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TARGET AUDIENCE This educational activity is intended 
for ophthalmologists and ophthalmologists in residency or 
fellowship training.

LEARNING OBJECTIVES Upon completion of this activity, 
participants will be able to:
1. Identify patients at risk for PACG.
2. describe the requirements and tools for PACG diagnosis.
3. describe the eff ect of cataract surgery on IOP and state 

proposed mechanisms for this eff ect. 
4. take into consideration the IOP-lowering eff ect of 

cataract surgery in selecting the appropriate surgical 
treatment for coexisting cataract and glaucoma.
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Preventing Primary Angle-Closure Glaucoma
Prof Tin Aung, MMed(Ophth), 
FRCS(Ed), FRCOphth(UK), 
FAMS, PhD(Lond)

primary angle-closure glaucoma 
(pacG), which may account for up 
to 10% of glaucoma cases in the 
us, is increasing in prevalence as 
the population ages. When not 
detected and treated, pacG can be 
devastating, leading to blindness 
at three times the rate of primary 
open-angle glaucoma (poaG). as a 
preventable disease, pacG deserves 
greater attention within the 
public health and ophthalmology 
communities.

PACG results from contact between 
the iris and trabecular meshwork in the 
anterior chamber of the eye, leading to 
trabecular damage, intraocular pressure 
(IOP) elevation, and optic neuropathy 
(Figures 1A and 1B). Although less com-
mon than primary open-angle glaucoma 
(POAG), PACG more frequently leads to 
blindness in those it aff ects, including 
25% to 30% of aff ected Asian patients. 
PACG is a leading cause of blindness 
worldwide.1,2 

Approximately 80% of PACG cases 
occur among patients of Asian descent; 
throughout Asia, PACG aff ects 0.75% of 
those over 40 years old. More specifi cal-
ly, prevalence is estimated at 0.46% in 
India, 0.66% in Southeast Asia, 1.10% 
in China, and 1.19% in Japan.3 The 
prevalence of PACG is also higher than 
previously thought among populations 
of European descent, aff ecting about 
0.4% of individuals with European an-
cestry.4 recent estimates suggest that 
PACG aff ects about 1.6 million people in 
Europe and 581,000 people of European 
descent in the US.4 Among patients of 
African descent, PACG prevalence is 
lower but severity is often worse.1

As the world population increases 
and ages, the incidence and morbidity 
of all forms of glaucoma is expected to 
increase. Currently glaucoma from all 
causes affects 64 million individuals 
worldwide; by 2040, global glaucoma 
prevalence—including PACG—is pro-
jected to reach 111 million.5 Th is expan-
sion will cross populations—among 
Americans of European descent, PACG 
is expected to increase by 18% in the 
next decade.4 

Like open-angle forms of glaucoma, 

PACG can be a silent disease until 
it is well established. Furthermore, 
PACG can progress at a rapid pace. 
Its prevalence, stealth, and potential 
for grave visual outcomes combine to 
make PACG a signifi cant public health 
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 FiGure 1 a. The anterior chamber angle, 
showing angle closure. B. anterior segment ocT 
showing angle closure.
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STATEMENT OF NEED
Glaucoma, a group of ocular diseases characterized by progres-
sive damage to the optic nerve, is the second leading cause of 
blindness worldwide, affecting a significant and growing portion 
of the US population.1,2

Much remains to be understood about the pathophysiology of 
glaucoma, but high intraocular pressure (IOP) has been identified 
as a key risk factor for progression. Medical and surgical therapies 
for the disease are primarily directed at reducing IOP.

Recent years have seen significant innovation in the treatment 
of glaucoma, including gentler and more effective topical 
drugs, less invasive surgical techniques, and new molecules 
and mechanisms of action. As pharmaceutical and surgical 
treatments for glaucoma rapidly advance—and as research 
continues to provide insights about the disease’s neurologic 
underpinnings—comprehensive ophthalmologists are chal-
lenged to remain up-to-date.

To give their glaucoma patients the full benefit of treatment 
advances, clinicians require clear, actionable insights from 
subspecialists and researchers. Topics in Glaucoma will present 
current research in the context of comprehensive care, providing 
non-specialists with clearly presented, evidence-based clinical 
judgments from experts in the field.
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issue throughout the world. Yet, goni-
oscopy, the principle means of iden-
tifying PACG—is underused, and the 
disease is likely underdiagnosed. This 
is highly unfortunate, since PACG, un-
like open-angle glaucoma, is potentially 
preventable when detected in its early 
stages (as narrow angle or angle-closure 
suspect).

Risk FacToRs
Understanding risk factors for 

PACG helps in understanding its patho-
physiology and may ultimately impact 
our ability to screen for and treat the 
disease. Demographic risk factors 
associated with PACG include Asian 
descent, female sex, advanced age, and 
family history. Within Asian popula-
tions, women carry a 1.5-fold increased 

risk compared with Asian men.3 Women 
of European descent are at a 3.25-fold 
increased risk compared to their male 
counterparts.4 PACG risk doubles with 
each decade of life; among Asians, PACG 
affects 0.21% of those between 40 and 
49 years, and 0.54%, 1.26%, and 2.32% 
of those 50-59, 60-69, and 70-79 years 
respectively.3

Individuals with affected first-
degree relatives are at increased risk 
for PACG. This observation, as well 
as PACG’s well-known predilection 
for certain ethnic groups, has led re-
searchers—myself included—to look 
for genetic factors that may influence 
susceptibility and pathogenesis. Thus 
far, our two-phase genome-wide asso-
ciation (GWA) study (involving 3,771 
PACG and 18,551 control cases) has 

uncovered several genetic variants asso-
ciated with increased risk (by about 20% 
to 30%) for PACG. These gene variants 
include: rs11024102 on gene PLEKHA7 
(on chromosome 11); rs3753841 on 
COL11A1 (on chromosome 1); and 
rs1015213 between genes PCMTD1 and 
ST18 (on chromosome 8q).6

The clinical implications of these 
and other genes involved in PACG are 
as yet unclear. By studying the products 
of these genes—what functions they 
perform and what effect might come 
from disabling those functions—some 
interesting facts about PACG patho-
genesis are emerging. For example, 
PLEKHA7 is thought to play a role in 
maintaining tight junctions in the eye. 
COL11A1 encodes a building block of 
collagen, which goes into the scleral ma-
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requires a skilled practitioner.
Anterior segment OCT (AS-OCT) 

is a real-time, noncontact technique 
for creating cross-sectional images of 
the anterior chamber and measuring 
the anterior chamber angle. It is easy 
to perform, well tolerated by patients, 
and generates multiple objective angle-
defining parameters, including angle 
opening distance and trabecular-iris 
space area.12 Compared to gonioscopy, 
AS-OCT is sensitive in detecting angle 
closure but has lower specificity.13 Use 
of AS-OCT is limited, however, by poor 
visibility of structures behind the pig-
mented iris, including the ciliary sulcus 

trix and may impact ocular architecture 
and structure.6

anaTomic Risk FacToRs
In addition to epidemiologic and 

genetic risk factors, there is a third cat-
egory of risk applicable to PACG: ocular 
anatomical risk factors. Various ocular 
anatomic properties are associated with 
a smaller or more crowded anterior 
chamber, which can narrow the angle, 
compromise aqueous outflow, and in-
crease the risk for PACG. These include a 
smaller or more shallow anterior cham-
ber, increased thickness of the lens and/
or iris, anteriorly pushed lens, short 
axial length (hence hyperopic refractive 
error), and overall small globe size.2,7 
Short stature has also been associated 
with a small anterior chamber, nar-
rower angle, and increased PACG risk.8,9

Using imaging, other ocular ana-
tomical factors such as iris thickness, 
anterior chamber width and volume, 
as well as lens vault can be determined. 
Iris surface features detectable by slit 
lamp examination may provide mean-
ingful clues to PACG risk. One study 
found that fewer and smaller crypts 
and darker iris color were significantly 
associated with narrower angles, possi-
bly indicating a less aqueous-permeable 
iris stroma.10

sTaGes and pRoGnosis
The key feature that differenti-

ates PACG from POAG is iridocorneal 
contact—a closed angle, defined as oc-
clusion of at least 180 to 270 degrees 
of the angle.7 By definition, PACG also 
involves glaucomatous damage to the 
optic nerve, with visual field changes; 
and PACG is frequently associated with 
intermittent or sustained IOP elevation. 
The main mechanism behind PACG is 
pupil block, in which resistance to the 
forward flow of aqueous humor at the 
level of the pupillary opening increases 
the pressure behind the iris, causing it 
to bow forward.7 Other mechanisms, 
including plateau iris, may overlap with 
pupil block and contribute to the overall 
pathophysiology.11

Two intermediary stages precede 
full-blown PACG. The earliest form 
of the disease is called angle-closure 

suspect (also, “primary angle-closure 
suspect” or “narrow angles”), charac-
terized by a narrow angle configura-
tion without visual disability or other 
detectable consequence of the disease. 
Without intervention, over the next 5 
years roughly 30% to 40% of patients 
with narrow angles will progress to 
primary angle closure, the second stage 
of the disease. Primary angle closure 
is characterized by a closed angle with 
some consequences (eg, elevated IOP or 
synechial closure), although the optic 
nerve remains normal at this stage. 
Among this group, about 20% to 30% 
can be expected to progress to PACG 
over 5-10 years.

deTecTion and diaGnosis
Early detection of angle closure 

prior to the development of PACG is 
crucial to preventing vision loss. Ideally, 
patients at risk for PACG (and those be-
lieved to have POAG or are open-angle 
glaucoma suspects) should undergo 
examination to assess the iridocorneal 
angle using gonioscopy. Nowadays, im-
aging methods (eg, optical coherence 
tomography [OCT] or ultrasound biomi-
croscopy [UBM]) are increasingly used 
to assess the angle. 

Gonioscopy is the gold standard for 
detecting angle narrowing or closure; 
however, subjectivity, poor reproducibil-
ity, and the need for experience and con-
fidence with the technique limit its use.12 
Thus, there is increasing interest and a 
growing body of research around the use 
of UBM and OCT for objective evalu-
ation of anterior segment structures. 

UBM can be used to define anterior 
segment anatomic structures, including 
the cornea, iris, the anterior chamber, 
iridocorneal angle, and ciliary body.1 
UBM can also help to differentiate pri-
mary (due to pupil block) from second-
ary causes of angle closure (eg, plateau 
iris, aqueous misdirection, lens displace-
ment, or tumor). This information may 
be critical for deciding a course of treat-
ment. However, since UBM involves 
placing a saline-filled cup between an 
ultrasound transducer wand and the 
patient’s ocular surface, some patients 
do not tolerate it well. UBM also carries 
a low risk of scratching the cornea and 

COrE CONCEPTS 
●	 pacG, a leading cause of 

blindness in the world, is 
underdiagnosed.

●	 Risk factors include asian 
ethnicity, female sex, advanced 
age, family history, and crowding 
of anatomic features within the 
anterior segment. 

●	 pacG, although most common 
in asians, is prevalent across 
ethnicities.

●	 pacG etiology is uncertain 
and may involve inherited 
and environmental elements, 
although genetics almost 
certainly plays some role.

●	 most patients with risk factors 
for pacG, including those 
considered “pacG suspect,” do 
not develop advanced disease; 
however, progression occurs in 
a substantial minority who go 
untreated.

●	 patients with glaucoma and 
glaucoma suspects should 
undergo gonioscopy to rule out 
angle closure.

●	 don’t assume the angle is open 
in patients with glaucoma: 
always check.

●	 anterior segment ocT and 
swept source ocT may improve 
diagnosis and help standardize a 
definition of angle closure.
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and ciliary body, as well as of important 
landmarks, including the scleral spur.12 

Swept source OCT (SS-OCT) is a 
recent technologic advance in angle as-
sessment, using higher scan speed and 
a 360-degree trajectory around the an-
terior segment. Like AS-OCT, SS-OCT 

is noninvasive and well accepted by 
patients. SS-OCT may provide a more 
complete angle profile since it can take 
into account the entire circumference 
of the angle profile.14 

iRidoTomy
The good news about angle closure 

is that, when caught early, it can be 
essentially “cured,” and glaucoma pre-
vented. Laser peripheral iridotomy—a 
hole placed in the iris for fluid to bypass 
pupil block—is first-line treatment for 
all stages of PACG; it is highly effective, 
especially when performed in earlier 
stages of disease (Figure 2). Complica-
tions are rare but may include increased 
IOP, corneal decompensation, cataract 
progression, and visual disturbance.7

Patients with continued elevated IOP 

following iridotomy warrant treatment 
with an IOP-lowering agent. All patients 
should, of course, have regular follow-
up to ensure patency of the iridotomy, 
sustained control of IOP, and health 
of the optic nerve. Patients with more 
advanced PACG often require surgery.

conclusion
Greater awareness of PACG and its 

risk factors is essential for early detec-
tion and prevention of PACG-related 
vision loss. Diagnosis requires demon-
stration of angle narrowing, which is 
best visualized by gonioscopy (assuming 
the examiner is experienced in this tech-
nique). Imaging methods, like AS-OCT 
and SS-OCT, are poised to offer a safer, 
simpler, albeit more costly means for 
detecting angle closure.

Professor Tin Aung, MMed(Ophth), FRCS(Ed), 
FRCOphth(UK), FAMS, PhD(Lond), is head, 
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FiGure 2 patent laser iridotomy.
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Cataract Surgery and Glaucoma
David S. Friedman, MD, 
MPH, PhD

cataract surgery has been shown to 
produce a significant and sustained 
iop reduction in glaucoma patients. 
This iop-lowering effect should 
be considered when deciding on 
the best surgical strategy for a 
patient with coexisting cataract and 
glaucoma.

Both cataract and glaucoma are ocu-
lar diseases whose prevalence increases 
dramatically with age. Nearly one in five 
Americans over age 40 is affected by 
cataract; for those over 65, the preva-
lence of cataract is closer to 25%.1 Since 
glaucoma is also an age-related disease, 
and the population is aging, more and 
more patients will have both cataract 
and glaucoma. 

While a number of surgical options 
are available for managing concomitant 
cataract and glaucoma, they can be re-
duced to two general approaches: 1) cat-
aract and glaucoma surgery performed 
in separate operations; and 2) cataract 
and glaucoma surgery combined in a 
single two-part operation. Since it is 
now established that cataract surgery 
alone can significantly lower intraocular 
pressure (IOP), deciding whether or not 
to add a procedure at the time of cata-
ract surgery is a decision many doctors 
and patients will face.

caTaRacT suRGeRy and iop
Cataract surgery has long been ob-

served to lower IOP, but the pressure 
reduction was thought to be small and 
transient. recent studies, however, 
have found that the IOP-lowering effect 
of cataract surgery is substantial and 
sustained—in patients both with and 
without glaucoma.2-4

One meta-analysis showed that, on 
average, IOP drops by 2 to 4 mm Hg for 
1 or 2 years after cataract extraction by 
either phacoemulsification or extracap-
sular cataract extraction (ECCE).5 In one 
of the more important studies to assess 

this issue, Mansberger and colleagues 
looked at untreated patients in the 
Ocular Hypertension Treatment Study. 
They found that nearly 40% of eyes 
undergoing cataract surgery achieved 
a more than 20% IOP reduction after 
clear corneal phacoemulsification, and 
the changes were sustained for at least 
36 months.4 Longer-term studies have 
found maintenance of IOP reduction at 
5 years in the majority of patients who 
underwent cataract surgery alone.3,6,7 

In general, the magnitude of the 
pressure reduction from cataract sur-
gery is proportional to the level of 
preoperative IOP; patients with higher 
baseline pressures usually have greater 
IOP reductions.5,8 One way of thinking 
about this is to assume that in many 
cases, cataract surgery alone will bring 
the eye pressure down into the 18 to 20 
mmHg range without eyedrops. So if 
the baseline IOP is in the high twenties 
the amount of pressure lowering can be 
substantial.

Despite the fact that ganglion cell 
death is a complex process involving 
many factors, IOP lowering remains the 
only available treatment for glaucoma. 
While data supporting the long-term 
IOP-lowering effect of cataract surgery 
is lacking, it can be argued that reducing 
IOP for just a few years can be highly 
beneficial, especially for elderly pa-
tients. Doing so gives them time before 
they need more difficult and higher-risk 
glaucoma surgeries; and some of these 
patients may never need to have glau-
coma surgery. 

Exactly how cataract surgery reduc-
es IOP remains uncertain. One plausible 
reason for reduced IOP after cataract 
surgery is the direct mechanical effect 
of fluid flow from the procedure itself—
fluid may be forced through trabecular 
meshwork into Schlemm’s canal, clear-
ing out the trabecular meshwork and 
thus increasing aqueous outflow. Using 
Scheimpflug photography, Japanese 
researchers have shown that an already 
open anterior chamber angle can widen 
more—by about 5 degrees—following 

phacoemulsification.9 Another pos-
sible mechanism for IOP-lowering after 
phacoemulsification is the presence 
of low-grade inflammation following 
surgery. This may lower IOP through 
a mechanism similar to that of laser 
trabeculoplasty—ie, by remodeling 

COrE CONCEPTS 
●	 cataract surgery alone can 

produce significant and 
sustained iop reduction in 
patients with open-angle 
glaucoma, ocular hypertension, 
and angle-closure glaucoma. 
in general, the higher the 
preoperative pressure, the 
greater the pressure reduction.

●	 cataract surgery may reduce 
iop in the long term, but there 
is a risk of iop spikes in the 
hours immediately following 
the procedure, particularly in 
patients with glaucoma. These 
postoperative iop spikes can 
be reduced or eliminated by 
scrupulous viscoelastic removal, 
postoperative medication, and 
careful iop monitoring. 

●	 combined cataract and 
glaucoma surgery remains a 
valid management option for 
many patients. miGs combined 
with phacoemulsification has 
recently arisen as a safer (albeit 
less effective) alternative to 
traditional filtration surgery. 
a decrease in the number of 
required glaucoma drugs is 
perhaps the greatest benefit of 
this new group of procedures.

●	 cataract surgery alone is a 
favorable option for iop control 
in angle-closure glaucoma, 
while the evidence for its role 
in open-angle glaucoma is 
less convincing. nevertheless, 
cataract surgery may be 
considered a valuable addition to 
current management options for 
glaucoma.
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the trabecular meshwork. Another pro-
posed mechanism is that the removal of 
the native lens may alter forces on the 
capsular bag leading to increased pulling 
on the scleral spur, which in turn might 
result in an increase in aqueous outflow.

posTopeRaTive iop spikes
While it generally drives IOP down 

over the long run, phacoemulsification 
can result in immediate postoperative 
pressure spikes. These pressure eleva-
tions are more common in glaucoma-
tous than normal eyes, which is unfor-
tunate as glaucomatous eyes are more 
susceptible to pressure-induced optic 
nerve damage.

If a patient has more or less accept-
able pressure control but requires multi-
ple glaucoma medicines to achieve that, 
it is important to discuss the treatment 
choices he or she faces: cataract surgery 
alone or combined cataract-glaucoma 
surgery. With cataract surgery alone, 
patients are at higher risk of a transient 
IOP spike; but with a combined proce-
dure, they take on all the additional 
risks associated with glaucoma proce-
dures. In the case of trabeculectomy and 
tube procedures, these include a small 
but real risk of vision loss.

In addition, the incidence of post-
operative IOP spikes can be reduced by 
pharmaceutical prophylaxis and/or by 
working to eliminate their cause. One 
frequent reason for postoperative IOP 
spikes is the retention of viscoelastic 
materials and (consequent) inhibited 
aqueous outflow. Maximal removal of 
viscoelastic materials upon completion 
of the surgery is useful to prevent IOP 
spikes. Taking more time at the end of 
the case to do this is an important part 
of the surgical management of glaucoma 
patients undergoing cataract extraction. 
Another approach is to use oral acetazol-
amide immediately after the surgery to 
reduce the likelihood of IOP elevation.10

Other clinicians instill a drop of a 
beta blocker or miotic eye drop at the 
end of each case. My approach is to use 
a beta blocker and occasionally acetazol-
amide to minimize the duration and 
therefore the impact of any potential 
pressure elevation. Most pressure spikes 
peak at 6 to 8 hours following cataract 

surgery.11 After operating in the morn-
ing, I typically have my patients come 
back later on the same day for a pressure 
check. This allows me to take necessary 
measures to limit the duration of a pres-
sure spike if one has occurred. 

combined suRGeRy
In a previously unoperated eye, lens 

extraction combined with trabeculecto-
my will lower pressure more than either 
procedure alone.5 In addition, a single, 
combined surgical procedure is better 
able to control postoperative IOP spikes 
and is more convenient than two se-
quential procedures. Traditional filtra-
tion surgery in phakic eyes is known to 
result in a significant increase in the in-
cidence of cataract—in phakic patients 
who have undergone trabeculectomy, 
the risk for developing cataract within 5 
years is increased by 78%.12 Indeed, the 
chances of needing a second surgery to 
remove a cataractous lens in the near 
future after trabeculectomy and tube 
shunt surgery are so great that surgeons 
should consider removing even mild to 
moderate cataracts when performing 
these operations in phakic eyes.

The key question to ask in surgical 
management of coexisting cataract and 
glaucoma is: which is the greater prob-
lem? If the more significant problem is 
cataract, and if the patient has reason-
ably good pressure control, I would 
almost certainly lean toward cataract 
surgery alone, because clear corneal 
phacoemulsification surgery is gener-
ally a very safe procedure and should 
by itself assist with lowering IOP. As an 
aside, patients who are being monitored 
either because they have glaucoma or 
are at high risk for it should not have 
extracapsular cataract surgery since 
this procedure will make subsequent 
glaucoma surgery more difficult due to 
conjunctival scarring. 

For patients whose main problem 
is the need for a low eye pressure, the 
degree of cataract is key. With visu-
ally significant cataract, the choice is 
obvious: treat both conditions by per-
forming combined surgery. Without 
significant cataract, the lens may either 
be left intact or removed at the time of 
glaucoma surgery. When the cataract is 

relatively early stage, it is reasonable to 
first perform the glaucoma procedure 
and deal with the cataract later should 
that become necessary. The downside 
is that the subsequent cataract surgery 
may make the prior filtering surgery less 
effective or even cause it to fail. It is not 
clear, however, whether a combined pro-
cedure or sequential cataract procedure 
followed by trabeculectomy results in 
better IOP control long-term.

miGs
In recent years, minimally invasive 

glaucoma surgery (MIGS) has become 
an attractive treatment option for 
its IOP-lowering effect and enhanced 
safety profile compared to traditional 
glaucoma surgeries. In the US only the 
iStent implant is approved for use at the 
time of phacoemulsification in patients 
with mild-to-moderate open-angle glau-
coma. An alternative MIGS procedure is 
the Trabectome which also can be per-
formed at the time of cataract surgery.

The role of MIGS in glaucoma man-
agement is still evolving. In the pivotal 
study for the iStent fewer IOP-lowering 
drops were needed, but the device did 
not lower IOP substantially when com-
pared to cataract surgery alone.13,14 In 
most cases, cataract surgery with the 
addition of MIGS seems to lower IOP 
to the mid-to-upper teens, a level that 
can usually be achieved with cataract 
surgery alone and medication. 

The real benefit of MIGS procedures 
may lie in a more stable lowering of IOP. 
reducing the need for IOP-lowering 
medications in patients with open-
angle glaucoma could help to overcome 
adherence issues and might lead to 
more stable IOP control. Studies are 
still needed to confirm this, though.13,14 
Combined cataract surgery and MIGS 
may ultimately do a better job of sta-
bilizing pressure than cataract surgery 
alone, and the medication reduction 
can offer convenience and savings for 
patients. These benefits have to be 
weighed against any added risk of per-
forming the MIGS procedure.

 
anGle-closuRe Glaucoma

For patients who have suffered 
an acute angle-closure attack, there 
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conclusions
Cataract surgery has been dem-

onstrated to provide meaningful, sus-
tained IOP lowering, especially in eyes 
with higher preoperative pressures. 
There is strong evidence that cataract 
surgery in patients suffering an acute 
attack of angle closure improves IOP 
control and dramatically reduces the 
risk of subsequent IOP rise. For many 
patients the decision involves weighing 
the risks and benefits of cataract sur-
gery alone versus cataract surgery plus 
additional IOP-lowering surgery. There 
are no absolute right answers regarding 
the type of surgery to be performed. 
Treatment should always be tailored to 
the needs of the patient.
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is good evidence that taking out the 
lens 4 to 6 weeks after the acute attack 
results in better long-term pressure 
control.15,16 One of two randomized, 
controlled clinical trials that compared 
early phacoemulsification with laser 
peripheral iridotomy in patients with 
acute primary angle closure found that 
phacoemulsification is associated with 
significantly less risk of later develop-
ment of elevated IOP. The hazard ratio 
between the two treatment groups was 
almost 15, and almost no patients who 
had early cataract removal developed 
an elevation of IOP.15 The other more 
recent trial supports the finding, with 
a significantly higher survival-of-effect 
rate in the phacoemulsification group 
(89.5% vs. 61.1%) at 2 years.16

As for chronic angle-closure glau-
coma and coexisting cataract, the IOP-
lowering effect of phacoemulsification 
appears, again, to depend on preopera-
tive pressure. In patients with uncon-
trolled pressure, phacoemulsification 
alone lowered IOP to 15 to 17 mm Hg 
for over a year.17 In the group with lower 
baseline pressures, lens extraction had 
less impact on IOP.17 Trabeculectomy 
may reduce IOP even more, particularly 
in the group with uncontrolled glau-
coma, but the difference—about 2 to 
3 mm Hg—is small, and the combined 
procedure entails greater risk.18 In 
both groups of patients, combined 
phaco-trabeculectomy results in more 
postoperative complications. Unless a 
patient requires a very low pressure, 
phacoemulsification alone is a good 
conservative choice for many of these 
patients. In patients with extensive syn-
echial closure, there is still a fair amount 
of debate as to whether lens extraction 
alone is even effective. 

Finally, an important study will re-
port soon on the outcome of a random-
ized clinical trial comparing clear lens 
extraction to medications in patients 
with primary angle-closure glaucoma 
who do not have cataract. results from 
this study will provide guidance for 
treatment in these cases as well. 
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 1. Which of the following is 
NOT a risk factor for PACG?
 A.  Above-average height
 B.  Age over 60
 C.  Sibling with PACG
 D.  Female sex

 2. Which of the following 
statements about 
postoperative IOP elevation 
following cataract surgery is 
true?
 A.  It usually peaks within 

the first 6 to 8 hours 
following surgery

 B.  It is less likely to occur in 
glaucoma patients

 C.  The greater the 
baseline IOP, the greater 
the pressure spike

 D.  Both A and B are true 

 3. Which of the following 
statements about the IOP 
reduction after cataract 
surgery is/are true?
 A. It averages 2 to 4 mm Hg
 B.  It can be sustained for at 

least 2 years
 C.  Higher baseline IOP is 

associated with greater 
IOP reduction

 D.  All of the above are true

 4. What is the current gold 
standard for detecting angle 
closure? 
 A.  AS-OCT
 B.  Gonioscopy 
 C.  UBM
 D.  SS-OCT

 5.  Which of the following 
is NOT typically involved in 
the pathogenesis of PACG?
 A.  Trabecular meshwork 

damage or blockade
 B.  Increased IOP
 C.  Anterior corneal 

dystrophy
 D.  Optic neuropathy

 6. What makes extracapsular 
cataract extraction (ECCE) 
an inappropriate treatment 
for glaucoma patients 
without prior glaucoma 
surgery?
 A.  It does not lower IOP 

enough
 B.  Glaucomatous eyes 

cannot tolerate the 
procedure

 C.  It can make 
subsequent filtration 
surgery difficult

 D.  All of the above are true

 7. What is the overall 
prevalence of PACG among 
Asians over 40 (across Asian 
populations)?
 A.  0.04%
 B.  0.4%
 C.  0.75%
 D.  5.9%

 8. Which has NOT been 
proposed as part of the 
mechanism for the IOP 
lowering that occurs after 
cataract surgery?
 A.  retention of 

viscoelastics
 B.  remodeling/clearing of 

the outflow pathway
 C.  Postoperative 

inflammation 
 D.  Angle widening

 9. What do the ocular anatomic 
risk factors for PACG have in 
common?
 A.  They flatten or increase 

concavity of the iris
 B.  They contribute to 

anterior chamber 
crowding

 C.  They increase aqueous 
flow through the iris

 D.  They cause comorbid 
myopia

 10. IOP spikes following cataract 
surgery may be treated by:
 A.  Explanting the 

intraocular lens
 B.  Use of an oral 

antihypertensive such as 
acetazolamide

 C.  Suturing the clear 
corneal incision

 D.  Performing a MIGS 
procedure in the 6-hour 
window following 
surgery


