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ABSTRACT 
 
Aims To conduct a preliminary clinical trial assessing whether adjunctive topical corticosteroids 
improve outcomes in bacterial keratitis and, if no difference is found, to determine the feasibility 
and sample size necessary for conducting a larger trial to answer this question. 
 
Methods  In this single center, double-masked clinical trial, 42 patients with culture-confirmed 
bacterial keratitis at Aravind Eye Hospital in India were randomized to receive either topical 
prednisolone phosphate or placebo.  All patients received topical moxifloxacin.  The primary 
outcome was best spectacle-corrected visual acuity (BSCVA) at 3 months, adjusting for 
enrollment BSCVA and arm.  Other pre-specified outcomes included re-epithelialisation time, 
infiltrate/scar size, and adverse events. 
 
Results  Compared to placebo, the steroid group re-epithelialised more slowly (hazard ratio 
0.47, 95% CI 0.23 to 0.94).  There was no significant difference in BSCVA or infiltrate/scar size 
at 3 weeks or 3 months.  To have 80% power to detect a 2-line difference in acuity, 360 cases 
would be required. 
 
Conclusions  Although corticosteroid treatment resulted in a statistically significant delay in re-
epithelialisation, this did not translate to a significant difference in visual acuity, infiltrate/scar 
size, or adverse events.  To assess the effect of steroids on acuity, a larger trial is warranted 
and feasible.   
 
Registered at http://clinicaltrials.gov, Steroids for Corneal Ulcers Trial, NCT: NCT00324168 
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INTRODUCTION 
Antimicrobial treatment of a bacterial corneal ulcer is commonly effective in eradicating 
infection.  However, “successful” treatment is not always associated with a good visual 
outcome.[1, 2]  The scarring that accompanies the resolution of infection leaves many eyes 
visually impaired or blind.[3]  Some specialists advocate topical corticosteroids along with 
antibiotics to reduce immune-mediated tissue damage and scarring.[4]  Others fear steroids will 
reduce the cornea’s immune response and prolong or exacerbate infection.  Both approaches 
are acceptable according to the American Academy of Ophthalmology’s Preferred Practice 
Patterns.[5]  Meta-analysis of retrospective studies on corticosteroid use in bacterial keratitis 
(BK) from 1950 to 2000 found that the efficacy of topical corticosteroids is unproven.[6] One 
small randomised controlled trial from South Africa addressed the effect of topical 
corticosteroids used in conjunction with topical antibiotics, but was inconclusive.[7]   
 
The goal of this study was to conduct a randomized clinical trial to address 3 aims:  1) to assess 
for a large difference in efficacy between steroids and placebo which would make a larger trial 
inappropriate to conduct 2) to assess for a significant difference in adverse events, in particular 
corneal perforations, which would preclude conducting a larger trial and 3) if a difference is not 
found, to determine the feasibility and sample size of a larger trial by using the standard 
deviation of the outcome variable (3-month BSCVA) and the correlation coefficient between 
enrollment and 3-month BSCVA results from this study. In this paper, we present the results of 
this clinical trial designed to address these three aims. 
 
MATERIALS AND METHODS 
Study Design 
This study was a single-center, randomised, double-masked clinical trial enrolling patients with 
culture-proven bacterial corneal ulcers, with the study intervention being adjunctive topical 
corticosteroid treatment.  Institutional Review Board approval was obtained at UCSF and 
Aravind Eye Hospital. All bacterial corneal ulcer culture positive cases were considered for 
enrollment, and all patients provided written, informed consent for their study participation.  
Inclusion and exclusion criteria are listed in Table 1.  A target enrollment of 42 patients was 
chosen because this sample size was deemed sufficient to achieve the goals of the pilot study 
listed above. Specifically, we estimated that 20.2 patients per arm would provide 80% power to 
detect a 0.4 logMAR effect size (4 Snellen lines) between the two study arms, assuming a 
standard deviation of 0.4 in the 3 month BSCVA, a correlation coefficient of 0.65 between 
enrollment and 3-month BSCVA, a dropout rate of 15%, and a two-tailed alpha of 0.05.  If we 
were able to find a statistically significant difference in 3-month BSCVA or the proportion of 
corneal perforations between the steroid and placebo groups, a larger trial would not be 
warranted.  If not, we would be able to use the standard deviation of the outcome variable (3-
month BSCVA) and the correlation coefficient between enrollment and 3-month BSCVA results 
to calculate the sample size needed to conduct a larger trial.   
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Table 1: Inclusion and Exclusion Criteria for the SCUT trial 
 

Inclusion Criteria (All must be met) 

• Presence of a corneal ulcer at presentation (defined by an epithelial defect and signs of 
stromal inflammation) 

• Cornea culture on blood or chocolate agar indicates the presence of bacteria 
• Antibiotic given for > 48 hours 
• The patient must be able to verbalise a basic understanding of the study after it is 

explained to the patient, as determined by a physician examiner.  This understanding must 
include a commitment to return for follow-up visits. 

• Appropriate consent 

Exclusion Criteria 

• Overlying epithelial defect < 0.75 mm at its greatest width at presentation 
• Impending perforation 
• Evidence of fungus on KOH or Giemsa stain at time of presentation 
• Evidence of acanthamoeba by stain 
• Evidence of herpetic keratitis by history or exam 
• History of corneal scar in the affected eye  
• Use of a topical steroid in the affected eye during the course of the present ulcer, including 

use after the symptoms of the ulcer started but before presentation 
• Use of systemic steroids during the course of the present ulcer 
• Age less than 16 years  
• Bilateral ulcers 
• Previous penetrating keratoplasty 
• Pregnancy (by history or urine test) 
• Outside 200 kilometer radius for Aravind 
• Evidence of fungus on culture at time of enrollment 
• Best spectacle-corrected vision worse than 6/60  (20/200) in the fellow eye 
• Corneal perforation or descemetocoele 
• Known allergy to study medications (steroid or preservative) 
• No light perception in the affected eye 
• Not willing to participate or to return for follow-up visits 

 
Study Intervention 
All corneal ulcer patients presenting to Aravind Eye Hospital’s cornea clinic in Madurai, India, 
underwent corneal scrapings using a Kimura spatula for Gram stain and KOH wet mount as well 
as cultures plated on blood, chocolate, and Saboraud’s agar.  Aravind Eye Hospital is both a 
primary and tertiary care eye hospital in South India with a well established cornea subspecialty 
clinic.  Patients suspected of having a bacterial ulcer received topical antibiotic treatment with 
moxifloxacin (Vigamox®, Alcon Inc., Fort Worth TX) every hour while awake for the first 48 
hours while culture results were pending.  If the culture revealed bacterial growth and other 
inclusion and exclusion criteria were fulfilled (Table 1), then the patient was enrolled into the 
study.  A positive corneal culture was defined by growth of bacteria on the plated C-streak on 
the culture plates.  In the case of coagulase-negative Staphylococcus and diphtheroids, growth 
was necessary on 2 culture plates or on the smear as well as 1 culture in order to minimize the 
chance that the bacteria was a contaminant.  After a minimum of 48 hours of moxifloxacin 
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treatment, patients were randomised (block randomisation in groups of 10 generated by RAND 
command in Excel by TL; implementation including enrollment and assignment of participants 
by RM) to receive topical prednisolone phosphate 1%  (Bausch & Lomb Pharmaceuticals, Inc., 
Tampa FL) or placebo drops (0.9% sodium chloride, prepared by Leiter’s pharmacy, San Jose 
CA), administered topically to the cornea 4 times a day for 1 week, followed by 2 times a day for 
1 week, then once a day for 1 week, and then stopped.  All patients continued to receive topical 
moxifloxacin every 2 hours while awake until re-epithelialisation, and then 4 times a day until 3 
weeks after enrollment.  Antibiotics were then discontinued unless the treating physician thought 
that longer treatment was warranted. For ethical reasons, physicians were allowed to change or 
add antibiotics at their discretion if they felt the ulcer was not responding.   Note that enrollment, 
randomisation, and initiation of the study drug (steroid or placebo) occurred only after bacterial 
growth on culture and after at least 48 hours of moxifloxacin treatment.  According to the 
standard of care at Aravind Eye Hospital, all patients were hospitalised from presentation until 
re-epithelialisation, with medications administered by the ward nurse.  Patients were scheduled 
for follow-up at 3 weeks and 3 months after enrollment.   
 
Double-masking of treatment assignment was achieved since the prednisolone phosphate 
solution could not be differentiated from the placebo.  All study-site personnel and patients were 
masked to treatment assignment.  Only the biostatisticians responsible for the randomisation 
coding and the study pharmacist were unmasked.   
 
Study Assessments 
Assessments of best spectacle-corrected visual acuity (BSCVA) and clinical characteristics 
(infiltrate/scar size, epithelial defect size) were performed at enrollment, 3 weeks, and 3 months.  
Visual acuity measurements were performed according to a protocol adapted from the Age 
Related Eye Disease Study (AREDS 1999), using a tumbling “E” chart at 4 meters and logMAR 
visual acuity.  Acuities worse than logMAR 1.6 (~20/800) were recorded as: counting fingers 
1.7, hand motion 1.8, light perception 1.9, and no light perception 2.0, as in the Herpetic Eye 
Disease Study (HEDS).[8] A Haag-Streit 900 slit lamp biomicroscope was used to assess the 
size of the infiltrate/scar and epithelial defect at study visits, and ocular adverse events such as 
corneal perforation.  Infiltrate/scar size and epithelial defect size were measured according to a 
protocol adapted from HEDS.  In brief, the longest dimension was measured, followed by the 
longest perpendicular to the first measurement.  As in HEDS, no differentiation was made 
between infiltrate and scar when measuring infiltrate/scar size.  Re-epithelialisation was defined 
as the absence of an epithelial defect with administration of fluorescein.  

 

Statistical Methods 

Baseline characteristics were compared between the treatment and placebo groups using 
Student’s T-test for continuous variables and Fisher’s exact test for categorical variables. The 
primary efficacy endpoint was BSCVA at 3 months in the study eye, using a linear regression 
model with 3-month logMAR BSCVA as the outcome variable and treatment arm (placebo vs. 
steroid) and enrollment logMAR BSCVA as covariates.  Other pre-specified endpoints included 
BSCVA at 3 weeks, adjusting for enrollment BSCVA, and infiltrate/scar size at 3 weeks and 3 
months, adjusting for enrollment infiltrate/scar size.  For analysis, infiltrate/scar size was 
characterized by the geometric mean of the longest dimension and the longest perpendicular.  
The association between enrollment and 3-month BSCVA was assessed using Pearson’s 
correlation coefficient.  The validity of the model was checked by assessing normality of the 
residuals using a Q-Q plot.  Bootstrap mixed model regression was also conducted to test the 
robustness. The time to re-epithelialisation was compared between the two treatment groups 
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using Cox’s proportional hazards model, adjusting for baseline epithelial defect size.  STATA 
9.2 was used to conduct all of the statistical analyses. Efficacy endpoints were analysed on an 
intent-to-treat basis for all randomised patients enrolled in the study.  The primary analysis 
included patients with both enrollment and 3-month data.  A sensitivity analysis was also 
performed in which 3-week values were carried forward to 3 months if the 3-month visit was 
missed.  Safety assessments included comparing the incidence of ocular and non-ocular 
adverse events, including corneal perforations, by Fisher’s exact test. 
 
RESULTS 
Two hundred and nineteen patients with a positive bacterial culture were assessed for eligibility 
during the enrollment period from 1/4/05 to 8/20/05 and 177 patients who did not satisfy all 
inclusion and exclusion criteria were excluded (Figure 1).  Forty-two patients with culture-proven 
BK at Aravind Eye Hospital were enrolled: 22 in the placebo arm and 20 in the steroid arm.  
Thirty-three patients (79%) followed up at 3 months, and an additional 3 patients followed up for 
their 3-week visit but missed their 3-month visit (Figure 1).  Enrollment characteristics for the 42 
patients, including enrollment BSCVA, infiltrate/scar size, and distribution of organisms were not 
significantly different between the 2 study arms (Table 2).  The enrollment BSCVA and 
infiltrate/scar size in the patients who did not complete the study were not significantly different 
between the 2 study arms and did not differ significantly from patients who had complete follow-
up.  
 
Table 2: Baseline Characteristics of Patients (n=42) 

 Placebo 
N (%) 

Steroid 
N (%) 

P-value 

Age (mean years ± SD) 44.1 ± 17.0 49.9 ± 13.0 0.22* 
    
Sex    

Male 11 (50.0) 11 (55.0) 0.75** Female 11 (50.0) 9 (45.0) 
    
Organisms    

Coagulase-neg Staphylococcus 3 (13.64) 2 (9.52) 

0.51** 

Diphtheroids - 1 (4.76) 
Staphylococcus aureus 2 (9.09) - 
Streptococcus pneumoniae 10 (45.45) 9 (42.86) 
Viridans-group Streptococcus spp 1 (4.55) 3 (14.29) 
Haemophilus influenzae - 1 (4.76) 
Moraxella spp 1 (4.55) - 
Pseudomonas spp (non-aeruginosa) - 1 (4.76) 
Pseudomonas aeruginosa 4 (18.18) 4 (19.05) 
Aeromonas hydophila 1 (4.55) - 

    
Mean enrollment visual acuity 
(logMAR ± SD ) 1.15 ± 0.63 1.28 ± 0.54 0.50* 

    
Mean enrollment infiltrate/scar diameter 
(mm ± SD) 1.8 ± 1.6 2.0 ± 1.2 0.63* 

 
* Independent sample t-test 
**Fisher’s exact test 
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For the placebo group, the mean BSCVA at enrollment was 1.15 logMAR (Snellen equivalent 
20/250), with a standard deviation (SD) of 0.63.  At 3 weeks, the BSCVA was 0.75 logMAR 
(Snellen equivalent 20/125), with a SD of 0.75.  At 3 months, the BSCVA had improved to 0.59 
logMAR (Snellen equivalent 20/100), SD=0.75.  For the steroid-treated group, the mean 
enrollment VA was 1.28 logMAR (Snellen equivalent 20/400), SD of 0.54, which improved to 
0.66 logMAR (Snellen equivalent 20/100), SD of 0.68 at 3 weeks.  At 3 months, the BSCVA was 
0.71 logMAR (Snellen equivalent 20/100), SD=0.72.  
 
The multiple linear regression model showed that compared to placebo treatment, steroid 
treatment was associated with 0.19 lower (better) logMAR acuity (1.9 lines) at 3 weeks (95% CI 
-0.52 to 0.15, P=0.26), and 0.09 lower logMAR acuity (0.9 line) at 3 months (95% CI -0.41 to 
0.24, P=0.60) (Tables 3a and 3b). Enrollment and 3-month BSCVA were highly associated, with 
a Pearson correlation coefficient of 0.79.  The standard deviation of our primary outcome, 3-
month BSCVA, was 0.72.   
 
Table 3a:  Linear Regression Predicting 3-week logMAR BSCVA (n=36 patients) 

Covariate Coefficient (95% CI) P-value 

Enrollment BSCVA (logMAR) 0.88 (0.60, 1.16) < 0.0001 

Steroid treatment  -0.19 (-0.52, 0.15) 0.26 

Constant  -0.25 (-0.65, 0.15) 0.21 

 
Table 3b:  Linear Regression Predicting 3-month logMAR BSCVA (n=33 patients) 

Covariate Coefficient (95% CI) P-value 

Enrollment BSCVA (logMAR) 0.99 (0.70, 1.27) < 0.0001 

Steroid treatment  -0.09 (-0.41, 0.24) 0.60 

Constant  -0.45 (-0.83, 0.07) 0.02 

 
 
Similar linear regression models were used to predict 3-week and 3-month infiltrate/scar size, 
using enrollment infiltrate/scar size and treatment arm as covariates.  At 3 weeks, steroid 
treatment was associated with 0.57 mm smaller infiltrate/scar size diameter in mm (95% CI  1.5 
smaller to 0.37mm larger, P=0.23) compared to the placebo group.  At 3 months, steroid 
treatment was associated with 0.33 mm smaller infiltrate/scar size diameter (95% CI 1.4 smaller 
to 0.75 larger, P=0.53) compared to the placebo group.    
 
We also conducted tests to ensure that our linear regression model was valid given the 
distribution of our data.  Q-Q plots did not reveal gross departures from normality, which would 
necessitate alternative analyses.  In addition, results were comparable using bootstrap 
regression, showing similar coefficients, P-values and standard errors.  A sensitivity analysis 
which carried forward 3-week values for patients with missing 3-month values demonstrated 
results consistent with the primary analysis.   
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The average time to re-epithelialisation was 6.3 days (SD 3.1) in the placebo group and 8.6 
days (SD 4.7) in the steroid treated patients.  Re-epithelialisation in the steroid group was 
slower than the placebo group after adjusting for baseline epithelial defect size (hazard ratio 
0.47; 95% CI 0.23 to 0.94, P=0.03).  Figure 2 shows the Kaplan-Meier curves for re-
epithelialisation for the steroid and placebo groups.  
 
No systemic adverse events occurred in this study. Four patients had fortified antibiotics added 
to the moxifloxacin regimen because the treating physician deemed this to be in the best 
interest of the patient, 3 in the steroid group and 1 in the placebo group. There were 4 ocular 
adverse events (2 corneal perforations requiring corneal glue, 1 uncontrolled elevated 
intraocular pressure despite medical therapy, and 1 worsening infiltrate at 7 days).  One 
perforation occurred with Staphylococcus aureus and one with Streptococcus pneumoniae..  All 
these events occurred in the placebo group. The Fisher’s exact test comparing the proportion of 
corneal perforations between the steroid and placebo group was not statistically significant 
(P=0.49).   
 
DISCUSSION 
In this study of bacterial corneal ulcers , steroid treatment was associated with a statistically 
significant delay in re-epithelialisation compared to placebo.  However, this did not translate to 
worse clinical outcomes.  Steroid use was associated with a nearly 2-line improvement in 
BSCVA at 3 weeks, and a nearly 1-line improvement by 3 months, although neither of these 
were statistically significant. Of note, our results suggest that any benefit from steroid treatment 
may be most apparent before 3 months, indicating that steroids may be associated with faster 
recovery and resolution.  Compared to placebo, steroid treatment was also associated with a 
greater decrease in infiltrate/scar size at 3 weeks and 3 months, although these improvements 
were also not statistically significant.  
 
Most prior clinical trials on BK have focused on “healing time” or “cure rate” as their main 
outcome, defining success by re-epithelialisation.[9-15]  Re-epithelialisation is not an optimal 
outcome measure when the intervention, steroids in this case, may cause a delay in healing 
while still translating to better visual acuity and infiltrate/scar size.  In practice, a slight delay in 
re-epithelialisation would be acceptable if a more clinically relevant outcome such as visual 
acuity improved.  The only other published trial on this topic also found a trend towards 
improved outcomes with steroids, but not a delay in re-epithelialisation.[7] 
 
Since we did not find a significant difference in safety or efficacy which would make it unethical 
to conduct a larger trial, we used the standard deviation of the 3-month BSCVA and the 
correlation coefficient between enrollment and 3-month BSCVA to determine the optimal sample 
size for a larger trial.  Since our regression model predicting 3-month BSCVA adjusts for the 
enrollment BSCVA, the high correlation coefficient between enrollment and 3-month BSCVA 
increases the power of both this study and future studies with this design.  When considering 
prognostic factors for outcomes in bacterial corneal ulcers, presenting visual acuity is an 
important factor determining final visual acuity.  We anticipate that a sample size of 360 patients 
will be necessary to have 80% power to detect an effect size of 0.2 logMAR (2 lines of visual 
acuity) between the steroid and placebo groups, assuming 15% dropout ,and a two-tailed alpha 
of 0.05.  Furthermore, given the large sample size needed, multiple centers will likely be needed 
to enroll sufficient patients in a timely fashion.   
 
Steroid treatment in our patient population did not appear to be associated with any trend in 
adverse effects, such as perforation. There was a delay in epithelialisation with steroids, but this 
was not associated with other adverse events.  These numbers are too small to ensure that 
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steroids do not pose a safety risk but do not present evidence that would preclude proceeding 
with a larger trial.  
 
There is considerable precedent in the medical literature for the use of corticosteroids in 
patients with fulminant bacterial infections.[16, 17]  Corticosteroids are used to reduce tissue 
damage associated with the immune response to the infection.[18] In ophthalmology, controlled 
studies have demonstrated a benefit from the use of intravitreal corticosteroids in the treatment 
of bacterial endophthalmitis.  Bacterial cytopathic effects and the host inflammatory response 
both contribute to corneal damage associated with BK.  Thus, it is not unreasonable to consider 
their use in controlling immune-mediated corneal damage associated with BK.  
 
In this trial, although the steroid-treated group had a significant delay in re-epithelialization, 
steroids were not associated with a statistically significant difference in BSCVA or infiltrate/scar 
size.  In addition, there were no major safety concerns raised in this trial which would preclude 
conducting a larger study.  Our results indicate the need for a larger study that would be 
sufficiently powered to address these research questions definitively.  A larger study would also 
be able to address whether the effect of steroids differs by subgroup of bacteria. Using the 
infrastructure established from this trial, we have initiated a separate, larger randomised clinical 
trial (Steroids for Corneal Ulcers Trial, NEI U10-EY015114) that we anticipate will provide sound 
evidence to guide the optimal treatment of bacterial corneal ulcers.  
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