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Introduction
Cataract, defined as the opacification of the natural
crystalline lens, is the leading cause of reversible blindness
and vision impairment worldwide, posing a significant
global health challenge.1 It accounts for approximately
45% of global blindness, with higher incidence rate in low
and middle income countries (LMICs) due to limited access
to surgery.1,2 Additionally, >90% of disability-adjusted life-
years (DALYs) lost to cataracts are concentrated in LMICs.3
In Pakistan, cataracts account for over half of the blindness
cases, highlighting the urgent need for effective
management strategies and equitable access to surgery.4

Currently, there are no established medical treatments or
preventive strategies for cataracts, making surgical
intervention the only viable option. Cataract surgery, which
involves the removal of the opaque lens and implantation
of an intraocular lens (IOL), is a highly effective procedure
for restoring vision.5 Over the years, surgical techniques
have evolved significantly, from intracapsular cataract

extraction (ICCE) to extracapsular cataract extraction
(ECCE), and, more recently, to phacoemulsification.5,6

Introduced by Dr Charles Kelman and Anton Banko in 1967,
phacoemulsification has become the gold standard for
cataract extraction due to its ability to provide better visual
outcomes, reduced recovery times, and fewer
complications compared to earlier methods.5,7

Phacoemulsification uses ultrasonic energy to fragment the
cataractous lens, which is then aspirated, creating space for
the insertion of a thinner IOL. In addition to its vision-
restoring benefits, phacoemulsification induces significant
anatomical changes in the anterior segment of the eye.8,9

These include an increase in anterior chamber depth (ACD),
widening of the anterior chamber angle (ACA), and an
improvement in intraocular fluid dynamics, often leading
to a reduction in intraocular pressure (IOP).8,9 Such changes
are particularly critical in eyes with short axial lengths (ALs),
where the anterior chamber is naturally shallower,
increasing the risk of complications like angle-closure
glaucoma.10

Several studies have reported that in eyes with short ALs,
the anterior chamber is naturally shallower compared to
those with normal or longer AL.9,10 For instance, Muzyka-
Woźniak et al. reported a significantly greater deepening
of the anterior chamber in such eyes, reflecting their

Department of Ophthalmology and Visual Sciences, Aga Khan University
Hospital, Karachi, Pakistan.
Correspondence: Shaukat Ali Chhipa. e-mail: shaukat.chhipa@aku.edu
ORCID ID: 0009-0002-5491-8039
Submission completed: 30-01-2025 1st Revision received: 16-05-2025
Acceptance: 31-12-2025 Last Revision received: 30-12-2025

RESEARCH ARTICLE

Change in anterior chamber depth before and after phacoemulsification in
eyes with a short axial length-a quasi-experimental trial
Dania Memon, Khadijah Abid, Hina Israr Qazi, Shaukat Ali Chhipa

Abstract
Objective:To determine changes in anterior chamber depth following phacoemulsification in eyes with a short axial length.
Method: The quasi-experimental study was conducted at the Department of Ophthalmology and Visual Sciences, Aga
Khan University Hospital, Karachi, from May 26, 2023, to October 31, 2024, and comprised cataract patients aged 30-70
years with axial length<22mm undergoing phacoemulsification. Preoperative and postoperative anterior chamber depth
measurements were recorded using an intraocular lens biometer. Postoperative assessments were done one week after
the surgery. Data was analysed using R studio.
Results: Of the 20 patients with mean age 54.35±11.53 years, 14(70%) were females and 6(30%) were males. The total
number of eyes studied was 36. Postoperatively, the mean anterior chamber depth increased significantly (p=0.001). A
moderate positive correlation was found between preoperative and postoperative anterior chamber depth (p=0.049). Axial
length showed a weak, non-significant positive correlation with preoperative anterior chamber depth (r=0.20, p=0.397)
and a weak negative correlation with postoperative anterior chamber depth (r=-0.36, p=0.124). Age and gender were not
significantly different with respect to change in anterior chamber depth (p>0.05). No intraoperative or postoperative
complications were observed.
Conclusion: Phacoemulsification significantly increased anterior chamber depth in eyes with short axial lengths, confirming
its anatomical and clinical benefits for cataract management.
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distinct biomechanical response to lens extraction.9 These
findings emphasise the importance of understanding and
accounting for unique anatomical features during surgical
planning and follow-up care.9

To our knowledge, there is a lack of data from Pakistan
specifically examining the impact of phacoemulsification
on ACD in eyes with short AL. Considering the
demographic and anatomical variability in populations,
localised studies are essential to optimise surgical
outcomes and minimise postoperative risks. The current
study was planned to fill the gap in literature by evaluating
changes in ACD before and after phacoemulsification in
eyes with short ALs among patients at a tertiary care
hospital in an urban centre.

Subjects and Methods
The quasi-experimental study was conducted at the
Department of Ophthalmology and Visual Sciences, Aga
Khan University Hospital (AKUH), from May 26, 2023, to
October 31, 2024. After approval from the institutional
ethics review committee, the sample size was determined
using Open Epi online calculator11 based on previous data9

with 90% power and 95% confidence level. The sample size
was inflated to meet the assumptions of normal
distribution and to account for 20% anticipated loss to
follow-up. The sample was raised using non-probability
consecutive sampling method. Those included were
patients aged 30-70 years regardless of cataract stage and
having short AL (<22mm), who planned to have
phacoemulsification. Individuals with myopia, a history of
previously diagnosed glaucoma, traumatic cataracts, a
history of ocular surgery, and eyes with any complications
during surgery necessitating a sulcus or anterior chamber
intraocular lens (ACIOL) were excluded.

Prior to data-collection and the surgical procedure, written
informed consent was obtained from all the patients, and
the study followed the transparent reporting of evaluations
with nonrandomized designs (TREND) guidelines for quasi-
experimental study.12

All phacoemulsification procedures were conducted by a
single experienced surgeon under topical anaesthesia. A
2.2mm clear corneal incision was made temporally to
access the anterior chamber, accompanied by a
paracentesis incision to facilitate instrument entry. The
anterior lens capsule was stained with trypan blue dye to
enhance visualisation, followed by thorough irrigation with
balanced salt solution. A continuous curvilinear
capsulorrhexis approximately 5.5mm in diameter was
meticulously created under the protection of an
ophthalmic viscosurgical device (OVD) to maintain ACD
and protect intraocular structures. Hydrodissection was

performed to separate the lens nucleus from the capsule,
ensuring free rotation. Hydrodelineation was then carried
out to delineate the central dense nucleus from the
surrounding epinucleus. The nucleus was emulsified using
an ultrasound phaco probe inserted through the main
incision, employing a divide-and-conquer technique to
fragment the nucleus for efficient removal. Residual cortical
material was aspirated to ensure a clean capsular bag. The
capsular bag was inflated with an OVD, and an injectable
hydrophobic acrylic IOL was implanted within the bag,
ensuring proper centration. The OVD was thoroughly
removed from the anterior chamber and behind the IOL to
prevent postoperative IOP spikes. The corneal incisions
were hydrated with balanced salt solution to promote self-
sealing, eliminating the need for sutures. Postoperatively,
topical dexamethasone 0.1% and moxifloxacin drop was
instilled to reduce the risk of postoperative infection and
inflammation, and the operated eye was covered with a
protective shield for 3-4 hours. The patients were instructed
to return for a follow-up the next day and one-week post-
surgery in the outpatient department (OPD).

Data regarding age, gender, AL and ACD was recorded
using a predesigned proforma. The ACD in millimeters
(mm) was measured using a biometer (Carl Zeiss Meditec
AG 07745 Jena, Germany, IOLMaster 500) before
phacoemulsification and one week after the procedure. To
assess intra-observer variability, each observer conducted
three consecutive measurements per session, and the
mean value was calculated for analysis. Inter-observer
variability was evaluated by having two independent
observers perform measurements under identical
conditions, with the average of their mean values used for
final analysis. All measurements were performed under
standard dim lighting conditions, without pupil dilation,
and with patients seated using a chinrest and forehead
strap. The change in ACD was determined by subtracting
the preoperative ACD from the postoperative ACD.

Data was analysed using R Studio version 2024.09.1-394.
For patients with data available for both eyes, the values of
AL, preoperative ACD and postoperative ACD were
averaged, and laterality was excluded to avoid duplication.

Data normality was assessed using the Shapiro-Wilk test,
and it was found to be normally distributed (p>0.05). Data
was reported as mean±standard deviation, median with
interquartile range (IQR) or frequencies and percentages,
as appropriate. Paired t-test was used to compare
preoperative and postoperative ACD values. Pearson’s
correlation coefficients were used to evaluate the linear
relationships of AL with both preoperative and
postoperative ACD, as the assumptions for parametric
correlation testing were met. The change in ACD was
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further stratified by age group and gender, and an
independent samples t-test was applied to test for
statistically significant differences between the groups.
P<0.05 was considered statistically significant.

Results
Of the 20 patients with mean age 54.35±11.53 years,
14(70%) were females and 6(30%) were males. The total
number of eyes studied was 36. The median AL was
21.35mm (IQR: 20.54-21.69mm) (Table 1).

A significant increase in mean ACD was observed
postoperatively 3.48±0.37mm compared to preoperative
value 2.78±0.26 mm, with a mean paired difference of
0.70±0.35mm (p<0.001) (Figure 1).

Patients aged ≤45 years had a mean increase of
0.54±0.14mm, while those aged >45 years had a larger
mean increase of 0.79±0.37mm (p=0.143). Male patients

showed a mean change of 0.78±0.37mm compared to
0.67±0.34mm in females (p=0.532) (Table 2).

Preoperative and postoperative ACD values were
moderately correlated (r=0.45, p=0.049). AL demonstrated
a weak positive correlation with preoperative ACD (r=0.20,
p=0.397) and a weak negative correlation with
postoperative ACD (r=-0.36, p=0.124) (Figure 2).

No intraoperative or postoperative complications were
observed.

Discussion
Phacoemulsification is a well-known procedure in cataract
surgery for improving visual acuity and significantly
altering anterior segment anatomy, particularly by
increasing ACD.7 The current study aimed at evaluating
changes in ACD before and after phacoemulsification in a
cohort of Pakistani cataract patients, specifically those with
shorter AL (<22mm), and to provide insights into its
anatomical and clinical benefits for this population.

The median age of cataract patients was 54.35 years, which
is consistent with literature,  highlighting the high
prevalence of cataracts in older age groups due to age-
related changes.13,14 The gender distribution in the study
showed a higher percentage of females (70%), which was
in line with earlier reports.2,15,16 The female predominance
may be attributed to genetic predispositions and hormonal
influences affecting ocular morphology.17 The mean AL was
21.35mm in the current study, which was consistent with
earlier studies suggesting that similar surgical approaches
may be effective for short eyes.9,18 Additionally, most of the
current patients had cataracts in both eyes, though
literature has shown that laterality varies across
populations and can affect both eyes simultaneously.19

A significant increase in mean ACD was observed
postoperatively. The preoperative ACD was 2.78±0.26mm,

Table-1: Baseline characteristics (n=20).

Characteristics Mean±SD or Median (IQR) or n (%)

Mean Age (years) 54.35±11.53
Gender

Female 14 (70)
Male 6 (30)

AL (mm) 21.17±0.69

Figure-1: Comparison of preoperative and postoperative mean anterior chamber depth
(ACD) (mm).

Table-2: Stratified analysis of change in ACD (mm) by age and gender.

Characteristics Change in ACD
Mean±SD

Mean Age (years)
≤45 (n=3) 0.54±0.14
>45 (n=17) 0.79±0.37
p-value 0.143
Gender

Male (n=6) 0.78±0.37
Female (n=14) 0.67±0.34

p-value 0.532

ACD: Anterior chamber depth, SD: Standard deviation.

Figure-2: Correlation between preoperative and postoperative anterior chamber depth
(ACD) and axial length (AL).
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while the postoperative ACD increased to 3.48±0.37mm,
with a mean paired difference of 0.70±0.35mm (p=0.001).
This is consistent with previous findings.20-23 Furthermore,
Ning et al. and Muzyka-Wozniak et al. indicated that short
eyes experience a more pronounced ACD increase
compared to long eyes, emphasising the distinct
anatomical response of eyes with shorter ALs to
phacoemulsification.9,24 These findings collectively validate
the anatomical benefits of the procedure and its impact on
improving ACD, particularly in short eyes.

In the current study, preoperative ACD and AL did not
significantly correlate with postoperative ACD, which is
consistent with previous research indicating challenges of
predicting postoperative ACD and IOL positioning based
solely on preoperative measurements.9 Studies have
emphasised the difficulty in predicting outcomes in eyes
with extreme ALs.9 These findings highlight the importance
of precise biometric evaluations and individualised surgical
planning in cataract patients.

The current stratified analysis showed that patients aged
>45 years had a greater mean ACD increase compared to
those aged ≤45 years, though the difference was not
statistically significant (p=0.143). Additionally, males had a
mean ACD increase compared to females (p=0.532), again
showing no significant difference. These findings are in line
with literature.22

A key strength of the current study is its focus on patients
with short ALs, an underrepresented group in literature,
providing valuable insights into their anatomical and
clinical outcomes following phacoemulsification. The use
of the IOL Master 500, a gold standard for non-contact
biometry, ensured precise and reproducible ACD
measurements. Additionally, its dual measurement modes
for simultaneous AL and keratometry readings optimised
workflow efficiency, minimising measurement
variability.25,26 However, the current study has its
limitations, including a small sample size, single-centre
design, and short follow-up duration, which together
restrict the generalisability of the findings and limit
understanding of long-term outcomes. The exclusion
criteria, such as prior myopia or glaucoma, further
constrained the study's applicability to broader
populations. Future research should incorporate multi-
centre cohorts, extended follow-up, and broader
demographic samples to validate the findings. Including
comparisons of ACD measurements across multiple
diagnostic devices, such as Pentacam and ultrasound
biometry, could enhance reliability and address potential
observer biases. Further studies should also explore the
long-term implications of ACD changes, particularly in the
context of preoperative and postoperative gonioscopy in

patients with open-angle and angle-closure glaucoma
mechanisms.

Conclusion
Phacoemulsification significantly increased ACD in eyes
with short AL, confirming its anatomical and clinical
benefits for cataract management, and highlighting the
importance of early surgical intervention and tailored
approaches for short eyes.
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