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ABSTRACT | Purpose: To evaluate the efficacy of different
corticosteroid eye drop formulations (prednisolone acetate
1.0%, dexamethasone 1.0%, and loteprednol etabonate 0.5%)
administered for different treatment durations (10 vs. 28 days) in
controlling postoperative inflammation following uncomplicated
cataract surgery. Methods: This randomized, masked clinical
trial was conducted at the Instituto Cearense de Oftalmologia.
Eligible participants were aged >50 yr and scheduled for routine
cataract surgery. Exclusion criteria included preexisting ocular
disease (elevated intraocular pressure, retinopathy, maculopathy,
or uveitis) or concurrent medication use that could confound
results. Patients were randomized to receive prednisolone
acetate (1.0%), dexamethasone (1.0%), or loteprednol etabonate
(0.5%) four times daily for 28 days (with tapering) or for 10
days. Medication bottles, prescriptions, and examiners were
masked. Postoperative assessments included ocular symptoms,
visual acuity, intraocular pressure, anterior chamber cell count
and flare, pachymetry, endothelial cell density, and macular
thickness over a 30-day follow-up. Results: A total of 140 eyes
from 140 patients were analyzed (29 prednisolone acetate 1.0%,
18 dexamethasone 1.0%, and 21 loteprednol etabonate 0.5% for
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28 days; 28 prednisolone acetate 1.0%, 22 dexamethasone 1.0%,
and 22 loteprednol etabonate 0.5% for 10 days). No significant
differences were found among the six groups during follow-up.
However, eyes treated with dexamethasone (1.0%) showed greater
intraocular pressure fluctuations, particularly on Days 7 and 30,
and a higher incidence of rebound inflammation in the 28-day
regimen. Structural cystoid macular edema without visual impact
was observed in 5.9% of eyes in the 28-day groups and 14.2%
of eyes in the 10-day groups, as detected by optical coherence
tomography at 30 days. Conclusion: Equivalent postoperative
inflammation control can be achieved using different corticosteroid
eye drop formulations at varying treatment durations following
cataract surgery. Brazilian Registry of Clinical Trials (ReBEC):
RBR-2frpntv

Keywords: Adrenal cortex hormones; Cataract; Cystoid macular
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INTRODUCTION

An inflammatory reaction occurs in up to 95% of pa-
tients on the first day after cataract surgery™?. This is a
frequent cause of discomfort, delayed recovery, and, in
some cases, reduced visual acuity (VA). It may also lead
to more serious complications, such as cystoid macular
edema (CME), posterior synechiae, pain, photophobia,
uveitis, elevated intraocular pressure (IOP), and glau-
coma®. The main postoperative signs and symptoms
include anterior chamber cellularity, corneal edema,
and conjunctival hyperemia, with corneal edema being
one of the principal factors limiting good VA in the im-
mediate postoperative period®.
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Different formulations of corticosteroid eye drops at different treatment times in the control of inflammation and
prevention of cystoid macular edema after cataract surgery: randomized clinical trial

Topical corticosteroids remain the preferred thera-
py for controlling inflammation and preventing CME
because of their efficacy and safety, although no stan-
dardized protocol has been established®->. The topical
route is favored for being noninvasive and for promo-
ting better patient adherence®. Despite their benefits,
corticosteroid eye drops can cause side effects, such
as elevated 10P, activation or prolongation of viral,
bacterial, and fungal infections, and potential systemic
complications®?. The likelihood of adverse effects de-
pends on the potency of the drug, its dosage, and its
formulation®.

Prednisolone acetate, a highly lipophilic and poorly
water-soluble molecule, requires vigorous shaking be-
fore instillation to ensure dose uniformity®. Because of
this handling challenge, it is often prescribed at higher
dosages, increasing the risk of adverse effects. Never-
theless, it has a well-established anti-inflammatory
effect and has long been used after cataract surgery®'",
Compared with dexamethasone, prednisolone acetate
offers greater corneal permeability but lower potency®.

Dexamethasone, in contrast, is highly hydrophilic
and penetrates the cornea less effectively because of its
mixed hydrophilic and lipophilic structure. To overcome
this limitation, it is prepared as a micro-suspension®.

Loteprednol etabonate, a derivative of prednisolo-
ne acetate, incorporates structural modifications that
maintain good efficacy while allowing faster metabo-
lism. This results in fewer adverse effects, particularly a
markedly lower risk of IOP elevation, even with prolon-
ged use (>28 days)*".

Regarding dosage regimens, meta-analyses and sys-
tematic reviews suggest that the most common protocol
is a 28-day course of corticosteroids, administered one
drop every 6 h with weekly tapering"®. However, a
multicenter clinical trial reported that a 7-day regimen
controlled inflammation in approximately 85% of cases,
although further studies are required to confirm these
findings®.

Currently, no standardized protocol exists for pre-
venting or reducing inflammation after uncomplicated
phacoemulsification®. Given the limited evidence on
cost-effectiveness, prescribing practices vary widely®.
This study aimed to evaluate the efficacy of different
corticosteroid formulations — prednisolone acetate,
dexamethasone, and loteprednol etabonate — admi-
nistered for different durations in controlling postope-
rative inflammation following uncomplicated cataract
surgery.

2 Arqg Bras Oftalmol. 2026;89(1):e2025-0097

METHODS

This randomized, double-masked clinical trial was
conducted at the Instituto Cearense de Oftalmologia
(ICO). The study was approved by the Research Ethics
Committee of the Centro Universitdario Christus (CAAE:
59298322.6.0000.5049) and registered with the Brazi-
lian Registry of Clinical Trials (ReBEC: RBR-2frpntv). All
participants provided written informed consent.

Participants and inclusion criteria

Patients aged >50 yr scheduled for routine cataract
surgery between October 2022 and January 2023 were
eligible. Exclusion criteria included preexisting ocular
conditions (elevated IOP, retinopathy, maculopathy, or
uveitis), use of medications that could confound study
outcomes, and intraoperative complications such as
posterior capsular rupture.

Sample size calculation

Sample size estimation followed the methodology of
Lane et al."?. Assuming 90% power and a 95% confi-
dence level for detecting the alternative hypothesis in a
paired t test design, a sample size of eight to 18 patients
per group was determined to be sufficient.

Randomization and treatment protocol

Participants were randomized using an electronic
randomization tool to one of three treatments: predni-
solone acetate 1% (PRED), Predfort (Allergan/AbbVie),
Oftpred (Cristalia), or Ster (Genom); dexamethasone
0.1% (DEXA), Maxidex (Alcon); loteprednol 5 mg/mL
(LOTE), and Loteprol (Bausch + Lomb). They were fur-
ther randomized to one of two regimens: four times daily
for 28 days with weekly tapering, or four times daily
for 10 days without tapering. All groups additionally
received moxifloxacin eye drops, one drop four times
daily for 7 days.

Blinding and masking

To maintain blinding, prescriptions were labeled
only as “corticosteroid eye drops”. Bottles were masked
with stickers bearing the same generic label. Randomi-
zation, prescription preparation, and drug distribution
were performed by a researcher independent of the
evaluator. A single masked assessor (AMF) conducted
all clinical evaluations.
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Surgical procedure

All surgeries were performed by experienced sur-
geons using the same phacoemulsification platform
(Centurion, Alcon).

Data collection

Data were collected at baseline and during four pos-

toperative (PO) visits (Days 1, 7, 30, and 45).

* Preoperative assessment: Demographic data, co-
morbidities, allergies, and ophthalmic history were
recorded. BCVA was measured using the logMAR
scale, IOP with a Goldmann applanation tonometer,
and anterior chamber cellularity/flare using the Stan-
dardization of Uveitis Nomenclature (SUN) criteria.
Pachymetry and endothelial cell density (ECD) were
measured with specular microscopy (SP-1P, Topcon),
and biometry with the 10LMaster 500 (Zeiss).

* Postoperative assessments (Days 1, 7, and 30):
Outcome measures included ocular symptoms (nu-
meric rating scale [NRS], 0-10), BCVA, 10P, anterior
chamber cell/flare (SUN criteria), pachymetry, and
ECD.

* Rebound effects (Days 30 and 45): Evaluations in-
cluded anterior chamber reactions and symptom
questionnaires. Patients were asked whether they
self-administered drops or required assistance.

* Optical coherence tomography (OCT): Performed
preoperatively and on Day 30 PO to assess macu-
lar thickness and detect CME. CME was defined as
a >10% increase in central macular thickness with
cystic changes; clinically significant CME was defined
as CME plus <0.2 logMAR improvement in postope-
rative VA, following PREMED and ETDRS criteria”®.

Statistical analysis

Analyses were performed using SPSS version 25.0
(IBM, Armonk, New York). Descriptive statistics included
mean, standard deviation, median, and interquartile
range. Categorical variables were compared using Chi-
square or Fisher’s exact tests. Continuous variables were
analyzed using the Mann-Whitney or Kruskal-Wallis tests,
with Dunn’s post hoc test as appropriate.

Variations in 10P across follow-up were assessed
using nonparametric methods for repeated measures.
Bonferroni corrections were applied to adjust for mul-
tiple comparisons. The influence of self-administration

versus assisted administration was described qualitati-
vely, recognizing adherence as a potential confounder.

Results are reported with exact p-values and confi-
dence intervals to provide clarity on statistical signifi-
cance and effect sizes.

RESULTS

A total of 140 eyes from 140 patients were included:
29 in the PRED Group, 18 in the DEXA Group, and 21 in
the LOTE Group for 28 days; and 28 in the PRED Group,
22 in the DEXA Group, and 22 in the LOTE Group for 10
days. The mean age was 66.61 + 8.68 yr, and 59.28%
were female. Table 1 summarizes the demographic
characteristics. No statistically significant differences
were observed among the groups in terms of cataract
classification.

In the 28-Day LOTE Group, only 61.9% of patients
had their drops administered by someone else, whereas
in the other groups, this proportion was >82.7%. On the
seventh PO Day, the LOTE Group showed significantly
higher levels of anterior chamber flare and conjunctival
hyperemia (p=0.003).

Ocular symptoms

Across 30 days, all patients demonstrated a statisti-
cally significant reduction or adequate control of mean
scores for pain, foreign body sensation, and tearing
(p<0.05; Table 2).

Drug tolerance

Most patients tolerated the eye drops well. Speci-
fically, 84.2% in the PRED Group, 97.5% in the DEXA
Group, and 88.3% in the LOTE Group reported no or
only mild discomfort.

Visual acuity

Best-corrected VA (BCVA) improved significantly
within 30 days after surgery in all groups (Figure 1). Ho-
wever, there were no significant intergroup differences
(Day 7, p=0.369; Day 30, p=0.604).

Intraocular pressure

Figure 2 shows mean 10P values at days 1, 7, and
30 PO. The DEXA Groups consistently demonstrated
higher mean 10OP, with statistically significant differen-
ces across groups on Day 7 (p<0.05). Elevated 1OP
(>21 mmHg) occurred in one patient from the DEXA 10
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Table 1. Patient demographic data

Group

PRED 28 (%) DEXA 28 (%) LOTE 28 (%) PRED 10 (%) DEXA 10 (%) LOTE 10 (%)
Sex
Female 16 (55.2) 11 (61.1) 14 (66.7) 15 (53.6) 12 (54.5) 15 (68.2)
Male 13 (44.8) 7 (38.9) 7 (33.3) 13 (46.4) 10 (45.5) 7 (31.8)
Education
Illiterate 6 (20.7) 4(22.2) 5(23.8) 8 (28.6) 6 (27.3) 7 (31.8)
Incomplete primary education 12 (41.4) 9 (50.0) 7 (33.3) 14 (50.0) 10 (45.5) 7 (31.8)
Complete primary education 5(17.2) 3(16.7) 0(0.0) 3(10.7) 2(9.1) 2(9.1)
High school 5(17.2) 2(11.1) 5(23.8) 3(10.7) 3(13.6) 6 (27.3)
Higher education 1(3.4) 0(0.0) 4(19.0) 0(0.0) 1(4.5) 0(0.0)
SAH
No 12 (41.4) 11 (61.1) 12 (57.1) 13 (46.4) 11 (50.0) 10 (45.5)
Yes 17 (58.6) 7 (38.9) 9 (42.9) 15 (53.6) 11 (50.0) 12 (54.5)
DM
No 18 (62.1) 12 (66.7) 16 (76.2) 18 (64.3) 15 (68.2) 16 (72.7)
Yes 11 (37.9) 6(33.3) 5(23.8) 10 (35.7) 7 (31.8) 6 (27.3)
Dyslipidemia
No 22 (75.9) 16 (88.9) 17 (81.0) 25 (89.3) 21 (95.5) 16 (72.7)
Yes 7 (24.1) 2(11.1) 4 (19.0) 3(10.7) 1(4.5) 6(27.3)
Operated eye
Right 14 (58.3) 10 (66.7) 11 (55.0) 10 (47.6) 8 (42.1) 13 (65.0)
Left 10 (41.7) 5(33.3) 9 (45.0) 11 (52.4) 11 (57.9) 7 (35.0)

DEXA 10= dexamethasone used for 10 days; DEXA 28= dexamethasone used for 28 days; DM= diabetes mellitus; LOTE 10= loteprednol used for 10 days; LOTE 28= loteprednol used
for 28 days; PRED 10= prednisolone acetate used for 10 days; PRED 28= prednisolone acetate used for 28 days; SAH= systemic arterial hypertension.

Table 2. Mean scores for pain, foreign body sensation, and tearing of all patients

Group
PRED 28 DEXA 28 LOTE 28 PRED 10 DEXA 10 LOTE 10 p-value
Foreign body sensation first PO 0.66+0.7 0.39+0.6 0.62+0.7 0.36+0.6 0.50+0.7 0.41+0.6 0.46
Foreign body sensation seventh PO 0.38+0.6 0.22+0.4 0.62 +0.9 0.29+0.5 0.32+0.5 0.50+0.7 0.30
Foreign body sensation 30th PO 0.17+0.4 0.06+0.2 0.19+0.4 0.36+0.6 0.23+0.5 0.18+0.5 0.42
Tearing first PO 0.83+0.7 0.33+0.5 0.57+0.7 0.43+0.7 0.64+0.7 0.41+0.5 0.08
Tearing seventh PO 0.24+0.4 0.11+0.3 0.29+0.6 0.21+£0.4 0.23+0.4 0.50+0.7 0.22
Tearing 30th PO 0.10+0.3 0.00+0.0 0.10+0.3 0.14+0.4 0.14+0.5 0.14+0.5 0.81
Pain first PO 0.34+0.6 0.22+0.4 0.57+0.8 0.14+0.4 0.27+0.5 0.41+0.7 0.16
Pain seventh PO 0.17+0.4 0.00+0.0 0.14+0.4 0.11+0.3 0.09+0.3 0.09+0.3 0.58
Pain 30th PO 0.03+0.2 0.06+0.2 0.05+0.2 0.04+0.2 0.05+0.2 0.00+0.0 0.95

DEXA 10= dexamethasone used for 10 days; DEXA 28= dexamethasone used for 28 days; LOTE 10= loteprednol used for 10 days; LOTE 28= loteprednol used for 28 days; PO=
postoperative; PRED 10= prednisolone acetate used for 10 days; PRED 28= prednisolone acetate used for 28 days.
p<0.05, using Chi-square or Fisher’s exact test for categorical variables (n, %), and Kruskal-Wallis test followed by Dunn’s post hoc test for continuous variables (mean+5SD).

Group on Day 7, and in two patients from the DEXA 10
Group, two from the DEXA 28 Group, and one from the
PRED 10 Group on Day 30.

Inflammation control

All six groups achieved comparable inflammation
control over 30 days. Flare and anterior chamber cellu-

4 Arqg Bras Oftalmol. 2026;89(1):e2025-0097

larity decreased significantly in all groups (Figure 3;
Table 3). On Day 7, only 42.9% of patients in the LOTE
28 Group achieved flare=0, compared with 75.9% in the
PRED 28 Group and 88.9% in the DEXA 28 Group. This
did not impact VA or patient-reported symptoms. The
group with the highest proportion of self-administered
drops also exhibited higher flare levels on Day 7.
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Figure 1. Comparison of mean visual acuity (logMAR) during the postoperative period in the (A) 28-day group and (B) 10-day group.
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Figure 2. Comparison of mean intraocular pressure (mmHg) during the postoperative period in the (A) 28-day group and (B) 10-day group.
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Figure 3. Comparison of mean anterior chamber cellularity (grades 1-4+) during the postoperative period in the (A) 28-day group and (B) 10-day group.
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Pachymetry and ECD

All groups showed significant reductions in mean
pachymetry and ECD between the preoperative and
postoperative periods. However, no significant inter-
group differences were observed at Day 7 or Day 30
(pachymetry [p=0.594 and p=0.414]; ECD [p=0.415
and p=0.353]; Figure 4).

Cystoid macular edema

The incidence of structural CME, detected by OCT
regardless of VA, was 5.88% (n=5) in the 28-Day groups
and 14.2% (n=10) in the 10-Day groups (Table 4). This
difference was not statistically significant. Among the 15
cases, only one (LOTE 28 Group) was clinically signifi-
cant (0.7%). This patient showed <0.2 logMAR impro-

Table 3. Flare on the first, seventh, and 30th postoperative days of all groups

Group
PRED 28 (%) DEXA 28 (%) LOTE 28 (%) p-value PRED 10 (%) DEXA 10 (%) LOTE 10 (%) p-value
Flare first PO 0 2 (6.9 2 (11.1) 1(4.8) 0.89 4(14.3) 2(9.1) 3(13.6) 0.89
+1 15 (51.7) 10 (55.6) 13 (61.9) 15 (53.6) 11 (50.0) 13 (59.1)
+2 11(37.9) 6(33.3) 7 (33.3) 9 (32.1) 9 (40.9) 6 (27.3)
+3 1(3.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Flare seventh PO 0 23(79.3) 16 (88.9) 9 (42.9) 0.01 24 (85.7) 16 (72.7) 17 (77.3) 0.51
+1 6 (20.7) 2(11.1) 12 (57.1) 4(14.3) 6 (27.3) 5(22.7)
Flare 30th PO 0 28 (96.6) 16 (88.9) 16 (76.2) 0.22 25 (89.3) 19 (86.4) 18 (81.8) 0.75
+1 1(3.4) 2 (11.1) 4(19.0) 3(10.7) 3(13.6) 4(18.2)
+2 0 (0.0) 0 (0.0 1(4.8) 0(0.0) 0 (0.0) 0 (0.0

DEXA 10= dexamethasone used for 10 days; DEXA 28= dexamethasone used for 28 days; LOTE 10= loteprednol used for 10 days; LOTE 28= loteprednol used for 28 days; PO=
postoperative; PRED 10= prednisolone acetate used for 10 days; PRED 28= prednisolone acetate used for 28 days.
p<0.05, using Chi-square or Fisher’s exact test for categorical variables (n, %), and Kruskal-Wallis test followed by Dunn’s post hoc test for continuous variables (mean+5D).
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Figure 4. Comparison of (A) mean pachymetry (um) and (B) mean endothelial cell density in the 28-day group, and (C) mean pachymetry and (D)
mean endothelial cell density in the 10-day group during the postoperative period.
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Table 4. Incidence of structural CME in all groups

Group CME No CME Total
PRED 28 1 28 29
DEXA 28 1 17 18
LOTE 28 B] 18 21
PRED 10 3 25 28
DEXA 10 3 19 22
LOTE 10 4 18 22

CME= cystoid macular edema; DEXA 10= dexamethasone used for 10 days; DEXA 28=
dexamethasone used for 28 days; LOTE 10= loteprednol used for 10 days; LOTE 28=
loteprednol used for 28 days; PO= postoperative; PRED 10= prednisolone acetate used
for 10 days; PRED 28= prednisolone acetate used for 28 days.

vement in VA, from 0.39 preoperatively to 0.30 on Day
30. One patient had diabetes, and two were prediabetic.
Of the six hypermature cataracts, three (50%) developed
CME (one each in the PRED 28, DEXA 28, and PRED 10
Groups).

Rebound effect

Fifteen patients (10.71%) experienced a rebound
effect. Of these, 66.67% occurred in the 10-day groups,
with 33.33% in the DEXA 10 Group. Only one case was
observed in the PRED 28 Group. Symptoms included
anterior chamber reaction, foreign body sensation, and
conjunctival hyperemia, appearing a few days after dis-
continuing treatment. All patients were managed with
reintroduction of corticosteroids at 6-h intervals, tape-
red by one drop every 5 days.

DISCUSSION

Corticosteroids are widely recognized as the gold
standard for controlling inflammation and preventing
CME after cataract surgery due to their potent anti-
-inflammatory effects and extensive evidence suppor-
ting their safety and efficacy®>'>. Awidi et al."” also
highlighted topical steroids as the preferred choice for
postoperative cataract care.

In this study, dexamethasone, although the most po-
tent corticosteroid tested, did not demonstrate superior
efficacy compared with the other treatments. Patients
receiving dexamethasone showed a higher incidence
of adverse effects, including elevated 1OP and rebound
inflammation. These findings are consistent with pre-
vious reports documenting similar complications with
high-potency steroids®.

Prednisolone acetate demonstrated a favorable
safety profile, with minimal IOP fluctuations and few

systemic side effects, while maintaining effective anti-
inflammatory activity. Its superior ocular penetration is
well documented®, and it is frequently prescribed by
American ophthalmologists"”. Our results support this
preference, suggesting that prednisolone acetate may
provide an optimal balance of efficacy and safety.

Loteprednol etabonate also effectively controlled in-
flammation but did not show a distinct safety advantage
compared with the other corticosteroids. Although lo-
teprednol is often promoted for its reduced side effects,
this claim remains debated in the literature. Our re-
sults indicate that while effective, its safety benefits were
not markedly superior to those of prednisolone acetate.

Both 10- and 28-day treatment regimens were well
tolerated and provided adequate inflammation con-
trol. The efficacy of shorter regimens aligns with the
LEADER?7 clinical trial, which demonstrated substantial
inflammation control within 7 days of topical dexame-
thasone use™. Shorter regimens may improve comfort
and reduce side effects, but further research is needed
to assess their role in preventing CME.

Elevated 10P is a known risk of corticosteroid use.
In this study, mean 10P decreased by 3.3 + 2.4 mmHg
compared with preoperative levels, consistent with the
literature!'®. However, dexamethasone was associated
with the highest 1OP levels and the most frequent cases
of IOP >21 mmHg, particularly on the seventh PO day.
This highlights the importance of careful monitoring and
strategies to mitigate 10P-related side effects.

Rebound inflammation after abrupt corticosteroid
withdrawal is well documented. Our findings showed
rebound effects, especially when treatment was discon-
tinued after 10 days, emphasizing the importance of
tapering protocols. Further investigation into optimal
discontinuation strategies is warranted to minimize re-
bound and improve patient comfort.

Administration methods may also influence treatment
efficacy. Our results suggest that self-administration
could compromise dosing accuracy, underscoring the
need for strategies to improve adherence and delivery.

CME remains a major postoperative concern. Although
our sample size was insufficient to provide definitive
conclusions, CME was detected more often on OCT
(5.88% in 28-day group vs. 14.2% in 10-day group) than
by clinical assessment alone (0.7%). This agrees with
Wielders et al."2%, who reported higher CME inciden-
ce when imaging was used routinely (15.6%—19.2%)
compared with VA-based detection alone (1.4%-4%).
These findings reinforce the importance of routine
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OCT screening, as many CME cases do not significantly
impair vision®". All patients with CME were treated
with tapering corticosteroids plus topical NSAIDs for
three months. Larger studies are needed to confirm the
effectiveness and long-term outcomes of this combined
therapy as well as to evaluate conservative management
in clinically insignificant cases.

Of note, 50% of patients with hypermature cataracts
developed CME, suggesting that advanced cataract may
be an important risk factor®. This highlights the poten-
tial role of adjunctive prophylactic therapies, such as
NSAIDs, in prolonged surgeries requiring higher ultra-
sound energy.

Cost-effectiveness must also be considered. Although
dexamethasone was the least expensive option, its hi-
gher incidence of side effects and rebound suggests that
prednisolone acetate 1% for 28 days may be preferable,
offering a better balance of safety and efficacy.

Limitations of this study include the relatively small
sample size, which may limit statistical power for CME
analysis, and the absence of objective methods for an-
terior chamber inflammation, such as laser flare photo-
metry. Furthermore, the study did not evaluate groups
receiving NSAIDs alone or in combination, which should
be addressed in future research.

In summary, all three corticosteroids effectively re-
duced postoperative inflammation after cataract surgery.
Prednisolone acetate and loteprednol etabonate showed
a more favorable safety profile compared with dexame-
thasone. Future studies should investigate adjunctive
prophylactic therapies, optimal treatment duration, and
tapering strategies to further enhance surgical outcomes.
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