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Abstract

Purpose To evaluate the use of topical

nepafenac 0.1% after routine

phacoemulsification in patients at low risk for

cystoid macular oedema (CME) using optical

coherence tomography (OCT) measurement

of macular thickness.

Methods Seventy-nine subjects with no risk

factors for CME had uncomplicated bimanual

micro-incision cataract surgery by an

experienced surgeon. All subjects received

preoperative nepafenac. Subjects were

randomised to postoperative standard of care,

consisting of a topical antibiotic for 10 days

and topical corticosteroid for 1 month

(control), or standard of care plus nepafenac

for 1 month (treatment). OCT and ETDRS

best-corrected visual acuity were measured

preoperatively and 2 months postoperatively.

Primary endpoints were comparison of

changes in macular thickness between groups

and the relationship of that change to

postoperative vision.

Results All subjects had excellent visual

outcomes, with mean visual improvement

of 15 letters. Cataract surgery was very

efficient with a mean effective phaco time

(EPT) of 4.99 and 6.90 s in the control and

treatment groups, respectively. There were

small increases in the central macular

thickness in both the control (2.78 lm) and

treatment (5.60lm) groups. The change in

macular thickness was statistically similar

between groups and did not correlate with

the final visual outcome.

Discussion The small increase in macular

thickness after routine cataract surgery is

probably not clinically significant. In subjects

undergoing routine cataract surgery, and at

low risk for CME, the routine use of

preoperative nepafenac may be all that is

necessary to achieve excellent visual recovery.
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Introduction

Although cystoid macular oedema (CME) is

thought to be the leading cause of decreased

vision after phacoemulsification, the incidence

is not well documented.1 A recent retrospective

study of ophthalmology resident operations

found an incidence of o2%, when diabetics

were excluded.2 In contrast, two prospective

studies did not show CME causing decreased

vision, even with a 9% increase in the mean

foveal thickness measured with optical

coherence tomography (OCT) and a 9%

incidence of angiographic CME at 6 weeks

after surgery.3,4

It is suggested that, as standard of care after

phacoemulsification, a topical NSAID should

be used preoperatively and postoperatively to

promote the rapid and complete recovery of

visual acuity.1,5 Studies commonly cited to

support this recommendation used
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intracapsular and extracapsular surgery; therefore, the

application of these studies to current phacoemulsification

techniques is questionable.5,6 To our knowledge, the only

prospective study supporting this statement is Miyake’s

study, because this study measured visual acuity and

assessed for macular oedema in all subjects.7 To help

define standard of care for the use of a topical NSAID

after routine phacoemulsification, our prospective,

randomised study evaluated best-corrected visual acuity

(BCVA) and macular thickness measured by OCT.

Materials and methods

All patients scheduled for phacoemulsification with

posterior chamber IOL lens implantation, who agreed

to participate and who met the inclusion and exclusion

criteria, were consecutively enrolled in this randomised,

non-masked, parallel-group clinical trial.

Ethics review and registration of trial

This study was approved by the Institutional Review

Board at the University of North Carolina (no. 05–3115)

and registered at http://www.clinicaltrials.gov

(NCT00494494) according to the standards set by the

International Committee of Medical Journal Editors

and the World Health Organization. After receiving an

explanation of all procedures, and before their

enrolment, all patients provided written informed

consent.

Study protocol

The planned enrolment was 80 subjects with a 1 : 1

control : treatment ratio. Inclusion criteria for the study

were patients planning to have cataract surgery by KLC

at the Ambulatory Care Center, the University of North

Carolina Hospitals. Exclusion criteria included factors

that could increase the risk of post-cataract CME,

including medically treated diabetes mellitus, history

of uveitis, use of topical prostaglandin analogues for

glaucoma, history of earlier intraocular surgery in the

same eye, retinal vascular disease, and macular

degeneration. Patients with abnormal preoperative

OCT measurements were excluded.

Subjects were randomised according to the even/odd

subject identification number, using computer-generated

random numbers, to the control group (standard of care

only) or the treatment group (standard of care plus

nepafenac). Preoperatively, all cataracts were graded

using LOCS III, ETDRS BCVA was measured, and

OCT scans were carried out.8

All subjects received nepafenac 0.01% drops in the

operated eye thrice, 5 min apart, immediately before

surgery to maintain pupillary dilation. All subjects had

bimanual microincision cataract surgery (MICS) using

the Infiniti platform (Alcon Inc. Ft. Worth, TX, USA) and

injection of an AR40e IOL (Advanced Medical Optics,

Inc., Santa Ana, CA, USA) into the capsular bag was

performed by KLC.9 Intraoperative phacoemulsification

parameters, phaco time (PT), average % phaco power

(PP), and average power in foot position three (APFP3),

were recorded. Effective phaco time (EPT) was calculated

by multiplying PT with PP.10

Postoperatively, eyes received moxifloxacin 0.5% four

times a day for 10 days and prednisolone acetate 1% four

times a day for 1 month. Eyes in the treatment group

also received nepafenac 0.1% thrice a day for 1 month.

Postoperative follow-up was at 1 day, 1 week, 1 month,

and 2 months. At the 2 months visit, technicians, who

were masked to treatment, measured ETDRS BCVA,

and OCT scans were performed.

Optical coherence tomography

Experienced ophthalmic photographers, who were

masked to treatment, obtained Stratus OCT (Carl Zeiss

Meditec, Inc., San Francisco, CA, USA) scans using the

fast macular thickness protocol. The foveal thickness

(mm) (intersection of the six radial scans), macular

thickness (mm) (central 1 mm diameter centred on the

fovea), and total macular volume (mm3) measurements

were recorded. The quality of all scans was reviewed by

observation of foveal centration and signal strength.

Scans that were thought to be unreliable were excluded

from the analysis.

Study endpoint

The endpoints of the study were change in macular

thickness measured by OCT in the central 1 mm diameter

centred on the fovea (central macular thickness), fovea

(foveal thickness), total macular volume, and BCVA

2 months postoperatively.

Statistical analysis

Power calculation was carried out using pilot data from

our study. Standard methods were used for power

calculation to determine the sample size needed to

have 0.90 power for the comparison between two

groups at the two-sided significance of 0.05.

Data were entered into a Microsoft Excel spreadsheet

and analysed using SAS (SAS–PC 9.1.2, SAS Institute,

Cary, NC,USA) by an independent biostatistician.

Between-group comparisons were conducted using the

Wilcoxon signed rank-sum test for numerical variables

and the Pearson w2-test for categorical variables. The
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paired t-test was used for within-subject before–after

surgery comparison. The Spearman correlation

coefficient was used to evaluate relationships between

postoperative BCVA and OCT measurements. All tests

were two-sided with 95% confidence level.

Results

One eye of each of the 84 subjects was enrolled in the

study, and all had uncomplicated MICS and completed

follow-up. There were no adverse events reported by

patients using nepafenac. Forty-two subjects were

randomised to each arm of the study. Three subjects in

the treatment group and two subjects in the control

group had unreliable preoperative OCT scans because of

dense posterior subcapsular cataracts. These subjects

were excluded from the analysis. Therefore, 79 eyes of 79

subjects, 39 in the treatment group and 40 in the control

group, were included in the statistical analyses.

Thirty-seven males and 42 females were in the study.

The gender distribution was similar in both groups

(P¼ 0.9046). The mean age of patients in the treatment

group was slightly greater than that in the control group,

73.95 and 70.33 years, respectively (P¼ 0.0460, Table 1).

BCVA and OCT testing were carried out from 50 to 146

days after surgery. The mean time to follow-up was 73.31

days (±21.58 SD, range 55–146) in the treatment group

and 68.98 days (±13.98, range 50–120) in the standard-of-

care group. The time to follow-up was statistically

comparable between groups (P¼ 0.4796, Table 1).

Cataract classification and surgical parameters are

listed in Table 2. One subject in each group did not have a

preoperative LOCS III measurement recorded. Subjects

had relatively dense cataracts as described by nuclear

colour (NC) and nuclear opalescence (NO). Mean NC in

the treatment group was 4.00 (±0.94 SD, range 2.7–5.9)

and that in the control group was 3.82 (±0.89 SD, range

2.6–5.9) (P¼ 0.3969). Mean NO in the treatment group

was 4.04 (±0.88 SD, range 2.7–5.9) and that in the control

group was 3.81 (±0.85 SD, range 2.6–5.7) (P¼ 0.2526).

The LOCS III classifications were statistically comparable

between groups (Table 2).

All subjects had uncomplicated MICS and

implantation of a posterior chamber IOL in the capsular

bag.9 Mean EPT in the treatment group was 6.90 s (±4.57

SD, range 0.34–18.47) and mean EPT in the control group

was 4.99 s (±4.16 SD, range 0.05–15.27). The PT and

Table 1 Comparison of demographic and clinical characteristics

Variable Standardþ nepafenac
(n¼ 39)

Standard of care
(n¼ 40)

P-value

Age (years)
Mean (SD) 73.95±8.99 70.33±8.04 0.0460
Range 51–90 44–88

Gender
Male 18 (46.15%) 19 (47.50%) 0.9046
Female 21 (53.85%) 21 (52.50%)

Pre-op VA (letters)
Mean±SD 40.49±9.56 38.48±9.83 0.1937
Range 3–55 10–55

Follow-up time (days)
Mean±SD 73.31±21.58 68.98±13.98 0.4796
Range 55–146 50–120

P-values of the two-sided Wilcoxon rank-sum test for numeric variables

or of the two-sided Pearson w2-test for categorical variables for between-

group comparison.

Table 2 Comparison of clinical and surgical parameters

Variable Standardþ
nepafenac
(n¼ 39)

Standard of
care (n¼ 40)

P-value

Nuclear colour
Mean±SD 4.00±0.94 3.82±0.89 0.3969
Range 2.70–5.90 2.60–5.90

Nuclear opalesence
Mean±SD 4.04±0.88 3.81±0.85 0.2526
Range 2.70–5.90 2.60–5.70

Posterior subcapsular
cataract

Mean±SD 1.16±1.33 1.19±1.49 0.5763
Range 0.00–5.50 0.00–5.60

Cortical cataract
Mean±SD 2.25±1.49 1.87±1.38 0.2155
Range 0.00–5.90 0.00–5.90

Phaco time (s)
Mean±SD 14.88±9.89 10.48±8.34 0.0357
Range 1.20–38.80 0.20–29.50

Average phaco power (%)
Mean±SD 45.88±5.15 45.51±5.73 0.6012
Range 28.60–50.50 27.10–52.10

Average power in foot
position 3 (%)

Mean±SD 6.52±2.21 5.52±2.34 0.0697
Range 1.60–11.80 0.70–10.90

Effective phaco time (s)
Mean±SD 6.90±4.57 4.99±4.16 0.0387
Range 0.34–18.47 0.05–15.27

P-values of the two-sided Wilcoxon rank-sum test for between-group

comparisons.
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EPT in the treatment group were slightly greater than

those in the control group (P¼ 0.0357, P¼ 0.0387). Mean

APFP3 in the treatment group was 6.52% (±2.21 SD,

range 1.60–11.80) and mean APFP3 in the control group

was 5.52% (±2.34 SD, range 0.70–10.90), with no

difference between groups (P¼ 0.0697). The PP was not

different between groups (P¼ 0.6012).

Both groups had excellent postoperative BCVA

(Table 3). Mean preoperative BCVA was not different

between groups (P¼ 0.1937). Mean BCVA improvement

was 15.00 letters in the treatment group and 15.98 letters

in the control group. There was no difference between

groups in the final BCVA outcome (P¼ 0.5005).

OCT measurements are listed in Table 4. All eyes

had normal preoperative OCT scans. Preoperative OCT

measurements of foveal thickness, central macular

thickness, and macular volume were statistically

comparable between groups (P¼ 0.1877, P¼ 0.2294,

P¼ 0.5257). At the final follow-up visit, the postoperative

OCT measurements of foveal thickness, central macular

thickness, and macular volume were also statistically

comparable between groups (P¼ 0.6322, P¼ 0.4913,

P¼ 0.3828). The average change in macular thickness

was small in both groups. Mean change in central

macular thickness in the treatment group was 5.6 mm

(±13.8 SD, range �34.0–43.0) and thatin the control

group was 2.78 mm (±12.9 SD, range �26.0–26.0). For all

OCT measurements, there were no differences in the

change from preoperative to postoperative

measurements between groups (Table 4).

On the basis of the mean change in central macular

thickness in the control and treatment groups of ±12.9 and
±13.8mm, respectively, a conservative estimate of

variability of the change in macular thickness is ±15mm.

Our estimate of a clinically relevant increase is 25mm.11

With these specifications, the sample size that is required to

have 0.90 power for the comparison between two groups at

the two-sided 0.05 significance level is about 10 per group.

The small number needed to detect a significant difference

is because of the fact that the estimated clinically relevant

difference is almost double the estimate of variability. Thus,

our study was powered appropriately to detect a

significant difference between groups.

Table 3 Comparison of visual acuity, ETDRS

Time Standardþ nepafenac
(n¼ 39)

Standard of care
(n¼ 40)

P-value

Mean±SD Range Mean±SD Range

Pre-op VA 40.49±9.56 3–55 38.48±9.83 10–55 0.1937
Post-op VA 55.49±5.64 44–65 54.46±5.43 39–67 0.5005

P-values of the two-sided Wilcoxon rank-sum test for between-group

comparisons.

Note: As per paired t-test, the within-eye before–after surgery changes in

visual acuity were statistically significant in both groups (Po0.0001).

Table 4 Comparison of OCT parameters

Standardþ nepafenac Standard of care P-value

Mean±SD Range Mean±SD Range

Pre-op
Central macular thickness (mm) 211.2±29.15 154.0–287.0 214.5±25.52 156.0–259.0 0.2294
Foveal thickness (mm) 181.7±34.5 122.0–281.0 189.5±30.5 136.0–252.0 0.1877
Macular volume (mm3) 6.58±0.41 5.62–7.57 6.63±0.47 5.43–7.39 0.5257

Follow-up
Central macular thickness (mm) 216.8±32.6 161.0–305.0 217.2±27.2 144.0–278.0 0.4913
Foveal thickness (mm) 186.4±37.4 126.0–293.0 187.5±30.9 115.0–274.0 0.6322
Macular volume (mm3) 6.68±0.36 5.61–7.80 6.68±0.73 3.24–7.55 0.3828

Changes
Central macular thickness (mm) 5.6±13.8 �34.0–43.0 2.78±12.9 �26.0–26.0 0.7029
Foveal thickness (mm) 4.7±19.6 �40.0–56.0 �2.0±23.4 �62.0–45.0 0.5066
Macular volume (mm3) 0.10±0.21 �0.44–0.65 0.05±0.51 �2.82–0.56 0.5099

% Changes
Central macular thickness (mm) 2.68±6.58 �16.35–19.63 1.40±6.05 �12.75–13.25 0.6922
Foveal thickness (mm) 2.96±10.88 �22.60–37.09 �0.38±12.00 �24.60–30.88 0.3989
Macular volume (mm3) 1.60±3.29 �6.08–10.85 0.68±8.24 �46.53–8.78 0.5450

P-values of the two-sided Wilcoxon rank-sum test for between-group comparisons.

Changes¼ follow-up thickness/volume�baseline thickness/volume of the same eye. A negative number indicates a decrease in thickness/volume.

% Changes¼ 100� (follow-up thickness/volume�baseline thickness/volume)/baseline thickness/volume. A negative number indicates a decrease in

thickness/volume.
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Correlations between OCT measurements and

postoperative BCVA are listed in Table 5. There were

no correlations between OCT measurements and BCVA

in either group.

Discussion

Our prospective, randomised study evaluated the effects

of a postoperative NSAID on OCT measurements of

macular thickness, and BCVA in low-risk patients who

had uncomplicated phacoemulsification. We chose

nepafenac, because it is a prodrug that may be more

efficacious and safer than non-prodrug NSAIDs.12,13 The

most important findings of our study are that after MICS

there were no differences between the treatment group

and the control group regarding foveal thickness, central

macular thickness, total macular volume, and BCVA

(Tables 3 and 4).

Increased OCT-measured macular thickness after

phacoemulsification is well documented. When

preoperative and postoperative OCT measurements were

compared, 27–41% of eyes had increased macular

thickness at 6–8.5 weeks after surgery.11,14 At 30 weeks

after surgery, 22% of eyes had increased macular

thickness.11 A more recent study confirmed increased

macular thickness at 6 months postoperatively.15 Two

prospective studies that controlled for intraindividual

difference in macular thickness showed similar

results.4,16

An important clinical issue is the effect of a

postoperative NSAID on this increase in macular

thickness. Prospective studies evaluated the effect of a

postoperative NSAID on the development of macular

oedema after phacoemulsification.7,17–19 At 5 weeks after

phacoemulsification, Miyake’s study documented 5.7 vs

54.7% angiographic CME in the eyes that received only

diclofenac 0.1% vs the eyes that received only

flurometholone 0.1%, respectively.7 Two recent studies

confirmed these findings when an NSAID was used

preoperatively and postoperatively.17,18 When ketorolac

0.5% and prednisolone 1% were compared with

prednisolone 1% alone, a lower total macular volume

was found in the ketorolac group at 1 month

postoperatively.17 When diclofenac 0.1% alone was

compared with betamethasone 0.1%, angiographic CME

was 18.8% in the diclofenac group vs 58.0% in the

betamethasone group at 5 weeks postoperatively.18

Donnenfeld’s study also used ketorolac preoperatively

and postoperatively. However, Donnenfeld’s study only

performed OCT scans to diagnose macular oedema when

BCVA was o20/30 and therefore does not provide the

incidence of macular oedema in the ketorolac and the

non-ketorolac groups.19 Without considering BCVA data,

these studies support the postoperative use of an NSAID.

Although the peak incidence of CME is said to be at

4–12 weeks after surgery, we may have missed the time

course for detecting the maximum increased OCT

measured macular thickness.20 Our goal was to have

follow-up at 60 days postoperatively; owing to subject

compliance, mean follow-up was 70 and 69 days in the

treatment group and the control group, respectively

(Table 1). After routine phacoemulsification, OCT-

measured macular thickness increase seems to peak at

4–6 weeks postoperatively.4,11,15,16 However, importantly,

there is evidence that after phacoemulsification, the

OCT-measured macular thickness can be increased from

60 days to 6 months postoperatively.11,14–16 Therefore,

the follow-up in our study was likely to be adequate

enough to have detected a difference between the

groups at the final postoperative examination.

Another important clinical issue after routine

phacoemulsification is the effect of increased macular

thickness on BCVA. Our study supports evidence that

the increase in OCT-measured macular thickness after

routine phacoemulsification in subjects with a low risk of

CME is small and has no clinical effect on visual acuity

(Tables 4 and 5). In these earlier studies, postoperative

visual acuity was excellent immediately after surgery,

and BCVA was not correlated with macular thickness,

similar to our study (Table 5).4,15,16 Therefore, if our study

missed the peak increase in macular thickness, the

increase in macular thickness after MICS in our study

population was unlikely to have adversely affected final

BCVA. The BCVA after MICS in low-risk patients for

CME is excellent.9,21,22 There is evidence that after coaxial

phacoemulsification, BCVA in the first 2 weeks

postoperatively improves with the use of postoperative

NSAID.7 Our study did not measure BCVA during the

first 2 postoperative weeks.

All subjects in the control and treatment groups

received preoperative nepafenac. In patients with no

risk factors for CME, this may be the dosing strategy

necessary to prevent postoperative macular thickening.

Our patients had MICS, but it is unlikely that the surgical

Table 5 Correlations between % change in OCT and post-op
VA

Parameters % change from pre-operative OCT

Central macular
thickness

Fovea
thickness

Macular
volume

Post-op VA standard of care 0.0247 0.0464 �0.0023
0.8816 0.7793 0.9889

Post-op VA standard of �0.1773 �0.1849 �0.0545
careþnepafenac 0.2803 0.2598 0.7417

Note: The first row indicates coefficients based on the Pearson product–

moment correlation, and the second row indicates the P-values of the

correlations under the null hypothesis of no correlation.
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technique affected our results. Earlier studies comparing

MICS and coaxial cataract surgery showed similar

operative metrics, or metrics suggesting that MICS was

slightly more efficient.21,22 In our study, although the

cataracts were equally dense in both the treatment and

control groups, the treatment group had more PT and

EPT (Table 2). EPT is derived directly from a calculation

using PT and PP. Thus EPT was in range for

uncomplicated MICS, and because PP may be associated

with increased OCT measured macular thickness, we do

not think that the difference in EPT affected our results

and conclusions.21,22,23 Although the subjects who

received the postoperative NSAID were older, the mean

ages of our study groups are typical for patients

undergoing cataract surgery, and therefore we do not

think that the age difference affected our results and

conclusions (Table 1).

Our study found a small percentage increase in

macular thickness after MICS (Table 4), similar to earlier

studies, which found increases of 3.5–6%.4,15,16 These

small increases could have been missed by our study

because of the documented reproducibility of ±5% in

normal subjects and SDs of 24mm preoperatively, and at

up to 8 weeks after phacoemulsification.24,25 As there was

no statistical difference in macular thickness between the

treatment and control groups, and because 25 mm was

taken as the clinically relevant increase in macular

thickness, no conclusions can be drawn regarding the

greater increase in central macular thickness in the

treatment group compared with the control group.11

A recent multicentre randomised clinical trial by

Wittpenn, et al studied the effect of ketorolac 0.4% and

prednisolone acetate 1% vs prednisolone acetate alone

after uncomplicated cataract surgery in patients at low

risk for CME.26 This study supports the use of a

preoperative and postoperative NSAID to minimise an

increase in OCT-measured macular thickness. The results

showed significantly increased OCT-measured macular

thickness in the steroid group (9.6 mm) vs the ketorolac/

steroid group (3.9mm) at 4 weeks after surgery. Also,

the incidence of ‘probable’ or ‘definite’ CME based on

masked interpretation of OCT images was higher in the

steroid group (2.4%) than in the ketorolac/steroid group

(0%). Subjects in both groups had excellent final

BCVA. There was no difference between the groups

for BCVA worse than 20/40, or contrast sensitivity.

Wittpenn’s study examined a population at low risk

for CME, similar to our study population, and found a

significant increase in OCT-measured macular thickness,

which our study did not find.26 An explanation for this

difference is that our study evaluated macular thickness

at approximately 8 weeks vs 4 weeks in Wittpenn’s study.

Thus, we may have missed measuring the maximum

retinal thickness. Also, all subjects in our study received

a preoperative NSAID, while the control group in

Wittpenn’s study did not. Wittpenn found a mean

change in retinal thickness of 3.9 mm in the group that

received the NSAID, which is similar to the 2.78 mm

increase in our control group, suggesting that a

preoperative NSAID may be all that is necessary to

minimise an increase of retinal thickness in low-risk

patients. It is most important to note that in both our

study and in Wittpenn’s study, all subjects had excellent

visual outcomes regardless of treatment with an NSAID.

In conclusion, in our study of subjects without known

predisposing causes of CME, the increase in

postoperative macular thickness was small in both the

control and treatment groups. This small increase in

macular thickness had no effect on final BCVA in either

group. Advances in technology now allow

ophthalmologists to quickly evaluate the macula with

very high resolution and detect changes that are not

clinically apparent at the slit lamp. Although this

information is useful, the clinician must remember that

visual function is most important when evaluating

macular oedema.27 Therefore, because ultimate BCVA

was excellent in both groups, our study does not support

the routine use of postoperative nepafenac when

preoperative nepafenac is used.
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