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Abstract. Primary angle-closure glaucoma is a major cause of blindness worldwide. It is a disease of
ocular anatomy that is related to pupillary-block and angle-crowding mechanisms of filtration angle
closure. Eyes at increased risk for primary angle-closure are small with decreased axial length, anterior
chamber depth, and filtration angle width, associated with a proportionately large lens. Angle-closure
glaucoma afflicts Asian and Eskimo eyes more frequently than eyes in other races with similar
predisposing dimensions. The treatment of primary angle closure addresses its causal mechanisms.
Laser peripheral iridotomy equalizes the anterior and posterior pressures and widens the filtration
angle by reducing the effect of pupillary block. Argon laser peripheral iridoplasty contracts the iris
stroma to reduce angle crowding and is helpful for some affected eyes. Lensectomy dramatically widens
the angle and eliminates pupillary block. Clinical reports of lensectomy with posterior chamber
intraocular lens implantation in the treatment of acute, chronic, and secondary angle-closure
glaucoma describe very favorable results. The appropriate role for lensectomy in the management of
primary angle closure, however, remains unproven. Prospective, randomized clinical trials are ongoing
to determine the value and comparative risks and efficacy of lensectomy versus medical therapy, laser
peripheral iridotomy, laser iridoplasty, and filtration procedures for the treatment of acute and chronic
primary angle closure and for the prevention of chronic angle-closure glaucoma, both after and in
place of laser peripheral iridotomy. (Surv Ophthalmol 54:211-225, 2009. © 2009 Elsevier Inc. All
rights reserved.)
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This review will focus on the role of the lens in the
pathogenesis and treatment of primary and second-
ary angle closure.

1. Introduction

Angle closure is a disorder of ocular anatomy
characterized by closure of the drainage angle by
appositional or synechial approximation of the iris
against the trabecular meshwork, blocking its access

to aqueous humor. The final common result in
related disorders is an elevation of the intraocular
pressure (IOP), due to the secondary impairment of
aqueous humor outflow from the eye, followed by
the development of glaucomatous optic neuropathy.
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II. Clinical Types of Angle-closure
Glaucoma

Angle-closure disorders can be divided into
primary and secondary groups. Primary angle
closure includes those that are caused by pupillary
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block, angle crowding (from plateau iris configura-
tion or anterior lens position) or a combination of
both.”® A classification endorsed by the American
Academy of Ophthalmology subdivides the primary
group into primary angle-closure suspect, primary
angle closure without optic neuropathy (PAC), and
primary angle-closure glaucoma with neuropathy
(PACG).* These useful subdivisions may clinically
overlap or be potentially related, as patients move
from one category to the next depending on the
initial stage and progression of their disease.
Secondary angle-closure disorders are those that
occur in the presence of a second ocular disease
such as with iris neovascularization, uveitis, trauma,
or lens disease-related conditions.'®

III. Epidemiology of Primary
Angle-closure Glaucoma

It has been estimated that 67 million people
worldwide are affected with a primary glaucoma and
that one-third have PACG.” In FEuropean and
African populations primary open-angle glaucoma
(POAG) occurs approximately five times more
frequently than PACG; in Chinese,””*' Mongo-
lians,19 and Indians,'® however, the rates of PACG
may equal or be greater than POAG. In Eskimos/
Inuit the prevalence of PACG is felt to be higher
than any other ethnic group.'® A prevalence study
reported PACG as occurring more frequently in Italy
than in the rest of the European population (0.6—
0.1%)% In China alone an estimated 3.5 million
people are afflicted with the disease, and 28 million
are estimated to have occludable drainage angles.*
A Singapore study reported the highest annual rate
of acute primary angle closure (APAC) as 12.2 per
100,000 among persons over age 30 years.log’m) The
incidence of PAC increases with age and is greater in
females.” The annual rate of APAC in Singapore was
highest (68.5/100,000) for elderly Chinese women
with a two times higher rate than in males.'""In
reported populations from Japan, Israel, Finland,
and Thailand, women show a consistently more
frequent occurrence of PACG.?? Angle closure is
a disease of older persons, peaking in incidence
between 55 and 70 years of age.96 The risk of APAC
in elderly Singaporeans greater than 60 years of age
was nine times greater compared with the 30- to 59-
year-old population.'”” Review of a database of 2,864
patients with angle-closure found only 2.3% under
40 years of age, with a plateau iris in 52%, and
evidence of papillary block in only 3%.%

PACG is more visually destructive than POAG, and
it is responsible for the majority of the bilateral
glaucoma-related blindness in Singapore.22 The
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proportion of those with PACG who become blind
is over 25%, which is double that of POAG.2° Angle-
closure glaucoma patients, presenting with an acute
attack, are felt to represent only a minority of
patients potentially visually affected by PACG." The
predominant form of PACG is the chronic, asymp-
tomatic type, and because the diagnosis does
require gonioscopy, it is likely that a large pro-
portion of those at risk remain undiagnosed and
untreated.”” Even in Singapore, where glaucoma is
responsible for 60% of blindness and the incidence
of angle closure is high, awareness of the problem is
low."”® The full extent of the problem must also take
into account that patients with acute angle closure
do best with early treatment,84 which may not be
available or be utilized; and those with chronic
(asymptomatic) angle-closure glaucoma (CACG)
require careful gonioscopy for recognition, which
is rarely practiced as a screening tool in China where
PACG is endemic.™

IV. Mechanisms in Angle-closure
Glaucoma

Pupillary block is the most frequent and impor-
tant mechanism responsible for angle closure,'*"”
but in many cases it is not the only mechanism
involved. Iris angle-crowding may co-exist with
pupillary block to cause the angle closure. In the
plateau iris configuration, the iris is held anteriorly
by the ciliary processes, but a pupillary block
component may also be present.'”® These patho-
logic mechanisms exist because of primary anatomic
variations in the size, position, and relationship of
the anterior segment structures (cornea, iris, ciliary
body, lens), or occur secondary to other acquired
ocular pathology. For example, the lens may shift
anteriorly secondary to trauma or to drugs that
result in the formation of fluid in the supraciliary
space,'’” or the lens may move anteriorly secondary
to expansion of posterior segment structures (vitre-
ous, subretinal space, choroid).94 Anterior traction
on the peripheral iris may pull the iris over the
trabecular meshwork with resultant blockage of
access to aqueous. This mechanism of trabecular
obstruction occurs with contraction of neovascular,
inflammatory, or proliferative fibrocellular mem-
branes and is common in clinical ocular conditions
including rubeosis irides, chronic anterior uveitis,
aniridia, and after cataract surgery in infancy.
Because this article will only review the role of the
lens in the pathogenesis of the angle closure, these
mechanisms related to anterior traction on the iris,
which cause angle obstruction independent of the
lens, will not be further discussed.
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A. PUPILLARY BLOCK MECHANISM

Aqueous humor (AH) is produced into the poste-
rior chamber and normally flows anteriorly between
the posterior surface of the iris and the anterior lens
capsule, to enter the anterior chamber through the
pupil, and exits through the trabecular meshwork
(TM). Relative resistance to flow of AH from the
posterior chamber (PC) into the anterior chamber
(AC) is normal and reflected by an estimated pressure
drop of 0.23 mm Hg between the PC and AC.” This
pressure differential may increase greatly when the
dimensions of the iris-lens channel are changed in
such a manner that flow of AH is more impeded.113
The incremental greater pressure differential be-
tween the PC versus the AC is an important variable
that determines the iris contour. As this pressure
increment increases, the iris becomes more convex.
Clinically significant pupillary-block is present when
the increased iris convexity brings the iris into
apposition with the TM or appears close enough to
do so in the future. Extreme anterior iris-bulging, #ris
bombé, would be expected with pressure differentials
of 10-15 mm Hg.”

The variables that influence the AH flow through
the “pinch region” (iris-lens channel) and influ-
ence the pressure differential and related iris
contour have been studied extensively,?>*378:103.113
Changing pupillary size within the normal range of
3 to 7 mm was determined to have little effect,
however, miosis of 2 mm was predicted to signifi-
cantly increase the pressure differential especially in
the presence of increased channel length (>1 mm)
or decreased height (<5 pum). M3 Increased
channel length and decreased height were associ-
ated with increased pressure increments and were
accompanied by the expected increased iris convex-
ity. Movement of the iris insertion posteriorly or the
lens anteriorly also was associated with an expected
increase in the pressure differential and iris con-
vexity, which itself lessens the area of iris-lens canal.
Other variables exist and interact to determine the
iris contour, including eye size, esgecially the
dimensions of the anterior segment,” lens size
and position, iris stroma and iris musculature
characteristics,35 ciliary body anatomy, and physio-
logic parameters including aqueous humor flow
rate, facility of outflow, vitreous—aqueous fluid flow,
and the effects of accommodation and blinking.
These potentially significant dimensional and phys-
iologic parameters vary and may become risk factors
of more or less importance in determining iris
contour and the development of pupillary-block in
eyes which become at risk for angle closure.

Itshould be clear that the lens plays a pivotal role in
the pathogenesis of angle closure secondary to the

213

pupillary block mechanism. If an iridotomy or
iridectomy is performed the pressure differential
between the AC and PC becomes minimal and iris
deformation secondary to pupillary-block is relieved.
If the lens is removed and posterior synechiae lysed,
the prerequisite anatomical relationship for iris-
lenticular (pupillary) block is eliminated, and the
anterior chamber angle will widen as the iris leaf
becomes flat and rotates to a more posterior position.

B. ANGLE CROWDING

This mechanism for angleclosure may exist
alone, but more often co-exists with pupillary-block.
Angle crowding can be thought of as the sandwich-
ing of the peripheral iris between the trabecular
meshwork and some other structure, compared to
the pupillary-block related anterior iris shift second-
ary to the pressure differential between the anterior
and posterior chamber. The clinical primary condi-
tion possessing this mechanism is the plateau iris
conﬁguration.132 In this condition, anteriorly posi-
tioned ciliary processes prop up the iris anteriorly
resulting in the peripheral iris being held forward in
approximation with the trabecular meshwork.'*®
Depending on the amount of trabecular obstruction
that develops, acute or chronic angle closure can
occur. Indentation gonioscopy reveals a characteris-
tic double iris hump, and ultrasound biomicroscopy
(UBM) of the ciliary body reveals the anterior
position of the ciliary processes filling the ciliary
sulcus.®®133 Gonioscopy after an iridotomy (LPI)
will reveal persistence of the narrow and occludable
peripheral angle. This helps explain why creating
a patent LPI to relieve the pupillary block compo-
nent in the presence of this cause of angle crowding
may not prevent progression to ACG.

In plateau iris configuration, removal of the lens
with intraocular lens implantation increases ACD but
does not change iridociliary apposition. This explains
why the elimination of iris support by the lens also
does not cause the angle to significantly widen.'*®

Age-related lens changes and other ocular condi-
tions associated with a forward shift of the anterior lens
plane and decreased ACD can also cause significant
angle-crowding, as seen clinically in nanophthalmos,
microphthalmia, retinopathy of prematurity (ROP),
spherophakia, and axial anterior ectopia lentis.

V. Pathogenesis of Angle-closure
Glaucoma and the Role of the Lens

Eyes with primary angle closure have significant
anatomic differences from normal eyes.l?”75 The
most significant clinical hallmarks of an eye with
angle-closure are the shallow AC and narrow angle.
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The mean anterior chamber depth (ACD) in PAC
eyes is approximately 1.8 mm, which is 1 mm shorter
than in normal eyes.””'?® Angle closure becomes
a rarity when anterior chamber depth exceeds 2.5
mm.”® Decreased AC Volume,GS’79 small corneal
diameter,'%'?* and short axial lengthsm’124 are all
characteristic of eyes with PACG. The most satisfac-
tory explanations for the more shallow AC is the age-
related increase in lens thickness and more anterior
position of the lens.” "% The axial lens thickness is
greater than in normal subjects,'®”>” and the
thicker lenses are significantly more anteriorly
positioned than in normal eyes.”*"'® Lowe”"°
estimated that increased lens thickness causes 0.35
mm of AC shallowing, and forward lens position
causes 0.65 mm of shallowing, accounting for the
total of 1 mm difference in AC depth of the smaller
eye compared to the normal eye. Growth of the lens,
with an increase in the number of lens fibers
continuing throughout adult life, results in an
increase in lens thickness and anterior curvature.®®
Ocular biometry of Alaskan Eskimos, an ethnic
group at high risk for PAC, confirmed the presence
of decreased anterior chamber angle width, depth,
and axial length associated with increased hyperopia
and lens thickness.'” The age-adjusted angle width
and ACD were significantly less than other ethnic
groups. When the biometry of contralateral eyes of
patients having an APAC were studied and com-
pared to population-based controls, unfavorable
dimensions were found consisting of more shallow
anterior chambers and narrow angles, and thicker
lenses. These differences were considered to
explain in part the estimated 50% risk for APAC
in these eyes.”* These observations also explain the
tendency of PAC to affect older patients and its
relative rarity in young adults. Decreased ACD is
accelerated in women between the fourth and fifth
decades, which may explain their greater pro-
pensity for PAC.”!

Biometry and clinical examination of PAC
patients identifies anatomic risk factors for angle
closure and supports the pivotal role of the lens
position and size in the active or potential mecha-
nism of closure.?? These assessments, however, have
not conclusively explained its more frequent occur-
rence in the eyes of certain ethnic groups (Eskimos
and Chinese) with dimensions similar to eyes in
other populations (whites and blacks) with a less
frequent rate of angle closure.'®'? Environmental
risk factors, including the association of PAC with
tropical temperatures and sunspots,13 and with
systemic autonomic dysfunction, has been studied
with inconclusive results.'*®

Lens disorders of position and size as seen with
lens dislocation and spherophakia can also result in
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pupillary-block and secondary angle-closure. Unlike
PAC, which usually afflicts older patients aged 50
years and above, lensrelated secondary angle
closure occurs in patients of all ages. Shallowing of
the anterior chamber occurs from increased thick-
ness and curvature of the lens and/or forward
shifting of the dislocated lens in the pupil to cause
crowding of the angle and potential pupillary block.
With an intumescent age-related cataract or with
lens swelling after a perforating lens injury, the
sheer increased thickness and bulk of the lens can
push the peripheral iris (angle crowding) against
the trabecular meshwork. As with the plateau-iris
syndrome, lens-induced angle crowding can lead to
acute or chronic angle closure despite a patent
LPL'% Argon laser peripheral iridoplasty (ALPI)
has been used to manage acute phacomorphic
angle-closure with favorable results.'**'*> Extraction
of the abnormal lens in these conditions is
ultimately the only way to definitively eliminate
both the angle-crowding and co-existing pupillary-
block.

VI. Current Surgical Treatment Options
for Primary Angle-closure Glaucoma

Understanding and caring for patients with APAC
requires repetitive careful clinical ocular examina-
tions including evaluation of the filtration angle to
determine the mechanism of the angle-closure and
the active stage of the disease. The treatment of
a patient with acute disease should be followed by
care to prevent the development or worsening of
chronic angle closure glaucoma. In a patient with
established synechial angle closure and advanced
glaucomatous optic neuropathy (GON), active man-
agement of the IOP is essential. Appropriate surgical
decisions for angle closure should be congruous with
the patient’s anatomic defects, offending pathophys-
iology, and the stage of disease. Randomized clinical
trials are lacking to support the efficacy of pro-
cedures for primary angle closure glaucoma.

A. LASER PERIPHERAL IRIDOTOMY

Laser peripheral iridotomy (LPI) eliminates the
pressure differential between the anterior and
posterior chambers and is the current standard
treatment to correct pupillary block in the initial
approach to angle closure. It is also a safe and
effective prophylaxis in suspect eyes with occludable
angles secondary to pupillary block, including fellow
eyes of APAC patients at risk for bilateral angle
closure.”

Although LPI is an effective treatment for APAC,
with resultant widening of the filtration angle and
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reduction of elevated IOP, it is not reliably pro-
tective against chronic angle closure.>**'* In
a study of the benefit of LPI in Asian eyes, 100%
had resolution of the acute attack after the LPI, but
58.1% subsequently developed elevated IOP
requiring treatment and 32.7% eventually needed
trabeculectomy for pressure control.® The median
time interval for increase in IOP was 5.8 months,
and most of these eyes which developed CACG had
more than 180 degrees of peripheral anterior
synechiae (PAS). The failure of LPI to prevent
recurrent elevation of the IOP has been correlated
with the amount of PAS present in these eyes.”"#*1%3
The amount of PAS may'*® or may not”? progress
despite a patent iridotomy; however, the suspected
progression of angle closure after successful LPI has
not been well-correlated with the development of
chronic IOP elevation over time.”*'* Design of
alternative therapies to both treat angle closure and
prevent further progression of the angle defect must
be based on understanding of the angle following
the treatment of APAC and the mechanisms of the
progression to chronic angle closure, with consid-
eration given to all the causes of angle closure,®
including the potential injurious affects of LPI such
as PAS formation,""" cataract progression,73 and
ciliochoroidal effusion.'*®

B. ARGON LASER PERIHERAL IRIDOPLASTY

ALPI is a procedure to induce immediate focal iris
stromal contraction to pull the iris root away from
the angle wall thus widening it. In the long term, it
produces thinning and contraction of the periph-
eral iris, giving it a flatter contour. Histopathology
suggests that heat shrinkage of collagen may
account for its short-term effect and contraction of
the induced fibroblastic membrane may be
responsible for its long term effect.” Hence, it is
used to reduce angle crowding in nanophthalmos,52
PAC, lens-induced angle closure,'” and reported
to be very effective in the plateau iris configuration
by eliminating and reducing the amount of residual
appositional angle closure after LPL? In the initial
treatment of APAC it can assist to lower the IOP by
pulling open the angle, and it can be useful also
when initial medical treatment fails.'”" A study of 10
APAC patients treated with ALPI after administra-
tion of pilocarpine and timolol showed a remarkable
decrease in IOP from 59.5 mm Hg to 21.7 mm Hg at
30 minutes and 16 mm Hg at 1 hour postALPL.% A
follow-up study was done to confirm the effect was
predominantly from the ALPI by managing eight
APAC patients with ALPI alone and produced
similar results.'?? In 2000, a randomized controlled
interventional trial comparing ALPI against conven-
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tional systemic IOP-lowering medications in the
first-line treatment of APAC showed the ALPI-
treated group had lower IOP than the medically
treated group at 15 minutes, 30 minutes, and 1 hour
after the start of treatment. The differences were
statistically significant. The differences in IOP
became statistically insignificant from 2 hours
onwards.®* In chronic PACG, a study with a follow-
up period of 6 months suggested that in eyes which
had failed medical therapy, the effect of iridoplasty
may not be sustained in some eyes even though at
least half the angle was opened at the time of the
procedure.'! In another report on the short-term
benefit of iridoplasty after 180 degrees goniosyne-
chialysis in 5 eyes with chronic PAC and total
synechial angle closure, satisfactory IOP was
achieved in 80% (4 eyes), with a mean follow-up
period of 7.6 months.®" Re-closure of the angle
occurred in the remaining eye with IOP elevation.
There is a paucity of data on the long-term effect of
iridoplasty in PAC. ALPI alters the peripheral
configuration permanently and may help prevent
subsequent angle closure from peripheral anterior
synechiae formation. A long-term study with a mean
follow-up period of 33.0 £ 9.3 months showed
a 70% (21 eyes) success rate after either 180°/360°
argon or 360° diode laser iridoplasty and main-
tained normal IOP without medications. Nine eyes
developed CACG with PAS.®

C. ANTERIOR CHAMBER PARACENTESIS

Immediate anterior chamber paracentesis is
a maneuver that rapidly lowers IOP in APAC
providing instantaneous relief of symptoms and
prevention of further optic nerve and trabecular
meshwork damage secondary to the acutely elevated
IOP. The IOP-lowering benefit of a paracentesis may
decrease by 1 hour after the procedure and thus
anti-glaucoma medications will become necessary to
sustain the IOP control.”® Paracentesis may not
break the pupillary block but can allow the LPI to be
performed sooner. Possible complications include
excessive shallowing of the anterior chamber, lens
trauma, choroidal effusion, and hemorrhage due to
the sudden decompression.®”

D. GONIOSYNECHIALYSIS

When extensive synechial angle-closure has
occurred, goniosynechialysis (GSL) is an option
for removal of PAS of recent onset; long-standing
PAS are likely to be associated with permanent
trabecular damage.'””” On its own, the long-term
success of GSL for PAC is unlikely because the
procedure does not address the underlying cause
for the synechial angle closure, be it pupillary-block
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or angle-crowding. Hence, goniosynechialysis is
often performed with other procedures such as
LPL'2% ALPL°!? or lens extraction®®!?! to open
the angle in eyes with minimal to moderate
neuronal damage. It can also be complicated by
hyphema, fibrinous inflammation, and synechial
re-closure of the angle.'*

E. TRABECULECTOMY

After the onset of permanent trabecular dysfunc-
tion, the surgical management of PACG is in
principal much like POAG.” In medically
unresponsive APAC, trabeculectomy is associated
with high risk of post-operative complications such
as shallow anterior chamber and surgical failure.”
Trabeculectomy in chronic PACG is also associated
with higher risk of failure, postoperative anterior
chamber shallowing, malignant glaucoma, and
a significant rate of cataract formation 7145127
compared to POAG. Even when the filtration
surgery has successfully reduced the IOP, the ailing
trabecular meshwork does not regain its function,
and so the disease is not cured. The eye must be
followed for life to ensure that the aqueous outflow
remains adequate and the IOP sufficiently con-
trolled to prevent further progression of the
glaucomatous optic neuropathy.

F. LENSECTOMY

Lensectomy in the treatment of PACG has been
actively studied and reported in recent years.****%
Cataract surgery in PACG is generally more chal-
lenging and complicated than in normal eyes or
eyes with POAG because of the shallow AC, large
cataractous lens, and a sometimes atonic pupil after
an acute angle closure attack. The phacoemulsifica-
tion procedure offers the advantages of a smaller
self-sealing incision, better maintenance of the AC
intraoperatively with less risk of iris prolapse, less iris
manipulation, better intraocular maneuverability
when the pupil is small, faster postoperative visual
rehabilitation, and better preservation of the
superior conjunctiva for future trabeculectomy if
needed.

VII. Lens Extraction in Primary
Angle-closure Glaucoma

The role of lensectomy in the management of
PACG has not been established. The potential
importance of this definitive procedure to correct
persistent pupillary-block and angle crowding after
LPI in both the treatment and prevention of acute
and chronic angle closure glaucoma cannot be
overestimated.

TARONGOY ET AL

A. BIOMETRY FOLLOWING LENSECTOMY

Hayashi has shown that after phacoemulsification
and PCIOL implantation, the ACD and angle width
in ACG eyes approximates that of POAG eyes and
control eyes without glaucoma, even though differ-
ences of 1.0 mm of anterior chamber depth and 10
degrees of angle width existed preoperatively.**
They thought that these changes contributed to
the significant IOP reduction seen in the post-
operative follow-up period of 12 months. Another
study,"** done in chronic PACG eyes, also showed
a mean increase in AC depth, from 2.04 mm to 3.44
mm, after cataract extraction and IOL implantation
followed by control of IOP postoperatively. This
increase in ACD and angle width was created by the
exchange of the thickened lens (5 mm) for a 1-mm
acrylic or polymethylmethacrylate lens."'! Even with
the definite deepening of the anterior chamber and
widening of the angle after lens removal, a small
residual increment has been reported when PACG
and POAG eyes were compared, amounting to
approximately 0.3 mm of ACD and 2 degrees of
angle width.* A comparison of the UBM findings
before and after cataract extraction in plateau iris
syndrome eyes after LPI and ALPI found the central
anterior depth increased; the iris-ciliary-body
approximation, however, remained unchanged.'*

B. CLINICAL STUDIES AND IOP CONTROL AFTER
LENSECTOMY

In Table 1, 22 clinical studies, reported from 1988
to 2007, are summarized, which describe the results
of lensectomy in PAC suspects, PAC, and PACG
patients as well as control groups, who were selected
in a nonrandom manner. In the early studies,2’28_
30,138 extracapsular cataract extraction (ECCE) was
performed with posterior chamber IOL implant
(PCIOL). The cataract extractions were made
through a corneal incision, except in Acton’s study,2
where some were performed via a limbal corneoscl-
eral incision after a fornix-based conjunctival
incision. In most of these studies, the patients
included had visually significant cataracts in
addition to PACG of different severity, chronicity,
amount of PAS, and various extents of IOP control
with medications, previous filtration surgeries, or
laser procedures. A high proportion (>65%) of
these patients were considered successes post—
cataract extraction with normal IOP without
medications, whereas preoperatively glaucoma med-
ications were needed. In the studies by Gunning and
Greve,29 Roberts,m4 and ]acobi,44 clear lens extrac-
tions were performed mainly for glaucoma control.
High preoperative IOPs, in these cases of uncon-
trolled glaucoma, were followed by high rates



TABLE 1

Summary of Clinical Studies: Lens Extraction for Primary Angle-Closure Glaucoma

Glaucoma Qualified
Type (# Follow-up Preop—Postop  Success % Success %
Study (year) Lens Procedure of eyes) Preop Gonioscopy (months) IOP (mm Hg) 10P <22 IOP <22 on Rx Complications
Greve® (1988) ECCE+PCIOL AACG (5) Near or complete Range 6-42 31—16 76% 24% Early IOP spikes
closure
CACG (14)
Wishart'*® (1989)  ECCE+PCIOL CACG (23)  PAS (8) Mean 11.2 19.1-15.6 65% 35% 9% IOP spikes
POAG (21) Open (21) 14.8 19.4—19.6 5% 95% 14% IOP spikes
Gunning?’0 (1991) ECCE-+PCIOL CACG (41) No data Mean 14.3 22.6—15.6 65% 34% 60% IOP spikes
PAC
AACG (18)
suspects (8)
Yang'** (1997) ECCE+ PCIOL CACG (20)  No data Mean 53 Controlled 17 0% 100% IOP spikes; iritis
Control (10) No data Mean 59 Controlled 15 No Data
Acton? (1997) ECCE+ PCIOL AACG (9) Mean PAS Mean 19 17— 15.6 68% 26% 32% IOP spikes
CACG (10) 1.4 quadrants 16% iritis
Gunning® (1998) ECCE+PCIOL CACG (22)  PAS 77%eyes Mean 53 28—17 Overall success of 68% 45% IOP spikes
vs Trabeculectomy CACG (25) PAS 60%eyes Mean 59 29— 15 reported in both groups 48% shallow ACD
36% CD
20% Plasmoid iritis
Teekhasaenee'?!  ECCE+PCIOL+ CACG (52)  PAS mean 310° Mean 21 30— 13 90% 8%
(1999) GSL to 60° Postop
10% 1OP spikes
Roberts'®* (20000 PHACO-+PCIOL AACG (3) 360° PAS (2) 36, 24 mos, 39— 17 67% (2 eyes) 33% No data
and no data
Ge?® (2000) PHACO+PCIOL AACG (18) Narrow angles Mean 9 23—12 84% 16% Early IOP spike
CACG (14)
Lai®® (2001) PHACO+ CACG (7) 360° PAS (7) Mean 9 33— 13 100% — 28% 10P spikes
PCIOL+GSL+ hyphema
DLPI
Hayashi®® (2001) PHACO+ PCIOL  CACG (68) No data Mean 25 21— 15 41% 51% No data
POAG (68) Mean 25 15—19 19% 53%
Jacobi** (2002) PHACO+PCIOL AACG (43) Partial closure (7) Mean 10 41—18 72% 16% 9% 10P spikes
CSI
AACG (32) Partial closure (9) Mean 10 40—20 35% 31% 21% IOP spikes
65% additional
surgery
Staso'!” (2002) PHACO+PCIOL CACG (12) Angle width 19° 9 21—15 100% both groups, but use No data
of meds not described
Control (12) Angle width 30° 9 16—16
Zhi'*® (2003) PHACO+PCIOL  AACG (18)  No data 7 days 48— 13 —No Data— No data
Yoon'*" (2003) PHACO+PCIOL  AACG(12)  No data Mean 6 50— 12 70% 30% 20% IOP spikes

(continued on next page)
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Table 1 (continued)

Glaucoma Qualified
Type (# Follow-up Preop—Postop  Success % Success %
Study (year) Lens Procedure of eyes) Preop Gonioscopy (months) IOP (mm Hg) 10P <22 I0OP <22 on Rx Complications
i 40% iritis
Kubota®® (2003) PHACO+PCIOL CACG(13) PAS >180° (5) Mean 14 13—14 62% 38% No data
PHACO+PCIOL+ AACG(5) Mean 14 28— 12 50% 50% No data
GSL (5 eyes)
Wang134 (2004) PHACO+PCIOL AACG (2) PAS 90° No data 19—14 100% No complications
No data one eye
Harasymowycz”' PHACO+PCIOL+ AACG (12) 360 PAS (15) Mean 12 41—15 3.8—1.7 pre-op to No complications
(2005) GSL post —op
) meds
Nongka8”(2005) PHACO+PCIOL PAC (13) 2 Q closed by UBM 3 19—15 No data No data
Lai®” (2006) PHACO+PCIOL CACG (21) =90°—270° Mean 21 20— 15.5 66.7% 33% 14% IOP spike
closed
Liu’™ (2006) PHACO+PCIOL PACG (29) PAS 9 clock 3 15—12 41% 59% 21% 1OP spike
hours (17%)
PAC/suspect 3 14—12 100% 14% 1OP spike
(28)

Imaizumi®® (2006) PHACO-+PCIOL  AACG (18)  No data 6 4913 100% No data

CACG (8) No data 6 17—14 0.63—0.25 No data

control (27) 15—14.5

)

816

6003 dy-yore (3) $¢ [owrepydo amg

AACG = acute angle-closure glaucoma; CACG = chronic angle closure glaucoma; CD = choroidal detachment; CSI = conventional surgical iridectomy; ECCE =
extracapsular cataract extraction; GSL = goniosynechialysis; IOP = intraocular pressure; mos = months; # = number; PAC = primary angle closure; PACG = primary
angle-closure glaucoma; PAS = peripheral anterior synechia; PCIOL = posterior chamber intraocular lens; PHACO = phacoemulsification; Postop = postoperative; Preop
= preoperative; Rx = glaucoma medication; yrs = years.
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(67-72%) of IOP control without medications
postoperatively, even though the patients in the
different studies were variable in terms of the stage
of their disease, chronicity, and amount of PAS
present preoperatively. The decision to do clear lens
extraction for angle closure is even more controver-
sial considering that patients’ vision often improves
when the corneal edema and inflammation settles.
In one study, more than half of test subjects
recovered good vision (6/12 or better) within
a few days of an acute angle closure attack.''®

The greatest IOP reduction after lens removal
occurred in acute PAC eyes with uncontrolled IOP
preoperatively. 1120 This is expected as this
group of patients would have the greatest amount
of pupillary block and appositional angle closure, as
well as the highest baseline IOP. IOP reduction
occurred to an extent that medications were not
required postoperatively, even in eyes with extensive
PAS preoperatively.z&121‘138 Many eyes were found to
have less PAS after surgery,” suggesting that gonio-
scopic examination preoperatively may overestimate
the extent of PAS, when the angle is narrow.
Another possible explanation for finding less PAS
postoperatively, when no additional maneuver was
done during the lens extraction to open the angle,
is the positive pressure of viscoelastic material and
fluid as it is introduced into the eye during the
surgery.58 Although gonioscopic details of those
who failed to have IOP control were not described,
we suspect that a residual open angle does not
guarantee successful IOP control. Acton et al’s
failure to achieve IOP control in some subjects
occurred even though only eyes with a maximum of
two quadrants of PAS were included in the study.'
The residual open trabecular meshwork can be
potentially damaged by high IOP, inflammation
associated with an acute attack, or by the adverse
effect of appositional closure. Phacoemulsification
and PCIOL combined with GSL, performed within 6
months of chronic ACG with an acute attack despite
LPI and argon laser peripheral iridoplasty, has been
found to control IOP without medications in 90.4%
of eyes.'! Another study combining phacoemulsifi-
cation and PCIOL with limited (inferior) GSL and
diode laser peripheral iridoplasty in the treatment
of seven eyes with cataract and CACG with total
synechial angle closure found a short-term success
rate of 100% during a mean follow-up period of 8.9
months.*

The study by Gunning and Greve®? compared the
results of lens extraction to trabeculectomy without
antimetabolites, except for use of postoperative 5-
fluorouracil in 6 of 25 eyes following surgery. Long-
term IOP control was found to be better in the
trabeculectomy group, but there were also more
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sight-threatening complications such as hypotony
and central field loss, poorer visual outcome, and
more surgical reintervention in this group. Sixty
percent of the trabeculectomy eyes required cataract
extraction after a mean postoperative period of 32
months. When phacoemulsification was compared
to conventional surgical iridectomy (CSI) in the
study by Jacobi, phacoemulsification was found to
have more than doubled the success rate in terms of
IOP control and much lower rate of surgical re-
intervention than the CSI group.**

Imaizumi subdivided his study groups into: 1)
APAC at first visit without prior treatment, 2) PACG
with earlier laser iridotomy (LI), and 3) a control
group. His results show that the post-cataract surgery
IOPs of group 1 are significantly lower than the
preoperative IOP of group 2 even with glaucoma
medications.*” This suggests that lens extraction
lowers IOP as well as, if not better, than LPI.

Lens extraction in PAC, whether clear or catarac-
tous, not only deepens the AC and opens the angle
but also decreases diurnal IOP variation’* and
improves facility of outflow.*! Evaluation of patients
by tonometry and with tonography demonstrated
immediate spiking of pressures following surgery,
and persistence of increased facility measurements
at 1 year following surgery in those patients with
decreased outflow preoperatively.

This IOP reduction following cataract surgery is
not observed to the same extent in POAG eyes.
Some studies have found that IOP control in POAG
eyes are largely unaffected by cataract surgery,®”'*®
whereas others found a reduction in IOP in the
short term that is smaller'®* and less sustained®”'*
than that seen in PACG eyes. The mechanism for
IOP reduction in POAG eyes is unclear.

C. COMPLICATIONS OF LENSECTOMY

Intraocular surgery in patients with angle closure
is more challenging than regular surgery because of
the shallow AC, atonic pupil from the acute attack,
and residual corneal edema. The reviewed studies
(Table 1) of lensectomy for treatment of angle
closure glaucoma report lensectomy, by either
ECCE or PHACO, to be potentially safe in the
hands of a skilled cataract surgeon. The complica-
tion causing the most frequent concern was the
immediate postoperative pressure spike, which
occurred in 9-60% of eyes. Significant postoperative
inflammation was seen in 16-40% of eyes reported
in at least four studies.>'*""'**!*7 The addition of
GSL may be associated with increased rates of
hyphema, fibrinoid anterior chamber reaction,
IOP spikes, and cystoid macular edema postopera-
tively, secondary to the iris manipulation.'*! Kubota
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described the successful addition of GSL to PHACO
and PCIOL, in the presence of PAS of more than
two quadrants, and reported no significant compli-
cations in 5 eyes.”” Endothelial cell damage is
common after acute angle closure and elevated
IOP. One study shows that endothelial cell counts
are not significantly diminished following lens
surgery compared to preoperatively.*’

VIII. Lens Extraction for Secondary
Angle-closure Glaucomas

The lens plays a significant role in the develop-
ment of angle closure in other important eye
conditions, which occur less frequently than PACG
but in patients of all ages.”® It is of value to
appreciate that the same mechanisms of pupillary
block and angle crowding, as seen in patients with
PACG, also occur in these other conditions. Angle-
closure develops in these conditions when the lens
is disproportionately large, when the eye is abnor-
mally small, when the lens is thickened, or when the
lens becomes subluxated and blocks the flow of AH
through the pupil and/or closes the narrowed
angle by crowding. Treatment choices should be
determined by the underlying pathology and can
include lensectomy when irreversible anatomic
abnormalities exist that are unresponsive to medical
therapy, laser iridoplasty or iridotomy, or surgical
iridectomy.

A. NANOPHTHALMOS

Nanophthalmos is a rare, bilateral, sporadic or
familial condition characterized by small eyes, with
adult axial lengths of less than 20 mm, shallow
anterior chambers with narrow angles and convex
irides, small corneal diameters, high hyperopia,
thick sclera and choroid, high lens/eye volume
ratio, high corneal refractive power, absence of
other congenital malformations, and the frequent
occurrence of angle closure.''*

The mechanism of the angle-closure in nano-
phthalmos relates to the angle-crowding secondary
to the normal-sized lens in a small eye and anterior
segment This leads to progressive PAS formation as
the iris is forced anteriorly against the trabecular
meshwork by the worsening pupillary-block and
expansion in the posterior segment as the lens
enlarges with age. The mechanism explains the
rarity of long term success in IOP control with LPI
alone, and the beneficial effect of combined LPI
and ALPI in some eyes.® The thickened sclera is felt
to impede venous drainage from the choroid and is
responsible for the uveal effusion that can be
corrected by therapeutic or prophylactic scleros-
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tomy procedures.*® The potential role for lensec-
tomy in the management of nanophthalmos is
shadowed by an awareness of vision loss and
complications after intraocular surgery in the
past.”® The potential goals of lensectomy are for
cataract removal, to deepen the AC, and widen the
angle to halt and prevent progressive closure.
Successful cataract removal with phacoemulsifica-
tion and PCIOL implantation in nanophthalmos is
now reported.77’142 If medical therapy, LPI, ALPI,
combined with therapeutic sclerostomy procedures
for uveal effusions fail to halt progressive angle
Closure,53 lensectomy with PCIOL implantation with
prophylactic sclerostomy procedures should be
considered.

B. RETINOPATHY OF PREMATURITY

Retinopathy of prematurity (ROP) occurs in
premature infants with the risk of occurrence
inversely related to the birth weight, reaching 90%
for infants less than 750 g. Affected eyes may be
small depending on the stage of the active disease,®”
possess steep corneas,”” shallow anterior chamber
depths,”® narrow angles,”® proportionately large
lenses, and exhibit progressive lenticular myopia.*”

Secondary angle closure associated with anterior
displacement of the iris-lens diaphragm is common
(30%) in advanced ROP with onset in infancy.
Closure of the angle is secondary to angle crowding,
a belief supported by the clinical failure of
iridectomy only to open the angle and improve
IOP control.”""*! The angle-closure may be of acute
onset or occur more slowly and cause CACG.

Progressive growth and forward movement of the
lens secondary to contraction of posterior retro-
lenticular membranes”® are also felt to contribute to
the development of pupillary-block related angle
closure.®*91128:131 pogterior diversion of AH (ciliary
block glaucoma) and neovascular glaucoma also
have been seen in ROP glaucoma patients.'”**%2 In
the study by Hartnett and coworkers of 26 untreated
stage IV or VROP eyes in 17 children between 4 and
35 months, 65% had open angles, 35% had 90° or
more of closure with associated glaucoma in only 3
(12%) eyes.32

The treatment of angle closure associated with
ROP depends on the clinical indication and stage of
the illness. When glaucoma is acquired later in
childhood and in adults, active therapy to treat the
pupillary block with iridectomy,69 LPI,115 lensec-
8291 and with glaucoma procedures® have
been successful. PHACO with PCIOL has been
performed in adults with ROP resulting in improved
vision and IOP control in glaucoma patients.”*
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C. PHACOMORPHIC GLAUCOMA

In phacomorphic glaucoma, angle-closure and
secondary glaucoma is caused by the enlargement of
the swollen lens as seen after lens trauma and more
frequently in the intumescent age-related cataract.
The need and benefit of lens removal for improve-
ment of vision and correction of the pupillary block
and crowding mechanisms for angle-closure is
obvious.

D. CILIOCHOROIDAL EXPANSION SYNDROMES

Ciliochoroidal expansion places even an eye of
normal size at risk for angle-closure glaucoma. In
the average human eye the vitreous volume is 5,000
ul, the choroidal volume is 480 pl, and the anterior
chamber volume is about 150 pl. °* Hence, it can be
appreciated that minimal sustained expansion of
the choroid can decrease the AC volume and ACD
significantly and create the prerequisite anterior
segment configuration for angle closure. Further-
more, in these syndromes, separation and thicken-
ing of the ciliary body has been documented by
UBM." The related anterior rotation of the ciliary
body and relaxation of the zonules would be
expected to contribute further to the development
of the angle closure.

Ciliochoroidal expansion syndromes occur sec-
ondary to inflammation, choroidal venous conges-
tion, choroidal metastases, trauma, drugs, systemic
diseases, from aggressive Panretinal Photocogula-
tion (PRP), or may be idiopathic.?**>'*° Treatment
is directed to the underlying illness and to manage-
ment of the related angle closure. Lensectomy is
rarely indicated because often these conditions can
be treated medically or can resolve spontaneously.

E. LENS SUBLUXATION GLAUCOMA

Eyes with lens subluxation or dislocation are at
increased risk for secondary glaucoma.*® When the
lenticular zonular attachments weaken or detach,
the lens thickens and may move from its normal
position. If the weakened zonules are confined to
less than half of the lens circumference, the
thickening of the lens will occur asymmetrically
and create refractive astigmatism and the lens will
remain approximately in its normal position. This
circumstance is seen in young patients with Marfan
syndrome whose eyes are rarely complicated by lens-
related glaucoma.”® In older patients with Marfan
disease, or in those conditions where circumferen-
tial weakening of the zonules occurs,7o’136 the lens
becomes mobile and moves anteriorly with resultant
shallowing of the anterior chamber, increased iris
convexity, increased pupillary block, and risk for
acute or chronic ACG." The subluxated or
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dislocated lens may enter the anterior chamber or
acutely obstruct the pupil and cause an acute attack
associated with a flat anterior chamber.

Treatment of glaucoma caused by lens subluxa-
tion is best directed to the lens itself. Surgical
iridectomy or LPI can help by decreasing the iris
convexity and increasing the angle width, and will
prevent the occurrence of acute angle closure but
can not be relied on to definitively treat or prevent
this secondary ACG.""'% These measures can be
considered for prophylaxis for selected young
patients.'*! Angle-crowding is an important compo-
nent causing the angle closure and can be margin-
ally benefited by ALPL?® The definitive treatment
for lens subluxation related glaucoma is lensec-
tomy.42’47"?’7 The indication for implantation of
anterior chamber IOL or PCIOL is controver-
sial 77112129157 The addition of successful GSL
combined with lensectomy for the treatment of this
PAC has been reported,4 and deserves continued
clinical study.

IX. Conclusion

PACG is a leading cause of blindness and is
potentially preventable. It is projected that 15.7
million will have ACG in 2010 and 3.9 million will be
bilaterally blind from it.”* The lens plays an essential
and pivotal role in the pathogenesis of primary and
secondary ACG. Clinical studies suggest that lensec-
tomy and PCIOL implantation for ACG patients may
offer successful IOP control, and maintenance of
improved vision. Lensectomy eliminates pupillary
block, widens the angle to lessen angle crowding
thus reducing the iridotrabecular proximity, and is
the only treatment alternative that reduces if not
corrects the responsible anatomic predisposition to
angle closure. Medical management and LPI remain
the most common modes of treatment of an acute
attack but newer approaches including early lens
removal are gaining popularity because of their
potential long-term success in IOP control. Un-
certainty persists as to when after an acute attack
lensectomy is most appropriate or whether or not it
should be combined with a filtration procedure.
Randomized, controlled studies are ongoing in
Hong Kong and Singapore and should help clarify
this surgical decision.®>® Although lens extraction
for angle closure is biologically plausible, as of this
time, there is no evidence from good quality
randomized trials or non-randomized studies of
the effectiveness of lens extraction for CACG.*
More longitudinal biomorphometrical studies of
PACG eyes treated with and without lensectomy are
needed to determine its role in the prevention of
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progressive angle closure and to determine which
patients will benefit from lens extraction.”

X. Method of Literature Search

A search of the PubMed database was conducted
for the years 1900-2007, using the following key
words: angle closure glaucoma, pupillary block, angle
crowding, lensectomy, cataract extraction. Additional
references were recovered from bibliographies of
the references. Pertinent articles available from the
medical files of the authors were also reviewed.

References

1. The Advanced Glaucoma Intervention Study, 8: Risks of
cataract formation after trabeculectomy. Arch Ophthalmol.
2001;119:1771-80

2. Acton ], Salmon JF, Scholtz R. Extracapsular cataract
extraction with posterior chamber lens implantation in
primary angle-closure glaucoma. J Cataract Refract Surg.
1997;23:930-4

3. Alsbirk PH. Anterior depth in Greenland Eskimos I. A
population study of variation with age and sex. Acta
Ophthalmol. 1974;52:551-64

4. American Academy of Ophthalmology, Preferred Practice
Pattern. San Francisco, Primary Angle Closure, 2005

5. Ang LP, Aung T, Chew PT. Acute primary angle closure in
an Asian population: long-term outcome of the fellow eye
after prophylactic laser peripheral iridotomy. Ophthalmol-
ogy. 2000;107:2092-6

6. Aung T, Ang LP, Chan SP, Chew PT. Acute primary angle
closure: long term intraocular pressure outcome in Asian
eyes. Am | Ophthalmol. 2001;131:7-12

7. Aung T, Tow SL, Yap EY, et al. Trabeculectomy for acute
angle closure. Ophthalmology. 2000;107:1298-302

8. Burgoyne C, Tello C, Katz LJ. Nanophthalmia and chronic
angle-closure glaucoma. J Glaucoma. 2002;11:525-8

9. Calhoun FP Jr. The management of glaucoma in nano-
phthalmos. Trans Am Ophthalmol Soc. 1975;73:97-119

10. Campbell DG, Vela A. Modern goniosynechialysis for the
treatment of synechial angle-closure glaucoma. Ophthal-
mology. 1984;91:1052-60

11.  Chew PT, Lim A. Argon laser iridoplasty in chronic angle
closure glaucoma. Int Ophthalmol. 1995;19:67-70

12.  Congdon N, Wang F, Tielsch JM. Issues in the epidemiol-
ogy and population-based screening of primary angle-
closure glaucoma. Surv Ophthalmol. 1992;36:411-23

13. Congdon NA, Youlin Q, Quigley H, et al. Biometry and
primary angle-closure glaucoma among Chinese, white,
and black populations. Ophthalmology. 1997;104:1489-95

14.  Curran E. A new operation for glaucoma involving a new
principle in the etiology and treatment of chronic primary
glaucoma. Arch Ophthalmol. 1920;49:131-55

15. Dandona L, Dandona R, Mandal P, et al. Angle closure
glaucoma in an urban population in Southern India. The
Andhra Pradesh Eye Disease Study. Ophthalmology. 2000;
107:1710-6

16. Delmarcelle Y, Francois J, Goes F, et al. Clinical ocular
biometry (oculometry). Bull Soc Belge Ophthalmol. 1976;
172:1-608

17. Dhillon B, Butt Z, Fleck B. Rubeotic glaucoma and
retinopathy of prematurity: a case report. ] Pediatr
Ophthalmol Strabismus. 1992;29:123-5

18. Foster P, Buhrmann R, Quigley H, et al. The definition and
classification of glaucoma in prevalence surveys. Br J
Ophthalmol. 2002;86:238-42

19. Foster PJ, Baasanhu J, Alsbirk PH, et al. Glaucoma in
Mongolia: a population-based survey in Hovsgol Prov-

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

31.

32,

34.

35.

36.

41.

TARONGOY ET AL

ince, Northern Mongolia. Arch Ophthalmol. 1996;114:
1235-41

Foster PJ, Johnson GJ. Glaucoma in China: how big is the
problem? Br J Ophthalmol. 2001;85:1277-82

Foster PJ, Oen FT, Machin D, et al. The prevalence of
glaucoma in Chinese residents of Singapore: a cross-
sectional population survey of the Tanjong Pagar district.
Arch Ophthalmol. 2000;118:1105-11

Foster PJ. The epidemiology of primary angle closure and
associated glaucomatous optic neuropathy. Semin Oph-
thalmol. 2002;17:50-8

Fraunfelder FW, Fraunfelder FT, Keates EU. Topiramate-
associated acute, bilateral, secondary,angle-closure glau-
coma. Ophthalmology. 2004;111:109-11

Friedman DS, Gazzard G, Foster P, et al. Ultrasonography
biomicroscopy, scheimpflug photography, and novel pro-
vocative tests in contralateral eyes of Chinese patients
initially seen with acute angle closure. Ophthalmology.
2003;121:633-42

Friedman DS, Vedula SS. Lens extraction for chronic angle-
closure glaucoma (review). Cochrane Database of System-
atic Reviews;. Issue 3, art. no. CD005555, 2006.

Ge ], GuoY, Liu Y, et al. New management of angle-closure
glaucoma by phacoemulsification with foldable posterior
chamber intraocular lens implantation. Yan Ke Xue Bao.
2000;16:22-8

Gordon RA, Donzis PA. Myopia asociated with retinopathy
of prematurity. Ophthalmology. 1986;93:1593-8

Greve EL. Primary angle closure glaucoma: extracapsular
cataract extraction or filtering procedure. Int Ophthalmol.
1988;12:157-62

Gunning FP, Greve EL. Lens extraction for uncontrolled
angle-closure glaucoma: long-term follow-up. J Cataract
Refract Surg. 1998;24:1347-56

Gunning FP, Greve EL. Uncontrolled primary angle
closure glaucoma: results of early intercapsular cataract
extraction and posterior chamber lens implantation. Int
Ophthalmol. 1991;15:237-47

Harasymowycz P, Papamatheakis D, Ahmed I, et al
Phacoemulsification and goniosynechialysis in the man-
agement of unresponsive primary angle closure. J Glau-
coma. 2005;14:186-9

Hartnett ME, Gilbert MM, Richardson TM, et al. Anterior
segment evaluation of infants with retinopathy of pre-
maturity. Ophthalmology. 1990;97:122-30

Hayashi K, Hayashi H, Nakao F, Hayashi F. Effect of
intraocular surgery on intraocular pressure control in
glaucoma patients. ] Cataract Refract Surg. 2001;27:
1779-1786

Hayashi K, Hayashi H, Nakao F, Hayashi F. Changes in
anterior chamber angle width and depth after intraocular
lens implantation in eyes with glaucoma. Ophthalmology.
2000;107:698-703

Heys ]J, Barocas VH, Taravella MJ]. Modeling passive
mechanical interaction between the aqueous humor and
iris. ] Biomech Eng. 2001;123:540-7

Hittner HM, Rhodes LM. McPherson. Anterior segment
abnormalities in cicatricial retinopathy of prematurity.
Trans Am Acad Ophthalmol. 1979;86:803-16

Ho CL, Walton DS, Pasquale LR. Lens extraction for
angle-closure glaucoma. Int Ophthalmol Clin. 2004;44:
213-28

Ho CL. Symposium on lens extraction in acute glaucoma.
Asian Pacific ] Ophthalmol. 2001;13:19

Hoh ST, Gazzard GA, Oen F, et al. Laser Iridotomy versus
Primary Phacoemulsification. Asia Pacif ] Ophthalmol.
2001;13:22-3

Imaizumi M, Takaki Y, Yamashita H. Phacoemulsification
and intraocular lens implantation for acute angle closure
not treated or previously treated by laser iridotomy.
J Cataract Refract Surg. 2006;32:85-90

Inaba Z. Long-term results of trabeculectomy in the
Japanese: an analysis by lifetable method. Jpn J Ophthal-
mol. 1982;26:361-73



ANGLE-CLOSURE GLAUCOMA

42.

43.

44.

45.

46.

47.

48.

49.

50.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

64.

Inatani M, Tanihara H, Honjo M, et al. Secondary
glaucoma associated with crystalline lens subluxation.
J Cataract Refract Surg. 2000;26:1533-6

Izquierido NJ, Traboulsi EI, Enger C, Maumenee IH.
Glaucoma in the Marfan syndrome. Tr Am Soc. 1992;80:
111-22

Jacobi PC, Dietlein TS, Luke C, et al. Primary phacoemul-
sification and intraocular lens implantation for acute angle-
closure glaucoma. Ophthalmology. 2002;109:1597-603
Jain IS, Gupta A, Dogra MR. Surgery in angle closure
glaucoma: late complications. Glaucoma. 1984;6:54-7

Jin JC, Anderson DR. Laser and unsutured sclerotomy in
nanophthalmos. Am J Ophthalmol. 1990;109:575-80
Kanamori A, Nakamura M, Matsui N, et al. Goniosyne-
chialysis with lens aspiration and posterior chamber
intraocular lens implantation for glaucoma in spheropha-
kia. J Cataract Refract Surg. 2004;30:513-6

Kessler J. The resistance to deformation of the tissue of the
peripheral iris and the space of the angle of the anterior
chamber. Am J Ophthalmol. 1956;42:734-6

Khawly JA, Shields MB. Metastatic carcinoma manifesting
as angle-closure glaucoma. Am ] Ophthalmol. 1994;118:
116-7

Kim YY, Jung HR. Clarifying the nomenclature for primary
angle-closure glaucoma. Surv Ophthalmol. 1997;42(2):
125-36

Kim YY, Jung HR. Dilated, miotic-resistant pupil and laser
iridotomy in primary angle-closure glaucoma. Ophthalmo-
logica. 1997;211:205-8

Kimbrough RL, Trempe CS, Brockhurst R], Simmons R].
Angle-closure glaucoma in nanophthalmos. Am J Oph-
thalmol. 1979;88:572-9

Kocak I, Atlintas AG, Yalvac IS, et al. Treatment of
glaucoma in young nanophthalmic patients. Int Ophthal-
mol. 1997;20:107-11

Krolicki TJ, Tasman W. Cataract extraction in adults with
retinopathy of prematurity. Arch Ophthalmol. 1995;113:
173-7

Kubota T, Toguri I, Onizuka N, Matsuura T. Phacoemulsi-
fication and intraocular lens implantation for angle closure
glaucoma after the relief of pupillary block. Ophthalmo-
logica. 2003;217:325-8

Kushner BJ. Ciliary block glaucoma in retinopathy of
prematurity. Arch Opthalmol. 1982;100:1078-9

Lai J, Tham C, Chan J. The clinical outcomes of cataract
extraction by phacoemulsification in eyes with primary
angle-closure glaucoma and co-existing cataract: a prospec-
tive series. ] Glaucoma. 2006;15(1):47-52

Lai J, Tham C, Chan J. The clinical outcomes of cataract
extraction by phacoemulsification in eyes with primary
angle closure glaucoma and co-existing cataract: a pro-
spective case series (letter). ] Glaucoma. 2006;15(4):346
Lai J, Tham C, Lam D. Incisional Surgery for angle closure
glaucoma. Sem Ophthalmol. 2002;17(2):92-9

Lai JS, Tham CC, Chua JK, et al. Laser peripheral
iridoplasty as initial treatment of acute attack of primary
angle-closure: a long-term follow-up study. J Glaucoma.
2002;11:484-7

Lai JS, Tham CC, Chua JK, Lam DS. Efficacy and safety of
inferior 180 degrees goniosynechialysis followed by diode
laser peripheral iridoplasty in the treatment of chronic
angle-closure glaucoma. J Glaucoma. 2000;9:388-91

Lai JS, Tham CC, Lam DS. The efficacy and safety of
combined phacoemulsification, intraocular lens implanta-
tion, and limited goniosynechialysis, followed by diode
laser peripheral iridoplasty, in the treatment of chronic
angle-closure glaucoma. J Glaucoma. 2001;10:309-15

Lam DS, Chua JK, Tham CC, Lai |S. Efficacy and safety of
immediate anterior chamber paracentesis in the treatment
of acute primary angle-closure glaucoma: a pilot study.
Ophthalmology. 2002;109:64-70

Lam DS, Lai JS, Tham CC, et al. Argon laser peripheral
iridoplasty versus conventional systemic medical therapy in
treatment of acute primary angle-closure glaucoma: a pro-

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

717.

78.

79.

80.

81.

82.

84.

85.

86.
87.

88.

89.

223

spective, randomized, controlled trial. Ophthalmology.
2002;109:1591-6

Lam DS, Lai JS, Tham CC. Immediate argon laser
peripheral iridoplasty as treatment for acute attack of
primary angle-closure glaucoma: a preliminary study.
Ophthalmology. 1998;105:2231-6, 1998.

Lam DS, Tham C, Lai J, et al. Current approaches to the
management of acute primary angle closure. Curr Opin
Ophthalmol. 2007;18:146-51

Laws DE, Haslett R, Ashby D, et al. Axial length in infants
with retinopathy of prematurity. Eye. 1994;8:427-30

Lee DA, Brubaker RF, Ilsrup DM. Anterior chamber
dimensions in patients with narrow angles and angle-
closure glaucoma. Arch Ophthalmol. 1984;102:46-50

Lee GA, Lee LA, Gole GA. Angle-closure glaucoma after
laser treatment for retinopathy of prematurity. ] AAPOS.
1998;2:383—4

Lieberman TW, Podos SM, Hartstein J. Acute glaucoma,
ectopia lentis and homocystinuria. Am J Ophthalmol. 1966;
61:252-5

Lim K], Hyung SM, Youn DH. Ocular dimensions with
aging in normal eyes. Korean ] Ophthalmol. 1992;6:19-
31

Lim L, Aung T, Husain R, et al. Acute primary angle
closure: configuration of the drainage angle in the first
year after laser peripheral iridotomy. Ophthalmology. 2004;
111(8):1470-4

Lim L, Husain R, Gazzard G. Cataract progression after
prophylactic lasr peripheral iridotomy: potential implica-
tions for the prevention of glaucoma blindness. Ophthal-
mology. 2005;112:1355-9

Liu C, Cheng C, Wu C, et al. Factors predicting intraocular
pressure control after phacoemulsification in angle closure
glaucoma. Arch Ophthalmol. 2006;124:1390-4

Lowe RF. Aetiology of the anatomical basis for primary
angle closure glaucoma. Br J Ophthalmol. 1970;54:
161-9

Lowe RF. Causes of shallow anterior chamber in
primary angle-closure glaucoma. Am ] Ophthalmol.
1969;67:87-93

Mandal AK. Cataract surgery with primary posterior
chamber intraocular lens implantation in nanophthalmos.
Ophthalmic Surg Lasers. 2001;32:333-5

Mapstone R. Precipitation of angle closure. Br | Ophthal-
mol. 1974;58:36-54

Markowitz SN, Morin JD. Angle-closure glaucoma: relation
between lens thickness, anterior chamber depth and age.
Can J Ophthalmol. 1984;19:300-2

McGuigan LJ, Gottsch J, Stark W], et al. Extracapsular
cataract extraction and posterior chamber lens implanta-
tion in eyes with preexisting glaucoma. Arch Ophthalmol.
1986;104:1301-8

Meyer MA, Savitt MC, Kopitas E. The effect of phacoe-
mulsification on aqueous outflow facility. Ophthalmology.
1997;104:1221-7

Michael AJ, Pesin SR, Katz L], Tasman WS. Management of
late-onset angle-closure glaucoma associated with retinop-
athy of prematurity. Ophthalmology. 1991;98:1093-8
Nolan W. Lens extraction in primary angle closure. Br J
Ophthalmol. 2006;90(1):1-2

Nolan WP, Foster PJ, Devereux JG, et al. YAG laser
iridotomy treatment for primary angle-closure glaucoma
in East Asian eyes. Br ] Ophthalmol. 2000;84:1255-9
Nonaka A, Kondo T, Kikuchi M, et al. Cataract surgery for
residual angle closure after peripheral laser iridotomy.
Ophthalmology. 2005;112:974-9

O’Grady RB. Nanophthalmos. Am J Ophthalmol. 1971;71:
1251-3

Obstbaum SA. Glaucoma and intraocular lens implanta-
tion. J Cataract Refract Surg. 1986;12:257-61

Pavlin CJ, Ritch R, Foster FS. Ultrasound biomicroscopy
in plateau iris syndrome. Am J Ophthalmol. 1992;113:
390-5

Pei TH. Glaucoma in China. Int Ophthalmol. 1995;8:47-54



224

90.

91.

92.

93.

94.

96.

97.

98.

99.

100.

101.

102.
103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

114.

Surv Ophthalmol 54 (2) March-April 2009

Cl Phillips. Aetiology of angle-closure glaucoma. Br ]
Ophthalmol. 1972;56:248-53

Pollard ZF. Lensectomy for secondary angle-closure glau-
coma in advanced cicatricial retrolental fibroplasia. Oph-
thalmology. 1984;91:395-8

Quigley H, Broman AT. The number of people with
glaucoma worldwide in 2010 and 2020. Br J Ophthalmol.
2006;90:262-7

Quigley HA, Congdon NG, Friedman DG. Glaucoma in
China (and worldwide): changes in established thinking
will decrease preventable blindness. Br J Ophthalmol.
2001;85:1271-2

Quigley HA, Freidman DS, Congdon NG. Possible mech-
anisms of primary angle- closure glaucoma and malignant
glaucoma. J Glaucoma. 2003;12:167-80

Quigley HA. The number of persons with glaucoma
worldwide. Br J Ophthalmol. 1996;85:1277-82

Ritch R, Chang BM, Liebmann JM. Angle closure in
younger patients. Ophthalmology. 2003;110:1880-9

Ritch R, Lowe RF. Angle closure glaucoma: mechanisms
and epidemiology. In Ritch R, Shields MB, Krupin T (eds):
The Glaucomas. St. Louis, CV Mosby, 1996, pp. 801-19
Ritch R, Solomon LD. Argon laser peripheral iridoplasty
for angle-closure glaucoma in siblings with Weill-Marche-
sani syndrome. J Glaucoma. 1992;1:243-7

Ritch R, Tham CC, Lam DS. Argon laser peripheral
iridoplasty: an update. Surv Ophthalmol. 2007;52(3)
:279-88

Ritch R, Tham CC, Lam DS. Long-term success of argon
laser peripheral iridoplasty in the management of plateau
iris syndrome. Ophthalmology. 2004;111:104-8

Ritch R. Argon laser treatment for medically unresponsive
attacks of angle-closure glaucoma. Am J Ophthalmol. 1982;
94:197-204

Ritch R. Assessing the treatment of angle closure.
Ophthalmology. 2003;110:1867-8

Ritch R. Plateau iris is caused by abnormally positioned
ciliary processes. J Glaucoma. 1992;1:23-6

Roberts TV, Francis IC, Lertusumitkul S, et al. Primary
phacoemulsification for uncontrolled angle-closure glau-
coma. ] Cataract Refract Surg. 2000;26:1012-6

Rosman M, Aung T, Ang LP, et al. Chronic angle-closure
with glaucomatous damage: long term clinical course in
a North American population and comparison with an
Asian population. Ophthalmology. 2002;109:2227-31
Sakai H, Ishikawa H, et al. Prevalence of ciliochoroidal
effusion after prophylactic laser iridotomy. Am J Ophthal-
mol. 2003;136:537-8

Sankar PS, Pasquale LR, Grosskreutz CL. Uveal effusion
and secondary angle-closure glaucoma associated with
topiramate use. Arch Ophthalmol. 2001;119:1210-1

Saw SM, Gazzard G, Freidman D, et al. Awareness of
glaucoma, and health beliefs of patients suffering primary
acute angle closure. Br J Ophthalmol. 2003;87:446-9
Seah SK, Foster PJ, Chew PT, et al. Incidence of acute
primary angle-closure glaucoma in Singapore. Arch Oph-
thalmol. 1997;115:1436-40

Seang-Mei S, Gazzard G, Friedman D. Interventions for
angle-closure glaucoma: an evidence-based update. Oph-
thalmology. 2003;110:1869-79

Sickenberg M, Gonvers M, van Melle G. Change in
capsulorhexis size with four foldable loop-haptic lenses
over 6 months. | Cataract Refract Surg. 1998;24:925-30
Siganos DS, Signaos CS, Popescu CN, Margaritis VN.
Clear lens extraction and intraocular lens implantation
in Marfans syndrome. J Cataract Refract Surg. 2000;26:
781-4

Silver DM, Quigley HA. Aqueous flow through the iris- lens
channel: estimates of differential pressure between the
anterior and posterior chambers. ] Glaucoma. 2004;13:
100-7

Singh OS, Simmons R], Brockhurst R], Trempe CL. Nano-
phthalmos. A perspective on identification and therapy.
Ophthalmology. 1982;89:1006-12

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

137.

TARONGOY ET AL

Smith J, Shivitz I. Angle-closure glaucoma in adults with
cicatricial retinopathy of prematurity. Arch Ophthalmol.
1984;102:371-2

Sorsby A, Benjamin B, Davey JB, et al. Emmetropia and its
aberrations. Spec Rep Ser med Res Council. London, Her
Majestys Stationery Office, 1956. p 253.

Staso SD, Sabetti L, Taverniti L, et al. Phacoemulsification
and intraocular lens implant in eyes with primary angle-
closure glaucoma: our experience. Acta Ophthalmol Scan
Suppl. 2002;136:17-8

Tan GSW, Hoh S-T, et al. Visual Acuity after Acute Primary
Angle Closure and Considerations for Primary Lens
Extraction. Br J Ophthalmol. 2006;90:14-6

Tanihara H, Nagata M. Argon laser gonioplasty following
goniosynechialysis. Graefes Arch Clin Exp Ophthalmol.
1991;229:505-7

Tanihara H, Nishinaki K, Nagata M. Surgical results and
complications of goniosynechialysis. Graefes Arch Clin Exp
Ophthalmol. 1992;230:309-13

Teekhasaenee C, Ritch R. Combined phacoemulsification
and goniosynechialysis for uncontrolled chronic angle-
closure glaucoma after acute angle closure glaucoma.
Ophthalmology. 1999;106:669-74

Tham CC, Lai JS, Lam DS. Immediate argon laser
peripheral iridoplasty for acute attack of PACG (adden-
dum to previous report). Ophthalmology. 1999;106:
1042-3

Tham CC, Lai JS, Poon AS, et al. Immediate argon laser
peripheral iridoplasty (ALPI) as initial treatment for acute
phacomorphic angle-closure (phacomorphic glaucoma)
before cataract extraction: a preliminary study. Eye. 2005;
19(7):778-83

Tomlinseon A, Leighton DA. Ocular dimensions in the
heredity of angle-closure glaucoma. Br J Ophthalmol.
1973;57:475-86

Tornquist R. Chamber depth in primary acute glaucoma.
Br J Ophthalmol. 1956;40:421-9

Tran HV, Liebmann JM, Ritch R. Iridociliary apposition in
plateau iris syndrome persists after cataract extraction. Am
J Ophthalmol. 2003;135:40-3

Trope GE, Pavlin CJ, Bau A, et al. Malignant glaucoma.
Clinical and ultrasound biomicroscopic features. Ophthal-
mology. 1994;101:1030-5

Ueda N, Ogino N. Angle-closure glaucoma with pupillary
block mechanism in cicatricial retinopathy of prematurity.
Ophthalmologica. 1988;196:15-8

Vadala P, Capozzi P, Fortunato M, et al. Intraocular lens
implantation in Marfans syndrome. J Pediatr Ophthalmol
Strabismus. 2000;37:206-8

Waheeb S, Feldman F, Velos P, Pavlin CJ. Ultrasound
biomicroscopic analysis of drug-induced bilateral angle-
closure glaucoma associated with supraciliary choroidal
effusion. Can J Ophthalmol. 2003;38:299-302

Walton DS. Retrolental fibroplasia with glaucoma. In
Chandler PA, Grant WM (eds): Glaucoma. Philadelphia,
Lea & Fiebinger, 2nd ed 1979, pp. 528-9

Wand M, Grant WM, Simmons R], Hutchinson BT. Plateau
iris syndrome. Trans Am Acad Ophthalmol Otolaryngol.
1997;83:122-30

Wand M, Pavlin CJ, Foster FS. Plateau iris syndrome:
ultrasound biomicroscopic and histologic study. Ophthal-
mic Surg. 1993;24:129-31

Wang JK, Lai PC. Unusual presentation of angle-closure
glaucoma treated by phacoemulsification. ] Cataract
Refract Surg. 2004;30:1371-3

West RH. Creeping angle closure glaucoma. The influence
of iridotomy and iridectomy. Aust NZ ] Ophthalmol. 1992;
20:23-8

Willi M, Kut L, Cotlier E. Pupillary-block glaucoma in
the Marchesani syndrome. Arch Ophthalmol. 1973;90:
504-8

Willoughby CE, Wishart PK. Lensectomy in the manage-
ment of glaucoma in spherophakia. J Cataract Refract Surg.
2002;28:1061-4



ANGLE-CLOSURE GLAUCOMA

138.

140.

141.

142.

143.

144.

Wishart PK, Atkinson PL. Extracapsular cataract ex-
traction and posterior chamber lens implantation
inpatients with primary chronic angle-closure glaucoma:
effect on intraocular pressure control. Eye. 1989;3:706-
712

Wojciechowski OD, Congdon NM, Anninger W. Age,
gender, biometry, refractive error, and the anterior
chamber angle among Alaskan Eskimos. Ophthalmology.
2003;110:365-75

Wong TY, Foster PJ, Seah SKL, Chew PTK. Rates of hospital
admissions for primary angle closure glaucoma among
Chinese, Malays, and Indians in Singapore. Br J Ophthal-
mol. 2000;84:990-2

Wright KW, Chrousos GA. Weill-Marchesani syndrome with
bilateral angle-closure glaucoma. J Pediatr Ophthalmol
Strabismus. 1985;22:129-32

Wu W, Dawson DG, Sugar A, et al. Cataract surgery in
patients with nanophthalmos: results and complications.
J Cataract Refract Surg. 2004;30:584-90

Treatment of primary angle-closure glaucoma by argon
laser iridotomy: a long-term follow-up. Jpn J Ophthalmol.
1985;29:1-12

Yang CH, Hung PT. Intraocular lens position and anterior
chamber angle changes after cataract extraction in eyes

Outline

. Introduction
II.
I11.

Clinical types of angle-closure glaucoma
Epidemiology of primary angle-closure
glaucoma

Mechanisms in angle-closure glaucoma

A. Pupillary block mechanism
B. Angle crowding

. Pathogenesis of angle-closure glaucoma and

the role of the lens

. Current surgical treatment options for pri-

mary angle-closure glaucoma

A. Laser peripheral iridotomy

B. Argon laser periheral iridoplasty
C. Anterior chamber paracentesis
D. Goniosynechialysis

E. Trabeculectomy

F. Lensectomy

145.

146.

147.

148.

225

with primary angle-closure glaucoma. J Cataract Refract
Surg. 1997;23:1109-13

Yip PP, Leung WY, Hon CY, et al. Argon laser peripheral
Iridoplasty in the management of Phacomorphic
Glaucoma. Ophthalmic Surg Lasers Imaging. 2005;36(4):
286-91

Yong VK, Umapathi T, Aung T, et al. Systemic autonomic
function in subjects with primary angle-closure glaucoma:
a comparative study of symptomatic and asymptomatic
disease presentation. Clin Experiment Ophthalmol. 2004;
32:137-41

Yoon JY, Hong Y], Kim CY. Cataract surgery in patients with
acute primary angle-closure glaucoma. Korean | Ophthal-
mol. 2003;17:122-6

Zhi MZ, Lim AS, Yin Wong T. A pilot study of lens
extraction in the management of acute primary angle-
closure glaucoma. Am J Ophthalmol. 2003;135:534-6

The authors reported no proprietary or commercial interest in
any product mentioned or concept discussed in this article.

Reprint address: David S. Walton, MD, 2 Longfellow Place,
Suite 201, Boston, MA 02114, USA.

VII.

VIIIL

IX.
. Method of literature search

Lens extraction
glaucoma

in primary angle-closure

A. Biometry following lensectomy

B. Clinical studies and IOP control after
lensectomy

C. Complications of lensectomy

Lens extraction for secondary angle-closure
glaucomas

A. Nanophthalmos

B. Retinopathy of prematurity

C. Phacomorphic glaucoma

D. Ciliochoroidal expansion syndromes
E. Lens subluxation glaucoma

Conclusion



	Angle-closure Glaucoma: The Role of the Lens in the Pathogenesis, Prevention, and Treatment
	Introduction
	Clinical Types of Angle-closure Glaucoma
	Epidemiology of Primary Angle-closure Glaucoma
	Mechanisms in Angle-closure Glaucoma
	Pupillary block mechanism
	Angle crowding

	Pathogenesis of Angle-closure Glaucoma and the Role of the Lens
	Current Surgical Treatment Options for Primary Angle-closure Glaucoma
	Laser peripheral iridotomy
	Argon laser periheral iridoplasty
	Anterior chamber paracentesis
	Goniosynechialysis
	Trabeculectomy
	Lensectomy

	Lens Extraction in Primary Angle-closure Glaucoma
	Biometry following lensectomy
	Clinical studies and IOP control after lensectomy
	Complications of lensectomy

	Lens Extraction for Secondary Angle-closure Glaucomas
	Nanophthalmos
	Retinopathy of prematurity
	Phacomorphic glaucoma
	Ciliochoroidal expansion syndromes
	Lens subluxation glaucoma

	Conclusion
	Method of Literature Search
	References
	Outline


