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Abstract

Purpose: To compare intraocular pressure (IOP) readings and postoperative inflammation between 2
corticosteroid drops: difluprednate (DP) ophthalmic emulsion 0.05% and prednisolone acetate (PA)
1.0% after uneventful cataract surgery.
Patients and methods: randomized, controlled study of 343 patients undergoing uneventful cataract
surgery in one eye. Randomization was used to allocate patients to either group: receive prednisolone
acetate 1% five times daily or difluprednate 0.05% four times daily for 14 days post-surgery, then
tapered over 14 days. Intraocular pressure was measured preoperative, 1st day, 1st week, and one
month postoperative. Also, ocular inflammation was monitored in the form of anterior chamber (AC)
flare, AC cells, corneal edema and conjunctival congestion.
Results: No statistically significant difference in IOP between both groups was detected on
postoperative first day and after one month. Yet there was statistically significant difference after first
and second week of treatment with higher levels in the difluprednate group. As for ocular
inflammation all signs resolved by the end of a month postoperative with no significant difference
between both groups.
Conclusion: There was significant increased intraocular pressure in the difluprednate group than in
the prednisolone acetate group which might be attributed to the increased dosing and duration of use
of difluprednate.
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Introduction
Topical ocular corticosteroids has been the main stay after
intraocular surgery [1] as they suppress ocular inflammation
and help improve visual outcomes [2,3]. Postoperative
inflammation is a natural result of tissue injury and
corticosteroids acts by inhibiting the production of both
leukotriene’s and prostaglandins [4].

Despite their importance in management of inflammation and
speeding up recovery, side effects are inevitable [5,6]. The
most dreaded complication is increased intraocular pressure
especially steroid responders who constitute 5% of population
[7].

Prednisolone acetate 1% (PA) being the vastly used topical
corticosteroid therapy. Yet PA 1% usually necessitates multiple
applications especially in severe cases [8]; which might
increase noncompliance, leading to under achievement of
therapeutic goals.

Difluprednate ophthalmic emulsion 0.05% is a recently
available topical ocular corticosteroid that was approved in
2008 initially for treatment of inflammation and pain that
develops with ocular surgery, and for management of
endogenous anterior uveitis [9]. Difluprednate is a prednisolone
acetate derivative [10] that is strengthened by two fluorinations
at carbons 6 and 9 thus enhancing its potency, a butyrate group

at carbon 17 adding anti-inflammatory activity, and an acetic
acid group at carbon 21 to increase penetration [11].

Difluprednate 0.05% was reported to be effective at decreasing
inflammation and pain in postoperative ocular surgery patients
[12,13].

This study aimed to detect whether difluprednate 0.05% dosed
four times daily is as effective as prednisolone acetate 1%
dosed five times daily in patients undergoing uneventful
cataract surgery (phacoemulsification). In addition to monitor
IOP after both eye drops postoperatively.

Patients and Methods
This is a prospective randomized case controlled study of 343
patients undergoing phacoemulsification in Sohag University
Hospital, Sohag, Egypt between January-June 2018. The study
protocol was approved by the ethical committee of Sohag
Faculty of Medicine with informed written consent being
obtained from all patients. Exclusion criteria included: history
of glaucoma or ocular hypertension in the study eye, previous
history of steroid-related intraocular pressure (IOP) increase, or
at the time of recruiting had an IOP>24 mmHg in the operated
eye; previous ocular surgery; history of uveitis; intraoperative
complications as posterior capsule rupture and diabetic
patients. Patients were subjected to routine ophthalmological
examination: visual acuity assessment, slit lamp examination,
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ICare tonometer was used for intraocular pressure
measurement after being calibrated.

Patients who met inclusion criteria were randomized in a 1:1
ratio to receive either Prednisolone acetate or difluprednate.
All patients underwent phacoemulsification by a single
surgeon (OA) with intraocular lens implantation. The 2 eye
drops were initiated after surgery and continued for one month.
The prescribed dose of PA was one drop 5 times daily for 15
days then tapered to twice daily on 3rd week then once on the
4th week. While DP was administered 4 times daily for 15
days then tapered to twice daily on 3rd week then once on the
4th week. Patients were instructed for self-administration.

During follow up period, doses and method of administration
of steroids drops were adjusted if the treating physician
detected that treatment response was inadequate or hazardous
at any time point.

The primary outcome was the incidence of an increase in IOP
higher than 6 mm Hg from the preoperative IOP or IOP higher
than 21 mm Hg 1 month postoperatively.

Ocular inflammation assessment included AC flare, AC cell
count, bulbar conjunctival injection or ciliary injection, and
corneal edema. Ocular inflammation grading criteria is listed in
Table 1. Control of ocular inflammation was achieved when
AC cell grade of 0 (≤ 5 cells) and a flare grade of 0 (complete
absence) were noted on day 14 postoperative.

Follow-up visits were every week for 4 weeks. The study was
in compliance with the tenets of the Helsinki's Declaration, and
informed consent was obtained from all study patients.

Table 1. Ocular inflammation diagnostic criteria [14].

AC cell count Grade 0 ≤ 5 cells

Grade 1 6–15 cells

Grade 2 16–25 cells

Grade 3 26–50 cells

Grade 4>50 cells

AC flare Grade 0 Complete absence

Grade 1 Very slight

Grade 2 Moderate

Grade 3 Marked

Grade 4 Intense

Bulbar conjunctival
injection, ciliary injection,
corneal edema

Grade 0 Absent

Grade 1 Mild

Grade 2 Moderate

Grade 3 Severe

Statistical analysis
Descriptive statistics was used for characteristics of both
groups. Differences between the 2 groups were assessed with
sample t tests and chi-square or Fisher exact tests for person-
based measures. Statistical Analysis Software version (SPSS)
9.4 was used for all statistical analyses.

Results
This prospective randomized study included 343 patients (178
males and 165 females) with a mean age of 48 ± 7.3 years
(range: 42-65). The PA group included 169 eyes while DP
group included 174 eyes. There was no statistically significant
difference between both groups as regards age, sex and
preoperative IOP (Tables 2 and 3 and Figure 1).

Table 2. Demographics of PA and DP group

Prednisolone
acetate group
(n=169 )

Difluprednate
group (n=174 )

P value

Age (yrs)

Mean ± SD
(range)

47 ± 6.6

(42-62)

48 ± 5.3

(41-65)

0.09

Sex (M/F) 89/80 89/85

Preoperative IOP
(mmHg)

Mean ± SD
(range)

12 ± 3.6

(11-16)

13 ± 3.1

(11-15)

0.23

Figure 1. Prednisolone acetate group and difluprednate group

There was no statistically significant difference in IOP between
both groups on postoperative first day and after one month. Yet
there was statistically significant difference after first and
second week of treatment (Table 3). The total number of
patients in PA and DP group who showed significant change in
IOP was: 7 (4.14%) and 14 (8%) patients respectively which
was statistically significantly different. On 1st week follow up
of both groups 4 eyes (2.4%) in the PA group and 7 eyes (4%)
in the DP group showed a 6mmHg increase in IOP higher than
preoperatively. The IOP increase percentage in the first week
in the PA and DP group was 10% and 12% respectively which
showed significant difference (p=0.05). On the other hand, 2
eyes (1.2%) in the PA group and 5 eyes (2.9%) in the DP group
had an IOP increase higher than 21 mm Hg. In cases of
increase IOP 26 mmHg and below, the steroid eye drops were
stopped and substituted with NSAID eye drops twice daily and
followed day after day until stabilization of IOP. Three eyes
developed increase IOP>30mmHg; one eye in PA group and 2
in DP group: anti-glaucoma eye drop was added (dorzolamide
and timolol 0.5% combination) twice daily until IOP was
normalized. None of these patients developed permanent
glaucomatous optic neuropathy.
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Prednisonlone
acetate group
(n=169 )

Difluprednate
group (n=174 ) P value

Postoperative 1st
day 14.2 ± 3.8 14.5 ± 5.1 0.33

Postoperative 1st
week 15.8 ± 4.5 16.5 ± 5.5 0.03

Postoperative 2nd
week 15.2 ± 4.6 15.7 ± 5.4 0.043

Postoperative 3rd
week 14.9 ± 4.8 15.1 ± 5 0.094

Postoperative one
month 14.6 ± 3.9 14.9 ± 4.4 0.26

As for the ocular inflammation follow up data, it is represented
in Table 4 with no statistical difference at the end of the follow
up month up between both groups. Yet the resolution of signs
of ocular inflammation was faster in the PA group after one
week of treatment.

Table 4. Postoperative ocular inflammation follow up

Postop 1st day Postop 1st week Postop 4th week

PA group DP group PA group DP group PA group DP group

AC cell count Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

130

33

6

0

0

125

40

9

0

0

160

9

0

0

0

160

12

2

0

0

169

0

0

0

0

173

1

0

0

0

AC flare Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

133

28

8

0

0

109

50

11

0

0

155

14

0

0

0

152

20

2

0

0

169

0

0

0

0

170

4

0

0

0

Bulbar conjunctival injection, ciliary injection,
corneal edema

Grade 0

Grade 1

Grade 2

Grade 3

140

26

3

0

139

30

5

0

155

14

0

0

154

20

0

0

169

0

0

0

171

3

0

0

Discussion
In our comparative study, we aimed to report corticosteroid
induced glaucoma and persistence of post-operative
inflammation after the use of one of two eye drops which are:
the most commonly used Prednisolone Acetate 1% and the
newer Difluprednate 0.05% eye drop. Difluprednate
ophthalmic emulsion 0.05% (DFBA) (Diflustero, Orchidia,
Egypt) is a recent medication used in the treatment of
postoperative inflammation [15]. It was FDA approved in July
2008 for the treatment of inflammation and pain post ocular
surgery. DFBA is different from PA in its chemical structure
which allows 56 times increased receptor-binding affinity to
glucocorticoid receptors [10] resulting in increased anti-
inflammatory capacity, and increased tissue penetration [11].

Corticosteroid-induced ocular hypertension has multiple
definitions. Becker [16] used an IOP of 31mmHg as the cutoff
value for stopping the use of betamethasone. While Armaly
[17] classified IOP steroid response increase into 3 groups: low
(≤ 5 mmHg), intermediate (6 to 15 mm Hg), and high (≥ 16
mmHg) with 6 mmHg as the lower limit of a clinically
significant response. On the other hand, Stewart et al. [18]
proposed a significant would be ≥ 10 mmHg. In our study
difluprednate group showed greater number of eyes with
increased IOP either 6mmHg above the preoperative pressure

or even eyes above 30 mmHg. In 2014, Jeng et al. [19] carried
out a retrospective review of treatments after vitroretinal
surgeries and found that eyes that received difluprednate were
at a higher risk of developing a clinically significant increase in
IOP than eyes receiving with prednisolone acetate.

Patients who have an excessive amount of postoperative
inflammation would benefit more from difluprednate use [20].
In 1990, Eisen et al. [21] reported that less complicated dosing
regimens result in better adherence. Yet the difluprednate
group did not show superior results to the prednisolone group.
In ophthalmologic clinical practice, DFBA has been shown to
be effective in reducing postoperative inflammation and
decreasing corneal edema and retinal thickness [13-15,22].
However, reports have shown an increase in IOP when used
after ophthalmologic surgery [19,23,24].

There is an ongoing debate as to what is the most effective
postoperative treatment after cataract surgery. Kessel et al. [25]
compared the use of non-steroidal anti-inflammatory drugs
(NSAIDs) with the use of topical steroids in patients who had
uneventful cataract surgery. They reported that topical NSAIDs
were more effective in decreasing inflammation and
postoperative cystoid macular edema with no differences in
side events or visual results.
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In addition, difluprednate was shown to have increased
bioavailability and dose uniformity owing to the emulsion form
rather than a suspension [12]. So the main benefit of
difluprednate, would be frequent dosing with superior dose
uniformity [13].

Our results showed that there was a significantly greater
incidence of corticosteroid-induced IOP response in eyes
receiving difluprednate than eyes treated with prednisolone
acetate for postoperative inflammation after cataract surgery.

References
1. Alexander KL, Dul MW, Lalle PA, et al. Optometric

Clinical Practice Guideline: Care of the Patient With
Anterior Uveitis. St. Louis, MO: American Optometric
Association. 1994.

2. Lorenz K, Dick B, Jehkul A, Auffahrt GU. Inflammatory
response after phacoemulsification treated with 0.5%
prednisolone acetate or vehicle. Graefes Arch Clin Exp
Ophthalmol. 2008;246(11):1617-22.

3. Rajpal RK, Fong R, Comstock TL. Loteprednol etabonate
ophthalmic gel 0.5% following cataract surgery: integrated
analysis of two clinical studies. Adv Ther. 2013;30(10):
907-23.

4. Rugstad HE. Antiinflammatory and immunoregulatory
effects of glucocorticoids: mode of action. Scand J
Rheumatol Suppl. 1988;76:257-64.

5. Carnahan MC, Goldstein DA. Ocular complications of
topical, peri-ocular, and systemic corticosteroids. Curr
Opin Ophthalmol. 2000;11(6):478-83.

6. Kersey JP, Broadway DC. Corticosteroid-induced
glaucoma: a review of the literature. Eye (Lond).
2006;20(4):407-16.

7. Razeghinejad MR, Katz LJ. Steroid-induced iatrogenic
glaucoma. Ophthalmic Res. 2012;47(2):66-80.

8. Vandenbroeck S, De Geest S, Dobbels F, et al. Prevalence
and correlates of self-reported nonadherence with eye drop
treatment: the Belgian Compliance Study in
Ophthalmology (BCSO). J Glaucoma. 2011;20(7):414-21.

9. Sheppard JD, Toyos MM, Kempen JH, et al. Difluprednate
0.05% versus prednisolone acetate 1% for endogenous
anterior uveitis: a phase III, multicenter, randomized study.
Invest Ophthalmol Vis Sci. 2014;55(5):2993-3002.

10. Tajika T, Waki M, Tsuzuki M, et al. Pharmacokinetic
features of difluprednate ophthalmic emulsion in rabbits as
determined by glucocorticoid receptor-binding bioassay. J
Ocul Pharmacol Ther. 2011;27(1):29-34.

11. Bodor N, Harget AJ, Phillips EW. Structure-activity
relationships in the antiinflammatory steroids: a pattern-
recognition approach. J Med Chem. 1983;26(3):318-28.

12. Donnenfeld ED, Holland EJ, Solomon KD, et al. A
multicenter randomized controlled fellow eye trial of
pulse-dosed difluprednate 0.05% versus prednisolone
acetate 1% in cataract surgery. Am J Ophthalmol.
2011;152(4):609-17.

13. Korenfeld MS, Silverstein SM, Cooke DL, et al.
Difluprednate ophthalmic emulsion 0.05% for

postoperative inflammation and pain. J Cataract Refract
Surg. 2009;35(1):26-34.

14. Smith S, Lorenz D, Peace J, et al. Difluprednate
ophthalmic emulsion 0.05% (Durezol) administered two
times daily for managing ocular inflammation and pain
following cataract surgery. Clin Ophthalmol.
2010;4:983-91.

15. Jamal KN, Callanan DG. The role of difluprednate
ophthalmic emulsion in clinical practice. Clin Ophthalmol.
2009;3:381-90.

16. Becker B. Intraocular Pressure Response to Topical
Corticosteroids. Invest Ophthalmol. 1965;4:198-205.

17. Armaly MF. Statistical Attributes of the Steroid
Hypertensive Response in the Clinically Normal Eye. I.
The Demonstration of Three Levels of Response. Invest
Ophthalmol. 1965;4:187-97.

18. Stewart RH, Smith JP, Rosenthal AL. Ocular pressure
response to fluorometholone acetate and dexamethasone
sodium phosphate. Curr Eye Res. 1984;3(6):835-9.

19. Jeng KW, Fine HF, Wheatley HM, et al. Incidence of
steroid-induced ocular hypertension after vitreoretinal
surgery with difluprednate versus prednisolone acetate.
Retina 2014;34(10):1990-6.

20. Stringer W, Bryant R. Dose uniformity of topical
corticosteroid preparations: difluprednate ophthalmic
emulsion 0.05% versus branded and generic prednisolone
acetate ophthalmic suspension 1%. Clin Ophthalmol.
2010;4:1119-24.

21. Eisen SA, Miller DK, Woodward RS, et al. The effect of
prescribed daily dose frequency on patient medication
compliance. Arch Intern Med. 1990;150(9):1881-4.

22. Foster CS, Davanzo R, Flynn TE, et al. Durezol
(Difluprednate Ophthalmic Emulsion 0.05%) compared
with Pred Forte 1% ophthalmic suspension in the
treatment of endogenous anterior uveitis. J Ocul
Pharmacol Ther. 2010;26(5):475-83.

23. Meehan K, Vollmer L, Sowka J. Intraocular pressure
elevation from topical difluprednate use. Optometry.
2010;81(12):658-62.

24. Birnbaum AD, Jiang Y, Tessler HH, et al. Elevation of
intraocular pressure in patients with uveitis treated with
topical difluprednate. Arch Ophthalmol. 2011;129(5):
667-8.

25. Kessel L, Tendal B, Jorgensen KJ, et al. Post-cataract
prevention of inflammation and macular edema by steroid
and nonsteroidal anti-inflammatory eye drops: a
systematic review. Ophthalmology 2014;121(10):1915-24.

*Correspondence to
Islam Saad El Saman

Ophthalmology Department, Sohag University

Nasr City, Sohag- 82524,

Egypt

Tel: +2/01212391940

Citation: Saman IS, Mostafa EM, Kamel AG, et al,. Comparison of difluprednate 0.05% versus prednisolone acetate 1% eye drops following

E-mail: eslamsaad@med.sohag.edu.eg

107

107

J Clin Ophthalmol 2019 Volume 3 Issue 1

uneventful cataract surgery. ;3(1):104-J Clin Ophthalmol 2019


	Contents
	Comparison of difluprednate 0.05% versus prednisolone acetate 1% eye drops following uneventful cataract surgery.
	Abstract
	Keywords:
	Accepted on December 05, 2018
	Introduction
	Patients and Methods
	Statistical analysis
	Results
	Discussion
	References
	*Corresponding Author:


