications include hyphemas and/or IOP spikes in the early
postoperative period; however, the majority are transient and
can be treated conservatively.

AACC
Medical treatment

The main principles in managing an AACC are to lower
the IOP medically, establish the diagnosis, and provide anal-



gesia and antiemetics as required to relieve the associated
symptoms of severe pain and/or nausea and vomiting.**
Due to the nature of AACCs, robust management data
from randomized, controlled studies are limited.* A large
retrospective case series in Singapore found that medical
therapy resulted in resolution of AACC within 12 hours in
76.2% of subjects and within 24 hours in 89.2%.%

Medical treatment typically includes topical, oral, or
intravenous carbonic anhydrase inhibitors (CAls), topical
a2-adrenergic agonists, topical parasympathomimetics,
topical steroids, and oral or intravenous hyperosmotic
agents such as mannitol.** Topical medications may be
ineffective initially due to the ciliary body and iris isch-
emia. Caution should be used with intensive adminis-
tration of topical pilocarpine due to its systemic adverse
events. Pilocarpine can worsen the acute attack in cases
of a lenticular or retrolenticular cause of angle closure by
shallowing the anterior chamber due to its effect on the
ciliary muscle. In such cases, topical cycloplegia should
be used instead. Marked anterior chamber asymmetry is
an indicator of a phacomorphic element. It is also advised
to verify whether topiramate is being used, as ciliary body
effusions or bilateral angle closure secondary to topira-
mate can be exacerbated by pilocarpine.*

Acetazolamide is widely used to control acute IOP
elevations;* however, it has been associated with serious
side effects such as Stevens-Johnson syndrome (SJS), toxic
epidermal necrolysis (TEN), and aplastic anemia, particu-
larly among patients of Korean and Japanese descent.’*
A large (N=128 942) longitudinal cohort study in Ontario
assessed consecutive patients older than 65 years who
were prescribed an oral or topical CAI (92.4% acetazol-
amide), primarily for glaucoma.*? The risks of experiencing
the primary endpoint (SJS, TEN, or aplastic anemia) were
2.90 and 2.08 per 1000 patients with oral or topical admin-
istration, respectively. The risks of cardiac dysrhythmia
(100.77 per 1000 patients) and acute kidney injury were
substantial (13.23 per 1000 patients). This study did not
assess whether a previous sulfonamide allergy increases
the risk of a reaction to CAls. Retrospective analyses have
found that acetazolamide appears well tolerated even in
patients predisposed to SJS/TEN or with a self-reported
sulfonamide allergy.*%

LPI

LPI is recommended for an AACC whenever techni-
cally possible; i.e., the cornea is clear enough to facilitate
the LP1.>*® Studies have shown that nearly half of patients
undergoing LPI developed elevated IOP within 6 months
of the AACC that necessitated further medical and/or sur-
gical treatment.***® LPI is associated with IOP spikes (6%-
10%), dysphotopsia (2%-11%), anterior chamber bleeding
(30-41%), cataract progression (23%-39% over 1-6 years),
and endothelial cell loss.**"*® Post-LPI inflammation
was reported in only 0.5% of eyes in the LPI arm of the
EAGLE study;” however, it can be potentiated in an already
inflamed eye with AACC.

Contralateral fellow eyes

The risk of AACC is elevated in contralateral fellow
eyes, and up to 50% may develop AACC within years.***
It is recommended that prophylactic LPI be performed in
fellow eyes.>* A retrospective case series of 80 fellow eyes
that underwent prophylactic LPI found that none devel-

Ophtha

oped AACC in the 4 years of follow-up.** Conversely, an
observational retrospective case series of 114 Caucasian
eyes in Italy found that almost half of fellow eyes developed
chronic angle closure even in the presence of a prophylac-
tic iridotomy.*" For this reason, it is important to consider
lens-based surgery in fellow eyes to an AACC.

Anterior chamber paracentesis (ACP)

ACP can be an effective method of resolving an angle
closure attack as it can rapidly lower the IOP, clear the cor-
nea, relieve any associated pain and nausea, and facilitate
an LPI where appropriate.*** COS, AAO, and EGS guide-
lines support the use of ACP for cases of refractory AAAC
or when LPI is impossible.?*8 This can be performed using
a 30-gauge needle under aseptic technique and appropri-
ate topical anesthesia in the slit lamp. It is advised to make
a long track parallel to the iris to prevent leakage and shal-
lowing of the chamber. Complications may include dam-
age to the surrounding iris, lens, or corneal endothelium,
malignant glaucoma, suprachoroidal hemorrhage, decom-
pression retinopathy, hyphema, and endophthalmitis.*
A small case series by Lam et al looked at 8 consecutive
patients diagnosed with AAAC and an IOP at presentation
>50 mmHg who received topical treatment, immediate
ACP, and systemic acetazolamide and mannitol.”® They
observed a rapid reduction in the IOP that was sustained
to 2 hours (average 20.1 mm Hg) and rapid symptomatic
relief in all patients with no complications. Arnavielle et al
prospectively evaluated ACP use in 14 patients with AACC
and 6 with secondary glaucoma.** Mean IOP decreased
from 53.4+4.2 mmHg at baseline to 18.2+11.1 mmHg at
2 hours with no reported complications. At 7 days post-
ACP, mean IOP was 16.4+10.7 mmHg.

ALPI and cyclodiode laser

Several studies have investigated the usefulness of
ALPI for the treatment of AACC.****" Application of pho-
tocoagulation burns to the surface of the peripheral iris
causes focal contraction of the iris tissue and mechanical
pulling away from the TM.'" The RCOphth guidelines on
angle closure recommend the use of ALPI if there is insuf-
ficient response within 2 hours of LPI or LPI is technically
impossible to perform due to corneal edema.*

The use of cyclodiode laser in the management of
AACC has been described in small observational studies
in the UK and it is recommended by the RCOphth guide-
lines for refractory cases. Cyclodiode laser appears to be
effective in resolving the attack within 1 day with a good
safety profile and can prepare the eye for subsequent lens
extraction.”®** Reported complications in these studies
included low-grade inflammation, self-limiting ciliocho-
roidal detachment, and hyphema.

Phacoemulsification

An analysis of 4 studies (N=119) that evaluated
phacoemulsification for the management of AACC deter-
mined that the mean IOP decreased from 50.1 mmHg to
14.7 mmHg after a mean follow-up of 2 years with 0.1 medi-
cations.” Two of these studies looked at the efficacy of early
phacoemulsification vs. laser peripheral iridotomy (LPI).
In the study by Lam et al, 62 Chinese patients were ran-
domized to early phacoemulsification or LPI within days
after medical resolution of the AACC.* At 18 months, 3.2%
of patients in the phacoemulsification group experienced
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an increase in IOP above 21 mmHg compared to 46.7% of
patients in the LPI group (P<0.0001). Mean IOP was signifi-
cantly lower in the phacoemulsification group than with
LPI (12.6£1.9 mmHg vs. 15.0+3.4 mmHg; P=0.009), and
significantly fewer medications were required to maintain
IOP <21 mmHg in the phacoemulsification group than the
LPI group (0.03+0.18 vs. 0.90+1.14; P<0.0001). The sec-
ond study, from the UK, randomized 37 patients who had
responded to medical treatment for AACC to receive LPI or
phacoemulsification with implantation of an intraocular
lens (phaco/IOL) within 1 week of presentation.®! The pri-
mary outcome measure was failure to control IOP, defined
as IOP 22-24 mmHg on 2 occasions (readings taken within
1 month of each other) or 25 mmHg on 1 occasion, after
week 3. The 2-year cumulative survival rates were 89.5%
in the phaco/IOL group and 61.1% in the LPI group. In
terms of complications, in the LPI group there was 1 tran-
sient hemorrhage, 1 corneal burn, and in 3 cases the LPI
had to be repeated because of non-patency whereas in the
phaco/IOL group the only complication was an IOP of 30
mmHg on day 1 for 1 patient. The authors concluded that
early phacoemulsification and IOL implantation should be
considered in cases of AACC that are controlled medically
with the caveat that it should be performed by experienced
surgeons.

Conclusions

Our understanding of angle-closure disease has
improved significantly over the last few decades. Studies
have shown that phacoemulsification as an alternative
to LPI is central to the management of PACG. Combined
phacoemulsification and filtering surgery is indicated
in medically uncontrolled PACG. Phacoemulsification
combined with goniosynechialysis or a TM bypass offers
promising results in reducing both IOP and/or the number
of IOP medications, and this combination may facilitate a
stepwise management approach in some cases of PACG.
In patients with PAC, options include LPI vs. phacoemul-
sification with the latter being potentially more beneficial
in specific cases of PAC. LPI is recommended in select
patients with high-risk PACS, while LPI or observation are
options for low-risk cases. In AACC, medical treatment is
the mainstay of treatment with some cases requiring an
ACP to resolve the attack. This is followed by lens-based
surgery with or without goniosynechialysis, TM bypass,
or filtering surgery. LPI might not always be the most
appropriate initial treatment option, especially in severely
inflamed eyes, shallow anterior chambers, or with a sub-
optimal view of the anterior chamber. Fellow eyes in cases
of AAC will benefit from LPI or lens-based surgery.
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