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Purpose: The aim of this study was to evaluate and compare the changes in Intraocular Pressure (IOP) and other ocular parameters: 
the Anterior Chamber Angle (ACA), Anterior Chamber Volume (ACV), and Anterior Chamber Depth (ACD) during phacoemulsifica
tion surgery in Greek patients with normotensive eyes and those with well-controlled Open-Angle Glaucoma (OAG). Additionally, 
parameters such as the Corneal Thickness (CCT), Axial Length (AL), Central Macular Thickness (CMT), and Retinal Nerve Fibre 
Layer (RNFL) were also examined.
Patients and Methods: This was a prospective observational case–control study that included 50 phakic eyes, 25 normotensive 
(Group 1), and 25 with OAG: 15 Primary Open-Angle Glaucoma (POAG) and 10 Exfoliation Glaucoma (EXG) (Group 2). 
Ophthalmic assessment included IOP measurements, ocular biometry, and anterior and posterior segment optical coherence tomo
graphy evaluation of the aforementioned ocular parameters, prior and 6 months after phacoemulsification surgery.
Results: At the 6 months post-operative review, a greater IOP reduction was recorded in eyes with OAG, in comparison to 
normotensive ones (5.3mmHg and 1.6 mmHg respectively). In addition, a significant but similar increase was recorded in the values 
of the ACA, ACV, and ACD of both groups between the pre- and the post-op period. Furthermore, the CCT and AL values remained 
unaltered. Finally, there was a non-statistically significant change in the mean CMT and the mean average RNFL of both groups.
Conclusion: Eyes with OAG tend to undergo a greater reduction in IOP post-phacoemulsification surgery, in comparison to 
normotensive eyes. This reduction may not be solely attributed to ocular anatomical changes after phacoemulsification surgery but 
may also be due to the remodeling of the trabecular meshwork and the ciliary body. This may be especially true in the case of OAG 
eyes, which already start off with a compromised trabecular endothelium prior to surgery.
Keywords: cataract surgery, open angle glaucoma, biometry, axial length, intraocular pressure, corneal pachymetry

Introduction
It is a well-established fact that modern phacoemulsification surgery alters several ocular parameters, such as the anterior 
chamber depth (ACD) and angle (ACA), as well as the intraocular pressure (IOP). Furthermore, research has demon
strated that certain of these parameters are intertwined with one another; the ACA and its structures play a pivotal role in 
IOP regulation.1–4 This complicated relationship has been a research topic of several recent publications.5–19

During life, the lens thickness increases causing a decrease in ACA and ACD.1,20,21

Phacoemulsification surgery, which results in the implantation of an intraocular lens inside the capsular bag (PCIOL), 
leads to the modification of these anterior chambers structures, leading to the modification of the IOP.21

Although the impact of phacoemulsification on IOP mechanisms related to these changes are universally accepted in 
patients with closed-angle glaucoma,15–17 several theories have been given regarding the post-phacoemulsification IOP 
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reduction in OAG eyes: (1) the increase in the anterior chamber volume (2) the changes of the ACA anatomy (3) 
remodeling of the endothelium of the trabecular meshwork and (4) the difference in thickness between the phakic lens 
and the PCIOL and its impact on the ciliary body and the ciliary processes position.2,19,22

Bearing these statements in mind – as well as the fact that an elevated IOP is associated with the progression of glaucoma – 
it can be assumed that phacoemulsification surgery could be considered as an early form of surgical glaucoma treatment. This 
is especially true in the case of patients with OAG eyes,14,18 despite the fact that on a macroscopic level the anterior chamber 
architecture of eyes with OAG is the same as that belonging to normotensive eyes.19,22,23

On the other hand, less information in the literature was published regarding the post-cataract anatomical changes in 
OAG patients, especially compared to normotensive eyes.

Patients and Methods
The study conducted is a prospective case-control study. Fifty patients from the Ophthalmology Departments from three 
hospital sites across Greece (Red Cross Hospital of Athens, the University Hospital of Alexandroupolis and the University 
Hospital of Patras) were recruited between the period January 2019 and June 2021. All patients received phacoemulsification 
surgery as part of the study. Inclusion criteria were as follows: age > 45 years, IOP < 23 mmHg, visual acuity ≥ 0.3 decimal, 
open ACA gonioscopically. Exclusion criteria were as follows: previous laser treatment or other ocular surgery, systemic 
pathology such as diabetes mellitus, arterial hypertension, other ocular pathology (high myopia, closed-angle glaucoma, age 
related macular degeneration, previous inflammatory eye diseases, ACA pathology during gonioscopy).

The patients were divided into two groups based on their glaucoma status.Group 1 consisted of 25 normotensive individuals 
14 out of which were Female (56%): Table 1, whereas Group 2 consisted of 25 patients with OAG 13 out of which were Female 
(52%): Table 1, 15 had POAG and 10 had EXG. The OAG eyes enrolled presented mild glaucoma (Humphrey visual field test 
indices: Mean Deviation < 6dB and Visual Field Index > 94%), well-controlled with one anti-glaucoma medical therapy 
(prostaglandin or b-blocker) for at least 1 year. The same medication continued during the postoperative period. We specify that 
the well-controlled mild OAG eyes were those with IOP below the target IOP for each patient individually, so that no 
progression in the visual field was noted during the 1 year follow-up period before enrollment in the study. LOCS II (Lens 
Opacities Classification System II) was used to determine the nuclear sclerosis grade. All the patients enrolled presented with 
nuclear sclerosis of grade 1 and grade 2; meaning that they had mild-to-moderate cataract.

The study was approved by the ethics committee of the Eye Institute (N 29/2018), and a written informed consent was 
obtained from all patients. All procedures adhered to the tenets of the Declaration of Helsinki. Ten (10) eyes in each 
group had exfoliation material in the anterior chamber during the preoperative examination in the slit lamp.

Table 1 Demographic Data of the Greek Population & IOP Preoperatively and Postoperatively at the End of the Follow Up Period of 6 
Months

Group 1 - Normotensive Eyes Group 2 - OAG Eyes P (Mann–Whitney U-Test)

Number of eyes 25 25 –

Female, n (%) 14 (56%) 13 (52%)

Age mean (SD), years 65.9 (4.1) 66.1 (4.2) > 0.05

IOP mmHg preop mean (SD) 15.1 (2.4) 17.8 (2.5) < 0.05

IOP mmHg 6 months postop, mean (SD) 13.5 (2.2) 12.5 (3.4) < 0.05

P (Wilcoxon Signed Rank Test) < 0.05 < 0.05

ΔIOP 1.6 (2.5) ΔIOP 5.3 (4.8) < 0.05

Abbreviations: IOP, Intraocular Pressure; F/U, follow-up; OAG, Open Angle Glaucoma; SD, standard deviation; ΔIOP, difference of preoperative and postoperative 
IOP; P, probability.
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All 50 eyes underwent uneventful phacoemulsification surgery (Centurion Vision System, Alcon Laboratories) by two 
experienced surgeons (V.X. and V.K.). In all cases, a temporal clear corneal incision (2.4 mm) was made for the main 
wound. Viscoelastic material (Viscoat, Alcon ®), was subsequently used to complete the continuous curvilinear 
capsulorhexis (~5.5 mm diameter), which was followed by the hydro-dissection, phacoemulsification of the nucleus 
and aspiration of cortex. The capsular bag was then filled with Pro-visc ® (Alcon), prior to the insertion of the Intraocular 
Lens (IOL). All IOLs were inserted into the capsular bag. All the IOls used – Alcon AcrySof® IQ lenses (Alcon) and 
EnVista® lenses (Bausch + Lomb), were monofocal aimed at −0.50 spherical refraction. The mean IOL power was 21 
(+2.1) diopters and 20.75 (+2.0) in Group 1 and Group 2, respectively. Finally, the remaining viscoelastic was 
meticulously removed from the eye prior to completion of the surgery.

All the IOP measurements were performed by the same ophthalmologists using the Goldmann Applanation 
Tonometry on each eye twice: preoperatively and 6 months postop.

All the Anterior Segment Optical Coherence Tomography: AS-OCT (Visante OCT, Carl Zeiss Meditec) and poster
ior – OCT (Optovue, Avanti XR, Visionix) measurements were performed by the same ophthalmologists on each eye 
twice: preoperatively and 6 months postoperatively.

We evaluated the following ocular biometry parameters: Central Corneal Thickness (CCT/μm), Axial Length (AL/ 
mm), Anterior Chamber Depth (ACD/mm), Anterior Chamber Volume (ACV/mm3), Angle Opening Distance at 500 μm 
from scleral spur (AOD500), as well as Trabecular-Iris Space Area 500 (TISA500).

Additionally, the mean Central Macular Thickness (CMT) and the mean average Retinal Nerve Fibre Layer (RNFL) 
thickness were recorded pre- and postoperatively in both groups.

The SPSS Version 23.0 Program was used for statistical analysis. The normality of the sample distribution was 
evaluated with Kolmogorov–Smirnov test. The Mann–Whitney U-test was used for the comparison of the two non- 
parametric independent samples.

Finally, the Spearman Correlation Coefficient was used for non-parametric correlations. The p value was deemed to 
be statistically significant if it was <0.05.

Results
Twenty-five phakic, normotensive eyes (Group 1) and 25 phakic eyes with open-angle glaucoma (Group 2) were 
included in the study. There was no difference regarding patients’ age between the groups (Table 1).

The IOP was significantly higher in the OAG group before the surgery. At the 6 month post-operative review, there 
was a statistically significant reduction in the IOP of both groups (p=0.001). However, this reduction was observed to be 
greater in the OAG group in comparison to the normotensive one (Table 1).

As was mentioned previously, OAG patients were kept on the same anti-glaucoma drops pre- and post-operatively.
The findings of the 6 month post-operative review are summarized below 

1. There was no statistically significant change in the CCT and AL values pre- and post-operatively (Table 2).
2. There was a statistically significant increase in the mean ACD of both groups (p=0.001). This difference between 

the groups was not significant (Table 2).

Table 2 Preoperatively and Postoperatively at the End of the Follow Up Period of 6 Months in Normotensive & OAG 
(Open-Angle Glaucoma) Eyes

Group 1 - Normotensive Eyes Group 2 - OAG Eyes P (Mann–Whitney U-Test)

CCT mean (SD), μm

Preoperatively 558.9 (40.8) 549.1 (32.9) > 0.05

Postoperatively 560.2 (46.4) 552 (33.4) > 0.05

P (Wilcoxon Signed Rank Test) 0.25 0.68

(Continued)
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3. The post-op ACD was higher by 1.4mm in Group 1 and 1.5 mm in Group 2 (Table 2).
4. The post-op ACV was higher by 31mm3 in Group 1 and 30 mm3 in Group 2 (Table 2).
5. No correlation between IOP reduction and ACD & ACV change was found in either group (p>0.05, Spearman 

correlation coefficient) (Table 2).
6. No difference was recorded in preoperative measurements concerning the AOD500 and TISA500 which were found 

to be similar in both groups (p>0.05, Mann–Whitney U-Test) (Table 3).
7. There was a statistically significant increase in anterior chamber angle parameters (AOD500, TISA500) in both 

Groups 1 and 2 (p=0.001, Wilcoxon Signed Ranks test), but again there was no significant difference between the 
two groups (Table 3).

8. At the end of the F/U period, no correlation was found regarding the change in IOP with the preoperative nasal and 
temporal AOD500 in Group 1 and Group 2 (p>0.05, Spearman correlation coefficient) (Table 3).

9. No postoperative significant change was recorded in both groups concerning the central macular thickness and the 
average RNFL (Table 2).

Table 2 (Continued). 

Group 1 - Normotensive Eyes Group 2 - OAG Eyes P (Mann–Whitney U-Test)

ACD mean (SD), mm

Preoperatively 3.1 (0.3) 3.0 (0.3) > 0.05

Postoperatively 4.5 (0.5) 4.5 (0.4) > 0.05

P (Wilcoxon Signed Rank Test) < 0.001 0.001

ACV mean (SD) mm3)

Preoperatively 171.4 (42.4) 168.6 (42.4) > 0.05

Postoperatively 202. (48.2) 198.9 (47.9) > 0.05

P (Wilcoxon Signed Rank Test) < 0.001 < 0.001

AL mean (SD), mm AL mean (SD) AL mean (SD)

Preoperatively 22.93 (1.0) 22.80 (1.0) > 0.05

Postoperatively 22.98 (1.0) 22.81 (1.0) > 0.05

P (Wilcoxon Signed Rank Test) 0.27 0.26

CMT mean (SD), μm

Preoperatively 273.1 (18.9) 255.9 (19.2) < 0.05

Postoperatively 274.6 (19) 256.3 (19.6) < 0.05

P (Wilcoxon Signed Rank Test) > 0.05 > 0.05

Average RNFL mean (SD), μm

Preoperatively 78.1 (14.5) 67.19 (12.6) <0.05

Postoperatively 76.98 (13.9) 65.81 (1.0) <0.05

P (Wilcoxon Signed Rank Test) > 0.05 > 0.05

Abbreviations: SD, Standard Deviation; P, probability; CCT, Central Corneal Thickness (μm); ACD, Anterior Chamber Depth (mm); ACV, Anterior Chamber 
Volume (mm3); AL, Axial Length (mm); CMT, Central Macular Thickness (μM); Average RNFL, Retinal Nerve Fiber Layer (μM).
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Discussion
In this study, we evaluate the impact of phacoemulsification surgery on IOP and several other ocular parameters in 
normotensive eyes and eyes with OAG (POAG and EXG).

Our inclusion criteria incorporated patients with eyes with mild glaucoma (MD < 6dB and VFI > 94%), well 
controlled with one medication (prostaglandin or b-blocker), who were then compared to normotensive patients, 
exhibiting the same demographic characteristics (Table 1).

Furthermore, our results recorded no change in CCT and AL, between preoperative and postoperative status in either 
group and no difference between the groups. In addition, no difference between the two groups was recorded with regard 
to the ACD, ACV while an increase in these two parameters was recorded postoperatively in both groups.

Considering the posterior segment parameters, such as the mean RNFL and the central macular thickness, we noted 
that there was no statistical difference in either group 6 months after the operation regarding the RNFL and the CMT, 
while the statistical difference between normal and glaucoma group, which was recorded preoperatively remained 
unaltered 6 months post-operatively.

Furthermore, our results also revealed a significantly higher IOP reduction in OAG eyes when compared to 
normotensive eyes. It is important to reiterate that ten (10) of the OAG eyes presented with exfoliation material in the 
anterior chamber during the preoperative examination in the slit lamp. Interestingly, there was no difference found 
between EXG eyes and POAG eyes regarding the post-op IOP reduction. Obviously, the sample population of EXG and 
POAG eyes in this study is too small to enable us to arrive at any concrete conclusions.

Over the past years, researchers have been looking into the relationship between IOP (reduction) and phacoemulsi
fication surgery in normotensive and OAG eyes. However, a few have examined this topic on homogeneous populations 
such as the Greek one. In this study, we focus and compare the change in parameters concerning both ocular posterior 
and anterior chambers in normotensive and OAG eyes in patients of Greek origin.

Table 3 Nasal & Temporal AOD500 & TISA500 Pre- and Postoperatively

Group 1 - Normotensive Eyes Group 2 - OAG Eyes P (Mann–Whitney U-Test)

Nasal AOD500 (mm)

Preoperatively 0.40 (0.19) 0.35 (0.11) > 0.05

Postoperatively 0.63 (0.17) 0.65 (0.20) > 0.05

P (Wilcoxon Signed Ranks Test) < 0.001 < 0.003 –

Temporal AOD500 (mm)

Preoperatively 0.41 (0.15) 0.39 (0.15) > 0.05

Postoperatively 0.65 (0.19) 0.70 (0.24) > 0.05

P (Wilcoxon Signed Ranks Test) < 0.001 < 0.001 –

Nasal TISA500 (mm)

Preoperatively 0.17 (0.07) 0.15 (0.05) > 0.05

Postoperatively 0.24 (0.06) 0.24 (0.07) > 0.05

P (Wilcoxon Signed Ranks Test) < 0.001 0.002 –

Temporal TISA500 (mm)

Preoperatively 0.17 (0.07) 0.15 (0.07) > 0.05

Postoperatively 0.26 (0.14) 0.23 (0.08) > 0.05

P (Wilcoxon Signed Ranks Test) < 0.001 0.007 –

Abbreviations: AOD500, angle opening distance at 500 μm from scleral spur; TISA500, trabecular- iris space area 500 μm from scleral spur.
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Additionally, despite the small sample size in this study, it is important to note that the OAG group consisted of 
patients with mild EXG and mild POAG, who were well-controlled on one medication.

The results of IOP reduction in normotensive eyes after phacoemulsification surgery vary in several published papers 
(Table 4). On the other hand, Majstruk et al found that 12 months following phaco surgery, eyes with POAG underwent 
an IOP decrease of 10mmHg.13

We evaluate the changes in IOP as well as the ACA and other ocular parameters of the anterior and posterior segment 
that take place 6 months following phacoemulsification surgery. We chose a period of 6 months as we deem it unlikely 
that any further structural changes to the eyes will take place after this period, thus other studies agree with this 
consideration.18,19

According to Our Results
The ACA width was found to be increased in all eyes of both groups at the end of the follow-up period. No correlation 
was found, in both groups, between preoperative ACA with the IOP change postoperatively. The same is valid in both 
groups, regarding the post-op increase of ACA and the IOP change postoperatively. This contradicts the findings of the 
study conducted by Lin et al, where the researchers identified that a correlation did indeed exist between the pre- 
phacoemulsification ACA parameters and the post-operative IOP.16

Our findings may indicate that other mechanisms other than structural AC alterations are responsible for the decrease 
in IOP, such as the post-operative remodeling of the trabecular meshwork or changes, which occur in the ciliary body and 
its processes.23–25

Our conclusion that the changes in ACA are not the only causative factor for the post-operative decrease in IOP 
comes in accordance with the study by Lee et al24 and not with the conclusion of Shammas et al21 in which the cataractic 
lens produces a reduction of the ACA depth by pushing the iris anteriorly and consequently the post-phacoemulsification 
ACA deepening is the main causative factor of the IOP reduction postoperatively.

Furthermore, our findings that there was a significant increase of both nasal and temporal increase AOD500 & 
TISA500 after the phacoemulsification surgery, are on par with the findings of Kim et al,12 whose study included only 
normotensive individuals and no change in IOP post-operatively was also mentioned.

Several contradictory results were published regarding AL shortening in patients who underwent phacoemulsification 
surgery.8,26 We found no post-phacoemulsification change regarding the AL of either group by performing measurements 
with IOL Master 700 (Carl Zeiss Meditec, Jena, Germany), in order to avoid errors as explained previously by Bernardo 
et al.27 Concerning the AL, our results are in accordance with those found by Bernardo and Lopez27,28 and not with the 
results published by Bilak, Chang and Kim.8,26,29

We consider our follow-up period of 6 months as an important element of our study, as previous similar research 
carried out had a shorter follow-up period of 1–3 months (Table 4). Additionally, no glaucoma eyes had been enrolled in 
these studies.

Furthermore, Pakuliene et al identified a shortening of AL in normotensive eyes and no change in OAG eyes 
postoperatively.30 The authors attributed this finding to the difference in scleral rigidity in glaucomatous eyes. In our 
present study, these findings coincide only with our arm of OAG eyes.

Table 4 Postoperative Change of AL After Cataract Phacoemulsification in Normotensive Eyes

ΔAL F/U Period Mean AL Preop Mean AL Postop p

Bilak et al – 0.14 (0.17) 1 month 23.27 (1.16) 23.14 (1.15) < 0.05

Chang et al – 0.10 (0.15) 3 months 24.22 (1.59) 24.13 (1.93) < 0.05

Lopez et al – 0.19 (0.05) 1 month 25.10 (3.19) 24.88 (3.16) > 0.05

Bernardo et al – 0.01 (0.08) 2 months 23.69 (1.31) 23.69 (1.31) > 0.05

Abbreviations: AL, Axial Length; ΔAL, difference of preoperative and postoperative AL; F/U, follow up.
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In a review published in 2015, Chen et al concluded that cataract phacoemulsification decreases IOP and medications 
in a small, moderate and marked way in eyes with POAG, EFG and Primary Angle Closure Glaucoma (PACG), 
respectively, using 1 to 2 medications before surgery.31

In contrast, we did not find any significant difference in IOP decrease between eyes with POAG and EFG in our 
study, taking into consideration that all glaucoma eyes were receiving only one medication, while no narrow-angle eyes 
were enrolled in our study.

Also, no significant differences were recorded regarding the central macular thickness between normotensive and 
OAG eyes, or between EFG and non-EFG eyes. The same applies when comparing EFG and POAG eyes at the pre- and 
post-op reviews. These findings are also consistent with those of Kemer Atik, who concluded that EFG is not a risk factor 
for a post-phaco-cataract macular thickness increase.32

Finally, the mean average RNFL was recorded without significant change between preoperative and after 6 months 
postoperative status. This finding is not in agreement with the findings of Erkan Celik et al33 where an increase in RNFL 
was recorded 1 month postoperatively. We could explain this discrepancy by the fact that our study was conducted with 
a follow-up of 6 months and no other measurements were performed during this postop period.

The strength of this study is the comparison of the change in IOP and the anterior chamber parameters after 
phacoemulsification surgery in normotensive and glaucoma eyes with the enrollment of exfoliative glaucoma eyes. 
Analogous studies in the literature compared IOP changes after phacoemulsification in only OAG eyes or compared only 
OAG and PACG eyes. Additionally, we consider as an advantage of our study the duration of the follow-up period and 
the evaluation of all parameters, which could be influenced after phacoemulsification surgery, in the same group of 
patients in a homogeneous population.

Obviously, there are limitations in our study, which are the low number of enrolled patients, the fact that no choroidal 
changes were assessed, the non-detailed record of all parameters characterizing macular thickness and Ganglion Cell 
Inner Plexiform Layer (GCIPL) and the low number of EXG and POAG eyes for a reliable conclusion.

In this study, post-phacoemulsification change in IOP was found to be significantly more pronounced in OAG- 
cataract eyes compared to normotensive-cataract eyes. The duration of the IOP decrease is needed to be investigated for 
a longer period of time, especially in OAG eyes, in order to better evaluate its role as an antiglaucoma procedure in mild 
OAG eyes.

Finally, our results may lead to the conclusion that not the widening of the anterior chamber angle but other factors 
may play a role in the reduction in IOP post phacoemulsification, such as trabecular meshwork remodeling and changes 
that take place at the level of the ciliary body and the ciliary processes especially in OAG, which start –off with an 
already compromised trabecular endothelium.
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