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Abstract:
Background: Primary angle closure disease (PACD) remains a major cause of preventable blindness in Asia.
This study aims to evaluate whether uncomplicated phacoemulsification surgery offers protective anatomical and
functional benefits in patients with primary narrow angle (PNA).
Methods: In a prospective observational study, 50 patients aged 40—70 years undergoing cataract surgery were
enrolled and divided into two groups: Group A (open angle) and Group B (primary narrow angle), based on
gonioscopic grading. Parameters including intraocular pressure (IOP), anterior chamber depth (ACD), angle
opening distance (AOD), trabecular iris angle (TIA), iris thickness (IT), and iris-lens contact distance (ILCD)
were measured pre- and post-operatively using applanation tonometry and ultrasound biomicroscopy (UBM).
Results: Both groups showed a significant reduction in IOP postoperatively. Narrow-angle patients showed
greater improvement (mean IOP reduction of 4.72 mmHg, p<0.001) compared to the open-angle group (mean
reduction 2.16 mmHg, p<0.001). Significant increases in ACD and AOD were observed, particularly in the
narrow-angle group (ACD: +1.09 mm; AOD: +121.36 um, p<0.001).
Conclusion: Phacoemulsification significantly widens the angle and lowers IOP in PNA patients, suggesting its
dual role in visual rehabilitation and disease prevention.
Keywords: Phacoemulsification, Primary Narrow Angle, Intraocular Pressure, Anterior Chamber Depth, Angle
Opening Distance.
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Introduction

Primary angle closure disease (PACD), including following uncomplicated phacoemulsification in

primary angle closure suspects, primary angle
closure, and primary angle closure glaucoma
(PACG), is a major contributor to irreversible
blindness globally, especially in Asia. The
anatomical configuration of the anterior chamber,
especially shallow anterior chamber depth (ACD)
and narrow angle structures, predisposes individuals
to angle closure mechanisms. Cataract extraction by
phacoemulsification has been proposed as a
potential therapeutic and preventive measure in such
eyes by deepening the anterior chamber and
widening the angle.

While  previous studies have  evaluated
phacoemulsification in PACG, limited data exists on
its effects in primary narrow angle (PNA) cases
without established glaucomatous damage. The
present observational study was undertaken to assess
biometric and intraocular pressure changes
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such eyes and to determine whether the procedure
could be protective against disease progression.

Materials And Methods

This was a prospective observational study
conducted at the Department of Ophthalmology,
Madurai Medical College, between January 2018
and January 2019. The study included 50 patients
undergoing phacoemulsification for senile cataract.

Inclusion Criteria:

e Age 40-70 years
e Senile cataract
e Clear cornea for gonioscopy and UBM

Exclusion Criteria:

e History of glaucoma or ocular hypertension
e Previous ocular surgery
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UBM. The following parameters were measured
pre- and post-operatively:

e Intraoperative complications

Participants were divided into two groups:

e 1IOP
e Group A (Open Angle): Grade 3—4 Shaffer e ACD
angles e AOD 500 (angle opening distance at 500 pm)
e  Group B (Narrow Angle): Grade 1-2 Shaffer o TIA (trabecular iris angle)
angles e ILCD (iris-lens contact distance)
[ ]

All patients underwent comprehensive ophthalmic Iris Thickness

evaluation including visual acuity, IOP by Phacoemulsification with foldable IOL implantation
Goldmann applanation tonometry, gonioscopy, and was performed under topical anesthesia.
Postoperative evaluation was done at 1 month.

Table 1: Demographic and clinical characteristics of study participants

Parameter Open Angle (n=25) Narrow Angle (n=25)
Age (Mean + SD) 62.1 £4.5 yrs 61.4+5.1yrs
Age Range 52-70 yrs 4869 yrs
Male 11 10
Female 14 15
Baseline IOP (mmHg) 20.48 £2.58 20.8+2.34
Baseline ACD (mm) 3.02+£0.12 2.13+0.35

Demographic details and pre-operative baseline
characteristics

Observations and Results

A total of 50 patients were included in the study,
evenly divided between Group A (open angle) and
Group B (narrow angle), with 25 patients in each.
The demographic and clinical characteristics,
including mean age, gender distribution, and

Figure 1: UBM image showing angle landmarks

baseline intraocular pressure (IOP) and anterior
chamber depth (ACD), are summarized in Table 1.
Both groups were comparable in terms of age (Open
Angle: 62.1 + 4.5 years; Narrow Angle: 61.4 + 5.1
years) and gender distribution (Open Angle: 11
males, 14 females; Narrow Angle: 10 males, 15
females), with no statistically significant difference.

Ultrasound biomicroscopy (UBM) image showing
anatomical parameters measured—AOD 500,

trabecular iris angle (TIA), iris thickness (IT), and
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TCPD (trabecular-ciliary process distance). This
high-resolution image aids in precise quantification
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of anterior segment changes post-
phacoemulsification.
Table 2: Consolidated biometric parameters before and after phacoemulsification

Parameter Open Angle (Pre) |Open Angle (Post) | Narrow Angle (Pre) | Narrow Angle (Post)
IOP (mmHg) 20.48 +£2.58 18.32 £ 1.60 20.8 +2.34 16.08 = 1.03
ACD (mm) 3.02+0.12 3.10+£0.10 2.13+0.35 3.22+0.22
AOD 500 (pm) 205.7+16.8 2789+ 18.6 153.4+£14.2 274.8 £19.3
TIA (Degrees) 242 +3.1 31.5+34 18.1+2.6 302+£3.1
ILCD (mm) 1.42+£0.12 1.11 £0.10 1.58+0.09 1.12+0.08
Iris Thickness (um) 377+21 376 + 19 382+ 18 38016

Intraocular Pressure (IOP): A significant
reduction in IOP was observed postoperatively in
both groups. In the open angle group, the mean IOP
decreased from 20.48 £ 2.58 mmHg to 18.32 + 1.60
mmHg (p <0.001), while in the narrow angle group,
the IOP decreased from 20.8 + 2.34 mmHg to 16.08

+ 1.03 mmHg (p < 0.001), as shown in Table 2 and
Figure 2. The greater reduction in IOP observed in
the narrow angle group was statistically significant
(p < 0.001; see Table 3), suggesting that
phacoemulsification is more beneficial in relieving
angle-related pressure elevation in these patients.
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Figure 2: Mean IOP Change Following Phacoemulsifici
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Figure 2: Comparison of mean IOP before and after phacoemulsification.

Anterior Chamber Depth (ACD): Postoperative
deepening of the anterior chamber was seen in both
groups. The open angle group showed a small but
significant increase in ACD from 3.02 = 0.12 mm to
3.10 £ 0.10 mm (p = 0.004), while the narrow angle
group exhibited a marked increase from 2.13 + 0.35
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mm to 3.22 £ 0.22 mm (p < 0.001), indicating a
greater anatomical impact in eyes with narrow
angles. This deepening is illustrated in Figure 3,
which highlights the postoperative shift in ACD
values.
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Figure 3: ACD Changes After Phacoemulsification
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Figure 3: Line Chart of ACD Changes Pre- and Postoperatively

Angle Opening Distance (AOD 500): AOD 500
improved significantly in both groups. In Group A,
it increased from 205.7 £ 16.8 pm to 278.9 + 18.6
pum (p < 0.001), whereas in Group B, a more
pronounced increase was observed from 153.4 +
14.2 pm to 274.8 £ 19.3 pm (p < 0.001), as shown
in Table 2. The postoperative AOD was significantly
higher in the narrow angle group (p = 0.003; see
Table 3), indicating enhanced angle widening
following phacoemulsification. Figure 1 provides
representative UBM images showing pre- and post-
operative angle changes, while Figure 6 presents a
bar graph comparing AOD changes between the
groups.

Trabecular Iris Angle (TIA): TIA increased
significantly in both groups postoperatively. In the
narrow angle group, it improved from 18.1 + 2.6° to
30.2 + 3.1°, and in the open angle group, from 24.2
+ 3.1° to 31.5 + 3.4°. Superior TIA showed no
significant  difference between the groups
postoperatively (p = 0.904), but inferior TIA was

significantly higher in the narrow angle group (p =
0.040), as outlined in Table 3.

Iris-Lens Contact Distance (ILCD): There was a
marked decrease in ILCD in both groups. In the
narrow angle group, ILCD reduced from 1.58 +0.09
mm to 1.12 + 0.08 mm, and in the open angle group
from 1.42 = 0.12 mm to 1.11 = 0.10 mm. Although
the magnitude of change was similar, postoperative
ILCD values between groups were not statistically
different (p = 0.923). This parameter is crucial as it
reflects the resolution of pupillary block, which
contributes to angle closure. The inverse correlation
between AOD 500 and ILCD is demonstrated in
Figure 7, highlighting the anatomical significance of
lens removal.

Iris Thickness: Iris thickness remained relatively
unchanged in both groups postoperatively (Group A:
377421 pmto 376 £ 19 pm; Group B: 382 + 18 pm
to 380 + 16 pm), and the postoperative comparison
between the groups was not statistically significant
(p = 0.988; see Table 3).

Table 3: Postoperative anatomical parameter comparison between groups

Parameter Open Angle (Postop) |Narrow Angle (Postop)| p-value Significance
IOP (mmHg) 1832+ 1.6 16.08 £ 1.03 <0.001 Significant
ACD (mm) 3.1£0.10 3.22+0.22 0.019 Significant
AOD 500 (um) 357.8 £24.08 381.16 +29.27 0.003 Significant
SUP TIA (degrees) 31.92+5.93 32.12+5.73 0.904 Not Significant
INF TIA (degrees) 37.04 £5.48 39.88 = 3.88 0.04 Significant
Iris Thickness (um) 451.48 £29.20 451.36 £29.00 0.988 Not Significant
ILCD (um) -200.68 +£10.13 -200.4 £10.20 0.923 Not Significant

Subgroup Analyses: Subgroup analyses were also
performed based on gender and age. Figure 4
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displays gender-wise changes in AOD, revealing
consistent angle widening in both male and female
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patients. Figure 5 further breaks down AOD changes
across different age brackets, confirming that the
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postoperative anatomical benefits were uniformly
present irrespective of age.
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Figure 4: Gender-wise AOD 500 Changes
Figure 5: AOD Changes by Age Group
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Figure 5: Age Group vs AOD 500 Change

Discussion

Our findings affirm the beneficial role of
phacoemulsification not only in visual rehabilitation
but also in anatomical correction in eyes predisposed
to angle closure. The marked postoperative
deepening of the anterior chamber and widening of
the angle structures suggest that lens extraction
plays a pivotal role in altering the configuration of
anterior segment structures[1].
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Previous studies have reported that crystalline lens
removal can lead to an anterior shift of the iris-lens
diaphragm, thereby increasing anterior chamber
depth and widening the angle[2,3]. Nonaka et al.
demonstrated similar improvements in AOD and
TIA post-surgery in PNA patients[4]. This aligns
with our observation of significantly greater AOD
widening in the narrow-angle group.
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Figure 6: Postoperative AOD 500 in Open vs Narrow Angles

The IOP-lowering effect seen in our study is
consistent with earlier work by Hayashi et al., who
showed sustained reductions in IOP post-
phacoemulsification among PAC suspects[5]. While
both groups showed reduced IOP, the magnitude
was more pronounced in the PNA group, reinforcing
the hypothesis that angle crowding significantly
contributes to aqueous outflow resistance[6].

UBM imaging pre- and post-operatively revealed
clear structural changes, with reduction in ILCD and
a more open angle configuration[7]. This confirms
the value of UBM as a non-invasive tool to quantify
anatomical shifts and to stratify the benefits of

surgery[8,9].

Interestingly, our study noted no significant change
in iris thickness postoperatively. While some reports
indicate thinning of the iris following lens
extraction, our findings align with studies
suggesting that iris thickness may remain relatively
stable, and other parameters contribute more
significantly to angle widening[10,11].

Several studies have highlighted the prophylactic
potential of early phacoemulsification in narrow
angles, especially in PAC suspects or those with
plateau iris configurations[12,13]. This approach
may reduce the need for peripheral iridotomy or
long-term IOP-lowering medications, thereby
improving patient compliance and outcomes[14].
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Despite the promising findings, our study is limited
by a relatively short follow-up duration and a small
sample size. Further longitudinal studies are needed
to determine the durability of these anatomical and
pressure-lowering effects over time[15,16].

Emerging literature also supports lens extraction as
a primary intervention in PAC spectrum cases, citing
early intervention’s effectiveness in preventing
progression and reducing costs[17,18]. Comparative
studies with laser iridotomy have shown superior
outcomes in terms of angle deepening and patient
satisfaction following phacoemulsification[19,20].
Additionally, recent meta-analyses reaffirm the
anatomical benefits and safety profile of cataract
surgery in eyes at risk of angle closure[21].

The role of imaging in follow-up cannot be
overstated. UBM and anterior segment OCT provide
objective metrics to monitor postoperative changes,
patient risk  stratification, and treatment
efficacy[23,23]. These tools may enhance decision-
making and optimise timing for intervention.

Furthermore, patient quality of life outcomes and
cost-effectiveness evaluations should  be
incorporated into future studies to fully define the
utility of early lens extraction strategies in
PNA[24,25].
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Figure 7: Postoperative AOD vs. ILCD
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Figure 7: Scatter Plot of AOD 500 vs ILCD

Conclusion

Phacoemulsification deepens the anterior chamber
and widens the angle in eyes with primary narrow
angle. It significantly lowers IOP, particularly in
PNA patients. Postoperative UBM confirms this
anatomical correction. Angle-opening parameters
improve more in narrow-angle eyes than open-angle
ones. Iris thickness remains largely unchanged, but
ILCD and AOD shifts support mechanical relief.
Phaco thus has a preventive role in angle closure
progression. It may reduce the need for iridotomy or
chronic medication. Early intervention might
preserve vision and compliance. Despite its short
follow-up, this study supports broader clinical
application. Future studies must confirm long-term
efficacy in diverse populations.
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