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1General introduction 

Global estimates of the World Health Organization (WHO) indicate that there will be 76 
million blind people in 2020.1 There are many causes of blindness, including age-related 
macular degeneration, cataract, diabetic retinopathy, glaucoma and trachoma. Cataract 
blindness affects approximately 18 million people around the world.1 Although cataract 
is the single most important cause of blindness on a worldwide scale, the proportion of 
blindness due to cataract is only 5-14% in Western Europe.1, 2 Visually disabling cataracts 
occur less often in regions where healthcare services are easily available to most people, 
but this low prevalence of cataract blindness requires large numbers of cataract surgeries 
to be performed on a daily basis.

Cataract
Cataract is a cloudiness of the natural crystalline lens. The lens is located posterior to the 
iris and anterior to the vitreous body (figure 1). The lens cooperates with the ocular tear 
film and the cornea to refract the light entering the eye. Furthermore, the crystalline lens 
provides accommodation, enabling young people to read without glasses. With increas-
ing age, the rigidity, thickness and weight of the lens increase, while the transparency 
decreases.3 The development of cataract is usually a natural process related to aging, and 
therefore most cases cannot be prevented. Some patient characteristics are recognized 
as risk factors for developing cataract, of which diabetes mellitus is the most well-known. 
The prevalence of cataract under the age of 65 is three to four times higher in diabetics, 
as compared to non-diabetics.4

Patients with cataract may complain of blurry vision and may experience monocular double 
vision and glare or halos around light sources. A myopic shift may lead to a renewed ability 
to read without reading glasses, which is also known as ‘second sight of the aged’.5 If left 
untreated, cataract will cause a gradual decline in quality of vision and may even interfere 
with quality of life.

Cataract surgery
Surgical intervention to remove the cloudy crystalline lens is the only available treatment 
for cataract. Surgery for cataract has been reported for many years, with its first descrip-
tion, called ‘couching’, dating from about the fifth century before Christ.3 During the past 
century, cataract surgery techniques have evolved from intracapsular cataract extraction 
(ICCE), to extracapsular cataract extraction (ECCE), modern phacoemulsification cataract 
surgery and femtosecond laser assisted cataract surgery (FLACS).6 Phacoemulsification 
cataract surgery has developed into one of the most commonly performed surgical proce-
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Figure 1. Anatomy of the eye with a cross section of a normal macula lutea

dures around the world and is considered one of the most cost-effective of all health-care 
interventions.1, 7 Modern cataract surgery has a success rate of 92% or higher, and yet 
cataract surgery techniques continue to evolve and improve.8 

Advanced surgical techniques have also decreased the incidence of postoperative com-
plications. Endophthalmitis, which is reported in 0.036-0.050% of patients after cataract 
surgery, is considered the most dreaded complication of all.9, 10 Other complications 
related to cataract surgery include cystoid macular edema (CME), intraocular inflamma-
tion, posterior capsule opacification and retinal detachment.8 A major current focus in 
cataract surgery is how to optimize pre- and postoperative care in order to prevent the 
occurrence of complications and to optimize visual recovery.

Cystoid macular edema
CME after cataract surgery, also known as the Irvine-Gass syndrome, was first reported 
in 1953.11, 12 CME involves the accumulation of fluid in the central part of the retina, also 
known as the macula lutea. It usually occurs within twelve weeks after cataract surgery, 
with a peak incidence at four to six weeks postoperatively.13 Patients with CME will expe-
rience a reduced central visual acuity and reduced contrast sensitivity, and may complain 
of metamorphopsia. 
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1
Figure 2. Cystoid macular edema is an accumulation of fluid in the macula lutea

IOL: intraocular lens

Due to improvements in cataract surgery techniques, the incidence of CME after cataract 
surgery has significantly decreased.14 Incidence rates as high as 50-60% were reported 
after ICCE in 1975, but gradually decreased to approximately 30% after ECCE, and further 
to 9% after phacoemulsification cataract surgery in 2003.15-17 Currently, the incidence of 
CME after cataract surgery is estimated between 1-2% in patients without risk factors for 
developing CME after cataract surgery.18, 19

Pathophysiology of cystoid macular edema
CME after cataract surgery is the result of a postoperative inflammatory response. 
Inflammatory mediators are released into the anterior chamber during cataract surgery 
and diffuse to the posterior segment of the eye.20 These inflammatory mediators cause 
vasodilatation, increased vascular permeability and disruption of the blood-aqueous and 
blood-retinal barrier (BRB). CME develops when transudate accumulates in the outer 
plexiform and inner nuclear layers of the retina. 

Manipulation during cataract surgery causes activation of phospholipase A2, which in 
turn deliberates arachidonic acid from cell membranes.14 Cyclo-oxygenase (COX) and 
5-lipoxygenase catalyze the conversion of arachidonic acid into eicosanoids, such as pros-
taglandins and leukotrienes.21 COX is expressed in the anterior segment of the healthy 
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eye, including the ciliary body and the iris stroma, predominantly in the pupillary and 
iris root areas.22 Furthermore, COX is expressed in the posterior segment, including the 
retinal endothelial cells, ganglion cells, Müller cells and retinal pigment epithelium cells.23 
Historically, prostaglandins were considered the main inflammatory mediators involved 
in the development of CME after cataract surgery. It is also reported that aqueous pros-
taglandin concentrations increase after femtosecond laser treatment as part of FLACS.24 
Prostaglandins modulate intraocular pressure, induce miosis, and disrupt the blood-ocular 
barrier. 

Figure 3. Pathophysiology of cystoid macular edema after cataract surgery

IL: interleukin; MCP: monocyte chemotactic protein; TNF: tumor necrosis factor; VEGF: vascular endothelial growth factor
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1Disruption of the blood-ocular barrier also results in leukocyte migration and production 
of other inflammatory mediators.21, 23 Several studies report increased postoperative aque-
ous concentrations of interleukin 6 (IL-6), IL-8, monocyte chemotactic protein-1 (MCP-1) 
and tumor necrosis factor-α (TNF-α), when compared to preoperative levels.25, 26 Other 
studies report increased perioperative aqueous humor concentrations of IL-1β, IL-6, IL-8, 
MCP-1, TNF-α and vascular endothelial growth factor (VEGF) in patients that went on to 
develop CME after surgery, as compared to patients who did not.27, 28 

Optical coherence tomography
In the past, a clinical diagnosis of CME was confirmed using fluorescein angiography, which 
shows a petaloid pattern of fluid leakage surrounding the fovea. Nowadays, fluorescein 
angiography is mainly used to differentiate between various causes of CME. Since the 
1990s, the primary diagnosis is made using optical coherence tomography (OCT), which 
provides high resolution cross-sections of the macula (see figure 4).29, 30 The scanning 
speed of 20,000-50,000 A-scans per second makes this non-invasive technology very 
user-friendly.31 Modern spectral domain (SD) OCT technology has a resolution of 10 µm 
in the lateral dimension and 5-7 µm in the axial direction.31 Although macular thickness 
and volume measurements are considered reliable and reproducible, it should be noted 
that differences in software algorithms between SD-OCT devices may cause considerable 
variation in macular thickness calculations.30, 31

Figure 4. Optical coherence tomography image of cystoid macular edema after cataract surgery
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Anti-inflammatory drugs
Although CME after cataract surgery may resolve spontaneously in the majority of cases, 
prevention of inflammation and CME is considered an essential step in postoperative 
care.17, 32-35 Since CME is thought to be the result of a postoperative inflammatory response, 
anti-inflammatory drugs have long been used to prevent and treat CME after cataract sur-
gery.13 Novel anti-inflammatory agents, such as brimapitide (XG-102), have recently been 
studied in prevention of inflammation after cataract surgery, but have not been adopted 
to general practice yet.36 By contrast, corticosteroids and non-steroidal anti-inflammatory 
drugs (NSAIDs) have been used for many years. The efficacy of anti-inflammatory eye 
drops depends on various pharmacological characteristics, including their ocular contact 
time; their ability to penetrate the cornea and diffuse into the aqueous humor, vitreous 
cavity and ocular tissues; as well as their ability to inhibit the production of inflammatory 
mediators.

Corticosteroids
Corticosteroids have traditionally been used to control and treat inflammation in the eye 
and other parts of the body. They inhibit a multiplicity of inflammatory mediators through 
inhibition of the enzyme phospholipase A2.32 By inhibiting phospholipase, corticosteroids 
inhibit the COX pathway, as well as the lipoxygenase pathway.14 Unfortunately, cortico-
steroids are also known for their potential complications, notably the development of an 
increased intraocular pressure.

Corticosteroid eye drops, such as betamethasone, dexamethasone, fluorometholone, 
loteprednol and prednisolone, have been used in ophthalmology for many years. Most 
topical corticosteroids penetrate the eye through the cornea.37 The ocular contact time of 
a corticosteroid can be increased by preparing the corticosteroid in a gel, microsuspension 
or viscous formulation.38 Moreover, single drug administration is preferred over combi-
nation preparations such as tobramycin-dexamethasone, since previous studies report a 
reduced aqueous bioavailability of the corticosteroid, in case of concomitant application 
of an antibiotic drug.39 Aqueous concentrations of topically applied fluorometholone are 
very low, when compared to other corticosteroid eye drops.37 Although prednisolone 
eye drops result in the highest aqueous levels, dexamethasone and betamethasone are 
more potent anti-inflammatory corticosteroids with a greater binding affinity for the glu-
cocorticoid receptors. The optimal corticosteroid concentration in treatment of ocular 
inflammatory diseases has to be investigated.37, 38

Non-steroidal anti-inflammatory drugs
More recently, NSAIDs have been used to treat ocular inflammation. NSAIDs inhibit the 
enzyme COX and thereby reduce prostaglandin synthesis during cataract surgery and 



Introduction part I | 15

1FLACS.24 They inhibit prostaglandin synthesis in the anterior segment, vitreous and retina, 
and also reduce intraocular concentrations of other inflammatory mediators, such as VEGF 
and IL-12.21, 40 NSAIDs are found to inhibit miosis during cataract surgery, reduce postop-
erative pain, and prevent the occurrence of inflammation and CME.14, 21, 23, 40, 41

Figure 5. Effects of anti-inflammatory drugs to prevent inflammation and cystoid macular edema after cataract 
surgery

IL: interleukin; MCP: monocyte chemotactic protein; NSAID: non-steroidal anti-inflammatory drug; TNF: tumor necrosis 
factor; VEGF: vascular endothelial growth factor

In the 1970s, indomethacin was the first NSAID to become available as an eye drop. Now-
adays, many topical NSAIDs are available, such as bromfenac, diclofenac, flurbiprofen, 
ketorolac and nepafenac. Nepafenac is a prodrug that penetrates the cornea and is subse-
quently converted to amfenac by intraocular hydrolases.42 It is approved by the European 
Medicines Agency (EMA) to prevent and treat pain and inflammation after cataract surgery 
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and to reduce the risk of developing CME after cataract surgery in diabetics.43 The chemical 
structure of amfenac is identical to bromfenac, with the exception of one bromine atom. 
The EMA approved bromfenac eye drops for treatment of intraocular inflammation after 
cataract surgery.44 Small studies compared the pharmacological characteristics of various 
topical NSAIDs, but were unable to report consistent results. The aqueous penetration of 
ketorolac is reported to be higher than the penetration of nepafenac and bromfenac.42, 45 
Topical bromfenac, nepafenac and ketorolac all diffuse into the vitreous humor to a mea-
surable degree.46 The availability in ocular tissues is reported to be highest after topical 
administration of bromfenac.47 Bromfenac and amfenac are the most potent inhibitors of 
COX-2, which is considered the most important isoform of COX involved in inflammatory 
responses.23, 47 By contrast, inhibition of vitreous prostaglandin production was lower after 
topical administration of ketorolac, when compared to nepafenac or bromfenac.46, 48

Anti-vascular endothelial growth factor
Intravitreal injection of anti-VEGFs, such as aflibercept, bevacizumab and ranibizumab, has 
become a powerful tool in prevention and treatment of retinal diseases. Previous studies 
have shown that VEGF causes a breakdown of the BRB and may play an important role 
in the development of CME after cataract surgery.15 Monoclonal antibodies block VEGF 
production and are thought to reduce the risk of developing CME after cataract sur-
gery. However, the use of intravitreal anti-VEGF injections to prevent and treat CME after 
cataract surgery remains controversial, given that the inhibition of other inflammatory 
mediators might be more effective.15, 49
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1Aim and outline of this thesis

CME is one of the most prevalent causes of suboptimal visual acuity after otherwise 
uncomplicated cataract surgery. For many years, ophthalmologists have tried to identify 
the optimal strategy to prevent the occurrence of postoperative CME, but guidelines vary 
between organizations and countries.8, 34, 35 The current practice in prevention and treat-
ment of CME after cataract surgery is discussed in more detail in chapter 2. This review 
describes the current evidence-based recommendations in preventing sustained visual 
impairment caused by CME after cataract surgery. 

Chapter 3 reports the results of a systematic review, designed to systematically collect 
and summarize the current knowledge on the prevention of CME after cataract surgery. 
The study was performed according to the guidelines of the Cochrane collaboration and 
includes a structured meta-analysis to integrate the results of previous randomized con-
trolled trials.50 The review compares the efficacy of various pharmacological strategies 
to prevent CME within three months after cataract surgery, in diabetic and non-diabetic 
patients without CME preoperatively. 

The PREvention of cystoid Macular EDema after cataract surgery (PREMED) study is a 
European multicenter trial, funded by the European Society of Cataract and Refractive Sur-
geons (ESCRS). The results of this study are presented in chapters 4 and 5 of this thesis. 
The aim of the ESCRS PREMED study was to provide evidence-based recommendations 
that could be used for clinical guidelines on the prevention of CME after cataract surgery. 
ESCRS PREMED study report 1 compares the efficacy of topical bromfenac 0.09%, topical 
dexamethasone 0.1% and a combination of both in non-diabetic patients undergoing 
regular, uncomplicated phacoemulsification cataract surgery. ESCRS PREMED study report 
2 aims to identify the optimal treatment in patients with diabetes mellitus. It is generally 
known that diabetics have a significantly increased risk of developing CME after cataract 
surgery, due to an increased permeability of the BRB.18 ESCRS PREMED study report 
2 compares the efficacy of a single subconjunctival injection with 40 mg triamcinolone 
acetonide, a single intravitreal injection with 1.25 mg bevacizumab, and a combination of 
both to prevent the occurrence of CME in these high risk patients.

Although CME after cataract surgery tends to resolve spontaneously in the majority of cases, 
chronic CME may produce anatomic alterations, causing sustained visual impairment.51 
Therefore, patients with CME after cataract surgery should be treated appropriately. The 
optimal treatment of CME after cataract surgery is explored in chapter 6, which describes 
the results of a systematic review. In accordance with the guidelines of the Cochrane 
collaboration, this systematic review summarizes the results of previous randomized con-
trolled clinical trials on the treatment of CME after cataract surgery.
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Abstract

Purpose of review: Although cataract surgery can effectively restore visual function in many 
patients with cataract, pseudophakic cystoid macular edema (PCME) remains an important 
cause of suboptimal visual acuity. The present review provides an overview of the current 
literature on the prevention and treatment of PCME.

Recent findings: Optimal prevention of PCME starts preoperatively with a personalized risk 
assessment. Diabetes mellitus, retinal vein occlusion, epiretinal membrane, macular hole 
and uveitis are the most important risk factors for developing cystoid macular edema after 
cataract surgery. Topical non-steroidal anti-inflammatory drugs (NSAIDs) either in addition 
to, or instead of, topical corticosteroids reduce the risk of developing PCME. Additional 
intravitreal corticosteroid and anti-vascular endothelial growth factor injections have been 
studied in diabetics. Timely diagnosis and treatment of PCME is essential. Topical NSAIDs 
solely, or in addition to corticosteroids, improve visual acuity in patients with PCME. Oral 
acetazolamide and intravitreal dexamethasone implants have been used in refractory 
cases.

Summary: Topical NSAIDs can be used solely, or in combination with topical corticoste-
roids, to prevent and treat PCME. Further research is needed to compare the efficacy of 
various NSAIDs, and to investigate the cost-effectiveness and long-term benefit of anti- 
inflammatory treatments on visual acuity, contrast sensitivity and quality of life.
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2

Introduction on prevention of PCME

Worldwide, cataract remains an important cause of visual impairment and blindness. 
Severe cataract resulted in moderate to severe visual impairment in 35.2 million people 
in 2010, and caused blindness in 10.8 million people.1 Cataract surgery is one of the most 
commonly performed surgical procedures and can effectively restore visual function.2 
Although recent advances in cataract surgery techniques have significantly decreased 
the incidence of postoperative complications, cystoid macular edema (CME) remains an 
important cause of suboptimal visual acuity.3 Optical coherence tomography is considered 
the most sensitive method to detect and monitor CME, but this technique cannot distin-
guish between various underlying causes of the edema. Optic nerve staining on fluorescein 
angiography is a typical sign that can help to distinguish pseudophakic cystoid macular 
edema (PCME) from other causes of CME, such as diabetic macular edema.3, 4 PCME, also 
known as the Irvine-Gass syndrome, is reported in 1.17-4.2% of cases, depending on the 
diagnostics and definitions used.5-10 Most cases of PCME develop within three months after 
cataract surgery, with a peak incidence at four to six weeks postoperatively.3, 5 
 
The present review summarizes recent literature on the prevention and treatment of CME 
after uncomplicated phacoemulsification cataract surgery in adult patients. 

Pathophysiology
PCME is thought to be the result of a postoperative inflammatory response. Most research 
on the pathogenesis of PCME has focused on the role of prostaglandins, but other inflam-
matory mediators, such as vascular endothelial growth factor (VEGF) and various cytokines, 
have recently generated widespread interest.11-13 Surgical manipulation during cataract 
surgery is thought to stimulate the production of inflammatory mediators from uveal 
tissue in the anterior segment, causing a disruption of the blood-aqueous and blood-ret-
inal barrier (BRB). Subsequently, transudate accumulates in the outer plexiform and inner 
nuclear layers of the retina, and PCME develops.14

Risk factors
Prevention of CME after cataract surgery should ideally begin with a personalized pre-
operative risk assessment for each individual patient. The risk of developing CME after 
cataract surgery is influenced by many patient characteristics, notably diabetes mellitus, 
which remains the most well-known. A recent cohort study of Chu et al. has shown that 
the incidence of CME after cataract surgery is four times higher in diabetics, with an 
incidence rate of 4.04%. Moreover, this study reported a near linear trend between the 
severity of diabetic retinopathy and the risk of developing CME after cataract surgery. The 
study found an overall relative risk (RR) of 6.23 (95% confidence interval [95% CI]: 5.12-
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7.58) when comparing patients with any diabetic retinopathy to non-diabetics. However, 
even diabetic patients without diabetic retinopathy had a significantly increased risk of 
developing CME. Preexisting impaired BRB function has been implicated as one of the 
main reasons for this. Previous panretinal photocoagulation did not reduce the risk of 
developing CME after cataract surgery.7 As shown in table 1, longer duration of diabetes 
mellitus and insulin dependence were identified as additional risk factors.15 

Retinal vein occlusion (RVO) is the second major risk factor for developing CME after 
cataract surgery, especially in patients who previously required treatment for RVO-asso-
ciated CME.16 Large cohort studies have also shown an increased risk in the presence of 
an epiretinal membrane, macular hole and uveitis.5-7, 17 Moreover, patients who previously 
developed PCME in the contralateral eye demonstrate an increased risk.6 

Contradicting statements have been made as to whether age, male gender, ethnicity or the 
use of prostaglandin analogues should be considered a risk factor.5-7, 17-20 Dry age-related 
macular degeneration, glaucoma, retinitis pigmentosa, status of the posterior vitreous 
and high myopia were not identified as significant risk factors, nor were systemic factors, 
such as hypertension and ischemic heart disease.5-8, 17, 20

Complicated cataract surgery increases the risk of developing PCME. Moreover, signifi-
cantly higher cumulative dissipated energy levels were found in patients who developed 
PCME.8 Femtosecond laser assisted cataract surgery has not been implicated as an 
important risk factor, as were surgeon experience, pupil size and the use of 1 mg/0.1 ml 
intracameral cefuroxime.7, 21, 22

Table 1. Key risk factors for developing CME after cataract surgery 

Ophthalmic comorbidity Diabetic patients

Retinal vein occlusion Higher grade of DR

Uveitis Insulin dependence

PCME in the contralateral eye Longer duration of DM

Epiretinal membrane

Macular hole

CME: cystoid macular edema; DM: diabetes mellitus; DR: diabetic retinopathy; PCME: pseudophakic cystoid macular edema

Prevention
Shortly after the first clinical description of PCME, ophthalmologists investigated the use 
of anti-inflammatory agents to prevent its occurrence.23 As early as 1998, the results of a 
systematic review confirmed that prophylactic anti-inflammatory interventions are effec-
tive in reducing the risk of developing PCME.24 Since then, ophthalmologists aim to identify 
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the optimal anti-inflammatory strategy before and after cataract surgery. Although topical 
corticosteroids and/or non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used 
in clinical practice, there still remains a lack of high quality evidence as to which treatment 
is the most effective. As a result, standard practice varies between organizations and coun-
tries, and remarkable contrasts can be seen between clinical recommendations of leading 
authorities, such as the American Society of Cataract and Refractive Surgery (ASCRS) and 
the American Academy of Ophthalmology (AAO).25, 26 

A recent Cochrane review has investigated whether prophylactic use of topical NSAIDs 
either in addition to, or instead of, topical corticosteroids reduces the incidence of CME 
after cataract surgery. The results of this systematic review and meta-analysis suggest 
that topical NSAIDs are more effective than topical corticosteroids in reducing the risk 
of developing CME after cataract surgery (RR 0.27, 95% CI: 0.18-0.41). The authors also 
found evidence supporting the use of topical NSAIDs in addition to topical corticosteroids, 
but the quality of evidence was low. At three months postoperatively, the authors found 
a lower risk of developing poor vision due to CME in patients treated with a combination 
of both drugs, as compared to patients receiving only a topical corticosteroid (RR 0.41, 
95%CI: 0.23-0.76). There were no significant differences with regard to mean visual acuity 
at three months after cataract surgery, consequently it remains unclear whether the use 
of topical NSAIDs improves visual function and quality of life.27 Other meta-analyses found 
similar results, suggesting that topical NSAIDs either in addition to, or instead of, topical 
corticosteroids reduce the risk of developing CME after cataract surgery, whereas the 
effect on visual acuity remains unclear.28-30 Only few studies have directly compared the 
efficacy of topical NSAIDs versus combination treatment with a topical NSAID and corti-
costeroid. Based on the results of an indirect treatment comparison, it remains unclear 
whether the use of corticosteroid eye drops can be avoided.28

Topical NSAIDs decrease the production of prostaglandins by inhibiting the enzyme cyclo- 
oxygenase (COX). Consequently, the efficiency of COX inhibition can be improved if NSAIDs 
are applied before the surgical trauma occurs. Two studies demonstrated less inflamma-
tion and a significant reduction in the incidence of PCME if patients started topical NSAIDs 
three days preoperatively.31, 32

Now that numerous studies and meta-analyses have established the benefit of NSAID 
eye drops before and after cataract surgery, ophthalmologists aim to identify the most 
effective NSAID preparation. A recent network analysis suggests that diclofenac is the 
most effective NSAID to reduce inflammation and flare after cataract surgery, followed 
by nepafenac, ketorolac, bromfenac and flurbiprofen. However, the authors report that 
most of the network comparisons were based on low-quality evidence and caution should 
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be taken interpreting the results.33 Furthermore, the review did not investigate the effi-
cacy of various NSAID preparations on postoperative CME. A pilot study including only 
twenty patients, suggests that bromfenac is more effective than nepafenac in preventing 
PCME.34 A recent study by Lee et al. suggests that topical ketorolac was more effective than 
diclofenac in preventing macular thickening after cataract surgery.35 Other studies could 
not find statistically significant differences between ketorolac and nepafenac, ketorolac 
and bromfenac or between ketorolac and indomethacin.36-41

Prevention in diabetics
Diabetes mellitus is a widely accepted risk factor for developing CME after cataract surgery 
and has been an important subject of investigation. Analogous to the non-diabetic popula-
tion, topical NSAIDs seem to be useful in preventing CME after cataract surgery in diabetic 
patients. A combination of topical NSAIDs and corticosteroids significantly reduced the 
odds of developing CME and improved visual acuity, as compared to topical corticosteroid 
treatment.28, 42-44 Several studies found that the risk of developing CME in diabetics can 
be further reduced if topical NSAID and corticosteroid treatment is continued for three 
months postoperatively.5, 43 

While topical treatments are commonly used after standard phacoemulsification cataract 
surgery, recent studies have evaluated the efficacy of additional intravitreal treatments 
in diabetic patients. Ahmadabadi et al. investigated the efficacy of intravitreal 2 mg tri-
amcinolone acetonide, in addition to topical corticosteroids, to further reduce the risk of 
developing CME after cataract surgery in patients with moderate non-proliferative dia-
betic retinopathy. No eyes in the triamcinolone acetonide group developed CME after 
cataract surgery, as compared to four eyes (19%) in the control group. Central subfield 
macular thickness remained significantly lower in the triamcinolone acetonide group until 
six months postoperatively.45 

Because recent studies suggest a key role for VEGF in the pathogenesis of CME after 
cataract surgery, intravitreal anti-VEGF injections have generated considerable clinical 
interest. Udaondo et al. evaluated the efficacy of 0.5 ml ranibizumab, in addition to topical 
dexamethasone eye drops, in 54 eyes with mild to moderate diabetic retinopathy, but no 
diabetic macular edema, undergoing regular phacoemulsification cataract surgery. This 
study demonstrated a reduction in the incidence of CME in patients treated with ranibi-
zumab. Only one patient (3.7%) in the ranibizumab group developed clinically significant 
CME at three months postoperatively, as compared to six patients (22.2%) in the control 
group.46 
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Treatment
Although acute CME resolves spontaneously in the majority of cases, timely diagnosis 
and adequate treatment are necessary to prevent anatomic alterations and sustained 
visual impairment.4 Visual acuity may improve after resolution of PCME as long as septas 
of healthy retinal tissue persist between the cystic spaces, and if the photoreceptor inner 
segment/outer segment (IS/OS) layer of the retina remains intact.47 Unfortunately, little 
is known about the natural course of PCME after modern phacoemulsification cataract 
surgery. Previous studies have shown that a longer duration of PCME decreases final 
visual acuity.48 Nevertheless, there are no evidence-based recommendations as to which 
patients should be treated, nor about the optimum postoperative timing of treatment 
initiation. 

Flach et al. showed that, in patients with chronic PCME, topical NSAIDs improve visual acuity 
within 30-90 days. Although visual acuity may decrease after cessation of treatment, visual 
acuity recovered in most patients after retreatment with NSAID eye drops.49, 50 Moreover, 
small studies suggest that a combination treatment with a topical corticosteroid and NSAID 
is more effective than a topical corticosteroid alone. The time to resolution of PCME was 
significantly shorter in patients treated with a combination of topical corticosteroids and 
NSAIDs.5, 51 Recently, it was shown that an increased frequency of topical corticosteroid 
administration, in addition to topical NSAIDs, improves the resolution of PCME. Patients 
using topical prednisolone every hour while awake had superior results regarding retinal 
thickness and visual acuity, as compared to patients using prednisolone only four times 
daily.52 No significant differences were identified between various NSAID preparations.53, 54 
Furthermore, various systemic and intraocular treatments have been used in patients with 
refractive PCME, unresponsive to topical NSAIDs and corticosteroids. Oral acetazolamide, 
in addition to topical anti-inflammatory treatment, supports the resolution of PCME.55 
Promising results are also shown with regard to intravitreal corticosteroid implants.56 A 
single intravitreal dexamethasone implant produced a larger decrease in retinal thickness, 
as compared to repeated intravitreal triamcinolone acetonide injections. However, there 
were no significant differences with regard to final visual acuity.57 The effect of intravit-
real anti-VEGF injections, such as bevacizumab and aflibercept, remains controversial as 
recent case series have shown variable results in treatment of PCME.58-61 A recent case 
report on the use of intravitreal ketorolac, found no significant effect of visual acuity and 
macular thickness.62
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Conclusions

Approximately 1-4% of patients develop CME after modern phacoemulsification cataract 
surgery, which is why PCME remains an important cause of suboptimal postoperative 
visual acuity. Diabetes mellitus is the most important risk factor for developing CME after 
cataract surgery. The severity of diabetic retinopathy, a longer duration of diabetes mellitus 
and insulin dependence were identified as additional risk factors. Other important risk 
factors include the presence of an epiretinal membrane, macular hole, RVO, uveitis or the 
development of PCME in the contralateral eye.

Previous studies have shown that topical NSAIDs either in addition to, or instead of, top-
ical corticosteroids reduce the risk of developing PCME. Prophylactic treatment should 
ideally start a few days before surgery and should be continued for at least three months 
postoperatively in high-risk patients, including diabetics. Further research is needed to 
determine the long-term benefit of topical NSAIDs and corticosteroids on visual acuity, 
contrast-sensitivity and patient-related quality of life. 

Whereas PCME resolves spontaneously in the majority of patients, previous studies have 
also shown that final visual acuity decreases if PCME exists for a longer period of time. 
The optimum postoperative moment for treatment initiation remains to be identified. 
Topical NSAIDs, with or without corticosteroids, improve visual acuity in patients with acute 
and chronic PCME. Oral acetazolamide and intravitreal dexamethasone implants can be 
used in refractory cases, whereas the effect of intravitreal anti-VEGF injections remains 
controversial.
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Abstract

Purpose: To evaluate the optimum medical strategy to prevent cystoid macular edema 
(CME) after cataract surgery.

Design: Systematic review and meta-analysis.

Methods: Setting: Cochrane, MEDLINE and EMBASE databases were searched to identify 
eligible randomized controlled trials (RCTs). Study population: RCTs comparing medical 
strategies to prevent CME after uncomplicated cataract surgery in non-diabetic and dia-
betic patients. Observation procedures: Data was extracted by two authors independently. 
Quality of individual RCTs was assessed using the Cochrane Collaboration’s tool for assess-
ing risk of bias and Delphi criteria. Main outcome measures: Odds of developing CME within 
three months postoperatively and foveal thickness, macular volume and corrected dis-
tance visual acuity change within three months postoperatively, as compared to baseline.

Results: Seventeen trials reported incidence rates. Topical non-steroidal anti-inflammatory 
drugs (NSAIDs) significantly reduced the odds of developing CME as compared to topical 
corticosteroids in non-diabetic (odds ratio (OR) 0.11; 95% confidence interval (95% CI) 
0.03-0.37) and mixed populations (OR 0.05; 95% CI 0.02-0.11). A combination of topical 
corticosteroids and NSAIDs significantly reduced the odds of developing CME as compared 
to topical corticosteroids in non-diabetic (OR 0.21; 95% CI 0.10-0.44) and diabetic patients 
(OR 0.17; 95% CI 0.05-0.50). Intravitreal corticosteroid or anti-vascular endothelial growth 
factor injections did not show any additional benefit in diabetics.

Conclusions: Topical NSAIDs significantly reduced the odds of developing CME, as com-
pared to topical corticosteroids in non-diabetic and mixed populations. A combination of 
topical NSAIDs and corticosteroids reduced the odds of developing CME in non-diabetic 
and diabetic patients, as compared to topical corticosteroids.
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Introduction

For many decades, cataract has been the leading cause of blindness in the world. A major 
current focus in cataract surgery is how to minimize complications and improve postop-
erative visual recovery. Over the years, the incidence of complications has significantly 
decreased owing to more advanced surgical techniques. Nowadays, cystoid macular 
edema (CME) is one of the most prevalent postoperative complications after otherwise 
uncomplicated cataract surgery. 

CME after cataract surgery was first reported in 1953 and is also known as the Irvine-Gass 
syndrome.1,2 It usually develops within three months postoperatively, with a peak incidence 
at four to six weeks after surgery.3,4 It is considered the most important cause of subopti-
mal visual acuity within the first weeks postoperatively and strongly affects early recovery. 
Although CME has been reported in up to 23% of non-diabetic subjects after regular 
uncomplicated cataract surgery, most cases are self-limiting and patients experience no 
or only minimal reduction in visual acuity.5-8 Approximately 0-6% of non-diabetic subjects 
develops visual complaints and suffer from clinically significant macular edema (CSME).5,7,9 
In contrast, incidence rates of CSME are up to 56% in diabetic patients with mild to mod-
erate non-proliferative diabetic retinopathy (NPDR) and no CME preoperatively.5,10-12

In 1998, a review by Rossetti and associates reported that prophylactic anti-inflammatory 
interventions are effective in reducing the incidence of CME after cataract surgery.8 Since 
then, many treatments have been studied in order to identify the optimal preventive 
treatment. Recently, Kessel and associates compared the efficacy of topical corticosteroids 
and topical non-steroidal anti-inflammatory drugs (NSAIDs) in controlling postoperative 
inflammation and preventing CME after uncomplicated cataract surgery in non-diabetic 
patients.13 The systematic review showed less postoperative inflammation and less CME 
in the NSAID group. This study, however, did not compare any other intervention and did 
not address the efficacy in diabetic patients.

This systematic review was designed to collect and summarize the results of randomized 
controlled trials (RCTs) on the prevention of CME after cataract surgery. The current study 
compares the efficacy of preventive strategies on the odds of developing CME within three 
months after uncomplicated phacoemulsification cataract surgery with posterior chamber 
intraocular lens implantation in non-diabetic and diabetic patients with age-related cata-
ract, without CME preoperatively and with no predisposing factors for developing CME. A 
meta-analysis and indirect treatment comparison was performed to compare the efficacy 
of various preventive treatments.
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Methods

The systematic review and meta-analysis was designed using the guidelines of the 
Cochrane Handbook and result were reported following the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) statement.14,15 In accordance with 
Dutch guidelines, the medical ethics committee of the University Hospital Maastricht and 
Maastricht University decided that no institutional review board approval was required 
for this study.

Systematic review process
The Cochrane Library (1992 to present), MEDLINE (OVID, 1946 to present) and EMBASE 
(1947 to present) databases were searched in June 2013 and an update was conducted 
in July 2014. All search strategies included a combination of text words, including text 
words for cataract extraction (cataract extr*, phaco*), macular edema (irvine gass, edema, 
oedema) and study design (random*). The complete search strategy for the MEDLINE 
database is shown in appendix 1. Similar search strategies were used for the Cochrane 
Library and EMBASE databases. To prevent exclusion of eligible articles, there were no 
language, publication status or date restrictions. Reference lists of all included trials and 
previously published reviews were searched for additional RCTs by two review authors 
(L.W. and V.L.) independently. No trial registries were searched for unpublished trials and 
no study authors were contacted to identify additional studies. All records identified were 
managed using Endnote X7.

Titles and abstracts were scanned for eligibility by two review authors (L.W. and V.L.) 
independently. Discrepancies were resolved by discussion between the two authors. Full 
articles were obtained for all relevant abstracts and were reviewed by the two authors for 
eligibility. Both were unmasked to authors, journal, institution and trial results during the 
assessment. In order to provide a complete overview of the available evidence, all RCTs 
comparing at least two preventive strategies of any type, dosage or form, were included 
in this systematic review. The authors excluded trials investigating the prevention of CME 
after intracapsular or extracapsular cataract extraction, and trials including patients with 
preoperative CME or a high risk of developing CME postoperatively. Trials investigating 
the treatment of CME were also excluded.

Data extraction
All data were extracted in duplicate by two authors (L.W. and V.L.) independently. A stan-
dard data extraction form was used, including the following items: study size, funding 
sources, eligibility criteria, type of participants, type of interventions, follow-up period, 
outcome definition, retinal thickness classified according to the Early Treatment Diabetic 
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Retinopathy Study (ETDRS) retinal thickness map, macular volume (MV) and corrected 
distance visual acuity (CDVA). 

All preventive strategies were classified into predefined treatment groups based on type 
of intervention and mode of administration (e.g. topical corticosteroids or subconjuncti-
val corticosteroids). All preoperative, intraoperative and postoperative treatments were 
taken into account, except for once-only intraoperative eye drops that were thought not 
to influence the effect of additional preventive strategies. If an article included multiple 
study arms within the same treatment group, these arms were combined by adding the 
total number of participants in each group. 

Risk of bias and quality of the included trials were assessed on study level by two reviewers 
independently of each other, using the Cochrane Collaboration’s tool for assessing risk of 
bias and Delphi criteria. The Delphi list assesses the quality of RCTs based on treatment 
allocation (randomization and allocation concealment); baseline prognostic factors; eligi-
bility criteria; masking of outcome assessors, care providers and patients; presentation 
of point estimates and measures of variability; and inclusion of an intention to treat- 
analysis.16 The Cochrane Collaboration’s tool for assessing risk of bias assesses various 
types of bias, including selection bias (sequence generation and allocation concealment); 
performance bias (blinding of participants and personnel); detection bias (blinding of out-
come assessment); attrition bias (incomplete outcome data); and other sources of bias.14

Meta-analysis
Subgroup analyses were performed for patients with and without diabetes mellitus (DM). 
An additional subgroup analysis was performed for all mixed populations, to compare 
data of studies that included both non-diabetic and diabetic patients. Trials comparing 
two identical treatment groups (e.g. two corticosteroid eye drops) were excluded from the 
meta-analysis, as were data from trials that did not provide any measures of variability.

The primary outcome was the incidence of CME within 3 months after cataract surgery, 
using the diagnostic tools and definitions of the included trials. In case an article used sepa-
rate definitions for CME and CSME, the occurrence of CSME was used in the meta-analysis, 
as this is the most clinically relevant outcome. Secondary outcome measures were the 
difference in optical coherence tomography (OCT)-measured central foveal thickness (FT) 
in the central 1 mm area of the macula and MV in the central 6 mm area of the macula 
within 3 months postoperatively, as compared to baseline. Moreover, this study describes 
the difference between treatment groups in CDVA change within 3 months postopera-
tively, as compared to baseline. CDVA data were converted to logMAR scale if necessary. If 
articles reported only absolute values of baseline and postoperative FT, MV or CDVA, mean 
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changes were calculated from the available information. The standard deviation (SD) for 
FT, MV or CDVA change was imputed from the baseline and postoperative SD, using the 
methods described in the Cochrane Handbook.14 If an outcome was measured more than 
once within 3 months postoperatively, the latest follow-up moment was selected for inclu-
sion in the meta-analysis, with the intention of comparing the most long-term outcome.

Analyses were performed using Review Manager. Odds ratios (ORs) and accompanying 
95% confidence intervals (95% CIs) were calculated for all dichotomous outcomes, whereas 
mean differences with 95% CI were analyzed for all continuous outcome measures. As 
described in the Cochrane Handbook, statistical heterogeneity was assessed using the χ2 
test. I2 was used to describe the percentage of variability in effect estimate thought to be 
a result of heterogeneity.14 Whenever possible, treatment groups were compared directly 
using a classical pairwise meta-analysis. Some indirect comparisons could be performed 
using the Bucher method. This method can be used if no RCT compared two treatment 
groups directly, while both treatments have been compared to placebo or standard treat-
ment in other trials.17
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Figure 1. Flow chart visualizing the selection of randomized controlled trials
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Results

The literature search retrieved 2808 titles and abstracts. Thirty trials were included in this 
systematic review. Reasons for exclusion in each stage of the article selection process are 
shown in detail in the flow chart in figure 1. Characteristics of included studies are listed 
in appendix 2. Eleven trials included only patients without DM and seven trials included 
only diabetic patients. Twelve other trials included patients with and without DM or did 
not report the incidence of DM in the study population. These trials were clustered and 
referred to as “mixed populations”. In the non-diabetic and mixed populations, most trials 
compared the effect of topical corticosteroids, topical NSAIDs or a combination of both.18-35 
By contrast, many different treatments have been compared in diabetic subjects, includ-
ing subtenon corticosteroids,36 intravitreal corticosteroids37 and intravitreal anti-vascular 
endothelial growth factor (anti-VEGF) injections.38-40 A complete overview of the studied 
treatment groups and definitions used in the included trials are given in table 1-3 for 
non-diabetic, mixed and diabetic populations, respectively.

Eight trials could not be included in the meta-analysis, since ORs and 95% CIs could not be 
calculated for the reported treatment comparisons. Quantitative measures could not be 
calculated because no patient developed CME in either treatment group,41 because there 
were no measures of variability given by the authors31 or because the study compared two 
identical treatment groups as defined in this study (e.g. comparing two different types of 
corticosteroid eye drops).18,19,21,34,35,42 A complete overview of all meta-analyses is provided 
in appendix 3 and a summary of all treatment comparisons is provided in table 4. 

Quality of evidence
Only RCTs were selected for inclusion in this study. Appendix 2 contains an assessment of 
the risk of bias within studies and the quality of the included RCTs. As evident from appen-
dix 3, the overall quality of evidence of the included studies was low to moderate. Eleven 
trials used a table of random numbers to randomize the included patients,18-21,29,34-38,43 
one trial used centralized randomization by the pharmacy32 and three trials used enve-
lopes.25,29,44 The method of treatment allocation was unclear in fifteen other trials. Six trials 
stated that the treatment allocation was concealed from the investigators.18,19,29,32,45,46 Six 
trials were open-label studies.22,23,31,43,44,46

Non-diabetic patients
As shown in table 1, nine trials reporting the incidence of CME after cataract surgery in 
non-diabetic patients could be included in this meta-analysis. The meta-analysis in figure 
2 shows that topical NSAIDs significantly reduced the odds of developing CME after cata-
ract surgery, as compared to topical corticosteroids. The OR was 0.11 (95% CI 0.03-0.37; 
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I2 0%).22,24,27 The difference in efficacy between topical corticosteroids and NSAIDs was not 
statistically significant if patients also received oral prednisolone for seven days postoper-
atively (OR 0.06; 95% CI 0.00-1.10).43 A combination of topical corticosteroids and topical 
NSAIDs reduced the odds of developing CME as compared to topical corticosteroids as a 
single-drug treatment, with an OR of 0.21 (95% CI 0.10-0.44; I2 18%).20,27,29,30 

Figure 2. Forest plots summarizing the results of studies comparing the efficacy of topical treatments to prevent 
the occurrence of cystoid macular edema within 3 months after uncomplicated cataract surgery in non-diabetic, 
mixed and diabetic populations

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; 95% CI: 
95% confidence interval

Only one RCT provided a direct comparison between topical NSAIDs and a combina-
tion treatment of topical corticosteroids and NSAIDs. Unfortunately, it was not possible 
to include this comparison in the quantitative analyses, since no patient in either treat-
ment group developed CME.27 Nevertheless, using the common comparator of topical 
corticosteroids, it was possible to perform an indirect comparison of topical NSAIDs vs a 
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Table 1. Randomized controlled trials investigating non-diabetic patients 

Study Definition CME Treatment group Drug Treatment group Drug

Dieleman et al. 201146 CME on OCT (any increase in CPT > 30% compared with the 
preoperative baseline value developing within 4 weeks after 
cataract surgery) in combination with a decrease in CDVA 
of 2 or more lines on the ETDRS chart

Topical CS Dexamethasone 0.1% (postop) Subconjunctival CS Betamethasone 5,7 mg/ml (during surgery)

Donnenfeld et al. 200620 BCVA worse than 20/30 at the 2-week postoperative visit 
and CME diagnosed using OCT

Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAIDb

Prednisolone 1% (postop) + ketorolac 0.4% 
(preop + postop)

Donnenfeld et al. 201119, a Not given Topical CS + topical 
NSAID

Difluprednate 0.05% (postop) + 
nepafenac 0.1% or ketorolac 0.4% 
(preop and postop)

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + nepafenac 
0.1% or ketorolac 0.4% (preop and postop)

Mathys et al. 201021,a An increase of > 25µm in macular thickness in the central 1 
mm area on OCT

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + 
nepafenac 0.01% (preop)

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + nepafenac 
0.01% (preop) + nepafenac 0.1% (postop)

Miyake et al. 199922 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.1% (preop and postop)

Miyake et al. 200124 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.5 % (preop and postop)

Miyanaga et al. 200927 Decreased VA and obvious CME by OCT Topical CS Betamethasone 0.1% and 
Fluorometholone 0.1% (postop)

1. Topical NSAID
2. Topical CS + topical 
NSAID

1. Bromfenac 0.1% (postop
2. Betamethasone 0.1% and 
fluorometholone 0.1% (postop) + 
bromfenac 0.1% (postop)

Moschos et al. 201228 Not given Topical CS Dexamethasone 0.1% (postop) Topical CS + topical 
NSAID

Dexamethasone 0.1% (postop) + 
diclofenac 0.1% (preop and postop)

Negi et al. 200645 Snellen BCVA of 6/9 or less and CME on oral FA Oral AZ + topical CS 
+ subconjunctival 
CS

AZ 250 mg (end of surgery) + 
betamethasone 0.1% (postop) + 
betamethasone 4 mg (during surgery)

Oral AZ + 
subconjunctival CS + 
subtenon CS

AZ 250 mg (end of surgery) + 
betamethasone 4 mg (during surgery) 
+ triamcinolone acetonide 20 or 30 mg 
(during surgery)

Ticly et al. 201429 Diagnosed on FA using the Miyake classification; CME on 
OCT defined as the presence of well-defined cystic fluid 
pockets or a CST above 315 µm

Topical CS Prednisolone 1% (preop and postop) Topical CS + topical 
NSAID

Prednisolone 1% (preop and postop) + 
ketorolac 0.4% (preop and postop)

Wang et al. 201343 Impaired BCVA, macular alterations during fundus 
examination and CRT of > 250µm on OCT and the presence 
of intraretinal cystoid space beneath the fovea

Oral CS + topical 
CSb

Prednisolone 15 mg (postop) 
+ fluorometholone 0.1% or 
dexamethasone 0.1% (postop)

Oral CS+ topical NSAIDb Prednisolone 15 mg (postop) + bromfenac 
0.1% (postop)

Yavas et al. 200730 Diagnosed on FA as fluorescein leakage into the cystic 
space

Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAIDb

Prednisolone 1% (postop) + indomethacin 
0.1% (postop or preop and postop)

a Not included in meta-analysis
b Combination of more than one treatment group

AZ: acetazolamide; BCVA: best corrected visual acuity; CDVA: corrected distance visual acuity; CME: cystoid macular 
edema; CPT: center point thickness; CRT: central retinal thickness; CS: corticosteroid; CST: central subfield thickness; FA: 
fluorescein angiography; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; ETDRS: 
early treatment diabetic retinopathy study; postop: postoperatively; preop: preoperatively; VA: visual acuity
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Table 1. Randomized controlled trials investigating non-diabetic patients 

Study Definition CME Treatment group Drug Treatment group Drug

Dieleman et al. 201146 CME on OCT (any increase in CPT > 30% compared with the 
preoperative baseline value developing within 4 weeks after 
cataract surgery) in combination with a decrease in CDVA 
of 2 or more lines on the ETDRS chart

Topical CS Dexamethasone 0.1% (postop) Subconjunctival CS Betamethasone 5,7 mg/ml (during surgery)

Donnenfeld et al. 200620 BCVA worse than 20/30 at the 2-week postoperative visit 
and CME diagnosed using OCT

Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAIDb

Prednisolone 1% (postop) + ketorolac 0.4% 
(preop + postop)

Donnenfeld et al. 201119, a Not given Topical CS + topical 
NSAID

Difluprednate 0.05% (postop) + 
nepafenac 0.1% or ketorolac 0.4% 
(preop and postop)

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + nepafenac 
0.1% or ketorolac 0.4% (preop and postop)

Mathys et al. 201021,a An increase of > 25µm in macular thickness in the central 1 
mm area on OCT

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + 
nepafenac 0.01% (preop)

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + nepafenac 
0.01% (preop) + nepafenac 0.1% (postop)

Miyake et al. 199922 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.1% (preop and postop)

Miyake et al. 200124 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.5 % (preop and postop)

Miyanaga et al. 200927 Decreased VA and obvious CME by OCT Topical CS Betamethasone 0.1% and 
Fluorometholone 0.1% (postop)

1. Topical NSAID
2. Topical CS + topical 
NSAID

1. Bromfenac 0.1% (postop
2. Betamethasone 0.1% and 
fluorometholone 0.1% (postop) + 
bromfenac 0.1% (postop)

Moschos et al. 201228 Not given Topical CS Dexamethasone 0.1% (postop) Topical CS + topical 
NSAID

Dexamethasone 0.1% (postop) + 
diclofenac 0.1% (preop and postop)

Negi et al. 200645 Snellen BCVA of 6/9 or less and CME on oral FA Oral AZ + topical CS 
+ subconjunctival 
CS

AZ 250 mg (end of surgery) + 
betamethasone 0.1% (postop) + 
betamethasone 4 mg (during surgery)

Oral AZ + 
subconjunctival CS + 
subtenon CS

AZ 250 mg (end of surgery) + 
betamethasone 4 mg (during surgery) 
+ triamcinolone acetonide 20 or 30 mg 
(during surgery)

Ticly et al. 201429 Diagnosed on FA using the Miyake classification; CME on 
OCT defined as the presence of well-defined cystic fluid 
pockets or a CST above 315 µm

Topical CS Prednisolone 1% (preop and postop) Topical CS + topical 
NSAID

Prednisolone 1% (preop and postop) + 
ketorolac 0.4% (preop and postop)

Wang et al. 201343 Impaired BCVA, macular alterations during fundus 
examination and CRT of > 250µm on OCT and the presence 
of intraretinal cystoid space beneath the fovea

Oral CS + topical 
CSb

Prednisolone 15 mg (postop) 
+ fluorometholone 0.1% or 
dexamethasone 0.1% (postop)

Oral CS+ topical NSAIDb Prednisolone 15 mg (postop) + bromfenac 
0.1% (postop)

Yavas et al. 200730 Diagnosed on FA as fluorescein leakage into the cystic 
space

Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAIDb

Prednisolone 1% (postop) + indomethacin 
0.1% (postop or preop and postop)

a Not included in meta-analysis
b Combination of more than one treatment group

AZ: acetazolamide; BCVA: best corrected visual acuity; CDVA: corrected distance visual acuity; CME: cystoid macular 
edema; CPT: center point thickness; CRT: central retinal thickness; CS: corticosteroid; CST: central subfield thickness; FA: 
fluorescein angiography; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; ETDRS: 
early treatment diabetic retinopathy study; postop: postoperatively; preop: preoperatively; VA: visual acuity
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Table 2. Randomized controlled trials investigating non-diabetic and diabetic patients (a mixed population) 

Study Definition CME Treatment 
group

Drug Treatment group Drug

Almeida et al. 200831, a Not given Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAID

Prednisolone 1% (postop) + ketorolac 0.5% 
(preop and postop)

Almeida et al. 201232 Not given Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAIDb

Prednisolone 1% (postop) + nepafenac 
0.1% or ketorolac 0.5% (preop and postop)

Cable et al. 201218, a Not given Topical CS + 
topical NSAID

Prednisolone 1% (during surgery) and 
difluprednate (postop) + bromfenac 
0.09% (preop and postop)

Topical CS + topical 
NSAID

Prednisolone 1% (during surgery) and 
difluprednate (postop) + nepafenac 0.1% 
(preop and postop)

Cervantes et al. 200933 CSME associated with vision loss Topical CS Dexamethasone 0.1% (postop) Topical CS + topical 
NSAID

Dexamethasone 0.1% (postop) + 
nepafenac 0.1% (preop and postop)

Chatziralli et al. 201142, a Not given Oral AZ + 
topical CS + 
topical NSAID

Acetazolamide 125 mg (preop) + 
dexamethasone 0.1% (preop and 
postop) + ketorolac 0.5% (preop)

Oral AZ + topical CS + 
topical NSAID

Acetazolamide 125 mg + dexamethasone 
0.1% (preop and postop) + ketorolac 0.5% 
(preop and postop)

Miyake et al. 200023 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.1% (preop and postop)

Miyake et al. 200725 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.1% (preop and postop)

Miyake et al. 201126 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Nepafenac 0.1% (preop and postop)

Nishino et al. 200941, a FA was performed only when CME was suspected to worsen 
the VA to less than 0.7

Topical NSAID Bromfenac (preop and postop) Topical NSAID + topical 
CS + subconjunctival CS

Bromfenac (preop and postop) + 
fluorometholone 0.1% (postop) + 
dexamethasone 0.5 ml (during surgery)

Weber et al. 201334, a Not given Topical NSAID Indomethacin 0.1% (preop and 
postop)

Topical NSAID Ketorolac 0.5% (preop and postop)

Wittpenn et al. 200835, a Definite CME: presence of cystoid changes associated with 
substantial (≥ 40 µm) retinal thickening on OCT 
Probable CME: presence of changes in retinal contour and 
increased macular thickness relative to preoperative baseline, 
but without definite cystoid changes

Topical CS + 
topical NSAID

Prednisolone 1% (postop) + ketorolac 
0.4% (preop)

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + ketorolac 0.4% 
(preop and postop)

a Not included in meta-analysis
b Combination of more treatment groups

AZ: acetazolamide; CME: cystoid macular edema; CS: corticosteroid; CSME: clinically significant macular edema; FA: 
fluorescein angiography; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; postop: 
postoperatively; preop: preoperatively; VA: visual acuity
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Table 2. Randomized controlled trials investigating non-diabetic and diabetic patients (a mixed population) 

Study Definition CME Treatment 
group

Drug Treatment group Drug

Almeida et al. 200831, a Not given Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAID

Prednisolone 1% (postop) + ketorolac 0.5% 
(preop and postop)

Almeida et al. 201232 Not given Topical CS Prednisolone 1% (postop) Topical CS + topical 
NSAIDb

Prednisolone 1% (postop) + nepafenac 
0.1% or ketorolac 0.5% (preop and postop)

Cable et al. 201218, a Not given Topical CS + 
topical NSAID

Prednisolone 1% (during surgery) and 
difluprednate (postop) + bromfenac 
0.09% (preop and postop)

Topical CS + topical 
NSAID

Prednisolone 1% (during surgery) and 
difluprednate (postop) + nepafenac 0.1% 
(preop and postop)

Cervantes et al. 200933 CSME associated with vision loss Topical CS Dexamethasone 0.1% (postop) Topical CS + topical 
NSAID

Dexamethasone 0.1% (postop) + 
nepafenac 0.1% (preop and postop)

Chatziralli et al. 201142, a Not given Oral AZ + 
topical CS + 
topical NSAID

Acetazolamide 125 mg (preop) + 
dexamethasone 0.1% (preop and 
postop) + ketorolac 0.5% (preop)

Oral AZ + topical CS + 
topical NSAID

Acetazolamide 125 mg + dexamethasone 
0.1% (preop and postop) + ketorolac 0.5% 
(preop and postop)

Miyake et al. 200023 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.1% (preop and postop)

Miyake et al. 200725 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Diclofenac 0.1% (preop and postop)

Miyake et al. 201126 Diagnosed on FA using the Miyake classification Topical CS Fluorometholone 0.1% (preop and 
postop)

Topical NSAID Nepafenac 0.1% (preop and postop)

Nishino et al. 200941, a FA was performed only when CME was suspected to worsen 
the VA to less than 0.7

Topical NSAID Bromfenac (preop and postop) Topical NSAID + topical 
CS + subconjunctival CS

Bromfenac (preop and postop) + 
fluorometholone 0.1% (postop) + 
dexamethasone 0.5 ml (during surgery)

Weber et al. 201334, a Not given Topical NSAID Indomethacin 0.1% (preop and 
postop)

Topical NSAID Ketorolac 0.5% (preop and postop)

Wittpenn et al. 200835, a Definite CME: presence of cystoid changes associated with 
substantial (≥ 40 µm) retinal thickening on OCT 
Probable CME: presence of changes in retinal contour and 
increased macular thickness relative to preoperative baseline, 
but without definite cystoid changes

Topical CS + 
topical NSAID

Prednisolone 1% (postop) + ketorolac 
0.4% (preop)

Topical CS + topical 
NSAID

Prednisolone 1% (postop) + ketorolac 0.4% 
(preop and postop)

a Not included in meta-analysis
b Combination of more treatment groups

AZ: acetazolamide; CME: cystoid macular edema; CS: corticosteroid; CSME: clinically significant macular edema; FA: 
fluorescein angiography; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; postop: 
postoperatively; preop: preoperatively; VA: visual acuity
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combination treatment of topical NSAIDs and corticosteroids. This comparison showed 
no statistically significant difference in the odds of developing CME after cataract surgery 
with an OR of 0.54 (95% CI 0.13-2.20).

One study compared the efficacy of postoperative corticosteroid eye drops to subcon-
junctival corticosteroids at the end of cataract surgery in non-diabetic patients. This study 
showed no statistically significant difference in the odds of developing CME between both 
treatment groups (OR 1.18; 95% CI 0.53-2.62).46

None of the studies investigated the change in FT or MV after cataract surgery. Eight trials 
reported the change in CDVA within 3 months postoperatively or both the preoperative 
and postoperative CDVA. None of the treatment comparisons showed significant differ-
ences in CDVA change from baseline. An overview of these meta-analyses can be found 
in figure 3.

Mixed populations
Four trials reported the incidence of CME after cataract surgery in mixed populations, 
including both diabetic and non-diabetic subjects. Table 2 provides a complete overview 
of the included studies. The meta-analysis shown in figure 2 suggests that topical NSAIDs 
significantly reduce the odds of developing CME after cataract surgery, as compared to 

Table 3. Randomized controlled trials investigating diabetic patients 

Study Definition CME Treatment group Drug Treatment group Drug

Ahmadabadi et al. 201037 Subjective report of decreased vision by the patient, 
ophthalmoscopic detection of the presence of ME, and 
confirmation of the diagnosis by FA and OCT examinations 
at any postoperative visit

Topical CS Betamethasone 0.1% (postop) Topical CS +  
intravitreal CS

Betamethasone 0.1% (postop) + 
triamcinolone acetonide 2 mg (during 
surgery)

Chae et al. 201438 > 60 mm increase in CST relative to the screening CST 
value, as assessed by spectral domain OCT; diagnosed on 
FA using the Antcliff classification

Placebo Intravitreal anti-VEGF Ranibizumab 0.5 mg (during surgery)

Endo et al. 201044 Not given Topical CS Betamethasone 0.1% & 
fluorometholone 0.1% (postop)

Topical NSAID Bromfenac 0.1% (postop)

Fard et al. 201139 Increase in CPT on OCT after cataract surgery Placebo Intravitreal anti-VEGF Bevacizumab 1.25 mg (during surgery)

Kim et al. 200836 Postsurgical CME was defined as decreased VA and CME 
on OCT

Topical CS Prednisolone 1% (postop) Topical CS +
subtenon CS 

Prednisolone 1% (postop) +
triamcinolone acetonide (during surgery)

Singh et al. 201247 ≥ 30% increase in CSMT relative to the presurgical baseline 
measurement

Topical CS Prednisolone 1% (postop) Topical CS + 
topical NSAID

Prednisolone 1% (postop) +
nepafenac 0.1% (preop and postop)

Udaondo et al. 201140 ME involving or threatening the center of the macula as 
defined by the ETDRS

Topical CS Dexamethasone 0.1% (postop) Topical CS +
intravitreal anti-VEGF

Dexamethasone 0.1 % (postop) +
ranibizumab 5mg (during surgery)

CME: cystoid macular edema; CPT: center point thickness; CS: corticosteroid; CSMT: central subfield macular thickness; 
CST: central subfield thickness; ETDRS: early treatment diabetic retinopathy study; FA: fluorescein angiography; 

ME: macular edema; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; postop: 
postoperatively; preop: preoperatively; VA: visual acuity; VEGF: vascular endothelial growth factor
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Table 3. Randomized controlled trials investigating diabetic patients 

Study Definition CME Treatment group Drug Treatment group Drug

Ahmadabadi et al. 201037 Subjective report of decreased vision by the patient, 
ophthalmoscopic detection of the presence of ME, and 
confirmation of the diagnosis by FA and OCT examinations 
at any postoperative visit

Topical CS Betamethasone 0.1% (postop) Topical CS +  
intravitreal CS

Betamethasone 0.1% (postop) + 
triamcinolone acetonide 2 mg (during 
surgery)

Chae et al. 201438 > 60 mm increase in CST relative to the screening CST 
value, as assessed by spectral domain OCT; diagnosed on 
FA using the Antcliff classification

Placebo Intravitreal anti-VEGF Ranibizumab 0.5 mg (during surgery)

Endo et al. 201044 Not given Topical CS Betamethasone 0.1% & 
fluorometholone 0.1% (postop)

Topical NSAID Bromfenac 0.1% (postop)

Fard et al. 201139 Increase in CPT on OCT after cataract surgery Placebo Intravitreal anti-VEGF Bevacizumab 1.25 mg (during surgery)

Kim et al. 200836 Postsurgical CME was defined as decreased VA and CME 
on OCT

Topical CS Prednisolone 1% (postop) Topical CS +
subtenon CS 

Prednisolone 1% (postop) +
triamcinolone acetonide (during surgery)

Singh et al. 201247 ≥ 30% increase in CSMT relative to the presurgical baseline 
measurement

Topical CS Prednisolone 1% (postop) Topical CS + 
topical NSAID

Prednisolone 1% (postop) +
nepafenac 0.1% (preop and postop)

Udaondo et al. 201140 ME involving or threatening the center of the macula as 
defined by the ETDRS

Topical CS Dexamethasone 0.1% (postop) Topical CS +
intravitreal anti-VEGF

Dexamethasone 0.1 % (postop) +
ranibizumab 5mg (during surgery)

CME: cystoid macular edema; CPT: center point thickness; CS: corticosteroid; CSMT: central subfield macular thickness; 
CST: central subfield thickness; ETDRS: early treatment diabetic retinopathy study; FA: fluorescein angiography; 

ME: macular edema; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; postop: 
postoperatively; preop: preoperatively; VA: visual acuity; VEGF: vascular endothelial growth factor

topical corticosteroids (OR 0.05; 95% CI 0.02-0.11; I2 0%).23,25,26 This finding was also con-
firmed by OCT, showing a significantly smaller increase in FT in the topical NSAID group as 
compared to topical corticosteroids (mean difference -23.20 µm; 95% CI -42.95 to -3.45 
µm).26 Other trials showed that a combination of topical corticosteroids and NSAIDs sig-
nificantly reduced the postoperative change in MV, as compared to topical corticosteroids 
as a single-drug treatment. The mean difference was -0.25 mm3 (95% CI -0.36 to -0.13 
mm3; I2 0%).32,33 There was no statistically significant difference between treatment groups 
in FT change from baseline (mean difference -6.00 µm; 95% CI -15.17 to 3.17 µm).33 An 
indirect comparison between topical NSAIDs and a combination of topical corticosteroids 
and NSAIDs showed no significant difference in the FT change from baseline, with a mean 
difference of -17.2 µm (95% CI -38.97 to 4.57 µm).

Two trials reported change in CDVA within 3 months postoperatively. None of the com-
parisons showed significant differences between treatment groups in CDVA change from 
baseline.

Diabetic patients
Seven trials included diabetic patients with mild to severe NPDR and no diabetic macular 
edema preoperatively. Five trials reported the incidence of CME after cataract surgery. A 
complete overview of all articles is presented in table 3. As can be seen in figure 2, a com-
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bination of topical corticosteroids and topical NSAIDs reduced the odds of developing CME 
after cataract surgery as compared to topical corticosteroids as a single-drug treatment 
(OR 0.17; 95% CI 0.05-0.50).47 Only one study compared the efficacy of topical NSAIDs vs 
topical corticosteroids in diabetic patients, but did not report on the incidence of CME. 
The difference in FT change from baseline between both treatment groups was not sta-
tistically significant (mean difference -17.00 µm; 95% CI -36.37 to 2.37 µm). Nevertheless, 
the study did show a statistically significantly larger improvement in CDVA in the NSAID 
group as compared to the topical corticosteroid group (mean difference -0.13 logMAR; 
95% CI -0.24 to -0.02 logMAR). Preoperative CDVA in the NSAID and corticosteroid group 
was 0.24 and 0.16 logMAR (20/35 and 20/29 Snellen), respectively, and improved to -0.09 
and -0.04 logMAR (20/16 and 20/18 Snellen) at 6 weeks postoperatively.44

Figure 3. Forest plots summarizing the results of studies comparing the efficacy of topical treatments on the 
change in corrected distance visual acuity within 3 months after uncomplicated cataract surgery, as compared 
to baseline, in non-diabetic, mixed and diabetic populations

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; SD: stan-
dard deviation; 95% CI: 95% confidence interval
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While topical treatments have been studied most extensively, several trials investigated the 
effect of intravitreal treatments on the incidence of CME after cataract surgery in diabetic 
patients. Two trials showed that intravitreal anti-VEGF injections at the end of cataract 
surgery did not cause a statistically significant reduction in the odds of developing CME, as 
compared to placebo (OR 0.68; 95% CI 0.21-2.19) or as an additional treatment to topical 
corticosteroids (OR 0.13; 95% CI 0.02-1.21).38,40 One RCT studied the efficacy of intravitreal 
triamcinolone acetonide in 41 eyes of diabetic patients who also received topical cortico-
steroids. Four eyes in the control group and no eyes in the triamcinolone group developed 
CME, but the treatment effect was not statistically significant (OR 0.09; 95% CI 0.00-1.89). 
CDVA improved from 0.81 and 0.98 logMAR (20/129 and 20/191 Snellen) preoperatively, 
to 0.13 and 0.09 logMAR (20/27 and 20/25 Snellen) at 3 months postoperatively, in the 
control group and intravitreal triamcinolone group, respectively. The difference between 
treatment groups in postoperative CDVA change from baseline (mean difference -0.13 
logMAR; 95% CI -0.40 to 0.14) was not statistically significant.37 

An indirect comparison showed no statistically significant difference in the odds of devel-
oping CME after intravitreal corticosteroid vs intravitreal anti-VEGF injections in diabetic 
patients who also received topical corticosteroids (OR 0.71; 95% CI 0.02-28.76).
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Table 4. The efficacy of various treatment strategies to prevent the occurrence of cystoid macular edema after 
uncomplicated cataract surgery in non-diabetic, diabetic and mixed populations

Population studied 
(no. of studies)

OR (95% CI)

Topical NSAID > Topical CS Non-diabetics (3) 0.11 (0.03-0.37)

Mixed population (3) 0.05 (0.02-0.11)

Topical NSAID ≈ a Topical CS & 
topical NSAID

Non-diabetics (n.a.) 0.54 (0.13-2.20)

Topical NSAID & topical CS > Topical CS Non-diabetics (4) 0.21 (0.10-0.44)

Diabetics (1) 0.17 (0.05-0.50)

Topical CS & intravitreal anti-VEGF ≈ Topical CS Diabetics (1) 0.13 (0.02-1.21)

Topical CS & intravitreal anti-VEGF ≈ a Topical CS & 
intravitreal CS

Diabetics (n.a.) 0.71 (0.02-28.76)

Topical CS & intravitreal CS ≈ Topical CS Diabetics (1) 0.09 (0.00-1.89)

Subconjunctival CS ≈ Topical CS Non-diabetics (1) 1.18 (0.53-2.62)

Subconjunctival CS & subtenon CS 
& oral AZ

≈ Topical CS & 
subconjunctival CS & 
oral AZ

Non-diabetics (1) 0.31 (0.03-3.16)

Topical NSAID & oral CS ≈ Topical CS & oral CS Non-diabetics (1) 0.06 (0.00-1.10)
a Indirect treatment comparison using the Bucher method
AZ: acetazolamide; CME: cystoid macular edema; CS: corticosteroid; n.a.: not applicable; no.: number; NSAID: non-
steroidal anti-inflammatory drug, OR: odds ratio; VEGF: vascular endothelial growth factor; 95% CI: 95% confidence 
interval
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Discussion

The current paper compared the efficacy of predefined preventive strategies on the inci-
dence of CME after uncomplicated cataract surgery in non-diabetic, mixed and diabetic 
populations. 

In non-diabetic patients, it was found that topical NSAIDs significantly reduced the odds 
of developing CME, as compared to topical corticosteroids. These findings are in line with 
the results of a recent systematic review by Kessel and associates, reporting a signifi-
cantly higher prevalence of CME in the corticosteroid group as compared to the NSAID 
group.13 The systematic review by Kessel and associates did not investigate the additive 
effects of combining topical corticosteroids and NSAIDs versus single-drug treatment. The 
current study demonstrated that a combination of topical NSAIDs and corticosteroids 
significantly reduced the odds of developing CME as compared to topical corticosteroids, 
while combination treatment did not show any benefit over topical NSAIDs in an indirect 
treatment comparison. This suggests that a topical NSAID should always be part of the 
preventive treatment after cataract surgery in non-diabetic patients. Whether the use 
of corticosteroid eye drops can be avoided, cannot be concluded from these results. To 
establish a better evidence-based preventive strategy, the European Society of Cataract 
and Refractive Surgeons (ESCRS) decided to design a large multicenter study to compare 
the efficacy of topical NSAIDs, topical corticosteroids and a combination treatment of both 
drugs to prevent the occurrence of CME after cataract surgery in non-diabetic patients. 
Several factors may influence the interpretation of the current study results. Firstly, one 
should consider the difference in potency of various corticosteroid eye drops. It is known 
that fluorometholone is a corticosteroid with only low potency, due to a lower penetra-
tion of the cornea.48 Two of three RCTs comparing the efficacy of topical corticosteroids 
vs topical NSAIDs in the non-diabetic study population used low-potency corticosteroids, 
which might have caused an overestimation of the efficacy of topical NSAIDs as compared 
to topical corticosteroids. 

The comparison of topical NSAIDs vs combination treatment with topical corticosteroids 
and NSAIDs was based on an indirect comparison through the common comparator of 
topical corticosteroids. In the absence of a direct comparison, the Bucher method can be 
used to compare results of different study populations. However, it should be noted that 
the Bucher method assumes treatment effects to be constant across different popula-
tions.17 Most trials compared the effect of topical NSAIDs to low-potency corticosteroids, 
whereas the effect of topical combination treatment was compared to higher-potency 
corticosteroids. This may have caused an overestimation of the effect of topical NSAIDs 
as compared to combination treatment with topical corticosteroids and NSAIDs. 



54 | Chapter 3

A major limitation of this study is the use of various detection methods and definitions to 
diagnose CME after cataract surgery. Any differences between trials in the efficiency of 
detecting CME may lead to inaccurate estimates of direct and especially indirect compar-
isons.17 Four studies in the non-diabetic population used similar definitions to detect CME 
on FA.22,24,29,30 OCT was used in two other studies, but was only performed in patients with 
a decreased VA.20,27 As CME often occurs without any visual complaints, the incidence of 
CME will be higher in studies using FA in all patients. One should note the large differences 
in the incidence of CME in three studies using FA to detect CME (15.6-19.2%),22,24,30 as com-
pared to two studies performing an OCT only in patients with decreased VA (1.4-4%).20,27 
The studies using FA in all patients most likely include patients with normal CDVA and may 
overestimate the incidence of clinically relevant CME, since CME will resolve spontaneously 
in many cases.8 Future studies would therefore benefit from standardization of the defi-
nition of CME after cataract surgery.4 

The timing of follow-up visits is a third factor which might influence the interpretation of 
direct and indirect treatment comparisons. It is known that most cases of CME occur within 
three months after cataract surgery, with a peak incidence at four to six weeks postopera-
tively.3,4 Therefore, the detection rate of CME will be highest in studies with a follow-up of 
four to six weeks postoperatively. The RCTs investigating the efficacy of topical single-drug 
treatments scheduled their follow-up visits closer to four to six weeks postoperatively, as 
compared to studies investigating the effect of combination treatments. Consequently, 
in an indirect comparison, the effect of combination treatments of topical corticosteroids 
and NSAIDs might be overestimated when compared to topical NSAIDs.

This study was not designed to investigate the optimal duration of pre- or postoper-
ative topical treatments. Although the anti-inflammatory treatment is usually initiated 
postoperatively, it is thought that the use of preoperative NSAIDs limits the release of 
prostaglandins during surgery.30 Two studies found a significantly lower incidence of CME 
after cataract surgery in patients starting NSAID treatment one to three days preopera-
tively as compared to patients treated only postoperatively.20,30

In mixed populations, topical NSAIDs significantly reduced the odds of developing CME, 
as compared to topical corticosteroids. All studies were performed by the same author 
and used the Miyake classification to diagnose CME on FA.23,25,26 As mentioned previ-
ously, the definition used to detect CME after cataract surgery may highly influence the 
reported incidence rates of CME. Therefore, it would be helpful to use an objective out-
come measurement (e.g. change in postoperative FT or MV) to compare the efficacy of 
various treatments. One study showed a significantly smaller increase in FT after cataract 
surgery and postoperative topical nepafenac as compared to postoperative treatment 
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with topical fluorometholone.26 This may suggest that a combination of topical NSAIDs and 
corticosteroids would also reduce the change in FT after cataract surgery as compared 
to topical corticosteroid treatment. However, another study could not find a statistically 
significant difference between eyes treated with a combination of topical nepafenac plus 
dexamethasone vs dexamethasone eye drops as a single-drug therapy.33 This deviation 
may be caused by the use of corticosteroids of various potencies.

The present study also compared the efficacy of various treatments to prevent the occur-
rence of CME after cataract surgery in diabetic patients. The odds of developing CME were 
significantly lower after topical combination treatment with an NSAID and corticosteroid, 
as compared to a single-drug treatment with topical corticosteroids. One multicenter trial 
treating all patients with prednisolone eye drops for two weeks postoperatively, or longer 
if considered necessary to treat anterior segment inflammation, provided evidence for this 
observation.47 However, an underestimation of the overall incidence of CME in this study 
may have occurred, as both anterior segment inflammation and CME are a consequence 
of the underlying inflammatory process after cataract surgery. Although none of the trials 
studied the efficacy of topical single-drug treatments on the odds of developing CME after 
cataract surgery, one study did investigate the efficacy of bromfenac vs fluorometholone 
eye drops in reducing postoperative foveal thickening. This trial reported no significant 
differences in FT change from baseline between the NSAID and corticosteroid treatment 
groups. A sub analysis including only patients with NPDR showed a statistically smaller FT 
change in the bromfenac group at four and six weeks postoperatively.44 As mentioned 
previously, fluorometholone can be considered a corticosteroid of only low potency, which 
might have overestimated the effect of NSAID eye drops in this study. 

Whereas different postoperative treatments did not affect CDVA in non-diabetic and mixed 
populations, diabetic patients showed a statistically significantly larger improvement in 
CDVA using topical NSAIDs as compared to topical corticosteroids.44 

Although topical treatments have been studied most extensively, some comparisons could 
be made regarding the use of intravitreal treatments in diabetic patients. Three stud-
ies showed that intravitreal corticosteroid and anti-VEGF treatments might be useful to 
reduce the odds of developing CME after cataract surgery, but none of the studies was 
able to show statistically significant results owing to small sample sizes of the included 
studies. One study showed that a perioperative injection of 0.5 mg ranibizumab pre-
vents the occurrence of CME after cataract surgery at one month postoperatively, but 
this difference disappeared at three months postoperatively.38 This may be caused by the 
limited duration of the treatment effect of intravitreal ranibizumab. An indirect treatment 
comparison could not find a statistically significant difference in the efficacy of intravitreal 
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corticosteroid vs intravitreal anti-VEGF injections in diabetic patients who also received 
a topical corticosteroid. When considering the abovementioned treatment strategies, 
cataract surgeons are obliged to carefully consider the adverse events reported after 
intravitreal injections. It should be noted that increased intraocular pressure is reported 
in 41.2 per 100 patients after intravitreal corticosteroid injection, whereas the incidence 
is much lower (0.12-0.49 per 100 patients) after intravitreal bevacizumab or ranibizumab 
injection.49,50 Other safety concerns with intravitreal injections are mainly associated with 
the injection procedure. Endophthalmitis, the most dreaded complication after intravit-
real injection, was reported in 0.04-0.05 per 100 injections in a recent systematic review 
summarizing the adverse events after intravitreal anti-VEGF injections reported in 278 
articles.49 Given the paucity of studies on the prevention of CME after cataract surgery in 
diabetic patients, the ESCRS also decided to set up a European multicenter study inves-
tigating the efficacy of intravitreal anti-VEGF and subconjunctival corticosteroid injections 
to prevent the occurrence of CME after cataract surgery in diabetics.

The purpose of this study was to summarize and integrate the results of previous RCTs 
on the prevention of CME within three months after uncomplicated phacoemulsification 
cataract surgery with posterior chamber intraocular lens implantation in non-diabetic 
and diabetic patients with age-related cataract, without CME preoperatively, and without 
risk factors for developing CME. Results of this meta-analysis show that topical NSAIDs 
significantly reduced the odds of developing CME, as compared to topical corticosteroids 
in non-diabetic and mixed populations. Furthermore, a combination of topical NSAIDs 
and corticosteroids significantly reduced the odds of developing CME in non-diabetic 
and diabetic patients, as compared to topical corticosteroids in a single-drug treatment. 
Based on an indirect treatment comparison, no difference could be found between topical 
combination treatment vs topical NSAIDs in non-diabetic patients. None of the included 
studies was able to show a statistically significant effect of intravitreal corticosteroid or 
intravitreal anti-VEGF treatments to reduce the odds of developing CME after cataract 
surgery in diabetic patients.
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Appendix

Appendix 1. Search strategy used for the MEDLINE database

((((((((((((((((“Cataract Extraction”[Mesh]) OR “Lens Implantation, Intraocular”[Mesh]) OR 
“Phacoemulsification”[Mesh]) OR “Pseudophakia”[Mesh]) OR cataract extract*) OR 
phakectom*) OR “enzymatic zonulolysis”) OR cataract surger*) OR lens implantation*) 
OR intraocular lens*) OR phaco*) OR faco*) OR pseudophak*) OR pseudo-phak*) OR 
pseudofak*) OR pseudo-fak*)
AND
(((((((((((((“Edema”[Mesh]) OR “Macular Edema”[Mesh]) OR edema) OR oedema) OR irvine-
gass) OR “irvine gass”) OR “cystoid macular dystrophy”) OR thickn*) OR CME) OR CMO) OR 
PCME) OR PCMO) OR “macular volume”)
AND
(((((((((((((((((“Randomized Controlled Trial”[Publication Type]) OR “Controlled Clinical 
Trial”[Publication Type]) OR “Review”[Publication Type]) OR “Review Literature as 
Topic”[Mesh]) OR “Meta-Analysis”[Publication Type]) OR “Meta-Analysis as Topic”[Mesh]) 
OR randomized) OR randomised) OR placebo) OR “drug therapy”) OR random*) OR trial) 
OR groups) OR review) OR rct) OR meta-analysis)
NOT
((animals[mh]) NOT (humans[mh])))
Limits: None
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Appendix 2. Characteristics of included studies

Non-diabetic populations

Dieleman et al. 201146

Methods Randomized, open-label study

Participants n (eyes) 400

Interventions Topical CS Dexamethasone 0.1% eye drops 3 times daily for a postoperative 
period of 4 weeks and a single administration of gentamicin–
dexamethasone at the end of surgery.

Subconjunctival CS Single subconjunctival injection of betamethasone acetate 5.7 mg/
ml at the end of surgery and a single administration of gentamicin–
dexamethasone at the end of surgery.

Outcome Detection method OCT (time domain)

Definition “Clinically significant macular edema was defined as macular edema 
on OCT (any increase in center point thickness of more than 30% 
compared with the preoperative baseline value developing within 
4 weeks after cataract surgery) in combination with a decrease in 
corrected distance visual acuity of 2 or more lines on the ETDRS chart.”

Follow-up 4 weeks

Conclusion “A single betamethasone depot at the end of uneventful cataract 
surgery could be a useful alternative to dexamethasone eye drops 
3 times daily for 4 weeks in preventing postoperative intraocular 
inflammation and macular edema, especially when compliance 
problems seem to be an issue.”

Notes Not known how many ml of the 5.7 mg/ml betamethasone acetate 
were used.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “Randomization […]” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Low risk “5 blocks of 80 sealed envelopes 
with uniform distribution […]”

Performance bias 
(blinding of participants)

High risk Open-label study

Performance bias 
(blinding of personnel)

High risk Open-label study

Detection bias 
(blinding of outcome assessment)

High risk Open-label study

Attribution bias 
(incomplete outcome data)

Unclear risk “All excluded patients were replaced.”

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; ETDRS: early treatment diabetic retinopathy study; OCT: optical coherence tomography; RCT: 
randomized controlled trial
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Donnenfeld et al. 200620

Methods Double-masked, randomized study

Participants n (eyes) 100

Interventions Topical CS Topical prednisolone acetate 1% 4 times a day for 2 weeks after 
surgery and then twice a day for 1 additional week.

Topical CS & NSAID Ketorolac tromethamine 0.4% 4 times daily for 3 days preoperatively, 
3 times every 15 minutes in the hour before surgery and 4 times 
daily for 3 weeks after the surgery;
Topical prednisolone acetate 1% 4 times a day for 2 weeks after 
surgery and then twice a day for 1 additional week.

Topical CS & NSAID Ketorolac tromethamine 0.4% 4 times daily for 1 day preoperatively, 
every 15 minutes in the hour before surgery and 4 times daily for 3 
weeks after the surgery;
Topical prednisolone acetate 1% 4 times a day for 2 weeks after 
surgery and then twice a day for 1 additional week.

Topical CS & NSAID Ketorolac tromethamine 0.4% every 15 minutes in the hour before 
surgery and 4 times daily for 3 weeks after the surgery;
Topical prednisolone acetate 1% 4 times a day for 2 weeks after 
surgery and then twice a day for 1 additional week.

Outcome Detection method OCT (type unknown)

Definition “All patients with a BCVA worse than 20/30 at the 2-week 
postoperative visit had OCT at that time, which was evaluated by a 
masked retinal specialist.”

Follow-up 3 months

Conclusion “The preoperative use of ketorolac tromethamine 0.4% for 3 days 
followed by 1-day of predosing provided optimum efficacy and 
superior outcomes relative to 1-hour pretreatment and a placebo.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Low risk “Group assignment was based on a
random-number-generated protocol”

Selection bias 
(sequence concealment)

Unclear risk Unknown whether appropriate safeguards 
were used.

Performance bias
 (blinding of participants)

High risk Frequency of administration varied between 
treatment groups.

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Low risk “Ocular coherence tomography was evaluated 
by a masked retinal specialist.”

Attribution bias 
(incomplete outcome data)

Unclear risk No report on drop-out

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? No

Intention-to-treat analysis included? No

BCVA: best corrected visual acuity; CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical 
coherence tomography; RCT: randomized controlled trial
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Donnenfeld et al. 201119

Methods Multicenter, double-masked, contralateral-eye study
Participants n (eyes) 126 (of 63 patients)
Interventions Topical CS & NSAID Difluprednate 0.05% 7 times preoperatively on the day of surgery, 3 

times in surgical recovery and 1 drop every 2 hours for the remainder 
of day 0. Starting on the day after surgery, 4 times daily for 1 week 
and twice daily for the subsequent week;
Nepafenac 0.1% or ketorolac tromethamine 0.4% beginning 3 days 
before surgery and continuing for 4 weeks.

Topical CS & NSAID Prednisolone 1% 7 times preoperatively on the day of surgery, 3 
times in surgical recovery and 1 drop every 2 hours for the remainder 
of day 0. Starting on the day after surgery, 4 times daily for 1 week 
and twice daily for the subsequent week;
Nepafenac 0.1% or ketorolac tromethamine 0.4% beginning 3 days 
before surgery and continuing for 4 weeks.

Outcome Detection method OCT (time domain or spectral domain) 
In all cases, each patient had the same OCT used on both eyes.

Definition -
Follow-up 30 days
Conclusion “In this study, difluprednate was shown to provide better results 

compared with prednisolone acetate in multiple end points after 
cataract surgery. Difluprednate improved UCVA and BCVA at 1 day 
after cataract surgery, reduced macular swelling at 2 and 4 weeks 
after surgery, and reduced endothelial cell loss at 4 weeks after 
surgery.”

Notes Contralateral eye study. “Patients were assigned randomly to receive 
either difluprednate or prednisolone for treatment of the first eye; 
the second eye was assigned the alternative medication.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias 
(sequence generation)

Low risk “Allocation of the medication was […] based 
on a random number list generated using 
randomizer.org.”

Selection bias
(sequence concealment)

Low risk “Allocation of the medication was concealed 
from the investigators.”

Performance bias 
(blinding of participants)

Low risk “Both investigators and patients were masked 
to the treatment condition.”

Performance bias 
(blinding of personnel)

Unclear risk Blinding of investigators is reported, but it is 
not given which investigators (personnel or 
outcome assessor) were masked.

Detection bias 
(blinding of outcome assessment)

Unclear risk Blinding of investigators is reported, but it is 
not given which investigators (personnel or 
outcome assessor) were masked.

Attribution bias 
(incomplete outcome data)

Unclear risk “Eleven patients (17.5%) were not included 
for the efficacy end point analysis because of 
protocol violations”  
Not specified per treatment group.

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
BCVA: best corrected visual acuity; CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical 
coherence tomography; RCT: randomized controlled trial; UCVA: uncorrected visual acuity
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Mathys et al. 201021

Methods Non-masked, randomized, parallel-group study

Participants n (eyes) 84

Interventions Topical CS & NSAID Nepafenac 0.01% drops thrice before surgery;
Prednisolone acetate 1% four times a day for 1 month.

Topical CS & NSAID Nepafenac 0.01% drops thrice before surgery and postoperatively 
thrice a day for 1 month;
Prednisolone acetate 1% four times a day for 1 month.

Outcome Detection method OCT (time domain)

Definition “Our estimate of a clinically relevant increase in central macular 
thickness is 25 µm.”

Follow-up 8 weeks

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.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Low risk “using computer-generated random 
numbers”

Selection bias 
(sequence concealment)

Unclear risk “Subjects were randomised according to the 
even/odd subject identification number, using 
computer-generated random numbers.” 
Unknown whether appropriate safeguards 
were used.

Performance bias
(blinding of participants)

High risk Non-masked

Performance bias
(blinding of personnel)

Low risk “Technicians, who were masked to treatment, 
measured ETDRS BCVA,
and OCT scans were performed.”

Detection bias 
(blinding of outcome assessment)

Low risk “Experienced ophthalmic photographers, who 
were masked to treatment, obtained Stratus 
OCT.”

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

BCVA: best corrected visual acuity; CME: cystoid macular edema; CS: corticosteroid; ETDRS: early treatment diabetic 
retinopathy study; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Miyake et al. 199922

Methods Open-label, randomized, controlled study
Participants n (eyes) 80

Eyes with ocular hypertension, normal-tension glaucoma or primary 
open-angle glaucoma

Interventions Topical CS 0.1% fluorometholone acetate was given 4 times daily on the day of 
surgery and then 3 times a day until the fifth postoperative week. 

Topical NSAID 0.1% diclofenac sodium was given 4 times daily on the day of surgery 
and then 3 times a day until the fifth postoperative week.

Outcome Detection method Fluorescein angiography
Definition “Io: Slight fluorescein leakage into the cystic space, but not sufficient 

enough to enclose the entire fovea centralis.
IIo: Complete circular accumulation of the fluorescein in the cystic 
space, but with a diameter of less than 2.0 mm.
IIIo: Circular accumulation of the fluorescein larger than 2.0 mm in 
diameter.”

Follow-up 5 weeks
Conclusion “Latanoprost therapy enhances disruption of the blood-aqueous 

barrier and increases the incidence of angiographic cystoid macular 
edema formation in early postoperative pseudophakias. Because 
administration of non-steroidal eye drops such as diclofenac seems 
to prevent the adverse effects of latanoprost therapy […] we suggest 
their concurrent application.”

Notes “This study consisted of a randomized double-masked trial for 
latanoprost and an open-label controlled trial for determining the 
effects of diclofenac sodium or fluorometholone eye drop use on 
latanoprost or its placebo.”
This review included only eyes receiving a placebo and diclofenac sodium 
or fluorometholone acetate.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias 
(sequence generation)

Unclear risk “[…] randomly assigned […]”  
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

High risk “Because fluorometholone is a milky-white 
substance, making it difficult to conduct this 
part of the study as a double-masked trial, we 
performed it as an open-label study.”

Performance bias
(blinding of personnel)

High risk Open-label study

Detection bias 
(blinding of outcome assessment)

Low risk “The late phase of fluorescein angiograms 
was graded […] in a double-masked manner.”

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial
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Miyake et al. 200124

Methods Single-masked, randomized study
Participants n (eyes) 60

Eyes with ocular hypertension, normal tension glaucoma or primary 
open-angle glaucoma

Interventions Topical CS 0.1% fluorometholone acetate was given 4 times daily on the day of 
surgery and then 3 times per day for 5 weeks after surgery. 

Topical NSAID 0.5% diclofenac sodium was given 4 times daily on the day of surgery 
and then 3 times per day for 5 weeks after surgery.

Outcome Detection method Fluorescein angiography
Definition “Io: Slight fluorescein leakage into the cystic space, but not sufficient 

enough to enclose the entire fovea centralis.
IIo: Complete circular accumulation of the fluorescein in the cystic 
space, but with a diameter of less than 2.0 mm.
IIIo: Circular accumulation of the fluorescein larger than 2.0 mm in 
diameter.”

Follow-up 5 weeks
Conclusion “Timolol and its preservative, benzalkonium chloride, cause disruption 

of the blood-aqueous barrier in early postoperative pseudophakia 
and increase incidence of angiography cystoid macular edema. The 
concurrent administration of NSAIDs such as diclofenac prevents 
these adverse effects […]”

Notes This study was “a double-masked trial for timolol with preservative, 
its preservative and non-preserved vehicles and a single-masked trial 
on the effect of diclofenac sodium and fluorometholone acetate on 
all three.” 
This review included only eyes receiving non-preserved vehicles and 
diclofenac sodium or fluorometholone acetate.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias 
(sequence generation)

Unclear risk “[…] each randomly assigned to […]” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome

Performance bias 
(blinding of participants)

High risk “Because fluorometholone is a milky white 
substance, a double-masked trial was 
impossible in this part of the study, and we 
therefore settled on a single-masked trial.”

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Low risk “The late phase of fluorescein angiograms was 
graded […] in a double-masked manner.”

Attribution bias
 (incomplete outcome data)

Low risk “There was no significant difference in the 
incidence of patients being lost to follow-up or 
dropped from the study among the 6 groups.”

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial
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Miyanaga et al. 200927

Methods Prospective, randomized study

Participants n (eyes) 72

Interventions Topical CS 0.1% betamethasone four times daily for 1 month and then
0.1% fluorometholone four times daily for 1 month.

Topical NSAID 0.1% bromfenac twice daily until 2 months after surgery.

Topical CS & NSAID 0.1% betamethasone four times daily for 1 month and then
0.1% fluorometholone four times daily for 1 month;
0.1% bromfenac twice daily until 2 months after surgery.

Outcome Detection method OCT (time domain)

Definition “Decreased visual acuity and obvious cystoid macular oedema 
confirmed by optical coherence tomography.”

Follow-up 2 months

Conclusion “There were no significant differences in anti-inflammatory effects 
among the three treatments. These findings suggest that bromfenac 
is as effective as betamethasone in minimizing inflammatory 
reactions after cataract surgery.”

Notes Patients who developed clinically significant macular edema at 1 
month after cataract surgery were subsequently withdrawn from the 
study.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “Patients were randomly allocated to […]” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

High risk Frequency of administration varied between 
treatment groups.

Performance bias
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this outcome.

Attribution bias
(incomplete outcome data)

Low risk No drop-outs

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? No

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Moschos et al. 201228

Methods Prospective, randomized study

Participants n (eyes) 79

Interventions Topical CS Chloramphenicol 0.5%/ dexamethasone sodium phosphate 0.1%, 1 
drop 4 times a day for 28 days after phacoemulsification.

Topical CS & NSAID Chloramphenicol 0.5%/ dexamethasone sodium phosphate 0.1%, 1 
drop 4 times a day for 28 days after phacoemulsification;
Diclofenac sodium 0.1% 1 drop 3 times a day for 3 days 
before surgery and 1 drop 3 times a day for 28 days after 
phacoemulsification.

Outcome Detection method OCT (time domain)

Definition -

Follow-up 28 days

Conclusion “The addition of diclofenac did not seem to offer any additional 
benefit after uneventful phacoemulsification.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Low risk “Patients were randomized through random 
number generation […]”

Selection bias 
(sequence concealment)

Unclear risk “Patients were randomized through random 
number generation […]” 
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

High risk Frequency of administration varied between 
treatment groups.

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this outcome.

Attribution bias 
(incomplete outcome data)

Low risk No drop-outs

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial



Prevention of CME after cataract surgery | 69

3

Negi et al. 200645

Methods Prospective randomized controlled study

Participants n (eyes) 54
Interventions Oral AZ &  

topical CS & 
subconjunctival CS 

A single dose of 250 mg AZ orally before discharge; 
Bethamethasone sodium phosphate 0.1%/ neomycin sulfate 0.5% 
drops 4 times a day for 30 days;
4 mg betamethasone injected subconjunctivally.

Oral AZ & subcon-
junctival CS &  
subtenon CS

A single dose of 250 mg AZ orally before discharge;
A single posterior subtenon’s injection of 20 or 30 mg triamcinolone;
4 mg betamethasone injected subconjunctivally.

Outcome Detection method Oral fluorescein angiography
Definition “Angiograms were graded depending on the severity of fluorescein 

leakage as follows: 
Grade 1: edema less than perifoveal
Grade 2: minimal perifoveal edema
Grade 3: moderate perifoveal edema
Grade 4: severe perifoveal edema.” 
“Clinical cystoid macular edema was defined as Snellen BCVA of 6/9 or 
less.”

Follow-up 90 days
Conclusion “A single subtenon’s injection of 30 mg triamcinolone seems to be 

safe and effective as a route of steroid delivery after uneventful 
phacoemulsification surgery.”

Notes “Initial ethical approval was obtained for the use of 20 mg 
triamcinolone. However, after the first 10 patients were randomized 
to the injection group […] it was decided to modify the protocol. The 
remaining patients were injected with 30 mg of triamcinolone.”
“Sub analysis of the injection group, revealed that of the 11 eyes that 
had angiographic cystoid macular edema at 30 days, 7 were in the 
group who had received 20 mg of triamcinolone and only 4 of 17 
patients (23%) had received the 30 mg dose (p = 0.04)”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “randomized controlled clinical trial” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Low risk “At the end of the procedure, the operating 
theater nurse opened the study envelope to 
ascertain randomization […]”

Performance bias 
(blinding of participants)

High risk No placebo eye drops used in the “injection 
group”.

Performance bias 
(blinding of personnel)

Low risk “[…] best corrected visual acuity on the 
logMAR chart by masked optometrists […]”

Detection bias
(blinding of outcome assessment)

Low risk “printouts of the angiograms were read by a 
masked observer […]”

Attribution bias 
(incomplete outcome data)

Low risk No drop-outs

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
AZ: acetazolamide; BCVA: best corrected visual acuity; CS: corticosteroid; logMAR: logarithm of minimum angle of 
resolution; RCT: randomized controlled trial
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Ticly et al. 201429

Methods Single-center, prospective, double-masked, randomized clinical study
Participants n (eyes) 91 patients, no. of eyes included in the study was not reported (one 

eye per patient assumed for this meta-analysis).
“Patients with nuclear cataract density of 2 and 3 […]”

Interventions Topical CS Prednisolone acetate 1% 4 times daily for 3 days preoperatively and 5 
weeks postoperatively;
Dextran/hypromellose (placebo) 4 times daily for 3 days 
preoperatively and 5 weeks postoperatively.

Topical CS & NSAID Prednisolone acetate 1% 4 times daily for 3 days preoperatively and 5 
weeks postoperatively;
Ketorolac tromethamine 0.4% 4 times daily for 3 days preoperatively 
and 5 weeks postoperatively.

Outcome Detection method OCT (spectral domain) & fluorescein angiography
Definition “The primary outcome measured was angiographic cystoid macular 

edema incidence. We classified cystoid macular edema based on 
fluorescein angiography using Miyake’s classification. Cystoid leakage 
included petalloid or honeycombed patterns of hyperfluorescence 
and dye pooling in well-defined foveal or parafoveal spaces.” 
“Cystoid macular edema on OCT was defined as the presence of well-
defined cystic fluid pockets […] or a central subfield thickness above 
315 µm.”

Follow-up 5 weeks
Conclusion “There was no difference between ketorolac tromethamine and 

a placebo with regard to best corrected visual acuity results or 
prevention of cystoid macular edema after uncomplicated cataract 
surgery.”

Notes -
Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias 
(sequence generation)

Low risk “random number table […]”

Selection bias 
(sequence concealment)

Low risk “A pharmacist provided the patient with a 
small individual envelope, and after viewing 
the random number, the patient took the 
respective eye drop bottle.”

Performance bias 
(blinding of participants)

Low risk “All study participants were blinded to their 
treatment assignment.”

Performance bias 
(blinding of personnel)

Low risk “The surgeon and the ophthalmologist who 
collected the data were not aware of the 
group assignment of the patients.”

Detection bias
(blinding of outcome assessment)

Low risk “The reader of fluorescein angiograms was 
blinded as to group allocation.”

Attribution bias
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Wang et al. 201343

Methods Prospective, randomized study
Participants n (eyes) 240
Interventions Oral CS & topical CS Oral prednisone tablets 15 mg for 7 days;

Ophthalmic fluorometholone 0.1% 3 times a day for 1 month 
postoperatively.

Oral CS & topical CS Oral prednisone tablets 15 mg for 7 days;
Ophthalmic dexamethasone 0.1% 3 times a day for 1 month 
postoperatively.

Oral CS & topical 
NSAID

Oral prednisone tablets 15 mg for 7 days;
Ophthalmic bromfenac sodium 0.1% twice per day for 1 month 
postoperatively.

Oral CS & topical 
NSAID

Oral prednisone tablets 15 mg for 7 days;
Ophthalmic bromfenac sodium 0.1% twice per day for 2 months 
postoperatively.

Outcome Detection method OCT (time domain)
Definition “The patients with best-corrected visual acuity impairment and 

macular alterations were considered possible cystoid macular edema 
patients and the diagnosis was final confirmed by OCT […] Cystoid 
macular edema was defined as central retinal thickness > 250 μm 
and the presence of intraretinal cystoid space beneath the foveal, 
with the diagnosis confirmed by the same retinal specialist.”

Follow-up 2 months
Conclusion “Bromfenac sodium was more effective and safer than 

fluorometholone and dexamethasone as an anti-inflammatory, 
decreasing macular thickness and preventing cystoid macular edema 
in age-related cataract patients after cataract surgery.”

Notes -
Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias 
(sequence generation)

Low risk “Random-numbers table”

Selection bias 
(sequence concealment)

Unclear risk “Randomly and prospectively assigned […] by 
a random-numbers table.”
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

High risk “The drugs were applied […] open-labeled.”

Performance bias
 (blinding of personnel)

High risk “The drugs were applied […] open-labeled.”

Detection bias 
(blinding of outcome assessment)

High risk “The drugs were applied […] open-labeled.”

Attribution bias 
(incomplete outcome data)

Unclear risk Missing outcome data balanced in numbers 
across intervention groups. Reasons for drop-
out not reported.

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Yavas et al. 200730

Methods Prospective, randomized study

Participants n (eyes) 189
Right eyes of 189 patients

Interventions Topical CS 1 drop of topical prednisolone acetate 1% 4 times daily for 1 month 
postoperatively.

Topical CS & NSAID 1 drop of topical prednisolone acetate 1% 4 times daily for 1 month 
postoperatively;
1 drop of topical indomethacin 0.1% 4 times daily for 3 days 
preoperatively and 4 times daily for 1 month postoperatively.

Topical CS & NSAID 1 drop of topical prednisolone acetate 1% 4 times daily for 1 month 
postoperatively;
1 drop of topical indomethacin 0.1% 4 times daily for 1 month 
postoperatively.

Outcome Detection method Fluorescein angiography

Definition “Slight fluorescein leakage into the cystic space without enclosing 
the entire central fovea or complete fluorescein accumulation in the 
cystic space was diagnosed as angiographic cystoid macular edema.”

Follow-up 3 months

Conclusion “Non-steroidal anti-inflammatory drugs decreased the incidence of 
CME, and their efficacy increased when begun preoperatively.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias
(sequence generation)

Unclear risk “Patients were randomized into 3 groups.” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias
(blinding of participants)

High risk Frequency of administration varied between 
treatment groups.

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Low risk “Fluorescein leakage to diagnose 
angiographic cystoid macular edema was 
evaluated by a masked observer.”

Attribution bias
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? No

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CME: cystoid macular edema; CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized 
controlled trial
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Mixed populations

Almeida et al. 200831

Methods Open-label nonmasked randomized study

Participants n (eyes) 106

Interventions Topical CS A 14-day course of prednisolone acetate 1% 4 times a day for 1 
week followed by twice a day for 1 week.

Topical CS & NSAID A 14-day course of prednisolone acetate 1% 4 times a day for 1 
week followed by twice a day for 1 week;
1 drop of ketorolac tromethamine 0.5% (Acular) 4 times a day 
beginning 2 days before surgery and for 29 days after surgery, for a 
total of 31 days.

Outcome Detection method OCT (time domain)

Definition -

Follow-up 1 month

Conclusion “Used prophylactically after cataract surgery, ketorolac 0.5% was 
efficacious in decreasing postoperative macular edema.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Low risk “Random number assignment”

Selection bias 
(sequence concealment)

Unclear risk “Random number assignment” 
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

High risk “Open-label nonmasked study”

Performance bias 
(blinding of personnel)

High risk “Open-label nonmasked study”

Detection bias
(blinding of outcome assessment)

High risk “Open-label nonmasked study”

Attribution bias
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? No

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Almeida et al. 201232

Methods Prospective placebo-controlled parallel-assignment double-masked 
randomized clinical trial

Participants n (eyes) 193
Interventions Topical CS Prednisolone 1% drops, started on the day of surgery, 4 times a day 

for 1 week, 3 times a day for 1 week, 2 times a day for 1 week, and 1 
time a day for 1 week;
Placebo eye drops 4 times a day, beginning 1 day before surgery and 
continued for four weeks.

Topical CS & NSAID Prednisolone 1% drops, started on the day of surgery, 4 times a day 
for 1 week, 3 times a day for 1 week, 2 times a day for 1 week, and 1 
time a day for 1 week;
Nepafenac 0.1% eye drops 4 times a day, beginning 1 day before 
surgery and continued for four weeks.

Topical CS & NSAID Prednisolone 1% drops, started on the day of surgery, 4 times a day 
for 1 week, 3 times a day for 1 week, 2 times a day for 1 week, and 1 
time a day for 1 week;
Ketorolac 0.5% eye drops 4 times a day, beginning 1 day before 
surgery and continued for four weeks.

Outcome Detection method OCT (time domain)
Definition -

Follow-up 1 month
Conclusion “One month after uneventful phacoemulsification, there was no 

difference in macular volume between the placebo, ketorolac, and 
nepafenac. Thus, for patients without risk factors having routine 
surgery, prophylactic topical NSAIDs are not recommended.”

Notes -
Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias 
(sequence generation)

Unclear risk “Patients were randomly assigned to […]” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Low risk “[…] identical generic drop bottles that 
were individually made by the hospital 
investigational pharmacy division.”

Performance bias 
(blinding of participants)

Low risk “Identical generic drop bottles”

Performance bias
(blinding of personnel)

Unclear risk “Double masked”. 
Unclear whether personnel and/or outcome 
assessor were blinded.

Detection bias 
(blinding of outcome assessment)

Unclear risk “Double masked”. 
Unclear whether personnel and/or outcome 
assessor were blinded.

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Unclear
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Cable et al. 201218

Methods Prospective, randomized, investigator-masked, parallel-group, 
comparative clinical study

Participants n (eyes) 20

Patients without preexisting macular or retinal edema or more than 
two microaneurysms within the fundus

Interventions Topical CS & NSAID Prednisolone acetate 1% intraoperatively;
Difluprednate once daily for 3 weeks postoperatively;
Bromfenac ophthalmic solution 0.09% once daily. Dosing began 3 
days before cataract surgery, continuing to day 21 post surgery.

Topical CS & NSAID Prednisolone acetate 1% intraoperatively;
Difluprednate once daily for 3 weeks postoperatively;
Nepafenac ophthalmic suspension 0.1% three times daily. Dosing 
began 3 days before cataract surgery, continuing to day 21 post 
surgery.

Outcome Detection method OCT (time domain)

Definition -

Follow-up 6 weeks

Conclusion “Both bromfenac and nepafenac resulted in positive clinical 
outcomes of ETDRS visual acuities. Postoperative measurements of 
macular volume and retinal thickness of bromfenac subjects showed 
a trend toward improved vision, less retinal thickening, and more 
stable macular volumes overall.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Low risk “[…] according to a computer-generated 
randomization list […]”

Selection bias 
(sequence concealment)

Low risk “The investigator and technicians recording 
study data were masked to treatment group 
assignment for the duration of the trial […]”

Performance bias 
(blinding of participants)

Unclear risk “Subjects were masked to the study drug 
identity for the entirety of the trial” However, 
the frequency of administration varied 
between treatment groups.

Performance bias 
(blinding of personnel)

Low risk “All measurements were completed by 
masked observers.”

Detection bias 
(blinding of outcome assessment)

Low risk “The investigator and technicians recording 
study data were masked to treatment group 
assignment for the duration of the trial […]”

Attribution bias 
(incomplete outcome data)

Low risk No drop-outs

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? No

Intention-to-treat analysis included? Yes

CS: corticosteroid; ETDRS: early treatment diabetic retinopathy study; NSAID: non-steroidal anti-inflammatory drug; 
OCT: optical coherence tomography; RCT: randomized controlled trial
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Cervantes-Coste et al. 200933

Methods Prospective, randomized, single-masked comparative study

Participants n (eyes) 60

Characteristics Patients without non-controlled diabetes mellitus, based on clinical 
history and blood glucose level, proliferative diabetic retinopathy, 
and/or macular edema.

Interventions Topical CS Dexamethasone treatment 4 times daily for 10 days after surgery.

Topical CS & NSAID Dexamethasone treatment 4 times daily for 10 days after surgery; 
1 drop of nepafenac 0.1% 3 times daily 1 day prior to surgery, every 
15 minutes 1 hour prior to surgery and 3 times daily for 6 weeks 
afterward.

Outcome Detection method OCT (time domain)

Definition “Clinically significant macular edema associated with vision loss.”

Follow-up 6 weeks

Conclusion “Prophylactic use of nepafenac was effective in reducing macular 
edema after cataract surgery and in maintaining trans-operative 
mydriasis.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “[…] patients were randomly selected […]” 
Insufficient information to permit judgment

Selection bias
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

High risk Frequency of administration varied between 
treatment groups.

Performance bias 
(blinding of personnel)

High risk “The identity of patients receiving nepafenac 
was concealed form the surgeon.” Other 
personnel was not masked (single-masked 
study).

Detection bias 
(blinding of outcome assessment)

High risk Other personnel was not masked (single-
masked study).

Attribution bias 
(incomplete outcome data)

Low risk “All patients completed the follow-up visits 
over a 6-week period.”

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Chatziralli et al. 201142

Methods Randomized study

Participants n (eyes) 145

Interventions Oral AZ & 
topical CS & NSAID

Half a tablet of acetazolamide 250 mg the night prior to surgery and 
on the morning before surgery;
Ketorolac tromethamine 0.5% three times daily, three days before 
surgery;
Dexamethasone 0.1% five times daily, three days before surgery and 
1 drop 4 times per day 28 days after surgery.

Oral AZ & 
topical CS & NSAID

Half a tablet of acetazolamide 250 mg the night prior to surgery and 
on the morning before surgery;
Ketorolac tromethamine 0.5% three times daily, three days before 
surgery and 28 days after surgery;
Dexamethasone 0.1% five times daily, three days before surgery and 
1 drop 4 times per day 28 days after surgery.

Outcome Detection method Fundoscopy & Amsler grid test

Definition -

Follow-up 42 days

Conclusion “The addition of ketorolac did not seem to offer any additional 
benefit in terms of inflammation-related signs. Four weeks appeared 
as an adequate treatment interval.”

Notes “In case 1 inflammation-related sign (corneal edema, conjunctival 
hyperemia or Tyndall reaction) was present on day 28, the treatment 
was continued. Irrespective of continuation, on day 42 all patients 
underwent fundoscopy and an Amsler grid test, so as to trace any 
suspicious signs for the development of clinically significant cystoid 
macular edema.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “The patients were randomized […]”
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias
(blinding of participants)

Low risk “The study was masked to the patients […]”

Performance bias
 (blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this outcome.

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? No

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

AZ: acetazolamide; CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial
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Miyake et al. 200023

Methods Multicentered, prospective open clinical study

Participants n (eyes) 118

Characteristics Eyes without complications from diabetes mellitus

Interventions Topical CS 0.1% fluorometholone at 3 hours, 2 hours, 1 hour, and 30 minutes 
prior to surgery, and 3 times a day for 8 consecutive weeks following 
surgery.

Topical NSAID 0.1% diclofenac at 3 hours, 2 hours, 1 hour, and 30 minutes prior to 
surgery, and 3 times a day for 8 consecutive weeks following
surgery.

Outcome Detection method Fluorescein angiography

Definition “Io: minimal fluorescein leakage into the cystic space but not 
surrounding the entire fovea;
IIo: fluorescein leakage surrounding nearly the entire fovea but less 
than 2.0 mm in diameter; 
IIIo: fluorescein leakage surrounding the fovea and larger than 2.0 
mm in diameter.”

Follow-up 8 weeks

Conclusion “These findings suggest that diclofenac effectively prevents CME 
following cataract surgery and that CME is closely related to the 
breakdown of the blood–aqueous barrier.”

Notes “Five to 15 consecutive patients were enrolled at each site […]”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “[…] eyes were assigned to […]” 
The authors assumed that the trial was 
randomized, because baseline factors were 
equal in both treatment groups in a study 
population of > 100 subjects. Nevertheless, 
there was insufficient information to permit 
judgment about the sequence generation 
process.

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

High risk “Open trial”

Performance bias 
(blinding of personnel)

High risk “Open trial”

Detection bias 
(blinding of outcome assessment)

Low risk “CME was evaluated in a double-masked 
fashion […]”

Attribution bias 
(incomplete outcome data)

High risk Visual acuity was available for approximately 
half of the study subject.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CME: cystoid macular edema; CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized 
controlled trial
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Miyake et al. 200725

Methods Prospective, double-masked, randomized study

Participants n (eyes) 62

Interventions Topical CS Fluorometholone eye drops four times before surgery (3 hours, 
2 hours, and 1 hour and 30 minutes) and three times a day for 5 
weeks after surgery.

Topical NSAID Diclofenac eye drops four times before surgery (3 hours, 2 hours, 
and 1 hour and 30 minutes) and three times a day for 5 weeks after 
surgery.

Outcome Detection method Fluorescein angiography

Definition “1: slight dye accumulation in the cystic space and incompletely 
surrounding the fovea;
2: dye accumulation surrounding the fovea with a diameter of less 
than 2 mm;
3: dye accumulation surrounding the fovea with a diameter greater 
than 2 mm.”

Follow-up 5 weeks

Conclusion “Reduction of choroidal blood flow, disruption of the blood-
aqueous barrier, and incidence of cystoid macular edema in early 
postsurgical pseudophakic eyes were more effectively prevented 
chronologically in eyes treated with diclofenac than in those treated 
with fluorometholone.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Low risk “Each patient was randomly assigned […] 
using the envelope method” 

Selection bias
(sequence concealment)

Unclear risk “Each patient was randomly assigned […] 
using the envelope method” 
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

Unclear risk “Double masked study […]” 
Unknown whether participants were blinded.

Performance bias
(blinding of personnel)

Unclear risk “Double masked study […]” 
Unknown whether personnel was blinded.

Detection bias
(blinding of outcome assessment)

Low risk “Cystoid macular edema […] was analyzed by 
one of the authors in a masked fashion.”

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial
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Miyake et al. 201126

Methods Randomized double-masked single-center clinical study

Participants n (eyes) 60

Characteristics Patients without diabetic retinopathy

Interventions Topical CS Fluorometholone 0.1% one drop 3 times a day starting the day 
before surgery until 5 weeks postoperatively. An additional 1 drop 
was given on the day of surgery.

Topical NSAID Nepafenac 0.1% one drop 3 times a day starting the day before 
surgery until 5 weeks postoperatively. An additional 1 drop was given 
on the day of surgery.

Outcome Detection method OCT (spectral domain) & fluorescein angiography

Definition “I: slight fluorescein leakage into the cystic space, but not enough to 
enclose the entire fovea centralis. 
II: there is complete circular accumulation of the fluorescein in the 
cystic space, but the diameter of the accumulation is smaller than 
2.0 mm. 
III: the fluorescein leakage surrounds the fovea and is larger than 2.0 
mm in diameter.”

Follow-up 5 weeks

Conclusion “Nepafenac was more effective than fluorometholone in preventing 
angiographic cystoid macular edema and blood-aqueous barrier 
disruption, and results indicate nepafenac leads to more rapid visual 
recovery.”

Notes No definition of cystoid macular edema on OCT given.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “Randomized to” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

Low risk “The 2 drugs had identical outer appearances 
and could not be differentiated.”

Performance bias 
(blinding of personnel)

Low risk “Fluorescein angiography was used to confirm 
the presence of cystoid macular edema […] in 
a double masked manner.”

Detection bias
(blinding of outcome assessment)

Low risk “[…] physician determined and graded the 
severity […] in a double-masked manner.”

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Nishino et al. 200941

Methods Single-blind, randomized, prospective study

Participants n (eyes) 28 (of 21 patients)

Interventions Topical NSAID Topical bromfenac sodium every 20 minutes 2 hours prior to surgery 
and from the day after surgery, twice daily.

Topical CS & NSAID & 
subconjunctival CS 

0.1% topical fluorometholone 4 times daily;
Topical bromfenac sodium every 20 minutes 2 hours prior to surgery 
and from the day after surgery, twice daily;
Subconjunctival injection of approximately 0.5 ml phosphoric acid 
dexamethasone was injected at the end of the surgery.

Outcome Detection method Fluorescein angiography

Definition “Fluorescein fundus angiography was performed only when cystoid 
macular edema was suspected to worsen the visual acuity to less 
than 0.7.”

Follow-up 1 month

Conclusion “Topical steroid medication may not be absolutely essential after 
uneventful phaco-emulsification/aspiration plus intraocular lens 
implantation.”

Notes “Cystoid macular edema was not found in any of patients.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “All participants were prospectively evaluated 
by randomizing into 2 groups.” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

High risk Frequency of administration varied between 
treatment groups.

Performance bias 
(blinding of personnel)

Unclear risk “Single-blind study”. 
Unknown whether personnel was blinded.

Detection bias 
(blinding of outcome assessment)

Unclear risk “Single-blind study”. 
Unknown whether outcome assessor was 
blinded.

Attribution bias 
(incomplete outcome data)

Unclear risk No report on drop-out

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? No

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial
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Weber et al. 201334

Methods Prospective, multicenter, investigator-masked, parallel-group, 
randomized, active-controlled clinical study

Participants n (eyes) 123

Characteristics Patients without diabetic retinopathy

Interventions Topical NSAID Indomethacin 0.1% one drop four times daily for 3 weeks, beginning 
24 hours prior to surgery.

Topical NSAID Ketorolac 0.5% one drop four times daily for 3 weeks, beginning 24 
hours prior to surgery.

Outcome Detection method OCT (time domain)

Definition -

Follow-up 90 days

Conclusion “Indomethacin 0.1% was at least as effective as ketorolac 0.5% at day 
1 and more effective than ketorolac 0.5% at day 7 in treating ocular 
inflammation after uncomplicated cataract surgery.”

Notes “Corticosteroids were to be administered at follow-up visits in the 
following cases: conjunctival hyperemia grade ≥ 3, ciliary flush 
grade ≥ 3, fibrinoid exudate, hypopyon, retrocorneal precipitates or 
posterior synechiae in the study eye.”
Non-inferiority trial: the trial was designed to investigate the non-
inferiority of indomethacin to ketorolac.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Low risk “treatment was determined by a unique 
randomization table”

Selection bias 
(sequence concealment)

Unclear risk “Allocation of treatment was determined by a 
unique randomization table […]” 
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

Low risk “Both drugs were labelled identically to 
preserve masking […] with the patients
being masked to the treatment name.”

Performance bias 
(blinding of personnel)

Unclear risk “The study was investigator-masked […]” 
Unknown whether personnel were blinded.

Detection bias 
(blinding of outcome assessment)

Unclear risk “The study was investigator-masked […]” 
Unknown whether the outcome assessor was 
blinded.

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? Yes

NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized controlled trial



Prevention of CME after cataract surgery | 83

3

Wittpenn et al. 200835

Methods Prospective, randomized, investigator-masked, multicenter study
Participants n (eyes) 546

Characteristics Patients with no ocular manifestations of systemic diseases
Interventions Topical CS & NSAID Four doses of ketorolac 0.4% during the one hour prior to surgery;

Prednisolone acetate 1% four times daily after surgery until patients 
exited the study at weeks four to six;
Artificial tear solution (placebo).

Topical CS & NSAID Ketorolac 0.4% four times daily for three days prior to surgery, four 
doses every 15 minutes one hour preoperatively and four times daily 
until they exited the study at weeks four to six;
Prednisolone acetate 1% four times daily after surgery until one 5-ml 
bottle was empty.

Outcome Detection method OCT (type unknown)
Definition “Definite CME: Presence of cystoid changes associated with 

substantial (≥ 40 µm) retinal thickening on OCT. Probable CME: 
Presence of changes in retinal contour and increased macular 
thickness relative to preoperative baseline, but without definite 
cystoid changes. Possible CME: Mild to moderate changes in retinal 
thickness or contour without cystoid changes.”

Follow-up 4-6 weeks
“Patients were exited from the study when the surgeon felt 
the patient had achieved best-obtainable visual acuity and no 
inflammation was present.”

Conclusion “This study suggests that adding perioperative ketorolac to 
postoperative prednisolone significantly reduces the incidences of 
CME and macular thickening in cataract surgery patients already at 
low risk for this condition.”

Notes “Patients could also be exited from the study if, on postoperative 
day 1, the surgeon felt the amount of inflammation was greater than 
expected and, in his best clinical judgment, more aggressive anti-
inflammatory treatment was indicated.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias (sequence generation) Low risk “[…] using a randomly generated list”
Selection bias 
(sequence concealment)

Unclear risk “[…] using a randomly generated list” Unknown 
whether appropriate safeguards were used.

Performance bias 
(blinding of participants)

Low risk “The labels were covered. Patients would only 
have been unmasked if they researched the 
type and shape of the different bottles.”

Performance bias 
(blinding of personnel)

High risk “The technical staff was unmasked.”

Detection bias 
(blinding of outcome assessment)

Low risk “OCT–based diagnosis of CME was made by an 
experienced and masked retina specialist”

Attribution bias 
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? No
Intention-to-treat analysis included? No
CME: cystoid macular edema; CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence 
tomography; RCT: randomized controlled trial
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Diabetic populations

Ahmadabadi et al. 201037

Methods Prospective randomized controlled study

Participants n (eyes) 41

Characteristics “Patients with type 2 diabetes and moderate non-proliferative 
diabetic retinopathy”

Interventions Topical CS Betamethasone 0.1% eye drops 6 times a day for 1 week. After 1 
week, the betamethasone was tapered over 4 weeks.

Topical CS & 
intravitreal CS

Betamethasone 0.1% eye drops 6 times a day for 1 week. After 1 
week, the betamethasone was tapered over 4 weeks;
Injection of 2 mg of triamcinolone acetonide 3.5 mm posterior to the 
inferotemporal limbus.

Outcome Detection method OCT (time domain) & fluorescein angiography

Definition “Clinical cystoid macular edema was defined as a subjective report 
of decreased vision by the patient, ophthalmoscopic detection of the 
presence of macular edema, and confirmation of the diagnosis by 
fluorescein angiography and OCT examinations at any postoperative 
visit.”

Follow-up 6 months

Conclusion “Intravitreal injection of triamcinolone reduced the amount of 
increase in center point thickness and central 1.0 mm subfield mean 
thickness after phacoemulsification in eyes of diabetic patients. 
Although it also reduced the incidence of CME, it had no effect on 
visual acuity gain.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias
(sequence generation)

Low risk “Using computer-generated random numbers 
[…]” 

Selection bias 
(sequence concealment)

Unclear risk “Using computer-generated random numbers 
[…]” 
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this outcome.

Attribution bias 
(incomplete outcome data)

Low risk No drop-outs

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes (partial)

Intention-to-treat analysis included? No

CME: cystoid macular edema; CS: corticosteroid; OCT: optical coherence tomography; RCT: randomized controlled trial
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Chae et al. 201438

Methods Prospective randomized study
Participants n (eyes) 80

Characteristics “Patients with stable diabetic retinopathy without significant macular 
edema”

Interventions Placebo The needle tip was only touched to the conjunctiva surface.
Intravitreal anti-VEGF 0.05 ml of a solution containing 0.5 mg of ranibizumab was injected 

intravitreally at the sclera from 3 mm posterior to the limbus
Outcome Detection method OCT (spectral domain) & fluorescein angiography

Definition “Postoperative diabetic macular edema was defined as a > 60 mm 
increase in central subfield thickness relative to the screening central 
subfield thickness value, as assessed by spectral domain OCT.”
“Using fluorescein angiography, postoperative diabetic macular 
edema was scored as follows: (method of Antcliff et al):
Grade 0: no perifoveal hyperfluorescence
Grade 1: incomplete perifoveal hyperfluorescence
Grade 2: mild 360° hyperfluorescence
Grade 3: severe 360° hyperfluorescence with the hyperfluorescent 
area being ≈ 1 disk diameter.”

Follow-up 6 months
Conclusion “In patients with stable diabetic retinopathy without significant 

macular edema, intravitreal ranibizumab injection at cataract surgery 
may prevent the postoperative worsening of macular edema and may 
improve the final visual outcome without affecting safety.”

Notes The authors do not mention any (standard) anti-inflammatory 
treatment, used in addition to the intravitreal or sham injection.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
Bias Authors’ judgment Support for judgment
Selection bias 
(sequence generation)

Low risk “[…] patients were randomly assigned […] 
using a table of random numbers.” 

Selection bias 
(sequence concealment)

Unclear risk “[…] patients were randomly assigned […] 
using a table of random numbers.” 
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

Low risk  “In the sham group, the needle tip touched 
the conjunctiva surface.”

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this outcome.

Attribution bias 
(incomplete outcome data)

High risk The number of drop-outs reported does not 
match the number of eyes at baseline and 
endpoint. 
Percentages, total number of patients and 
number of patients with cystoid macular 
edema reported in the article do not match.

Quality of RCT (additional items Delphi List)
Quality measure Authors’ judgment
Prognostic indicators similar at baseline? Yes
Eligibility criteria specified? Yes
Point estimates and measures of variability given? Yes
Intention-to-treat analysis included? No
OCT: optical coherence tomography; RCT: randomized controlled trial; VEGF: vascular endothelial growth factor
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Endo et al. 201044

Methods Prospective open-label study

Participants n (eyes) 75

Characteristics Diabetic patients, no severe diabetic retinopathy

Interventions Topical CS Betamethasone sodium phosphate four times daily for 1 week 
followed by fluorometholone 0.1% for steroid withdrawal four times 
daily for 5 weeks.

Topical NSAID Bromfenac eye drops were instilled twice daily until week 6.

Outcome Detection method OCT (time domain)

Definition -

Follow-up 6 weeks

Conclusion “Bromfenac suppressed anterior chamber inflammation and 
increasing retinal thickening after cataract surgery in patients with 
non-proliferative diabetic retinopathy.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias
(sequence generation)

Low risk “[…] using the envelope method.” 

Selection bias 
(sequence concealment)

Unclear risk “[…] using the envelope method.” 
Unknown whether appropriate safeguards 
were used.

Performance bias 
(blinding of participants)

High risk “open-label study”

Performance bias
 (blinding of personnel)

High risk “open-label study”

Detection bias 
(blinding of outcome assessment)

High risk “open-label study”

Attribution bias 
(incomplete outcome data)

Unclear risk Drop-outs not specified per treatment group

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? No (significant higher HbA1c in bromfenac 
group)

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; HbA1c: hemoglobin A1c; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence 
tomography; RCT: randomized controlled trial
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Fard et al. 201139

Methods Prospective randomized study

Participants n (eyes) 63

Characteristics Patients with preexisting moderate or severe non-proliferative 
diabetic retinopathy and a preoperative central macular thickness of 
< 200 µm on OCT

Interventions Placebo Standardized procedure of phacoemulsification with intraocular lens 
implantation alone.

Intravitreal anti-VEGF 1.25 mg intravitreal bevacizumab at the end of surgery.

Outcome Detection method OCT (time domain)

Definition “Increase in center point thickness on OCT after cataract surgery.”

Follow-up 6 months

Conclusion “Intravitreal administration of 1.25 mg bevacizumab at the time of 
cataract surgery is effective just for the short term and 6-month 
results are the same as the control group.”

Notes Standardized procedure not described. The authors do not mention 
any (standard) anti-inflammatory treatment, used in addition to the 
intravitreal or sham injection.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “Patients were randomized to […]” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias
(blinding of participants)

Unclear risk The study did not address this outcome.

Performance bias
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this for the 
primary outcome measurement (OCT). 
“Progression of diabetic retinopathy was 
based on assessment in a masked fashion by 
a retina specialist.”

Attribution bias 
(incomplete outcome data)

High risk Number of patients lost to follow-up was 
higher in the control group. No reasons for 
drop-out were given.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

OCT: optical coherence tomography; RCT: randomized controlled trial; VEGF: vascular endothelial growth factor
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Kim et al. 200836

Methods Prospective randomized controlled study

Participants n (eyes) 46 (of 23 patients)

Characteristics Noninsulin-dependent diabetic patients and mild to moderate non-
proliferative diabetic retinopathy or no retinopathy

Interventions Topical CS Prednisolone acetate eye drops 1%, 1 drop 4 times daily from 
the day of surgery until 1 month and 1 drop 2 times daily for the 
following 2 weeks.

Topical CS & 
Subtenon CS

Prednisolone acetate eye drops 1%, 1 drop 4 times daily from 
the day of surgery until 1 month and 1 drop 2 times daily for the 
following 2 weeks;
Subtenon capsule injection of triamcinolone acetonide at the end of 
cataract surgery.

Outcome Detection method OCT (type unknown) & fluorescein angiography

Definition “Postsurgical cystoid macular edema was defined as decreased 
visual acuity and cystoid macular edema on OCT.”

Follow-up 6 months

Conclusion “A posterior subtenon injection of triamcinolone acetonide lowered 
the incidence of cystoid macular edema after cataract surgery in 
diabetic patients, improved visual recovery, and reduced the amount 
of central macular thickness increase in the short term (≤ 1 month 
postoperatively). However, triamcinolone acetonide did not affect DR 
progression over the 6-month follow-up.”

Notes -

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias
(sequence generation)

Low risk “The assignment […] was made using 
computer-generated random numbers.”

Selection bias 
(sequence concealment)

Unclear risk “The assignment […] was made using 
computer-generated random numbers” 
Unknown whether appropriate safeguards 
were used.

Performance bias
(blinding of participants)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this outcome.

Attribution bias 
(incomplete outcome data)

Low risk Paired eye comparison

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; DR: diabetic retinopathy; OCT: optical coherence tomography; RCT: randomized controlled trial
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Singh et al. 201247

Methods Multicenter, randomized, double-masked, vehicle-controlled study

Participants n (eyes) 263

Characteristics Diabetic (type 1 or type 2) patients with an existing diagnosis of non-
proliferative diabetic retinopathy

Interventions Topical CS Prednisolone acetate ophthalmic suspension four times daily for 2 
weeks postsurgery or longer if considered necessary to treat anterior 
segment inflammation.

Topical CS & NSAID Prednisolone acetate ophthalmic suspension four times daily for 2 
weeks postsurgery or longer if considered necessary to treat anterior 
segment inflammation;
Nepafenac ophthalmic suspension 0.1% three times daily on the 
day prior to cataract surgery, on the day of surgery and for 90 days 
thereafter.

Outcome Detection method OCT (time domain)

Definition “Macular edema was defined as ≥ 30% increase in central subfield 
macular thickness relative to the presurgical baseline measurement.”

Follow-up 90 days

Conclusion “Nepafenac demonstrated statistically significant and clinically 
relevant advantages compared with vehicle in preventing macular 
edema and maintaining visual acuity in diabetic patients following 
cataract surgery. These advantages were seen at multiple time points 
over the course of the 90-day therapy period.”

Notes Prednisolone eye drops were used longer if considered necessary to 
treat postoperative inflammation.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “Enrolled patients were randomized to […]” 
Insufficient information to permit judgment.

Selection bias
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

Low risk “Double masked, vehicle-controlled study”

Performance bias
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Low risk “Morphological features, including intraretinal 
cysts, were analyzed by the reading center in 
a masked fashion.”

Attribution bias
(incomplete outcome data)

Low risk Missing outcome data balanced in numbers 
across intervention groups, with similar 
reasons for missing data across groups.

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? No

Intention-to-treat analysis included? No

CS: corticosteroid; NSAID: non-steroidal anti-inflammatory drug; OCT: optical coherence tomography; RCT: randomized 
controlled trial
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Udaondo et al. 201140

Methods Prospective randomized controlled intervention study

Participants n (eyes) 54

Characteristics “Patients with some degree of diabetic retinopathy without macular 
involvement”

Interventions Topical CS Dexamethasone eye drops four times a day for one month.

Topical CS & 
Intravitreal anti-VEGF

Dexamethasone eye drops four times a day for one month;
An intravitreal injection of ranibizumab (0.5 ml of solution at 10 mg/
ml) at the end of surgery.

Outcome Detection method OCT (Spectral domain)

Definition “Clinically significant macular edema was defined as macular edema 
involving or threatening the center of the macula as defined by the 
ETDRS.”

Follow-up 3 months

Conclusion “The combination of intravitreal ranibizumab and uncomplicated 
phacoemulsification avoids the macular thickening measured by OCT 
in mild to moderate diabetic retinopathy patients without previous 
macular involvement.”

Notes Postoperative central subfield thickness is only reported for eyes 
that developed central subfield macular thickness.

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

Bias Authors’ judgment Support for judgment

Selection bias 
(sequence generation)

Unclear risk “Randomized study” 
Insufficient information to permit judgment

Selection bias 
(sequence concealment)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of participants)

Unclear risk The study did not address this outcome.

Performance bias 
(blinding of personnel)

Unclear risk The study did not address this outcome.

Detection bias 
(blinding of outcome assessment)

Unclear risk The study did not address this outcome.

Attribution bias 
(incomplete outcome data)

Low risk No drop-outs

Quality of RCT (additional items Delphi List)

Quality measure Authors’ judgment

Prognostic indicators similar at baseline? Yes

Eligibility criteria specified? Yes

Point estimates and measures of variability given? Yes

Intention-to-treat analysis included? No

CS: corticosteroid; ETDRS: early treatment diabetic retinopathy study; OCT: optical coherence tomography; RCT: 
randomized controlled trial; VEGF: vascular endothelial growth factor
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Appendix 3. Additional figures

Figure 1. Odds ratios with 95% confidence intervals for the incidence of cystoid macular edema within 3 months 
after cataract surgery in non-diabetics

AZ: acetazolamide; CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflamma-
tory drug; 95% CI: 95% confidence interval

Figure 2. Odds ratio with 95% confidence interval for the incidence cystoid macular edema within 3 months after 
cataract surgery in a mixed population

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; 95% CI: 
95% confidence interval
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Figure 3. Odds ratios with 95% confidence intervals for the incidence cystoid macular edema within 3 months 
after cataract surgery in diabetics

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; VEGF: 
vascular endothelial growth factor; 95% CI: 95% confidence interval

Figure 4. Mean differences with 95% confidence intervals for change in central foveal thickness within 3 months 
after cataract surgery as compared to baseline in a mixed population

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; SD: stan-
dard deviation; 95% CI: 95% confidence interval
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Figure 5. Mean differences with 95% confidence intervals for change in central foveal thickness within 3 months 
after cataract surgery as compared to baseline in diabetics

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; SD: stan-
dard deviation; VEGF: vascular endothelial growth factor; 95% CI: 95% confidence interval

Figure 6. Mean difference with 95% confidence interval for change in macular volume within 3 months after 
cataract surgery as compared to baseline in a mixed population

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; SD: stan-
dard deviation; 95% CI: 95% confidence interval

Figure 7. Mean difference with 95% confidence interval for change in macular volume within 3 months after 
cataract surgery as compared to baseline in diabetics

IV: inverse variance; SD: standard deviation; VEGF: vascular endothelial growth factor; 95% CI: 95% confidence interval
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Figure 8. Mean differences with 95% confidence intervals for change in corrected distance visual acuity within 3 
months after cataract surgery as compared to baseline in non-diabetics

AZ: acetazolamide; CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflamma-
tory drug; SD: standard deviation; 95% CI: 95% confidence interval

Figure 9. Mean differences with 95% confidence intervals for change in corrected distance visual acuity within 3 
months after cataract surgery as compared to baseline in a mixed population

CS: corticosteroid; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; SD: standard deviation; 95% CI: 
95% confidence interval
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Figure 10. Mean differences with 95% confidence intervals for change in corrected distance visual acuity within 
3 months after cataract surgery as compared to baseline in diabetics

CS: corticosteroid; df: degrees of freedom; IV: inverse variance; NSAID: non-steroidal anti-inflammatory drug; SD: stan-
dard deviation; VEGF: vascular endothelial growth factor; 95% CI: 95% confidence interval

Figure 11. Risk of bias graph according to the Cochrane Collaboration’s tool for assessing risk of bias
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Figure 12. Quality of randomized controlled trials according to the Delphi criteria
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Author reply 

Author reply to: Prevention of cystoid macular edema after cataract surgery in 
non-diabetic and diabetic patients: a systematic review and meta-analysis. (Kim SJ, 
Jampel H. Am J Ophthalmol. 2016 Jan;161:221-2)

Laura H.P. Wielders, Verena A. Lambermont, Jan S.A.G. Schouten, Frank J.H.M. van den Biggelaar, 
Gill Worthy, Rob W.P. Simons, Bjorn Winkens, Rudy M.M.A. Nuijts
Am J Ophthalmol. 2016 Jan;161:222-3.

We appreciate the interest of drs Stephen Kim and Jampel in our work.1 The purpose 
of our systematic review and meta-analysis was to collect and summarize the results of 
previous randomized controlled trials (RCTs) on the prevention of cystoid macular edema 
(CME) after cataract surgery. We agree with drs Kim and Jampel that several factors may 
influence the interpretation of our results. Therefore, we provided a detailed evaluation 
of the study results in the discussion section, which includes the factors mentioned by drs 
Kim and Jampel, and discussed below.

We agree with drs Kim and Jampel that visual acuity (VA) is of great clinical importance in 
the follow-up after cataract surgery. However, many factors may influence postoperative 
VA. Therefore, we think that VA alone cannot be used as a primary outcome in studies 
investigating the prevention of CME after cataract surgery. Nevertheless, VA should be 
incorporated in any definition of clinically significant CME. Unfortunately, we identified 
numerous definitions in previous studies. 

Topical corticosteroids increased the odds of developing CME as compared to non-ste-
roidal anti-inflammatory drugs (NSAIDs) or combination treatment. Previously, Kessel and 
associates showed that both potent and weaker corticosteroids were less effective than 
NSAIDs in prevention of CME.2 Results of ten individual RCTs suggest that topical NSAIDs 
should be used after cataract surgery in all patients. Whether the use of corticosteroids 
can be avoided cannot be concluded from our study. 

Drs Kim and Jampel refer to a recent study of Tzelikis and associates, who compared 
topical prednisolone to combination treatment in a mixed population. The authors did 
not find any differences in mean foveal thickness or VA, which is in line with the results 
of our meta-analysis.3 Furthermore, Zaczek and associates recently compared topical 
combination treatment to topical dexamethasone in non-diabetics and found comparable 
results.4 Mechanisms of action of anti-inflammatory treatments are beyond the scope of 
this review. 
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Finally, drs Kim and Jampel emphasize the different conclusions reported by the AAO 
Ophthalmic Technology Assessment Panel.5 Different conclusion are drawn because both 
reviews did not include the same original RCTs. The current study provides a complete 
overview of all relevant RCTs. We performed an extensive literature search, reviewed 
161 full-text articles and included 30 individual RCTs. Only 27 full-text articles have been 
reviewed by the AAO Ophthalmic Technology Assessment Panel, who included 15 trials. 
Moreover, the panel included many studies investigating the incidence of CME after intra-
capsular or extracapsular cataract extraction. We decided to exclude these RCTs from 
our study, since phacoemulsification cataract surgery is the standard of care in most 
ophthalmic practices. 

We excluded one study from our quantitative analysis “because no patient in either treat-
ment group developed CME”. This study also did not report mean VA, macular volume or 
foveal thickness, which is why it could not be included in any meta-analysis.6

We agree with drs Kim and Jampel that systematic reviews and meta-analyses cannot fully 
account for variations between individual studies. Additionally, the quality of included RCTs 
was moderate to low. We hope that the results of the ESCRS PREvention of Macular EDema 
after cataract surgery (PREMED) study will provide more evidence-based guidelines.
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Abstract

Purpose: To compare the efficacy of a topical non-steroidal anti-inflammatory drug, topi-
cal corticosteroid, and a combination of both drugs to prevent the occurrence of cystoid 
macular edema (CME) after cataract surgery in non-diabetic patients.

Setting: Twelve European study centers.

Design: Randomized clinical trial. 

Methods: Non-diabetic patients having uneventful cataract surgery were included in this 
study. Patients were randomized to receive topical bromfenac 0.09% twice daily for two 
weeks, or dexamethasone 0.1% four times daily with one drop less per day every follow-
ing week, or a combination of both. The primary outcome was the difference in central 
subfield mean macular thickness (CSMT) six weeks postoperatively. Secondary outcome 
measures included corrected distance visual acuity as well as the incidence of CME and 
clinically significant macular edema (CSME) within six weeks and twelve weeks postoper-
atively.

Results: This study comprised 914 patients. Six weeks postoperatively, the CSMT was 288.3 
µm, 296.0 µm and 284.5 µm in the bromfenac group, dexamethasone group and com-
bination treatment group, respectively (overall p = 0.006). The incidence of CSME within 
twelve weeks postoperatively was 3.6%, 5.1% and 1.5%, respectively (overall p = 0.043).

Conclusions: Patients treated with a combination of topical bromfenac 0.09% and dexa-
methasone 0.1% had a lower risk for developing CSME after cataract surgery than patients 
treated with a single drug.
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Introduction

Worldwide, cataract is the leading cause of preventable and treatable blindness.1 Cataract 
surgery can improve visual acuity in many patients with mild to severe visual impairment 
and is considered one of the most cost-effective of all health care interventions.2 Even 
though improvements in modern cataract surgery techniques have significantly decreased 
the incidence of postoperative complications, cystoid macular edema (CME) remains one of 
the most important causes of suboptimal visual acuity after otherwise uneventful surgery.3, 

4 CME after cataract surgery, also known as the Irvine-Gass syndrome, was first reported by 
Irvine in 1953 and discussed by Gass and Norton in 1966.5, 6 Since then, ophthalmologists 
have aimed to prevent CME using perioperative topical corticosteroids and/or non-steroidal 
anti-inflammatory drugs (NSAIDs), albeit current practice varies between organizations and 
countries.3, 7 As yet, the optimal approach in routine cataract surgery cases remains debat-
able because of the high societal costs involved with routine prescription of topical NSAIDs 
in some countries, such as the United States of America.8 An Ophthalmic Technology Assess-
ment of the American Academy of Ophthalmology (AAO) does not support the use of topical 
NSAIDs because of insufficient high-quality evidence with regard to its long-term benefit to 
prevent vision loss from CME three months or more after cataract surgery.3 The Cataract 
Clinical Committee of the American Society of Cataract and Refractive Surgery (ASCRS), on 
the other hand, recently published a report on topical NSAIDs as an important adjunctive 
tool for surgeons performing routine and complicated cataract surgery and emphasized the 
compelling effectiveness of NSAIDs to reduce pain, prevent intraoperative miosis, modu-
late postoperative inflammation, and reduce the incidence of CME.7 Two recent systematic 
reviews of the Cochrane Collaboration and two independent European meta-analyses sug-
gest that topical NSAIDs reduce the risk of developing CME after cataract surgery, although 
none of them found a clinically relevant effect on mean visual acuity.9-12

To further investigate this important clinical question, many ophthalmologists have studied 
the efficacy of various NSAIDs and corticosteroids to prevent CME after cataract surgery. 
Most studies compared the efficacy of topical NSAIDs or combination treatment versus 
corticosteroids alone; however, few studies directly compared the efficacy of combination 
treatment versus topical NSAIDs.9 Moreover, the low a priori incidence of CME demands 
large sample sizes to detect small, yet clinically important, differences.

The PREvention of Macular EDema after cataract surgery (PREMED) study was a randomized 
controlled clinical multicenter trial designed to directly compare the efficacy of a topical 
NSAID, a topical corticosteroid, and the combination of both in non-diabetic subjects. The 
study was funded by the European Society of Cataract and Refractive Surgeons (ESCRS). 
The aim of the ESCRS PREMED study was to provide evidence-based recommendations that 
could serve as a basis for clinical guidelines on the prevention of CME after cataract surgery.
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Patients and methods

The ESCRS PREMED study was a randomized controlled trial (RCT). The study protocol 
was approved by the local ethics committees and national authorities of all participating 
study centers. The study procedures were performed in accordance with the tenets of the 
Declaration of Helsinki. The study protocol can be found on the U.S. National Institutes of 
Health Clinical Trial site.A A data safety monitoring board (members reported in appendix 
1) evaluated the safety of trial participants.

Patient enrolment
Patient recruitment started in Maastricht, the Netherlands, in July 2013. Final inclusion 
took place at study centers in the Netherlands after a decision was made to stop recruit-
ment on February 8, 2016. The trial included non-diabetic patients 21 years or older who 
required regular phacoemulsification cataract surgery in at least one eye. Patients were 
included in one of twelve study centers involved in the ESCRS PREMED study, located in 
Austria (Hospital of the Brothers of St. John of God and Vienna Institute for Research in 
Ocular Surgery, Vienna), Belgium (Antwerp University Hospital, Antwerp), Germany (Goethe 
University Hospital, Frankfurt am Main), Portugal (Centro Hospitalar Universitário Coimbra, 
Coimbra), Spain (Institute of Ocular Microsurgery, Barcelona) and the Netherlands (VU 
University Medical Center, Amsterdam; Zuyderland Medical Center, Heerlen; Eye Hospital 
Zonnestraal, Hilversum; University Eye Clinic Maastricht UMC, Maastricht; Haaglanden 
Medical Center, The Hague; and Elisabeth-TweeSteden Hospital, Tilburg). All patients 
signed written informed consent before inclusion. 

Only one eye per patient was included in the study, and patients were excluded if they had 
sustained moderate to severe visual impairment in the other eye according to the defini-
tion of the International Statistical Classification of Diseases and Related Health Problems 
10th revision.13 Patients were excluded if they had previous CME, any macular pathology 
that could influence visual acuity, previous intraocular inflammation or uveitis, retinal vein 
occlusion, posttraumatic cataract, progressive glaucoma, intraocular pressure (IOP) 25 
mmHg or higher, previous steroid-induced IOP elevation, pseudoexfoliation syndrome, 
or Fuchs endothelial dystrophy in the study eye. Furthermore, patients were excluded if 
they had intraocular surgery in the study eye. Patients who used topical NSAIDs, cortico-
steroids, anti-glaucomatous medication or high dosage systemic corticosteroids at the 
time of screening were excluded, as were patients who received an intravitreal injection 
with bevacizumab or ranibizumab in the study eye in the previous six weeks, an intravitreal 
injection with aflibercept in the previous ten weeks, or an intraocular or periocular cor-
ticosteroid injection in the previous four months. Finally, patients were excluded if there 
was a contraindication to the use of any of the investigated drugs. 
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Surgical technique, patient allocation, and treatment
All patients underwent regular phacoemulsification cataract surgery with intraocular lens 
(IOL) implantation in the posterior segment and received perioperative and/or postoper-
ative antibiotics according to the standard of care in the participating study center. 

Patients were randomly allocated to one of three treatment groups in a 1:1:1 ratio. Strat-
ified block randomization was performed per study center by a local investigator using 
concealed online software (ALEA version 3.0, FormsVision®, Abcoude, The NetherlandsB) 
and a block size of 15 patients. Trial participants were unblinded for the allocated treat-
ment. Patients in the bromfenac group received bromfenac 0.09% eye drops (Yellox) twice 
daily for two days preoperatively and two weeks postoperatively. Patients in the dexameth-
asone group received dexamethasone disodium phosphate 0.1% eye drops four times 
daily for two days preoperatively and one week postoperatively, with one drop less per 
day every following week. Patients in the combination treatment group received topical 
bromfenac and dexamethasone in the abovementioned doses. Topical treatments started 
two days before cataract surgery because previous studies found a lower incidence of 
CME in patients who started anti-inflammatory treatment preoperatively.14, 15 No other 
ocular corticosteroids or NSAIDs were allowed to be used during the course of the study. 

Outcome assessments
An extensive ophthalmologic examination, including slitlamp evaluation, IOP measurement 
and fundoscopy of both eyes, was performed at baseline. Cataract was graded according 
to the Lens Opacities Classification System (LOCS) II and the presence of aqueous cells and 
flare was graded according to the Standardization of Uveitis Nomenclature (SUN) classifica-
tion.16, 17 Subjective refraction and corrected distance visual acuity (CDVA) were measured 
using Early Treatment Diabetic Retinopathy Study (ETDRS) charts. If patients were unable 
to read any letter on the ETDRS chart, hand motion or finger counting at a given distance 
were converted to the logarithm of the minimum angle of resolution (logMAR) equivalent.18 

A baseline optical coherence tomography (OCT) was performed within three months pre-
operatively using spectral-domain OCT (SD-OCT) devices (3D OCT, Topcon Corp.; Cirrus 
HD-OCT, Carl Zeiss Meditec AG; OCT-HS100, Canon Inc.; RTVue-100, Optovue Inc; or Spec-
tralis, Heidelberg Engineering Inc.). Each study center used only one type of SD-OCT device 
for all preoperative and postoperative measurements. Retinal thickness was measured in 
accordance with the ETDRS retinal thickness map (figure 1), which includes central sub-
field mean macular thickness (CSMT) in the central 1.0 mm area, parafoveal thickness in a 
concentric ring located 1.0-3.0 mm around the fovea, perifoveal thickness in a concentric 
ring located 3.0-6.0 mm around the fovea, and total macular volume (TMV) in the central 
6 mm area.19 If the preoperative OCT was of insufficient quality (e.g., because of dense 
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cataract), an alternative baseline measurement was performed at one day postoperatively 
because previous studies have shown no significant differences between preoperative 
and one day postoperative retinal thickness measurements.20

Postoperative visits were performed six and twelve weeks postoperatively and included a 
full ophthalmologic examination of the study eye, as reported above. Postoperative CDVA 
measurements and SD-OCT assessments were performed by a local investigator who was 
masked for the allocated study treatment.

Figure 1. ETDRS retinal thickness map

A) CSMT in the central 1.0 mm area; B) parafoveal thickness in a concentric ring located 1.0-3.0 mm around the fovea; 
C) perifoveal thickness in a concentric ring located 3.0-6.0 mm around the fovea. A-C) TMV is calculated for the central 
6.0 mm area. 
CSMT: central subfield mean macular thickness; ETDRS: early treatment diabetic retinopathy study; TMV: total
macular volume
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Study outcomes
CME usually occurs within three months postoperatively, with a peak incidence four to 
six weeks after cataract surgery.21 Therefore, the primary outcome of this study was the 
difference in CSMT six weeks postoperatively compared with the baseline value. Second-
ary outcomes were the difference in CSMT twelve weeks postoperatively, the incidence 
of CME and clinically significant macular edema (CSME) within six and twelve weeks post-
operatively, and CDVA, TMV, parafoveal and perifoveal thickness at six and twelve weeks 
postoperatively. Furthermore, all adverse events were reported.

CME was defined as an increase in CSMT of 10% or more over baseline, with cystic changes 
on SD-OCT. Cystoid changes and other retinal pathology were identified by two indepen-
dent and masked retina specialists of the University Eye Clinic Maastricht UMC+ (appendix 
1). CSME was defined as CME with less than 0.2 logMAR CDVA improvement as compared 
to the preoperative baseline. 

Escape treatment
Small studies have shown that a combination of topical corticosteroids and NSAIDs is more 
effective than single drug treatment in patients with acute CSME after cataract surgery.22 
Patients who developed CSME during the course of this study were therefore treated with 
bromfenac 0.09% eye drops twice daily and dexamethasone 0.1% eye drops four times 
daily for four weeks. If CSME resolved within these four weeks, bromfenac was stopped 
and dexamethasone eye drops were reduced with one drop per day every following week. 
If CSME persisted after four weeks of topical treatment, patients received one intravitreal 
injection of 0.05 ml (1.25 mg) bevacizumab. From twelve weeks postoperatively, CSME 
was treated in accordance with the standard of care at each participating study center.
Moreover, a stepwise treatment approach was used if patients developed severe post-
operative inflammation, defined as at least 2+ cells according to the SUN classification.

Sample size
The sample size calculation for this study was based on the primary outcome - the dif-
ference in CSMT at six weeks postoperatively. Sample size was recalculated, masked for 
treatment allocation, based on overall nuisance parameters obtained from the first 159 
patients included in the study; that is, a standard deviation (SD) of a postoperative CSMT 
of 42.25 µm and a correlation between the mean preoperative and postoperative CSMT 
of 0.62. With a total sample size of 741, a mean difference of 10 µm between treatment 
groups could be detected with 80% power at a Bonferroni-corrected significance level 
of 0.0167, where forty patients were added to correct for center, center with treatment 
interactions and other covariates. To compensate for a maximum dropout rate of 20%, 
the total calculated sample size for this study was 926 patients.
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Statistical analysis
No interim analyses were performed during the course of the study. Data were collected 
in a web-based database (MACRO version 4.4C) and were subsequently exported to SPSS 
Statistics for Windows software (Version 23.0. IBM Corp.) for analysis. Generalized logistic 
mixed model analyses were performed using the GLMER function within R (Version 3.3.1. 
The R Foundation for Statistical Computing).D

Data were excluded from the final analyses if patients developed a perioperative complica-
tion that was expected to increase the risk for developing CME.4, 23 These included patients 
with a posterior capsule rupture with or without vitreous loss, zonulolysis, or iris trauma. 
Other perioperative complications, such as intraoperative floppy iris syndrome without 
iris trauma, IOL damage, and corneal erosions, were thought not to influence the risk for 
developing CME. These cases were not excluded from the final analyses.

Categorical data were presented as number of patients (and percentage) and numerical 
data as means ± SD. Differences between treatment groups in the occurrence of periop-
erative complications, adverse events, dropout, and reasons for dropout were assessed 
using chi-square test or Fisher exact test, where appropriate.

Postoperative data analyses were performed with masking for the treatment groups. 
Because of the Bonferroni adjustment for multiple testing, a p-value less than 0.0167 was 
considered statistically significant. Linear mixed model analyses using restricted maximum 
likelihood were used for numerical outcomes that were measured repeatedly, includ-
ing the primary outcome of the study. Linear mixed models account for the correlation 
between repeated measurements within a patient and also include data from patients 
who dropped out of the study. No data were imputed. A likelihood-based approach was 
used for missing outcome data, including SD-OCT data, for which data were assumed to 
be missing at random. No missing data were expected for the fixed factors included in 
the model, such as study center, timing of study visits, and the interaction term treatment 
group * timing of the study visit. Logistic regression analysis was used to check whether 
missing outcome data were significantly related to certain patient characteristics. Variables 
significantly related to missing outcome data were added to the model to ensure missing 
at random. In addition, baseline patient characteristics that are known to be related to 
the primary outcome, such as sex, age, and the presence of CME in the fellow eye, were 
included, while the model without these patient characteristics was used as a sensitivity 
analysis.4, 23 A second sensitivity analysis was performed with study center included as a 
random instead of a fixed factor. A three-way interaction term treatment group * timing 
of the study visit * study center (plus their two-way interaction terms) was applied to 
verify whether treatment effect depended significantly on study center. If this three-way 
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interaction term proved significant, the treatment effect was reported for each center 
separately. If the three-way interaction term was not significant, it was removed from the 
model and only the overall treatment effect over all centers was reported.

Generalized logistic mixed model analyses were used for binary outcomes, in which a 
random intercept on center level was included to account for the nesting of patients 
within a center. Adaptive Gauss-Hermite approximation (ten quadrate points) was used 
for estimating the log-likelihood. Odds ratios (ORs) and 95% confidence intervals (CI) were 
reported for pairwise comparisons.

Because the sample size within a center might be small, the abovementioned analyses 
were also performed after combining study centers based on location and center type 
(i.e., academic centers in the Netherlands, non-academic centers in the Netherlands, other 
West European centers, Central European centers, and South European centers). This was 
included as a sensitivity analysis.

Finally, per-protocol analyses were performed and compared to the intention-to-treat 
analyses. Data were excluded from the per-protocol analyses if deviations from the allo-
cated treatment intervention occurred (e.g., patients who received additional NSAID or 
corticosteroid eye drops). 
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Results

Population
Figure 2 shows a flow diagram showing the number of patients who were screened, ran-
domized and analyzed in the study. Baseline characteristics of the participants are shown 
in table 1 and appendix 2. 

Twenty-seven patients (3.1%) developed a perioperative complication (appendix 3). There 
were no significant differences in the number of perioperative complications between 
treatment groups (p = 0.668). Data of eight patients (0.9%) were not included in the final 
analyses because the reported perioperative complications have been related to an 
increased risk for developing CME after cataract surgery. 

Table 1. Main baseline characteristics 

Parameter Overall
(n = 914)

Bromfenac 
(n = 307)

Dexamethasone
(n = 304)

Combination
(n = 303)

Mean age (y) ± SD 70.45 ± 8.87 69.70 ± 8.94 71.23 ± 8.73 70.41 ± 8.91

Right eye, n (%) 504/914 (55.1) 182/307 (59.3) 157/304 (51.6) 165/303 (54.5)

Female sex, n (%) 478/914 (52.3) 166/307 (54.1) 163/304 (53.6) 149/303 (49.2)

White race, n (%) 897/914 (98.1) 300/307 (97.7) 301/304 (99.0) 296/303 (97.7)

CME in contralateral eye, n (%) 4/912 (0.4) 0/307 (0.0) 3/302 (1.0) 1/303 (0.3)

Previous anti-VEGF, n (%) 2/909 (0.2) 0/306 (0.0) 1/300 (0.3) 1/303 (0.3)

Type of cataract, n (%)

Nuclear 777/903 (86.0) 267/304 (87.8) 260/299 (87.0) 250/300 (83.3)

Cortical 610/903 (67.6) 211/304 (69.4) 203/299 (67.9) 196/300 (65.3)

Subcapsular 199/903 (22.0) 72/304 (23.7) 61/299 (20.4) 66/300 (22.0)

CME: cystoid macular edema; VEGF: vascular endothelial growth factor

Although the study included only 914 instead of 926 subjects, the final dropout rate was 
substantially lower than the accounted for maximum rate of 20%. Of 906 patients suitable 
for inclusion in the final data analyses, 86 patients (9.5%) (26 in the bromfenac group, 33 
in the dexamethasone group, and 27 in the combination treatment group) were dropouts. 
There were no statistically significant differences between treatment groups in the number 
of patients who dropped from the study (p = 0.560) or reasons for dropout (p = 0.227). 
Four patients voluntarily postponed cataract surgery and forty patients withdrew from 
study participation before the day of cataract surgery. The two patients in the bromfenac 
group who discontinued participation because of adverse events considered not related 
to topical NSAID treatment had increased IOP and cerebral metastases of a pre-existing 
lung carcinoma, respectively. Of the six patients in the dexamethasone group considered 
dropouts because of adverse events, two patients had red eyes and one developed a cor-
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neal erosion. One patient in the dexamethasone group was dropped from the study when 
CSME was diagnosed; however, primary outcome data were available. One patient in the 
dexamethasone group discontinued participation after developing lymphatic metastases 
of a pre-existing rectal carcinoma, and another patient died after developing a cerebro-
vascular infarction. No patients in the combination treatment group dropped out because 
of adverse events.

Figure 2. Consort flow diagram showing the number of participants who were screened, randomized and analyzed 

Macular thickness and volume
Patients treated with a combination of bromfenac and dexamethasone eye drops had 
the lowest postoperative macular thickness, after correction for baseline measurements 
(table 2 and figure 3). At six weeks postoperatively, the mean CSMT was 288.3 µm, 296.0 
µm, and 284.5 µm in the bromfenac group, dexamethasone group, and combination 
treatment group, respectively (overall p = 0.006). After correction for baseline CSMT and 
other covariables, the mean CSMT was 9.6 µm higher in the dexamethasone group than in 
the combination treatment group (p = 0.002). It was 6.9 µm higher in the dexamethasone 
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Table 2. Differences in macular thickness, TMV and CDVA (intention-to-treat analysis)

Parameter Mean ± SD (no. of patients) Treatment effect* (95% CI); p-value

Bromfenac Dexamethasone Combination Overall  
p-value‡

Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CSMT (µm)

Baseline 274.18 ± 25.48 (294) 275.18 ± 27.16 (293) 273.20 ± 24.67 (298)

6 wks 288.28 ± 46.78 (270) 296.04 ± 52.46 (265) 284.51 ± 36.40 (267) 0.006 6.91 (0.81, 13.01); 0.026 2.72 (-3.36, 8.80); 0.380 9.63 (3.52, 15.74); 0.002

12 wks 283.30 ± 28.03 (264) 283.96 ± 28.64 (263) 283.30 ± 27.38 (262) 0.299 1.47 (-0.67, 3.61); 0.178 -1.46 (-3.60, 0.67); 0.178 0.004 (-2.13, 2.14); 0.997

Parafoveal thickness (µm)

Baseline 325.17 ± 19.53 (295) 326.44 ± 20.47 (298) 326.84 ± 21.75 (298)

6 wks 336.50 ± 26.95 (270) 342.40 ± 25.43 (266) 337.54 ± 21.89 (267) 0.002 3.72 (1.08, 6.35); 0.006 0.86 (-1.77, 3.49); 0.520 4.58 (1.94, 7.21); 0.001

12 wks 334.32 ± 21.60 (265) 336.87 ± 21.10 (263) 336.40 ± 21.33 (263) 0.136 1.80 (-0.02, 3.61); 0.053 -0.52 (-2.34, 1.30); 0.574 1.28 (-0.54, 3.09); 0.167

Perifoveal thickness (µm)

Baseline 282.31 ± 16.45 (280) 282.48 ± 17.22 (288) 282.44 ± 18.07 (285)

6 wks 290.79 ± 21.77 (258) 294.85 ± 18.13 (254) 291.19 ± 18.44 (257) 0.012 2.63 (0.58, 4.67); 0.012 0.15 (-1.89, 2.19); 0.883 2.78 (0.73, 4.82); 0.008

12 wks 288.57 ± 17.48 (256) 291.11 ± 17.73 (254) 291.02 ± 17.19 (255) 0.008 2.11 (0.69, 3.53); 0.004 -1.78 (-3.19, -0.36); 0.014 0.33 (-1.08, 1.75); 0.645

TMV (mm3)

Baseline 8.29 ± 0.53 (278) 8.29 ± 0.53 (282) 8.28 ± 0.51 (277)

6 wks 8.52 ± 0.70 (256) 8.67 ± 0.58 (249) 8.51 ± 0.61 (256) < 0.001 0.12 (0.07, 0.18); < 0.001 -0.01 (-0.06, 0.05); 0.763 0.12 (0.06, 0.17); < 0.001

12 wks 8.47 ± 0.58 (256) 8.55 ± 0.55 (250) 8.51 ± 0.60 (255) 0.002 0.07 (0.03, 0.11); 0.001 -0.04 (-0.08, -0.001); 0.045 0.03 (-0.01, 0.07); 0.139

CDVA (logMAR)

Baseline 0.29 ± 0.23 (299) 0.29 ± 0.21 (298) 0.29 ± 0.22 (300)

6 wks 0.01 ± 0.12 (276) 0.02 ± 0.14 (274) 0.01 ± 0.12 (274) 0.327 0.01 (-0.01, 0.03); 0.186 -0.001 (-0.02, 0.02); 0.953 0.01 (-0.01, 0.03); 0.206

12 wks -0.02 ± 0.10 (270) -0.01 ± 0.11 (267) -0.01 ± 0.11 (271) 0.309 0.01(-0.004; 0.03); 0.128 -0.01 (-0.02, 0.01); 0.546 0.01 (-0.01, 0.03); 0.355

* Treatment effect after correction for center, sex, age and CME in the fellow eye
‡ Overall effect at that time-point over all three groups

CDVA: corrected distance visual acuity; CI: confidence interval; CME: cystoid macular edema; CSMT: central subfield 
mean macular thickness; logMAR: logarithm of the minimal angle of resolution; SD: standard deviation; TMV: total 
macular volume; wks: weeks

Table 3. Incidence of CME and CSME (intention-to-treat analysis)

Parameter Incidence rates, n (%) Odds ratios (95% CI); p-value

Bromfenac Dexamethasone Combination Overall  
p-value‡

Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CME within 6 wks 11/269 (4.1) 22/270 (8.1) 5/266 (1.9) 0.002 2.08 (0.99, 4.40); 0.053 2.22 (0.76, 6.50); 0.144 4.65 (1.73, 12.48); 0.002

CME within 12 wks 11/269 (4.1) 23/270 (8.5) 6/266 (2.3) 0.003 2.19 (1.05, 4.60); 0.038 1.85 (0.67, 5.07); 0.234 4.05 (1.62, 10.12); 0.003

CSME within 6 wks 10/274 (3.6) 14/273 (5.1) 2/275 (0.7) 0.004 1.43 (0.62, 3.30); 0.398 5.22 (1.13, 24.12); 0.034 7.48 (1.68, 33.36); 0.008

CSME within 12 wks 10/274 (3.6) 14/273 (5.1) 4/275 (1.5) 0.043 1.43 (0.62, 3.30); 0.397 2.58 (0.80, 8.36); 0.114 3.70 (1.20, 11.44); 0.023
‡ Overall effect at that time-point over all three groups
CI: confidence interval; CME: cystoid macular edema; CSME: clinically significant macular edema; wks: weeks
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Table 2. Differences in macular thickness, TMV and CDVA (intention-to-treat analysis)

Parameter Mean ± SD (no. of patients) Treatment effect* (95% CI); p-value

Bromfenac Dexamethasone Combination Overall  
p-value‡

Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CSMT (µm)

Baseline 274.18 ± 25.48 (294) 275.18 ± 27.16 (293) 273.20 ± 24.67 (298)

6 wks 288.28 ± 46.78 (270) 296.04 ± 52.46 (265) 284.51 ± 36.40 (267) 0.006 6.91 (0.81, 13.01); 0.026 2.72 (-3.36, 8.80); 0.380 9.63 (3.52, 15.74); 0.002

12 wks 283.30 ± 28.03 (264) 283.96 ± 28.64 (263) 283.30 ± 27.38 (262) 0.299 1.47 (-0.67, 3.61); 0.178 -1.46 (-3.60, 0.67); 0.178 0.004 (-2.13, 2.14); 0.997

Parafoveal thickness (µm)

Baseline 325.17 ± 19.53 (295) 326.44 ± 20.47 (298) 326.84 ± 21.75 (298)

6 wks 336.50 ± 26.95 (270) 342.40 ± 25.43 (266) 337.54 ± 21.89 (267) 0.002 3.72 (1.08, 6.35); 0.006 0.86 (-1.77, 3.49); 0.520 4.58 (1.94, 7.21); 0.001

12 wks 334.32 ± 21.60 (265) 336.87 ± 21.10 (263) 336.40 ± 21.33 (263) 0.136 1.80 (-0.02, 3.61); 0.053 -0.52 (-2.34, 1.30); 0.574 1.28 (-0.54, 3.09); 0.167

Perifoveal thickness (µm)

Baseline 282.31 ± 16.45 (280) 282.48 ± 17.22 (288) 282.44 ± 18.07 (285)

6 wks 290.79 ± 21.77 (258) 294.85 ± 18.13 (254) 291.19 ± 18.44 (257) 0.012 2.63 (0.58, 4.67); 0.012 0.15 (-1.89, 2.19); 0.883 2.78 (0.73, 4.82); 0.008

12 wks 288.57 ± 17.48 (256) 291.11 ± 17.73 (254) 291.02 ± 17.19 (255) 0.008 2.11 (0.69, 3.53); 0.004 -1.78 (-3.19, -0.36); 0.014 0.33 (-1.08, 1.75); 0.645

TMV (mm3)

Baseline 8.29 ± 0.53 (278) 8.29 ± 0.53 (282) 8.28 ± 0.51 (277)

6 wks 8.52 ± 0.70 (256) 8.67 ± 0.58 (249) 8.51 ± 0.61 (256) < 0.001 0.12 (0.07, 0.18); < 0.001 -0.01 (-0.06, 0.05); 0.763 0.12 (0.06, 0.17); < 0.001

12 wks 8.47 ± 0.58 (256) 8.55 ± 0.55 (250) 8.51 ± 0.60 (255) 0.002 0.07 (0.03, 0.11); 0.001 -0.04 (-0.08, -0.001); 0.045 0.03 (-0.01, 0.07); 0.139

CDVA (logMAR)

Baseline 0.29 ± 0.23 (299) 0.29 ± 0.21 (298) 0.29 ± 0.22 (300)

6 wks 0.01 ± 0.12 (276) 0.02 ± 0.14 (274) 0.01 ± 0.12 (274) 0.327 0.01 (-0.01, 0.03); 0.186 -0.001 (-0.02, 0.02); 0.953 0.01 (-0.01, 0.03); 0.206

12 wks -0.02 ± 0.10 (270) -0.01 ± 0.11 (267) -0.01 ± 0.11 (271) 0.309 0.01(-0.004; 0.03); 0.128 -0.01 (-0.02, 0.01); 0.546 0.01 (-0.01, 0.03); 0.355

* Treatment effect after correction for center, sex, age and CME in the fellow eye
‡ Overall effect at that time-point over all three groups

CDVA: corrected distance visual acuity; CI: confidence interval; CME: cystoid macular edema; CSMT: central subfield 
mean macular thickness; logMAR: logarithm of the minimal angle of resolution; SD: standard deviation; TMV: total 
macular volume; wks: weeks

Table 3. Incidence of CME and CSME (intention-to-treat analysis)

Parameter Incidence rates, n (%) Odds ratios (95% CI); p-value

Bromfenac Dexamethasone Combination Overall  
p-value‡

Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CME within 6 wks 11/269 (4.1) 22/270 (8.1) 5/266 (1.9) 0.002 2.08 (0.99, 4.40); 0.053 2.22 (0.76, 6.50); 0.144 4.65 (1.73, 12.48); 0.002

CME within 12 wks 11/269 (4.1) 23/270 (8.5) 6/266 (2.3) 0.003 2.19 (1.05, 4.60); 0.038 1.85 (0.67, 5.07); 0.234 4.05 (1.62, 10.12); 0.003

CSME within 6 wks 10/274 (3.6) 14/273 (5.1) 2/275 (0.7) 0.004 1.43 (0.62, 3.30); 0.398 5.22 (1.13, 24.12); 0.034 7.48 (1.68, 33.36); 0.008

CSME within 12 wks 10/274 (3.6) 14/273 (5.1) 4/275 (1.5) 0.043 1.43 (0.62, 3.30); 0.397 2.58 (0.80, 8.36); 0.114 3.70 (1.20, 11.44); 0.023
‡ Overall effect at that time-point over all three groups
CI: confidence interval; CME: cystoid macular edema; CSME: clinically significant macular edema; wks: weeks
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group than in the bromfenac group, although the difference between the two treatment 
groups was not statistically significant (p = 0.026). The mean CSMT was 2.7 µm higher in 
the bromfenac group than in the combination treatment group (p = 0.380). The mean 
CSMT was comparable in all treatment groups at twelve weeks after cataract surgery 
(overall p = 0.299).

Figure 3. Observed mean CSMT with 95% confidence intervals

CSMT: central subfield mean macular thickness; wks: weeks

Figure 4 shows the parafoveal thickness, perifoveal thickness, TMV, and CDVA by group 
over time. Patients treated with topical dexamethasone had a significantly higher para-
foveal thickness at six weeks than patients treated with bromfenac (p = 0.006) or with a 
combination of bromfenac and dexamethasone (p = 0.001). The parafoveal thickness was 
comparable in the bromfenac group and combination treatment group (p = 0.520). At 
twelve weeks, the parafoveal thickness was comparable in all treatment groups (overall 
p = 0.136).

The postoperative perifoveal thickness was also highest in the dexamethasone treatment 
group. At six weeks, the perifoveal thickness was significantly higher in patients treated 
with topical dexamethasone than in patients treated with bromfenac or bromfenac and 
dexamethasone (p = 0.012 and p = 0.008, respectively). 
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Figure 4. Secondary outcome measures: observed means with 95% confidence intervals.
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Figure 4. Continued

CDVA: corrected distance visual acuity; logMAR: logarithm of the minimal angle of resolution; TMV: total macular 
volume; wks: weeks.

There were no significant differences in perifoveal thickness between the bromfenac and 
combination group (p = 0.883). At twelve weeks, the perifoveal thickness was lowest in 
the bromfenac treatment group. The mean perifoveal thickness was 2.1 µm higher in 
dexamethasone group and 1.8 µm higher in the combination treatment group (p = 0.004 
and p = 0.014, respectively).

Finally, the mean TMV was significantly higher in the dexamethasone treatment group than 
in the other treatment groups six weeks postoperatively (p < 0.001). Up to the end of the 
study, the TMV remained significantly lower in the bromfenac treatment group than in the 
dexamethasone group (p = 0.001). After Bonferroni correction, there were no statistically 
significant differences between the bromfenac and combination groups (p = 0.045).

Only overall treatment effects are reported because the effects were not significantly dif-
ferent between study centers for any postoperative outcome. Sensitivity analyses showed 
similar results with respect to TMV and macular thickness measurements. Per-protocol 
analyses showed comparable results (appendix 4). 

Incidence of cystoid macular edema and clinically significant macular edema
Most cases of CME developed within six weeks postoperatively (table 3). There were clin-
ically important and statistically significant differences in the incidence of CME within six 
and twelve weeks postoperatively between treatment groups (overall p = 0.002 and p = 
0.003, respectively). The odds of developing CME were significantly higher in the dexa-
methasone treatment group than in the combination group (OR 4.7, 95% CI 1.7-12.5, p 
= 0.002). The odds were also higher in patients treated with bromfenac eye drops than 
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in patients in the combination treatment group; however, a pairwise comparison did not 
reach statistical significance (OR 2.2, 95% CI 0.8-6.5, p = 0.144). A similar pattern was seen 
twelve weeks postoperatively (table 3).

Although the incidence of CSME remained highest in the dexamethasone treatment group 
during the course of the study (table 3), the differences were statistically significant at six 
weeks only (overall p = 0.006 and p = 0.043, within six and twelve weeks respectively). 

Sensitivity and per-protocol analyses showed comparable results, and the effects were 
not significantly different between study centers.

Visual acuity
There were no significant differences in CDVA six and twelve weeks postoperatively 
between groups (overall p = 0.327 and p = 0.309, respectively) (table 2). Mean final visual 
acuity was -0.02 logMAR (21/20 Snellen) in the bromfenac treatment group and -0.01 
logMAR (20/20 Snellen) in the other treatment groups. 

In patients with CSME, the maximum decline in CDVA was up to 0.54 logMAR (20/70 Snel-
len). The median CDVA decreased to 0.20 logMAR (20/32 Snellen), but improved to 0.07 
logMAR (20/26 Snellen) twelve weeks postoperatively.

Adverse events
All adverse events and serious adverse events are shown in appendices 5 and 6. No 
treatment related serious adverse events were reported during the course of this study. 
Adverse events occurred in 310 patients. These events were reported in 104 patients 
(34.3%), 120 patients (39.9%), and 86 patients (28.5%) in the bromfenac group, dexameth-
asone group and combination treatment group, respectively (overall p = 0.013). Frequently 
reported adverse events were mild pain or foreign body sensation, dry eyes, tearing and 
posterior vitreous detachment.

Six weeks postoperatively, the presence of cells on slitlamp examination was reported in 
11 of 272 patients (4.0%) in the bromfenac group, 12 of 271 patients (4.4%) in the dexa-
methasone group, and in 15 of 273 patients (5.5%) in the combination treatment group. 
Flare was reported in one patient in the combination treatment group. At twelve weeks, 
anterior chamber cells were reported in 1 of 268 patients (0.4%) in both the bromfenac 
and combination treatment groups, and in 5 of 264 patients (1.9%) in the dexamethasone 
group. No patients presented with anterior chamber flare at twelve weeks. No patient had 
2+ or more cells according to the SUN classification six or twelve weeks postoperatively.
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Mean IOP decreased from 16.1 ± 3.3 mmHg at baseline to 13.4 ± 2.9 mmHg twelve weeks 
after cataract surgery. There were no statistically significant differences in the mean IOP 
between treatment groups at six or twelve weeks (overall p = 0.707 and 0.877, respec-
tively). One patient in the bromfenac group developed severely increased IOP and was 
hospitalized to receive intravenous medication. Four patients in the dexamethasone group 
and two patients in the combination treatment group received topical treatment to reduce 
IOP; however, none received a prostaglandin analogue. Two patients in the dexametha-
sone group and one patient in the combination treatment group received additional oral 
acetazolamide. 
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Discussion

Modern phacoemulsification cataract surgery techniques have substantially decreased the 
incidence of CME after cataract surgery. However, because phacoemulsification is one of 
the most frequently performed surgical procedures worldwide, even small improvements 
in perioperative care can be clinically important. Many studies have evaluated the optimum 
treatment to prevent the CME after cataract surgery; however, most were insufficiently 
powered to detect small, yet clinically relevant differences between treatment groups. 
Moreover, most studies did not compare the efficacy of an NSAID only versus combi-
nation treatment with a topical corticosteroid. The ESCRS PREMED study included 914 
non-diabetic patients and at present is the largest multicenter study directly comparing 
the efficacy of a topical NSAID, corticosteroid, and combination treatment to prevent CME 
after cataract surgery.

The overall incidence of CSME in this study was 3.4%, while previous studies have reported 
a lower incidence of 1.2-2.0% in patients with no risk factors for developing CSME after cat-
aract surgery.4, 23 However, a fair comparison of incidence rates between studies requires 
standardization of the applied definitions.9, 21 The ESCRS PREMED study definition for CME 
is very sensitive, because of a very low cutoff value with respect to macular thickening; that 
is, at least a 10% increase in CSMT compared with the preoperative baseline. Moreover, 
SD-OCT allows detection of very small cystoid changes, and some of them might not be 
clinically relevant. CSME was defined as the occurrence of CME on OCT and less than 0.2 
logMAR improvement in CDVA compared with the preoperative baseline. This definition 
assumes that modern phacoemulsification cataract surgery leads to at least two lines 
improvement in CDVA. However, the current study also included patients with a preop-
erative CDVA of 20/25 Snellen or better who had cataract surgery for decreased quality 
of vision (e.g. glare or decreased contrast sensitivity) because many national guidelines 
report that a reduced visual acuity is not the only indication for cataract surgery. There-
fore, the PREMED study definition for CSME may have caused a surplus of CME cases to 
be considered clinically significant. 

Previous studies have assed the efficacy of topical anti-inflammatory treatments to prevent 
vision loss resulting from CME after cataract surgery.3 The ESCRS PREMED study could 
not identify a statistically significant difference in the mean postoperative CDVA between 
treatment groups. Although CDVA decreased to 20/70 Snellen in patients with CSME, those 
outliers did not cause significant differences with respect to the mean CDVA six and twelve 
weeks postoperatively. Nevertheless, individual patients will benefit most from optimum 
prevention of visually significant CME.
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The odds ratio of developing CSME within twelve weeks postoperatively was 2.6 in patients 
treated with topical bromfenac and 3.7 in patients treated with topical dexamethasone 
compared with the combination treatment group. The incidence of CSME within twelve 
weeks postoperatively was 3.6%, 5.1% and 1.5% in the bromfenac group, dexamethasone 
group, and combination treatment group, respectively. Although these differences were 
not statistically significant after Bonferroni correction (p = 0.043), the rates clearly indicate 
benefit from the use of both bromfenac and dexamethasone eye drops to prevent CSME 
after uneventful cataract surgery.

Various topical NSAID preparations are available; however, the U.S. Food and Drug Admin-
istration (FDA) has not approved any for the prevention of CME after cataract surgery.3 The 
European Medicines Agency (EMA) approved nepafenac for prevention of inflammation 
and macular edema after cataract surgery in diabetic patients, whereas bromfenac is only 
approved for prevention of postoperative inflammation. Despite this, many ophthalmolo-
gists continue to use bromfenac and other topical NSAIDs to prevent CME after cataract 
surgery because CME is likely a result of an overall postoperative inflammatory response.3, 

21 At the initiation of this European multicenter trial in 2012, the ESCRS PREMED Study 
Group decided to use bromfenac 0.09% because previous studies indicated better pene-
tration into ocular tissues, extended duration of anti-inflammatory activity and enhanced 
inhibitory effect on cyclo-oxygenase 2.7, 24 The results of an indirect network comparison 
and several small RCTs suggest some differences between NSAID preparations in their 
efficacy to reduce inflammation after cataract surgery.25 The quality of evidence, however, 
is low to moderate, in part because of the small samples in the available studies. Previous 
studies did not indicate significant differences between various NSAIDs in their efficacy to 
prevent macular thickening.25, 26 More recently, reformulated once-daily NSAID prepara-
tions have been shown to be effective in preventing inflammation and CME after cataract 
surgery.4, 27 Therefore, health care costs and patient comfort could be taken into account 
when choosing the optimal NSAID to be used as a standard of care in clinical practice.2, 28

 
In the ESCRS PREMED study, the efficacy of bromfenac eye drops was compared with 
that of dexamethasone 0.1%. Dexamethasone was the corticosteroid of choice because 
this preparation was used at eight of nine PREMED study centers that included a topical 
corticosteroid in their standard of care. A previous meta-analysis showed that both potent 
steroids and weaker steroids are less effective than topical NSAIDs in prevention of CME 
after cataract surgery.10

The primary outcome of the ESCRS PREMED study was the difference in postoperative 
CSMT. The results suggest that topical bromfenac 0.09% is more effective than topical 
dexamethasone 0.1% in preventing retinal thickening after cataract surgery. These results 
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are in line with the conclusions of previous systematic reviews.9-11 The PREMED study found 
no statistically significant or clinically relevant differences in the mean macular thickness 
and TMV six weeks postoperatively between the bromfenac group and combination treat-
ment group. The odds ratio for developing CSME within twelve weeks postoperatively 
was 2.6 in patients treated with topical bromfenac when compared to patients receiving 
combination treatment; however, the differences were not statistically significant. In this 
study, topical bromfenac was used twice daily for two weeks postoperatively, as per the 
EMA Summary of Product Characteristics 2011.29 Although the EMA recommends topical 
bromfenac treatment for two weeks postoperatively, ophthalmologists have studied its 
use for up to two months after cataract surgery. One small study of 72 patients compared 
the efficacy of topical bromfenac for two months postoperatively versus combination 
treatment with a corticosteroid. The study found no significant differences in postopera-
tive inflammatory response and reports no cases of CME in the bromfenac group or the 
combination treatment group.30 However, the sample size in this study might have been 
too small and the study might have had insufficient power to detect clinically relevant dif-
ferences. Another study reported no added value of using bromfenac eye drops for more 
than one month postoperatively.31 Nevertheless, future RCTs are needed to compare the 
efficacy of topical bromfenac for one month postoperatively versus combination treatment 
with a corticosteroid to prevent the occurrence of CME and CSME after cataract surgery.
 
This European RCT has some limitations that are related to its study design and the mul-
tinational setting. Firstly, macular thickness and TMV were measured using five different 
SD-OCT devices. Where some OCT devices measure retinal thickness from the internal 
limiting membrane to the retinal pigment epithelium (RPE), others use Bruch membrane 
as the outer retinal boundary. These differences are most relevant in pathologies that 
affect the RPE-Bruch membrane complex.32 Because CME is caused by an accumulation 
of fluid in the inner nuclear and outer plexiform layers of the retina, all OCT devices will 
detect postoperative changes in macular thickness and TMV. Each study center used 
only one type of SD-OCT device for all preoperative and postoperative measurements. 
Furthermore, differences between treatment groups reported in this study were cor-
rected for baseline measurements. Secondly, the current study had a follow-up of three 
months postoperatively. The currently available literature does not provide clear evidence 
with regard to the long-term efficacy of topical NSAIDs and/or corticosteroids on CDVA 
more than three months after regular cataract surgery, although some studies provide 
long-term results in high-risk patients (e.g. patients with diabetes mellitus or uveitis).11 
The current study has shown benefit to using a combination of topical bromfenac and 
dexamethasone eye drops up to three months postoperatively. Considering that most 
cases of CME develop within four to six weeks after cataract surgery, preventive treatments 
should be optimized in the immediate postoperative period. However, further studies are 
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needed to determine whether a combination of topical bromfenac and dexamethasone 
can also prevent the occurrence of CME and CSME after three months postoperatively. 
Finally, this study was designed to evaluate the optimum preventive strategy for CME 
in non-diabetic patients with no other risk factors for developing CME. Therefore, the 
results of this study might not be applicable to patients with diabetes, uveitis, retinal vein 
occlusion, epiretinal membrane, or other risk factors for developing CME, and in cases of 
complicated cataract surgery.4, 23

Future work will evaluate the cost-effectiveness of topical NSAIDs, corticosteroids and 
combination treatments after cataract surgery. When choosing the optimum NSAID eye 
drop for standard care, patient satisfaction, simplicity of drug administration, frequency 
of drug administration, and ocular comfort should be taken into account. Although the 
efficacy of various topical NSAIDs seems to be comparable, their cost-effectiveness should 
be studied in more detail.

In conclusion, the ESCRS PREMED study evaluated the optimum treatment regimen to 
prevent the occurrence of CME after uncomplicated phacoemulsification cataract sur-
gery in non-diabetic patients with no other risk factors for developing CME. According to 
the results of this randomized controlled European multicenter trial, the postoperative 
macular thickness and TMV were lower in patients treated with topical bromfenac 0.09% 
than in patients treated with topical dexamethasone 0.1%. A combination treatment of 
dexamethasone and bromfenac eye drops could not further reduce postoperative mac-
ular thickness, TMV or CDVA compared with topical bromfenac alone. However, the odds 
of developing CSME within twelve weeks postoperatively were lowest in the combination 
treatment group.
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Appendix 1 ESCRS PREMED study group
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Appendix 2. Additional baseline characteristics

Overall
(n = 914)

Bromfenac 
(n = 307)

Dexamethasone
(n = 304)

Combination
(n = 303)

Study center, n (%)

Center 1 4/914 (0.4) 1/307 (0.3) 2/304 (0.7) 1/303 (0.3)

Center 2 77/914 (8.4) 25/307 (8.1) 26/304 (8.6) 26/303 (8.6)

Center 3 47/914 (5.1) 17/307 (5.5) 15/304 (4.9) 15/303 (5.0)

Center 4 3/914 (0.3) 1/307 (0.3) 1/304 (0.3) 1/303 (0.3)

Center 5 60/914 (6.6) 20/307 (6.5) 20/304 (6.6) 20/303 (6.6)

Center 6 10/914 (1.1) 4/307 (1.3) 3/304 (1.0) 3/303 (1.0)

Center 7 25/914 (2.7) 9/307 (2.9) 7/304 (2.3) 9/303 (3.0)

Center 8 155/914 (17.0) 51/307 (16.6) 52/304 (17.1) 52/303 (17.2)

Center 9 11/914 (1.2) 2/307 (0.7) 5/304 (1.6) 4/303 (1.3)

Center 10 434/914 (47.5) 148/307 (48.2) 142/304 (46.7) 144/303 (47.5)

Center 11 41/914 (4.5) 13/307 (4.2) 15/304 (4.9) 13/303 (4.3)

Center 12 47/914 (5.1) 16/307 (5.2) 16/304 (5.3) 15/303 (5.0)

Patient history

Cerebrovascular accident, n (%) 61/914 (6.7) 15/307 (4.9) 28/304 (9.2) 18/303 (5.9)

Myocardial infarction, n (%) 55/914 (6.0) 22/307 (7.2) 16/304 (5.3) 17/303 (5.6)

Thromboembolic event, n (%) 18/914 (2.0) 4/307 (1.3) 8/304 (2.6) 6/303 (2.0)

Hypertension, n (%) 432/912 (47.4) 146/307 (47.6) 150/302 (49.7) 136/303 (44.9)

Smoking, n (%) 114/912 (12.5) 47/307 (15.3) 32/302 (10.6) 35/303 (11.6)

Hypercholesterolemia, n (%) 303/912 (33.2) 96/307 (31.3) 108/302 (35.8) 99/303 (32.7)

Type of cataract (LOCS II classification)

Nuclear, n (%) 777/903 (86.0) 267/304 (87.8) 260/299 (87.0) 250/300 (83.3)

N1 226/738 (30.6) 77/253 (30.4) 78/247 (31.6) 71/238 (29.8)

N2 425/738 (57.6) 151/253 (59.7) 138/247 (55.9) 136/238 (57.1)

N3 87/738 (11.8) 25/253 (9.9) 31/247 (12.6) 31/238 (13.0)

Cortical, n (%) 610/903 (67.6) 211/304 (69.4) 203/299 (67.9) 196/300 (65.3)

C1 228/593 (38.4) 85/207 (41.1) 75/197 (38.1) 68/189 (36.0)

C2 278/593 (46.9) 102/207 (49.3) 90/197 (45.7) 86/189 (45.5)

C3 73/593 (12.3) 16/207 (7.7) 28/197 (14.2) 29/189 (15.3)

C4 14/593 (2.4) 4/207 (1.9) 4/197 (2.0) 6/189 (3.2)

Subcapsular, n (%) 199/903 (22.0) 72/304 (23.7) 61/299 (20.4) 66/300 (22.0)

P1 96/192 (50.0) 27/69 (39.1) 33/60 (55.0) 36/63 (57.1)

P2 56/192 (29.2) 24/69 (34.8) 17/60 (28.3) 15/63 (23.8)

P3 36/192 (18.8) 17/69 (24.6) 7/60 (11.7) 12/63 (19.0)

Anterior subcapsular 4/192 (2.1) 1/69 (1.4) 3/60 (5.0) 0/63 (0.0)

Polar, n (%) 2/903 (0.2) 0/304 (0.0) 1/299 (0.3) 1/300 (0.3)

Mature, n (%) 2/903 (0.2) 2/304 (0.7) 0/299 (0.0) 0/300 (0.0)

LOCS: lens opacities classification system
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Appendix 3. Overview of perioperative complications

Event Overall
(n = 874*)

Bromfenac 
(n = 292)

Dexamethasone
(n = 295)

Combination
(n = 287)

Perioperative events associated with an increased risk of developing CME, n
Iris trauma 1 0 1 0
Posterior capsular rupture 4 2‡ 1** 1
Zonulolysis 2 1 1 0
IOL exchange 1 1 0 0
Perioperative events associated with no increased risk of developing CME, n
Capsulorhexis tear 4 2 1** 1
Corneal abrasion 1 0 1 0
Damage to Descemet’s membrane 2 0 1 1
Increased IOP 1 0 1 0
IOL damage 2 2 0 0
IOL decentration 1 1 0 0
Narrow pupil without iris trauma 1 0 1 0
IFIS without iris trauma 6 0 3 3
Large subtenon wound required sutures 2 0 1 1
* Forty patients were drop-out before surgery
** One patient developed two complications: a capsulorhexis tear and posterior capsular rupture
‡ Posterior capsular rupture with vitreous loss in one patient 
CME: cystoid macular edema; IFIS: intraoperative floppy iris syndrome; IOL: intraocular lens; IOP: intraocular pressure
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Appendix 4. Per protocol analyses 

Table 1. Differences in macular thickness, TMV and CDVA (per protocol analysis)
Parameter Mean ± SD (no. of patients) Treatment effect* (95% CI); p-value

Bromfenac Dexamethasone Combination Overall p-value‡ Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CSMT (µm)
Baseline 273.60 ± 25.85 (248) 275.26 ± 27.14 (269) 273.83 ± 24.58 (280)

6 wks 287.57 ± 48.33 (229) 295.23 ± 52.05 (247) 284.36 ± 35.47 (253) 0.009 6.05 (-0.45, 12.55); 0.068 3.71 (-2.74, 10.16); 0.259 9.76 (3.47, 16.06); 0.002
12 wks 282.52 ± 28.82 (228) 283.42 ± 28.71 (244) 283.54 ± 27.59 (247) 0.437 1.42 (-0.88, 3.72); 0.226 -1.17 ( -3.45, 1.11); 0.314 0.25 (-1.98, 2.48); 0.826
Parafoveal thickness (µm)
Baseline 324.38 ± 19.43 (249) 326.45 ± 20.69 (274) 327.28 ± 21.79 (280)
6 wks 335.24 ± 27.80 (229) 342.15 ± 25.70 (248) 337.69 ± 21.82 (253) 0.003 3.67 (0.80, 6.53); 0.012 1.01 (-1.84, 3.86); 0.488 4.68 (1.90, 7.45); 0.001
12 wks 333.03 ± 21.77 (228) 336.71 ± 21.42 (244) 336.49 ± 21.47 (248) 0.071 2.22 (0.26, 4.18); 0.026 -0.67 (-2.62, 1.28); 0.502 1.55 (-0.35, 3.45); 0.109
Perifoveal thickness (µm)
Baseline 281.61 ± 16.29 (238) 282.47 ± 17.67 (265) 282.66 ± 18.09 (267)
6 wks 289.69 ± 22.24 (221) 294.62 ± 18.60 (237) 291.27 ± 18.40 (243) 0.016 2.64 (0.41, 4.87); 0.021 0.26 (-1.95, 2.48); 0.816 2.90 (0.74, 5.06); 0.009
12 wks 287.30 ± 17.34 (222) 290.92 ± 18.26 (236) 291.16 ± 17.10 (240) 0.004 2.45 (0.92, 3.98); 0.002 -2.04 (-3.56, -0.52); 0.009 0.41 (-1.08, 1.89); 0.589
TMV (mm3)
Baseline 8.27 ± 0.53 (236) 8.29 ± 0.55 (259) 8.29 ± 0.51 (259)
6 wks 8.50 ± 0.72 (219) 8.67 ± 0.59 (232) 8.52 ± 0.62 (242) < 0.001 0.12 (0.06, 0.18); < 0.001 -0.01 (-0.07, 0.05); 0.825 0.11 (0.05, 0.17); < 0.001
12 wks 8.44 ± 0.59 (222) 8.54 ± 0.57 (232) 8.52 ± 0.60 (240) 0.003 0.07 (0.03, 0.11); 0.001 -0.04 (-0.08, 0.002); 0.064 0.03 (-0.01, 0.07); 0.107
CDVA (logMAR)
Baseline 0.29 ± 0.23 (251) 0.29 ± 0.20 (274) 0.29 ± 0.21 (281)
6 wks 0.01 ± 0.12 (235) 0.02 ± 0.14 (254) 0.01 ± 0.12 (259) 0.302 0.02 (-0.01, 0.04); 0.171 -0.001 ( -0.02, 0.02); 0.916 0.01 (-0.01, 0.04); 0.193
12 wks -0.02 ± 0.10 (233) -0.01 ± 0.11 (248) -0.01 ± 0.11 (256) 0.435 0.01(-0.01; 0.03); 0.212 -0.004 (-0.02, 0.01); 0.704 0.01 (-0.01, 0.03); 0.369
CDVA: corrected distance visual acuity; CI: confidence interval; CME: cystoid macular edema; CSMT: central subfield mean 
macular thickness; logMAR: logarithm of the minimal angle of resolution; SD: standard deviation; TMV: total macular 
volume; wks: weeks

* Treatment effect after correction for center, gender, age and CME in the fellow eye
‡ Overall effect at that time-point over all three groups

Table 2. Incidence of CME and CSME (per protocol analysis)

Parameter Incidence rates, n (%) Odds ratios (95% CI); p-value

Bromfenac Dexamethasone Combination Overall  
p-value‡

Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CME within 6 wks 8/288 (3.5) 19/252 (7.5) 3/252 (1.2) 0.001 2.24 (0.96, 5.23); 0.062 3.02 (0.79, 11.52); 0.106 6.77 (1.98, 23.17); 0.002

CME within 12 wks 8/288 (3.5) 20/252 (7.9) 4/252 (1.6) 0.002 2.37 (1.02, 5.49); 0.044 2.25 (0.67, 7.59); 0.189 5.34 (1.80, 15.87); 0.003

CSME within 6 wks 8/233 (3.4) 11/253 (4.3) 2/260 (0.8) 0.192 1.30 (0.51, 3.32); 0.579 4.61 (0.97, 21.99); 0.055 6.00 (1.31, 27.99); 0.021

CSME within 12 wks 8/233 (3.4) 11/253 (4.3) 3/260 (1.2) 0.061 1.31 (0.51, 3.33); 0.575 3.06 (0.80, 11.71); 0.103 3.99 (1.10, 14.54); 0.036
‡ Overall effect at that time-point over all three groups CI: confidence interval; CME: cystoid macular edema; CSME: clinically significant macular edema; wks: weeks
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Appendix 4. Per protocol analyses 

Table 1. Differences in macular thickness, TMV and CDVA (per protocol analysis)
Parameter Mean ± SD (no. of patients) Treatment effect* (95% CI); p-value

Bromfenac Dexamethasone Combination Overall p-value‡ Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CSMT (µm)
Baseline 273.60 ± 25.85 (248) 275.26 ± 27.14 (269) 273.83 ± 24.58 (280)

6 wks 287.57 ± 48.33 (229) 295.23 ± 52.05 (247) 284.36 ± 35.47 (253) 0.009 6.05 (-0.45, 12.55); 0.068 3.71 (-2.74, 10.16); 0.259 9.76 (3.47, 16.06); 0.002
12 wks 282.52 ± 28.82 (228) 283.42 ± 28.71 (244) 283.54 ± 27.59 (247) 0.437 1.42 (-0.88, 3.72); 0.226 -1.17 ( -3.45, 1.11); 0.314 0.25 (-1.98, 2.48); 0.826
Parafoveal thickness (µm)
Baseline 324.38 ± 19.43 (249) 326.45 ± 20.69 (274) 327.28 ± 21.79 (280)
6 wks 335.24 ± 27.80 (229) 342.15 ± 25.70 (248) 337.69 ± 21.82 (253) 0.003 3.67 (0.80, 6.53); 0.012 1.01 (-1.84, 3.86); 0.488 4.68 (1.90, 7.45); 0.001
12 wks 333.03 ± 21.77 (228) 336.71 ± 21.42 (244) 336.49 ± 21.47 (248) 0.071 2.22 (0.26, 4.18); 0.026 -0.67 (-2.62, 1.28); 0.502 1.55 (-0.35, 3.45); 0.109
Perifoveal thickness (µm)
Baseline 281.61 ± 16.29 (238) 282.47 ± 17.67 (265) 282.66 ± 18.09 (267)
6 wks 289.69 ± 22.24 (221) 294.62 ± 18.60 (237) 291.27 ± 18.40 (243) 0.016 2.64 (0.41, 4.87); 0.021 0.26 (-1.95, 2.48); 0.816 2.90 (0.74, 5.06); 0.009
12 wks 287.30 ± 17.34 (222) 290.92 ± 18.26 (236) 291.16 ± 17.10 (240) 0.004 2.45 (0.92, 3.98); 0.002 -2.04 (-3.56, -0.52); 0.009 0.41 (-1.08, 1.89); 0.589
TMV (mm3)
Baseline 8.27 ± 0.53 (236) 8.29 ± 0.55 (259) 8.29 ± 0.51 (259)
6 wks 8.50 ± 0.72 (219) 8.67 ± 0.59 (232) 8.52 ± 0.62 (242) < 0.001 0.12 (0.06, 0.18); < 0.001 -0.01 (-0.07, 0.05); 0.825 0.11 (0.05, 0.17); < 0.001
12 wks 8.44 ± 0.59 (222) 8.54 ± 0.57 (232) 8.52 ± 0.60 (240) 0.003 0.07 (0.03, 0.11); 0.001 -0.04 (-0.08, 0.002); 0.064 0.03 (-0.01, 0.07); 0.107
CDVA (logMAR)
Baseline 0.29 ± 0.23 (251) 0.29 ± 0.20 (274) 0.29 ± 0.21 (281)
6 wks 0.01 ± 0.12 (235) 0.02 ± 0.14 (254) 0.01 ± 0.12 (259) 0.302 0.02 (-0.01, 0.04); 0.171 -0.001 ( -0.02, 0.02); 0.916 0.01 (-0.01, 0.04); 0.193
12 wks -0.02 ± 0.10 (233) -0.01 ± 0.11 (248) -0.01 ± 0.11 (256) 0.435 0.01(-0.01; 0.03); 0.212 -0.004 (-0.02, 0.01); 0.704 0.01 (-0.01, 0.03); 0.369
CDVA: corrected distance visual acuity; CI: confidence interval; CME: cystoid macular edema; CSMT: central subfield mean 
macular thickness; logMAR: logarithm of the minimal angle of resolution; SD: standard deviation; TMV: total macular 
volume; wks: weeks

* Treatment effect after correction for center, gender, age and CME in the fellow eye
‡ Overall effect at that time-point over all three groups

Table 2. Incidence of CME and CSME (per protocol analysis)

Parameter Incidence rates, n (%) Odds ratios (95% CI); p-value

Bromfenac Dexamethasone Combination Overall  
p-value‡

Dexamethasone vs. bromfenac Bromfenac vs. combination Dexamethasone vs. combination

CME within 6 wks 8/288 (3.5) 19/252 (7.5) 3/252 (1.2) 0.001 2.24 (0.96, 5.23); 0.062 3.02 (0.79, 11.52); 0.106 6.77 (1.98, 23.17); 0.002

CME within 12 wks 8/288 (3.5) 20/252 (7.9) 4/252 (1.6) 0.002 2.37 (1.02, 5.49); 0.044 2.25 (0.67, 7.59); 0.189 5.34 (1.80, 15.87); 0.003

CSME within 6 wks 8/233 (3.4) 11/253 (4.3) 2/260 (0.8) 0.192 1.30 (0.51, 3.32); 0.579 4.61 (0.97, 21.99); 0.055 6.00 (1.31, 27.99); 0.021

CSME within 12 wks 8/233 (3.4) 11/253 (4.3) 3/260 (1.2) 0.061 1.31 (0.51, 3.33); 0.575 3.06 (0.80, 11.71); 0.103 3.99 (1.10, 14.54); 0.036
‡ Overall effect at that time-point over all three groups CI: confidence interval; CME: cystoid macular edema; CSME: clinically significant macular edema; wks: weeks
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Appendix 5. Overview of adverse events

Event Overall*
(n = 906)

Bromfenac 
(n = 303)

Dexamethasone
(n = 301)

Combination
(n = 302)

Ocular adverse events, n
Allergic reaction 5 4 1 0
Aniseikonia 1 1 0 0
Blepharitis or Meibomian gland dysfunction 18 7 8 3
Conjunctivitis 2 1 1 0
Corneal edema 5 2 2 1
Corneal erosion 8 2 1 5
Diplopia 6 2 4 0
Dry eyes 27 7 9 11
Foreign body sensation, mild pain or 
burning sensation

84 31 25 28

Glare or halos 3 1 1 1
Increased intraocular pressure** 7 0 4 3‡

Intraocular lens decentration 2 0 2 0
Macular hole 1 0 0 1
Map dot fingerprint dystrophy 1 0 1 0
Negative dysphotopsia 8 1 5 2
Ocular migraine 1 0 1 0
Optic neuropathy 1 0 1 0
Photophobia 4 1 1 2
Posterior capsular opacification 6 3 1 2
Pruritus 9 6 1 2
Ptosis 1 1 0 0
Pupillary block 1 0 1 0
Posterior vitreous detachment 20 10 7 3
Redness 18 7 6 5
Unstable or reduced visual acuity 12 5 3 4
Refractive surprise 1 0 1 0
Retinal defect 2 1 1 0
Retinal pigment epithelial detachment 1 0 0 1
Subconjunctival hemorrhage 2 0 1 1
Tearing 34 11 18 5
Trichiasis 1 0 0 1
Uveitis 7 4 1 2
Verrucous skin lesion 1 1 0 0
Wound leak 1 1 0 0
Systemic adverse events, n
Altered sensation 1 0 1 0
Angina pectoris 2 1 1 0
Ankle distorsion 1 0 0 1
Basal cell carcinoma 1 0 1 0
Bleeding 1 0 1 0
Bursitis 1 0 1 0
Cardiac arrhythmias 5 1 3 1
Deep venous thrombosis 1 0 1 0
Diabetes mellitus (new diagnosis) 1 0 1 0
Electrolyte disorders 1 1 0 0
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Appendix 5. Continued

Event Overall*
(n = 906)

Bromfenac 
(n = 303)

Dexamethasone
(n = 301)

Combination
(n = 302)

Systemic adverse events, n
Epigastric hernia 1 0 1 0
Fracture 2 0 2 0
Headache 9 1 3 5
Head trauma 1 0 1 0
Hypertension 1 0 0 1
Infection 2 0 1 1
Inguinal hernia 1 1 0 0
Joint dislocation 1 0 0 1
Nausea 1 1 0 0
Pain 1 0 0 1
Pertussis 1 0 0 1
Polymyalgia rheumatica 1 0 0 1
Urticaria or allergy 4 2 1 1
‡ Eight patients who develop a perioperative complication excluded
* 54 patients developed two or more adverse events during the course of the study
**One patient developed an increased intraocular pressure in the contralateral eye.

Appendix 6. Overview of serious adverse events

Event Overall*
(n = 906)

Bromfenac 
(n = 303)

Dexamethasone
(n = 301)

Combination
(n = 302)

Ocular serious adverse events, n

Increased intraocular pressure 1 1 0 0

Retinal detachment 2 2* 0 0

Systemic serious adverse events, n

Cerebral infarction 1 0 1 0

Epileptic seizure 2 0 1 1

Exacerbation inflammatory bowel disease 1 0 0 1

Fracture 3 3 0 0

Infection 2 2 0 0

Malignancy 4 2 2 0

Myocardial infarction 1 0 0 1

Pain after gastroscopy 1 0 1 0

A serious adverse event was defined as an adverse experience that occurred during the study and resulted in death; 
was life threatening (at the time of the event); required hospitalization or prolongation of existing inpatients’ hospital-
ization; resulted in persistent or significant disability or incapacity; was a congenital anomaly or birth defect; or was 
an important medical event which may jeopardize the subject or may require an intervention to prevent one of the 
outcomes listed above.
‡ Eight patients who develop a perioperative complication excluded
* 1 patient developed a bilateral retinal detachment during the course of the study
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Abstract

Purpose: Diabetes mellitus is a major risk factor for developing cystoid macular edema 
(CME) after cataract surgery. The PREvention of Macular EDema after cataract surgery 
(PREMED) study compares the efficacy of perioperative treatment strategies, in addition 
to topical bromfenac 0.09% and dexamethasone 0.1%, to reduce the risk of developing 
CME after uncomplicated cataract surgery in diabetic patients.

Setting: Twelve European study centers.

Design: A randomized controlled clinical trial, using a 2 x 2 factorial design.

Methods: Diabetic patients undergoing phacoemulsification cataract surgery were ran-
domly allocated to receive no additional treatment, a subconjunctival injection with 40 
mg triamcinolone acetonide (TA), an intravitreal injection with 1.25 mg bevacizumab, or a 
combination of both. Main outcomes were the difference in central subfield mean macular 
thickness (CSMT), corrected distance visual acuity, and the incidence of CME and clinically 
significant macular edema (CSME) within six and twelve weeks postoperatively.

Results: A total of 213 patients were included in the study. At six and twelve weeks post-
operatively, CSMT was 12.3 µm and 9.7 µm lower in patients who received subconjunctival 
TA, as compared to patients who did not (p = 0.007 and p = 0.014, respectively). No patient 
who received subconjunctival TA developed CME. Intravitreal bevacizumab had no signifi-
cant effect on macular thickness.

Conclusions: Diabetic patients who received a subconjunctival injection with TA at the end 
of cataract surgery had a lower macular thickness and macular volume at six and twelve 
weeks postoperatively, as compared to patients who did not. Intravitreal bevacizumab 
had no significant effect.



ESCRS PREMED study report 2 | 135

5

Introduction

Worldwide, an increasing number of people are affected by diabetes mellitus (DM), and 
many also develop cataract at an early age. Previous studies have indicated a three- to 
fourfold increase in the prevalence of cataract under the age of 65 in patients with DM, 
as compared to non-diabetics.1 Diabetic patients undergoing cataract surgery have an 
increased risk of developing cystoid macular edema (CME) postoperatively, especially if 
they are also diagnosed with diabetic retinopathy (DR).2

CME after cataract surgery results from a postoperative inflammatory response. An 
increased vascular permeability causes fluid accumulation in the inner nuclear and 
outer plexiform layers of the retina, causing CME to develop.3 Previous research has 
demonstrated a correlation between the risk of developing CME after cataract surgery 
and aqueous levels of various inflammatory mediators, such as interleukins and vascular 
endothelial growth factor (VEGF).4 

Topical anti-inflammatory treatment with a corticosteroid and a non-steroidal anti-inflam-
matory drug (NSAID) has been recommended for diabetic patients undergoing cataract 
surgery.5 But in spite of such preventive measures, the higher incidence of postoperative 
CME remains. The present study investigated the use of additional perioperative treatment 
strategies to further reduce the risk of developing CME in diabetics. This report focuses 
on the efficacy of a single subconjunctival injection with triamcinolone acetonide (TA) 
and/or a single intravitreal injection with bevacizumab at the end of cataract surgery, in 
addition to corticosteroid and NSAID eye drops, in reducing the risk of developing CME 
after cataract surgery.
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Materials and methods 

The PREvention of Macular EDema after cataract surgery (PREMED) study is a randomized 
controlled clinical trial (RCT), funded by the European Society of Cataract and Refractive 
Surgeons (ESCRS). The study protocol can be found at https://clinicaltrials.gov (identifier: 
NCT01774474) and was approved by all national authorities and local ethics committees. 
All study procedures were performed in accordance with the principles of the Declaration 
of Helsinki. A data safety monitoring board (members shown in appendix 1) evaluated the 
safety of trial participants.

Patient enrolment
This randomized controlled European multicenter trial included diabetic patients aged 21 
years or older who required phacoemulsification cataract surgery. Patients were selected 
between July 2013 and June 2016 and signed written informed consent before inclusion 
in the study. Patients were recruited in one of twelve study centers, located in Austria 
(Hospital of the Brothers of St. John of God, Vienna; Vienna Institute for Research in Ocular 
Surgery, Vienna), Belgium (Antwerp University Hospital, Antwerp), Germany (Goethe Uni-
versity Hospital, Frankfurt am Main), Hungary (Semmelweis University, Budapest), Portugal 
(Centro Hospitalar Universitário Coimbra, Coimbra) and The Netherlands (VU University 
Medical Center, Amsterdam; Zuyderland Medical Center, Heerlen; Eye Hospital Zonne-
straal, Hilversum; University Eye Clinic Maastricht UMC+, Maastricht; Haaglanden Medical 
Center, The Hague; Elisabeth-TweeSteden Hospital, Tilburg). 

Only one eye per patient was included in the study and patients were excluded if they were 
considered functional monoculus as a result of moderate to severe visual impairment 
in the contralateral eye, as per the definition of the international statistical classification 
of diseases and related health problems 10th revision (ICD-10).6 Patients were excluded 
if they had an increased risk of developing CME in the study eye because of previous 
intraocular surgery, intraocular inflammation or uveitis, retinal vein occlusion or macular 
pathology that may influence visual function, other than diabetic macular edema (DME).2 
Moreover, patients who presented with severe preoperative DME (macular thickness ≥ 
450 µm) or severe non-proliferative diabetic retinopathy (NPDR), proliferative diabetic 
retinopathy (PDR) or vitreous hemorrhage requiring panretinal photocoagulation (PRP) or 
vitrectomy, were not considered for participation in the study. Patients who used topical 
NSAIDs, topical corticosteroids or high dosage of systemic corticosteroids at baseline 
were excluded, as were patients who received an intravitreal injection with bevacizumab 
or ranibizumab in the study eye in the previous six weeks, an intravitreal injection with 
aflibercept in the previous ten weeks, or an intra- or periocular corticosteroid injection in 
the previous four months. Patients with pseudoexfoliation syndrome, Fuchs’ endothelial 



ESCRS PREMED study report 2 | 137

5

dystrophy or posttraumatic cataract in the study eye were also excluded. Finally, patients 
were excluded in case of contraindications for any of the investigated drugs, notably 
patients with glaucoma, intraocular pressure (IOP) ≥ 25 mmHg, previous steroid induced 
IOP elevation, systemic bleeding in the previous three months, major systemic surgery 
in the previous three months or a recent or recurrent cerebrovascular accident (CVA), 
myocardial infarction or thromboembolic event. 

Study treatment
All patients underwent phacoemulsification cataract surgery with implantation of an 
intraocular lens (IOL) in the posterior segment and received peri- and/or postoperative 
antibiotics according to the standard of care in the participating study center. All patients 
received bromfenac 0.09% eye drops (Yellox, Bausch + Lomb®, Montpellier Cedex, France) 
twice daily for two days preoperatively and two weeks postoperatively, in combination 
with dexamethasone disodium phosphate 0.1% eye drops four times daily for two days 
preoperatively and one week postoperatively, and then one drop less per day every fol-
lowing week. No other ocular corticosteroids or NSAIDs were allowed to be used during 
the course of the study.

Moreover, patients were randomly allocated to one of four treatment groups in a 1:1:1:1 
ratio. Stratified block randomization was performed per study center by a local investiga-
tor, with a block size of eight patients, using concealed online software (ALEA version 3.0, 
FormsVision®, Abcoude, The Netherlands). A factorial design was used, as shown in table 
1. Patients in the TA group received a subconjunctival injection with 40 mg (1 ml) pre-
servative-free triamcinolone acetonide (TA) at the end of cataract surgery. Patients in the 
bevacizumab group received an intravitreal injection with 1.25 mg (0.05 ml) bevacizumab 
(Avastin, Genentech Inc.®, San Francisco, California). Patients in the combination treatment 
group received a subconjunctival injection with 40 mg TA and an intravitreal injection with 
1.25 mg bevacizumab at the end of surgery. Patients in the control group received no addi-
tional treatment. Patients were not informed about the randomized study treatment until 
twelve weeks postoperatively. No sham injections were used. All patients were informed 
about possible off-label use of the study treatments and gave informed consent.

Table 1. Randomized treatment

Subconjunctival 40 mg TA

No Yes

Intravitreal 1.25 mg
Bevacizumab 

No Control group TA group

Yes Bevacizumab group Combination group

TA: triamcinolone acetonide
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Outcome assessments
An extensive ophthalmological examination of both eyes was performed at baseline. Sub-
jective refraction and corrected distance visual acuity (CDVA) were measured using early 
treatment diabetic retinopathy study (ETDRS) charts.7 If patients were unable to read 
any letter on the ETDRS charts, hand motion or finger counting at a given distance were 
converted to the logarithm of the minimum angle of resolution (logMAR) equivalent.8 Oph-
thalmic examination included slit lamp examination, to grade cataract in accordance with 
the lens opacities classification system (LOCS) II, and to detect the presence of aqueous 
cells and flare according to the standardization of uveitis nomenclature (SUN) classifica-
tion.9, 10 Intraocular pressure was measured using Goldman applanation tonometry. A 
fundoscopic examination was performed to evaluate any retinal pathology. DR was graded 
according to the preferred practice patterns® of the American Academy of Ophthalmol-
ogy.11 Recent glycated hemoglobin levels (HbA1c) were recorded whenever available.

Within four weeks preoperatively, a baseline optical coherence tomography (OCT) was per-
formed, using only spectral domain OCT devices (3D OCT, Topcon Corp.; Cirrus HD-OCT, 
Carl Zeiss Meditec AG; OCT-HS100, Canon Inc.; RTVue-100, Optovue Inc; or Spectralis, 
Heidelberg Engineering Inc.). Each study center used only one type of OCT device for all 
pre- and postoperative measurements. If the preoperative OCT scan was of insufficient 
quality, e.g. due to dense cataract, an alternative baseline measurement was performed 
at one day postoperatively.12 Macular thickness was reported according to the ETDRS 
retinal thickness map, as shown in figure 1.13 Central subfield macular thickness (CSMT) 
corresponds to the mean macular thickness in the central 1 mm area. Mean parafoveal 
and perifoveal thickness were measured in a concentric ring located 1-3 mm and 3-6 mm 
around the fovea, respectively. Total macular volume (TMV) was measured in the central 
6 mm area.

Postoperative visits were performed at six and twelve weeks postoperatively and included 
a full ophthalmologic examination of the study eye, as described above. A local investigator 
who was masked for the allocated study treatment performed postoperative CDVA and 
OCT measurements.

Study outcomes
The primary outcome of the ESCRS PREMED study was the difference between treatment 
groups with respect to CSMT at six weeks postoperatively, with correction for baseline 
measurements. Secondary outcomes were the difference in CSMT at twelve weeks 
postoperatively, and para- and perifoveal thickness, TMV and CDVA at six and twelve 
weeks postoperatively. IOP was measured at each study visit and all adverse events were 
reported.
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Two independent and masked retina specialists of the University Eye Clinic Maastricht 
UMC+, assessed the OCT scans in order to identify subfoveal cysts and other retinal 
pathology. The incidence of CME within six and twelve weeks postoperatively was eval-
uated. CME was defined as an increase in CSMT of ≥ 10% as compared to baseline with 
the presence of cysts near the fovea on OCT. The retina specialists did not classify CME 
into various subgroups, such as pseudophakic cystoid macular edema (PCME) or DME. 
Clinically significant cystoid macular edema (CSME) was defined as an increase in CSMT of 
≥ 10%, with the presence of cysts near the fovea, and less than 0.2 logMAR CDVA improve-
ment as compared to the preoperative baseline. 

Figure 1. ETDRS retinal thickness map

A) CSMT in the central 1.0 mm area; B) parafoveal thickness in a concentric ring located 1.0-3.0 mm around the fovea; 
C) perifoveal thickness in a concentric ring located 3.0-6.0 mm around the fovea. A-C) TMV is calculated for the central 
6.0 mm area. 
CSMT: central subfield mean macular thickness; ETDRS: early treatment diabetic retinopathy study; TMV: total
macular volume
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Escape treatment
In case of CSME, patients were treated with an intravitreal injection with 1.25 mg (0.05 
ml) bevacizumab, as reported by the Pan-American COllaborative REtina Study group 
(PACORES).14, 15 If CSME persisted after four weeks, a second intravitreal injection was given. 
From twelve weeks postoperatively, CSME was treated in accordance with the standard 
of care in each participating study center.

Patients who developed severe postoperative inflammation, defined as at least 2+ cells 
according to the SUN classification, received topical bromfenac 0.09% twice daily and 
dexamethasone 0.1% four times daily for four weeks. If severe inflammation persisted 
after four weeks, ophthalmologists were allowed to start other anti-inflammatory eye 
drops.

Sample size
The sample size calculation for this study was based on the primary outcome, i.e. the 
difference in CSMT at six weeks postoperatively. A standard deviation (SD) of postopera-
tive CSMT of 50 µm and a correlation between pre- and postoperative CSMT of 0.5 were 
assumed, based on the results of previous studies.16, 17 With a total sample size of 209 
patients, a mean difference of 25 µm between treatment groups could be detected with 
80% power at a Bonferroni-corrected significance level of 0.025, where fifty patients were 
added to correct for center, center with treatment interactions and other covariates, and 
a maximum dropout rate of 20% was accounted for.

Statistical analysis
Data were collected in a qualified web-based database (MACRO version 4.4, Elsevier), and 
were subsequently exported to IBM SPSS Statistics for Windows (Version 23.0, IBM Corp.). 
No interim analyses were performed during the course of the study. Postoperative data 
analyses were performed with masking for treatment groups. 

Data were excluded from final analyses if patients developed a perioperative complication 
that was expected to increase the risk of developing CME, e.g. iris trauma or posterior 
capsular rupture with or without vitreous loss.18

Categorical data were presented as numbers (%), and numerical data by means (SD). 
Linear mixed model analyses using restricted maximum likelihood were used for numeri-
cal outcomes that were measured repeatedly, including the primary outcome of the study. 
Linear mixed models account for the correlation between repeated measurements within 
a patient and also include data from patients who dropped out of the study. No data were 
imputed. A likelihood-based approach was used for missing outcome data, including OCT 
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data, where data were assumed to be missing at random. No missing data were expected 
for the fixed factors in the model, such as study center and timing of study visits. Logistic 
regression analysis was used to check whether missing outcome data were significantly 
related to certain patient characteristics. Variables significantly related to missing outcome 
data were added to the model to ensure missing at random. Additionally, baseline char-
acteristics that are associated with an increased risk for developing CME were included 
in the model, i.e. age, gender, type of DM, type of anti-diabetic medication, DR grade, 
previous PRP and the presence of CME in the fellow eye.2, 18, 19 The model without these 
patient characteristics was used as a sensitivity analysis. 

Three-way interaction terms treatment group * timing of the study visit * study center (plus 
their two-way interaction terms) were applied for both treatment arms to verify whether 
treatment effect depended significantly on study center. If at least one of these three-way 
interaction terms proved significant, the treatment effect will be reported for each center 
separately. If the three-way interaction terms were not significant, they were removed 
from the model and only the overall treatment effect across centers will be reported. If 
the treatment interaction between TA and bevacizumab proved significant, the effect of 
one treatment will be reported for different levels of the other. If the interaction between 
TA and bevacizumab was not significant, the effects of both treatments will be reported 
separately. 

Because the sample size within a study center might be small, the abovementioned anal-
yses were also performed after combining centers based on location and center type, 
i.e. academic centers in The Netherlands, non-academic centers in The Netherlands, and 
other European centers. This analysis was included as a sensitivity analysis. An additional 
sensitivity analysis was performed with study center included as a random instead of a 
fixed factor.

Finally, per-protocol analyses were performed and compared to the intention-to-treat 
analyses. Data were excluded from the per-protocol analyses if deviations from the allo-
cated treatment intervention occurred, e.g. patients who received additional NSAID or 
corticosteroid eye drops during the course of the study. 

Since the expected numbers of patients with CME or CSME are small, Fisher’s exact tests 
were used for these binary outcomes. Differences between treatment groups in the occur-
rence of perioperative complications, adverse events, dropout and reasons for dropout 
were assessed using chi-square test or Fisher’s exact test, where appropriate.
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Results

A total of 213 patients were selected for inclusion in the ESCRS PREMED study, as can be 
seen from figure 2. Baseline characteristics are shown in table 2. The majority of patients 
were diagnosed with DM type 2 and most of them had no signs of DR. Seven patients had 
cystic changes on OCT. Sixty patients were randomized to the control group, 51 patients 
received a subconjunctival injection with 40 mg TA, 50 patients received an intravitreal 
injection with 1.25 mg bevacizumab, and 52 patients were randomized to the combination 
treatment group.

Data of seven patients were excluded from the final data-analyses, because perioperative 
complications were thought to increase the risk of developing CME after cataract surgery. 
This includes patients who developed a posterior capsular rupture, zonulolysis, anterior 
chamber bleeding and two patients with incomplete cortex removal. All perioperative 
complications are listed in appendix 2.

Of the 206 patients suitable for inclusion in the final data analyses, 31 patients (15.0%) did 
not complete the study follow-up. Ten patients in the control group, twelve patients in the 
TA group, seven patients in the bevacizumab group and two patients in the combination 
treatment group were dropouts. As can be seen from figure 2, most patients voluntarily 
discontinued participation because of personal reasons. One patient in the control group 
passed away after developing hepatic metastases associated with a pre-existing thyroid 
carcinoma. One patient in the TA group discontinued participation after developing a CVA.

Macular thickness and volume
The main outcome parameters of this study are given in tables 3 and 4, and figures 3 and 
4. After correction for baseline OCT data and other covariables, there was a significant 
effect of subconjunctival TA on postoperative macular thickness and volume (see table 
5). At six and twelve weeks postoperatively, CSMT was on average 12.3 µm and 9.7 µm 
lower in patients treated with a subconjunctival injection with 40 mg TA, as compared to 
patients who were not (p = 0.007 and p = 0.014, respectively). Postoperative para- and 
perifoveal thicknesses were also lower in patients who received a subconjunctival injec-
tion with TA, as compared to patients in other treatment groups. At six and twelve weeks 
postoperatively, mean TMV was 0.2 mm3 lower in patients who received a subconjunctival 
injection with 40 mg TA (p < 0.001). 
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Table 2. Baseline characteristics

Overall 
(n = 213)

Control 
(n = 60)

TA 
(n = 51)

Bevacizumab 
(n = 50)

Combination 
(n = 52)

General Patient Characteristics

Mean age (y) ± SD 71.23 ± 8.01 71.67 ± 9.36 70.65 ± 7.56 71.90 ± 7.64 70.67 ± 7.22

Right eye, n (%) 121/213 (56.8) 35/60 (58.3) 33/51 (64.7) 25/50 (50.0) 28/52 (53.8)

Female sex, n (%) 97/213 (45.5) 28/60 (46.7) 27/51 (52.9) 22/50 (44.0) 20/52 (38.5)

Caucasian, n (%) 203/213 (95.3) 59/60 (98.3) 49/51 (96.1) 46/50 (92.0) 49/52 (94.2)

Study center, n (%)

Center 1 1/213 (0.5) 0/60 (0.0) 0/51 (0.0) 0/50 (0.0) 1/52 (1.9)

Center 2 1/213 (0.5) 1/60 (1.7) 0/51 (0.0) 0/50 (0.0) 0/52 (0.0)

Center 3 9/213 (4.2) 3/60 (5.0) 3/51 (5.9) 1/50 (2.0) 2/52 (3.8)

Center 4 9/213 (4.2) 3/60 (5.0) 1/51 (2.0) 3/50 (6.0) 2/52 (3.8)

Center 5 4/213 (1.9) 2/60 (3.3) 0/51 (0.0) 1/50 (2.0) 1/52 (1.9)

Center 6 13/213 (6.1) 4/60 (6.7) 3/51 (5.9) 3/50 (6.0) 3/52 (5.8)

Center 7 7/213 (3.3) 2/60 (3.3) 2/51 (3.9) 1/50 (2.0) 2/52 (3.)

Center 8 40/213 (18.8) 10/60 (16.7) 11/51 (21.6) 10/50 (20.0) 9/52 (17.3)

Center 9 3/213 (1.4) 0/60 (0.0) 0/51 (0.0) 1/50 (2.0) 2/52 (3.8)

Center 10 108/213 (50.7) 29/60 (48.3) 27/51 (52.9) 26/50 (52.0) 26/52 (50.0)

Center 11 8/213 (3.8) 3/60 (5.0) 1/51 (2.0) 2/50 (4.0) 2/52 (3.8)

Center 12 10/213 (4.7) 3/60 (5.0) 3/51 (5.9) 2/50 (4.0) 2/52 (3.8)

DM Characteristics

Type 2 diabetes, n (%) 204/212 (96.2) 54/60 (90.0) 48/50 (96.0) 50/50 (100.0) 52/52 (100.0)

Mean DM duration (y) ± SD 11.91 ± 9.27 13.79 ± 11.6 10.83 ± 9.06 10.71 ± 7.40 12.00 ± 7.99

Mean HbA1c (mmol/mol) ± SD 55.97 ± 14.32 55.33 ± 12.93 59.02 ± 17.61 56.11 ± 15.06 53.48 ± 11.11

CME in the contralateral eye, n (%) 7/212 (3.3) 0/60 (0.0) 3/50 (6.0) 2/50 (4.0) 2/52 (3.8)

DR grade in the study eye, n (%)

No DR 177/208 (85.1) 47/58 (81.0) 40/50 (80.0) 43/48 (89.6) 47/52 (90.4)

Mild NPDR 21/208 (10.1) 8/58 (13.8) 8/50 (16.0) 1/48 (2.1) 4/52 (7.7)

Moderate NPDR 10/208 (4.8) 3/58 (5.2) 2/50 (4.0) 4/48 (8.3) 1/52 (1.9)

Severe NPDR or PDR 0/208 (0.0) 0/58 (0.0) 0/50 (0.0) 0/48 (0.0) 0/52 (0.0)

Anti-diabetic medication, n (%)

Strict diet only, no medication 10/213 (4.7) 2/60 (3.3) 3/51 (5.9) 3/50 (6.0) 2/52 (3.8)

OAD 127/213 (59.6) 27/60 (45.0) 33/51 (64.7) 33/50 (66.0) 34/52 (65.4)

Insulin only 32/213 (15.0) 16/60 (26.7) 6/51 (11.8) 5/50 (10.0) 5/52 (9.6)

OAD and insulin 44/213 (20.7) 15/60 (25.0) 9/51 (17.6) 9/50 (18.0) 11/52 (21.2)

Previous treatments, n (%)

Previous anti-VEGF 6/210 (2.9) 2/60 (3.3) 3/49 (6.1) 1/49 (2.0) 0/52 (0.0)

Previous intra- or periocular CS 1/210 (0.5) 0/60 (0.0) 1/49 (2.0) 0/49 (0.0) 0/52 (0.0)

Previous PRP 20/210 (9.5) 9/60 (15.0) 5/49 (10.2) 5/49 (10.2) 1/52 (1.9)

CME: cystoid macular edema; CS: corticosteroid; DM: diabetes mellitus; DR: diabetic retinopathy; NPDR: non-proliferative dia-
betic retinopathy; OAD: oral anti-diabetic drugs; PDR: proliferative diabetic retinopathy; PRP: panretinal photocoagulation; SD: 
standard deviation; TA: triamcinolone acetonide; VEGF: vascular endothelial growth factor
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Table 3. Mean macular thickness, TMV, CDVA and IOP (intention to treat analysis)

Parameter Mean ± SD (no. of patients)

Control TA Bevacizumab Combination

CSMT (µm)

Baseline 266.65 ± 26.33 (54) 269.20 ± 32.92 (46) 271.55 ± 27.78 (47) 266.18 ± 29.28 (51)

6 wks 284.29 ± 53.75 (48) 276.00 ± 24.61 (39) 287.15 ± 46.17 (41) 268.43 ± 32.16 (47)

12 wks 278.48 ± 39.79 (46) 276.31 ± 23.71 (36) 287.23 ± 46.48 (39) 270.26 ± 27.69 (47)

Parafoveal thickness (µm)

Baseline 317.69 ± 28.13 (54) 323.09 ± 33.79 (47) 327.47 ± 20.49 (47) 319.51 ± 22.97 (51)

6 wks 331.58 ± 26.88 (48) 329.83 ± 23.16 (40) 339.29 ± 32.71 (41) 319.45 ± 29.02 (47)

12 wks 330.07 ± 23.90 (46) 330.83 ± 22.54 (35) 337.15 ± 35.38 (39) 321.53 ± 16.53 (47)

Perifoveal thickness (µm)

Baseline 278.29 ± 21.08 (51) 286.02 ± 24.19 (43) 282.96 ± 16.46 (46) 279.78 ± 14.85 (50)

6 wks 287.89 ± 21.16 (46) 295.03 ± 26.17 (37) 292.00 ± 24.40 (40) 281.63 ± 19.05 (46)

12 wks 286.29 ± 20.38 (45) 289.26 ± 20.37 (35) 291.76 ± 24.64 (38) 282.15 ± 13.86 (46)

TMV (mm3)

Baseline 8.12 ± 0.63 (50) 8.29 ± 0.55 (43) 8.22 ± 0.56 (46) 8.19 ± 0.50 (50)

6 wks 8.41 ± 0.63 (46) 8.50 ± 0.57 (36) 8.51 ± 0.80 (40) 8.24 ± 0.66 (45)

12 wks 8.35 ± 0.60 (45) 8.43 ± 0.58 (34) 8.51 ± 0.80 (38) 8.27 ± 0.48 (45)

CDVA (logMAR)

Baseline 0.31 ± 0.21 (57) 0.36 ± 0.31 (47) 0.43 ± 0.30 (48) 0.30 ± 0.21 (52)

6 wks 0.04 ± 0.10 (48) 0.05 ± 0.13 (40) 0.03 ± 0.12 (41) 0.07 ± 0.14 (50)

12 wks 0.02 ± 0.11 (48) 0.03 ± 0.21 (37) 0.03 ± 0.10 (41) 0.02 ± 0.11 (49)

IOP (mmHg)

Baseline 16.52 ± 3.19 (56) 16.07 ± 3.56 (46) 16.19 ± 3.29 (48) 15.96 ± 3.33 (51)

6 wks 14.90 ± 2.71 (48) 15.95 ± 3.73 (39) 14.30 ± 3.28 (40) 16.78 ± 5.79 (49)

12 wks 14.21 ± 2.57 (47) 16.31 ± 5.38 (36) 13.88 ± 3.33 (41) 16.44 ± 6.18 (48)

CDVA: corrected distance visual acuity; CSMT: central subfield macular thickness; IOP: intraocular pressure; logMAR: 
logarithm of the minimal angle of resolution; SD: standard deviation; TA: triamcinolone acetonide; TMV: total macular 
volume; wks: weeks
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Figure 3. Observed mean CSMT with 95% confidence intervals 

CSMT: central subfield mean macular thickness; TA: triamcinolone acetonide; wks: weeks

In contrast, this study could not identify a significant effect of intravitreal 1.25 mg beva- 
cizumab on postoperative macular thickness. After Bonferroni correction (significance 
level α = 0.025), there were no statistically significant differences with respect to CSMT, 
parafoveal and perifoveal thickness at six and twelve weeks postoperatively in patients 
who received an intravitreal injection with bevacizumab, versus patients who did not. At 
six weeks postoperatively, TMV was 0.1 mm3 lower in patients who received an intravitreal 
injection with bevacizumab (p = 0.023), but the difference was not significant at twelve 
weeks postoperatively.

As can be seen from table 5, this study could not identify a significant interaction between 
subconjunctival TA and intravitreal bevacizumab. 
All sensitivity analyses and per protocol analyses showed similar results.

Incidence of CME and CSME
Cysts were detected near the fovea in 15 patients within twelve weeks postoperatively. The 
incidence of CME and CSME is reported in detail in table 6. As described previously, CME 
was defined as an increase in CSMT of ≥ 10% as compared to baseline with the presence 
of cysts near the fovea on OCT. None of the patients who received a subconjunctival 
injection with TA at the end of cataract surgery developed CME as defined in this study, 
including two patients with cystic changes on baseline OCT. In contrast, CME developed 
within twelve weeks postoperatively in eight patients (8.7%) who did not receive TA. CSME 
was defined as CME with less than 0.2 logMAR CDVA improvement as compared to the 



ESCRS PREMED study report 2 | 147

5

preoperative baseline. Based on this definition, CME was considered clinically significant 
in four patients (4.3%) who were not treated with TA. 

The incidence of CME was comparable in patients who received an intravitreal injection 
with bevacizumab, and patients who did not. Four patients in each group developed CME 
(incidence 4.7% and 4.3%, respectively). Three patients with cystoid changes on baseline 
OCT received intravitreal bevacizumab at the end of cataract surgery. Of these three 
patients, CME persisted in one and resolved in another. One of these patients dropped 
out from the study.

Figure 4. Secondary outcome measures, observed means with 95% confidence intervals
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Figure 4. Continued

CDVA: corrected distance visual acuity; logMAR: logarithm of the minimal angle of resolution; TA: triamcinolone aceton-
ide; TMV: total macular volume; wks: weeks
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Table 4. Mean difference from baseline for macular thickness, TMV, CDVA and IOP (intention to treat analysis)

Parameter Mean ± SD (no. of patients)

Control TA Bevacizumab Combination

CSMT (µm)

6 wks +20.09 ± 42.10 (44) +3.41 ± 28.48 (39) +13.48 ± 31.94 (40) -1.80 ± 19.25 (46)

12 wks +12.19 ± 27.64 (42) +5.14 ± 33.72 (36) +14.11 ± 30.12 (38) -0.07 ± 13.31 (46)

Parafoveal thickness (µm)

6 wks +14.18 ± 22.12 (44) +5.70 ± 23.13 (40) +10.68 ± 16.21 (40) -1.98 ± 33.33 (46)

12 wks +13.81 ± 20.71 (42) +4.54 ± 25.45 (35) +8.00 ± 23.96 (38) +0.33 ± 17.09 (46)

Perifoveal thickness (µm)

6 wks +11.64 ± 15.43 (42) +7.81 ± 21.99 (36) +8.28 ± 10.36 (39) -0.27 ± 18.71 (45)

12 wks +10.40 ± 14.91 (40) +2.00 ± 9.15 (34) +7.81 ± 11.21 (37) +1.02 ± 9.61 (45)

TMV (mm3)

6 wks +0.30 ± 0.27 (39) +0.18 ± 0.29 (34) +0.27 ± 0.26 (36) +0.06 ± 0.12 (43)

12 wks +0.24 ± 0.21 (39) +0.11 ± 0.13 (31) +0.27 ± 0.23 (34) +0.06 ± 0.11 (43)

CDVA (logMAR)

6 wks -0.26 ± 0.23 (47) -0.34 ± 0.34 (40) -0.38 ± 0.35 (41) -0.23 ± 0.23 (50)

12 wks -0.27 ± 0.21 (47) -0.36 ± 0.34 (37) -0.40 ± 0.30 (41) -0.28 ± 0.24 (49)

IOP (mmHg)

6 wks -1.76 ± 2.63 (46) -0.08 ± 3.20 (39) -1.73 ± 2.78 (40) +0.92 ± 5.53 (48)

12 wks -2.17 ± 2.81 (46) +0.08 ± 4.90 (36) -2.32 ± 2.94 (41) +0.53 ± 5.75 (47)

CDVA: corrected distance visual acuity; CSMT: central subfield macular thickness; IOP: intraocular pressure; logMAR: 
logarithm of the minimal angle of resolution; SD: standard deviation; TA: triamcinolone acetonide; TMV: total macular 
volume; wks: weeks
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Table 5. Differences between treatment groups in macular thickness, TMV, CDVA and IOP (intention to treat 
analysis)

Parameter Subconjunctival TA Intravitreal Bevacizumab Interaction‡

Treatment effect* (95% CI) p-value Treatment effect* (95% CI) p-value p-value

CSMT (µm)

6 wks -12.3 (-21.1, -3.5) 0.007 -7.8 (-16.6, 1.0) 0.083
0.344

12 wks -9.7 (-17.4, -2.0) 0.014 -2.3 (-9.9, 5.4) 0.563

Parafoveal thickness (µm)

6 wks -10.0 (-15.0, -5.0) < 0.001 -4.5 (-9.5, 0.4) 0.074
0.357

12 wks -7.0 (-12.0, -2.0) 0.006 -3.9 (-8.9, 1.1) 0.124

Perifoveal thickness (µm)

6 wks -4.8 (-9.1, -0.5) 0.030 -4.8 (-9.1, -0.5) 0.031
0.294

12 wks -5.8 (-8.7, -3.0) < 0.001 -1.1 (-4.0, 1.7) 0.440

TMV (mm3)

6 wks -0.21 (-0.31, -0.10) < 0.001 -0.12 (-0.23, -0.02) 0.023
0.587

12 wks -0.18 (-0.27, -0.10) < 0.001 -0.04 (-0.12, 0.05) 0.384

CDVA (logMAR)

6 wks 0.04 (-0.0002, 0.07) 0.052 0.01 (-0.02, 0.05) 0.437
0.281

12 wks 0.02 (-0.01, 0.06) 0.217 0.01 (-0.03, 0.05) 0.702

IOP (mmHg)

6 wks 1.65 (0.58, 2.72) 0.003 0.61 (-0.46, 1.68) 0.260
0.272

12 wks 2.48 (1.20, 3.76) < 0.001 -0.46 (-1.73, 0.81) 0.475

* Difference between treatment groups with correction for baseline values, gender, age, CME in the fellow eye, 
type of DM, type of anti-diabetic drugs, stage of DR, previous PRP
‡ Interaction between subconjunctival TA and intravitreal bevacizumab
CDVA: corrected distance visual acuity; CI: confidence interval; CME: cystoid macular edema; CSMT: central subfield 
macular thickness; DM: diabetes mellitus; DR: diabetic retinopathy; IOP: intraocular pressure; logMAR: logarithm of 
the minimal angle of resolution; PRP: panretinal photocoagulation; TA: triamcinolone acetonide; TMV: total macular 
volume; wks: weeks

Per protocol analyses, as shown in appendix 3, showed comparable results. It should be 
noted that the abovementioned analyses could not be corrected for study center and 
other baseline characteristics, due to the small number of patients who developed CME 
or CSME. 

Visual acuity
Mean final CDVA was 0.02 logMAR in the control and combination treatment groups 
and 0.03 logMAR in the TA and bevacizumab groups (equals 20/21 Snellen in all groups). 
There were no statistically significant differences between treatment groups with respect 
to postoperative CDVA at six and twelve weeks postoperatively.
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Table 6. Incidence of CME (intention to treat analysis)

Parameter Incidence rates, no. of patients (%)*

TA Bevacizumab

No Yes p-value‡ No Yes p-value‡

Cysts at baseline 5/95 (5.3) 2/95 (2.1) 0.444 4/98 (4.1) 3/92 (3.3) > 0.999

Cysts within 6 wks 9/89 (10.1) 2/84 (2.4) 0.058 7/91 (7.7) 4/82 (4.9) 0.542

Cysts within 12 wks 13/85 (15.3) 2/78 (2.6) 0.006 9/85 (10.6) 6/78 (7.7) 0.595

CME within 6 wks 7/92 (7.6) 0/87 (0.0) 0.014 4/93 (4.3) 3/86 (3.5) > 0.999

CME within 12 wks 8/92 (8.7) 0/87 (0.0) 0.007 4/93 (4.3) 4/86 (4.7) > 0.999

CSME within 6 wks 3/92 (3.3) 0/89 (0.0) 0.246 3/93 (3.2) 0/88 (0.0) 0.246

CSME within 12 wks 4/92 (4.3) 0/89 (0.0) 0.121 3/93 (3.2) 1/88 (1.1) 0.621

* Missing values for cysts: 16 patients at baseline (7.8%); 33 patients at 6 wks (16.0%), and 43 patients at 12 
wks (20.9%). Missing values for CME: 27 patients (13.1%), and CSME: 25 patients (12.1%). No data were imputed
‡ Difference between treatment groups was not corrected for baseline variables and study center, due to the low 
number of patients with CME and CSME
CME: cystoid macular edema; CSME: clinically significant macular edema; wks: weeks

Maximal decline in CDVA in patients with CSME was up to 0.52 logMAR (20/71 Snellen). 
Median CDVA decreased to 0.24 logMAR (20/30 Snellen) in patients with CSME, and 
improved to 0.11 logMAR (20/24 Snellen) in those patients at twelve weeks postoperatively.

Intraocular pressure
As evident from figure 5 and tables 3-5, postoperative IOP was significantly higher in 
patients who received a subconjunctival injection with 40 mg TA, as compared to patients 
who did not. Average IOP was 1.7 mmHg higher at six weeks (p = 0.003) and 2.5 mmHg 
higher at twelve weeks postoperatively (p < 0.001).

Six patients who received a subconjunctival injection with 40 mg TA developed an IOP of 
≥ 25 mmHg at twelve weeks postoperatively. No patients in the other treatment groups 
presented with an IOP ≥ 25 mmHg at six or twelve weeks postoperatively. Ten and 15 
patients who received subconjunctival TA developed an IOP increase of ≥ 5 mmHg at six 
and/or twelve weeks after injection, respectively. Only one patient who did not receive 
TA, presented with an IOP increase of ≥ 5 mmHg during the course of the study. Seven 
patients who developed an IOP increase were treated with topical IOP lowering drugs. Five 
patients received a fixed combination of timolol and dorzolamide; one patient received 
a fixed combination of timolol and brimonidine; and one patient was treated with topical 
timolol, dorzolamide and tafluprost. 
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Resection of the TA depot was performed at twelve weeks postoperatively in one patient 
who developed an IOP of 42 mmHg, uncontrollable with topical brimodine, dorzolamide 
and timolol. Within two days after resection of the TA depot, the IOP decreased to 24 
mmHg. All topical medications could be stopped in the following month, and the IOP 
normalized to 16 mmHg.

All other patients required no treatment during the course of the study. No patient 
received oral or intravenous medication, glaucoma surgery or laser treatment.

Figure 5. IOP, observed means with 95% confidence intervals

IOP: intraocular pressure; TA: triamcinolone acetonide; wks: weeks

Anterior chamber inflammation
Although the ESCRS PREMED study was not designed to compare the efficacy of various 
treatments on anterior chamber inflammation, the observation of cells and flare was stan-
dardized using the SUN classification. Thirteen patients presented with anterior chamber 
cells at six weeks postoperatively. Most patients presented with grade 0.5+ to 1+ cells. 
One patient in the combination treatment group presented with 2+ cells and one patient 
in the control group presented with 3+ cells at six weeks postoperatively. No patient pre-
sented with anterior chamber cells at twelve weeks postoperatively. Flare was reported 
in only one patient in the combination treatment group at twelve weeks postoperatively.
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Other adverse events
A total of 56 patients developed one adverse event, while thirteen patients experienced 
two or more adverse events during the course of the study. As reported in appendix 
4, burning sensation was the most frequently reported adverse event. Seven patients 
developed a serious adverse event (see appendix 5). One patient in the TA group, one 
patient in the bevacizumab group and one patient in the combination treatment group 
developed a CVA.
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Discussion

The ESCRS PREMED study aims to identify the optimal treatment strategy to prevent CME 
after uncomplicated phacoemulsification cataract surgery. Prevention of CME in patients 
with DM has attracted special interest, given the higher incidence of cataract and the 
increased risk of developing CME after cataract surgery in these patients.1, 2 Previous 
RCTs have shown that a combination treatment with a topical NSAID and a corticosteroid 
can effectively reduce the risk of developing CME after uncomplicated cataract surgery in 
diabetics, as compared to single drug prophylaxis.5 The ESCRS PREMED study is currently 
the largest multicenter study to investigate the additional benefit of a subconjunctival 
injection with TA and/or an intravitreal injection with bevacizumab in prevention of CME 
after cataract surgery in diabetics.

The rationale for investigating the efficacy of intravitreal anti-VEGF was based on the 
observation that higher aqueous humor levels of VEGF are correlated with higher post-
operative macular thickness values.4 Nevertheless, previous studies found variable results 
with respect to the efficacy of intravitreal anti-VEGF injections in preventing CME after 
cataract surgery.20, 21 The ESCRS PREMED study could not identify a significant effect of 
an intravitreal injection with 1.25 mg bevacizumab, in addition to topical combination 
treatment, in preventing macular thickening after cataract surgery. Moreover, there was 
no significant interaction of intravitreal bevacizumab with subconjunctival TA. 

Previous studies have reported no significant differences in visual acuity outcomes 
between intravitreal aflibercept, ranibizumab or bevacizumab in patients with mild visual 
impairment due to diabetic macular edema. Aflibercept and ranibizumab did not prove 
cost-effective when compared to bevacizumab, which is of special interest in preventative 
treatment strategies.22

The ESCRS PREMED study also investigated the efficacy of a single subconjunctival injection 
of 40 mg TA. Damage to retinal vasculature, leading to impaired blood-retinal barrier (BRB) 
function, is a central problem in the diabetic patient. The inflammatory response following 
cataract surgery causes further breakdown of the already compromised BRB, resulting 
in an accumulation of fluid in the inner nuclear and outer plexiform layers of the retina.3 
TA and other corticosteroids are powerful anti-inflammatory agents and have been used 
in ophthalmology for years. A subconjunctival corticosteroid injection has been used as 
an alternative to corticosteroid eye drops, when compliance problems seem to be an 
issue.23 This RCT, however, is the first to identify an additional effect of subconjunctival 
corticosteroids, in patients who also use a topical corticosteroid and NSAID. The ESCRS 
PREMED study demonstrates a significantly lower macular thickness and TMV at six and 
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twelve weeks postoperatively, in patients who received a subconjunctival injection with 
TA, as compared to patients who did not. In this study population, a subconjunctival TA 
injection effectively prevented the occurrence of CME in all patients. Additional research is 
needed to investigate whether the use of topical corticosteroids can be avoided in these 
high-risk patients, after receiving a subconjunctival TA injection.

Previous studies with a smaller sample size have also shown that an intravitreal injection 
with TA can reduce postoperative CSMT and prevent the occurrence of CME after cata-
ract surgery.24 However, the use of intravitreal injections is more invasive and has some 
disadvantages over subconjunctival injections. In contrast to intravitreal corticosteroid 
administration, subconjunctival TA depots can be removed surgically in case of a steroid 
response, in order to rapidly normalize the IOP.25, 26 The efficacy and risks of other routes 
of administration remain to be investigated. Promising results have been reported for high 
frequency topical corticosteroid administration and intravitreal corticosteroid implants in 
treatment of CME after cataract surgery.27 

Increased IOP is a well-known complication after local corticosteroid administration. 
It has been reported in 12.5-50% of patients after intravitreal TA injections, whereas 
incidence rates up to 20% have been reported after subconjunctival TA injections.3, 24, 28, 

29 The ESCRS PREMED study identified an IOP ≥ 25 mmHg in six patients (7.1%) within 
twelve weeks after a subconjunctival injection with 40 mg TA. Nevertheless, patients 
should be monitored for at least one year postoperatively, because IOP may rise later. 
Active TA depots have been identified at three to thirteen months after a single sub-
conjunctival injection.25

The reported incidence of CME after cataract surgery in diabetic patients is 4-7% and 
increases with the severity of DR.2, 30, 31 Contradicting statements have been reported 
on the incidence of postoperative CME in diabetic patients without DR.2, 31, 32 At baseline, 
85% of diabetic PREMED study patients had no signs of DR, which may explain the low 
overall incidence of CME after cataract surgery in the current study. Moreover, it should 
be noted that the results of this study may not be valid for extrapolation to patients with 
DR. The low baseline incidence of DR and low incidence of postoperative CME made this 
RCT unsuitable for subgroup analyses. Future RCTs should explore the efficacy of subcon-
junctival corticosteroid injections to prevent CME after cataract surgery in patients with 
preoperative DR or DME.

Another important topic for future studies is to determine the long-term efficacy of the 
investigated treatments, as the risk of developing CME may peak after twelve weeks post-
operatively in patients with diabetes. While most cases of CME develop within four to six 
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weeks after cataract surgery, recent work shows that the incidence of CME peaks at three 
to six months postoperatively in diabetics.31 

Based on the results of the ESCRS PREMED study, it is not recommended to admin-
ister subconjunctival TA in all diabetic patients undergoing cataract surgery, given the 
low overall incidence of postoperative CME (4.5%), and considering the higher incidence 
of increased IOP after subconjunctival TA injection (7.1%). For now, a personalized risk 
assessment should be made for each individual patient, carefully weighing the risk of 
developing visual impairment due to CME, against the risk of developing an increased IOP 
and the probability of developing subsequent glaucomatous visual field loss.

Future work should investigate the cost-effectiveness of preventative treatment strategies 
and their long-term benefit on retinal morphology, CDVA, contrast sensitivity, and quality 
of life.

In conclusion, the results of the ESCRS PREMED study provide compelling evidence that 
a single subconjunctival injection with 40 mg TA effectively prevents the development of 
CME within twelve weeks after cataract surgery in diabetic patients. However, the risk of 
developing CME after cataract surgery should be carefully weighed against the risk of 
developing treatment-related complications, such as an increased IOP. The results of this 
study are promising, but further research should explore the optimal route and dosage 
of corticosteroid delivery and its long-term benefit. Intravitreal bevacizumab had no sig-
nificant effect on postoperative CDVA or macular thickness in the investigated diabetic 
population. The efficacy of both treatments should be further investigated in patients with 
preoperative DR or DME.
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Data safety monitoring board
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end of the study). University Medical Center Utrecht, The Netherlands: Redmer van Leeuwen 
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Appendix 2. Overview of perioperative complications 

Event Total
(n = 196*)

Control 
(n = 56)

TA 
(n = 43)

Bevacizumab 
(n = 45)

Combination 
(n = 52)

Perioperative events associated with an increased risk of developing CME, n

Anterior chamber bleeding 1 0 0 1 0

Incomplete cortex removal 2 1 0 1 0

Posterior capsule rupture 2 0 2 0 0

Zonulolysis 2 1 1 0 0

Perioperative events associated with no increased risk of developing CME, n

Capsulorhexis tear 1 1 0 0 0

IFIS without iris trauma 6 1 2 2 1

* 17 patients were drop-out before cataract surgery 
CME: cystoid macular edema; IFIS: intraoperative floppy iris syndrome; TA: triamcinolone acetonide

Appendix 3. Per protocol analyses 

Table 1. Differences in macular thickness, TMV, CDVA and IOP (per protocol analysis)

Parameter Subconjunctival TA Intravitreal Bevacizumab Interaction‡

Treatment effect* (95% CI) p-value Treatment effect* (95% CI) p-value p-value

CSMT (µm)

6 wks -13.4 (-23.2, -3.6) 0.008 -6.9 (-16.6, 2.8) 0.164
0.437

12 wks -11.5 (-19.9, -3.1) 0.007 -0.9 (-9.2, 7.5) 0.840

Parafoveal thickness (µm)

6 wks -10.2 (-15.7, -4.7) < 0.001 -3.8 (-9.3, 1.7) 0.174
0.357

12 wks -7.1 (-12.5, -1.6) 0.012 -3.1 (-8.5, 2.4) 0.268

Perifoveal thickness (µm)

6 wks -4.3 (-9.0, 0.4) 0.075 -4.3 (-9.0, 0.4) 0.071
0.294

12 wks -5.5 (-8.6, -2.4) 0.001 -1.0 (-4.1, 2.1) 0.526

TMV (mm3)

6 wks -0.20 (-0.32, -0.09) 0.001 -0.11 (-0.22, 0.007) 0.065
0.667

12 wks -0.17 (-0.26, -0.08) < 0.001 -0.04 (-0.13, 0.06) 0.442

CDVA (logMAR)

6 wks 0.03 (-0.01, 0.06) 0.159 0.02 (-0.02, 0.05) 0.332
0.101

12 wks 0.02 (-0.03, 0.06) 0.458 0.01 (-0.03, 0.05) 0.647

IOP (mmHg)

6 wks 1.65 (0.49, 2.79) 0.005 0.57 (-0.57, 1.72) 0.326
0.458

12 wks 2.33 (0.92, 3.74) 0.001 -0.53 (-1.93, 0.86) 0.450

* Difference between treatment groups with correction for baseline values, gender, age, CME in the fellow eye, 
type of DM, type of anti-diabetic drugs, stage of DR, previous PRP
‡ Interaction between subconjunctival TA and intravitreal bevacizumab
CDVA: corrected distance visual acuity; CI: confidence interval; CME: cystoid macular edema; CSMT: central subfield 
macular thickness; DM: diabetes mellitus; DR: diabetic retinopathy; IOP: intraocular pressure; logMAR: logarithm of 
the minimal angle of resolution; PRP: panretinal photocoagulation; TA: triamcinolone acetonide; TMV: total macular 
volume; wks: weeks
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Table 2. Incidence of CME (per protocol analysis)

Parameter Incidence rates, no. of patients (%)*

TA Bevacizumab

No Yes p-value‡ No Yes p-value‡

Cysts at baseline 4/83 (4.8) 2/87 (2.3) 0.435 4/88 (4.5) 2/82 (2.4) 0.683

Cysts within 6 wks 9/79 (11.4) 2/77 (2.6) 0.056 7/81 (8.6) 4/75 (5.3) 0.537

Cysts within 12 wks 13/75 (17.3) 2/71 (2.8) 0.005 9/75 (12.0) 6/71 (8.5) 0.589

CME within 6 wks 7/82 (8.5) 0/78 (0.0) 0.014 4/82 (4.9) 3/78 (3.8) > 0.999

CME within 12 wks 8/82 (9.8) 0/78 (0.0) 0.007 4/82 (4.9) 4/78 (5.1) > 0.999

CSME within 6 wks 3/82 (3.7) 0/80 (0.0) 0.245 3/82 (3.7) 0/80 (0.0) 0.245

CSME within 12 wks 4/82 (4.9) 0/80 (0.0) 0.120 3/82 (3.7) 1/80 (1.3) 0.620

* Missing values for cysts: 14 patients at baseline (7.6%); 28 patients at 6 wks (15.2%), and 38 patients at 12 
wks (20.7%). Missing values for CME: 24 patients (13.0%), and CSME: 22 patients (12.0%). No data were imputed
‡ Difference between treatment groups was not corrected for baseline variables and study center, due to the low 
number of patients with CME and CSME
CME: cystoid macular edema; CSME: clinically significant macular edema; wks: weeks
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Appendix 4. Overview of adverse events 

Event Total
(n = 206‡)

Control
(n = 58)

TA
(n = 48)

Bevacizumab
(n = 48)

Combination
(n = 52)

Ocular adverse events, n

Blepharitis or MGD 1 0 1 0 0

Conjunctivitis 1 0 0 1 0

Corneal edema 1 1 0 0 0

Corneal erosion 2 1 0 1 0

Corneal epitheliopathy 1 1 0 0 0

Dry eyes 3 2 1 0 0

Fat prolapse 1 0 1 0 0

Foreign body or burning sensation 14 4 0 4 6

Increased IOP 11 2 3 0 6

Iris prolapse 1 0 0 0 1

Macular hole 1 0 0 1 0

Negative dysphotopsia 1 0 0 1 0

Ocular migraine 1 0 1 0 0

PCO 1 0 1 0 0

Progression of DR 1 1 0 0 0

Pruritus 4 0 0 2 2

PVD 6 4 0 2 0

Redness 3 1 0 0 2

Subconjunctival hemorrhage 2 1 0 0 1

TASS 3 2 0 1 0

Tearing 5 0 3 2 0

Uveitis 1 1 0 0 0

VMT 2 0 0 2 0

Systemic adverse events, n

Ankle edema 1 0 1 0 0

BCC 1 1 0 0 0

Bleeding 1 0 0 1 0

Cardiac arrhythmias 1 0 1 0 0

Dizziness 1 0 0 1 0

Electrolyte disorders 2 1 0 0 1

Headache 2 1 1 0 0

Muscle cramps 1 0 0 0 1

Neurogenic claudication 1 1 0 0 0

Red cheeks 1 0 1 0 0

Paradontitis 1 0 0 1 0

Thrombocytopenia 1 0 0 0 1

Vitamin deficiency 1 1 0 0 0
‡ Seven patients who developed a perioperative complication excluded
* Thirteen patients developed two or more adverse events during the course of the study
BCC: basal cell carcinoma; DR: diabetic retinopathy; MGD: meibomian gland dysfunction; IOP: intraocular pressure; PCO: 
posterior capsular opacification; PVD: posterior vitreous detachment; TA: triamcinolone acetonide; TASS: toxic anterior 
segment syndrome; VMT: vitreomacular traction
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Appendix 5. Overview of serious adverse events 

Event Total
(n = 206‡)

Control
(n = 58)

TA
(n = 48)

Bevacizumab
(n = 48)

Combination
(n = 52)

Arteriovenous shunt surgery 1 1 0 0 0

Cerebrovascular infarction 3 0 1 1 1

Dizziness 1 0 0 1 0

Infection 1 1 0 0 0

Malignancy 1 1 0 0 0

A serious adverse event was defined as an adverse experience that occurs during the study and results in death; is life 
threatening (at the time of the event); requires hospitalization or prolongation of existing inpatients’ hospitalization; 
results in persistent or significant disability or incapacity; is a congenital anomaly or birth defect; or is an important med-
ical event which may jeopardize the subject or may require an intervention to prevent one of the outcomes listed above.
‡ Seven patients who developed a perioperative complication excluded
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Abstract

The purpose of this study was to determine the optimum pharmacologic treatment for 
cystoid macular edema (CME) after cataract surgery in non-diabetic and diabetic patients. 
The Cochrane Library, Medline and Embase databases were searched, and all randomized 
controlled trials (RCTs) that compared at least two pharmacologic strategies for CME after 
cataract surgery were included. Studies were excluded if preoperative CME or other risk 
factors for developing CME postoperatively were present. Ten RCTs were included in the 
systematic review. Five trials included at least 30 subjects. Three RCTs showed a greater 
visual acuity improvement in patients treated with topical non-steroidal anti-inflamma-
tory drugs (NSAIDs) than with a placebo. Other studies comparing the efficacy of topical 
NSAIDs, topical corticosteroids, subtenon corticosteroids, oral NSAIDs and oral acetazol-
amide, did not report significant differences between treatment groups. Therefore, large 
RCTs are needed to provide evidence-based recommendations for the optimum treat-
ment of CME after cataract surgery.
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Introduction

In recent years, the incidence of complications after cataract surgery has significantly 
decreased because of advanced surgical techniques. Nevertheless, postoperative cystoid 
macular edema (CME), also known as the Irvine-Gass syndrome, remains an important 
cause of suboptimal visual acuity after cataract surgery.1,2 Although acute CME resolves 
spontaneously in approximately 80% of cases, chronic CME may produce anatomic alter-
ations and sustained visual impairment.3,4 Despite its low incidence, chronic CME affects 
many people throughout the world because cataract surgery is among the most frequently 
performed surgical procedures.5 

Although modern cataract surgery can be considered a minimally invasive procedure, 
manipulation during surgery induces a postoperative inflammatory response. During the 
procedure, inflammatory mediators are released from lens epithelial cells and uveal tissue 
in the anterior segment. If mediators diffuse to the vitreous and retina, the inflamma-
tory response will cause local vasodilatation and disruption of the blood-retinal barrier. 
Increased vascular permeability may lead to fluid accumulation in the inner nuclear and 
outer plexiform layers of the retina, and CME will develop.6-8 Most research on the patho-
genesis of CME after cataract surgery has focused on the role of prostaglandins. Recent 
studies, however, have shown the importance of other inflammatory mediators such as 
vascular endothelial growth factor (VEGF) and various cytokines.7-10 Therefore, various 
anti-inflammatory drugs have been suggested for the treatment of CME after cataract 
surgery. 

In 2012, a systematic review by the Cochrane Collaboration investigated the efficacy of 
topical non-steroidal anti-inflammatory drugs (NSAIDs) in the treatment of CME after cata-
ract surgery.5 In the same year, Falavarjani et al. looked at the use of intravitreal anti-VEGF 
injections.11 According to the authors, the available evidence was insufficient to clearly 
inform practice.

Recently, many studies evaluated CME after cataract surgery.12,13 The aim of this systematic 
review was to update and combine previous reviews and to determine the optimum phar-
macologic treatment for CME after cataract surgery in non-diabetic and diabetic patients 
with no other risk factors for developing CME. The review compared the efficacy of various 
treatment strategies on corrected distance visual acuity (CDVA) and retinal morphology.
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Literature search

This systematic review followed the guidelines of the Cochrane Handbook.A Results 
were described according to the principles of the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) statement.14 Although the study protocol was 
designed in advance, it was not registered in an online database. According to Dutch 
guidelines, no institutional review board approval was required for this study. 

Sources and search methods
The research question was designed using the PICOS (Patient, Intervention, Comparison, 
Outcome, Study design) strategy.14 The Cochrane Library (1992 to present), Medline (OVID, 
1946 to present) and Embase (1947 to present) databases were searched in July 2015, 
and a search update was performed in May 2016. The search strategy for the Medline 
database is given in Appendix 1. A similar strategy was used for the other databases. All 
search strategies included search terms for cataract surgery (cataract extraction, cataract 
surger*, phaco*), macular edema (Irvine Gass, edema, oedema) and study design (ran-
domized controlled trial, RCT). There were no restrictions on language, publication status, 
or date. All records were managed using Endnote X7.

All titles and abstracts were screened by two review authors independently. Full articles 
were obtained for potentially relevant studies and were assessed for eligibility by two 
authors (L.W. and M.A.) independently. Disagreements were resolved by discussion. The 
review authors were unmasked for article authors, journal, institution and trial results 
during the assessment. 

The review authors included all randomized controlled trials (RCTs) investigating the opti-
mum pharmacologic treatment for CME after cataract surgery in non-diabetic or diabetic 
patients. The RCTs that compared at least two pharmacologic strategies of any type, 
dosage or form were included; those that used other treatments, such as vitrectomy or 
laser treatment, were excluded. Studies were also excluded if CME was present before 
cataract surgery, if patients underwent combined surgery such as combined cataract 
surgery and vitrectomy, or if patients were known to have other risk factors for developing 
CME, such as retinal vein occlusion or uveitis.15 To provide a complete overview of the 
current literature, there were no other restrictions on the population, type of cataract 
surgery, diagnosis, or duration of CME. Reference lists of all included trials and previously 
published reviews were searched for additional RCTs by two review authors (L.W. and 
M.A.) independently.
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Data collection and risk of bias assessment
Data were extracted in duplicate by two review authors (L.W. and M.A.) independently. A 
standardized data extraction form included the following items: study size, study design, 
definition of CME, inclusion and exclusion criteria, type of interventions, follow-up period, 
study outcomes and funding sources.

Risk of selection bias, performance bias, detection bias and attrition bias were assessed 
on the study level, using the Cochrane Collaboration’s tool for assessing risk of bias. The 
Delphi criteria were used to evaluate the quality of the included RCTs based on the method 
of treatment allocation, blinding of outcome assessors, care providers and patients, evalu-
ation of baseline prognostic factors and eligibility criteria, inclusion of an intention-to-treat 
analysis, and presentation of point estimates and measures of variability.

Outcome measures
Acute CME was defined as CME with a duration of fewer than four months, while chronic 
CME had a duration of at least four months.5 The primary outcome was the percentage 
of eyes with a CDVA improvement of at least two lines, as reported by the original RCTs. 
Secondary outcome measures were persistence of the achieved CDVA after cessation of 
treatment and percentage of eyes with CME improvement according to the definition of 
the included trials. 
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Literature analysis

The literature search retrieved 3403 titles and abstracts. Full copies were obtained for 44 
potentially relevant titles, and 10 RCTs were suitable for inclusion in the systematic review.16-

25 Figure 1 lists the reasons for exclusion at each stage of the article selection process. 

Characteristics of included studies
Characteristics of the included studies are shown in detail in Appendix 2. All but two 
studies had a small sample size of fewer than 40 subjects. Variations between individual 
studies precluded a meta-analysis. As seen in table 1, the definition of CME after cataract 
surgery varied between studies. Generally, patients were included in the study if they 
had reduced visual acuity with evidence of CME on fluorescein angiography (FA) and/or 
fundoscopy. One RCT investigated the treatment of acute CME with a duration of 21-81 
days,19 three RCTs included only eyes with chronic CME of at least six months,17,18,22 two 
RCTs included eyes with both acute and chronic CME;16,23 and four studies did not report 
a minimum or maximum duration of the CME.20,21,24,25  

Three studies included only non-diabetic patients.21,22,25 All other studies reported inclusion 
of both diabetic and non-diabetic patients or did not specify whether diabetic patients 
were included in the study.16-20,23,24 In three studies, all patients had phacoemulsification 
cataract surgery,19,21,23 and in two other studies, patients had intracapsular or extracapsular 
cataract surgery.24,25 The type of surgery was unknown in five studies.16-18,20,22

Most of the included studies examined the efficacy of topical corticosteroids and/or 
NSAIDs in the treatment of CME after cataract surgery.16-21 One recent study compared 
the efficacy of subtenon triamcinolone acetonide (TA) versus topical NSAIDs.23 One study 
investigated a combination of topical NSAIDs, intravitreal TA and intravitreal anti-VEGF 
injections.22 Two studies investigated the use of oral medications.24,25 Patients were fol-
lowed up for 8-26 weeks after start of treatment. Outcome definitions of the individual 
RCTs are shown in Appendix 2.

Quality of evidence
A description of the risk for bias within studies and the quality of the included RCTs is 
shown in Appendix 2. Despite several measures taken to reduce publication bias, previous 
studies have shown that approximately 50% of all clinical studies remain unpublished, 
making non-publication of research an important limitation for systematic reviews and 
meta-analyses.26 The current systematic review identified ten studies with a low to mod-
erate quality of evidence. As evident in table 2, the baseline characteristics were similar 
among treatment groups in six of the ten studies.17,18,20-23 Most studies applied appropriate 
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methods to reduce the risk for performance bias. Six studies stated that the participants 
were masked for their treatment allocation;17-20,22,24 personnel was masked in six stud-
ies.16-20,23 Methods to reduce the risk for detection bias were described in only two studies 
in which fluorescein angiograms were read by masked retina specialists.17,19 Only two 
studies described the method of randomization, using a computer-generated predeter-
mined randomization schedule.17,18 The sequence generation was concealed from the 
investigators in two other studies in which the pharmacy performed the randomization 
and provided the relabeled eye drop bottles.19,20 No study performed separate per-pro-
tocol and intention-to-treat analyses. 

Figure 1. PRISMA flowchart for identification and selection of RCTs

CME: cystoid macular edema; RCT: randomized controlled trial



172 | Chapter 6

Table 1. Characteristics of included studies

Study Population Duration CME Treatment group 1 Treatment group 2

Topical NSAID vs. placebo

Burnett et al. 198316 Aphakic for ≥ 4 mos; BCVA 20/400-20/50; CME documented by fundus contact lens 
examination and FA; increased vascular permeability on iris angiography

Mean: 17 mos Placebo Topical fenoprofen q.i.d. for 8 wks

Flach et al. 198717 VA ≤ 20/40 for ≥ 6 mos; clinical and FA evidence of aphakic or pseudophakic CME ≥ 6 mos Placebo Topical ketorolac q.i.d. for 60 days

Flach et al. 199118 Aphakic and pseudophakic patients; VA ≤ 20/40 for ≥ 6 mos; clinical and FA evidence 
of CME

≥ 6 mos Placebo Topical ketorolac q.i.d. for 90 days

Topical NSAID vs. topical CS

Heier et al. 200019 FA evidence of CME; VA ≤ 20/40; 21-90 days postoperatively Unknown 1: Topical prednisolone q.i.d.  
2: Topical ketorolac q.i.d.

3: Topical prednisolone + ketorolac q.i.d.

Singal et al. 200420 VA ≤ 20/40; cysts detected with macular contact lens; ≥ 6 wks postoperatively Mean: 17.3/ 7.6 mos Topical ketorolac q.i.d. for 90 days Topical prednisolone + ketorolac q.i.d for 90 days

Topical NSAID vs. topical NSAID

Rho et al. 200321 Non-diabetic patients; BCVA ≤ 20/40; petaloid perifoveal macular edema assessed 
by contact lens biomicroscopy

Mean: 4.0/ 4.2 wks Topical diclofenac q.i.d. Topical ketorolac q.i.d.

Warren et al. 201022 Non-diabetic patients; CRT > 250 µm; cysts on biomicroscopy; VA ≤ 20/32 for at least 
6 mos

Mean: 9.4 mos 1a: Placebo 2-4a: Topical diclofenac, ketorolac or nepafenac 
t.i.d. for 16 wks 
5a: Topical bromfenac b.i.d. for 16 wks

Topical NSAID vs. subtenon CS

Yüksel et al. 201623 CRT > 250 µm; presence of cysts on fundus biomicroscopy; logMAR BCVA ≥ 0.4 Mean: 4.5/4.8 wks Topical nepafenac t.i.d. for 12 wks Posterior subtenon injection of 40 mg TA 

Oral NSAID vs. placebo

Yannuzzi et al. 197724 Reduced vision; clinical and FA evidence of CME, ≥ 4 mos postoperatively Unknown Placebo Oral 25 mg indomethacin t.i.d. for 6 wks

Oral AZ vs. placebo

Curkovic et al. 200525 Non-diabetic patients; CME detected with FA; VA < 0.5 Snellen Unknown Topical dexamethasone + 
flurbiprofen t.i.d. for 8 wks

Topical dexamethasone + flurbiprofen t.i.d. for 8 wks 
Oral 250 mg AZ + 500 mg KCl t.i.d. for 2 wks; 250 
mg AZ daily for 2 wks; 125 mg AZ daily for 4 wks

AZ: acetazolamide; BCVA: best corrected visual acuity; b.i.d.: two times daily; CME: cystoid macular edema; CS: 
corticosteroid;  CRT: central retinal thickness; FA: fluorescein angiography; KCl: potassium chloride; mos: months; 
NSAID: non-steroidal  anti-inflammatory drug; q.i.d.: four times daily; TA: triamcinolone acetonide; t.i.d.: three times 
daily; VA: visual acuity;  wks: weeks; y: years

a All patients received intravitreal 4 mg TA + 1.25 mg bevacizumab at study entry & intravitreal bevacizumab at 4 wks 
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Table 1. Characteristics of included studies
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Table 2. Risk of bias (Cochrane Collaboration’s tool) and quality of the included RCTs (Delphi list)
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Burnett et al. 198316 ? ? ? - ? - ? yes no no

Flach et al. 198717 - ? - - - + yes yes yes no

Flach et al. 199118 - ? - - ? - yes yes no no

Heier et al. 200019 ? - - - - + ? yes yes no

Singal et al. 200420 ? - - - ? - yes yes no no

Rho et al. 200321 ? ? ? ? ? ? yes yes yes no

Warren et al. 201022 ? ? - ? ? - yes yes no no

Yüksel et al. 201623 + ? + - ? ? yes yes yes no

Yannuzzi et al. 197724 ? ? - ? ? - ? yes no no

Curkovic et al. 200525 ? ? + ? ? ? ? yes yes no

+: high risk of bias; ?: unclear risk of bias; -: low risk of bias; ITT: intention to treat

Topical NSAIDs vs. placebo
Three studies compared the efficacy of topical NSAIDs and of a placebo in the treatment 
of CME after cataract surgery. The largest multicenter study compared the efficacy of a 
90-day treatment with topical ketorolac and with a placebo in 120 aphakic and pseu-
dophakic patients with a diagnosis of chronic CME.18 The authors reported statistically 
significantly greater CDVA improvement (p < 0.05) in the ketorolac 0.5% group than in the 
placebo group at 30, 60 and 90 days of treatment. Nine patients in the ketorolac group 
and two patients in the placebo group experienced a deterioration in CDVA after cessation 
of treatment, but CDVA recovered in most patients after retreatment with ketorolac eye 
drops. FA was performed at baseline and 90 days after initiation of treatment and showed 
a reduction of the CME in 35% and 18% of patients treated with topical ketorolac and with 
a placebo, respectively.

Two smaller studies confirmed these results, but did not find a statistically significant dif-
ference. As seen in table 3, one study compared the efficacy of a 60-day treatment with 
topical ketorolac 0.5% and with a placebo in 30 eyes of 30 patients with chronic CME.17 
After two months of treatment, 62% of the ketorolac-treated eyes and 8% of the place-
bo-treated eyes showed an improvement in CDVA. Three of eight eyes showed a decrease 
in CDVA one month after cessation of the ketorolac eye drops. The CDVA improved after 
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reinstitution of treatment. Fluorescein angiographic findings improved in two eyes in the 
ketorolac group and no eyes in the placebo group. 

The smallest study compared the efficacy of fenoprofen 1.0% eye drops with that of a 
placebo.16 Patients were aphakic for at least four months and had a diagnosis of CME after 
cataract surgery for two months to three years. At the end of the study, 50% of patients 
treated with topical fenoprofen and 38% of those treated with a placebo experienced 
at least a 2-line improvement in Snellen visual acuity with decreased vascular leakage 
on FA. The CME completely resolved in one patient in each group. Two of three patients 
who experienced an improvement after fenoprofen treatment redeveloped CME after 
cessation of treatment. 

Topical NSAIDs vs. topical corticosteroids
Many studies have investigated the efficacy of topical NSAIDs versus topical corticoste-
roids in preventing the occurrence of CME after cataract surgery.12,13 Unfortunately, only 
two small studies compared topical NSAIDs and topical corticosteroids in the treatment 
of CME. Heier et al. compared the efficacy of prednisolone 1.0% versus ketorolac 0.5% 
versus a combination treatment in 28 patients who developed acute CME after uncompli-
cated cataract surgery.19 The percentage of patients with at least a 2-line improvement in 
visual acuity was highest in the group treated with both ketorolac and prednisolone eye 
drops. One patient in the ketorolac group and one patient in the combination group had 
a deterioration in CDVA after cessation of treatment, but both patients showed partial 
or complete recovery after retreatment. Reduction of CME on FA was reported in 78% of 
patients in the topical combination treatment group and in 50% and 56% of patients in 
the prednisolone and ketorolac group, respectively.

A small study by Singal et al. included eleven patients with both acute and chronic CME.20 
The authors could not find any statistically significant differences in final visual acuity or 
CME grading between patients treated with ketorolac 0.5% and patients treated with 
ketorolac 0.5% and prednisolone1%. 

Comparison of various topical NSAIDs
Nowadays, several topical NSAID preparations are available, and some investigators have 
tried to determine the optimum NSAID to treat CME after cataract surgery. Rho et al. 
compared ketorolac 0.5% versus diclofenac 0.1% in 34 eyes of 34 non-diabetic patients 
with CME after uneventful phacoemulsification cataract surgery with posterior chamber 
intraocular lens implantation.21 No significant differences in the mean final visual acuity 
were found between the study groups. At 26 weeks, the CME had decreased in 89% of 
the diclofenac-treated eyes and 88% and ketorolac-treated eyes. There was no significant 
difference in time to the initial CME decrease between the groups.
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A more recent study by Warren et al. compared the use of bromfenac 0.09%, nepafenac 
0.1%, diclofenac 0.1% and ketorolac 0.4% eye drops in addition to intravitreal injection 
of 4.0 mg TA and 1.25 mg bevacizumab in the treatment of chronic CME after cataract 
surgery in non-diabetic patients.22 Twelve and sixteen weeks after the start of treatment, 
the nepafenac and bromfenac groups showed a statistically significant reduction in retinal 
thickness as compared to the control group (p = 0.0026 and p = 0.0046 at twelve weeks 
and sixteen weeks, respectively). At 16 weeks, the mean visual acuity improved statistically 
significantly in nepafenac-treated eyes, compared with placebo-treated eyes (p = 0.0233). 
The authors did not report significant differences between the NSAID treatment groups. 
The study did not investigate the percentage of eyes with a CDVA improvement of at least 
two lines or the percentage of eyes with a significant reduction in retinal thickness. 

Table 3. Results of included studies

Study Treatment 
(n)

CME elimination, 
n (%)

CME reduction, 
n (%)

≥ 2 lines CDVA 
improvement, n (%)

CME reduction with ≥ 2 lines CDVA 
improvement, n (%)

Topical NSAID vs. placebo

Burnett et al. 198316 Placebo (8) 1/8 (13) 4/8 (50) 3/8 (38) 3/8 (38)

Topical fenoprofen (6) 1/6 (17) 3/6 (50) 3/6 (50) 3/6 (50)

Flach et al. 198717 Placebo (15) - 0/13 (0) 1/13 (8) -

Topical ketorolac (15) - 2/13 (15) 8/13 (62) -

Flach et al. 199118 Placebo (59) - 9/49 (18) 10/49 (20)a 2/49 (4)a

Topical ketorolac (61) - 16/46 (35) 22/46 (48)a 11/46 (24)a

Topical NSAID vs. topical CS

Heier et al. 200019 Topical prednisolone (8) - 4/8 (50) 4/8 (50) 4/8 (50)

Topical ketorolac (10) - 5/9 (56) 6/9 (67) 5/9 (56)

Topical prednisolone + ketorolac (10) - 7/9 (78) 8/9 (89) 7/9 (78)

Singal et al. 200420,b Topical ketorolac (4) - (50) - - -

Topical prednisolone + ketorolac (6) - (50) - - -

Topical NSAID vs. topical NSAID

Rho et al. 200321 Topical diclofenac (18) 14/18 (78) 16/18 (89) - -

Topical ketorolac (16) 12/16 (75) 14/16 (88) -

Oral NSAID vs. placebo

Yannuzzi et al. 197724 Placebo (13) 0/13 (0) - 4/13 (31) -

Oral indomethacin (10) 0/10 (0) - 2/10 (20) -

Oral AZ vs. placebo

Curkovic et al. 200525 Topical dexamethasone + flurbiprofen (7) 2/7 (29) 7/7 (100) - -

Topical dexamethasone + flurbiprofen + oral AZ/KCl (7) 6/7 (86) 7/7 (100) - -
a Statistically significant difference
b Eleven patients included; one patient dropped from the study. The randomized treatment of this patient is 
not reported

 AZ: acetazolamide; CDVA: corrected distance visual acuity; CME: cystoid macular edema; CS: corticosteroid; KCl: 
potassium chloride; n: number of eyes at baseline; NSAID: non-steroidal anti-inflammatory drug
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Table 3. Results of included studies

Study Treatment 
(n)

CME elimination, 
n (%)

CME reduction, 
n (%)

≥ 2 lines CDVA 
improvement, n (%)

CME reduction with ≥ 2 lines CDVA 
improvement, n (%)

Topical NSAID vs. placebo

Burnett et al. 198316 Placebo (8) 1/8 (13) 4/8 (50) 3/8 (38) 3/8 (38)

Topical fenoprofen (6) 1/6 (17) 3/6 (50) 3/6 (50) 3/6 (50)

Flach et al. 198717 Placebo (15) - 0/13 (0) 1/13 (8) -

Topical ketorolac (15) - 2/13 (15) 8/13 (62) -

Flach et al. 199118 Placebo (59) - 9/49 (18) 10/49 (20)a 2/49 (4)a

Topical ketorolac (61) - 16/46 (35) 22/46 (48)a 11/46 (24)a

Topical NSAID vs. topical CS

Heier et al. 200019 Topical prednisolone (8) - 4/8 (50) 4/8 (50) 4/8 (50)

Topical ketorolac (10) - 5/9 (56) 6/9 (67) 5/9 (56)

Topical prednisolone + ketorolac (10) - 7/9 (78) 8/9 (89) 7/9 (78)

Singal et al. 200420,b Topical ketorolac (4) - (50) - - -

Topical prednisolone + ketorolac (6) - (50) - - -

Topical NSAID vs. topical NSAID

Rho et al. 200321 Topical diclofenac (18) 14/18 (78) 16/18 (89) - -

Topical ketorolac (16) 12/16 (75) 14/16 (88) -

Oral NSAID vs. placebo

Yannuzzi et al. 197724 Placebo (13) 0/13 (0) - 4/13 (31) -

Oral indomethacin (10) 0/10 (0) - 2/10 (20) -

Oral AZ vs. placebo

Curkovic et al. 200525 Topical dexamethasone + flurbiprofen (7) 2/7 (29) 7/7 (100) - -

Topical dexamethasone + flurbiprofen + oral AZ/KCl (7) 6/7 (86) 7/7 (100) - -
a Statistically significant difference
b Eleven patients included; one patient dropped from the study. The randomized treatment of this patient is 
not reported

 AZ: acetazolamide; CDVA: corrected distance visual acuity; CME: cystoid macular edema; CS: corticosteroid; KCl: 
potassium chloride; n: number of eyes at baseline; NSAID: non-steroidal anti-inflammatory drug

Topical NSAIDs vs. subtenon corticosteroids
Although most studies have investigated the efficacy of repeated topical drug admin-
istration, once-only treatments are of clinical interest, especially in patients with poor 
medication adherence. A recent study by Yüksel et al. compared the efficacy of a single 
subtenon injection with 40 mg TA and twice daily administration of nepafenac eye drops.23 
Both treatment groups experienced significant improvement in CDVA and a decrease 
in central macular thickness from baseline within one month after start of treatment. 
According to the authors, vision improved after CME resolution if the inner segment/outer 
segment (IS/OS) layer of the retina was intact and if there were septas between cystic 
spaces. There were no significant differences in mean CDVA or mean central macular 
thickness between treatment groups at any time. Longer duration of CME before initiation 
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of treatment had a negative effect on CDVA in the nepafenac group. This correlation was 
not found in the TA group. The authors did not report the percentage of eyes with at least 
a 2-line improvement in CDVA or a decrease in CME. The CME recurred after cessation of 
treatment in one patient in the nepafenac group, but it resolved after the eye drops were 
restarted. Four eyes in the TA group received one or two additional subtenon injections 
because of residual edema or recurrence of CME. No significant increase in intraocular 
pressure was found in either treatment group.

Oral treatments
Two studies investigated the use of oral treatments for CME after cataract surgery. Nei-
ther reported the duration of CME prior to inclusion. Yannuzzi et al. studied 23 eyes of 20 
patients with CME after conventional intracapsular cataract extraction.24 Oral treatment 
with 25 mg indomethacin did not did not improve CDVA or angiographic evidence of CME 
compared with a placebo. 

More recently, Curkovic et al. investigated the efficacy of oral acetazolamide and potassium 
chloride as an additional treatment in patients who also received topical dexamethasone 
and flurbiprofen.25 There was no significant difference in the percentage of eyes experi-
encing a decrease in CME on FA between the groups.
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Discussion

Previous studies have indicated the urgent need for high-quality evidence about the opti-
mum pharmacologic treatment for CME after cataract surgery.5 This review was designed 
to update previous systematic reviews and to provide a detailed overview of the currently 
available evidence. 

The largest multicenter study in the systematic review investigated the efficacy of topical 
ketorolac and a placebo in 120 aphakic and pseudophakic patients with chronic CME. 
Treatment with ketorolac eye drops resulted in a greater improvement in CDVA.18

The systematic review identified three RCTs that were not included in previous reviews.4,5,11 
One study investigated the efficacy of 250 mg acetazolamide in addition to topical dexa-
methasone and flurbiprofen. Using FA, the authors found a complete resolution of CME in 
86% of eyes in the acetazolamide group and in 29% in the control group. Unfortunately, 
this study included only fourteen eyes and was not able to show statistically significant 
differences.25 Another study compared the efficacy of a 90-day treatment with ketorolac 
eye drops and a combination treatment of ketorolac and prednisolone in patients with 
acute and chronic CME. The study provided data from only ten patients and was not able 
to show significant differences in CDVA or retinal morphology.20 A recent study by Yüksel et 
al. investigated the efficacy of a 12-week topical NSAID treatment and of a single subtenon 
TA injection. The CDVA and retinal morphology improved in both groups, but the authors 
could not find significant differences between the treatment groups.23

The results of the current systematic review indicate a lack of evidence regarding the 
optimum treatment of CME after cataract surgery. Because of the low incidence of CME 
and because CME resolves spontaneously in most cases, large multicenter studies with 
sufficient statistical power are needed to compare the efficacy of various treatment strat-
egies. Although this systematic review suggests there is a benefit from NSAID eye drops, 
the current literature provides no good-quality evidence regarding other pharmacological 
treatments. The RCTs comparing topical NSAIDs to other pharmacologic treatments were 
insufficiently powered to detect small, but clinically relevant, effects. Therefore, future 
studies are needed to compare the efficacy of NSAID eye drops to other anti-inflammatory 
treatment regimens. 

The first important step towards optimum treatment is to identify the patients who require 
treatment for CME after cataract surgery. Although previous studies report spontaneous 
resolution of CME within one year in 80% of cases, one should note that this percentage is 
cited from a single study that investigated 20 eyes that developed CME after extracapsular 
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cataract extraction in 1988.4,27 Since 1988, cataract surgery techniques have become more 
sophisticated and reduced the seriousness of the postoperative inflammatory response. 
Given that the incidence of postoperative complications has significantly decreased, there 
is an urgent need to bring these numbers up to date. Future studies should investigate the 
natural course of CME after uneventful phacoemulsification cataract surgery to provide 
evidence-based recommendations of which patients should be treated.

Additional research is needed to investigate the optimum postoperative moment for ini-
tiating treatment to prevent the occurrence of permanent retinal damage, while keeping 
the incidence of treatment-related adverse events to a minimum. Comparison of the effi-
cacy of a stepped-care approach and immediate maximum therapy is of interest. Yüksel 
et al. showed that a long duration of CME had a negative effect on the final CDVA.23 This 
correlation might also interfere with the comparison of study results in the current sys-
tematic review. Studies investigating the treatment of acute CME will show more beneficial 
results than those investigating chronic CME because acute CME is more likely to resolve 
spontaneously. 

The results of this systematic review suggest that topical NSAIDs can be used as an effec-
tive treatment strategy in patients with CME after cataract surgery. Previous studies did 
not report any significant differences in efficacy between different NSAID preparations.21,22 
Future studies should therefore compare the efficacy of new treatment modalities and 
NSAID eye drops, a treatment strategy proven to be effective by Flach et al., many years 
ago.18 Recent nonrandomized studies have identified various treatment strategies of 
interest, but further evidence is needed from randomized controlled clinical trials. Corti-
costeroids are of special interest because their anti-inflammatory properties have been 
known for many years. Some case reports have shown that a single intravitreal dexameth-
asone implant can be beneficial in patients with CME after cataract surgery.28 Intravitreal 
corticosteroid injections have also shown beneficial results in diabetic patient with macular 
edema.29 A recent study of Dang et al. compared the efficacy of an intravitreal dexametha-
sone implant and multiple intravitreal TA injections in 43 diabetic patients who developed 
CME after uneventful cataract surgery. Over a six-month period, the percentage of patients 
with at least a 2-line improvement in CDVA was higher in the intravitreal TA group, but the 
difference was not statistically significant (p > 0.05).30 

Previous studies have found that VEGF plays an important role in the development of 
CME after cataract surgery.10,29 Consequently, ophthalmologists have investigated the clin-
ical applicability of intravitreal anti-VEGF injections to prevent and treat refractory CME. 
Although some retrospective studies report beneficial results in both CDVA and retina 
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morphology, others could not find significant functional improvement.31-33 A recent study 
investigated the use of intravitreal NSAIDs in the treatment of CME after cataract surgery.34

Future studies should focus on CDVA improvement and retinal morphology using opti-
cal coherence tomography. Other outcomes, such as persistence of the achieved visual 
improvement after cessation of therapy and effect on contrast sensitivity and on vision-re-
lated quality of life, may be of additional interest to determine the optimum strategy.

In conclusion, the results of this systematic review suggest that topical NSAIDs are benefi-
cial in treating chronic CME after cataract surgery, although CME may recur after cessation 
of treatment. It remains unclear which pharmacologic treatment is most effective in 
improving CDVA and retinal morphology. Evidence regarding the optimum treatment 
is of moderate to low quality, which prevents evidence-based recommendations. Large 
well-designed multicenter studies are needed to investigate the optimum pharmacologic 
treatment of acute and chronic CME after cataract surgery. 
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Appendix

Appendix 1. Search strategy for MEDLINE database

((((((((((((((((“Cataract Extraction”[Mesh]) OR “Lens Implantation, Intraocular”[Mesh]) OR 
“Phacoemulsification”[Mesh]) OR “Pseudophakia”[Mesh]) OR cataract extract*) OR 
phakectom*) OR “enzymatic zonulolysis”) OR cataract surger*) OR lens implantation*) 
OR intraocular lens*) OR phaco*) OR faco*) OR pseudophak*) OR pseudo-phak*) OR 
pseudofak*) OR pseudo-fak*) 
AND 
(((((((((((((“Edema”[Mesh]) OR “Macular Edema”[Mesh]) OR edema) OR oedema) OR irvine-
gass) OR “irvine gass”) OR “cystoid macular dystrophy”) OR thickn*) OR CME) OR CMO) OR 
PCME) OR PCMO) OR “macular volume”) 
AND 
(((((((((((((((((“Randomized Controlled Trial”[Publication Type]) OR “Controlled Clinical Trial”[-
Publication Type]) OR “Review”[Publication Type]) OR “Review Literature as Topic”[Mesh]) 
OR “Meta-Analysis”[Publication Type]) OR “Meta-Analysis as Topic”[Mesh]) OR randomized) 
OR randomised) OR placebo) OR “drug therapy”) OR random*) OR trial) OR groups) OR 
review) OR rct) OR meta-analysis) 
NOT 
((animals[mh]) NOT (humans[mh])))

Limits: none
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Appendix 2. Characteristics of included studies

Table 1. Burnett et al. 198316

Methods Randomized, double-masked study

Participants

  n (eyes) 14 (14 patients, one eye per patient assumed)

  Country United States of America

  Population Chronic aphakic CME: Aphakic for at least 4 months, with BCVA equal to or better than 
20/400 but not better than 20/50; a petaloid appearance of CME as documented by 
slit-lamp fundus contact lens examination and fundus FA; and an increased vascular 
permeability evidenced by diffuse leakage of iris vessels on iris FA 
Exclusion: Fundus picture complicated with lipid exudates, microaneurysms, hemorrhage, 
or signs suggestive of a specific vascular retinopathy in either eye

  Type of surgery Unknown

  Duration CME Mean duration was 17 months (range: 2 months-3 years)

Interventions

  Placebo Topically applied placebo, methylcellulose, 1 drop 4 times daily for 8 weeks

  Topical NSAID Topically applied 1% fenoprofen 1 drop 4 times daily for 8 weeks

Main outcomes Increased VA of at least 2 lines by the Snellen chart, along with lessened vascular leakage, 
as shown by iris and fundus FA. 
The iris and fundus FA were graded in two parameters: the area of fluorescein diffusion, 
and the intensity of leaked fluorescein

Follow-up 2 week intervals for at least 8 weeks

Conclusion “Fenoprofen sodium was found to have no effect on the course of chronic aphakic 
CME. We believed that the lack of effect may have been due to the duration of edema 
at the time of treatment or to the small sample size. Larger studies in the immediate 
postoperative period are suggested.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Unclear risk Patients were randomly assigned to treatment. Insufficient 
information to permit judgment

  Sequence concealment Unclear risk Study does not address this outcome

  Blinding participants Unclear risk Double-masked study. Insufficient information to permit 
judgment

  Blinding personnel Low risk The examiner was masked as to whether the patient 
received fenoprofen or placebo

  Blinding outcome assessment Unclear risk Double-masked study. Insufficient information to permit 
judgment

  Incomplete outcome data Low risk No patients dropped out from the study

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Unclear

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? No

  Intention-to-treat analysis included? No

BCVA: best corrected visual acuity; CME: cystoid macular edema; FA: fluorescein angiography; NSAID: non-steroidal 
anti-inflammatory drug; RCT: randomized controlled trial; VA: visual acuity
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Table 2. Flach et al. 198717

Methods Double-masked, randomized, placebo-controlled clinical study
Participants
  n (eyes) 30 (of 30 patients)a

  Country United States of America
  Population Chronic CME: Reduced VA (≤ 20/40) for 6 months or more associated with clinical and FA 

evidence of aphakic or pseudophakic CME.
Exclusion: CS or NSAID use within the previous 6 weeks; ocular disease preventing 
adequate examination; poorly controlled DM or hypertension; preexisting macular disease 
preventing adequate retinal evaluation; history of more than one ocular operation

  Type of surgery Unknown
  Duration CME ≥ 6 months
Interventions
  Placebo 60-day treatment with a vehicle 4 times daily. If distance VA decreased by 2 or more lines 

at day 90, as compared to day 60, therapy was reinstituted
  Topical NSAID 60-day treatment with ketorolac ophthalmic solution 0,5% 4 times daily. If distance VA 

decreased by 2 or more lines at day 90, as compared to day 60, therapy was reinstituted
Main outcomes
  Outcome 1 ≥ 2 lines improvement in Snellen VA
  Outcome 2 One-grade improvement or detoriation in FA results. 

Grade 0) No fluorescein leak in macular area; 1) Semicircle of fluorescein leak in macular 
area; 2) Full circle leak less than or equal to the optic disk diameter in macular area; 3) Full 
circle leak greater than optic disk diameter in macular area

Follow-up 30, 60 and 90 days and, depending on their response to cessation of topical treatment, 
120 days

Conclusion “The results of this double-masked, placebo-controlled, randomized study indicate that 
ketorolac tromethamine 0.5% ophthalmic solution may be of benefit in the treatment of 
chronic aphakic and pseudophakic macular edema. The improved distance VA observed in 
the group of patients treated with ketorolac is statistically different from the improved VA 
in the group of patient treated with placebo.”

Notes FA was not performed at the end of follow-up (90 days).
Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)
  Sequence generation Low risk A computer-generated pre-determined randomization 

schedule
  Sequence concealment Unclear risk A pre-determined randomization schedule. Unknown 

whether this schedule was kept with appropriate safeguards
  Blinding participants Low risk Packaged in an identical container
  Blinding personnel Low risk The investigator was unaware of which treatment patients 

received
  Blinding outcome assessment Low risk FA were read by one of us who was unaware of changes in 

VA or results of ocular examinations and was masked to the 
treatment regimen

  Incomplete outcome data High risk We anticipated and accepted less than complete FA data as 
part of this study

Quality of RCT (additional items Delphi List)
  Prognostic indicators similar at baseline? Yes
  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? Yes (partially)
  Intention-to-treat analysis included? No
a 26 patients completed the study
CME: cystoid macular edema; CS: corticosteroid; DM: diabetes mellitus; FA: fluorescein angiography; NSAID: non-
steroidal anti-inflammatory drug; RCT: randomized controlled trial; VA: visual acuity
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Table 3. Flach et al. 199118

Methods Double-masked, randomized, placebo-controlled study

Participants

  n (eyes) 120 (120 patients, one eye per patient assumed)a 

  Country United States of America

  Population Chronic CME: Aphakic and pseudophakic patients with reduced VA (distance VA of 
20/40 or less) for 6 months or more associated with clinical and FA evidence of 
CME
Exclusion: Use of local or systemic anti-inflammatory drugs (CS, NSAIDs, or more 
than two 325 mg tablets of aspirin daily) within the preceding 6 weeks; ocular 
disease preventing adequate examination; unstable DM or systemic hypertension; 
preexisting macular disease preventing adequate retinal examination 

  Type of surgery Unknown

  Duration CME ≥ 6 months

Interventions

  Placebo 90-day treatment regimen (1 drop, 4 times daily) with placebo solution. If distance 
VA had decreased by 2 or more lines at day 120, as compared to day 90, therapy 
was reinstituted

  Topical NSAID 90-day treatment regimen (1 drop, 4 times daily) with ketorolac tromethamine 0.5% 
ophthalmic solution. If distance VA had decreased by 2 or more lines at day 120, as 
compared to day 90, therapy was reinstituted

Main outcomes

  Outcome 1 ≥ 2 lines improvement in Snellen VA

  Outcome 2 FA

Follow-up 30, 60, 90 and 120 days and depending on their response to cessation of 
treatment 150 days

Conclusion “The results of our double-masked, placebo-controlled, randomized, multicenter 
study confirmed the results of a smaller study that reported that treatment with 
ketorolac tromethamine 0.5% ophthalmic solution for 60 days may provide an 
improvement in VA in patients with chronic aphakic and pseudophakic CME.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Low risk A computer-generated pre-determined randomization 
schedule

  Sequence concealment Unclear risk A pre-determined randomization schedule. Unknown 
whether this schedule was kept with appropriate safeguards

  Blinding participants Low risk Packaged in identical containers

  Blinding personnel Low risk VA determination was the primary task of one person. This 
person was unaware of treatments, FA, and details of the 
clinical examination

  Blinding outcome assessment Unclear risk Study does not address this outcome

  Incomplete outcome data Low risk Treatment groups were not statistically different in terms of 
these missing examinations

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Yes

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? No

  Intention-to-treat analysis included? No
a 95 patients were examined at 90 days of treatment, and 87 were examined at 120 days
CME: cystoid macular edema; CS: corticosteroid; DM: diabetes mellitus; FA: fluorescein angiography; NSAID: non-
steroidal anti-inflammatory drug; RCT: randomized controlled trial; VA: visual acuity
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Table 4. Heier et al. 200019

Methods Randomized, double-masked, prospective study

Participants

  n (eyes) 28 (28 patients, one eye per patient assumed)a

  Country United States of America

  Population Acute clinical CME: Angiographic evidence of CME with VA of 20/40 or worse 21-90 days 
after uncomplicated cataract extraction. 
Exclusion: Use of ophthalmic NSAID or anti-inflammatory agent (other than topical 
prednisolone), more than 325 mg/day aspirin or systemic CS within 7 days preceding 
the study; ocular disease preventing adequate examination of the fundus or 
preventing a clear FA; ocular disease that could be responsible for the decreased 
VA; DR; unstable systemic disease; previous eye disease resulting in macular edema 
(other than pseudophakic CME in the fellow eye); ocular surgery other than cataract 
extraction and IOL implantation

  Type of surgery Uncomplicated phacoemulsification cataract surgery and posterior chamber IOL 
implantation

  Duration CME Unknown. Inclusion 21-81 days postoperatively

Interventions

  Topical CS Prednisolone acetate 1.0% and artificial tears 1 drop 4 times daily. If CME was resolved, 
the medications were tapered at the rate of 1 drop per week. If CME was still present, 
then medications were continued. If treatment was continued for 3 months, then 
medications were tapered as above

  Topical NSAID Ketorolac tromethamine 0.5% and artificial tears 1 drop 4 times daily. If CME was 
resolved, the medications were tapered at the rate of 1 drop per week. If CME was still 
present, then medications were continued. If treatment was continued for 3 months, 
then medications were tapered as above

  Topical CS & NSAID Prednisolone acetate 1.0% and ketorolac tromethamine 0,5% 1 drop 4 times daily. 
If CME was resolved, the medications were tapered at the rate of 1 drop per week. If 
CME was still present, then medications were continued. If treatment was continued 
for 3 months, then medications were tapered as above

Main outcomes

  Outcome 1 Final Snellen VA

  Outcome 2 ≥ 2 lines improvement in Snellen VA

  Outcome 3 Average time to VA improvement

  Outcome 4 Number of patients with improvement in FA

Follow-up Monthly intervals. Final examination 1 month after discontinuation of medications 
(max. 4 months)

Conclusion “Treatment of acute, visually significant pseudophakic CME with ketorolac and 
prednisolone combination therapy appears to offer benefits over monotherapy with 
either agent alone. Patients were more likely to experience recovery of two lines or 
more of VA. Patients treated with a combination therapy or ketorolac monotherapy 
responded more quickly than did patients treated with prednisolone alone.”



Treatment of CME after cataract surgery | 189

6

Table 4. Heier et al. 200019  (Continued)

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Unclear risk Randomization was performed. Insufficient information to 
permit judgment.

  Sequence concealment Low risk Randomization was performed by the pharmacy that 
supplied the premasked medications

  Blinding of participants Low risk Study medications were masked to both patients and 
examiners. Groups ‘prednisolone’ and ‘ketorolac’ also 
received a second medication consisting of artificial tears

  Blinding of personnel Low risk Study medications were masked to both patients and 
examiners

  Blinding of outcome     
  assessment

Low risk Two retinal specialists read all FA in a masked fashion

  Incomplete outcome data High risk Two patients were disqualified after choroidal neovascular 
membrane and branch retinal vein occlusion

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Unclear

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? Yes

  Intention-to-treat analysis included? No
a 26 patients completed the study
CME: cystoid macular edema; CS: corticosteroid; DR: diabetic retinopathy; FA: fluorescein angiogram; IOL: intraocular 
lens; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial; VA: visual acuity
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Table 5. Singal et al. 200420

Methods Prospective, double-masked randomized controlled trial

Participants

  n (eyes) 11 (11 patients, one eye per patient assumed)a

  Country Canada

  Population Clinical pseudophakic CME: an ETDRS VA of 20/40 Snellen equivalent or worse, together 
with the clinical presence of cysts detected with macular contact lens, occurring at least 6 
weeks after cataract extraction.
Exclusion: Recent (within the previous 4 weeks) use of CS; preexisting macular disease or 
diabetic maculopathy detected on FA

  Type of surgery Unknown

  Duration CME Ketorolac group (mean (± SD)): 17.3 (±20.9) months
Ketorolac & prednisolone group (mean (± SD)): 7.6 (±8.4) months

Interventions

  Topical NSAID 0.5% ketorolac tromethamine plus placebo 4 times a day for the duration of the study (90 days).

  Topical NSAID 
  & CS

0.5% ketorolac tromethamine plus 1% prednisolone acetate 4 times a day for the duration 
of the study (90 days)

Main outcomes

  Outcome 1 Mean ETDRS Snellen equivalent VA

  Outcome 2 Percent of patients with cysts on retinal examination, using a macular contact lens

  Outcome 3 CME grade on FA 
Grade 0) No leakage; 1) Slight patchy perifoveal leakage; 2) Perifoveal leakage for 360°; 3) 
Severe leakage

Follow-up 30, 60 and 90 days

Conclusion “We found no statistically significant difference in outcome between patients who received 
ketorolac and those who received ketorolac plus prednisolone for acute or chronic CME. 
The value of topical steroid therapy for chronic CME remains unproven.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Unclear risk Randomization and coding was performed. Insufficient 
information to permit judgment

  Sequence concealment Low risk Randomization and coding was performed by the hospital 
pharmacy

  Blinding participants Low risk Both the patient and the examiner were
masked as to the identity of the medication

  Blinding personnel Low risk Both the patient and the examiner were
masked as to the identity of the medication

  Blinding outcome assessment Unclear risk Unknown whether outcome assessors were blinded

  Incomplete outcome data Low risk Reasons for missing outcome data unlikely to be related to 
true outcome

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Yes

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? No (measures of variability 
only for ketorolac group)

  Intention-to-treat analysis included? No
a 10 patients completed the study
CME: cystoid macular edema; CS: corticosteroid; ETDRS: early treatment diabetic retinopathy study; FA: fluorescein 
angiography; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial; SD: standard deviation; 
VA: visual acuity
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Table 6. Rho et al. 200321

Methods Randomized prospective study

Participants

  n (eyes) 34 (of 34 patients)

  Country United States of America

  Population Clinical CME: Best corrected Snellen VA of 20/40 or worse, with characteristic clinically 
evident petaloid perifoveal macular edema as assessed by Goldmann contact lens 
biomicroscopy.
Exclusion: A history of intraocular surgery, vitreous loss during cataract surgery, CME, 
uveitis, or vitreoretinal pathology. No patient had a known history of DM or preexisting 
macular condition

  Type of surgery Uneventful phacoemulsification cataract surgery with posterior chamber IOL implantation

  Duration CME Diclofenac group (mean (±SD)): 4.0 (±1.4) weeks 
Ketorolac group (mean (±SD)): 4.2 (±1.4) weeks

Interventions

  Topical NSAID 1 drop 4 times a day of diclofenac sodium 0.1% solution

  Topical NSAID 1 drop 4 times a day of ketorolac tromethamine 0.5% solution

Main outcomes

  Outcome 1 Percentage of patients with CME reduction/elimination.
The severity of CME was assessed by Goldmann contact lens biomicroscopy. FA was 
repeated if clinical CME persisted

  Outcome 2 Mean time to CME reduction/elimination

  Outcome 3 Final Snellen VA

Follow-up Every 2-4 weeks for 26 weeks

Conclusion “Diclofenac sodium 0.1% solution and ketorolac tromethamine 0.5% topical ophthalmic 
solution eye drops were equally effective in reducing the severity and duration of CME 
after uneventful phacoemulsification with posterior chamber IOL implantation. Either 
solution may be considered for CME after cataract surgery, especially in patients who may 
not tolerate corticosteroid treatment.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Unclear risk Patients were randomized. Insufficient information to permit 
judgment

  Sequence concealment Unclear risk Study does not address this outcome

  Blinding participants Unclear risk Study does not address this outcome

  Blinding personnel Unclear risk Study does not address this outcome

  Blinding outcome assessment Unclear risk Study does not address this outcome

  Incomplete outcome data Unclear risk Study does not address this outcome

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Yes

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? Yes

  Intention-to-treat analysis included? No

CME: cystoid macular edema; DM: diabetes mellitus; FA: fluorescein angiography; IOL: intraocular lens; NSAID: non-
steroidal anti-inflammatory drug; RCT: randomized controlled trial; SD: standard deviation; VA: visual acuity
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Table 7. Warren et al. 201022

Methods Randomized, investigator-masked clinical trial

Participants

  n (eyes) 39 (of 39 patients)

  Country United States of America

  Population Chronic pseudophakic CME: CRT > 250 µm, presence of cysts on biomicroscopy, and VA ≤ 
20/32. FA was used to exclude patients with CME caused by conditions other than Irvine–
Gass syndrome.
Exclusion: DM, uveitis, or any other nonpseudophakic condition that has an associated risk 
of CME

  Type of surgery Unknown

  Duration CME ≥ 6 months. Mean duration was 9.4 months

Interventions

  Placebo Lubricant eye drops (placebo) twice daily for 16 weeks

  Topical NSAID 0.1% of diclofenac 3 times daily for 16 weeks

  Topical NSAID 0.4% of ketorolac 3 times daily for 16 weeks

  Topical NSAID 0.1% of nepafenac 3 times daily for 16 weeks

  Topical NSAID 0.09% of bromfenac twice daily for 16 weeks

All patients were treated with intravitreal triamcinolone (4 mg) & intravitreal bevacizumab (1.25 mg) at study entry; 
the bevacizumab injection (1.25 mg) was repeated at the week 4 visit.

Main outcomes

  Outcome 1 Mean reduction in retinal thickness from baseline, using OCT 

  Outcome 2 ETDRS VA

Follow-up Weeks 4, 8, 12, 16 

Conclusion “Although NSAID therapy seems to potentiate the improvements produced by 
corticosteroids and anti-VEGF therapy for chronic pseudophakic CME, only nepafenac- 
and bromfenac-treated eyes showed reduced retinal thickness at 12 weeks and 16 weeks. 
Furthermore, nepafenac produced a sustained improvement in VA.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Unclear risk Patients were randomly assigned… Insufficient information to 
permit judgment

  Sequence concealment Unclear risk Study does not address this outcome

  Blinding participants Low risk Although patients were not masked, this was unlikely to bias 
the results, because all measurements were objective

  Blinding personnel Unclear risk Investigator-masked. Insufficient information to permit 
judgment.

  Blinding outcome assessment Unclear risk Investigator-masked. Insufficient information to permit 
judgment

  Incomplete outcome data Low risk Reasons for missing outcome data unlikely to be related to 
true outcome

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Yes

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? No

  Intention-to-treat analysis included? No

CME: cystoid macular edema; CRT: central retinal thickness; CS: corticosteroid; DM: diabetes mellitus; ETDRS: early 
treatment diabetic retinopathy study; FA: fluorescein angiography; NSAID: non-steroidal anti-inflammatory drug; RCT: 
randomized controlled trial; VA: visual acuity; VEGF: vascular endothelial growth factor



Treatment of CME after cataract surgery | 193

6

Table 8. Yüksel et al. 201623

Methods Prospective, randomized, interventional clinical trial

Participants

  n (eyes) 48

  Country Turkey

  Population Clinically significant pseudophakic CME: CRT > 250µm, presence of cysts on fundus 
biomicroscopy, and logMAR BCVA ≥ 0.4
Exclusion: vitreomacular traction or epiretinal membrane

  Type of surgery Unknown

  Duration CME Nepafenac group (mean (±SD)): 4.5 (±3.1) weeks, range 1-12 weeks 
TA group (mean (±SD)): 4.8 (±5.0) weeks, range 1-24 weeks 

Interventions

  Topical NSAID Topical nepafenac 0.1% three times daily for 12 weeks

  Subtenon CS A posterior subtenon injection of TA 40 mg, 1,0ml. 
TA injection was repeated within 2-3 months, if the patient response was inadequate or if 
there was recurrence evidenced by a decrease in VA or macular thickening on OCT

Main outcomes

  Outcome 1 Reduction in CRT

  Outcome 2 Improvement in logMAR BCVA

Follow-up 1, 2, 3 and 6 months

Conclusion “Our visual and OCT results suggest that both treatment modalities are effective, with few 
side-effects. However, nepafenac is more efficacious than subtenon TA in terms of visual 
gain and its correlation with the reduction in CRT”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation High risk Randomized clinical trial. However, the authors report that 
consecutive cases were alternately selected for one of two 
treatments

  Sequence concealment Unclear risk Study does not address this outcome

  Blinding participants High risk One study group received eye drops; the other group 
received a subtenon injection. The study did not use placebo 
eye drops or sham injections 

  Blinding personnel Low risk BCVA was measured by a masked resident

  Blinding outcome assessment Unclear risk Study does not address this outcome

  Incomplete outcome data Unclear risk Drop-outs from follow-up were excluded

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Yes

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? Yes

  Intention-to-treat analysis included? No

BCVA: best corrected visual acuity; CME: cystoid macular edema; CRT: central retinal thickness; CS: corticosteroid; 
logMAR: logarithm of the minimum angle of resolution; NSAID: non-steroidal anti-inflammatory drug; OCT: optical 
coherence tomography; RCT: randomized controlled trial; SD: standard deviation; TA: triamcinolone acetonide; VA: 
visual acuity
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Table 9. Yannuzzi et al. 197724

Methods Prospective, controlled, double-masked study

Participants

  n (eyes) 23 (of 20 patients)

  Country United States of America

  Population Reduced vision and clinical and FA evidence of CME 4 months or more after cataract 
surgery. 
Exclusion: Preexisting macular disease; other ocular conditions associated with CME; more 
than 75 years of age

  Type of surgery Uncomplicated conventional ICCE

  Duration CME Unknown. Inclusion ≥ 4 months postoperatively

Interventions

  Placebo Placebo 3 times a day. Six weeks after entering the study, medication was discontinued

  Oral NSAID 25 mg of orally administered indomethacin 3 times a day. Six weeks after entering the 
study, medication was discontinued

Main outcomes

  Outcome 1 Evidence of CME on FA

  Outcome 2 At least 2 lines improvement or decrease in VA

Follow-up 3, 6, 10 weeks

Conclusion “A controlled, double-masked study in which patients with CME of more than 4 months’ 
duration were treated with indomethacin failed to demonstrate a significant visual 
improvement when compared to patients who were treated with placebo.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Unclear risk Patients were randomly assigned to… Insufficient information 
to permit judgment

  Sequence concealment Unclear risk Study does not address this outcome

  Blinding participants Low risk Placebo-controlled study. It is unlikely that the blinding has 
been broken

  Blinding personnel Unclear risk Study does not address this outcome

  Blinding outcome assessment Unclear risk Study does not address this outcome

  Incomplete outcome data Low risk No patients dropped from the study

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Unclear

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? No

  Intention-to-treat analysis included? No

CME: cystoid macular edema; FA: fluorescein angiography; ICCE: intracapsular cataract extraction; NSAID: non-
steroidal anti-inflammatory drug; RCT: randomized controlled trial; VA: visual acuity
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Table 10. Curkovic et al. 200525

Methods Prospective randomized study

Participants

  n (eyes) 14 (of 14 patients)

  Country Croatia

  Population CME detected with FA and VA less than 0.5 according to Snellen optotype
Exclusion: other eye diseases, which would jeopardize visual function and DM

  Type of surgery Non-complicated extracapsular or phaco cataract surgery

  Duration CME Unknown

Interventions

  Topical CS & 
  NSAID 

Topical 0.1% dexamethasone solution 3x and flurbiprofen liquifilm 3 times a day. 8 weeks 
of therapy

  Topical CS & 
  NSAID, oral AZ 
  & KCl

Topical 0.1% dexamethasone solution 3x and flurbiprofen liquifilm 3 times a day. 8 weeks 
of therapy.
Acetazolamide 250 mg 3 times a day along with 500 mg KCl. Acetazolamide for 2 weeks 
in the full dosage and for another 2 weeks with 250 mg daily and by the follow-up 
examination 125 mg a day

Main outcomes

  Outcome 1 Number of eyes with evident CME reduction on FA

  Outcome 2 Best corrected Snellen VA

Follow-up 8 weeks

Conclusion “The most favorable option for the CME treatment following up non-complicated cataract 
surgery is a combination of corticosteroids therapy with NSAID topically along with orally 
applied acetazolamide due to intensifying and speeding up the resorption of oedema.”

Risk of bias (Cochrane Collaboration’s tool for assessing risk of bias)

  Sequence generation Unclear risk Randomized study. Insufficient information to permit 
judgment

  Sequence concealment Unclear risk Study does not address this outcome

  Blinding participants High risk One study group received oral medication, whereas the 
other did not. The study did not use a placebo

  Blinding personnel Unclear risk Study does not address this outcome

  Blinding outcome assessment Unclear risk Study does not address this outcome

  Incomplete outcome data Unclear risk Study does not address this outcome

Quality of RCT (additional items Delphi List)

  Prognostic indicators similar at baseline? Unclear

  Eligibility criteria specified? Yes

  Point estimates and measures of variability given? Yes

  Intention-to-treat analysis included? No

AZ: acetazolamide; CME: cystoid macular edema; CS: corticosteroid; DM: diabetes mellitus; FA: fluorescein angiography; 
KCl:  potassium chloride; NSAID: non-steroidal anti-inflammatory drug; RCT: randomized controlled trial; VA: visual 
acuity
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General discussion

Cataract surgery is one of the most commonly performed surgical procedures in the 
world.1, 2 Although modern phacoemulsification techniques have significantly decreased 
the incidence of postoperative complications, cystoid macular edema (CME) remains a 
major problem, causing delayed visual rehabilitation in 1-2% of patients. Reported inci-
dence rates increase to 4-9% in patients with diabetes mellitus (DM) or other risk factors 
for developing CME after cataract surgery.3, 4 For many years, anti-inflammatory drugs have 
been used to prevent the occurrence of CME, but the absence of solid evidence-based 
recommendations created remarkable differences between clinical guidelines of leading 
authorities.5, 6 This thesis aimed to identify the optimal strategy to prevent and treat CME 
after cataract surgery. 

The clinical significance of cystoid macular edema
CME may develop after cataract surgery as a part of an excessive postoperative inflam-
matory response, causing a disruption of the blood-retinal barrier.7 A minority of patients 
develop CME after cataract surgery and most cases may not be clinically relevant. CME 
was identified in 5.0% of non-diabetic patients participating in the ESCRS PREvention of 
Macular EDema after cataract surgery (PREMED) study, whereas only 3.4% of patients 
developed clinically significant cystoid macular edema (CSME). This difference was also 
seen in diabetic patients. CME was identified in 4.5% of patients, while only 2.2% went on 
to develop CSME within twelve weeks postoperatively.

Reported incidence rates differ between studies, depending on the diagnostic methods 
and definitions used. Optical coherence tomography (OCT) is considered to be the most 
sensitive method to detect CME, while previous studies have also used fluorescein angio- 
graphy (FA) or fundoscopy to identify patients with CME after cataract surgery.8, 9 In OCT-
based studies, diverse operational definitions are applied, such as a central macular 
thickness of more than 250-320 µm, an increase in central macular thickness of 25-60 µm, 
an increase of at least 10-30%, or general descriptions such as ‘obvious CME on OCT’.10-17 
Moreover, some definitions include a decrease in postoperative visual acuity, while others 
do not include such clinical outcome measures.11, 12, 18 This diversification with respect to 
the applied definition of CME, is a central problem in research on pseudophakic cystoid 
macular edema (PCME), preventing a fair comparison of incidence rates among studies.19 
It is important to settle a uniform definition for PCME, as well as a separate definition for 
clinically significant PCME. 
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The ESCRS PREMED study applied a very sensitive OCT-based definition to detect CME. 
CME was defined as an increase in central subfield macular thickness (CSMT) of at least 
10% with cystic changes identified on OCT. CSME was defined as CME with less than 
0.2 logMAR improvement in corrected distance visual acuity (CDVA), as compared to 
the preoperative baseline. The PREMED study definition of CSME assumes that modern 
phacoemulsification cataract surgery leads to at least two lines CDVA improvement, which 
might not be the case in patients requiring cataract surgery because of glare or decreased 
contrast sensitivity.

The optimal definition of PCME remains to be identified. In the first place, this definition 
should include the presence of cystoid changes in the central 1 mm area of the macula, as 
defined on OCT.20 Strict criteria should be included in such a definition to avoid subjective 
interpretation of OCT images. It is unnecessary to include thickness-based measures, as 
the presence of cystoid changes will always cause a certain increase in central retinal 
thickness and/or total macular volume (TMV). By excluding these thickness-based mea-
sures, the definition will be applicable to various types of OCT devices, using different 
built-in software methods to measure retinal thickness and TMV. Secondly, the definition 
of PCME should include a description of the preoperative condition of the macula, in order 
to distinguish PCME from other causes of CME. 

The optimal definition of clinically significant PCME should also include a certain amount of 
visual impairment, such as a decrease in CDVA. Generally, PCME does not develop during 
the immediate postoperative period. Therefore, the definition of clinically significant PCME 
should include a decrease in CDVA from a one week postoperative baseline value.19

Prevention of cystoid macular edema in regular cases
Anti-inflammatory treatments have long been used to prevent the occurrence of CME 
after cataract surgery, although the optimal anti-inflammatory strategy remained 
unknown due to a lack of high quality evidence.21, 22 As a result, standard practice varied 
between organizations and countries, and remarkable contrasts could be seen between 
clinical recommendations of leading authorities.5, 6 We performed a systematic review 
and meta-analysis to investigate this important clinical question, and found that topical 
non-steroidal anti-inflammatory drugs (NSAIDs), either in addition to, or instead of, topical 
corticosteroids can effectively reduce the odds of developing CME after cataract surgery. 
Our findings are in line with the results of two recent Cochrane reviews.23, 24 Therefore, we 
feel that topical NSAIDs should be included in the standard of care after regular cataract 
surgery. 
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However, at that point the added value of local corticosteroids remained controversial. 
Only a few studies directly compared the efficacy of topical NSAIDs versus combination 
treatment with a topical NSAID and corticosteroid. Based on the results of our meta-anal-
ysis, it remained unclear whether the use of corticosteroid eye drops could be avoided. 
The ESCRS PREMED study is a randomized controlled European multicenter study, directly 
comparing the efficacy of a topical NSAID versus combination treatment. The study found 
no statistically significant, nor clinically relevant differences in mean macular thickness or 
TMV at six weeks postoperatively, between patients treated with a combination of brom-
fenac 0.09% and dexamethasone 0.1% eye drops, versus patients treated with bromfenac 
only. Nevertheless, the ESCRS PREMED study group recommends combination treatment 
with bromfenac and dexamethasone after regular uncomplicated cataract surgery, as the 
odds of developing CSME are significantly higher in patients treated with topical bromfenac 
only (odds ratio, OR 2.6), when compared to patients in the combination treatment group.

Which non-steroidal anti-inflammatory drug is best?
The results of ESCRS PREMED study report 1 showed that a combination of NSAID and cor-
ticosteroid eye drops effectively reduces the risk of developing CME after cataract surgery. 
However, there is currently no high-quality evidence to prefer bromfenac 0.09% over other 
NSAID preparations. Various topical NSAID preparations are available, of which nepafenac 
and bromfenac are approved by the European Medicine Agency (EMA) for prevention of 
inflammation and/or CME after cataract surgery.25, 26 Other NSAIDs are approved to reduce 
pain associated with corneal refractive surgery, inhibition of intraoperative miosis, and for 
treatment of seasonal allergic conjunctivitis.27 The results of previous studies and a recent 
network analysis could not provide solid evidence to prefer a specific NSAID preparation 
over others.28-37 

At this point, the optimal topical NSAID should be chosen based on patient satisfaction, 
simplicity of drug administration, frequency of drug administration, and ocular comfort. 
Patient compliance is an important factor which should not be underestimated. Previ-
ous studies showed that a higher frequency of eye drop administration correlates with 
noncompliance in glaucoma patients. The odds of being noncompliant were significantly 
higher (OR 2.5) if eye drops had to be used more than twice daily, as compared to once-
daily administration.38 However, the results on compliance in glaucoma patients may not 
be valid for extrapolation to patients undergoing cataract surgery. It should be noted that 
glaucoma treatment involves life-long administration of eye drops, as compared to two 
to four weeks treatment in prevention of CME after cataract surgery. Once-daily NSAID 
preparations have shown to be effective in prevention of CME after cataract surgery.3, 27, 

39 Unfortunately, there are no adherence studies investigating patient compliance with 
respect to topical anti-inflammatory treatment after cataract surgery. 
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Finally, costs involved with NSAID treatment vary greatly among various preparations, 
affecting the cost-effectiveness of this preventative treatment. Once-daily NSAID prepara-
tions may be more expensive, but less-frequent dosing improves patient adherence, which 
may improve the efficacy in preventing CME and inflammation after cataract surgery.27 

Prevention of cystoid macular edema in diabetics
Diabetic eye disease is becoming an increasing problem, due to an increasing incidence 
and longer life expectancy of patients with DM.40 The incidence of DM increases, as a result 
of changing lifestyles causing reduced physical activity and increased incidence of obesity. 
The annual increase in the number of patients with DM is estimated at 2.2%. In patients 
over 60 years old, the incidence of DM will likely double between 2010 and 2030.41 Patients 
with DM have an increased risk of developing cataract at an early age.42 Moreover, DM is 
a widely accepted and well-known risk factor for developing CME after cataract surgery. 
Previous studies have shown that a combination of topical corticosteroids and NSAIDs 
effectively reduces the risk of developing CME after cataract surgery, as compared to single 
drug treatment, in diabetics with diabetic retinopathy (DR).37, 40, 43-47

Additional perioperative interventions may be needed to adequately reduce the odds of 
developing CME in these high-risk cases. ESCRS PREMED study report 2 has shown that a 
subconjunctival injection with 40 mg triamcinolone acetonide (TA) can effectively prevent 
the occurrence of CME in patients with DM. However, it is not recommended to adopt 
this treatment to all diabetics undergoing cataract surgery. The incidence of an increased 
intraocular pressure (IOP ≥ 25 mmHg) after a single subconjunctival injection with 40 mg 
TA was 7.1%, whereas the overall incidence of CME did not exceed above 4.5%. Increased 
IOP is a common complication of local corticosteroid administration, but prevalence may 
vary between various routes of administration.48-51 Other routes of corticosteroid admin-
istration may also prevent the occurrence of CME, involving a lower incidence of IOP 
increase. Previous studies have investigated the use of high frequency prednisolone eye 
drops, oral prednisolone, intravitreal TA, and subtenon TA.52-56 The risk-benefit ratio of 
various dosages and routes of corticosteroid administration should be further explored, 
considering the efficacy and safety of topical, subconjunctival, subtenon and intravitreal 
corticosteroid administration. 

At this point, a personalized risk assessment should be made for each individual patient, 
carefully weighing the risk of developing visual impairment due to CME, against the risk of 
developing an increased IOP and the probability of developing subsequent glaucomatous 
visual field loss. This personalized risk assessment should also take stock of certain DM 
characteristics known to increase the risk of developing CME after cataract surgery, such as 
the duration of DM, insulin dependence, and a history of diabetic macular edema (DME).4, 
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57 Furthermore, it has been shown that the odds of developing CME after cataract surgery 
correlate with the severity of preoperative DR.4 Eighty-five percent of patients included 
in the ESCRS PREMED study had no signs of DR. Consequently, the results of this study 
may not be valid for extrapolation to patients with mild to severe DR. Future RCTs should 
explore the efficacy of subconjunctival corticosteroid injections to prevent CME after cat-
aract surgery in patients with preoperative DME or DR.

Prevention of cystoid macular edema in other high-risk patients
Prevention of CME after cataract surgery should ideally begin with a personalized preoper-
ative risk assessment for each individual patient.58 Previous studies have shown that many 
patient characteristics may influence the risk of developing CME after cataract surgery. 
These risk factors include previous development of CME after cataract surgery in the fellow 
eye, as well as a clinical history of DM, previous retinal vein occlusion (RVO), macular hole, 
epiretinal membrane (ERM) or uveitis.3, 4, 59, 60 The optimal strategy before, during and after 
cataract surgery should be tailored to the needs of the individual patient. Although the 
ESCRS PREMED study investigated the optimal prevention in patients with and without 
DM, this study did not investigate patients with other risk factors for developing CME after 
cataract surgery. The results of the ESCRS PREMED study cannot be extrapolated directly 
to other high-risk patients, which is why further research is needed. Some research has 
been done to identify the optimal treatment in patients with ERM or uveitis. Oral prednis-
olone could not reduce the risk of developing CME after cataract surgery in patients with 
an ERM.52 Intravitreal TA prevented the development of CME in 19 eyes of uveitic patients 
undergoing cataract surgery.61 One retrospective study reports beneficial results of using 
intravenous 250-500 mg methylprednisolone during cataract surgery in uveitic patients. 
Uveitic patients with a history of CME were more likely to develop CME after cataract 
surgery, although this association was not seen in patients who received intravenous 
methylprednisolone or oral prednisolone.62 Given the results of these small studies, there 
remains a need for RCTs to investigate the optimal prevention of CME in high-risk patients 
without DM.

Dropless cataract surgery
Eye drops are generally used in ophthalmology because of their presumed ease of admin-
istration and low costs.63 However, previous studies have shown that non-compliance 
with eye drops is much higher than the average ophthalmologist may suspect. Studies 
investigating the compliance in glaucoma patients report self-reported non-adherence 
in 39.2% of patients, as opposed to an ophthalmologist-noticed non-compliance in only 
2.1% of patients.38 Even patients who are reminded about taking their eye drops, often 
fail to achieve the prescribed eye drop regimen. Suboptimal treatment with anti-inflam-
matory eye drops is also caused by incorrect instillation, particularly in the elderly cataract 



204 | Chapter 7

surgery population.63, 64 Homecare services are frequently involved to correctly instill the 
prescribed eye drops, which significantly increases the costs of postoperative care. In the 
subset of patients who adequately instill the prescribed eye drops, less than 3-5% of the 
instilled drug quantity reaches the aqueous humor.63, 65 Aqueous drug concentrations 
vary widely after topical drug administration.66 A high drug concentration in the tear film is 
required to achieve adequate intraocular concentrations, which often leads to ocular side 
effects.63 These findings are only some of the many reasons why ophthalmologists have 
investigated the possibility of dropless cataract surgery. Dropless drug administration can 
be achieved using a variety of application methods, such as subconjunctival, subtenon, 
intracameral and intravitreous injections. Recently, research has been done on ocular 
insert devices and drug-delivering intraocular lenses.67 

Dropless corticosteroid treatment
Periocular corticosteroid injections are frequently used to prevent and treat ocular inflam-
matory conditions. ESCRS PREMED study report 2 shows that a single subconjunctival 
injection of 40 mg TA effectively prevents the occurrence of CME after cataract surgery. 
However, subconjunctival injection of other corticosteroids, such as 5.7 mg/ml betametha-
sone, are also considered an effective alternative to corticosteroid eye drops.11 Periocular 
corticosteroid administration can also be performed through subtenon injection. A sub-
tenon injection of 20-30 mg TA has been used to effectively prevent CME after cataract 
surgery.68, 69 Anterior subtenon injections are preferred for prevention and treatment of 
inflammatory conditions in the anterior segment of the eye, since aqueous TA concentra-
tion are significantly higher after anterior subtenon injection, when compared to posterior 
subtenon TA injection.56 Although CME after cataract surgery can be classified as a disease 
of the posterior segment of the eye, the underlying inflammatory response starts in the 
anterior segment during cataract surgery.70 

Secondly, corticosteroids can be delivered to the anterior and posterior segment of the 
eye by intraocular injection. Intracameral injections of an antibiotic drug are frequently 
used at the end of cataract surgery, but only few studies have investigated the efficacy 
of intracameral corticosteroids.71 A recent study reports that an intracameral suspension 
containing 342-517 µg dexamethasone can effectively reduce inflammation after cata-
ract surgery.72 An intracameral injection with 1 mg TA has also shown to be an effective 
alternative to corticosteroid eye drops in reducing inflammation after cataract surgery.73 
However, a minimal dosage of 1.8 mg TA is needed to prevent the occurrence of CME after 
cataract surgery.74 Intravitreal corticosteroid injections are frequently used in treatment 
of retinal diseases, including PCME and DME.75, 76 A small study showed that an intravitreal 
injection with 2 mg TA significantly reduces the incidence of CME after cataract surgery in 
diabetics with DR.54 Finally, corticosteroids can be delivered to the posterior segment by 
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transzonular injection.77 One retrospective study reports visually significant CME in 2% of 
patients after cataract surgery with a transzonular injection of 3 mg TA.78

As reported previously, an increased IOP is the most well-known complication after oph-
thalmic corticosteroid treatment. The reported incidence varies according to the type 
of corticosteroid, its dosage and its route of administration.77 The risk of developing an 
increased IOP correlates with the aqueous corticosteroid concentration.56 Unfortunately, 
previous studies provide inconclusive results regarding the incidence of a corticosteroid-in-
duced increased IOP. Some studies report that low dosage of intracameral TA (1-3 mg) 
can be used safely without a significant increase in IOP.73, 74 Similar dosage of intravitreal 
TA caused an increased IOP in 0.9-62% of patients.54, 75, 76, 78 The reported incidences after 
intravitreal TA injection clearly illustrate the inconsistent results of previous studies. Higher 
dosages of corticosteroids are often used for periocular injection.69 Whereas an anterior 
subtenon injection is easier to administrate, an increased IOP is less common after posterior 
subtenon injection of a corticosteroid.48, 56 The ESCRS PREMED study reports an IOP of ≥ 
25 mmHg in 7.1% of patients within twelve weeks after a single subconjunctival injection of 
40 mg TA. Furthermore, 17.9% of patients developed an IOP increase of ≥ 5 mmHg within 
twelve weeks after subconjunctival TA injection. Whereas the ESCRS PREMED study did not 
investigate IOP after twelve weeks postoperatively, patients should be followed on a regular 
basis for approximately one year after a single injection, as subconjunctival TA may remain 
present until 13 months after injection.79 Previous case reports show that an increased IOP 
normalizes within one week after removal of the TA depot.79, 80

Dropless non-steroidal anti-inflammatory treatment
NSAID eye drops are generally used in ophthalmology, but less is known about the safety 
and efficacy of NSAIDs after periocular or intraocular injection. Subconjunctival injection 
of an NSAID has not been investigated in human eyes, although animal studies report 
high aqueous and vitreous concentrations after a single anterior subconjunctival injection 
of 15 mg ketorolac.81 Instead, recent studies focused on the efficacy of intracameral and 
intravitreal NSAID treatment.

The EMA recently authorized the use of Omidria, a combination drug containing phenyl-
ephrine and ketorolac, to be added to the balanced salt solution as part of the standard 
irrigation solution during cataract surgery. After dilution of 4 ml Omidria in 500 ml of irri-
gation solution, the solution contains 0.023 mg/ml ketorolac.82 Moreover, Omidria can be 
delivered to the anterior segment of the eye by intracameral injection at the beginning of 
cataract surgery.83 Omidria is known to prevent perioperative miosis and to reduce pain 
after cataract surgery.67, 82-85 Its efficacy with respect to the prevention of postoperative 
inflammation and CME remains to be investigated. 
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An intravitreal injection of ketorolac has been investigated in treatment of CME after 
cataract surgery, but not for its prevention. Two case reports describe the efficacy of an 
intravitreal injection of 0.5 mg ketorolac in four patients with chronic CME after cataract 
surgery. One report showed no improvement in CDVA or central foveal thickness after a 
single intravitreal injection.86 A second study reports a decreased macular thickness and 
improved CDVA after four consecutive intravitreal injection of 0.5 mg ketorolac.87 Other 
studies investigated the efficacy of an intravitreal injection with 3-4 mg ketorolac in patients 
with CME due to diabetes or uveitis. 88, 89

Small studies have investigated the efficacy of a single intravitreal injection of 0.5 mg 
diclofenac in patients with CME.90-94 The first pilot-study investigated the efficacy of intra-
vitreal 0.5 mg diclofenac in ten patients with CME due to various underlying diseases, 
including one patient with PCME. CDVA improved in 70% of patients at eight weeks after 
a single intravitreal injection. Macular thickness decreased in 70% of patients, although 
the CSMT decrease was only minimal in some of them (range 4-96 µm).91 Others report 
a decreased CSMT after a single intravitreal injection of 0.5 mg diclofenac patients with 
uveitic CME.92 The efficacy of an intravitreal injection of 0.5 mg diclofenac was comparable 
to an intravitreal injection of 4 mg TA or 1.25 mg bevacizumab in patients with DME.93, 94 
The safety profile of intraocular NSAIDs remains to be investigated. Animal studies report 
that intravitreal doses up to 3 mg ketorolac or 0.3 mg diclofenac are well tolerated in the 
retina. The authors suggest that doses as high as 4 mg ketorolac and 0.4 mg diclofenac can 
be considered nontoxic in adult human eyes.95 Pilot-studies report no prominent change 
with respect to electroretinography studies in human eyes within two to three months 
after intravitreal injection of 0.5 mg diclofenac or 0.5-4 mg ketorolac.86, 89, 91 However, long 
term monitoring is needed to detect possible delayed drug toxicity.95 

It remains debatable whether a single intravitreal NSAID injection is suitable for prevention 
of postoperative inflammation and CME, considering the half-life of two to three hours 
after intravitreal injection of diclofenac, flurbiprofen and ketorolac.96-98 Given the short 
half-life of intravitreal NSAIDs, authors recommend frequent injections at short intervals 
(hours-days) to achieve lasting therapeutic levels.96 The safety of repeated intravitreal 
NSAID treatment remains to be investigated. Moreover, repeated intravitreal injections 
increase the risk of endophthalmitis, a dreaded complication that is reported in 4-5 per 
10,000 injections.99 Therefore, some animal research has been done to improve the phar-
macokinetics of intravitreal NSAID preparations by using other dosage forms, such as a 
drug suspension.97 
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Duration of postoperative follow-up 
It is essential to monitor cataract surgery patients during the immediate postoperative 
period, as timely diagnosis and adequate treatment of PCME prevent anatomic alter-
ations and sustained visual impairment.100 A postoperative follow-up period of six weeks 
is suggested, given the fact that most cases of PCME develop within four to six weeks 
postoperatively.19 This thesis investigated the optimal prevention of CME within three 
months after uncomplicated cataract surgery. Little research has been done to determine 
the incidence of PCME developing more than three months postoperatively.5 Recent stud-
ies have indicated that the incidence of CME peaks at three to six months after cataract 
surgery in diabetics.101 These findings suggest a longer postoperative follow-up period in 
patients with an increased risk of developing CME.

Diabetic patients receiving a subconjunctival injection with TA, as reported in ESCRS 
PREMED study report 2, should be followed for at least one year postoperatively. Whereas 
the PREMED study reports an increased IOP in 7.1% of patients within twelve weeks 
postoperatively, IOP may rise at a later stage. Active TA depots, leading to a corticoste-
roid-induced increased IOP, have been found at three to thirteen months after a single 
subconjunctival injection.79

Differentiation of cystoid macular edema in diabetics
CME is a hallmark of various retinal diseases and may be caused by an inflammatory 
response, altered vasopermeability, or mechanically by vitreomacular traction.20 In diabet-
ics, CME after cataract surgery may be caused by a postoperative inflammatory response 
and/or pre-existing vascular changes. It can be classified as PCME, worsening of DME, 
or a combination of both.57 PCME results from a postoperative inflammatory response. 
Even diabetics without DR have an increased risk of developing PCME, due to an impaired 
blood-retinal barrier, causing increased leakage of fluid into the retina.4, 57 By contrast, DME 
develops from chronic hyperglycemia, causing impaired blood flow, hypoxia, endothelial 
cell loss and pericyte loss.17, 20, 37 Exacerbation of DME may be caused by postoperative 
inflammation after cataract surgery. 

ESCRS PREMED study report 2 did not differentiate DME from PCME in patients with 
diabetes. However, if CME after cataract surgery evolves into chronic CME, it is crucial to 
define its etiology, as treatment strategies must be adjusted to the pathogenesis of the 
edema.37, 57 PCME is best treated with anti-inflammatory agents, such as corticosteroids 
and NSAIDs, whereas optimal treatment of DME involves intravitreal injections with anti-
VEGF or corticosteroids.57



208 | Chapter 7

Although hard exudates and microaneurysms can be observed in patients with DR, oph-
thalmologists are unable to differentiate PCME from DME based on the fundoscopic 
appearance alone, especially in diabetics who recently underwent cataract surgery.17 His-
torically, FA was used to differentiate DME from PCME, since PCME is characterized by disc 
edema on FA. In recent years, OCT has become the preferred method to detect CME and 
to differentiate PCME from DME. Diffuse retinal thickening, without retinal nerve fiber layer 
thickening, is typically seen in case of DME. Scattered, well demarcated cystoid changes 
are confined to the outer nuclear layer, usually occurring, but not limited to the parafoveal 
and perifoveal regions. A normal foveal depression is preserved in 64% of DME cases. 
Hard exudates, microaneurysms and microfoci (lipoprotein-rich deposits or lipid-laden 
macrophages) can be identified in most cases of DME. PCME is characterized by central 
and symmetric macular edema, typically located in the central 1 mm area of the macula. 
Central cystoid changes are confined to the inner nuclear layer and subretinal fluid is often 
seen.17, 20 Based on these characteristics, retina specialists are able to differentiate DME 
from PCME and mixed cases in 95% of patients; and comparable results were seen using 
automated differentiation.17 Recently, a small retrospective study evaluated the retinal 
vascular density of patients with PCME using OCT-angiography.102 However, it remains 
unclear whether OCT-angiography can improve clinical decision-making in patients with 
CME after cataract surgery. 

Treatment of pseudophakic cystoid macular edema
Although many recent studies have tried to identify the optimal strategy to prevent PCME, 
there remains a lack of evidence with regard to its treatment. Whereas acute PCME resolves 
spontaneously in the majority of patients, chronic CME may cause anatomic alterations 
and sustained visual impairment. Previous research showed that adequate treatment of 
CME will only lead to visual acuity improvement as long as septas of healthy tissue persist 
between the cystic spaces and if the photoreceptor inner segment/outer segment (IS/
OS) layer remains intact.103 It is widely accepted that final visual acuity decreases if CME 
exists for a longer period of time, but it remains unknown what the optimal timing for 
initiation of treatment is. Although it has been stated that CME resolves spontaneously 
in 80% of cases, these results are based on only one study investigating the incidence of 
CME after extracapsular cataract extraction in 1988.104 Future studies should investigate 
the optimal timing for treatment initiation, considering the natural course of PCME after 
modern phacoemulsification cataract surgery.

Due to its low incidence and the fact that CME resolves spontaneously in the majority 
of cases, large multicenter studies with sufficient statistical power are needed to com-
pare the efficacy of various treatments. Unfortunately, only small studies have addressed 
this important clinical question. The results of our systematic review showed that topical 
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NSAIDs, either instead of, or in addition to topical corticosteroids improve CDVA in patients 
with CME after cataract surgery. Moreover, the time to resolution of CME was shorter in 
patients treated with a topical corticosteroid and NSAID, as compared to patients treated 
with a corticosteroid only. Although CME may recur after cessation of treatment, visual 
acuity recovered in most patients after retreatment with NSAID eye drops. Small stud-
ies have shown promising results with respect to intravitreal dexamethasone implants, 
intravitreal NSAIDs and oral acetazolamide, but further research is needed to confirm the 
results.16, 86, 87, 91, 105, 106
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A

Summary

Cataract surgery is an effective intervention to restore visual function in many patients 
with cataract. Recent improvements in cataract surgery techniques have significantly con-
tributed to optimization of postoperative visual rehabilitation. However, pseudophakic 
cystoid macular edema (PCME) still delays visual recovery in 1-4% of patients after regular 
uncomplicated surgery. As clarified in chapter 2, optimal prevention of PCME starts with a 
preoperative personalized risk assessment. The risk of developing cystoid macular edema 
(CME) after cataract surgery is influenced by many patient characteristics, notably diabetes 
mellitus (DM), which remains the most well-known. Other risk factors include previous 
retinal vein occlusion, epiretinal membrane, macular hole and uveitis.

Shortly after its first clinical description, ophthalmologists investigated the efficacy of 
anti-inflammatory agents to prevent the occurrence of PCME. Although topical anti-inflam-
matory drugs have been used for many years, remarkable differences are seen between 
clinical guidelines of leading authorities. Chapter 3 aims to identify the optimal strategy 
to prevent the occurrence of CME within three months after uncomplicated cataract sur-
gery in patients with and without DM. The results of a structured meta-analysis proved 
that combination treatment with a topical non-steroidal anti-inflammatory drug (NSAID) 
and a corticosteroid significantly reduce the odds of developing CME after cataract sur-
gery, as compared to topical corticosteroids alone. Single drug treatment with a NSAID 
also reduced the odds of developing CME, as compared to single drug treatment with a 
corticosteroid. 

From the results of this systematic review, it remained unclear whether the use of cor-
ticosteroid eye drops could be omitted. Chapter 4 investigates this important clinical 
question. The PREvention of Macular EDema after cataract surgery (PREMED) study directly 
compared the efficacy of a topical NSAID, topical corticosteroid and the combination of 
both in 914 non-diabetic patients. Patients were randomized to receive topical bromfenac 
0.09% twice daily for two weeks postoperatively, topical dexamethasone 0.1% four times 
daily for one week and one drop less per day every following week, or a combination of 
both. Anti-inflammatory treatment started two days before cataract surgery. The odds 
of developing clinically significant macular edema (CSME) were higher in patients treated 
with bromfenac eye drops (odds ratio 2.6) or dexamethasone eye drops (odds ratio 3.7), 
as compared to patients treated with a combination of both.

DM is a well-known risk factor for developing CME after cataract surgery. Chapter 5 
describes the efficacy of additional perioperative treatments to decrease the incidence 
of CME in diabetics undergoing regular cataract surgery. A total of 213 diabetic patients 
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received bromfenac 0.09% and dexamethasone 0.1% eye drops, and were randomly allo-
cated to receive no additional treatment, a single subconjunctival injection with 40 mg 
triamcinolone acetonide (TA), a single intravitreal injection with 1.25 mg bevacizumab, 
or a combination of both. Subconjunctival TA prevented the occurrence of CME in all 
patients, while intravitreal bevacizumab had no significant effect on the incidence of CME 
or CSME. Nevertheless, the results of this study do not support subconjunctival injection 
of TA in all diabetic patients undergoing cataract surgery, given the low overall incidence 
of postoperative CME in this population of diabetics with a low prevalence of diabetic 
retinopathy, versus the higher incidence of increased intraocular pressure after subcon-
junctival TA injection.

Although acute PCME resolves spontaneously in the majority of cases, chronic CME may 
cause anatomic alterations and sustained visual impairment. This is the main reason 
for immediate attention and appropriate treatment in patients with CME after cataract 
surgery. Unfortunately, few studies have addressed this important research question. As 
detailed in chapter 6, topical NSAIDs have shown to improve visual acuity in patients with 
CME after cataract surgery, when compared to placebo. Small studies comparing the effi-
cacy of topical NSAIDs versus topical corticosteroids, oral NSAIDs and oral acetazolamide, 
could not identify any statistically significant differences between treatment groups. Large 
randomized controlled trials are needed to provide evidence-based recommendations 
regarding the optimal treatment for PCME.
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A

Samenvatting

Wereldwijd is cataract is één van de meest voorkomende oorzaken van blindheid en 
slechtziendheid. Cataractchirurgie is een van de meest uitgevoerde operatieve ingrepen. 
Moderne chirurgische technieken hebben het aantal complicaties na cataractchirurgie 
weten terug te dringen en het postoperatieve herstel bespoedigd. Tocht wordt het visuele 
herstel bij 1-4% van de patiënten vertraagd door het ontstaan van pseudofaak cystoïde 
maculaoedeem (PCMO). Hoofdstuk 2 beschrijft de wijze waarop het risico op PCMO kan 
worden beïnvloed. Patiënten met diabetes mellitus (DM) of status na eerdere retinale 
veneuze occlusie, een epiretinaal membraan, maculagat of uveitis hebben een verhoogd 
risico op het ontstaan van cystoïde maculaoedeem (CMO) na cataractchirurgie. Een ge- 
personaliseerde preoperatieve risicoschatting is daarom van essentieel belang.

Ontstekingsremmende oogdruppels, zoals corticosteroïden en niet-steroïde anti-inflam-
matoire geneesmiddelen (NSAID’s), worden al jaren gebruikt ter preventie van PCMO. 
Wegens een gebrek aan wetenschappelijke onderbouwing, ontstonden grote verschillen 
tussen de adviezen en richtlijnen van oogheelkundige instanties. Het systematische review 
uit hoofdstuk 3 bundelt de resultaten van eerdere studies. Daaruit wordt geconcludeerd 
dat een combinatie van NSAID en corticosteroïd oogdruppels de kans op het ontstaan van 
CMO na cataractchirurgie vermindert, in vergelijking met behandeling met enkel cortico- 
steroïd oogdruppels. Bovendien bleken NSAID’s effectiever dan corticosteroïden.

Op basis van eerdere studieresultaten bleef echter onduidelijk of een combinatie van 
NSAID en corticosteroïd oogdruppels effectiever is dan monotherapie met enkel NSAID 
oogdruppels. De ‘PREvention of cystoid Macular EDema after cataract surgery’ (PREMED) 
studie (hoofdstuk 4) vergeleek de effectiviteit van een topicale NSAID, een topicale 
corticosteroïd en een combinatie van beide. In totaal werden 914 niet-diabeten ge- 
randomiseerd over drie behandelgroepen. Patiënten werden behandeld met bromfenac 
0,09% oogdruppels tweemaal daags gedurende twee weken postoperatief, dexametha-
son 0,1% oogdruppels viermaal daags gedurende één week postoperatief en vervolgens 
iedere week één druppel per dag minder, of een combinatie van beide druppels. In alle 
gevallen startte de behandeling twee dagen preoperatief. De resultaten van de PREMED 
studie toonden aan dat de kans op het ontwikkelen van klinisch significant CMO hoger 
was bij patiënten die werden behandeld met topicaal bromfenac (odds ratio 2,6) of dexa- 
methason (odds ratio 3,7), ten opzichte van patiënten die werden behandeld met een 
combinatie van beide.
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DM is één van de belangrijkste risicofactoren voor het ontwikkelen van CMO na cata-
ractchirurgie. De PREMED studie onderzocht de effectiviteit van additionele perioperatieve 
behandelingen, als aanvulling op bromfenac en dexamethason oogdruppels, ter preven-
tie van CMO bij 213 diabeten. Patiënten werden behandeld met een subconjunctivale 
injectie met 40 mg triamcinolon acetonide (TA), een intravitreale injectie met 1,25 mg 
bevacizumab, of een combinatie van beide. Daarnaast werd een kwart van de patiënten 
gerandomiseerd voor de controlegroep. Zoals beschreven in hoofdstuk 5, voorkwam een 
subconjunctivale injectie met TA het ontstaan van CMO bij alle patiënten. Bevacizumab 
had daarentegen geen effect op de incidentie van CMO na cataractchirurgie. Alhoewel 
een subconjunctivale injectie met 40 mg TA een effectieve behandeling bleek ter preventie 
van CMO, wordt deze behandeling niet geadviseerd als standaardmedicatie bij alle dia-
beten die een cataractoperatie ondergaan. Voor iedere patiënt dienen de voordelen van 
subconjunctivaal TA te worden afgewogen tegen de nadelen van deze behandeling, met 
name het risico op een verhoogde oogdruk.

Alhoewel PCMO in de meeste gevallen na enige tijd is geresorbeerd, kan chronisch CMO 
leiden tot blijvend visusverlies. Daarom dient CMO na cataractchirurgie tijdig opgespoord 
te worden en verdient het snelle en adequate behandeling. Hoofdstuk 6 geeft een 
overzicht van de huidige behandelingsmogelijkheden. NSAID oogdruppels geven een aan-
toonbare visusverbetering bij patiënten met CMO na cataractchirurgie. Andere studies 
vergeleken de effectiviteit van NSAID oogdruppels met het effect van corticosteroïd oog-
druppels, maar de onderzoeksgroepen waren te klein om significante verschillen tussen 
de behandelingen aan te tonen. Daarnaast werd het effect van orale NSAID’s en oraal 
acetazolamide onderzocht, maar helaas hadden al deze studies onvoldoende grote onder-
zoekspopulaties om klinisch relevante effecten op te sporen. 
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A

Valorization

Valorization is the application of academic knowledge to create societal, economic or com-
mercial value

Cataract, a cloudiness of the natural intraocular lens, is the leading cause of prevent-
able and treatable blindness.1 The prevalence of age-related cataract will keep rising, 
as the number of people aged 60 years and older will increase.2 Surgical intervention is 
the only available treatment for cataract. Each day, approximately 573 patients undergo 
cataract surgery in the Netherlands (working days only). Dutch hospitals account for 148 
905 cataract surgeries a year, which corresponds to 872 cataract surgeries per 100 000 
population.3, 4 These numbers are even higher in some other countries, such as Austria, 
Denmark, Germany, Portugal and Sweden.5 Although reported success rates of modern 
cataract surgery are above 92%, surgical techniques and perioperative care continue to 
evolve and improve, in order to prevent the occurrence of complications and to optimize 
visual recovery.6 Pseudophakic cystoid macular edema (PCME), is one of the most import-
ant complications after regular cataract surgery.7, 8 PCME may cause suboptimal visual 
acuity and contrast sensitivity during the immediate postoperative period, and may have 
a significant impact on daily routines, postoperative visual rehabilitation and quality of life.9 

From a scientific perspective
PCME results from a postoperative inflammatory response.10 Although corticosteroids 
and non-steroidal anti-inflammatory drugs (NSAIDs) have been used for almost fifty years 
to prevent the occurrence of PCME, there remained a lack of high quality evidence with 
regard to their efficacy. As a result, remarkable contrasts can be seen between the clinical 
recommendations of leading authorities.6, 11-13 The PREvention of Macular EDema after 
cataract surgery (PREMED) study, funded by the European Society of Cataract and Refrac-
tive Surgeons (ESCRS), is currently the largest multicenter study directly comparing the 
efficacy of a corticosteroid eye drop, NSAID eye drop and the combination of both. The 
incidence of clinically significant macular edema (CSME) was 5.1% in patients treated with 
dexamethasone eye drops, 3.6% in patients treated with bromfenac eye drops and 1.5% 
in patients treated with a combination of both drugs. 

Previous studies have shown that patients with diabetes mellitus have an increased risk of 
developing cystoid macular edema (CME) after cataract surgery, especially if they are also 
diagnosed with diabetic retinopathy.7 ESCRS PREMED study report 2 shows that a single 
subconjunctival injection with 40 mg triamcinolone acetonide (TA) can effectively prevent 
the occurrence of CME after cataract surgery in these high-risk patients.
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From a patient perspective
Cataract surgery has evolved into one of the most frequently performed surgical pro-
cedures in the world and can significantly improve quality of life in patients with mild to 
severe visual impairment.14 The high success rate of modern phacoemulsification tech-
niques raises high expectations for postoperative visual recovery, based on the patient’s 
previous experiences with family, friends or neighbors. Optimal prevention of postopera-
tive complications is of utmost importance, especially in a demanding population such as 
the modern Western society. The ESCRS PREMED study found that the odds of developing 
CSME are 2.6-3.7 times higher if a patient uses only bromfenac or dexamethasone eye 
drops, as compared to patients using a combination of both. Patients using a combination 
of NSAID and corticosteroid eye drops will benefit from optimization of postoperative care 
with a faster visual rehabilitation.

Another point of interest from a patient perspective is the ease of drug administra-
tion. Combination treatment with a corticosteroid and NSAID, as recommended from 
the ESCRS PREMED study, involves frequent eye drop administration. While once-daily 
NSAID preparations can be used to prevent PCME, most corticosteroids require three to 
four administrations a day.8, 15 Eye drops containing more than one active substance are 
frequently used in ophthalmology, in order to reduce the frequency of eye drop admin-
istration. Although fixed combinations of a corticosteroid and antibiotic have been used 
for many years, there are currently no available preparations containing a corticosteroid 
and NSAID. Further research is needed to investigate whether it is feasible to produce 
such fixed preparations with comparable drug efficacy, since intraocular bioavailability 
might be reduced in fixed preparations.16 If pharmaceutical companies are able to pro-
duce a new eye drop containing a fixed corticosteroid and NSAID combination, preferably 
with a once- or twice-daily administration scheme, this eye drop will have a large target 
audience. Fixed combinations of a corticosteroid and NSAID will reduce the frequency of 
eye drop administration after cataract surgery, improve patient compliance and reduce 
corneal exposure to preservatives.17 Furthermore, less frequent drug dosing will reduce 
the burden for home care services, who are frequently involved in postoperative care. 

From a health care perspective
In recent years, cataract surgery has evolved into one of the most cost-effective of all 
health care interventions. According to recent studies, the costs of postoperative anti-in-
flammatory eye drops are likely to be minimal compared to the overall cost savings 
resulting from fewer cases of PCME.9, 14 Previous research has shown that annual health 
care claims are 15% higher in patients who developed CME after cataract surgery between 
1997-2001, as compared to patients who did not. When considering ophthalmic care only, 
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total claims were 41% higher in patients who developed CME.9 An update found that the 
relative and absolute costs of CME after cataract surgery were even higher in 2011-2013.14 
According to the results of the ESCRS PREMED study, the incidence of PCME can be further 
decreased if patients are treated with both corticosteroid and NSAID eye drops. A single 
perioperative subconjunctival injection with 40 mg TA could effectively prevent the occur-
rence of CME in high risk-patients with diabetes mellitus. Future research from our group 
will investigate the cost-effectiveness of these prophylactic treatments and their effect on 
vision-related quality of life, within the scope of the ESCRS PREMED study.18

Although corticosteroid eye drops can be used at low costs, the use of NSAID eye drops 
involves widely differing prices among countries. While one bottle of bromfenac costs only 
€7.99 in the Netherlands, prices are more than 10-25 fold higher in other countries.11, 19, 20 
Especially in the United States of America, the high costs of NSAID eye drops are a major 
problem, since average costs for a 30-day supply of bromfenac are €184.04 ($226.89) for 
brand medication and €125.18 ($154.32) for generic medication.20-22 Although NSAID eye 
drops significantly reduce the incidence of CME after cataract surgery, prophylactic NSAID 
treatment may not be cost-effective in countries where prices are very high. Therefore, 
government, health insurance companies and patients will benefit from lower market 
prices of NSAID eye drops.

Although previous studies have indicated that the costs of postoperative anti-inflammatory 
eye drops are minimal compared to the overall cost savings resulting from fewer cases 
of PCME, this is only applicable if patients are able to apply the eye drops themselves. 
If homecare services are involved to administer the eye drops four times daily for one 
week and one drop less per day every following week, the additional costs are approxi-
mately €1700, assuming that a homecare worker needs 20 minutes per administration 
at an hourly rate of €73.23 These additional costs for postoperative care are even higher 
than the costs of the cataract surgery itself, i.e. €1070 according to the Dutch healthcare 
authority (Nederlandse zorgautoriteit).3 This is one of the major reasons why ‘dropless 
cataract surgery’ is an important current research topic in cataract surgery. This thesis 
showed that a subconjunctival injection of 40 mg TA can effectively prevent the occurrence 
of CME after cataract surgery in diabetics who also used bromfenac and dexamethasone 
eye drops. Future studies should investigate whether TA is equally effective in case of 
dropless cataract surgery, in patients with and without diabetes mellitus. Other routes of 
dropless corticosteroid and NSAID treatment are under investigation.24-31
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Recommendations for clinical practice
The most recent Dutch guideline on cataract surgery, dated 2013, states that it is unlikely 
that topical NSAIDs provide a supplementary effect in prevention of inflammation after 
cataract surgery.32 However, based on the results of this thesis, we recommend treating 
all cataract surgery patients with a combination of corticosteroid and NSAID eye drops. 
Anti-inflammatory treatments can be initiated before or after cataract surgery. In 2014, 
approximately 29% of patients in Europe (49% in the Netherlands) received prophylactic 
anti-inflammatory eye drops before cataract surgery.13 These numbers will likely increase, 
now that recent studies have shown a significant effect of preoperative NSAID treatment. 
Topical treatment should start one to three days preoperatively in order to achieve optimal 
prevention of inflammation and PCME.33, 34 

Currently, no specific preparation is preferred over others, based on their efficacy to pre-
vent the occurrence of PCME.35-37 At this point, the optimal treatment should be chosen 
based on patient satisfaction, simplicity of drug administration, ocular comfort, and health 
care costs. Once-daily NSAID preparations are preferred, in order to improve patient 
satisfaction and compliance. In the Netherlands, nepafenac 3 mg/ml is the only NSAID 
eye drop registered for once-daily application. However, recent studies have shown that 
once-daily bromfenac 0.9 mg/ml can also effectively prevent inflammation after cataract 
surgery.38 Although bromfenac is not registered for once-daily application in the Nether-
lands, this could be an interesting alternative to nepafenac, given the lower costs involved 
with bromfenac treatment (see table 1).19

Table 1. Registered treatment regimens and costs in the Netherlands

Frequency of 
administration 
(drops/day)39

Duration of 
postoperative 
treatment (wks)39

Price per 
bottle (3-5 ml)19

Minims19

Corticosteroid 

Dexamethasone 1 mg/ml 4-6 €2.46 €0.36

Fluorometholone 1 mg/ml 2-4 €2.71

Prednisolone 10 mg/ml 2-4 €2.71 €0.82

NSAID

Bromfenac 0.9 mg/ml 2 2 €7.99

Diclofenac 1 mg/ml 3-5 ≤ 4 €5.54 €0.60

Indomethacin 1 mg/ml 4 2-3 €3.39

Ketorolac 5 mg/ml 3 3 €4.10

Nepafenac 3 mg/ml 1 2-3 €18.17

NSAID: non-steroidal anti-inflammatory drug; wks: weeks
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The Dutch national health care institute (Zorginstituut Nederland) does not provide rec-
ommendations regarding the optimal duration of topical corticosteroid treatment.39 In 
patients without diabetes or other risk factors, dexamethasone or prednisolone eye 
drops are generally used for approximately one month postoperatively.40 The frequency 
of topical corticosteroid administration is often reduced with one drop less per day every 
following week. In the Netherlands, the costs of dexamethasone eye drops are slightly 
lower than the costs involved with topical prednisolone treatment.

In conclusion, we recommend using topical nepafenac 3 mg/ml once daily for one to 
three days preoperatively and two weeks postoperatively; in combination with topical 
dexamethasone 1 mg/ml four times daily for one to three days preoperatively, one week 
postoperatively and one drop less per day every following week, in all patients under-
going cataract surgery with no increased risk of developing PCME. A personalized risk 
assessment should be made for all other patients, including patients with a history of 
diabetes mellitus, uveitis, epiretinal membrane or patients who underwent complicated 
cataract surgery. Ongoing research from our group will further explore these risk factors 
and will enable cataract surgeons to perform an adequate pre- and perioperative risk 
assessment.41 Pre- and postoperative treatment should be tailored to the needs of the 
individual patient. As shown in ESCRS PREMED study report 2, a single subconjunctival 
injection of 40 mg TA can effectively prevent the occurrence of CME after cataract surgery 
in diabetics, although this treatment also involves higher incidence rates of postoperative 
complications, such as an increased intraocular pressure. Appropriate strategies may also 
include high frequency topical corticosteroid administration, longer duration of topical 
corticosteroid treatment, or intravitreal corticosteroid or anti-vascular endothelial growth 
factor injections.27, 30, 42

Audience
A key factor in optimizing prevention of CME after cataract surgery is to disseminate the 
results of the ESCRS PREMED study to other cataract surgeons. In the first instance, the 
ESCRS PREMED study results were presented at the annual congress of the ESCRS in 
October 2017. The presentation had the highest ratings on ESCRS On Demand.43 The same 
day, the ESCRS distributed a press release to all members. Afterwards, the results will 
be published in a peer-reviewed journal and other journals without referee system (e.g. 
EuroTimes, Ophthalmology News). Furthermore, the results have been presented at several 
national meetings throughout Europe and elsewhere (e.g. the Netherlands, Belgium, Swit-
zerland, Greece and the USA). Ultimately, it is our goal to include the recommendations of 
the ESCRS PREMED study in our national guidelines, provided by the Dutch ophthalmolog-
ical society (Nederlands oogheelkundig gezelschap, NOG) and international guidelines.32 
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Patients will be informed about the results of the study via an article in the thrice yearly 
magazine of the Maastricht University Medical Center+ Gezond Idee.
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Dankwoord

Dit proefschrift had niet tot stand kunnen komen zonder de hulp van vele mensen. Het is 
onmogelijk om iedereen die heeft bijgedragen aan de ESCRS PREMED studie persoonlijk te 
bedanken. Toch wil ik een aantal  personen benoemen.

Ten eerste natuurlijk prof. Rudy Nuijts en dr. Jan Schouten. De PREMED studie had niet 
kunnen slagen zonder een goede samenwerking tussen jullie beiden. Jullie waren onmis-
baar voor een succesvolle afloop van mijn promotietraject. Prof. Nuijts, bedankt voor de 
contacten die u hebt gelegd en de vele kans die u voor mij hebt gecreëerd. Het is onvoor-
stelbaar hoeveel deuren u voor mij heeft  geopend. Bedankt dat u deze grote Europese 
studie aan mij hebt toevertrouwd. Dr. Schouten, bedankt voor de vele gesprekken over 
de inhoud van het studieprotocol en onze publicaties. Tevens bedankt dat u mij er af en 
toe aan hielp herinneren genoeg tijd vrij te maken voor de (andere) mooie dingen in het 
leven. Ik hoop dat we in de toekomst nog eens mogen samenwerken. Dr. Bjorn Winkens, 
mijn grote hulp bij alle statistische analyses! Ik heb altijd vertrouwen gehad in  jouw ken-
nis en kunde, zeker nadat ik een poging heb gewaagd de inhoud van jouw proefschrift te 
begrijpen. Ik sta nog steeds versteld van het aantal pagina’s SPSS-output die nodig waren 
om een enkele analyse netjes uit te voeren. Dr. Frank van den Biggelaar, hartelijk dank 
voor je hulp bij het opstellen van alle contracten en de financiële zaken die gepaard gaan 
met zo’n grote studie. Zonder jouw kennis en kunde, in samenwerking met het CTCM, 
was ik er nooit uitgekomen.

I want to thank the members of my reading committee, prof. Coen Stehouwer, prof. 
Béatrice Cochener, prof. Carmen Dirksen and prof. Gré Luyten for taking the time to 
read and comment on my work.

Naast mijn promotieteam, zijn een drietal mensen van ontzettend groot belang geweest 
voor het slagen van deze studie. Zonder jullie was ik hier niet gekomen. Rob, bedankt 
voor de vele patiënten die je hebt geïncludeerd voor de PREMED studie. Zonder jou 
waren we nu waarschijnlijk nog bezig geweest. Je bent ooit als semi-arts betrokken ge- 
raakt bij dit onderzoek, maar hebt je inmiddels ontwikkeld tot een zeer gewaardeerde 
collega die op nauwkeurige wijze de kosteneffectiviteit van menig onderzoek uitpluist. 
Mark, ik denk dat jij degene bent die van ons allen de meeste PREMED-patiënten in zijn 
polikamer heeft ontvangen. Af en toe had ik met je te doen als je hele spreekuur weer 
vol stond met eindcontroles voor de PREMED studie. De verkregen gegevens waren al-
tijd super betrouwbaar en compleet, zoals dat bij een gedegen onderzoek hoort te zijn.  
Claudette, toen jij naar Maastricht verhuisde, waren we al bijna klaar met de inclusie voor 
de PREMED studie. Maar wat ben je een grote hulp geweest in de afrondende fase! Tegen 
het eind van de studie heb je veel mooie Europese steden bezocht om lokale teams te 
helpen bij het afronden van de studie. Daarnaast kon ik altijd een verzoek op je doen bij 
het verwerken van de verkregen data, waaronder het beoordelen van bijna 5000 OCT 
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beelden. Ik heb grote bewondering voor je doorzettingsvermogen en weet zeker dat je 
een mooie toekomst als arts (in Nederland) tegemoet gaat. 

I would like to thank all study centres who participated to the ESCRS PREMED study. 
Thanks to prof. Michael Amon, prof. Oliver Findl, dr. Willem Goslings, prof. José Güell, 
dr. Ype Henry, dr. Maurits Joosse, prof. Thomas Kohnen, prof. Joaquim Murta, prof. 
Zoltán Nagy, dr. Alexander Rulo, and prof. Marie-José Tassignon for initiating this multi- 
centre study. But above all, I would like to thank all local study teams in the Netherlands 
and abroad for their hard work and dedication to this study. Dr. Gearóid Tuohy, thank 
you for your help on behalf of the ESCRS.

Daarnaast wil ik al mijn mede-promovendi bedanken. Fijne collega’s maken het werk zó 
veel leuker. Een speciaal woord van dank aan Eline, Natalia en Soraya, voor de gezellige 
etentjes en fijne samenwerking ‘op niveau 6’ en daarna als collega AIOS. Jullie eeuwige 
optimisme maakt mijn dag goed. En natuurlijk niet te vergeten, Hellen. Nog steeds zijn 
er mensen die ons niet uit elkaar weten te houden en dat komt natuurlijk niet zomaar. 
Als semi-artsen zijn we samen de oogheelkunde ingerold, waarna we - met een korte 
onderbreking voor mij - altijd samen hebben gewerkt aan onze promotie en later aan 
onze opleiding tot oogarts. Ik kon altijd bij je terecht, of het nu werk-gerelateerd was of 
niet. Alhoewel je helemaal niets van doen had met mijn promotieonderzoek, is één ding 
zeker: zonder jou stond ik hier niet. Ook Angelle, Asli, Laura, Merel, Myrthe, Simone en  
Verena wil ik bedanken. Op weg naar jullie artsdiploma hebben jullie allemaal een steen- 
tje bijgedragen aan dit proefschrift, waarvoor ik jullie heel dankbaar ben.

Leef mam, bedankt voor de steun tijdens mijn promotieonderzoek en opleiding. Iedere 
vrijdagavond was ik weer welkom om mee te eten, maar vooral ook om even af te schakelen 
voordat het weekend begon. Het doorzettingsvermogen dat nodig is om een studie als 
deze te coördineren en af te ronden, heb ik volledig aan jou en pap te danken. Jullie 
hebben samen drie bescheiden, maar intelligente, lieve en sterke dochters opgevoed, 
die hun mannetje wel staan. De stelling “es ‘t neet geit wie ‘t mot, dan mot ’t maar wie ’t geit” 
heeft jarenlang boven pap’s bureau gehangen. Iets waar ik vaak aan heb gedacht als be-
paalde zaken niet liepen zoals ik ze in gedachten had.

Lieve Daan, het is alweer 10 jaar geleden dat ik je heb leren kennen en al die tijd heb je 
voor mij klaargestaan. Zo nodig zelfs in het midden van de nacht om me van 1800 km 
afstand te helpen met de grafische vormgeving van onze studieresultaten. Bedankt dat 
je iedere avond weer oor had voor mijn ‘waterval’ aan woorden over mijn werkdag. Je 
hebt me altijd gestimuleerd in mijn werk en opleiding, maar op de juiste momenten wist 
je me ook te remmen en tijd te nemen voor ontspanning. ‘Bedankt voor je steun, vooral 
in het laatste jaar van mijn promotietraject’ klinkt misschien cliché, maar inmiddels  weet 
ik wel beter: het is echt zo! Zonder jouw steun en nuchtere kijk op het geheel was het me 
nooit gelukt. 
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