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Purpose: To compare visual field progression in severity-matched pseudoexfoliation glaucoma (XFG) and primary glaucoma after
intraocular pressure (IOP) reduction by filtering surgery.

Methods: Patients with XFG (n=32), primary open-angle glaucoma (POAG, n=33) or primary angle closure glaucoma (PACG, n=28)
that underwent routine cataract and glaucoma filtering surgery by the same surgeon (APR) between May 2017 and September 2021,
were included for this prospective study. Rate of progression (ROP) was determined using guided progression analysis and compared
between XFG and primary glaucoma. Multivariate regression was done to analyse the factors responsible for progression in each
group.

Results: Visual field progression after surgery was noted in 48 eyes (n=11 XFG, 18 POAG and 19 PACG eyes) at a mean follow-up of
10+5.6 months after surgery with RVI seen in 18 of 48 eyes. The final IOP (p=0.8) and mean ROP (p=0.09) were not significantly
different between XFG and primary glaucoma. The XFG eyes had a greater number of eyes (36%) showing an ROP worse than —5dB/
yr, with 45% of eyes showing an IOP spike >5mm Hg, and a higher mean IOP spike between visits. The ROP in eyes with RVO and
>5mm Hg IOP spikes was greater in XFG than in POAG or PACG. In the multivariate analysis, higher IOP fluctuations >5mm Hg, and
associated retinal vein occlusions (RVO) were significant factors for visual progression greater than —5dB/year (R’=53.5%) in POAG
and XFG eyes. Age, gender, baseline MD, and number of medications before surgery or at final follow-up did not influence visual
progression rates in either group.

Conclusion: A higher IOP fluctuation >5mm Hg and associated RVO were the significant factors predicting visual field progression
after filtering surgery in XFG and POAG eyes. Control of both IOP-dependent and -independent mechanisms of VF progression is
therefore essential in these eyes.
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Introduction

Exfoliation syndrome /glaucoma has been recognized as a unique disease with distinctive identifiable clinical features
that is refractory to conventional treatment.'” The presence of exfoliation is a known risk factor for faster rates of
glaucoma progression, and this differentiates it from other forms of primary glaucoma.' The untreated intraocular
pressure (IOP) is reported to be higher in exfoliation glaucoma (XFG) than other primary glaucoma including primary
open-angle glaucoma (POAG), angle closure glaucoma (PACG) and normal tension glaucoma (NTG)."** The medical
and surgical treatment of XFG is more challenging, with more severe disease at presentation, higher rates of intraopera-
tive complications, and frequent systemic and ocular co-morbid associations.'**

Preservation of visual function remains the main goal of IOP reduction in glaucoma treatment and surgery. It is
understood that IOP reduction by itself slows down or halts progressive disease, and therefore changes the rate of decline
of visual field changes over time.**®* Both IOP-dependent and -independent risk factors for glaucoma progression have
been identified in primary glaucoma, including POAG, PACG, and NTG.*** While the goal of therapy for glaucoma
remains IOP reduction, it is also known that a small proportion of eyes may still progress after achieving the target IOP.
This paradox is often complicated by differences in the severity of the disease at presentation in most studies comparing
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different forms of glaucoma. Further, most studies do not consider the re-establishment of longitudinal visual field (VF)
slopes or the overall course of the disease after surgical intervention.®” While it is recognized that XFS is unique from
other forms of glaucoma, its presence by itself portends a worse prognosis in patients with the disease.*> While the Early
Manifest Glaucoma Trial (EMGT) and Ocular hypertension study (OHTS) identified XFS as a risk factor for glaucoma
progression, this holds true only for untreated cases.*® It is unclear if XFG eyes behave similarly or differently from
high-tension primary glaucoma after adequate IOP reduction with medical or surgical therapy. Several independent
studies have reported comparable IOP reduction in XFG eyes with medical or surgical therapy, challenging the
conventional knowledge of XFS disease being an independent risk factor for glaucoma progression.’ '

Konstas et al has reported progression in >70% XFG eyes with an IOP of 20mm Hg or more.” They did observe,
however, that a small proportion of patients (28%) may still progress despite aggressive therapy in XFG. This may be
attributed to other systemic and ocular associations in XFG that pose challenges to the preservation of visual function in
XFG eyes. Ayala et al observed a 58% GPA progression rate in XFG compared to 13% in POAG eyes over 3 years."'
Yet, the authors have not mentioned if the slope in mean deviation (MD) or GPA was any different after surgery in POAG
and XFG eyes. Very few studies focus on the long-term IOP and visual field changes with treatment in XFG and other
forms of primary glaucoma. While some risk factors like uncontrolled IOP and worse visual field at presentation may be
the cause for faster progression in XFG compared to POAG, long-term outcomes in severity matched XFG and primary
glaucoma after similar IOP reduction after surgical treatment are lacking. This is crucial to answering if XFG eyes indeed
are an independent risk for visual field progression despite similar IOP reductions by surgery.

Methods

This study was approved by the institutional review board of LVPEI, MTC campus, Bhubaneswar, India, and followed
the tenets of the Declaration of Helsinki. We included patients from a prospective study (2019-140-IM-28) evaluating
long-term medical and surgical outcomes of pseudoexfoliation disease stages seen at a tertiary eye care setting between
May 2017 and September 2021 after a written informed consent as per institutional protocol. Pseudoexfoliation glaucoma
was diagnosed in the presence of flaky white material on the lens capsule with glaucomatous optic neuropathy, and
corresponding visual field (VF) changes. Both patients with open and closed angles XFG were included. POAG and
PACG were diagnosed using standard International Society Geographical & Epidemiological Ophthalmology (ISGEO)
definitions, and these were matched for severity using visual field mean deviation (MD) with XFG eyes."® Of these
patients, patients who had undergone routine cataract and glaucoma filtering surgery by the same surgeon (APR) with
a minimum of 2-year follow-up and 5 visual fields were included for the study. The major indications of trabeculectomy
with or without cataract surgery were uncontrolled IOP on medications, visual field progression, or intolerance to
medications.

All patients underwent routine slit-lamp examination and standard automated perimetry (24-2 SITA standard,
Humphrey Field Analyzer, 11, Carl Zeiss, Meditech, Inc) at the presentation. After the initial visit, they were reviewed
every 3—6 months with regular IOP and fundus examination. The standard deviation (SD) of IOP during all visits before
surgery was calculated to determine the IOP fluctuations from the electronic hospital database. The visual field testing
was considered reliable if the fixation losses, false-positive, and false-negative responses were <20%. A glaucomatous
VF was defined if a patient had a glaucoma hemifield test was outside the normal limits or if the pattern standard
deviation was flagged at p<0.05 on at least 2 consecutive baseline VF tests. After excluding the first fields, visual field
progression was determined using the rate of progression based on guided progression analysis (GPA) that defines
significant consistent deterioration from a baseline pattern deviation at >3 of the same test points on three consecutive
examinations. We also evaluated the rate of change in MD and analysed progression using fresh baseline visual fields
obtained after surgery, which were then compared to subsequent fields.

We excluded cases with insufficient follow-ups, corneal opacities, retinal pathologies causing visual field abnormality
at presentation (age related macular degeneration, diabetic retinopathy), inflammation or previous trauma, refractive
errors > + 6 D, coexisting uveitis, ischemic optic neuropathy, and eyes with neovascular glaucoma. Eyes with visual field
progression eyes were excluded if the progression noted corresponded to the area of RVO rather than the area of
glaucomatous damage. Since retinal vein occlusions (RVO) are common in XFS, we did not exclude those that developed
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them after surgery or on review visits, while excluding those eyes where RVO was present at baseline. Visual field
progression was confirmed in eyes with RVO only if progression was noted away from the area of RVO (Example:
inferior field progression in inferior quadrant RVO).

Data Analysis

Analyses were performed using STATA Inc (USA, version 11), with p<0.05 defined as statistically significance. The
Student’s #-test and Fisher’s exact test were used for comparison of clinical/visual field parameters between types of
glaucoma. The Kaplan—Meier analysis was used to analyse surgical and clinical outcomes in groups. Association of
clinical parameters like age, gender, mean IOP, ocular associations, diagnosis, and IOP variations depicted by standard
deviation (SD) between visits, with rate of progression was analysed using univariate and multivariate regression for
variables that reached p<0.1 significance level in univariate analysis. We performed the multivariate regression separately
for those that progressed </>—5dB/year to analysed independently to see specific factors explaining faster rates of
progression.

Results

The preoperative characteristics of all patients (N=32 XFG, 33 POAG and 28 PACGQG) in the study according to glaucoma
type are given in Table 1. The XFG eyes were older at the time of surgery, though clinically, the glaucoma severity was
matched for XFG, POAG, and PACG eyes, Figure 1. The mean MD (p=0.1) at the time of surgery did not vary between
groups, Table 1. The mean preoperative IOP was similar between groups, with a greater number of XFG eyes (36%
versus 26% POAG and 12% PACG eyes) requiring >3 medications before surgery.

The visual acuity improved by >2 lines in all the cases at 2 years, with 2 XFG eyes having diminished vision at 3
years post-surgery owing to retinal vascular occlusions. Two XFG patients and 3 POAG eyes underwent additional anti-
VEGF injections for diabetic macular oedema (DME), with a rise in IOP mandating the addition of glaucoma drugs.
Vitreous loss was noted intraoperatively in 2 XFG eye and 1 PACG eyes, both of which were managed with automated
vitrectomy followed by intraocular lens (IOL) implantation in the sulcus (n=1) and bag (n=2). All three patients had
transient inflammation in the anterior segment that resolved at 1 month after surgery, with 1 XFG eye requiring one AGM
at the final follow-up. Complication rates were not significantly different between groups, Table 2.

Table | Baseline Clinical Profile of Patients with Exfoliation and Primary Glaucoma That Underwent Glaucoma

Surgery
XFG N=32 MeantSD | POAG N=33 MeantSD | PACG N=28 MeantSD | P value

Age (years) 72+6.5 65+8.5 65+9.3 0.001
Follow-up (months) 56+20.8 66x14.1 75+143 0.004
CCT (microns) 523+32.1 522+30.02 509+9.01 0.7
AGM pre surgery (n) 2+1.4 2+1.09 2+0.9 0.07
AGM post surgery (n) I+1.1 0.5+0.6 0.5+0.7 0.2
IOP baseline (mm Hg) 28+6.8 22+6.5 28+8.5 0.005
IOP before surgery (mm Hg) | 22+6.8 17+4.1 17£3.9 0.06
Final IOP (mm Hg) 13£2.8 11£6.9 10£6.7 0.8
MD (dB) —20+7.8 17475 —2048.2 0.1
VFI (%) 49+27.3 52+29.1 43+£30.1 0.1
ROP (dBlyear) (range) —1.723 (-173 to0 3.4) | —1.5£1.8 (6.3 to 1.9) —-0.9+2.4 (—6.9 to 4.3) 0.09

Abbreviations: IOP, Intraocular pressure; AGM, anti, glaucoma medications; MD, mean deviation; VFI, visual field index; ROP, rate of progression;
CCT, central corneal thickness.
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Figure | Distribution of visual field Mean deviation (MD) in eyes with exfoliation or primary glaucoma undergoing glaucoma filtering surgery-See text for details.

The IOP profile at the time of surgery, 1 year, and the last visit is depicted in Figure 2, showing no significant difference in
final IOP between groups. All eyes achieved >30% reduction in IOP in all groups, with the mean IOP reduction rate (%)
defined as the ratio of IOP reduction to the baseline IOP ((baseline IOP — follow-up IOP) / baseline IOP). All eyes with IOP

Table 2 Complication Rates of Combined Surgery in Pseudoexfoliation
Glaucoma and Primary Glaucoma

POAG PACG XFG

Transient hypotony 3 6 2
Transient hyphema | 0 3
Inflammation/fibrin 2 2 4
Conjunctival Wound dehiscence/bleb leak 0 | 0
Long-standing hypotony/Choroidals 0 0 0
Decompression retinopathy | 0 2
Wipe off 0 0 0

Vitreous loss

IOL decentration

Late Bleb failure

Ischemic optic neuropathy | 0 2

Abbreviations: POAG, Primary open angle glaucoma; PACG, primary angle closure glaucoma; XFG,
Pseudoexfoliation glaucoma.
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Figure 2 Intraocular pressure profiles before and after glaucoma filtering surgery in eyes with exfoliation or primary glaucoma.

fluctuations after surgery required medications for IOP control. The number of medications at final follow-up was similar
between groups with a greater number of XFG eyes requiring >2 medicines for adequate IOP control after surgery.

Seven eyes (2 XFG, 3 POAG, and 2 PACG eyes) showed a transient progression on visual fields which, however, was not
reproduced on repeat examination. Visual field progression on GPA after surgery was noted in 48 of 93 eyes (n=11 XFG, 18
POAG, and 19 PACG eyes) at a mean follow-up of 10+ 5.6 months after surgery. Disc haemorrhage was noted in 2 XFG eyes
(at 25 and 31 months) and 1 POAG eye (at 7 months) after surgery. The XFG group had the maximum number of eyes (36%)
showing ROP worse than —5dB/year compared to POAG (11.1%) and PACG (10.5%), p<0.01, Figure 3. The XFG eyes had
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Figure 3 Rate of visual field progression (dB/year) in eyes undergoing glaucoma filtering surgery (>-5dB means a rate greater than —5db/year-see text for description).
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Table 3 Multivariate Regression of Factors Influencing Rate of
Progression of Visual Field in Exfoliation Glaucoma and Primary

Glaucoma
Slope Significance
IOP fluctuations SD>5mm Hg -2.8 0.01
Retinal vein occlusion —5.4 <0.001
Age (years) —0.008 0.7
IOP at surgery (mm Hg) —0.1 0.8

Abbreviations: SD, standard deviation; |OP, intraocular pressure.

a greater mean ROP (—5+ 5.7, =—17.3dB/yr to —1.3db/yr) than POAG (-2 + 1.7db/yr, =—6.3db/r to —1.2db/yr) or PACG eyes
(—=1.7£1.9db/yr, =—6.8db/yr to —1.2db/yr), p=0.0001. The number of eyes with IOP fluctuations was greater in progressing
POAG (50%) and XFG (45%) eyes (5.5%) than PACG eyes, Figure S1. The mean IOP fluctuation was more in progressing
XFG eyes (5+5.8mm Hg) and POAG (5£8.3mm Hg) eyes than PACG (2+1.4mm Hg) eyes, p<0.0001, or eyes that were
clinically stable, p<0.001.

Of 48 eyes with progression, 18 eyes (6 XFG, 8 POAG, and 4 PACG) had RVO at follow-up after surgery needing
additional interventions. Of 18 eyes with RVO, 12 eyes (5 XFG, 8 POAG and 1 PACG) had IOP fluctuations of >5mm Hg
that mandated the addition of medications for IOP control. All eyes with IOP fluctuations were controlled medically and
none required additional surgery for IOP control. The ROP of in these eyes with RVO (progression on visual field seen in
quadrants away from RVO as specified earlier) and >5mm Hg IOP spikes was also greater in XFG (—12+5.59db/yr) and
POAG (—6=£1.3dB/yr) eyes than PACG eyes (—3%0.4dB/yr), p<0.0001.

On multivariate analysis, higher IOP fluctuations (SD) >5mm Hg and associated RVO were significant factors for
visual progression (R?=53.5%), Table 3 and Figure 4. Analyzing the association between groups showed that this
association held true for POAG and XFG eyes in eyes with VF progression. Age, gender, MD at surgery, and the number
of medications before surgery or at final follow-up did not influence visual progression rates in either group.

Association of Rate of visual field progression with IOP fluctuations

15

10

IOP Fluctuations or Standard deviaition (mm Hg)

o -
20 15 10 5 : 5
RATE OF PROGRESSION (dB/year)
95% CI — Fitted values
Figure 4 Multivariate linear regression of the IOP fluctuations (standard deviations of mm Hg).
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Discussion

This study found similar IOP after surgery in severity-matched XFG and POAG eyes, with XFG having a greater number
of eyes (36%) showing an ROP worse than —5dB/yr, 45% of eyes showing an IOP spike and a higher mean IOP spike
between visits. The ROP in eyes with RVO and >5mm Hg IOP spikes was greater in XFG than POAG or PACG.
A higher IOP fluctuation >5mm Hg and associated RVO were the significant factors predicting visual field progression
after surgery in POAG and XFG but not in PACG eyes. Age, gender, baseline MD, and the number of medications did
not seem to influence visual progression rates in any group.

Exfoliation glaucoma has been recognized as a risk factor for visual field progression and visual impairment.> > Tt is
known to progress faster than other forms of primary glaucoma, if untreated.*®'° Yet, the treated outcomes were no different
between the groups in this study. This may be owing to the study being closer to clinical practice than most randomised clinical
trials (RCT’s) that have strict inclusion/exclusion criteria or standardised treatment targets/outcomes. Exfoliation glaucoma is
rarely included in clinical trials owing to the assumption that they behave differently compared to other types of primary
glaucoma. The EMGT reported XFG as a risk factor associated with faster progression.® This has been reported in other
studies with XFG diagnosis being considered a risk factor for glaucoma progression.>*>'° This may have been owing to
missed diagnosis, delayed treatment, or ocular associations that were missed or not evaluated.” The surgical outcomes in XFG
are also reported to be worse owing to frequent complications, and association both intra and postoperatively.'>'%'42° The
eyes undergoing trabeculectomy have been reported to have faster rates of progression than the general glaucoma population,

with one-third of these eyes predicted to become blind with those ROP if continued without surgical intervention.'*'>

Previous studies have reported a rate of VF loss of —0.1-0.5dB/year in primary glaucoma after adequate treatment,'*!¢-17:19-20
Population demographics determining the ROP are demonstrated in high rates of VF loss in Swedish population with rate of
0.36dB/year.'"® The EMGT trial demonstrated a median VF loss of <—0.5dB/year in untreated POAG eyes with early
damage.®*° It also reported that the presence of exfoliation increased the chances of progression by 200%. Though XFG is
reported as a significant risk factor in univariate analysis, this does not hold true in multivariate analysis when other factors and
IOP are included in the model in several studies.'®*° These inconsistencies in studies regarding the rate of progression and the
higher rate of progression in eyes undergoing surgery reflect the different cohorts/types of glaucoma studied, higher severity in
eyes undergoing surgery than those with early glaucoma, and the lack of reported IOP parameters, ocular/systemic associa-
tions like RVO as IOP independent factors, which do play an important role in determining the clinical course of any glaucoma
as seen in this study. We believe, our results are therefore truer to the clinical scenarios and therefore offer a more pragmatic
approach to the causes of VF progression in XFG compared to POAG or PACG. Such comparisons have not been made earlier
in most studies, which have excluded eyes with RVO or excluded eyes with exfoliation when analysing VF progression versus
IOP outcomes after surgery.6’l4’18_20

RVO significantly influenced the ROP in XFG and POAG eyes in this study. Vascular factors are an important cause
of visual field abnormalities in patients with glaucoma. Yet, this study included progression seen in quadrants away from
the site of RVO removing potential bias of “progression” by RVO itself. RVO suggests an underlying vascular risk factor
that is commonly known to be associated with glaucoma.?' > One study has, however, identified exfoliation as an
independent risk factor for RVO, with a higher incidence of ischemic RVO in these eyes. It is difficult to postulate if
RVO suggests disturbed optic-nerve autoregulation in XFG, or POAG eyes, implying the need for aggressive treatment.?*
Whether the RVO represents a cause or an effect of generalised vascular dysregulation is worth studying in XFG and
POAG. Nevertheless, such associations would cause IOP fluctuations and rapid VF progression in multiple ways in both
POAG and XFG, as seen in this study. This study suggests that such an underlying vascular factor may contribute to field
progression after surgical IOP control in POAG and XFG eyes, though the mechanisms of such damage may only be
presumed to be progressive ganglion cell damage by ischemia. It is difficult to estimate if any surgical intervention has
indeed flattened the slope of progression owing to the variable time taken for stabilization after any IOP reduction.
Nevertheless, associations like RVO reflect that IOP-independent mechanisms and IOP spikes >5mm Hg are significant
causes for VF progression despite surgical IOP control in XFG and POAG.

Several ocular systemic associations have been reported in XFG eyes.'*>’ These associations make it a unique form of
glaucoma with its added risks and considerations. While the association of ischemic conditions like RVO is similar to that seen
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in NTG eyes, predominant IOP-dependent risk factors in XFG make it clinically similar to POAG eyes.''2**>?® Essentially,
XFG eyes have a combination of vascular and IOP-dependant factors that make treatment of these eyes challenging.>**¢
Surgical complications in this study were not significantly different between different groups. While it is known that XFG eyes
are associated with higher rates of intraoperative and postoperative complications, these can be minimised to a large extent by
evaluating cases by a single experienced surgeon, as in this study.

Studies have reported adequate short- and long-term IOP control with combined surgery in XFG and POAG eyes.”'***
Multiple IOP-related parameters have been reported to be associated with VF progression in many studies. While several
parameters like higher baseline IOP, absolute IOP cut-offs, fluctuations (or SD), percentage reduction, and peak IOP have all
been reported to be associated with VF progression, the SD of IOP between visits represents the true long-term control of [OP
in glaucoma.®'®2° This by far is clinically the most important factor for VF progression. This study also did not find any
association of age or the number of medications with the rate of progression, which concurs with previous studies. This again
highlights that though XFG eyes may be older at presentation or at the time of surgery, severity-matched XFG and POAG eyes
behave similarly after IOP reduction by surgery. This is unlike other studies where this has been overlooked or excluded eyes
with RVO, compared high-tension XFG eyes to NTG, or included a mixed cohort of those that did/did not undergo surgery.

Our study had several limitations. Though our cohort represented a more “life-like” scenario, we still had to exclude
eyes with some ocular associations as detailed previously at baseline, some of which could be associations with XFG
eyes as well. This may have caused a “selection bias” in this study. Those with insufficient follow-up were excluded,
which could represent both clinical extremes of cases with best or worst outcomes as a cause for loss to follow-up. We
only sought to identify eyes that underwent combined surgery to obviate bias due to the presence or development of
cataracts on the visual field after glaucoma surgery alone. We also studied patients after adequate IOP control by surgery
to allow for re-establishing a comparable baseline in both types of glaucoma despite differences in pathogenesis. This
removes the bias/differences induced by the assumption of XFG eyes portending worse outcomes compared to primary
glaucoma. Our study in effect reports XFG and POAG eyes with greater IOP spikes and RVO to have faster progression
necessitating control of IOP-dependent and -independent mechanisms after surgery.
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