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Abstract: Exfoliative glaucoma is the most common type of secondary open-angle glaucoma
worldwide. It is characterized by high intraocular pressure (IOP) and worse 24-hour IOP char-
acteristics. In order to minimize progression, treatment of exfoliative glaucoma has to provide
a low long-term mean IOP and good 24-hour IOP control. To achieve these goals, fixed-dose
combination eye drops, argon and selective laser trabeculoplasty, and various forms of surgery
(trabeculectomy, deep sclerectomy, viscocanalostomy, ab interno trabeculotomy, trabecular
aspiration, and cataract surgery) all need to be considered during the long-term management of
the disease. Since exfoliative glaucoma is a disease of the elderly, and is frequently associated
with systemic vascular disease, interdisciplinary consultations are of great clinical importance.
These management aspects and the current medical, laser, and surgical results are covered in
this review, with a special focus on the needs of the general ophthalmologist.

Keywords: exfoliative glaucoma, pseudoexfoliative glaucoma, medication, laser trabeculo-
plasty, deep sclerectomy, viscocanalostomy, trabeculectomy

Introduction

When evaluated globally, exfoliative or pseudoexfoliative glaucoma (XFG) is the most
common secondary open-angle glaucoma, and is considered a disease of the elderly.'
The estimated global number of individuals with XFG varies between 5 and 6 million.
XFG typically presents after 60 years of age, and in most cases significant optic nerve
head and visual field damage is already present at the time of diagnosis, at least in one
eye.>? XFG develops from exfoliation (pseudoexfoliation) syndrome (XFS), which is a
genetically determined systemic condition. By definition, in XFS, both the optic nerve
head and the visual field are normal (independently from the measured intraocular
pressure [IOP] value). In contrast, patients with XFG demonstrate glaucomatous optic
nerve head damage, in addition to elevated IOP. Amongst the main pathophysio-
logical features of XFG are elastosis, ie, a disturbance of elastin metabolism, and
abnormal synthesis and degradation of several other components of the extracellular
material.* The most characteristic clinical findings comprise the synthesis and gradual
accumulation of an abnormal protein (exfoliation or pseudoexfoliation material) on
the anterior lens capsule, pupil margin, zonules, and anterior chamber angle, along
with liberation and deposition of pigment throughout the anterior segment of the eye.
The presence of Sampaolesi’s line (undulating lines of irregular pigmentation anterior
to Schwalbe’s line in the anterior chamber angle) is also typical in eyes with XFS or
XFG.? In some cases, exfoliation material can be clinically detectable in only one eye.
However, even in apparently unilateral cases, the presence of exfoliation material can
be ultrastructurally detected in both eyes as well as in other organ systems.>* In 38%
of unilateral cases, XFS becomes clinically detectable in the clinically uninvolved
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eye within a decade.’ The details of the clinical picture of
XFS and XFG have been comprehensively described in the
literature.®” Figure 1 illustrates the typical slit-lamp appear-
ance of XFS.

XFS represents a clinically significant risk for IOP
elevation. The relative risk for clinically significant IOP
elevation is 3.4-67 times higher for eyes with XFS than for
eyes without XFS.5¢

In contrast with XFS, XFG is not genetically determined.
The known risk alleles of the single nucleotide polymor-
phisms of the lysyl oxidase-like protein 1 represent nearly
100% of the population at risk for XFS, but conversion
from XFS to XFG is considered a result of environmen-
tal factors that increase oxidative stress in the anterior
chamber.**!° Elevated levels of oxidative stress markers
(eg, 8-iso prostaglandin F20, endothelin 1) and a decrease
in antioxidant protection molecules (eg, a low ascorbic acid
concentration) have been shown in the anterior segment of
eyes with XFS or XFG."” These changes are considered to
be the underlying reasons for nuclear cataract formation,
dysfunction of the trabecular meshwork, and in addition
to elastosis, they may play a role in the development of
zonular fragility, which can result in lens subluxation or
luxation leading to secondary angle closure glaucoma.? It
has recently been shown that the lamina cribrosa becomes
more vulnerable in XFG due to elastosis.*!! This is of clinical
significance since mean, peak, and fluctuation of 24-hour IOP
in XFG are considerably higher than in primary open-angle
glaucoma (POAG), and the long-term intervisit IOP varia-
tion is also greater.® The vulnerability of the lamina cribrosa
(ie, decreased resistance against mechanical deformation)

Figure | Fully developed (“classic”) pattern of distribution of exfoliation material
on the anterior lens capsule.

Notes: (A) Central disc of exfoliation material with pigment granules released
from the pupillary ruff (B), clear intermediate zone, and (C) a granular, layered
peripheral zone.

exacerbates optic nerve head damage induced by the unfa-
vorable IOP profile. Consequently, progression in XFG
without treatment is three times more rapid than that seen in
untreated POAG." To provide long-term disease stability,
a low mean IOP (<17 mmHg) and a narrow 24-hour IOP
fluctuation are needed in the long run.'>* Since conversion
from XFS to XFG occurs in approximately 30% of cases in
a decade,’ careful follow-up for detection of IOP elevation
and early glaucomatous structural and functional changes is
mandatory in individuals with XFS.

Specific aspects of IOP-lowering

therapy in exfoliative glaucoma
Currently, the only effective treatment for XFG is a sub-
stantial mean IOP reduction which also entails clinically
meaningful 24-hour IOP control.>® Treatment of XFG has
disease-specific aspects that need to be considered for suc-
cessful long-term disease management. These aspects are
as follows:

e A greater reduction of mean IOP combined with adequate
control of 24-hour IOP characteristics (peak and fluctua-
tion of IOP).%?

e A greater risk of IOP elevation after pharmacological
pupil dilation due to increased pigment release from
the iris.® This necessitates an additional IOP evaluation
1 or 2 hours after pupil dilation or use of preventive IOP-
lowering medication.

e Consideration of age-related decline in systemic toler-
ability of beta blockers.'>!® This is important since XFG
is typically a disease of the elderly.

e Preference for fixed-dose combinations over unfixed combi-
nations in order to reduce the number of daily instillations;
this supports patient adherence to prescribed medication.!”

e Consideration of dry eye syndrome and ocular surface
disease, which are common in advanced age and in eyes
chronically treated with preserved topical medications.'s

e Value of IOP reduction achieved via removal of exfo-
liation material and pigment from the trabecular mesh-
work (phacoemulsification cataract surgery, ab interno
trabeculotomy, trabecular aspiration). This can be
substantial, but in most cases is only temporary, since
the synthesis and deposition of exfoliation material is
continuous.*¢

e Gradual or sudden elevation of IOP in XFG eyes despite
employing a previously successful [OP-lowering therapy,
laser, or surgery, due to disease-related progression.
Thus, regular follow-up is needed even in seemingly
well-controlled eyes.>®
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e Specific need for consultation with other specialists
for comanagement of XFG-related systemic vascular
disease.!*?

Medical therapy for exfoliative

glaucoma

Compared with POAG, achieving a sufficiently low
24-hour target IOP with medical therapy is more difficult in
XFG.>¢# For example, with timolol monotherapy, only 8%
of XFG patients were successfully controlled after 3 years
of treatment, while the corresponding figure was 33% for
POAG.

Topical therapy with a prostaglandin analog offers the
convenience of once-daily dosing (which can be easily
performed by a family member when the necessary skill for
self-instillation is lacking in certain elderly patients), and is
free of the systemic side effects associated with topical beta
blockers (eg, timolol).!>!° In a 3-month, prospective, parallel-
group, single-masked, multicenter study in XFG patients,
evening-dosed latanoprost 0.005% provided somewhat
greater IOP reduction and smaller diurnal IOP fluctuation
than monotherapy with timolol 0.5% given twice daily.”
Although the difference in diurnal IOP between the study
arms did not reach statistical significance (17.4 mmHg versus
18.3 mmHg from untreated baseline values of 24.9 mmHg and
24.7 mmHg, respectively), the IOP decrease in the morning
was significantly greater, both statistically and clinically, with
latanoprost therapy (—8.5 mmHg versus —6.0 mmHg).

Optimal evaluation of the efficacy of medication is ideally
based on 24-hour IOP monitoring. In a 6-month, prospective,
single-masked, parallel-group study with only three time
points (8 am, 10 am, and 4 pm), evening-dosed latanoprost
0.005% and travoprost 0.004% were compared with the
dorzolamide/timolol fixed combination given twice daily
in patients with XFG.?» The mean daytime untreated IOP
varied between 23.8 mmHg and 25.7 mmHg in all groups,
and the mean IOP decrease was 8.2 mmHg for latanoprost,
9.3 mmHg for travoprost, and 11.5 mmHg for the dorzolamide/
timolol fixed combination. This result, however, may not
characterize the real 24-hour IOP decrease, since two of the
three time points probably represented the post-instillation
peak efficacy period for the dorzolamide/timolol fixed com-
bination treatment arm.

In a complete 24-hour, prospective, single-masked,
crossover study in XFG patients, travoprost 0.004% and
latanoprost 0.005% reduced the untreated 24-hour mean [OP
(25.1 mmHg) by 7.8 mmHg (31.1%) and 7.3 mmHg (30.8%),
respectively.?* The between-treatment 24-hour efficacy

difference was statistically significant, and was mainly due to
the IOP difference in the late afternoon (6 pm) when the mean
IOP was significantly lower (16.7 mmHg) with travoprost
than with latanoprost (17.9 mmHg, P<<0.01).

In a 3-month, prospective, single-masked, crossover,
multicenter study, diurnal IOP control with bimatoprost
0.03% and latanoprost 0.005% was compared in 129 con-
secutive patients with XFG.? In this study, the untreated
mean diurnal IOP was 26.9 mmHg. Bimatoprost provided
a clinically and statistically significant lower mean diurnal
IOP than latanoprost. The mean diurnal IOP values were
17.6 mmHg and 18.6 mmHg for bimatoprost and latanoprost,
respectively. This difference is of clinical significance since
a mean diurnal IOP of <17 mmHg, shown to be associated
with the lowest rate of progression in XFG," was seen in
only 34 patients (26.4%) in the latanoprost treatment period,
but was observed in 55 patients (42.6%) in the bimatoprost
treatment period.

It is noteworthy that although prostaglandin mono-
therapies provide greater 24-hour IOP reduction from an
untreated baseline in XFG compared with POAG,? a par-
ticularly low target IOP is needed to prevent progression
in XFG." Thus, combined therapy is more often needed
in XFG, and generally provides greater IOP reduction and
lower mean IOP than monotherapies. Nevertheless, more
controlled evidence is needed on optimal stepwise therapy
for XFG in the future.

In the last decade, the role of fixed combinations in the
treatment of XFG has considerably increased. In a 2-month,
prospective, single-masked, crossover study, the efficacy
of the dorzolamide/timolol fixed combination administered
twice daily was compared with that of latanoprost 0.005%
administered in the evening to treatment-naive exfoliation
patients.”” Peak IOP reduction was evaluated at 10 am, and
was found to be similar with the two medications. From a
mean untreated IOP value of 31.2 mmHg, dorzolamide/
timolol decreased IOP by 42.8% to 18.1 mmHg, whereas
latanoprost reduced IOP by 40.2% to 18.9 mmHg. These
results indicate that the 2-hour post-dose peak effect of the
dorzolamide/timolol fixed combination and the 14-hour post-
dose effect of latanoprost monotherapy are very similar. This
was the first published study to investigate the efficacy of a
fixed combination as first-choice therapy in high-pressure,
at-risk exfoliation patients. At the same time, the results
suggest that an even greater IOP decrease can be obtained
with a higher baseline pressure in XFG.

The efficacy of prostaglandin/timolol fixed combina-
tions (latanoprost 0.005%, travoprost 0.004%, bimatoprost
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0.03%, or tafluprost 0.0015% combined with timolol 0.5%)
have been investigated in XFG.?*3! These fixed combina-
tions offer meaningful IOP lowering, convenient once-daily
administration, and a reduced systemic exposure to timolol
compared with twice-daily administration.?>?” All these fixed
combinations have demonstrated superior IOP-lowering
ability compared with their constituents, and decreased
exposure to preservatives when compared with use of pre-
served concomitant therapies. Currently, the travoprost/
timolol fixed combination is commercially available with an
alternative preservative (polyquaternium 1), which eliminates
the benzalkonium chloride-induced ocular surface toxicity.!”
The tafluprost/timolol fixed combination is manufactured
in a preservative-free unit-dose dispenser, thus eliminating
all preservative-related toxicity.*? In a 3-month, 24-hour
crossover study conducted specifically in XFG patients, the
travoprost/timolol fixed combination showed greater 24-hour
efficacy (34.4%, —9.8 mmHg)? than the latanoprost/timolol
fixed combination (31.2%, —8.9 mmHg). Both fixed combi-
nations were administered in the evening.?®

In another study, the 24-hour mean baseline IOP in a
mixed XFG and POAG cohort was 27.7 mmHg. The mean
24-hour IOP reduction achieved with the travoprost/timolol
fixed combination administered in the morning was 31%
(8.6 mmHg) after 2 months of treatment.* In a 3-month,
prospective, single-masked, multicenter, 24-hour crossover
study,* the efficacy of morning-dosed bimatoprost/timolol
was compared with that of an evening-dosed bimatoprost/
timolol fixed combination in XFG. Evening dosing of the
fixed combination of bimatoprost/timolol provided signifi-
cantly better 24-hour IOP efficacy (35.3%, —10.2 mmHg)
than morning dosing (33.9%, —9.8 mmHg). More recently,
the IOP-lowering efficacy of the preservative-free tafluprost/
timolol fixed combination was evaluated in XFG using
data for all XFG patients included in a 6-month, prospec-
tive, double-masked, active-controlled, parallel, multi-
center regulatory study, in which the fixed combination
was administered in the morning.’! The mean baseline
IOP varied between 26.5 mmHg (4 pm) and 28.1 mmHg
(8 am). The mean time-wise IOP decrease ranged between
8.6 mmHg and 10.2 mmHg (31.8% to 36.7%), and the overall
IOP decrease was 34.1%.

The above results demonstrate that an IOP reduction of
31%-36% from untreated baseline is achieved with the vari-
ous prostaglandin/timolol fixed combinations administered
once daily. Currently, no controlled data on combinations of
three or more IOP-lowering products (eg, a prostaglandin/
timolol fixed combination and a topical carbonic anhydrase

inhibitor, or a topical carbonic anhydrase inhibitor/timolol
fixed combination and a prostaglandin analog) are available
specifically in XFG. The efficacy obtained with the current
monotherapies and fixed combinations in XFG is summa-
rized in Table 1.

Argon laser trabeculoplasty in

exfoliative glaucoma

Argon laser trabeculoplasty (ALT) has been used for the
treatment of open-angle glaucoma since 1979.% This was the
first type of photocoagulative laser therapy of the trabecular
meshwork. Other photocoagulative lasers have also been
widely used for trabeculoplasty, with similar effectiveness.*
ALT exerts its IOP-lowering effect by enhancing aqueous
humor outflow through the trabecular meshwork. Originally,
it was hypothesized that the mechanism of action is mechani-
cal stretching of the collapsed trabecular meshwork.3*
However, enhancement of extracellular matrix turnover due
to biological stimulation of trabecular cells by laser therapy
has also been suggested.’ For successful ALT, energy
absorption by melanin within the trabecular meshwork plays
an important role. Since eyes with XFG typically exhibit
moderate to dense pigmentation in at least part of the trabe-
cular meshwork, ALT can be considered in most cases.

A Goldmann-type gonioscopy lens (or a specialized lens
such as the Ritch trabeculoplasty lens) is used for delivery of
approximately 50 evenly spaced laser burns along 180° of
the anterior pigmented trabecular meshwork. Typical settings
with a Goldmann gonioscopy lens are a 50 um spot-size and
a 0.1 second duration. The laser power should be titrated
according to tissue response (varying between less than
500 mW for a heavily pigmented meshwork to approximately
1,000 mW for a lightly pigmented meshwork), so that mild
blanching or very small bubble formation is observed. The
efficacy of the procedure can only be assessed 4—6 weeks
after treatment. Care should be taken to prevent or adequately
treat the IOP spikes that frequently occur within a few hours
after treatment. Oral acetazolamide, topical apraclonidine,
and/or timolol have all been recommended for prevention of
the IOP spikes.** After ALT, use of topical corticosteroids
(eg, dexamethasone four times daily) is recommended in
addition to IOP-lowering medication for 4-7 days.**

In high-pressure XFG eyes, ALT frequently provides a
large IOP reduction in the early post-laser period for months or
even years.”>* This is partly due to the high pretreatment IOP.
However, the efficacy of the procedure gradually diminishes
over time, possibly due to continuous deposition of exfo-
liation material and pigment granules within the trabecular
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Table | Intraocular pressure decrease in exfoliative glaucoma achieved with monotherapies and fixed dose combinations, based on

diurnal average values

Topical therapy Instillation Untreated baseline Mean IOP Mean IOP Comment Reference
time IOP (mmHg) decrease (mmHg) decrease (%)

Prostaglandin analogs

Latanoprost 0.005% Evening 31.2 —12.5 —40.2 14 hours after 27
instillation

Latanoprost 0.005% Evening 249 -7.5 -30.1 22

Latanoprost 0.005% Evening 23.8 -82 —-34.4 23

Latanoprost 0.005% Evening 25.1 -73 -30.8 24

Latanoprost 0.005% Evening 26.9 -8.3 -30.8 25

Travoprost 0.004% Evening 254 -9.3 -36.6 23

Travoprost 0.004% Evening 25.1 -7.8 -31.1 24

Bimatoprost 0.03% Evening 26.9 -9.3 -34.6 25

Beta-blocker

Timolol 0.5% Twice daily 24.7 -6.4 -25.9 22

Prostaglandin analog/timolol fixed combination

Latanoprost/timolol Evening 28.5 -89 -31.2 28

Travoprost/timolol Evening 28.5 -9.8 —34.4 28

Travoprost/timolol Morning 27.7 -8.6 -31.0 Mixed XFG/POAG 29
population

Bimatoprost/timolol Morning 29.03 -9.84 -33.9 30

Bimatoprost/timolol Evening 29.03 —-10.2 =353 30

Tafluprost/timolol Morning 26.5 to 28.1 -8.62 to —10.25 -31.8t0—36.7  Mean time-wise IOP 31
and IOP decrease

Topical carbonic anhydrase inhibitor/timolol fixed combination

Dorzolamide/timolol Twice daily 31.2 -13.3 -42.8 Peak effect 27

Dorzolamide/timolol Twice daily 25.7 —I1.5 —44.7 Peak effect 23

Abbreviations: |OP, intraocular pressure; POAG, primary open-angle glaucoma; XFG, exfoliative glaucoma.

meshwork, which results in a decrease of the outflow facility.
In a retrospective study® the efficacy of ALT was investi-
gated in 28 POAG patients and 26 XFG patients who were
on maximal tolerated medical treatment prior to ALT. The
authors performed Kaplan—Meier survival analysis to examine
the cumulative probability of failure. Failure was defined as
an IOP >22 mmHg 4-6 months following ALT, or the need
for filtering surgery. They reported that despite an initially
better response to ALT, exfoliation patients eventually failed
more rapidly than POAG patients. According to this study,
the cumulative probability of success after approximately
8 months was 77% and 59% for the POAG and XFG patients,
respectively.

In another retrospective chart review,* the efficacy of
ALT was investigated in 66 POAG eyes (mean follow-up
27 months) and 29 XFG eyes (mean follow-up 23 months).
The authors established that XFG patients had a greater per-
cent IOP reduction in the first year post-laser when compared
with the POAG patients. The percent IOP decrease varied
between 28% and 38% in the XFG group (mean pre-laser IOP
25.8 mmHg), and between 19% and 27% in the POAG group
(mean pre-laser IOP 23.2 mmHg). The authors employed

several different “failure modes” to describe the long-term
efficacy of the procedure. Using “failure mode 4” (need for
glaucoma-filtering surgery, a third laser treatment, IOP =22
mmHg, or two IOP elevations up to 15% of the baseline [OP
value) the one-year failure rates for POAG and XFG were
40% and 18%, respectively, while the 3-year failure rates for
the same groups were 58% and 47%, respectively (P=0.89).
They concluded that the effectiveness of ALT decreased over
time, and by 3 years, both types of glaucoma had similar
success rates.

Initially, ALT was used as a treatment option in patients
insufficiently controlled with maximally tolerated medical
therapy. However, as clinical experience and published
research demonstrated the procedure to be safe and effica-
cious (at least over a period of a few years), ALT has been
proposed as a primary treatment in patients with open-angle
glaucoma.” A retrospective study investigated the effi-
cacy of ALT as primary therapy in 93 POAG patients and
75 XFG patients who were followed for a mean duration of
4.1 years.* Based on individualized clinical criteria regarding
the need for additional IOP-lowering therapy, the probability
of success (defined as no need for additional therapy) was
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80% after 2 years, 54% after 5 years, and 36% after 8 years in
the XFG group. These data suggest that clinicians can expect
an approximately 20%-40% IOP reduction from ALT during
the first 4 post-laser years in XFG eyes with a pre-laser IOP
of 23-30 mmHg. 3537

Selective laser trabeculoplasty

in exfoliative glaucoma

Selective laser trabeculoplasty (SLT) was introduced in 1998.
It utilizes a frequency-doubled Q-switched Nd-YAG laser
designed to deliver relatively low energy in brief energy
pulses in a large spot diameter (400 um) to the surface
of the trabecular meshwork.*' According to its inventors,
SLT selectively targets pigmented trabecular meshwork
cells without photocoagulation.*'*> Nevertheless, the exact
mechanism of SLT, by which an enhancement of aqueous
humor outflow is achieved, is yet to be clarified. In contrast
with ALT, SLT does not cause a thermal effect, so does not
produce coagulative or disruptive changes in the trabecular
meshwork.*! This is the basis for the suggestion that SLT
can be successfully repeated in eyes that have previously
undergone ALT or SLT.*'** In SLT, a Goldmann-type
gonioscopy lens (or a specialized trabeculoplasty lens) is
used for the treatment, which usually extends to 180° of
the trabecular meshwork in one session. Approximately
50 laser exposures are used.” The pulse duration is set at
3 nanoseconds, the spot-size at 400 wm, and the emitted
energy is adjusted between 0.3 and 1.5 mJ to the level just
below that producing bubbles. In contrast with ALT spots,
the SLT spots are large and encompass the whole width of the
trabecular meshwork. Tissue blanching is not observed with
SLT. Since IOP spikes after SLT are not uncommon, pre-
ventive [OP-lowering treatment and topical corticosteroid or
non-steroid anti-inflammatory drops are recommended for
the postoperative days, similar to ALT.*

It has been shown that the efficacy of SLT is compa-
rable with that of ALT in eyes with POAG.*> However,
published information on the comparative efficacy of the
two procedures in XFG is limited. A 6-month randomized
trial compared the efficacy of SLT and ALT in 76 eyes of
60 patients with XFG or XFS and elevated IOP, which were
all poorly controlled with topical medication. The baseline
IOP for the SLT and ALT groups was 23.1 mmHg and
25.2 mmHg, respectively (P=0.03). The authors found that
IOP reduction with SLT and ALT was similar (6.8 mmHg and
7.7 mmHg, respectively, P=0.56), and that a similar proportion
of exfoliation patients (73%) showed an IOP reduction of at
least 20% with both treatments at the 6-month post-laser visit.

In addition, no difference between the groups was seen at the
end of'the follow-up period with regard to the number of IOP-
lowering medications. More recent studies suggest that XFG
eyes respond to SLT similarly to POAG eyes, whether the
procedure is used as an adjunctive*** or primary* treatment.
Future research is needed to better document the efficacy of
SLT specifically in XFG patients.

Despite their limited long-term efficacy, both ALT and
SLT can be considered in elderly patients with suboptimal
compliance; in contraindication against IOP lowering
medication or poor tolerance of medical therapy; and in
eyes that are poor candidates for filtration surgery. Laser
trabeculoplasty does not decrease quality of life, and can
be considered as primary therapy in early-to-moderate
XFG. On the other hand, it is important to emphasize that
laser trabeculoplasty may not be sufficient in at-risk XFG
patients with advanced visual field and disc damage, who
often require a low target IOP (<17 mmHg) in the long
run.'® The characteristics and results of studies using laser
trabeculoplasty in XFG are summarized in Table 2.

Laser iridotomy in exfoliative

glaucoma

In XFG, lens dislocation due to zonular damage may occa-
sionally cause secondary angle closure via a pupillary block
mechanism.”® In such cases, Nd:YAG laser iridotomy is
indicated. The iridotomy technique and subsequent manage-
ment do not differ from those used in primary angle closure
and primary angle closure glaucoma.

Surgical management of exfoliative
glaucoma

Trabeculectomy

Glaucoma surgery is typically considered when medical or
laser therapy has failed to lower IOP to the desired target
level; when disease progression is documented or antici-
pated despite maximal tolerated medical and laser therapy;
when there is intolerance to medical therapy; and in cases of
inadequate adherence. Trabeculectomy (typically combined
with 5-fluorouracil, or more commonly with mitomycin C)
has been widely considered as the gold standard surgery
in advanced or progressing XFG.* Trabeculectomy may
provide the low IOP level often necessary in XFG.* On the
other hand, vitreous loss due to zonular damage, a tendency
for a more pronounced inflammatory reaction, hyphema
from microneovascularization of the iris, synechiae forma-
tion, clinically significant choroidal detachment and chor-
oidal hemorrhage, and cataract formation can complicate
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trabeculectomy in XFG.*” Nonetheless, studies have shown
that the long-term success of trabeculectomy in XFG may be
better than that documented with POAG.*-° Furthermore,
exfoliation patients may progress at a lower rate than POAG
patients after filtering surgery.™

Non-penetrating surgery

Although trabeculectomy with adjunctive antimetabo-
lites remains the gold standard surgical option in XFG,
non-penetrating surgical techniques may also be considered in
selected cases due to their favorable safety characteristics.”!

Deep sclerectomy
In deep sclerectomy (DS) a “scleral lake” is created behind
the Descemet’s membrane underneath a partial thickness
scleral flap. The aqueous humor percolates through the thin
tissue of the trabeculodescemetic membrane that separates
the anterior chamber from the surgically created “scleral
lake”, and is ultimately absorbed intrasclerally and by the
subconjunctival space. To retain intrascleral space patency,
use of viscoelastic material or space-maintaining implants
in the “scleral lake” has been suggested.*? If aqueous humor
percolation is insufficient, Nd-YAG laser goniopuncture
can be performed to increase aqueous egress. The limited
outflow achieved with DS ensures that hyperfiltration,
hypotony, anterior chamber shallowing, cataract formation,
and endophthalmitis are exceedingly rare complications.*
In a randomized study, the effectiveness of DS was increased
by intraoperative application of mitomycin C both in POAG
and XFG.” Thirty-six months after surgery, the mean IOP
in eyes operated with and without adjunctive mitomycin C
was 15.96+1.71 mmHg and 18.71£2.90 mmHg, respectively
(P=0.001). In a retrospective chart review that contained data
on XFG eyes, the recently developed technique of CO, laser-
assisted DS was reported to be at least as effective as con-
ventional DS.** The complete success rate (IOP <18 mmHg
without medication) was 73% in the CO, laser-assisted DS
group and 71% in the control group, respectively, whereas
the total success rate (IOP <18 mmHg with/without medica-
tion) was 96% in the CO, laser-assisted DS group and 89%
in the control group.>

No direct comparison of efficacy between trabeculectomy
and DS in XFG eyes is currently available. In a prospec-
tive study of 24 XFG patients and 25 POAG patients, the
efficacy of DS combined with different space-maintaining
implants was evaluated.> The mean follow-up periods were
19.9 and 16.2 months, respectively. Interestingly, DS was
found to be more effective in XFG patients. The proportion

of eyes with complete success (defined as IOP <19 mmHg
without medication) was 60.7% versus 37.9% for XFG and
POAG, respectively. It is noteworthy that four of the five
patients with accidental intraoperative trabeculodescemetic
membrane perforation had XFG. The author therefore sug-
gested that, as with zonular and capsular fragility, eyes with
exfoliation might also have a fragile trabeculodescemetic
membrane.

Viscocanalostomy

This procedure is similar to DS, but involves injection of a
high molecular weight viscoelastic material into Schlemm’s
canal. The dilation of the lumen is thought to restore aque-
ous humor outflow in previously non-functioning parts of
Schlemm’s canal and the collector channels.> To date, there
is limited information on the efficacy of viscocanalostomy
specifically in XFG. In a prospective, non-randomized
case series, 60% of 57 glaucomatous eyes (14 of which
had XFG) had IOP <21 mmHg without medication after
60 months following viscocanalostomy.*® The efficacy of
combined phacoemulsification and viscocanaloplasty in
medically uncontrolled XFG eyes with cataract has also been
investigated.’” The authors examined 30 eyes of 22 patients.
The mean preoperative IOP was 25.3 mmHg and the mean
follow-up time was 18.6 months. The authors found that
all eyes achieved success (defined as an IOP <21 mmHg
with or without medication) and 90% of the eyes achieved
complete success (defined as an IOP <21 mmHg without
medication). In a prospective study, the same investigators
compared the efficacy of viscocanaloplasty combined with
phacoemulsification, between medically uncontrolled XFG
and POAG eyes with cataract.”® The mean preoperative
IOP for the POAG and XFG groups was 21.7 mmHg and
24.5 mmHg, respectively. The mean follow-up period for
both the XFG patients (n=30) and the POAG patients (n=30)
was 19.7 months. The XFG patients had significantly lower
postoperative IOP than the POAG patients (49.7% versus
30.9% IOP reduction at the last visit, respectively).

Ab interno trabeculotomy

Ab interno trabeculotomy using the Trabectome™ (Neome-
dix Inc, Tustin, CA, USA) is a recently developed technique,
and is approved for treatment of open-angle glaucoma.
The instrument contains a microelectrode handpiece with
irrigation and aspiration pieces. It is designed to ablate the
trabecular meshwork and the inner wall of Schlemm’s canal.
The procedure is performed under gonioscopic view through
a 1.6—-1.8 mm size limbal side-port after the anterior chamber
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is filled with viscoelastic material. The rationale for use of
this technique in XFG is that the IOP elevation is caused
by accumulation of exfoliation material and pigment in the
proximal part of the trabecular meshwork.

A 12-month, prospective, non-randomized trial compared
the outcomes of ab interno trabeculotomy alone and in com-
bination with cataract extraction and intraocular lens implan-
tation, respectively, between XFG and POAG patients.>
In the ab interno trabeculotomy only analysis (67 cases with
XFG, 450 cases with POAG), the mean preoperative IOP
was 29.0+7.5 mmHg and 25.5£7.9 mmHg, respectively
(P<<0.01). The IOP reduction was greater in the XFG group
(12.3£8.0 mmHg) than in the POAG group (7.5+7.4 mmHg,
P<0.01). The cumulative probability of success was 79.1%
in XFG patients and 62.9% in POAG patients (P=0.004).
In the combined ab interno trabeculotomy plus cataract surgery
analysis (45 cases with XFG, 263 cases with POAG) the mean
preoperative IOP was 21.71£8.4 mmHg and 19.9+5.4 mmHg,
respectively (P=0.06). The IOP decreased more in XFG patients
(7.2£7.7 mmHg) than in POAG patients (4.1+4.6 mmHg,
P<0.01). Nonetheless, the cumulative probability of success
was similar between the two types of glaucoma (86.7% in
XFG and 91.0% in POAG; P=0.73). The authors concluded
that ab interno trabeculotomy with the Trabectome offers
greater IOP reduction in XFG eyes.

Trabecular aspiration
Trabecular aspiration (TA) is a relatively new technique
specifically designed for the treatment of XFG.% In TA,
aqueous humor outflow is increased via surgical removal
(aspiration) of exfoliation material and pigment deposited
within the outflow system.®® The specifically designed
irrigation and aspiration handpieces are introduced via
limbal side-ports. While the irrigation cannula ensures
anterior chamber maintenance, the aspiration port is
gently positioned on the trabecular meshwork. By exert-
ing a 100-200 mmHg suction force for a few minutes,
the extracellular debris is removed. Several clock hours
of the trabecular meshwork can be treated by using a
sweeping motion. The procedure is best combined with
cataract surgery.

In a prospective TA study conducted in 22 eyes of
19 patients with uncontrolled XFG,% the mean preoperative
IOP on medication was 31.3 mmHg, which decreased signifi-
cantly to 16.8 mmHg by 18 months after TA. After surgery,
45% of the patients required no IOP-lowering medication. In
the same study, the authors also evaluated 42 eyes of 36 patients
with uncontrolled XFG and cataract. For these eyes, the

mean preoperative IOP on medication was 32.4 mmHg,
which decreased to 18.7 mmHg 2 years after combined TA
and phacoemulsification or extracapsular cataract surgery.®
In this subgroup, 54% of patients were controlled without
medication at the end of the 2-year follow-up period. The
authors described IOP regression, which they attributed to
continuous accumulation of exfoliation material and pigment
within the trabecular meshwork. The complications of the
procedure, such as blood reflux from Schlemm’s canal and
minor descemetolysis, were few and not serious. In a subse-
quent prospective controlled study,®' the same investigators
compared the efficacy of phacoemulsification, combined
phacoemulsification and TA, and combined phacoemulsifi-
cation and trabeculectomy in 74 previously unoperated XFG
eyes with concomitant cataract. Failure was defined as the
necessity for further surgical or laser interventions (except
for laser suture lysis), or need for more than one medication
to achieve an individualized target pressure. After 2 years of
follow-up, the proportions of successfully treated patients
who underwent phacoemulsification, combined phacoemul-
sification and TA, or combined phacoemulsification and
trabeculectomy were 36%, 64%, and 78%, respectively. The
proportions of well-controlled patients who did not need any
medication 2 years after the aforementioned procedures were
9%, 38%, and 65%, respectively. The results published for
the various IOP-lowering surgical modalities in XFG are
summarized in Table 3.

Cataract surgery in exfoliative

glaucoma
Cataract surgery in eyes with exfoliation needs to be evalu-
ated separately for two different aspects. First, cataract
surgery in XFS (with or without glaucoma) is associated
with a number of disease-specific surgical complications.®
These complications comprise zonular laxity and/or fragility,
phacodonesis, lens subluxation or luxation, poor mydriasis,
a fragile capsule, a hard nucleus, vitreous loss, and corneal
endotheliopathy due to transient [OP elevation during surgery.
In the postoperative period, specific complications comprise
a propensity for a more pronounced inflammatory reaction
(particularly after extracapsular cataract surgery), anterior
capsule contraction, and delayed in-the-bag intraocular lens
(subluxation or luxation). A crystalline lens or an intraocular
lens luxated into the vitreous body requires pars plana vitrec-
tomy and secondary intraocular lens implantation.
However, cataract surgery also offers a clinically sig-
nificant IOP-lowering effect in patients with open-angle
glaucoma, in particular in XFG and in XFS with elevated
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IOP.5-% It has been postulated that in these conditions the
hypotensive effect of cataract surgery is due to one or more
of the following changes: widening of the anterior chamber
angle; a decrease in iridolenticular friction (reduced liberation
of exfoliation material and pigment granules after surgery);
aspiration of deposited debris from the trabecular meshwork
during surgery; partial removal of the exfoliation-producing
anterior capsule; and improvement in trabecular outflow as a
result of low-grade inflammation (the postulated mechanism
is similar to that seen after argon laser trabeculoplasty).®>%

In a 2-year, prospective, multicenter, cohort study,
the ocular hypotensive effect of phacoemulsification was
evaluated in 71 cataract patients with exfoliation and 112
without exfoliation.® In the exfoliation group, 29 patients
had XFG. The IOP reduction was significantly greater in the
XFS and XFG patients than in both the non-glaucomatous
controls and the POAG patients. Interestingly, the authors
found that the ocular hypotensive effect of cataract surgery
in the exfoliation group was related to the volume of irriga-
tion fluid. This suggests that the magnitude of exfoliation
material and pigment removal may be a key factor in the
rate of IOP decrease after cataract surgery. The results of
this prospective study corroborate the data published earlier
in retrospective case series.**** It is also noteworthy that the
magnitude of postoperative IOP reduction was proportional
to the preoperative IOP level in a recent retrospective study
on a large cohort of 1,122 XFS and XFG patients followed
for 7 years.®

Need for disease-specific, targeted
interventions in exfoliative

glaucoma

As discussed earlier, an increase in oxidative stress (due to
an imbalance between oxidative and antioxidative factors)
has been shown in the anterior segment of eyes with XFG.!°
Since increased oxidative stress is probably a key factor
in the development of IOP elevation in this condition,®'
protection against oxidative stress in the anterior segment
of the eye could be a disease-specific targeted interven-
tion. Currently, no clinically applicable specific interven-
tions are available. Nonetheless, in one study, the aqueous
humor levels of transforming growth factor-f1 and matrix
metalloproteinase-2 were significantly lower in XFG eyes
treated with latanoprost than in those treated with timolol,
although the disease severity was similar in both groups.®’
This finding suggests that development of topically applied
antioxidant therapy may potentially be useful for a targeted
XFG therapy in the future. Evaluation of all available topical

prostaglandin analogs for their specific effects on biochemi-
cal processes in the anterior chamber in patients with XFG
may provide a promising avenue of future research.

Treatment of systemic vascular
disease associated with exfoliative

glaucoma

Several clinically significant systemic and ocular vascular
diseases show an association with XFS/XFG, although not
in all ethnic populations.'®*686 Capillary, medium and
large artery dysregulation, increased plasma homocysteine
levels, increased arterial stiffness and reduced distensibility,
abnormal baroreflex sensitivity and heart rate regulation,
increased risk for venous occlusions and aortic aneurysms
have all been shown in conjunction with XFS/XFG. Man-
agement of these diseases associated with ocular exfoliation
exceeds the ophthalmologist’s scope. Therefore, consultation
with a cardiologist, internist, or a general practitioner may
be required, and could conceivably improve the standard of
care for patients with exfoliation.

Conclusion

The successful long-term management of XFG remains a
clinical challenge since the unique clinical attributes of this
glaucoma, ie, its more rapid rate of progression and worse
prognosis compared with POAG, necessitate a tailored and
more proactive management strategy to prevent visual loss.
Owing to a continuous synthesis of exfoliative material, a
gradual buildup of pigment within the outflow system, and
an extensive spectrum of pathophysiological alterations in
the anterior segment of the eye (eg, increased oxidative stress,
higher aqueous levels of endothelin 1), this glaucoma is char-
acterized by worse IOP characteristics and sudden IOP rises
during the course of the disease. The ophthalmologist should
be aware of the need for closer monitoring of this glaucoma due
to the risk of sudden loss of IOP control and the requirement
for a targeted therapy. Not surprisingly, in XFG, combined
therapy is needed earlier and more often. In certain at-risk
cases, a fixed combination may be indicated as first-choice
therapy. In the stepwise therapy paradigm for XFG, fixed-dose
combinations are preferred since they enhance adherence and
ocular surface health. Argon and selective laser trabeculoplasty
are effective and may be selected earlier in the treatment regi-
men, as either primary or adjunctive therapy options. Many
XFG cases, however, will require timely surgery to obtain
a low target 24-hour IOP below 18 mmHg. Although trab-
eculectomy with an adjunctive antimetabolite remains the gold
standard surgical option in XFG due to its superior efficacy, in
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the last decade other potentially safer surgical modalities have

been considered in the management of XFG. There is limited

controlled evidence on the long-term efficacy, safety benefits,

and cost of these new surgical options. Finally, ophthalmolo-

gists need to bear in mind that XFG is also a systemic disease

with a spectrum of systemic vascular sequelae. Therefore, in

selected cases, consultation with the patient’s cardiologist or

general practitioner may be necessary.
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