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Abstract

Purpose: To investigate changes in choroidal thickness post-cataract surgery at 1-week, 1-month,
and 3-months following phacoemulsification versus femtosecond laser assisted cataract surgery
(FLACS).

Methods: The PubMed and EMBASE databases were searched from inception until March
2024. All relevant studies comparing choroidal thickness (CT) before and after cataract surgery
were retrieved and filtered.

Results: A total of 29 studies including 2084 eyes were included. There was no significant change
in CT at 1-week (P=.29), 1-month (P=.54), and 3-months (P=.91) after phacoemulsification,
nor following FLACS at 1-week (P=.80), 1-month (P=.77), and 3-months (P=.71). In subgroup
analysis, the CT of patients with diabetes mellitus (DM) at 3-months (but not at 1-week (P=.22)
or 1-month (P=.31)) was significantly thicker than before surgery (MD=8.90, 95% CI: 1.55-16.25,
P=.02). Patients of Caucasian ethnicity had significantly thicker CT (P<.001) at 1-week and 1-month
(both P<.001) post-operatively but not at 3-months (P=.49). No difference in CT compared to baseline
was observed in Asians 1-week (P=.97), 1-month (P=.87) and 3-months (P=.83) post-operatively.
Reduction of topical anti-inflammatory medication 1-week post-operatively resulted in thicker CT
in DM patients at 3-months (MD=8.90, C1=1.55-16.25, P=.008), and in non-DM patients at 1-month
(MD=0.73, CI=-1.61-3.06, P<.001) and 3-months (MD=-0.13, Cl=-2.22-1.97, P<.001).

Conclusion: CT did not significantly increase in eyes 1-week, 1-month, and 3-months after either
phacoemulsification or FLACS. Patients with DM and of Caucasian ethnicity were more likely to
have thicker CT post-operatively. Reduction of topical anti-inflammatory post-operatively was
associated with an increase in CT.
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Pseudophakic cystoid macular edema (CME) remains
one of the most common complication following cataract
surgery, occurring in 20-30% of all cases at 1-2 months after
phacoemulsification due to increased ocular inflammation after

Introduction

Cataract is the leading cause of reversible blindness and visual
impairment globally, affecting 3.9% of those aged 55 to 65
years old and 92.6% of those older than 80 years old. Currently,

the two most commonly performed surgical treatments for
cataract include phacoemulsification and femtosecond laser
assisted cataract surgery (FLACS) [1].

surgery resulting in edema and choroidal thickness increase
[2, 3]. A few studies have shown choroidal thickness (CT) to
be directly related to CME, varying with its severity with the
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choroid being thicker in instances of macular edema [4, 5, 6]
thus serving as a good measurement of CME. Clinically, CME
affects visual acuity and patients are treated with topical or
intravitreal anti-inflammatory agents [3].

The main difference between FLACS and phacoemulsification
is that FLACS which uses lasers to create corneal incisions,
perform capsulorhexis, and fragment the nucleus, has led
to a reduction in ultrasound energy and time needed for
phacoemulsification, thus resulting in less collateral damage
to the surrounding ocular tissue and less inflammation and
release of prostaglandins reducing the postoperative risk of
CME. Several cohort studies have reported lesser changes in
CT post-surgery for FLACS compared to phacoemulsification
[7,8,9,10].

The exact timing of edema onset, the extent of choroidal
thickness increase it causes, and when it subsides remain
subjects of considerable debate. Several studies have shown that
CT increases after conventional phacoemulsification cataract
surgery at 1-week and 1-month time points [11, 12, 13]. On
the other hand, other studies reported no significant changes in
CT [14, 15, 16]. To date only one meta-analysis was done to
investigate the effect of conventional phacoemulsification on
subfoveal CT [5]. However, since the publication of this meta-
analysis in 2018, there has been an emergence of multiple
cohort studies. Furthermore, the effects of diabetes mellitus
(DM), a significant risk factor for CME, [17, 18] and the type
of cataract surgery (FLACS or phacoemulsification) has not
been investigated in a meta-analysis yet.

Records identified from database
searching: 135
PubMed (n=101)
Embase (n=34)

2
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The primary aim of this meta-analysis was to investigate
if there are significant changes in choroidal thickness post-
surgery at 1-week, 1-month, and 3-months. Furthermore if CT
is affected by the type of cataract surgery. The secondary aim
was to investigate if the presence of DM, use of post-operative
anti-inflammatory medication, and ethnicity of patients was
associated with a change in CT post-cataract surgery.

Methods
Literature search

The study followed the methodological expectations for
Cochrane Intervention Reviews when conducting the review
and the Preferred Reporting Items of Systematic reviews and
Meta-Analyses (PRISMA) 2020 for the reporting [17]. The
PubMed and Embase databases were searched from inception
until March 2024 without language restrictions for all relevant
studies using search terms “choroidal thickness” and “cataract”
or “phacoemulsification” or “FLACS”. An additional manual
search was done to identify any studies not included.

Data collection

Two investigators (BK and BA) performed the literature search
independently and the senior author (BA) was consulted if
there were disagreements between screeners. After screening
titles and abstracts, full-text articles evaluation was performed
using the inclusion and exclusion criteria (Figure 1).

Inclusion criteria included: (1) studies with patients who
underwent cataract surgery (2) choroidal thickness measured
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Figure 1. PRISMA flow diagram of the selection process.
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before and after surgery; (3) macular thickness values
represented as mean difference with 95% CI; (5) cohort
studies, case-controls, and randomised control trials.

Exclusion criteria included: (1) cataract patients who
underwent corrective surgeries other than phacoemulsification
or FLACS; (2) conference abstracts, case reports; (3) papers
without full texts or data available for retrieval; (4) duplicates.

Quality assessment and risk of bias:

The quality of the 29 included studies were assessed using
the Risk of Bias Assessment Tool for Nonrandomised
Studies (ROBANS 2.0) method comprising eight domains:
comparability of the target group, target group selection,
confounders, measurement of intervention, blinding, outcome
assessment, incomplete conduce data, and selective outcome
reporting. The risk of bias was categorised as low, unclear,
and high risk.

Outcome measures:

Two study arms were created: phacoemulsification and
FLACS. We grouped outcomes into three timepoints —
1-week post-intervention to detect any short-term change in
CT, 1-month post-intervention to detect sustained changes in
CT and 3-months post-intervention as a measure of medium
to long term changes in CT. The control group consisted of
pre-operative CT measurements.

Koh/Ngo/Agrawal, et al.

Statistical analysis

The study compared the mean difference in CT between the
specified timepoint (1-week, 1-month, or 3-months) and
pre-operative baseline (control). We used Cochrane Review
Manager version 5.4 to analyse the data. I? statistic was
applied to assess heterogeneity between studies. Subgroup
analysis by ethnicity, presence of DM, as well as use of topical
anti-inflammatory. All statistical analyses used P-values with
a cut-off of 0.05 and 95% confidence intervals (ClI).

Results
Description of studies:

The electronic search identified 135 studies. Figure 1 depicts
the PRISMA flow diagram of included and excluded studies.
28 studies were duplicates and further 13 studies were excluded
based on abstract screening. Full-text reading was performed
on 94 studies, of which we excluded 39 studies that did not
examine cataract surgery, 5 letters, 5 case reports, 4 studies
deemed to have insufficient data, 3 studies not in English, 2
studies not examining CT at 1-week, 1-month or 3-months,
and 1 study not examining FLACS or phacoemulsification. A
total of 29 studies including 2084 eyes were enrolled for final
analysis. The characteristics of the studies are shown in Table
1 [33, 46].

Table 1. Overview of included studies and synthesis table illustrating key study characteristics.

Author Year No. of eyes Type of surgery
Abdellatif [33] 2018 66 Phacoemulsification
Ahmed [34] 2023 100 Phacoemulsification
Akcam [35] 2022 20 Phacoemulsification
Appolloni 7] 2022 52 FLACS and Phaco
Asena [8] 2017 25 FLACS and Phaco
Bayhan [36] 2016 38 Phacoemulsification
Brito [14] 2015 31 Phacoemulsification
Celik [37] 2016 30 Phacoemulsification
Cevher [38] 2021 22 Phacoemulsification
Chen [39] 2018 36 Phacoemulsification

Chen [9] 2022 26 FLACS

Falcao [15] 2014 14 Phacoemulsification
Gama 2016 20 Phacoemulsification
Ghiasian [40] 2021 32 Phacoemulsification
Gudauskiene [41] 2019 30 Phacoemulsification
Ibrahim [42] 2018 53 Phacoemulsification
Igbz [13] 2023 50 Phacoemulsification
Ikegami [22] 2020 33 Phacoemulsification
Jiang [43] 2018 100 Phacoemulsification
Ma [44] 2017 23 Phacoemulsification
Ma [10] 2021 47 FLACS and Phaco
Pierru [45] 2014 32 Phacoemulsification
Shahzad [46] 2018 101 Phacoemulsification
Torabi [28] 2019 21 Phacoemulsification
Tranos [12] 2023 46 Phacoemulsification
Yao [26] 2020 23 Phacoemulsification
Yao [11] 2023 22 Phacoemulsification
Yip [24] 2019 18 Phacoemulsification
Yilmaz [16] 2016 65 Phacoemulsification

Time points (time span) Ethnicity DM NSAIDs
1 wk, 1 mth, 3 mths Asian No Yes
1 wk, 1 mth, 3 mths Asian No No

1wk, 1 mth Asian No No
1wk, 1 mth Caucasian No No

1 wk, 1 mth Asian No Yes

1 mth Asian No Yes

1 mth Caucasian Yes No

1 mth Asian No Yes

1wk, 1 mth Asian No Yes

1 wk, 1 mth, 3 mths Asian No No
1 wk, 1 mth, 3 mths Asian No No
1wk, 1 mth Caucasian No No

1 wk, 1 mth Caucasian No Yes

1 mth Asian No Yes

1 mth, 3 mths Caucasian No No

1 wk, 1 mth, 3 mths Caucasian No No
1 mth, 3 mths Asian No Yes

1 wk, 1 mth, 3 mths Asian Yes No
1 wk, 1 mth, 3 mths Asian No No
1 wk, 1 mth Asian Yes No

1 wk, 1 mth, 3 mths Asian Yes No
1 wk, 1 mth, 3 mths Caucasian Yes No
1 wk, 1 mth Asian No Yes

1 wk, 1 mth, 3 mths Asian Yes No
1 wk, 1 mth, 3 mths Caucasian No Yes
1 wk, 1 mth, 3 mths Asian Yes Yes
1 wk, 1 mth, 3 mths Asian Yes Yes
1 mth, 3 mths Asian Yes Yes

1 wk, 1 mth, 3 mths Asian Yes No

DM: diabetes mellitus. FLACS: femtosecond laser-assisted cataract surgery.
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The publication dates ranged from January 2014 to September  Risk of bias in included studies:

2023: 2_1 of 29 studies were pe_rformed "_1 Asian eyes and t_he The Cochrane Reviewer's Handbook evaluation chart was
remaining 8 were performed in Caucasian eyes. 10 studies  creqteq to determine the overall quality of the literature. The
were conducted on patients with DM and 13 studies using post-  resylts are depicted in Figure 2. Random sequence generation
operative non-steroidal anti-inflammatory drugs (NSAIDs).  (selection bias), allocation concealment (selection bias), blinding
Eyes in 4 studies underwent FLACS while eyes in the rest of  of participants and personnel (performance bias), attrition bias,
the 25 studies underwent phacoemulsification surgery. reporting bias, and other bias were “low risk in most studies.

Abdellatif 2018
Ahmed 2023
Akcam 2022

Appolioni 2022

Asena 2017
Bayhan 2016
Brito 2015
Celik 2016
Cevher 2021
Chen 2018
Chen 2022
Falcdo 2014
Gama 2016
Ghiasian 2021
Gudauskiene 2019
Ibrahim 2018
icoz 2023
Ikegami 2020
Jiang 2018
Ma 2017

Ma 2021
Pierru 2014
Shahzad 2018
Torabi 2019
Tranos 2023
Yao 2020

Yao 2023

Yip 2019
Yilmaz 2016

....... Ve ...... ~ ...... w '... ~ . Incomplete outcome data (attrition bias): All outcomes
009990000000 00900D09® | ®®®®| - seecte epoting (reporting bias)
900004 19000000000 9000900000~ 0®® otebis

. N . Ve . . . . . . . . ) . . . . . . . . N . . . . . . Random sequence generation (selection bias)

. o ke . W . . . . . . . . . ~ . ~ . . . . ‘ . . . . W | = | Allocation concealment {selection bias)

. . . . . . . . . . . . w . . ‘ ~ . . . . . ) . . . . N . Blinding of participants and personnel (performance bias): All outcomes
. . . | . . ~ . . . ~ . . . . . . . . . . W . . . Blinding of outcome assessment (detection bias). All outcomes

Figure 2: Risk of bias using Cochrane risk of bias tool (RoB 2).
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Random sequence generation (selection bias) was “unclear
risk” for five studies, and “low risk” for the rest. Allocation
concealment (selection bias) was “high risk” for one study,
“unclear risk” in eight studies but “low risk” in others.
Incomplete outcome data (attrition bias) posed ‘“uncertain
risk” for five studies, and “low risk” for the remaining studies.
There were four “uncertain risk” articles with selective
reporting (reporting bias), and the rest were “low risk” articles.
Another bias was classified as “uncertain risk” in three studies
and “low risk” in the remaining studies.

Primary outcomes:

Difference in CT between pre-operative baseline and
1-week after surgery

For phacoemulsification, a total 18 studies including 1786 eyes
provided detailed information on CT 1 week post-operatively.
There was no significant difference in CT found (MD=1.19,
95% Cl:-1.02-3.40, P=0.29, 1>=57%) (Figure 3a).

For FLACS, a total of 4 studies including 294 eyes similarly
showed no significant differences in CT pre-operatively
compared to 1-week post-operatively (MD=1.16, 95% CI:
-7.71-10.03, P=0.80, 1>=0%) (Figure 3b). A summary of the
data is presented in Table 2.

Koh/Ngo/Agrawal, et al.

Difference in CT between pre-operative baseline and
1-month after surgery

For phacoemulsification, a total 24 studies including 2084
eyes provided detailed information on CT 1-month post-
operatively. There was no significant difference in CT found
(MD=0.73, 95% Cl:-1.61-3.06, P=0.54, 1°=59%) (Figure 3c).

For FLACS, a total of 4 studies including 294 eyes similarly
showed no significant difference in CT pre-operatively
compared to 1-month post-operatively (MD=1.29, 95% CI:
-7.46-10.05, P=0.77, 1’=0%) (Figure 3d).

Difference in CT between pre-operative baseline and
3-months after surgery

For phacoemulsification, a total 16 studies including 1534
eyes provided detailed information on CT 3-months post-
operatively. There was no significant difference in CT found
(MD=-0.13, 95% Cl:-2.22-1.97, P=0.91, 1°=70%) (Figure 3e).

For FLACS, a total of 2 studies including 140 eyes similarly
showed no significant differences in CT pre-operatively
compared to 3-months post-operatively (MD=2.28, 95% CI:
-9.63-14.19, P=0.71, 1’=0%) (Figure 3f).

Secondary outcomes:

Random sequence generation (selection bias) [ |

Allocation concealment (selection bias) [IY B

Blinding of participants and personnel (performance bias): All outcomes Y |
Blinding of outcome assessment (detection bias): All outcomes [N |
Incomplete outcome data (attrition bias): All outcomes [N |

Selective reporting (reporting bias) [N |

Other bias |
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|_. Low risk of bias

[] Unclear risk of bias
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Figure 3a: Phacoemulsification choroidal thickness difference between control and 1-week after surgery.

1 week after cataract surgery

Before surgery

Mean difference Mean difference

Study or Subgroup Mean [um] SD[um]  Total Mean[um] SD[um] Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Abdellatif 2018 246.7 67.04 66 238.06 67.4 66  0.9% 8641429, 3157] i
Ahmed 2023 232.88 .59 100 233.95 9.465 100 77.8%  -1.07[-3.57,1.43] m
Akcam 2022 259.4 92.2 20 2341 92.2 20 0.1% 25.30[-31.85, 82.45] —
Appolioni 2022 2847 35 64 2492 52.3 64  2.0% 35.50[19.9451.06] —
Asena 2017 262.9 40 27 2555 36.2 27 1.2% T7.40[-12.95,27.75] i
Cevher 2021 2815 65.34 22 268.95 6359 22 0.3% 12.55[25.55,50.65] N
Chen 2018 239.7 4061 36 2348 4249 36 1.3% 4.90[-14.30, 24.10] 4
Chen 2022 189.7 722 26 1775 69.9 26 0.3% 12.20[-26.43 , 50.83] N
Falcdo 2014 239.1 2581 14 23863 7612 14 0.3% 047 [-41.63, 42.57] N S
Gama 2016 267.8 787 20 202 55 20 0.3% 65.80[23.72, 107.88] -
Ibrahim 2018 228.42 59.77 53 199.9  60.74 53 0.9% 28.52[5.58,51.46] -
Ikegami 2020 236.95 7488 26 23427 7142 26 0.3% 2.69[37.09,42.47] S
Jiang 2018 213 89 100 2035 85.3 100 0.8% 9.50 [-14.66 , 33.66] i
Ma 2021 2296 2773 47 22789 2724 47 4.0%  1.71[-9.40,12.82] 4
Pierru 2014 237 75 83 2296 75 83  0.9% 7.40[-15.42,30.22] 4
Shahzad 2018 278.9 101.4 101 272.9 96.2 101 0.7% 6.00[-21.26, 33.26] S
Yao 2020 2233 108.1 23 2176 1052 23 0.1% 5.70[55.95,67.35] I

Yilmaz 2016 240.5 248 65 2374 2156 65 7.6%  3.10[-4.90,11.10] 1

Total (95% CI) 893 893 100.0% 1.19 [1.02 , 3.40] }
Heterogeneity: Chi® = 39.68, df = 17 (P = 0.001); I = 57%

Test for overall effect: Z=1.06 (P =0.29)
Test for subgroup differences: Not applicable

50 100
Favours [control]

100 -50
Favours [experimental]

(=]

Figure 3b: FLACS choroidal thickness difference between control and 1-week after surgery.
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Table 2. Summary of 12 Values for Differences in Choroidal Thickness.

Timepoint Group Mean Difference (MD) 95% ClI P-value 12 (%)
1-week post-op vs. pre-op Phacoemulsification 1.19 -1.02 to 3.40 0.29 57
Femtosecond 1.16 -7.71to0 10.03 0.80 0
1-month post-op vs. pre-op Phacoemulsification 0.73 -1.61to 3.06 0.54 59
Femtosecond 1.29 -7.46 to 10.05 0.77 0
3-months post-op vs. pre-op Phacoemulsification -0.13 -2.22t01.97 0.91 70
Femtosecond 2.28 -9.63to 14.19 0.71 0
3-months post-op vs. pre-op (DM only) All surgical types (DM only) 8.9 1.55t0 16.25 0.02 37
1 week after cataract surgery Before surgery Mean difference Mean difference
Study or Subgroup Mean [um] SD [um] Total Mean [um] SD [um] Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Appolloni 2022 2236 479 52 224 4 51.1 52 217% -0.80[-19.84,18.24] ——
Asena 2017 250.7 339 25 248.7 322 25 234% 200[-16.33,20.33) —
Chen 2022 194.7 77.4 26 185.2 75.8 26  45% 9.50[-32.14,51.14] R —
Ma 2021 22275 29.98 44 22189 2987 44  503% 0.86[-11.64,13.36)
Total (95% ClI) 147 147 100.0%  1.16 [-7.71, 10.03]
Heterogeneity: Chi* = 0.21, df =3 (P =0.98); I*= 0%
Test for overall effect: Z = 0.26 (P = 0.80) 100 50 0 50 100
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]

Figure 3c: Phacoemulsification choroidal thickness difference between control and 1-month after surgery.

1 month after cataract surgery Before surgery Mean difference Mean difference
Study or Subgroup Mean [um] SD[um]  Total Mean [um] SD[um] Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Appolioni 2022 2255 428 52 2244 511 52 233% 1.10[-17.02,19.22] ——
Asena 2017 248.5 335 25 2487 322 25 231% -020[-18.41,18.01] —
Chen 2022 1918 772 26 1852 758 26 44% 660[-3499, 4819] S R
Ma 2021 2235 29.89 44 22189 2987 44 491% 161[-10.88, 14.10]
Total (95% CI) 147 147 100.0%  1.29 [-7.46, 10.05]
Heterogeneity: Chi* =0.09, df=3 (P =0.99); = 0%
Test for overall effect: Z = 0.29 (P = 0.77) 100 =0 o a0 100
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]

Figure 3d: FLACS choroidal thickness difference between control and 1-month after surgery.

3 months after cataract surgery Before surgery Mean difference Mean difference
Study or Subgroup Mean [um] SD [um] Total  Mean [um] SD[um] Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Abdellatif 2018 259.73 70.48 66 238.06 674 66 08% 2167[-1.86,45.20] | I
Ahmed 2023 230.67 7.55 100 233.95 9.46 100 782% -3.28[-565,-0.91] i |
Chen 2018 276.3 36.2 36 2348 4249 36 13% 41.50[23.27,59.73] ———
Chen 2022 182.6 7 26 1775 69.9 26 03% 5.10[-33.39,43.59] _
Gudauskiene 2019 205.68 88.17 30 190.03 7545 30 03% 15.65[-25.88,57.18] S E—
Ibrahim 2018 200.6 36.1 53 1999 60.74 53 12% 0.70[-18.32,19.72] —_—
icoz 2023 258.7 314 50 2452 40.8 50 22% 13.50[-0.77,27.77) —
Ikegami 2020 242.35 73.79 26 23427 7142 26 03% 8.08[-31.39,47.59] _—
Jiang 2018 2226 929 100 203.5 853 100 07% 19.10[-5.62,43.82) 44—
Ma 2021 23119 283 47 22789 2724 47 35% 3.30[-7.93,14.53] -
Pierru 2014 236.6 76 83 2296 75 83 08% 7.00[-15.97,29.97) S S
Torabi 2019 297.06 44.25 22 27833  36.73 22 08% 18.73[-5.30,42.76] —
Yao 2020 2247 112 23 2176 1052 23 01% 7.10[-55.70,69.90] —_—
Yao 2023 236.5 21.53 22 2193 1998 22  29% 17.20[4.93,29.47] i
Yip 2019 198.4 85.7 18 1774 72 18 02% 21.00[-30.71,72.71] S
Yilmaz 2016 2427 26.3 65 2374 216 65 64% 5.30[-2.97,13.57] -
Total (95% Cl) 767 767 100.0%  -0.13 [-2.22,1.97]
Heterogeneity: Chi? = 49.82, df =15 (P < 0.0001); I?=70%
Test for overall effect Z=0.12 (P = 0.91) 10 20 0 3 100
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]

Figure 3e: Phacoemulsification choroidal thickness difference between control and 3-months after surgery.
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Difference in CT in DM patients between pre-operative
baseline and 1-week, 1-month, and 3-months

The analysis for participants with DM showed a statistically
significant increase in CT 3-months post-operatively versus
pre-operatively (MD=8.90, 95% CI: 1.55-16.25, P=0.02,
12=37%) from 7 studies (Figure 4a). There were no statistically
significant differences for results at 1-week (P=0.22) and
1-month (P=0.31).

Choroidal thickness comparison of DM patients on
NSAIDs

In a subgroup analysis comparing CT at 1-week, 1-month,
and 3-months post-operatively versus pre-operatively
in participants with DM, CT for those on NSAIDs were
statistically thicker at 3-months post-operatively (MD=8.90,
Cl=1.55-16.25, P=0.008) (figure 4b) and at 1-week (MD=4.13,
Cl=-2.48-10.74, P=0.04) (Figure 4c). No significant increase
was noted at 1-month (P=0.29).

Choroidal thickness comparison by ethnicity

Subgroup analysis by ethnicity showed that Caucasian
ethnicity had a significant increase in CT at 1-week post-
surgery (MD=1.19, CI=-1.02-3.40, P<0.00001) (Figure
5a) and 1-month post-surgery (MD=0.73, Cl=-1.61-3.06,
P=0.0003) (Figure 5b), compared to preoperative baseline.
No significant increase from baseline was noted at 3-months
(P=0.49).

Choroidal thickness comparison for non-DM patients on
anti-inflammatory medications

Patients who were on NSAIDs had a significant increase in
CT at 1-month compared to pre-operative baseline (MD=0.73,

3 menths after cataract surgery
Study or Subgroup Mean [pm] SD [pm] Total

Before surgery
Mean [ym] SD [um]

Koh/Ngo/Agrawal, et al.

Cl=-1.61-3.06, P<0.0001) (Figure 6a). At 3-months, patients
who were on NSAIDs had significantly increase in CT
compared to pre-operative baseline (MD=-0.13, Cl=-2.22-
1.97, P<0.0001) (figure 6b).

Discussion

Our systematic review and meta-analysis of 29 studies
with a pooled total of 2084 eyes showed firstly, that there
were no significant changes in CT at 1 week, 1 month,
and 3 months after either standard phacoemulsification or
FLACS compared to preoperative baseline, with also no
significant difference in the change in CT between FLACS
and phacoemulsification. Secondly, in diabetic patients who
underwent phacoemulsification, CT was significantly greater
than before surgery at 3 months, but not at 1 week or 1 month
post-operatively. Thirdly, patients not on anti-inflammatory
medications post-operatively in both DM and non-DM
patients were more likely to have increased CT. Lastly,
CT in Caucasian, but not Asian patients who underwent
phacoemulsification was significantly thicker at 1 week and 1
month post-operatively, compared to pre-operative baselines.

CT did not change significantly at 1 week, 1 month, and 3
months post-operatively compared to baseline

The main finding of our study was the lack of a significant
change in CT after cataract surgery in non-DM patients in
both phacoemulsification and FLACS groups throughout
the 3 follow-up periods, from 1 week to 3 months post-
operatively. Results from a previous meta-analysis in 2018 by
Zeng et al. [5] appears to contradict our findings, observing
that there was significant increase in CT throughout the
3-month post-operative period in eyes treated with standard
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Figure 3f: FLACS choroidal thickness difference between control and 3-months after surgery.
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Figure 4a: Choroidal thickness comparison for DM patients at 3 months compared to pre-operatively.
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Figure 4b: Choroidal thickness comparison of DM patients on topical steroids at 3 months compared to pre-operatively.
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Figure 4c: Choroidal thickness comparison of DM patients on topical steroids at 1 week compared to pre-operatively.

phacoemulsification. However, Zeng’s study included 13
studies which were all published prior to 2018. Our review
incorporated an additional 16 studies published between 2018
and 2023. We observed that older studies tended to report
more significant CT changes. Notably, 75% (3/4) of recent
studies that compared FLACS to phacoemulsification reported
a lesser change in CT in the standard phacoemulsification
group compared to the FLACS group. This discrepancy may
be attributed to modern machines having more advanced
phacodynamics with more efficient energy delivery. These
advancements lead to reduced ultrasound time and energy
usage, and may therefore result in decreased inflammation and
swelling of the choroid.[18] Secondly, our methodology differs
slightly from that of Zeng et al., in that our study exclusively

examined subfoveal CT, in contrast to Zeng’s meta-analysis
which included analysis of the temporal and nasal CT as well
[5]. CT has been found to vary across different regions [19]
and this may have further contributed to the discrepancy in
findings in both studies.

The absence of a statistically significant increase in CT
following phacoemulsification may also be explained by
inflammation following phacoemulsification being insufficient
to cause significant CT changes [14, 15]. This could be due
to advancements in modern phacoemulsification technology
and machines, which offer improved control over ultrasound
energy, reduced cumulative dissipated energy and shorter
procedural times [20]. These improvements may lead to less
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Figure 5: Choroidal thickness comparison by ethnicity at 1 month.
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Figure 6a: Choroidal thickness comparison for phacoemulsification non-DM patients on NSAIDs at 1 month.
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Figure 6b: Choroidal thickness comparison for phacoemulsification non-DM patients on NSAIDs at 3 months.

manipulation of the anterior segment during surgery, resulting
in less inflammation and reduced release of prostaglandins
within the eye, and therefore minimal changes to CT post-
cataract surgery. Future research can further explore the impact
of different phacoemulsification techniques and settings —
such as torsional ultrasound or pulsed energy delivery — on
post-operative CT. This may aid in the refinement of existing
surgical techniques and settings to minimize choroidal
inflammation.

Some subgroup analyses yielded wide confidence intervals,
particularly for the FLACS group. This was likely due to
smaller sample sizes or heterogeneity across the studies.
Although there was minimal differences in choroidal thickness
postoperatively, we are unable rule out the possibility of
clinically relevant effects. Future studies with larger, more
homogenous samples are needed to more precisely estimate
the true effect size and to clarify the clinical implications of
these changes in choroidal thickness.

The CT of DM patients significantly increased at 3 months
post-operatively

Our study demonstrated that diabetic patients who underwent
phacoemulsification had significantly greater CT at 3 months
but not at 1 week or 1 month post-operatively, compared
to pre-operative baselines. This finding is consistent with
the results of previous studies [14, 21]. Yasuko et al’s [22]
study in diabetic eyes showed a similar significant increase
in CT at 3 months. DM is a well-established risk factor for
macular edema, and it has been shown that CT increases with

the severity of macular edema [4]. DM patients have been
estimated to have a 4-fold risk of developing macular edema,
compared to healthy patients post-cataract surgery [23].

While CT was thicker in DM patients at 3 months, the
difference was not statistically significant at 1 week or 1
month after surgery. One possible explanation for this finding
could be that many of the included eyes were in the early
stages of retinopathy (70%). As such, angiopathic changes
in the choroidal capillaries may be less severe and therefore
not detectable by OCT [14]. Yip et al., [24] proposed that
the functional integrity of the choroid in diabetic retinopathy
remains intact after initial damage, as the choroid is
relatively resistant to the effects of diabetic retinopathy due
to an abundance of choroidal vessels and adequate blood
flow. While most studies identify the peak risk for post-
operative CME to be at around 1 month after surgery, Noda
et al., [25] suggested that the increased light exposure from
cataract surgery, leading to metabolic activation in the RPE,
potentially induces angiogenesis and contributes to sustained
increase in CT beyond 1 month. Hence, factors beyond the
initial inflammatory response may be influencing changes in
the CT over a longer period of time post-operatively.

Reduction of anti-inflammatory medication dose was
more likely to increase CT

The use of topical anti-inflammatory in both DM and non-
DM patients who underwent phacoemulsification showed
significantly thicker CT, specifically at 1 month for non-
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DM patients and at 1 week for DM patients, compared to
before surgery. Zeng et al., [5] suggested that topical anti-
inflammatory should be used 3 times daily up to 1 month
post-surgery to decrease the risk of postoperative swelling
and pain. However, all 3 studies in our analysis that used anti-
inflammatory medications post-operatively only did so for 1
week before reducing dosages. Yao et al 2020 [26] and Yao et
al 2023 [11] both used tobramycin-dexamethasone eyedrops
administered 4 times a day for 1 week, then prednisolone
acetate 1.0% and levofloxacin 0.5% eyedrops administered 3
times a day for 3 weeks. Yip et al [24] used one month of
topical steroids (prednisolone acetate eye drops every 3 hourly
for a week, then 4 times a day for 3 weeks). Notably, the
relative increase in CT coincided with the reduction of dose
of topical anti-inflammatory following the 1-week timepoint.
Another study by Hoffam et al., [27] also demonstrated that
decreasing dosage of steroids results in less reduction in
choroidal edema.

In real-life clinical practice, the inflammatory insult caused by
phacoemulsification is counteracted by post-operative topical
steroids or NSAIDs [27]. However, despite the use of steroids
or NSAIDs, surgery still appeared to induce a significant
increase in CT in DM patients, in our pooled analysis. Studies
on CT in diabetics have conflicting results and have reported
both a decrease [28] and increase [11, 24, 26] in CT. Studies
have also demonstrated a significant change in CT with
fluctuation in plasma glucose levels [23, 29, 30], suggesting
that the severity of DM may affect CT as well.

CT changes may vary in different ethnicities

Post-operative CT increased at both 1 week and 1 month for
Caucasian, but not Asian eyes. In contrast, the meta-analysis
by Zeng et al [5] showed this effect in Asian patients but not
in Caucasian patients. To date, there have been few studies
investigating changes in CT among different ethnicities after
cataract surgery. A large multi-ethnic epidemiological study
demonstrated that subfoveal CT is influenced by age, gender,
and ethnicity [31]. A study analysing 25000 cases of CME in
the United States from 2016 to 2019 revealed that Asians were
0.75 times less likely to develop CME compared to Whites.
Our findings showed a greater post-operative increase in CT
for Caucasians compared to Asians, which may suggest a
correlation between increased CT and a higher incidence of
CME [32]. Ethnic variations in choroidal vascular structure,
inflammatory response, or vascular endothelial function may
contribute to differential choroidal thickening. Systemic
conditions such as hypertension and diabetes, which vary
in prevalence and phenotype across ethnicities, could
further modulate post-surgical CT response. Environmental
influences, including diet and UV exposure, may also play a
role. Further research into the underlying mechanisms of these
ethnic disparities may encourage more informed personalized
post-operative care, targeting specific ethnic groups at a higher
risk for complications such as CME.

Study limitations

Several limitations should be considered for the interpretation
of our results. Firstly, many of the studies did not control

Koh/Ngo/Agrawal, et al.

for the duration of the surgery, the time and energy used
in phacoemulsification, or the surgeon's level of expertise.
Additionally, the presence of intraoperative complications
were not excluded. These factors could significantly impact
CT outcomes post cataract surgery [19]. We were not able
to control these factors as studies did not document these
characteristics. Secondly, we were unable to include time
points earlier than 1 week, as almost all the studies only
examined CT from 1 week postoperatively onwards. Studies
have shown that changes to CT can occur earlier than 1 week
postoperatively [15, 19]. Third, variations in optical coherence
tomography imaging protocols and devices use across studies
may influence measurements and variability in reported
outcomes.

Directions for future research

In addition to the abovementioned, other potential aspects of
further research may include the role of pre-and intra-operative
OCT Angiography (OCTA), the influence of other common
systemic diseases beyond DM on post-phacoemulsification
CT changes, as well as differences in CT changes following
unilateral versus simultaneous bilateral phacoemulsification.

Firstly, OCTA could play a pivotal role in pre- and intra-
operatively assessing the choroidal microvascular environment
during cataract surgery. Pre-operative OCTA may identify
subtle choroidal capillary changes that are not evident in
standard structural OCT, while intra-operative OCTA could
offer real-time insights into how cataract surgery impacts the
choroidal vasculature. These approaches may help stratify
patients at risk for post-surgical CT changes and improve
our understanding of why certain patients, such as those with
DM, exhibit significant changes later in the post-operative
period. Secondly, while our review focused on patients with
DM, other common systemic conditions such as hypertension,
cardiovascular disease, and other chronic inflammatory
diseases may also play a critical role in influencing CT after
cataract surgery. Hypertension, for instance, is known to affect
the choroidal vasculature and could contribute to changes in
CT, especially when combined with the inflammatory stress of
cataract surgery. Investigating the relationship between these
systemic diseases and CT changes may uncover additional risk
factors for post-operative complications and guide tailored
management strategies for these patients. Finally, simultaneous
bilateral cataract surgery is becoming increasingly common,
yet its impact on CT is not well-studied. Given that bilateral
surgery may induce a greater systemic inflammatory response
compared to unilateral procedures, it is possible that this
approach could lead to greater changes in CT. Future studies
would aid in understanding whether performing bilateral
surgeries at the same time would influence the inflammatory
and healing processes in the choroid, to the same degree as
unilateral surgery.

In summary, the findings of our meta-analysis suggest
that CT does not exhibit a significant increase at 1 week,
1 month, and 3 months post-cataract surgery, following
either phacoemulsification or FLACS. However, in diabetic
patients, CT showed an increase at the 3-month post-operative
timepoint. The administration of NSAIDs post-surgery may
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lead to increased CT at the 3-month follow-up, observed in
both diabetic and non-diabetic patients. Finally, Caucasians
appeared to exhibit thicker CT after cataract surgery.
Expanding future studies to include these aspects will provide
a more holistic view of the factors influencing choroidal
thickness after cataract surgery and could lead to improved
patient outcomes through more personalized surgical and
postoperative care.
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