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Abstract
Background  Pseudophakic cystoid macular edema (PCME) is a known complication of cataract surgery that 
contributes to decreased visual acuity. Mechanical manipulation associated with the release of inflammatory 
mediators is the leading hypothesis for PCME. To date, no standardized prophylactic protocol has been established 
to effectively reduce the incidence of PCME. This study assessed the efficacy and safety of nonsteroidal anti-
inflammatory drops (NSAIDs) and corticosteroids for the prevention of PCME.

Method  We searched the following databases MEDLINE, EMBASE, and Cochrane Central. Register of Controlled Trials 
and included randomized controlled trials (RCTs) that studied the efficacy of NSAID vs. placebo, NSAID vs. steroid, or 
NSAID + steroid vs. placebo, reporting the incidence of PCME, macular thickness, and best-corrected visual acuity. The 
risk ratio (RR) with a 95% confidence interval (CI) and a random-effects model was used. The risk of bias was assessed 
using the revised Cochrane risk-of-bias tool.

Results  A total of 18 RCTs were included in this study (n = 2959). Nine RCT showed low risk of bias, 7 RCT showed 
unclear risk of bias, and 2 RCT had high risk of bias. The incidence of cystoid macular edema among patients treated 
with NSAIDs was significantly lower (RR = 0.33, P < 0.001). Subgroup analysis revealed a statistically significant low risk 
of edema among patients treated with NSAIDs alone (P < 0.001) compared to others. NSAIDs were associated with 
significantly low mean corrected visual acuity values using LogMar (P < 0.001).

Conclusion  NSAID alone or in combination with steroids showed its efficacy in reducing the incidence of PCME 
post-operatively. Future double-blind randomized controlled trials are required to standardize the protocol for 
different patient population.
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Background
Cystoid macular edema (CME) is a well-known postop-
erative complication characterized by central subfield 
macular thickening, cystic hyporeflective lesions, and 
subfoveal fluid when analyzed with optical coherence 
tomography (OCT) [1]. Pseudophakic CME (PCME, also 
termed “Irvine-Gass syndrome”), refers to a CME that 
occurs after cataract surgery. It is considered the most 
common cause of postoperative visual deterioration [2, 
3]. The incidence of PCME varies from 1 to 30%, owing 
to different definitions and diagnostic criteria. The inci-
dence of clinical PCME in low-risk patients varies from 
0.1 to 2.35% [2].

However, its pathophysiology remains unclear. The sur-
gical manipulation within the anterior chamber may lead 
to the release of arachidonic acid from the uveal tissue, 
with the production of leukotrienes and prostaglandins 
[4]. Subsequently, inflammatory mediators diffuse into 
the vitreous humor and disrupt the blood-retinal bar-
rier, resulting in enhanced vascular permeability and the 
development of macular edema [4]. Factors associated 
with an increased risk of PCME are systemic conditions 
such as age and arteriosclerotic vascular disease, and 
ocular conditions such as uveitis, diabetic retinopathy 
(DR), previous diagnosis of epiretinal membrane, retinal 
vein occlusion, and retinal detachment repair. Surgery-
associated factors include trauma during surgery, pos-
terior capsule rupture, vitreous loss, vitreous traction, 
phacoenergy, and a long duration of surgery [1]. 

The initial treatment includes the use of topical non-
steroidal anti-inflammatory drugs (NSAIDs), either as 
monotherapy or in combination with topical cortico-
steroids [5]. Alternative treatments for refractory cases 
include sub-Tenon’s or intravitreal corticosteroid injec-
tions to inhibit arachidonic acid release [4]. Previous 
studies have extensively reviewed prophylactic regimens 
to prevent PCME. One of which is PREvention of Macu-
lar Edema after cataract surgery (PREMED) study that 
demonstrated the superiority of combination therapy 
involving NSAIDs and steroids in preventing PCME [1]. 
Presently, there is no standardized treatment or pro-
phylactic protocol for PCME prevention and treatment, 
owing to the lack of strong randomized double-blind 
placebo trials and comparative studies [2]. This system-
atic review compared the efficacy of NSAIDs and corti-
costeroids in reducing postoperative inflammation and 
preventing PCME.

Methodology
We completed our systematic review in accordance with 
the Preferred Reporting Items for.

Systematic Reviews and Meta-Analyses guidelines [6] 
and a pre-specified protocol registered in PROSPERO 
(CRD42023414465).

Eligibility criteria
This systematic review and meta-analysis included all 
randomized clinical trials (RCTs) that assessed the effi-
cacy of topical NSAID or NSAID + steroid in compari-
son to steroid alone or placebo in preventing CME after 
phacoemulsification and intraocular lens insertion. 
Patients who had undergone extracapsular cataract sur-
gery were excluded. Trials in which the patients had pre-
vious maculopathies, Diabetic Retinopathy (DR), or any 
ocular disease were excluded from the systematic review 
and meta-analysis. All the editorials, conferences, com-
mentaries, letters to editors, and reviews were excluded 
from the study. Additionally, non-English studies, non-
RCTs, and single-arm studies were excluded.

Search strategy
The meta-analysis was conducted by searching MED-
LINE, EMBASE, and Cochrane Central. Register of Con-
trolled Trials databases for relevant articles published 
from the date of database establishment to April 18, 
2023, using Medical Subject Headings keywords, as out-
lined in Supplementary Materials. This study had limita-
tions in terms of language but no limitation in regards to 
date. Duplicate findings were excluded after the search 
was completed. The references of related articles were 
retrieved for additional publications that were not found 
during the systematic search.

Data extraction
Both the reviewers independently assessed the studies 
identified in the database search for relevance from the 
titles and abstract. Articles that potentially met the eligi-
bility criteria were. retrieved. Then the reviewers assessed 
retrieved studies for inclusion and extracted data includ-
ing study characteristics and outcome data. Subse-
quently, the same studies were compared and revised by 
the two authors. Discrepancies were resolved by discus-
sion with a third reviewer. A customized form, including 
the following items was used for data extraction: [1] study 
characteristics, including the first author, year of publica-
tion, and sample size; [2] patient characteristics, includ-
ing mean age, sex, ethnicity, systemic risk factors; [3] 
intervention characteristics, including the type of inter-
vention, dose, route, and duration; and [4] main outcome 
measures, including the incidence of CME and secondary 
outcome measures including best corrected visual acuity, 
intraocular pressure, anterior chamber cell count, central 
macular thickness, macular volume, and postoperative 
complications. Our study aimed to assess the outcome 
of central retinal thickness; however, relevant literature 
reviews did not yield sufficient data on this aspect.
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Risk of bias assessment
The quality of the included studies was evaluated inde-
pendently by the two authors using the revised Cochrane 
risk-of-bias tool [7]. The overall risk of bias was catego-
rized as “low risk of bias,” “some concerns,” or “high risk 
of bias,” based on the following five domains: [1] the ran-
domization process [2], deviations from the intended 
intervention [3], missing outcome data [4], measurement 
of the outcome, and [5] selection of reported results. Dis-
agreements were resolved through discussions.

Meta-analysis
Review Manager version 5.4 (Cochrane Collaboration) 
and Comprehensive Meta-Analysis v3 software were 
used to analyze the data. The weighted mean difference 
or standardized mean difference (SMD) was used for 
analyzing the continuous variables. Data are reported as 
medians and the range, mean, and range were converted 
to mean and standard deviation. The risk ratio (RR) 
with a 95% confidence interval (CI) was used to analyze 
the binary variables. The fixed-effects model was used 
when homogeneity between the effect sizes was revealed. 
Paradoxically, a random-effects model was used once 
statistical heterogeneity was established. Statistical het-
erogeneity was determined using the Higgins I2 statis-
tic > 50% and Cochrane Q (Chi-square test) at a value of 
P < 0.10 [8]. The statistical significance was set at P < 0.05.

Results
Figure 1 illustrates the flowchart of the study’s inclusion 
and exclusion processes. A total of 4,661 studies were 
retrieved from these databases. A total of 1,178 records 
were duplicates and were initially excluded. After title 
and abstract screening, 3,437 studies were identified and 
excluded due to different study designs or different topic, 
and the remaining 46 underwent full-text screening. Ulti-
mately, 18 studies were included in the meta-analysis.

Demographic characteristics
This study included 18 articles, encompassing 2,959 
patients with cataract. Of these, 1,422 patients received 
NSAIDs alone and 378 patients received NSAID + steroid 
(intervention groups), and 1,159 patients received either 
steroid alone or placebo (control groups). The most 
administered NSAIDs were nepafenac, followed by ketor-
olac and diclofenac. Steroids alone were administered to 
the majority of the control arms, with only five studies 
administering a placebo. The route of drug administra-
tion was topical. The average age of the patients ranged 
from 60.83 to 76.71 years. The study included 1,091 men 
and 1,249 women. The average follow-up period ranged 
from 1 to 3 months (Table 1).

Risk of bias assessment
The risk of bias in the included RCTs was evaluated using 
the Cochrane Collaboration tool. This tool comprises the 
following seven items: random sequence generation, allo-
cation concealment (selection bias), participant blinding 
and personnel performance bias, blinding of the outcome 
assessment (detection bias), incomplete outcome data 
(attrition bias), selective reporting (reporting bias), and 
other possible causes of bias [10]. Ten articles had a low 
risk of random sequence generation and allocation con-
cealment bias [11–20]. Yavas et al., 2007 showed a high 
risk of performance bias [21], whereas Erichsen et al., 
2021; Wang et al., 2012; and Singhal et al., 2022 revealed 
an unclear risk [14, 19, 22]. All included studies showed 
a low risk of detection bias, in addition to Erichsen et al. 
study (2021) [14]. All included studies showed a low risk 
of attrition bias, whereas the study by Yavas et al., 2007 
showed an unclear risk of reporting bias [21]. Nine arti-
cles showed a low overall risk of bias [11–13, 15–18, 20, 
23], while two studies showed a high risk of bias [14, 21] 
(Fig. 2a and b).

Cystoid macular edema
Twelve studies including 2,179 patients evaluated the risk 
of CME among those treated with NSAIDs [13, 16–22, 
24–27]. In the random-effects model (I2 = 16%, P = 0.29), 
the risk of clinical macular edema among patients treated 
with NSAIDs was significantly low (RR 0.33; 95%CI 0.21–
0.53; P < 0.001). Subgroup analysis based on the interven-
tion revealed a statistically significant low risk of edema 
among patients treated with NSAIDs alone (RR 0.33; 
95%CI 0.19–0.57; P < 0.001). No evidence of publication 
bias was detected by the symmetrical distribution of 
studies along the middle line of the funnel plot and based 
on Egger’s regression test (Intercept = -1.05, P = 0.24) 
(Figs. 3 and 4).

Central macular thickness
The mean difference in central macular thickness 
between the NSAID and control groups was evaluated 
in 1853 patients. Pooling of data in the random-effects 
model (I2 = 52%, p = 0.03) revealed a statistically signifi-
cant low mean central macular thickness among patients 
treated with NSAIDs compared to steroid alone or pla-
cebo (SMD − 0.16; 95%CI -0.32 to -0.01; p = 0.04). No 
evidence of publication bias was detected by the symmet-
rical distribution of studies along the middle line of the 
funnel plot and based on Egger’s regression test (Inter-
cept= -1.5, p = 0.24) (Fig. 5).

Corrected visual acuity
Eleven articles including 2209 patients assessed the 
difference in the mean corrected visual acuity values 
between the NSAID and control groups [12, 15, 17–24, 
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27]. There was a statistically significant lower mean cor-
rected visual acuity values using logMAR among patients 
treated with NSAIDs with an SMD of -1.226 and 95%CI 
ranging from − 1.902 to -0.55 in the random-effects 
model (I2 = 97.7%, p < 0.001) compared to steroid alone or 
placebo. No evidence of publication bias was detected by 
the symmetrical distribution of studies along the middle 
line of the funnel plot and based on Egger’s regression 
test (Intercept = -10.35, p = 0.015) (Fig. 6).

Foveal thickness
The difference between the NSAID and intervention 
groups regarding the mean foveal thickness was evalu-
ated in 379 patients in four articles [15, 19, 24, 25]. There 
was no statistically significant difference between the 
groups (MD -5.45; 95%CI -12.08 to 1.19; p = 0.11) in the 
random effects model (I2 = 0%, p = 0.91) (Fig. 7).

Intraocular pressure
The difference between NSAIDs and control group 
regarding the mean intraocular pressure was reported 
in four articles, including 552 patients [11, 14, 16, 27]. 

Fig. 1  Flowchart of the inclusion and exclusion process
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Pooling the data in the random-effects model (I2 = 99.1%, 
P&lt;0.001) revealed a significantly low mean intraocu-
lar pressure among patients treated with NSAIDs (SMD, 
-4.577; 95%CI -7.205 to -1.949; P = 0.001). (Fig. 8).

Discussion
This systematic review and meta-analysis compared the 
effectiveness of different topical prophylactic drops on 
the incidence of CME following cataract surgery. The lit-
erature showed that PCME development has been linked 
to several variables such as light toxicity, vitreomacular 
traction, vascular instability, and inflammation; however, 
the former is considered the primary cause of PCME 
[1–3]. The surgical manipulation of the anterior cham-
ber releases arachidonic acid, triggering the synthesis of 
inflammatory mediators. This compromises the blood-
retinal barrier and results in fluid accumulation in the 
retinal layers [4]. The recognized mechanism of action of 
NSAIDs is the inhibition of both types of cyclooxygenase 
enzymes 1 and 2. It thereby blocks and reduces the ensu-
ing inflammatory consequences of endoperoxide forma-
tion, particularly those of prostaglandins (28, 29, 5–6).

Incidence of cystoid macular edema
The incidence of CME in our study is compatible with the 
findings of Grzybowski, who reviewed recent literature 
and concluded that when there are risk factors for PCME, 
topical NSAIDs are indicated and are useful in reduc-
ing inflammation following cataract surgery. In addition, 
they stated that combination therapy after surgery that 
contains both NSAIDs and steroids is cost-effective for 
healthy people [30]. This is demonstrated in PREMED 
report 4, where the combination group’s cost-effective-
ness probability was 65%, while that of the bromfenac 
and dexamethasone groups was 3% and 32%, respectively 
[31]. Another systematic review published in 2014 found 
that topical NSAIDs were superior to topical steroids in 
reducing inflammation and incidence of PCME after sim-
ple phacoemulsification with posterior chamber intra-
ocular lens implantation. However, the visual acuity and 
the incidence of adverse events were statistically unsig-
nificant between the two group [3]. 

Central macular thickness
We revaluated the mean difference in central macular 
thickness in a total of 10 studies. A statistically signifi-
cant difference was found between the NSAID and other 
control groups. We hypothesize that intraoperative com-
plications are the main contributors to the increased 
macular thickness postoperatively [3, 32]. Of the 10 
studies that reported this outcome, only two had intra-
operative complications. However, both studies excluded 
complicated cases from their analyses [17, 24]. The mean 
central macular thickness was found to be larger in the St
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Fig. 2  (A) Risk of bias graph (B) Risk of bias summary: review authors’ judgements about each risk of bias item presented as percentages across all in-
cluded studies
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bromfenac group compared to the NSAID + steroid 
group by Wielders et al. However, at 3 months postopera-
tively, the mean central subfield mean macular thickness 
was similar [20].

Best corrected visual acuity
Several studies assessed the difference in mean corrected 
visual acuity values between the NSAID and control 
groups, which showed that patients who received NSAID 
treatment had mean corrected visual acuity values 
that were significantly higher than those in the control 
group. This probably contributed to the better control 

Fig. 3  (A) Forest plot of summary analysis of the risk ratio (RR) and 95% CI of the risk of macular edema between the NSAIDs group and control group (B) 
Forest plot of the subgroup analysis of the risk ratio (RR) and 95% CI of the risk of macular edema between the NSAIDs group and control group based on 
the type of the intervention. The size of the blue squares is proportional to the statistical weight of each trial. The black diamond represents the pooled 
point estimate. The positioning of both diamonds and squares (along with 95% CIs) beyond the vertical line (unit value) suggests a significant outcome 
(IV = inverse variance)
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of postoperative inflammation and lower incidence of 
PCME compared to control groups. A literature review 
by Kim et al. showed that prophylactic topical NSAID 
administration, as opposed to placebo or topical corti-
costeroid formulations, can decrease the incidence of 
CME, as determined by angiography or OCT, and might 
accelerate the process of visual recovery following cata-
ract surgery [33]. However, according to level I evidence, 
NSAID use does not appear to lower the risk of CME-
related long-term vision loss following cataract surgery 
[33]. In contrast, Taubenslag et al.’s results showed that 
corticosteroids and NSAIDs are frequently used in con-
junction with cataract surgery; however, the mechanisms 
of action of both types of drugs overlap [34]. There is no 
evidence that NSAIDs improve long-term visual out-
comes; however, combination therapy may hasten visual 
recovery [34].

Foveal thickness
Four RCTs reported the mean change in foveal thickness. 
There was no significant.

difference between the NSAIDS and control groups. 
This could be attributed to the small sample size (n = 379) 
that studied foveal thickness pre- and postoperatively. 
Nevertheless, a similar result was reported by Abd El-
Gawad et al., who assessed central foveal thickness using 
OCT and concluded that although there was no signifi-
cant change in foveal thickness across both groups, the 
final visual outcome was similar [35]. In contrast, Duong 
et al. and others reported similar foveal thicknesses 

between the NSAIDS and steroid groups; however, the 
NSAID group had improved visual acuity at the 5–6-
week follow-up when compared to the steroid-alone 
group. Although this indicates the superiority of NSAID 
in accelerating visual recovery, a discrepancy was created 
that could be explained by the inclusion of patients with 
DR in the study by El-Gawad et al. [33, 35, 36]. Diabetes 
mellitus (DM) is a special disease that requires attention. 
DR accounts for the increased foveal thickness in patients 
with DM, especially in those with proliferative DR (PDR). 
In this study, patients with DR were excluded; hence, no 
recommendations were provided [3, 36, 37]. Additionally, 
one RCT in this study that excluded patients with DM 
found that NSAID and NSAID + dexamethasone resulted 
in lower parafoveal thickness than dexamethasone alone. 
However, at 12 weeks postoperatively, all groups showed 
comparable parafoveal thicknesses [20].

Intraocular pressure
In this study, the mean intraocular pressure (IOP) was 
evaluated in four RCTs. There was a significant difference 
in mean IOP between the NSAIDS and control groups., 
where control groups showed a statistically significant 
higher IOP. This is similar to the result of systematic 
review and meta-analysis by Kessel et al. who found a 
significant mean difference of 0.5 mmHg between both 
groups [3]. In contrast, in two recent RCTs, there was no 
significant difference in IOP among the NSAID, steroid, 
and combination groups [20, 35]. Steroids are known to 
cause high IOP, which gives NSAIDs the advantage of 

Fig. 4  Funnel plot of the publication bias showed symmetrical distribution of studies along the middle line
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stabilizing IOP. However, the increase in IOP associated 
with steroid use is mild and self-limiting, as reported by 
the American Academy of Ophthalmology [33, 38].

The present review adds to the literature on prophylactic 
regimens for pseudophakic CME and shows that NSAIDs 
are superior in patients undergoing cataract extraction 
through phacoemulsification with no established ocular dis-
ease. Moreover, this study included recently published RCTs 
that have not been included in previous systematic reviews.

This study had certain limitations. Different drugs 
and doses of both NSAIDs and steroids; variable con-
trol arms, including placebo, vehicle, steroid, or NSAID; 
and variability in follow-up periods across the included 
RCTs. Another limitation is the timing variability when 
providing dugs. While some studies administered only 

preoperative prophylaxis, others gave either postop-
erative prophylaxis or both. All of these factors contrib-
uted to the heterogeneity observed in this meta-analysis. 
Additionally, some studies have shown a high risk in 
some domains, such as performance and detection bias.

Conclusion
Based on this systematic review and meta-analysis, pro-
phylactic measures including NSAID alone or in com-
bination with steroids shows its efficacy in reducing the 
incidence of PCME. NSAID alone, according to the result 
of this study, was superior in preventing the incidence of 
PCME compared to the use of steroid alone or placebo. 
Nevertheless, multiple factors play a role in its pathophys-
iology, including surgical manipulation, intraoperative 

Fig. 5  (A) Forest plot of summary analysis of the standardized mean difference (SMD) and 95% CI of the central macular thickness between the NSAIDs 
group and control group. The size of the green squares is proportional to the statistical weight of each trial. The black diamond represents the pooled 
point estimate. The positioning of both diamonds and squares (along with 95% CIs) beyond the vertical line (unit value) suggests a significant outcome 
(IV = inverse variance) (B) Funnel plot of the publication bias showed symmetrical distribution of studies along the middle line
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Fig. 7  Forest plot of summary analysis of the mean difference (MD) and 95% CI of the mean foveal thickness between the NSAIDs group and control 
group. The size of the green squares is proportional to the statistical weight of each trial. The black diamond represents the pooled point estimate. The 
positioning of both diamonds and squares (along with 95% CIs) beyond the vertical line (unit value) suggests a significant outcome (IV = inverse variance)

 

Fig. 6  (A) Forest plot of summary analysis of the Standardized Mean Difference (SMD) and 95% CI of the mean corrected visual acuity values between 
the NSAIDs group and control group. The size of the black squares is proportional to the statistical weight of each trial. The black diamond represents the 
pooled point estimate. The positioning of both diamonds and squares (along with 95% CIs) beyond the vertical line (unit value) suggests a significant 
outcome (IV = inverse variance) (B) Funnel plot of the publication bias showed symmetrical distribution of studies along the middle line
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complications, and ocular or systemic diseases. There-
fore, there is a need for standardized prophylactic pro-
tocols for each patient category (healthy patients, those 
with ocular disease, and those with systemic diseases). 
Hence, future double-blind RCTs are required.
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