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Background: Nanotechnology-based drug delivery systems are emerging as promising solutions for ocular diseases by improving 
bioavailability and therapeutic effectiveness. This systematic review and meta-analysis evaluated the efficacy and safety of nanopar
ticle-based clobetasol propionate (CP) in managing inflammation and pain following cataract surgery.
Methods: A comprehensive search across multiple databases identified five randomized controlled trials (RCTs) with a total of 1306 
participants. Outcomes measured were anterior chamber cell (ACC) grade, anterior chamber flare (ACF) grade, ocular pain scores, and 
adverse events. Meta-analysis was conducted using RevMan 5.4.1.
Results: Meta-analysis demonstrated significant efficacy of CP in achieving an ACC grade of zero at both 8 days (RR = 2.30, 95% CI 
[1.81, 2.92], p < 0.00001) and 15 days (RR = 3.06, 95% CI [2.29, 4.09], p < 0.00001), and in reducing ACF grades (RR = 1.87 at day 
8; RR = 2.30 at day 15, both p < 0.0001). Pain reduction was significantly superior in the CP group at both intervals (RR = 1.73 day 8; 
RR = 1.77 day 15, both p < 0.00001). The safety profile of CP showed a marginal trend toward fewer adverse events compared to 
placebo, but without statistical significance (RR = 0.50, 95% CI [0.24, 1.04], p = 0.06).
Conclusion: In summary, nanoparticle-based clobetasol propionate is an effective and well-tolerated drug for managing postoperative 
inflammation and pain in cataract patients.
Keywords: nanotechnology, clobetasol propionate, cataract surgery, inflammation, meta-analysis

Introduction
Nanotechnology-based drug delivery systems are emerging as promising alternatives to conventional ocular drug 
delivery methods for treating anterior segment eye diseases, including cataracts, glaucoma, dry eye syndrome, and 
inflammatory diseases, among others.1 The use of nanotechnology in ocular drug delivery offers several advantages, such 
as improved bioavailability, overcoming barriers, enhanced drug penetration, reduced dosing frequency, lower toxicity 
and side effects, and long shelf life.1,2 The complex drug delivery barrier in the eye, which includes the corneal and 
conjunctival barriers, reduces the bioavailability of many drugs, resulting in poor therapeutic effects.3 Nanotechnology- 
based delivery systems can overcome these barriers, thereby enhancing the effectiveness of treatment. Several nano 
formulations of drugs are currently under clinical trials or have already been approved for use in ophthalmology in 
preclinical and clinical trials.4 These advanced delivery systems offer improved drug bioavailability, targeted drug 
delivery, and reduced side effects, making them a promising alternative to conventional ocular drug delivery 
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methods.3 As research and development continue, it is expected that more innovative nanotechnology-based ocular drug 
delivery systems will be developed to improve the treatment of anterior segment eye diseases.

Post-operative inflammation and pain are common concerns in cataract surgery. Inflammation can result from the 
breakdown of the blood-aqueous barrier, leading to an inflammatory state, which is usually well-controlled with topical 
steroid tapers and NSAIDs.5 Clobetasol propionate is a synthetic corticosteroid, which is a potent anti-inflammatory, 
antipruritic, and vasoconstrictive agent that has been suggested for the management of inflammation and pain in post- 
operative cataract patients.6 Studies have shown that clobetasol propionate ophthalmic nanoemulsion, 0.05%, may be 
safe, effective, and well-tolerated in reducing inflammation and pain associated with cataract surgery.7 The nanoemulsion 
is formulated to improve the bioavailability and effectiveness of the drug while minimizing potential side effects. This 
systematic review and meta-analysis aimed to comprehensively describe the efficacy and safety of nanoparticle-based 
clobetasol propionate in managing inflammation and pain in post-operative cataract patients.

Materials and Methods
Methods
This systematic review and meta-analysis adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines and the Cochrane Handbook for Systematic Reviews of Interventions to ensure metho
dological rigor and transparency.8,9 Before data collection, the study protocol was prospectively registered on 
PROSPERO (CRD42023464582).

Eligibility Criteria
Randomized controlled trials (RCTs) were included if they evaluated nanoparticle-based clobetasol propionate formula
tions for managing postoperative outcomes in adults (≥18 years) undergoing cataract surgery, with eligible comparators 
including placebo, vehicle control, or non-intervention (standard care). Studies were required to report quantitative 
measures of predefined efficacy and safety endpoints.

The primary endpoints were postoperative ocular inflammation severity, measured by anterior chamber cell grade. 
Postoperative pain intensity assessed using validated pain scales including the Visual Analog Scale. Secondary endpoints 
included: safety outcomes comprising intraocular pressure (IOP) changes from baseline, incidence and severity of 
adverse events (both local and systemic), and treatment-related complications.

Studies published in any language were eligible for inclusion, with non-English articles translated as needed. 
Exclusion criteria comprised: non-randomized study designs (observational studies, case series, case reports); grey 
literature including conference abstracts, editorials, commentaries, and letters; studies with duplicate or overlapping 
patient populations; studies involving pediatric populations (age < 18 years) or non-cataract surgical procedures; and 
studies with inaccessible full-text manuscripts despite author contact attempts.

Information Sources and Search Strategy
A comprehensive search was conducted in Clinicaltrials.gov, EMBASE, PubMed, and the Directory of Open Access 
Journals from inception to February 1, 2025. Search terms combined keywords related to cataract surgery (eg, “cataract” 
“phacoemulsification”) and clobetasol (eg, “clobetasol propionate”). Manual searches of Google Scholar, reference lists 
of included studies, and other clinical trial registries (CENTRAL, WHO ICTRP) supplemented database results.

Screening and Data Extraction
Two independent reviewers screened titles/abstracts using Rayyan software,10 followed by full-text assessment of 
potentially eligible studies. Discrepancies were resolved through discussion or consultation with a third reviewer. Data 
extraction utilized a standardized Excel sheet to capture study characteristics (author, year, design, country), participant 
demographics, intervention details, and outcomes. Missing data were requested from the corresponding authors.
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Statistical Analysis and Quality Assessment
Analyses were performed using Review Manager (RevMan 5.4). Primary outcomes included mean differences (MD) in 
inflammation scores and pain reduction pooled using inverse-variance with 95% confidence intervals (CI). 
Heterogeneity was evaluated via Cochran’s Q-test and I2 statistics, with I2 > 50% or p < 0.10 prompting random- 
effects models; otherwise, fixed-effects models were applied. For studies reporting pre- and post-treatment means 
without change scores, standard deviations were imputed using a correlation coefficient of 0.5, as per Cochrane’s 
recommendations. Subgroup analyses explored the days of assessment 8 and 15 days. A p-value <0.05 denoted 
statistical significance. Publication bias was not assessed due to a limited number of studies and included studies not 
being published articles themselves.

Our outcomes included the risk of Anterior chamber cell (ACC) grade of zero, Anterior chamber flare (ACF) grade of 
zero, percentage of pain scores of zero indicative no ocular pain and any adverse events. The number of cells in the 
anterior chamber of the eye are counted and graded for each number of cells in a 1 mm × 1 mm area. ACC Grade 0 = 0 
cells, ACC grade 1 = 1–5 cells, ACC grade 2 = 6–15 cells, ACC grade 3 = 16–30 cells, ACC grade 4 = >30 cells in 
studies. The degree of turbidity (flare) in the anterior chamber of the eye is quantified on a five-point (0–4) anterior 
chamber flare grade scale (0 = none; 4 = Intense). We aimed to assess ACC or ACF grades of zero as indicative of 
reduced inflammation.

The quality of the included studies was assessed using the risk of bias 2 tool (RoB-2) by Cochrane.11 This tool 
assesses studies’ quality based on five domains (1) randomization, (2) deviations from intended interventions, (3) missing 
outcome data, (4) measurement of the outcome, and (5) selection of the reported result to categorize studies into low, 
some concerns and high risk of bias. In addition, the overall quality of evidence and the strength of recommendations for 
each outcome were assessed using the GRADE framework. This method takes into account aspects such as risk of bias, 
inconsistency, indirectness, imprecision, and publication bias, and it categorizes confidence in the estimates into four 
levels: high, moderate, low, or very low.12

Results
Selection Process and Characteristics of the Included Studies
Out of initially 1361 retrieved records, we identified 147 duplicates that were removed by Endnote software. Following 
that, 1214 reports underwent abstract screening; of them, only 5 trials were eligible for full-text screening and eventually 
included in our study (see Figure 1).

The systematic review includes five double blinded RCTs (NCT04246801, NCT04249076, NCT04810962, 
NCT04739709, NCT04089735) that evaluated the efficacy of clobetasol propionate 0.05% versus placebo in patients 
undergoing cataract surgery. All of the five included trials were unpublished trials registered in clincaltrails.gov. The trials 
varied in follow-up duration from as early as Day 4 to as late as Day 22, with most assessments occurring around Day 8 and 
Day 15. Sample sizes for the clobetasol groups ranged from 66 to 185 patients, while placebo groups included between 66 
and 197 patients, with a total sample size of 1306 participants. Across studies, the patient populations were comparable, 
with a mean age consistently in the high 60s (approximately 67–68 years) and a relatively balanced gender distribution. For 
further details, see Table 1. The risk of bias assessment revealed that 3 studies had an overall low risk of bias, while 2 studies 
had some concerns regarding their risk of bias deriving from the measurement of outcomes (Figure 2).

Meta-Analysis of Anterior Chamber Cells Grade (ACC)
Four RCTs reported ACC grade 0 on POD 8 and three RCTs on POD 15 as an outcome. At 8 days after surgery, the Clobetasol 
Propionate (CP) group showed better efficacy than the Vehicle group (RR = 2.30, 95% CI [1.81, 2.92], P = <0.00001, I2 = 0%). 
Similarly, at 15 days, the CP group showed good efficacy compared to Vehicle (RR = 3.06, 95% CI [2.29, 4.09], P = <0.00001, 
I2 = 36%). The test of subgroup differences was not significant (P = 0.13) (Figure 3).
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Meta-Analysis of Anterior Chamber Flare Grade
Two RCTs reported ACF grade as an outcome with 748 participants. Both days 8 (RR = 1.87, 95% CI [1.57, 2.23], P = <0.00001, 
I2 = 49%) and 15 (RR = 2.30, 95% CI [1.75, 2.46], P = <0.0001, I2 = 75%) showed significant improvement of ACF in the CP 
group compared to the control group and there was no significant difference between them (P = 0.21) (Figure 4).

Meta-Analysis of Pain Scores Grade
Five RCTs reported a percentage of participants with an ocular pain score of “0” on POD 8 and three RCTs on POD 15. On 
POD 8, CP showed significant improvement in levels of pain (RR = 1.73, 95% CI [1.39, 2.15], P = <0.00001, I2 = 70%) 
compared to the vehicle group, and on POD 15 (RR = 1.77, 95% CI [1.41, 2.21], P = <0.00001, I2 = 74%). The test of 
subgroup differences showed no significant difference (P = 0.89) (Figure 5).

Records identified from*:
PubMed (n =326)
Embase (n =1023)
Directory of open Access 
Journals (n =2)
Clinical trial.gov (n =10)
Total (n =1361)

Records removed before 
screening:

Duplicate records removed 
(n =147) identified and 
subsequently removed by 
EndNote Software

Records screened for the title 
and abstract
(n =1214)

Records excluded (n = 1209) 

Reports sought for retrieval
(n =5)

Reports not retrieved
(n =0)

Reports assessed for eligibility
(n =5)

Reports excluded (n=0)

Studies included in review
(n =5)

Identification of studies via databases and registers
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Figure 1 PRISMA flow diagram of the selection process. 
Notes: PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. Creative Commons.8
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Meta-Analysis of Adverse Effects
Five RCTs reported adverse events, with a total of 1218 patients. Compared to the placebo group, the CP group had no 
significant adverse events (RR = 0.50, 95% CI [0.24, 1.04], P = 0.06, I2 = 61%) with a marginal trend of fewer adverse 
events than the control group (Figure 6).

Table 1 Characteristics of Included Trials

Study Name Study 
Design

Mean 
Follow- 
Up

Study Groups Number of Patients Demographic Data 
(Gender, Age in Years)

Study 
Population

NCT04246801 RCT Day 8 Clobetasol 

Propionate 0.05% 
Placebo

Clobetasol Propionate 

0.05%: (n = 140) 
Placebo: (n = 71)

Gender: 

Male; n = 115, Female; n = 96 
Mean age: 67 (8.3)

Undergoing 

cataract surgery

NCT04249076 RCT Day 8 Clobetasol 
Propionate 0.05% 

Placebo

Clobetasol Propionate 
0.05%: (n = 141) 

Placebo: (n = 74)

Gender: 
Male; n = 94, Female; n = 121 

Mean age: 67.9 (8.5)

Undergoing 
cataract surgery

NCT04810962 RCT Day 8 

Day 15

Clobetasol 

Propionate 0.05% 
Placebo

Clobetasol Propionate 

0.05%: (n = 185) 
Placebo: (n = 185)

Gender: 

Male; n = 175, Female; n = 195 
Mean age: 67.6 (9.1)

Undergoing 

cataract surgery

NCT04739709 RCT Day 4 
Day 8 

Day 15

Clobetasol 
Propionate 0.05% 

Placebo

Clobetasol Propionate 
0.05%: (n = 181) 

Placebo: (n = 197)

Gender: 
Male; n = 153, Female; n = 225 

Mean age: 68.3 (8.7)

Undergoing 
cataract surgery

NCT04089735 RCT Day 15 

Day 22

Clobetasol 

propionate 0.05% 

Placebo

Clobetasol Propionate 

0.05%: (n = 66) 

Placebo: (n = 66)

Gender: 

Male; n = 45, Female; n = 87 

Mean age: 67.9 (6.7)

Undergoing 

cataract surgery

Figure 2 Risk of bias assessment using RoB-2.
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Certainty of Outcomes Using GRADE
The certainty of evidence was evaluated using the GRADE framework. The certainty of evidence for ACC and ACF 
outcomes was assessed as very low due to significant concerns about the risk of bias and inconsistency across studies. 
The certainty regarding pain outcomes was low, primarily due to serious inconsistency and risk of bias concerns. The 
certainty assessment for adverse events could not be conclusively rated due to insufficient available data and methodo
logical variability, see Table 2.

Figure 3 Forest Plot of Anterior Chamber Cells (ACC).

Figure 4 Forest Plot of Anterior Chamber Flare (ACF).
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Discussion
This is the first systematic review and meta-analysis summarizing the available evidence on nanoparticle-based CP in 
managing inflammation and pain post-cataract surgery. The pooled analyses from five RCTs involving around 1306 
participants indicate that CP significantly improves the resolution of ACC and ACF at both 8-day and 15-day postoperative 
intervals compared to placebo, indicating improved inflammation post-operatively. Additionally, CP showed considerable 

Figure 5 Forest Plot of Pain Scores.

Figure 6 Forest plot of adverse events.

Table 2 Certainty Assessment Table Using GRADE

Outcome Study 
Design

Risk of 
Bias

Inconsistency Indirectness Imprecision Other 
Considerations

Certainty

Anterior Chamber 

Cells

RCT Very 

serious a

Very serious b Not serious Not serious None ⨁◯◯◯ Very 

Low

Anterior Chamber 

Flare

RCT Very 

serious a

Very serious b Not serious Not serious None ⨁◯◯◯ Very 

Low

(Continued)
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efficacy in reducing ocular pain scores significantly at these same intervals. The safety profile of nanoparticle-based CP was 
promising, indicating fewer adverse events than the placebo group, although this difference was not statistically significant. 
The enhanced effectiveness of CP aligns with the theoretical benefits of nanoparticle-based drug delivery, such as increased 
bioavailability, improved drug penetration through ocular barriers, and sustained drug release.13

The commonest side effects of cataract surgeries are pain and inflammation causing uveitis, secondary glaucoma, and 
macular edema, which are still concerning even after the development of minimally invasive procedures.14 The current 
management strategies of post-cataract operations inflammation include the use of non-steroidal anti-inflammatory drugs 
(NSAIDs) (Bromfenac, Diclofenac, Ketorolac, etc.) and steroids (prednisolone, dexamethasone, fluorometholone) with 
inconsistent evidence and no conclusive guidelines.15 A combination of both NSAIDs and steroids is usually used and 
advised to prevent post-operative inflammation.5,15 The topical administration of steroids as a suspension remains the 
most common route for anterior segment ocular drug delivery due to its simplicity, convenience, and non-invasive nature. 
However, its efficacy is significantly constrained by the ocular barriers, including rapid tear clearance, nasolacrimal 
drainage, and the multi-layered corneal structure.16 Tear film rapidly removes drugs from the ocular surface, significantly 
reducing bioavailability. Nanoparticle-based formulations address these issues by enhancing corneal penetration, 
prolonging drug retention, and overcoming rapid clearance by tears, leading to improved bioavailability and clinical 
efficacy.17 Clobetasol propionate in its recent formulation as an ophthalmic nanoemulsion 0.05% was recently approved 
by the FDA for treating pain and inflammation post-ocular surgeries. It is originally one of the most potent topical 
steroids usually preserved for severe cases of atopic dermatitis, psoriasis, and other skin conditions.6 It is now available 
in a regimen of twice daily for 14 days without tapering for post-ocular surgeries inflammation, and it is the first new 
steroid formulation for post-ocular surgeries in over 15 years. Although its FDA approval was based on clinical trials, 
this is the first meta-analysis to pool evidence from all its clinical trials.

Considerable statistical heterogeneity was observed across the included studies, particularly in the assessment timings 
and outcome measurements. Although we did not conduct a sensitivity analysis due to a limited number of studies, 
concerns can be mitigated by the fact that most of the studies’ individual findings supported the efficacy of CP. Another 
critical aspect of this review is the evaluation of minimal clinically important differences (MCIDs) for inflammation and 
pain outcomes. Although statistically significant, the clinical relevance of these findings warrants careful consideration. 
The choice of outcomes in this review reflects commonly accepted clinical practice standards for evaluating post
operative inflammation and pain in cataract surgery. ACC and ACF grades are widely adopted markers due to their 
objective measurability and direct correlation with clinical inflammatory status.18 However, measurement of these 
outcomes through Slit-lamp (which was reported in most studies) can be subjective, limited by Interobserver variability 
while other objective techniques like Laser flare and cell photometry, Anterior segment fluorophotometry, and optical 
coherence tomography provide more objective measurements.18 Pain scores similarly represent crucial patient-centered 
outcomes, reflecting the subjective burden of postoperative recovery. Additionally, the concentration on dichotomizing 
the outcomes and concentrating on zero grades warrants further caution. However, while these outcomes are clinically 
relevant, additional patient-centered outcomes such as quality of life, patient satisfaction, and return-to-daily activities 

Table 2 (Continued). 

Outcome Study 
Design

Risk of 
Bias

Inconsistency Indirectness Imprecision Other 
Considerations

Certainty

Pain RCT Very 
serious a

Serious b Not serious Not serious None ⨁⨁◯◯ Low

Adverse Events RCT Serious a Serious b Not serious Serious None ⨁◯◯◯ Very 
Low

Notes: a. High risk of bias, b. High heterogeneity. 
Abbreviations: ACC, Anterior Chamber Cells; ACF, Anterior Chamber Flare; CP, Clobetasol Propionate; RR, Risk Ratio; PRISMA, Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses; RCT, Randomized Controlled Trial; CI, Confidence Interval; GRADE, Grading of Recommendations Assessment, Development, and 
Evaluation; DOAJ, Directory of Open Access Journals; CENTRAL, Cochrane Central Register of Controlled Trials; MeSH, Medical Subject Headings.
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warrant inclusion in future studies. Expanding outcome assessments to incorporate these parameters could provide more 
comprehensive insights into the broader impacts of nanoparticle-based CP treatment.

Several limitations should be considered when interpreting the findings of this systematic review and meta-analysis. 
Firstly, the inclusion of unpublished clinical trials introduces potential publication bias, limiting the generalizability and 
robustness of the results. The absence of peer-reviewed published data restricts the confidence in their results. However, 
we conducted a comprehensive search through all possible databases and found no other published studies. Cochrane and 
other researchers recommend the analysis of unpublished results and grey literature to avoid publication bias.19,20 

Secondly, variability in follow-up durations across the included studies may affect the comparability and interpretation 
of outcomes. We conducted a subgroup analysis whenever possible and found no difference between different time 
points. Heterogeneity in study designs and measurement methodologies among the included trials can introduce 
inconsistencies, affecting the reliability and external validity of pooled results. We chose to conduct all analyses with 
a random effect model a prior to account for any possible heterogeneity and have the most conservative outcomes. 
Furthermore, the limited number of included studies prevented comprehensive subgroup and sensitivity analyses.

Despite these limitations, this first systematic review and meta-analysis has several notable strengths. The rigorous 
methodology, adhering to PRISMA guidelines and the Cochrane Handbook, ensures transparency and replicability. The 
inclusion of RCTs exclusively strengthens the internal validity of meta-analysis, as RCTs minimize biases associated with 
observational study designs. Additionally, this systematic review addresses a clinically relevant question regarding 
postoperative inflammation and pain management—areas critical to patient satisfaction and surgical outcomes in cataract 
procedures. Another significant strength is the comprehensive database search strategy, encompassing multiple major 
databases and clinical trial registries, complemented by manual searches. This extensive approach ensures the identifica
tion of relevant studies and reduces the likelihood of missing important trials. Finally, assessing the quality of evidence 
through the GRADE framework provides clinicians and policymakers with transparent information regarding the 
confidence in and applicability of the findings, facilitating evidence-based clinical practice.

Future research should address these limitations by conducting well-designed, peer-reviewed, and published RCTs 
with larger sample sizes and standardized assessment methods. Longitudinal studies with extended follow-up periods are 
necessary to evaluate long-term safety profiles comprehensively and identify potential delayed adverse events. 
Standardization of outcome measures, particularly inflammation and pain assessment scales, would enhance the compar
ability and reliability of future meta-analyses. Moreover, further subgroup analyses investigating patient demographics 
(such as age, gender, ethnicity, and baseline ocular conditions) and procedural differences are recommended to identify 
populations that may derive greater benefits or face higher risks from nanoparticle-based CP treatments. Enhanced 
transparency in trial registration and result reporting in clinical trial databases will also help mitigate publication bias and 
improve the validity of future systematic reviews. Lastly, comparing this recently FDA-approved drug to other regimens 
of drugs may be beneficial for clinical decision making.

Conclusion
Nanoparticle-based clobetasol propionate significantly reduced inflammation and pain after cataract surgery, providing 
substantial therapeutic advantages compared to conventional treatments. Its promising safety profile supports its clinical 
adoption as a valuable postoperative care option, potentially enhancing patient recovery and comfort. However, the 
current evidence is limited by the small number of trials and the non-peer reviewed nature of the included trials. Further 
trials comparing CP to other regimens for post-cataract surgery are needed for better clinical decision making.
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