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ABSTRACT

Background: Glaucoma, a leading cause of irreversible blindness, is increasingly prevalent, with pseudoexfoliation glaucoma
(PEXG) presenting more severe optic nerve damage than primary open-angle glaucoma (POAG). Phacoemulsification reduces
intraocular pressure (IOP), especially in PEXG; however, its effects on retinal structure remain unclear. This study compared the
effects of IOP reduction post-phacoemulsification on the ganglion cell complex (GCC) in eyes with PEXG and cataract, POAG and
cataract, and cataract alone over 12 months.

Methods: This prospective, quasi-experimental study included age- and axial length-matched patients with PEXG, POAG, or
cataract alone undergoing standardized phacoemulsification with posterior chamber intraocular lens (PCIOL) implantation by a
single surgeon using consistent techniques. Comprehensive ophthalmic assessments and spectral-domain optical coherence
tomography imaging were performed preoperatively and at 3, 6, and 12 months postoperatively. Outcome measures included IOP,
GCC thickness, retinal nerve fiber layer (RNFL) thickness, and vertical cup-to-disc ratio (CDR).

Results: Ninety eyes (30 per group) were analyzed. The mean (standard deviation [SD]) ages were 57.8 (5.8) years in the PEXG group,
58.0 (6.3) years in the POAG group, and 56.2 (4.6) years in the control group. There were 14 men (46.7%) and 16 women (53.3%) in
both the PEXG and POAG groups, and 12 men (40.0%) and 18 women (60.0%) in the control group. The mean (SD) axial lengths
were statistically similar at 23.9 (1.2) mm in the PEXG group, 23.9 (1.8) mm in the POAG group, and 23.8 (1.2) mm in the control
group. Preoperatively, the PEXG group displayed higher IOP and thinner RNFL, whereas the POAG group featured thinner GCC
and greater vertical CDR. Phacoemulsification significantly reduced IOP in both glaucoma groups (both P <0.05), with a greater
reduction in PEXG. However, no significant postoperative changes were observed in GCC thickness, RNFL thickness, or vertical
CDR within any group (all P>0.05). Despite this, intergroup differences in GCC, RNFL, and vertical CDR persisted at all follow-up
points (all P<0.05), although the PEXG and POAG groups did not significantly differ from each other (P>0.05).

Conclusions: Phacoemulsification with PCIOL implantation significantly reduced IOP in eyes with PEXG and POAG, with a greater
reduction observed in PEXG. However, this IOP reduction did not translate into significant changes in GCC thickness, RNFL
thickness, or vertical CDR over 12 months. These findings suggest that although cataract surgery offers IOP-lowering benefits in
early-stage glaucoma, it may not influence short-term structural progression, highlighting the need for ongoing postoperative

monitoring and adjunctive management in glaucomatous eyes.

KEYWORDS
pseudo-exfoliation syndrome, exfoliation glaucoma, primary open angle glaucoma, cataracts, cataract extractions, retinal ganglion cell,
nerve fiber, optic nerve head, intraocular pressures

Correspondences: Moataz A. Sallam, Ophthalmology Department, Faculty of Medicine, Suez Canal University Hospitals, Ismailia, Egypt. Email:
moatazsallam2012@gmail.com. ORCID iD : https://orcid.org/0000-0003-4759-4849.

How to cite this article: Abdelghany AA, Sallam MA. Impact of phacoemulsification with posterior chamber intraocular lens implantation on intraocular
pressure and retinal structural parameters in pseudoexfoliation glaucoma and primary open-angle glaucoma. Med Hypothesis Discov Innov Optom. 2025
Spring; 6(1): 22-28. DOL: https://doi.org/10.51329/mehdioptometry218.

Received: 11 February 2025; Accepted: 28 April 2025

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-

@Nr NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/) which permits copy and

BY NC

redistribute the material just in noncommercial usages, provided the original work is properly cited. . ® S

Med Hypothesis Discov Innov Optom. 2025; 6(1) 22


https://mehdijournal.com/index.php/mehdioptometry
moatazsallam2012@gmail.com
https://orcid.org/0000-0003-4759-4849
https://doi.org/10.51329/mehdioptometry218
https://ivorc.com/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

The impact of phacoemulsification with PCIOL on IOP and retinal structural parameters
I ———

INTRODUCTION

Glaucoma remains one of the leading causes of irreversible blindness worldwide. With aging of the global population, the
number of individuals affected by glaucoma is expected to rise to approximately 112 million by 2040 [1]. Pseudoexfoliation
syndrome (PEX) is a systemic disorder with predominant ocular manifestations. It is characterized by progressive accumulation
of granular, amyloid-like fibrillar material in various intraocular structures [2, 3]. PEX is believed to have a primary and possibly
genetic etiology, leading to the development of glaucoma—pseudoexfoliation glaucoma (PEXG)—in approximately 15-30% of
affected individuals [4]. PEXG is distinguished by excessive production and deposition of elastin fibers, which contributes to
increased intraocular pressure (IOP) and more pronounced optic nerve damage compared to that of other glaucoma subtypes
[3].

Spectral-domain optical coherence tomography (SD-OCT) enables high-resolution, quantitative assessment of retinal layers
affected by glaucoma, particularly the ganglion cell complex (GCC) [5-9]. Compared to eyes with primary open-angle glaucoma
(POAG), eyes with PEXG exhibit significantly lower peripapillary and macular vessel density, along with greater reductions in
perfused capillary density, despite comparable levels of structural glaucomatous damage [10-13]. Interestingly, the prevalence
of choroidal microvasculature dropout appears to be lower in PEXG than in POAG [14].

Phacoemulsification cataract surgery with implantation of a posterior chamber intraocular lens (PCIOL) can significantly
lower IOP in glaucoma patients, with a greater IOP reduction observed in PEXG than in POAG [15]. Nevertheless, data remain
limited regarding the differential impact of IOP reduction after phacoemulsification on retinal structural parameters—
specifically GCC, retinal nerve fiber layer (RNFL), and optic nerve head morphology —in PEXG versus POAG.

In this study, we compared the effects of IOP reduction following phacoemulsification on the progression of GCC thinning
in eyes with PEXG and cataract, POAG and cataract, and cataract alone. Longitudinal changes in GCC thickness, RNFL thickness,
and vertical cup-to-disc ratio (CDR) were assessed throughout a follow-up period of 12 months.

METHODS

This prospective quasi-experimental study consecutively recruited eyes undergoing uneventful phacoemulsification cataract
surgery with PCIOL implantation who attended the outpatient ophthalmology clinic of Suez Canal University Hospital between
January 2015 and December 2017. The study was approved by the Research Ethics Committee of the Faculty of Medicine, Suez
Canal University, and was conducted in accordance with the tenets of the Declaration of Helsinki. Written informed consent
was obtained from all participants before enrollment.

The study included individuals aged 50-65 years with senile cataract scheduled for phacoemulsification and PCIOL
implantation, with equal numbers allocated to three groups: (1) eyes with PEXG, (2) eyes with POAG, and (3) eyes without
glaucoma. All glaucoma patients were selected at the same stage of disease —defined as mild glaucomatous damage with a mean
deviation (MD) not worse than —6.00 dB—based on a reliable full threshold 30-2 standard automated perimetry printout
(Humphrey Field Analyzer, Carl Zeiss Meditec, Dublin, CA, USA) [16]. The three groups were matched for age and axial length
to minimize potential confounding variables. All patients with PEXG or POAG were under dual antiglaucoma therapy, either
dorzolamide 2% combined with timolol 0.5%, or travoprost 0.004% combined with timolol 0.5%. We excluded individuals
younger than 50 years; aphakic eyes; eyes with other forms of glaucoma such as primary or secondary angle-closure glaucoma,
pigmentary glaucoma, inflammatory glaucoma, neovascular glaucoma, red cell glaucoma, or angle recession glaucoma; and
those with prior ocular surgery, the presence of pseudoexfoliation without glaucoma, and end-stage glaucoma.

All participants underwent a comprehensive preoperative ophthalmic evaluation, including measurement of uncorrected
and best-corrected distance visual acuity, IOP assessment using Goldmann applanation tonometry (Haag-Streit, Koniz,
Switzerland), and biometry. Central anterior chamber depth and axial length were measured using contact A-scan biometry
with the EZ Scan AB5500+ (Sonomed Inc., Lake Success, NY, USA). A detailed undilated anterior segment examination was
performed with a slit-lamp biomicroscope (SL-D7; Topcon Corp., Tokyo, Japan) with gonioscopic evaluation using a Goldmann
three-mirror lens (Volk Optical, Inc., Mentor, OH, USA) to assess the angle structures. This was followed by a dilated
examination under maximal mydriasis, achieved using topical 1% tropicamide (Mydriacyl®; Alcon Laboratories Inc., Fort Worth,
TX, USA) and 2.5% phenylephrine hydrochloride (Bausch & Lomb, Laval, Canada), for the detection of pseudoexfoliative
material. Dilated fundus examination was conducted using a non-contact condensing lens at the slit lamp to evaluate the optic
nerve head and posterior segment.

SD-OCT (Optovue Avanti Widefield SD-OCT, Version 0.9.3; Fremont, CA, USA) was used to evaluate GCC thickness using
a 3D volumetric scan (7.0 x 7.0 mm cube — 512 x 128 data points), RNFL thickness using a 3D volumetric scan (6.0 x 6.0 mm cube
— 512 x 256 data points), and vertical CDR.

All patients underwent phacoemulsification cataract surgery with PCIOL implantation (AcrySof IQ; Alcon Laboratories),
performed by a single experienced surgeon (M.A.S.) using the same phacoemulsification system (Whitestar Signature System;
Abbott Medical Optics Inc., Santa Ana, CA, USA). A standardized surgical approach was used through a 2.2-mm temporal clear
corneal incision, following an established phacoemulsification protocol [17]. Postoperatively, all eyes received topical ofloxacin
0.3% ophthalmic solution (Ocuflox®; Alcon Laboratories) five times daily for 4 weeks and prednisolone acetate 1% ophthalmic

suspension (Prednefrin® AbbVie Inc., North Chicago, IL, USA) five times daily, which was tapered weekly over a 4-week period.
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The primary outcome measures included IOP, GCC thickness, RNFL thickness, and vertical CDR, assessed preoperatively

and at 3, 6, and 12 months postoperatively. Statistical analyses were performed using the Statistical Package for the Social
Sciences (SPSS), Version 20.0 (IBM Corp., Armonk, NY, USA). The Kolmogorov-Smirnov test was used to assess the normality
of data distribution. Continuous variables are summarized as means (standard deviations [SDs]), whereas categorical variables
are presented as frequencies (percentages). Intragroup and intergroup comparisons of continuous variables over time were
conducted using one-way analysis of variance (ANOVA). When ANOVA indicated statistical significance, post hoc pairwise
comparisons were performed using Tukey’s honestly significant difference (HSD) test. A P-value < 0.05 was considered
statistically significant. Line graphs were generated to illustrate longitudinal trends in the primary outcome measures across the

study groups.

RESULTS
A total of 90 individuals were included, with 30 participants in each of the three age-matched groups: (1) eyes with PEXG, (2)
eyes with POAG, and (3) eyes with senile cataract without glaucoma (control group). The mean (SD) ages were 57.8 (5.8) years
in the PEXG group, 58.0 (6.3) years in the POAG group, and 56.2 (4.6) years in the control group. There were 14 men (46.7%) and
16 women (53.3%) in both the PEXG and POAG groups, and 12 men (40.0%) and 18 women (60.0%) in the control group. The
mean (SD) axial lengths were statistically similar at 23.9 (1.2) mm in the PEXG group, 23.9 (1.8) mm in the POAG group, and
23.8 (1.2) mm in the control group. The mean (SD) durations of glaucoma from the time of diagnosis were 3.4 (0.4) years for the
PEXG group and 3.7 (0.5) years for the POAG group.

Preoperatively, the PEXG group demonstrated significantly higher mean IOP and thinner RNFL than both the POAG and
control groups. In contrast, the POAG group exhibited significantly thinner GCC and a greater vertical CDR than the PEXG and
control groups (Table 1).

Table 1. Comparison of IOP, GCC thickness, RNFL thickness, and vertical CDR among study groups, at baseline and
across visits, during postoperative follow-up after cataract extraction with PCIOL implantation

Outcome measures PEXG Group POAG Group Control Group *P-value

Magnitude of IOP reduction (mmHg), Mean * SD

Preoperative 282+2.7 26.7+2.0 175+1.8 <0.001

At 3 months 20.0+26 23.6+2.0 149+15 <0.001
2P <0.001 2P <0.024

At 6 months 19.6+2.5 228+18 15.1+15 0.014
2P <0.001 2P <0.036

At 12 months 19.0+2.4 221+1.1 15.07+ 1.5 0.021
2P <0.001 2P <0.038

1P-value <0.0012 <0.001~ 0.0522

GCC thickness changes over time (um), Mean * SD

Preoperative 83.7+13.7 80.6+11.3 108.4+£5.3 <0.001

At 3 months 83.5+13.9 80.1+11.7 108.4 +5.4 <0.001

At 6 months 81.6+13.5 79.6 £11.9 108.0 £5.4 <0.001

At 12 months 81.5+13.5 79.6 +12.0 107.5+5.5 <0.001

1P-value 0.447 0.571 0.229

RNFL thickness changes over time (um), Mean + SD

Preoperative 90.6 £22.2 91.4+17.8 108.3 6.8 <0.001

At 3 months 91.2+227 89.6 £18.5 108.4 +6.7 <0.001

At 6 months 91.6 +23.7 88.6+17.7 107.8 £6.8 <0.001

At 12 months 86.3 £22.9 81.4+16.0 106.7 +17.5 <0.001

1P-value 0.337 0.348 0.271

Vertical CDR changes over time(ratio), Mean = SD

Preoperative 0.6+0.3 0.7+0.2 0.4+0.2 <0.001

At 3 months 0.6+0.3 0.7+0.2 0.4+0.2 <0.001

At 6 months 0.6+0.3 0.7+0.2 0.4+0.2 <0.001

At 12 months 0.7+0.3 0.8+0.2 0.4+0.2 <0.001

1 P-value 0.294 0.747 0.528

Abbreviations: IOP, intraocular pressure; GCC, ganglion cell complex; RNFL, retinal nerve fiber layer; CDR, cup-to-disc
ratio; PCIOL, posterior chamber intraocular lens; PEXG, pseudoexfoliation glaucoma; POAG, primary open-angle glaucoma;
mmHg, millimeters of mercury; SD, standard deviation; pm, micrometer. Note: P-values < 0.05 are shown in bold; ? P-value,
P-value derived from one-way analysis of variance (ANOVA); 2 P-value, P-value derived from Post-hoc analysis: Tukey’s
honestly significant difference (HSD) test.
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As shown in Figure 1A and Table 1, cataract extraction with PCIOL implantation significantly reduced mean IOP throughout

the postoperative follow-up period in both the PEXG and POAG groups (both P < 0.05), but not in the control group (P > 0.05).
Pairwise comparisons between follow-up time points confirmed the significance of IOP reduction in the PEXG and POAG
groups (all P <0.05). Importantly, mean IOP remained significantly different between the three groups at all follow-up visits (all
P <0.05), with greater IOP reduction in the PEXG group than in the POAG group.

Changes in GCC thickness over time are presented in Figure 1B and Table 1. There were no statistically significant changes
in GCC thickness within any group throughout the follow-up period (all P > 0.05), indicating that postoperative IOP reduction
did not significantly affect the progression of GCC thinning. Nonetheless, GCC thickness differed significantly between the three
groups at each follow-up visit (all P < 0.05), although no significant differences were observed between the PEXG and POAG
groups (P > 0.05).

Similarly, RNFL thickness remained stable within each group throughout the follow-up period (Figure 1C and Table 1), with
no statistically significant intragroup changes (all P > 0.05). These findings suggest that IOP reduction had no significant effect
on the rate of RNFL thinning. However, significant intergroup differences in RNFL thickness were observed at each visit (all P
<0.05), although no significant differences were noted between the PEXG and POAG groups (P > 0.05).

Figure 1D and Table 1 depict changes in vertical CDR over time. No statistically significant changes in vertical CDR were
observed within any group throughout the follow-up period (all P > 0.05), suggesting that IOP reduction did not significantly

alter the rate of optic disc cupping. Nevertheless, vertical CDR values differed significantly between the three groups at each

time point (all P < 0.05).
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Figure 1. Postoperative changes in (A) intraocular pressure (IOP), (B) ganglion cell complex (GCC) thickness, (C) retinal
nerve fiber layer (RNFL) thickness, and (D) vertical cup-to-disc ratio (CDR) following cataract extraction with PCIOL
implantation in the pseudoexfoliative glaucoma (PEXG), primary open-angle glaucoma (POAG), and control groups. Note:
Error bars represent standard deviations. Statistical comparisons were conducted using one-way analysis of variance
(ANOVA) with post-hoc analysis: Tukey’s honestly significant difference (HSD) test for pairwise group comparisons. (A)
Mean IOP significantly decreased from baseline in both PEXG and POAG groups throughout the postoperative follow-up
period (both P < 0.05), with greater reduction in the PEXG group. No significant change was noted in the control group (P >
0.05). (B) No significant change in mean GCC thickness was observed within any group across the follow-up period (all P >
0.05), although significant intergroup differences in GCC thickness were evident at each time point (all P < 0.05). (C) RNFL
thickness remained stable within each group across follow-up visits (all P > 0.05), with significant differences detected
between the three groups at each time point (all P < 0.05). (D) Vertical CDR showed no significant change within each group
across follow-up visits (all P > 0.05), whereas significant intergroup differences persisted at all follow-up visits (all P < 0.05).

25 Med Hypothesis Discov Innov Optom. 2025; 6(1)



The impact of phacoemulsification with PCIOL on IOP and retinal structural parameters
_——e ¥ -7 e b .. , .. ... ........o.....vo..pv;-oonm

DISSCUSSION

Our study compared the effects of phacoemulsification and PCIOL implantation on glaucoma control in patients with both
cataract and glaucoma (either PEXG or POAG) and those with cataract only, in terms of GCC thickness, RNFL thickness, and
vertical CDR. At the end of follow-up, the amount of IOP reduction after cataract surgery was lowest in the control group
without glaucoma, intermediate in the POAG group, and greatest in the PEXG group. Other outcome measures remained
comparable to baseline values in each group.

Recently, there has been a widely accepted concept that cataract surgery alone can be performed for IOP reduction in eyes
affected by both cataract and glaucoma [18, 19]. Phacoemulsification has several advantages for managing glaucoma, as it carries
a low surgical risk, fast recovery, and better visual outcome, accompanied by a considerable IOP reduction and widening of the
anterior chamber angle. In addition, preserving the conjunctiva and sclera maintains the anatomical integrity of the eye and
decreases the risk of filtration failure in subsequent glaucoma surgeries [18]. Our participants with coexisting POAG or PEXG
experienced a significant reduction in IOP throughout the 12-month follow-up.

Cataract surgery significantly reduces IOP in patients with POAG [20-22]. Phacoemulsification with PCIOL implantation
has significantly reduced IOP and antiglaucoma medication burden in patients with medically controlled POAG over a mean
follow-up of 16.4 months [23]. These outcomes verified that IOP reduction after cataract surgery is a function of the baseline IOP
(i.e., the greater the baseline IOP, the greater the postoperative IOP reduction) [21, 24].

The mechanism of IOP reduction after phacoemulsification in patients with POAG remains unclear [25]. However, Wang
et al. suggested that the ultrasound energy provokes IOP reduction by decreasing the glaucoma-induced stress response in the
trabecular meshwork. The ultrasonic vibrations stimulate production of interleukins and tissue necrosis factor by the trabecular
cells, activating the synthesis of matrix metalloproteinases and enzymes that catalyze remodeling of tissues. This reduces
extracellular matrix resistance, leading to an increase in the outflow facility [26]. Other mechanisms include reduced aqueous
humor secretion and changes in the blood-aqueous barrier [25]. In addition, increased traction on the zonules during cataract
surgery might improve the patency of the trabecular meshwork [27]. The current study found a significant IOP reduction in eyes
with senile cataract and coexisting primary or secondary open-angle glaucoma after cataract extraction with PCIOL
implantation.

Among our study groups, the magnitude of IOP reduction after cataract surgery was greatest in patients with PEXG. This
conforms to the findings of Shingleton et al. [28], who concluded that eyes with pseudoexfoliation experienced significantly
greater IOP reduction following bilateral phacoemulsification than the fellow eyes without pseudoexfoliation. They also
reported stable and sustained control of IOP following phacoemulsification in patients having pseudoexfoliation with and
without glaucoma [28]. Additionally, the role of phacoemulsification in moderate IOP reduction in patients with PEXG has been
reported [29]. This may be due to viscodissection and washing out of the pseudoexfoliative material from the anterior chamber
angle, which reduces the outflow resistance [30].

Kung et al. recommended reassessment of the optic nerve and visual field after cataract surgery [31]. Macular GCC
thickness has been considered an important parameter in assessing vision-related quality of life in glaucoma patients, as it assists
in early detection and management of eyes with glaucoma as well as suspected glaucoma [32, 33]. In the present study, the mean
RNFL thickness and mean GCC thickness were unchanged at 3 months postoperatively compared to the baseline values, but
their mean values were slightly reduced at 6 months and 1 year. However, these changes remained non-significant until the end
of follow-up. The vertical CDRs remained comparable in eyes having PEXG, POAG, and no glaucoma throughout the 1-year
postoperative follow-up.

Roh et al. reported that the mean macular ganglion cell-inner plexiform layer (mGC-IPL) thickness was greater than the
preoperative value at 1 and 3 months following cataract surgery in both normal and glaucomatous eyes [34]. Sari et al. reported
that mGC-IPL thickness significantly increased through the first month after cataract surgery and returned to preoperative
values after 3 months [35]. The authors suggested that surgically induced inflammation may affect ganglion cells, resulting in a
potential postoperative increase in mGC-IPL thickness. Another possible explanation for the increase in mGC-IPL thickness after
cataract surgery is a preoperative measurement error resulting from low signal strength attributable to the cataract itself [36].
Accordingly, in our study, RNFL and GCC thicknesses were measured at 3 months postoperatively to exclude causes other than
glaucoma that may affect GCC thickness. The longer follow-up in our study revealed additional losses in RNFL and GCC below
the baseline values at the end of the first postoperative year. These losses, however, were not statistically significant. Roh et al.
[34] noted an increase in GCC thickness, attributing this to certain limitations of their study, such as a small sample size and a
short follow-up period [34]. In our study, the GCC and RNFL thicknesses were statistically similar in the PEXG and POAG
groups. Using scanning laser polarimetry, Kozobolis et al. reported a significant reduction in RNFL thickness in eyes with PEX
compared to healthy controls, whereas RNFL thicknesses were similar between eyes having POAG or PEXG with mild or
advanced disease, indicating comparable structural damage profiles [37].

The strengths of this study include its prospective design, well-matched groups, and standardized surgical technique
performed by a single surgeon, minimizing confounding variables. However, limitations include the relatively short follow-up
duration and the focus on early-stage glaucoma, which may limit generalizability to those with more advanced disease.

Additionally, structural outcomes were not complemented with functional visual field assessments. Further research should
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incorporate longer follow-up periods, broader glaucoma severity spectra, multimodal imaging, and functional evaluations to

better elucidate the long-term structural and functional impact of IOP reduction after cataract surgery in glaucomatous eyes.

CONCLUSIONS

Phacoemulsification with PCIOL implantation yielded a significant and sustained IOP reduction in eyes with PEXG or POAG,
demonstrating a more pronounced effect in the PEXG group. Despite this meaningful IOP reduction, no significant changes
were detected in GCC thickness, RNFL thickness, or vertical CDR over a 12-month follow-up, suggesting that cataract surgery
alone may not influence early structural progression in eyes with mild glaucomatous changes. These findings underscore the
effectiveness of phacoemulsification as an IOP-lowering strategy in glaucoma management, particularly in PEXG, and they also
highlight the need for continued postoperative glaucoma surveillance. Further studies with longer follow-up durations, larger

sample sizes, and adjunctive functional assessments are warranted to verify our preliminary findings.
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