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Aim: To compare the inflammatory response after phacoemulsification and intraocular lens (IOL)
implantation using postoperative treatment with dexamethasone, diclofenac, or placebo.
Methods: A prospective, randomised, controlled double masked study including 180 patients enrolled
for cataract surgery. The patients were 64–85 years old and had no eye disease other than cataract.
After phacoemulsification and IOL implantation the patients were randomised to topical treatment with
dexamethasone phosphate 0.1% (group I), diclofenac sodium 0.1% (group II), or placebo (saline
0.9%) (group III). The drops were administered four times daily during the first week and twice daily
during the second, third, and fourth weeks. The inflammatory reaction in the anterior chamber was
measured with laser flare photometry preoperatively and 1, 3, and 8 days, 2 and 4 weeks, 2 and 6
months, and 1, 2, and 4 years postoperatively. Inflammatory symptoms were registered.
Biomicroscopy and visual acuity determinations were performed. The rate of Nd:YAG laser posterior
capsulotomies after 2 and 4 years was determined.
Results: After 3 and 8 days (p <0.0001), 2 weeks (p <0.0001), and 1 month (p = 0.0013) median
flare was highest in group III. There were no significant differences between group I and II. Inflamma-
tory symptoms and striate keratopathy were more common in group III.
Conclusion: Dexamethasone and diclofenac were equally effective in reducing postoperative inflam-
mation after phacoemulsification and IOL implantation in eyes with no other disease than cataract. Both
substances were more effective than placebo.

In recent years the operative technique in cataract surgery

has improved and the operation has become less traumatic

to the eye. As a result there is less postoperative inflamma-

tory reaction and less breakdown of the blood-aqueous barrier

(BAB).1–4 Refined surgical techniques as well as more biocom-

patible intraocular lenses (IOL) have contributed to this

development.5

Topical corticosteroids are commonly used as a routine

treatment during several weeks postoperatively in order to

reduce the inflammatory reaction. However, the adverse

effects of steroids are well known and include elevation of

intraocular pressure, inhibition of wound healing, and

facilitation of infections.6 As an alternative treatment non-

steroidal anti-inflammatory drugs (NSAIDs) such as di-

clofenac have been tried and also found to be efficient in

reducing BAB breakdown.7

In this study, we report the results of a prospective,

randomised, controlled double masked trial comparing the

inflammatory response after endocapsular phacoemulsifica-

tion and heparin surface modified (HSM) IOL implantation

using topical treatment with dexamethasone phosphate 0.1%,

diclofenac sodium 0.1% or placebo drops during 4 weeks post-

operatively. The main outcome measure was objective evalua-

tion of inflammatory response with laser flare photometry.

PATIENTS AND METHODS
The study was approved by the local human experimentation

ethics committee and informed consent was obtained from all

patients. In all, 180 patients, 64–85 years of age with no other

known eye disease, enrolled for cataract surgery, and were

randomly allocated to postoperative treatment with dexa-

methasone phosphate 0.1% (group I), diclofenac sodium 0.1%

(group II), or saline 0.9% (group III). The trial was a

randomised, double masked, single centre study including 60

patients in each of the three treatment groups. The exclusion

criteria were pseudoexfoliation syndrome, small pupils (<5

mm after pharmacological dilatation), dark brown iris,

glaucoma, uveitis, diabetes, treatment with topical medica-

tions, or anti-inflammatory drugs.8 9 There were no significant

maculopathies. In group I the male to female ratio was 22:38,

in group II it was 20:40, and in group III 19:41. Median age

was 75 years (range 64–85) in group I, 74 years (64–84) in

group II, and 76 years (64–84) in group III. Median flare

preoperatively was 5.0 photons/ms in group I, 4.9 photons/ms

in group II, and 5.1 photons/ms in group III. There were no

significant differences between the groups at baseline.
All operations were performed by the same surgeon (CGL).

Surgery was performed in a standardised way. The pupil was
dilated with a combination of 0.75 % cyclopentolate hydro-
chloride (Cyclogyl) and 2.5% phenylephrine hydrochloride
(Neosynephrine) drops. Gentamicin drops 0.3% (Gensumy-
cin) were given four times before surgery. The conjunctival sac
was rinsed with 0.05% chlorhexidine solution. No anti-
inflammatory drugs were given before surgery. Anaesthesia
was administered using 1% tetracaine hydrochloride (Tet-
racain) drops followed by a sub-Tenon irrigation of about 1.5
ml of an equal mixture of bupivacaine 5 mg/ml (Marcain) and
ligoocaine (lidocaine) 20 mg/ml with epinephrine 12.5 µg/ml
(Xylocaine adrenaline) in the lower nasal quadrant. A 3.2 mm
wide scleral tunnel incision was performed between 11 and 12
o’clock, continuing about 1.5 mm into clear cornea to create a
self sealing incision. No cautery was used. Sodium hyaluro-
nate (1% Healon) was injected and a continuous circular cap-
sulorhexis with about 5 mm diameter was made. After hydro-
dissection, bimanual phacoemulsification was done using the
cracking technique.10 The irrigation fluid was a balanced salt
solution (BSS AMO Endosol) with 0.3 mg of epinephrine per
500 ml BSS. After cortex aspiration Healon was injected and
the incision was enlarged to 5.2 mm. A heparin surface modi-
fied poly(methylmethacrylate) (PMMA) IOL with a 5.0 mm
optic and an overall diameter of 12.0 mm was implanted into
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the capsular bag (one piece PMMA, 809C, Pharmacia and

Upjohn). Healon was aspirated and BSS was injected into the

anterior chamber. No suture was used. No medications were

given at the end of the operation.

Surgery was uncomplicated in all cases. There were no sta-

tistically significant differences between the groups regarding

operation time, phacoemulsification time, or phacoemulsifica-

tion energy. In group I median flare rose from 5.0 photons/ms

before surgery to 12.1 photons/ms on the first postoperative

day. In group II the flare increased from 4.9 photons/ms to

12.4 photons/ms, and in group III from 5.1 photons/ms to 13.3

photons/ms. The differences between the groups were not sig-

nificant.

The study solution was administered by the patients four

times daily during the first week and twice daily during the

second, third, and fourth weeks. At day 1 laser flare photo-

metry (Kowa 500) was performed before the study treatment

was given. The flare measurements were performed about 30

minutes after dilatation of the pupil at 1, 3, and 8 days, 2 and

4 weeks, 2 and 6 months, and 1, 2, and 4 years postoperatively.
The flare value for each patient was averaged from 10

measurements. If an extreme value was found the highest and

lowest measurements were eliminated before calculation. The

patient was excluded if the coefficient of variation exceeded

35%.

There were no significant differences in pupil size between

the groups. Eyes treated with Nd:YAG laser posterior

capsulotomy were not included.

The presence of inflammatory symptoms (ciliary flush,

pain, and/or photophobia) was registered. At all observation

times, except after 3 days and 2 weeks, biomicroscopy was

performed in all patients, as well as visual acuity and

intraocular pressure (IOP) determinations. Patients were

withdrawn from the study if a clinically unacceptable inflam-

mation occurred. This implied a symptomatic inflammation,

or more than a slight ciliary injection or aqueous flare.

After 2 and 4 years the rate of Nd:YAG laser posterior cap-

sulotomies in each group was determined.

Assignment
The patients were randomly allocated to three equal sized

groups (n=60). Randomisation was done by a computer in

blocks of six patients (randomly permuted blocks, SAS/PLAN

procedure). On the first day after surgery, the patients received

three coded bottles containing one of the treatment solutions.

Masking
All bottles were white and non-transparent. They were deliv-

ered from the pharmacy with identical labels except for the

randomisation number. There was a coding envelope for each

number.

Statistics
The sample size was determined from laser flare photometry

data collected by the authors in a previous study.2 Using this

information, a 5% significance level and 80% power, the

number of patients needed in each treatment group was 56 to

detect a 20% difference between the groups. The Kruskal-

Wallis ANOVA with correction for multiple comparisons was

used to detect differences in laser flare between the groups at

different time points. Relations between categorical variables

were analysed with the χ2 test. The Spearman rank correlation

coefficient was used as a measure of correlation. Pupil

diameters were analysed with the median test. The calcula-

tions were made by computer analysis using Statistica 5.0

(StatSoft).

RESULTS
Inflammatory response: laser flare photometry
On the first postoperative day there were no significant differ-

ences between the groups. At 3 and 8 days, 2 weeks, and 1

month the flare values were significantly lower in group I

(dexamethasone) and group II (diclofenac) compared to

group III (placebo) (Table 1). Subsequently, no significant dif-

ferences were found between the groups. There were no

significant differences between groups I and II at any

observation time.

The change of the flare from the preoperative measurement

to day 1 after surgery was not correlated with the total

phacoemulsification energy used (Spearman R = 0.007, p =

0.93, n = 180) (Fig 1).

Table 1 Laser flare values (photons/ms) in the three study groups preoperatively and during 4 years postoperatively
(median and range). During the first postoperative month median flare was significantly higher in the placebo group
(Kruskal-Wallis ANOVA). The flare value in the placebo group rose until 8 days after surgery and then it fell
continuously, indicating a spontaneous regression of the BAB damage

Dexamethasone (No) Diclofenac (No) Placebo (No) p Value

Preop 5.0 (0.5–15.0) 60 4.9 (2.1–17.4) 60 5.1 (2.3–18.3) 60
1 day 12.1 (0.8–71.2) 60 12.4 (0.3–89.3) 60 13.3 (1.2–52.6) 60 0.83
3 days 10.8 (2.4–63.4) 59 10.8 (2.4–46.7) 60 24.3 (2.7–145.1) 60 <0.0001
8 days 8.6 (3.0–64.4) 59 7.9 (2.7–38.4) 59 27.5 (4.0–156.0) 58 <0.0001
2 weeks 7.6 (2.7–24.8) 58 7.3 (1.5–19.0) 59 14.3 (3.2–67.5) 54 <0.0001
1 month 6.0 (1.5–15.0) 60 7.0 (2.6–18.7) 56 9.1 (2.8–34.2) 55 0.0013
2 months 6.6 (2.8–18.9) 56 6.3 (2.2–15.8) 54 6.1 (0.9–20.8) 55 0.35
6 months 5.9 (2.6–12.4) 55 5.4 (1.8–18.3) 56 5.4 (0.5–14.9) 50 0.23
1 year 6.2 (3.6–21.1) 53 5.8 (2.8–20.8) 56 5.7 (1.7–12.8) 50 0.17
2 years 7.2 (3.6–19.8) 46 6.6 (2.9–21.8) 50 6.1 (3.7–22.7) 44 0.16
4 years 7.1 (4.2-16.8) 35 6.4 (4.4–21.4) 29 6.2 (3.9–19.3) 36 0.43

Figure 1 The difference in flare (photons/ms) between the
preoperative examination and the first day after surgery was not
significantly correlated with the total phacoemulsification energy
used during the operation (Spearman R = 0.007, p = 0.93, n =
180).
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There was no general consensual inflammatory response in

the unoperated eye.

During the first month after the operation six patients were

withdrawn from the study because of inflammatory reactions

(see below). Three patients dropped out of the study because

of intervening general diseases. A coefficient of variation

exceeding 35% was measured in a few patients during the first

2 months (< three patients at each observation time), equally

distributed between the groups. At the last three observation

times some patients were not available for follow up.

Inflammatory response: clinical outcome
Inflammatory symptoms
In group III inflammatory symtoms were found in 11 of 60

patients (18.3%) at day 3 and in 18 of 59 patients (30.5%) at

day 8. Median flare was higher in these eyes than in the rest of

the group, 40.4 (range 8.7–124.5) and 53.0 (9.7–156.0)

photons/ms, respectively. Comparing group III to the other

groups, the rate of patients with inflammatory symtoms was

greater in group III at day 3 (p<0.001) and day 8 (p<0.001)

but not at 2 weeks (Table 2). Subsequently all eyes were quiet.

Thus at 2 weeks and subsequently, clinical outcome was

similar in group III and the other groups. No significant

differences were found between group I and II at any observa-

tion time.

Withdrawals due to inflammatory reactions
No patient in group I was withdrawn from the study. One

patient in group II experienced an uveitis with hypopyon 6

days after surgery and was withdrawn from the study.

Samples from the anterior chamber and the vitreous were

culture negative. The eye improved promptly after treatment

with steroids and intravitreal and subconjunctival antibiotics.

Visual acuity was 20/20 1 month postoperatively.

During the first 2 weeks after surgery anti-inflammatory

treatment was added in four of the 60 eyes in group III

because of an clinically unacceptable inflammatory reaction.

These four eyes had a ciliary flush and a moderate flare at slit

lamp examination and the patients complained of pain.

Keratic precipitates were found in two cases. The flare values

in these four patients were 27.6, 34.7, 37.6, and 124.5

photons/ms. There was a rapid improvement in all four cases

after treatment with topical dexamethasone.

After 1 month a patient in group III had developed a macu-

lopathy with dot haemorrhages causing a decrease of visual

acuity. After anti-inflammatory treatment visual acuity was

20/30.

Visual acuity
There were no significant differences in visual acuity between

the groups comparing the number of patients achieving the

prospectively defined visual acuity limit of 20/25 except 8 days

postoperatively, when visual acuity was significantly lower in

group III than in group I (p<0.05) (Table 3).

Cornea
Regarding the rate of striate keratopathy (one or more MD

folds found in the upper and/or central cornea) there were no

significant differences between the groups at day 1. However,

at day 8 striate keratopathy was more frequent in group III

than in the other groups (p=0.01) (Table 4). Subsequently no

corneal reactions were found. No epithelial complications

occurred in any of the groups.

Intraocular pressure
At day 1 there were no significant IOP differences between the

groups. After 8 days median IOP was significantly higher in

group I (16 mm Hg) than in group III (13 mm Hg) (p<0.05),

and at 1 month it was slightly higher in group I (15 mm Hg)

than in group II (14 mm Hg) (p<0.05). At the other observa-

tion times no significant IOP differences were found. No ster-

oid IOP responder (IOP rise >10 mm Hg) was found.

Capsulotomy rate
The rate of Nd:YAG laser posterior capsulotomies was equal in

the three groups after 2 years. After 4 years it was significantly

lower in group III than in group II (p<0.05) (Table 5).

Table 2 Rate of patients with inflammatory symptoms
(ciliary flush, pain, photophobia) during the first
postoperative month. Three and 8 days after surgery
the difference between group III (placebo) and the
other groups was statistically significant (p<0.001) (χ2

test)

3 days 8 days 2 weeks 1 month

Group I 0/60 1/60 0/59 0/59
Group II 0/60 2/59 0/59 0/55
Group III 11/60 18/59 2/59 2/55

Table 3 Rate of patients at each examination time achieving a visual acuity of 20/25 or more. The only significant
difference between the groups was found at day 8 when visual acuity was better in group I (dexamethasone) than in
group III (placebo) (p<0.05) (χ2 test)

1 day 8 days 1 month 2 months 6 months 1 year 2 years 4 years

Group I 65.0% 81.7% 89.8% 91.2% 91.2% 94.4% 77.4% 68.5%
(39/60) (49/60) (53/59) (52/57) (52/57) (51/54) (41/53) (37/54)

Group II 63.3% 76.3% 83.6% 88.9% 83.9% 82.1% 73.7% 68.6%
(38/60) (45/59) (46/55) (48/54) (47/56) (46/56) (42/57) (35/51)

Group III 60.0% 62.7% 78.2% 92.7% 88.7% 90.2% 89.8% 75.5%
(36/60) (37/59) (43/55) (51/55) (47/53) (46/51) (44/49) (37/49)

Table 4 Rate of patients with striate keratopathy (one
or more MD folds) postoperatively. On the first day
after surgery there were no significant differences
between the groups. At day 8 there were significantly
more patients with MD folds in the placebo group
(group III) than in the other groups (p=0.01) (χ2 test)

1 day 8 days

Group I 13.3% 3.3%
(8/60) (2/60)

Group II 23.3% 3.4%
(14/60) (2/59)

Group III 15.0% 13.6%
(9/60) (8/59)
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DISCUSSION
Previously a greater need for anti-inflammatory treatment

after ECCE than after intracapsular cataract extraction was

suggested.11 An explanation might be induction of inflamma-

tion by remaining lens epithelial cells in the capsular bag.12 13

Later phacoemulsification has been shown to induce less

inflammation and BAB breakdown than ECCE.1–4 Interest-

ingly, in this study we found no significant correlation

between the postoperative inflammatory reaction and the

amount of phacoemulsification energy used during surgery

(Fig 1).

Because of the improvements in surgical technique and the

reduction of BAB damage the actual need for anti-

inflammatory therapy after modern cataract surgery has been

questioned.14 It has been only in the past several years that

randomised studies including placebo have been

performed.15 16 In the present trial we compare placebo drops

to treatment with dexamethasone phosphate 0.1% or di-

clofenac sodium 0.1% drops after phacoemulsification and

implantation of HSM IOL, an IOL that has been shown to

induce a low inflammatory response.5

Whereas steroids interfere with the inflammatory response

in a variety of ways, one of which is the inhibition of

arachidonic acid synthesis, NSAIDs decrease inflammation

specifically by inhibition of the activity of cyclo-oxygenase,

thus decreasing the production of prostaglandins from

arachidonic acid.17 Unlike other NSAIDs, however, diclofenac

indirectly modulates also the lipoxygenase pathway in the

arachidonic acid cascade.18 This dual mechanism of action of

diclofenac may make it comparable in anti-inflammatory

activity to the corticosteroids. The results of the present study

are in agreement with this presumption, since no significant

difference in inflammatory reaction was found between group

I (dexamethasone) and group II (diclofenac) at any observa-

tion time.

In group III (placebo) median flare in eyes with inflamma-

tory symptoms was higher than in the group as a whole, con-

firming that an elevated laser flare meter value was pertinent

to a clinically significant inflammation. We found that a

higher rate of striate keratopathy was associated with a higher

flare, suggesting that anti-inflammatory treatment might

reduce corneal damage or at least accelerate corneal healing

after surgery. The higher flare and particularly the higher rate

of MD folds in group III probably explain the lower visual

acuity 8 days after surgery (Tables 3 and 4).

Only five of the 60 eyes receiving placebo needed rescue

treatment, which suggests that most patients could manage

without postoperative anti-inflammatory treatment. After less

than 2 weeks a spontaneous BAB recovery started in the

absence of anti-inflammatory therapy, indicated by the fall in

laser flare values between 8 days and 2 weeks in the placebo

group (Table 1). The fact that so many patients needed no

additional treatment may be surprising to many surgeons.

Indeed, it could be discussed to delay instituting treatment,

giving it only to those patients exhibiting symptomatic or

clinically unacceptable inflammation at 1 week. Given the cost

of medications, one might conclude that no initial treatment

would be a more cost effective approach for patients with

otherwise normal eyes. However, since significantly more

inflammatory symptoms were found in the placebo group

during the first week (Table 2), omission of postoperative

anti-inflammatory therapy would surely lead to a number of

unscheduled visits. It should be noted also, that most of our

patients have a blue, light brown, or mixed colour iris, and that

we did not include eyes with a dark brown iris, which are

prone to more postoperative inflammation. In patients with

diabetes, glaucoma, or pseudoexfoliations, who are considered

to have a pathological BAB, the need for postoperative

treatment should be even greater. The results indicate,

however, that there is no cause for alarm if non-symptomatic

patients should neglect taking their drops.

It has been proposed that inflammatory mediators might

contribute to the development of after-cataract.19 Other

authors have found a lack of correlation between inflamma-

tion and after-cataract formation.20 In the present study the

rate of Nd:YAG laser posterior capsulotomies was low in the

placebo group after 4 years (Table 5), although this group

experienced a higher inflammatory response during the first

postoperative month. However, capsulotomy rate is a less

accurate measure of the development of after-cataract. We

therefore intend to evaluate posterior capsular opacification

using retroillumination images taken with a Scheimpflug

camera.

No typical steroid responders were found, but a slight IOP

rising effect of steroids was noted during and immediately

after the treatment period, in accordance with previous

information.6

In conclusion, dexamethasone and diclofenac were equally

effective in the treatment of postoperative inflammation in

otherwise normal eyes after phacoemulsification and HSM

IOL implantation. Both substances were more effective than

placebo. The results support and extend the knowledge

obtained from other studies,15 16 and indicate that topical anti-

inflammatory treatment is generally warranted after modern

cataract surgery in order to alleviate the inflammatory

response and the possible risk for complications such as

corneal damage and cystoid macular oedema.
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