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INTRODUCTION

Cystoid macular edema (CME) following cataract surgery was first recog-
nized over 4 decades ago by Irvine.' Macular edema was mentioned in the
20th century, and CME was identified and studied earlier in the 20th cen-
tury.2-6 However, the report of Irvine represents the first clinical descrip-
tion ofCME following cataract surgery as a distinct entity.' Following this
initial description, the syndrome was further studied and described with
new methods including fluorescein angiograms.7'8 Today, this postopera-
tive complication is frequently referred to as the Irvine-Gass syndrome. It
is recognized as the most common cause of decreased vision in patients
following cataract surgery with or without the implantation of an intraoc-
ular lens.9-'7 This syndrome is responsible for a greater and a more fre-
quent loss of vision than many of the more commonly discussed postoper-
ative complications, including retinal detachment and endophthalmitis.10"'
Despite over 40 years of clinical and laboratory investigative effort, the
incidence and pathogenesis of this syndrome remain obscure, and its treat-
ment continues to be controversial.

The purpose of this thesis is to provide a current and comprehensive
review of the literature on the Irvine-Gass syndrome and to describe pre-
viously unpublished investigations that extend our knowledge about the
incidence, pathogenesis, and treatment of this syndrome. The literature
review supports the hypothesis that the incidence, pathogenesis, and treat-
ment ofCME following cataract surgery are poorly understood. The over-
all goal of the 7 laboratory and clinical studies described within this thesis
is to provide new information concerning the incidence, pathogenesis, and
treatment ofCME following cataract surgery.
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More specifically, the original results and data that are reported with-
in the new investigations section following the literature review include:
I. Incidence ofCME Following Cataract Surgery
II. Correlation of Anterior Ocular Inflammation with CME Following
Cataract Surgery
III. Topical NSAID Treatment ofCME Following Cataract Surgery With
Topical NSAIDs

A. Comparison of Topical NSAIDs and Their Ability to Stabilize the
Blood-Aqueous Barrier (BAB) of Rabbits Following Paracentesis

B. Comparison of Ketorolac Tromethamine 0.5% and Diclofenac
Sodium 0.1% Ophthalmic Solutions in Reducing Postoperative
Inflammation After Cataract Extraction and Intraocular Lens
Implantation

C. The Effect of Patient Characteristics on Response to Topical
NSAID Treatment of Chronic Clinical CME Following Cataract
Surgery

D. Treatment of Acute-Onset Clinical Cystoid Macular Edema
Following Cataract Surgery With Topical NSAIDs

IV. Oral Acetazolamide and the Treatment of Chronic Clinical CME
Following Cataract Surgery

These original laboratory and clinical efforts consist of 5 studies (I,
IIIA, IIIB, IIID, IV) that have not been previously published. In addition,
two studies (II, IIIC) are included that have been previously published in
part. However, they are reported here in more detail and with a different
emphasis in support of this thesis.

A summary and conclusions section derived from both the literature
review and the new investigations is placed at the end of this thesis. This
section attempts to place the findings of the new investigations and their
relationship to the literature review into perspective in a concise manner.

REVIEW OF LITERATURE

INCIDENCE
Although CME following cataract surgery is recognized as the most com-
mon cause ofdecreased vision in the postoperative period, the reported inci-
dence of this postoperative complication has been and continues to be quite
variable. Many review articles mention factors that may contribute to the
difference in the reported incidence of CME.'5"743 These comments are
derived from more than 60 published papers, each of which mentions or
discusses the incidence of this syndrome. These publications are summa-
rized in the Appendix of this paper.9114M42&f90 In spite of the extensive effort
reflected in these reports and reviews, the incidence of this syndrome
remains uncertain. Furthermore, frequently the reasons for the differences
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in reported incidence continue to remain a mystery. For example, 2 well-
designed studies performed in the same city, including patients with similar
characteristics who were operated on by the same surgeon using the same
technique and medications, report an incidence of 5.6% and 18.8%, respec-
tively, for angiographic CME in eyes with intact posterior capsules and
intraocular lenses lacking UV filters.'4,91 The explanation for this difference
in incidence is unclear.92 Therefore, some of the coexistent variables that can
affect the incidence ofCME have not been identified.

However, in spite of this uncertainty, it is important to recognize as
many of the known variables as is possible for at least 2 reasons. First, it
seems prudent to identify factors tending to increase the incidence of
CME and to omit them in an attempt to minimize the incidence of this
postoperative complication.92 Second, it is important to identify these vari-
ables and recognize their potential impact on the interpretation of results
from therapeutic trials that evaluate potential treatments for CME. The
presence of these variables and their potential influence on the observed
incidence ofCME make it unwise to use retrospective controls when eval-
uating the potential merits of a new therapeutic approach, because the
observed difference may reflect the presence of the coexistent variable
and not a therapeutic effect. Furthermore, when evaluating the results of
a prospective, randomized, double-masked therapeutic trial, one must
confirm that these variables are present in both the treatment and control
groups in similar numbers at the conclusion of the study to prevent misin-
terpretation of the results.

Insofar as the factors that influence the incidence ofCME are relevant
to therapeutic trials concerning this syndrome, a review of these variables
is of great practical value. Factors that investigators have considered
potentially capable of influencing the incidence ofCME following cataract
surgery include:

1. The thoroughness of the search for this syndrome, including the
performance and examination of multiple angiograms20

2. Whether the investigators report a retrospective study designed to
assess patients with poor vision or a prospective study including flu-
orescein angiograms'

3. The introduction of new instrumentation or technology permitting
more careful or complete diagnostic examinations'

4. A changing definition ofCME following cataract surgery3
5. Whether the investigators are reporting clinical CME (angiograph-

ic CME associated with a decrease in visual acuity) or only angio-
graphic CME15,1719'022,28

6. How long after surgery the patient is examined2O39'40,437138
7. Patient characteristics, including age,20''773 presence of vascu-

lar disease, race and eye color,397 and a history of
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alcoholsim95
8. A history ofCME following surgery in the contralateral eye8'20l,5o'
9. Comparisons of results following intracapsular cataract extraction

(ICCE) and extracapsular cataract extraction (ECCE) with or with-
out the presence of an intraocular lens7,24252829424749,M,M,57,59,62,65,72,81,87,100

10. The administration of retrobulbar hyaluronidase10o1O2
11. The presence of intraoperative complications, including vitreous

loss9,11,52,54,63,64,72,84,87,103,104
12. The presence of vitreous to the wound" 20 104"110
13. The presence of a peaked pupil in the postoperative period9127'3,1'-

113

14. The influence of coexistent drug use or other ocular irri-
tants 17.6.51,,%,75,&3,10,0lo2,114-119

15. The presence or absence of an intact posterior cap-
sule31,52,54,59,60,65,69,70,78,98,120-123

16. The presence of specific intraocular lens qualities such as a
polyvinlypyrrolidone coating,124 metal loops,25 and UV blockers,91'98
lens defects,26 iris clip and rigid anterior chamber (AC) lens273094

17. Exposure to excessive intraoperative or postoperative
light79,91,9812l2,127-131

18. The performance of a postoperative yttrium-aluminum-garnet
(YAG) capsulotomy120,132

19. The lapse of time between cataract extraction and secondary
intraocular lens implant133

20. Secondary lens implantation compared with primary lens implan-
tation"3

There is agreement that the incidence ofCME is greatest in prospec-
tive studies reporting angiographic CME including multiple angiograms
performed 1 to 3 months following an ICCE with implantation of an iris
clip lens in an older population of patients with systemic vascular disease.
Furthermore, the incidence can vary with how, when, and why an investi-
gator looks for this syndrome. However, investigators have not been in
agreement concerning the importance of several of the potential variables
listed previously. Therefore, the evidence suggesting that these factors
may or may not influence the development of angiographic or clinical
CME following cataract surgery is summarized in Table I.

CLINICAL CHARACTERISTICS
CME following cataract surgery consists of a maldistribution of the retinal
intravascular fluid within the macula. The leakage of the intravascular con-
tents from dilated perifoveal capillaries initially causes thickening of the
macula, which may progress to cystoid expansions within the outer plexi-
form (Henle's) layer and inner nuclear layer of the retina. These cystoid
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TABLE I: FACTORS INFLUENCING THE INCIDENCE OF CME
FOLLOWING CATARACT SURGERY

RESULTS OF ANGIOGRAPHIC CLINICAL
VARIABLE COMPARISON CME CME REFERENCES

Type of
surgeiy

Placement
of IOL
Integrity
of posterior
capsule
Hyaluronidase
in retrobulbar
Operating
microscope light
Environmental
light

Contralateral
CME
When examined

Age

Systemic vascular
disease (diabetes,
hypertension)
Vitreous loss

Vitreous to
wound

Abnormal
pupil shape
Iris incarceration
in wound
Race
Epinephrine

ICCE>ECCE Increased

Iris clip>AC>PC° Increased

Absent > present' Increased

Absent =
Present '
UV filter =
no filter5
IOL without
UV filter >
IOL with UV
filter
Present>absent

Same

Increased 35,50,51,53,56,
57,59,60,62,65,
69,71,72

Increased 27,28,30,56,94,
125,134

Same 78

Same

Same

Increased

Increased

1-3 mo greatest Increased
incidence
Older > youngerl Increased

Present > absent' Increased

Present > absent' Increased

Present > absent Increased

Present > absent Increased

Present > absent Increased

White > black Increased
Present > absent" Increased

Same

Same

102

79

91,98

Increased 8,20,56,
98,99

Increased 20,39,40,45

Increased 20,68,73,77,
93,94

Increased 7,20,29,34,
39, 45,50,
95,96

Increased 9,11,52,54,
63,64,72,84,
87,103,135

Increased 1,20,104,105,
106,107,109,
110

Increased 19,27,112,113

Increased 113

Increased 83,97
Increased 114,115,116,

117,118,119

AC, anterior chamber; CME, cystoid macular edema; angiographic CME, visual acuity nor-
mal; clinical CME, visual acuity abnormal; ECCE, extracapsular cataract extraction; ICCE,
intracapsular cataract extraction; IOL, intraocular lens; PC, posterior chamber; UV, ultravio-
let.
° Initially investigators observed no difference.557,'62'7236 Subsequently good evidence for AC

> PC,28 '-" iris-supported lenses poorer prognosis,' iris clip lenses particularly
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TABLE I (CONTINUED): FACTORS INFLUENCING THE INCIDENCE OF CME
FOLLOWING CATARACT SURGERY

Copeland and metal loop and rigid AC lenses.`'-'3,' In addition, defects in IOL136 and
polyvinylpyrrolidone-coated lenses'24 all increased angiographic and clinical CME.
Many investigators observed disrupting posterior capsule increases CME."'""38 In
addition, a secondary capsulotomy increased CME,52'5459'38 including YAG capsulotomy.'20
However, a well-controlled, prospective, randomized study shows an increase in angio-
graphic CME, but no signifiant difference in vision.78 In addition, a YAG capsulotomy
does not appear to increase clinical CME.'

I Initially, small study suggested presence of hyaluronidase increases CME,10' but these
investigators agreed that a larger study was needed. Subsequently, a larger well-con-
trolled study showed no difference.102

I Although microscopic light can cause retinal damage"3' and investigators wondered if this
light might predispose to CME,"7"9 there is no evidence of a relationship. Furthermore,
a well-designed study shows no effect on CME.79

h Most agree that increased age is associated with increased CME, but an increased inci-
dence has been reported in younger adults.94 Furthermore, a limbal approach to cataract
surgery in pediatric patients appears to be associated with more CME73 as compared with
a pars plana approach using vitrectomy instrumentation.'

I The reported association of systemic disease (systemic hypertension, diabetes mellitus)
and increased CME has prompted some to recommend treatment prior to surgery to
reduce CME.96 This is a good idea, but no evidence exists that will decrease CME.'7

# Although most CME occurs without surgical complications, vitreous loss increases CME
and vitreous to the wound prolongs CME and can be associated with a poorer progno-
sis 27,30.38

Topically applied epinephrine and dipivalyl epinephrine can induce CME in eyes follow-
ing cataract surgery. This is reversible if treatment is discontinued in a timely fashion.

spaces tend to be smaller peripherally and larger centrally and often cul-
minate in a typical petaloid or stellate appearance. This accumulation of
transudate may or may not be associated with a measureable decrease in
visual acuity.20,14'

A patient with CME may be asymptomatic or may complain of
decreased vision, a positive central scotoma, and metamorphopsia.6
Direct or indirect ophthalmoscopy may reveal only the absence of the
foveal light reflex or a vague irregularity within the macular region. During
ophthalmoscopy, red-free light can be used to help demonstrate cystoid
spaces."5'" However, most of the time, CME is best detected with slit-lamp
biomicroscopy using a Goldmann fundus contact lens or a Hruby lens.'39
Initially, there is a loss of the foveal light reflex, which is associated with
the loss of the foveal depression and the appearance of a yellowish spot
deep in the foveal area. The thickened, yellowish macular changes can
progress to the formation of cystoid spaces that are best appreciated using
retroillumination and red-free light, which makes the inner walls of the
cystic cavities more visible. These can appear in a rosette pattern. Splinter
hemorrhages can layer blood in the cystoid spaces."'-12 Coalescence of the
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cystoid spaces can form a foveal cyst or even inner lamellar holes as the
surface of the cyst elevates and peels away.14' A shallow sensory retinal
detachment can develop owing to diffusion of excess transudate beneath
the photoreceptors.' The subretinal fluid can stimulate the retinal pigment
epithelium with hypotrophic or hyperpigmentary changes and, less com-
monly, disciform scar formation."5 A grayish membrane with glinting
reflexes from the inner surface of the retina can indicate the presence of
an epiretinal membrane. This has been described in up to 10% of the eyes
that have developed CME."1314143,144 In addition to these retinal findings,
many eyes with CME have a coexistent circumcorneal flush, mild iritis,
vitritis, and a low-grade papillitis sometimes associated with peripapillary
hemorrhages.

Most of the time, CME follows an uncomplicated cataract surgery, and
it is diagnosed in an eye with a relatively normal gross anatomy. However,
patients may demonstrate an associated ocular anatomic derangement
such as vitreous and/or iris incarceration in the surgical incision, vitreous
adherence to the iris, poor pupillary dilation, an abnormally shaped or
updrawn pupil, secondary glaucoma, or corneal decompensation. A clini-
cal examination will not confirm the diagnosis ofCME in 5% to 10% of the
eyes with CME.'5 Even a retinal detachment can mimic CME.'4
Fluorescein angiography is the diagnostic procedure of choice for patients
with a questionable diagnosis of CME."""39

Following the systemic administration of sodium fluorescein to a
patient with CME, the involved eye demonstrates early perifoveal capil-
lary dilation and leakage with pooling of fluorescein in the macular cystoid
spaces and late staining of the optic nerve associated with leaking of cap-
illaries of the optic nerve head.7 A highly resolved, stereoscopic analysis of
negatives from eyes with CME is the best way to identify characteristic
angiographic features of this syndrome."5"39 During the early stages of the
angiogram, the macula appears dark as the dye perfuses choroidal and reti-
nal vascular systems. Early in the retinal venous filling phase, the presence
of CME becomes apparent as dilated perifoveal vessels that become
prominent and leak the dye-stained transudate. In later stages of the
angiogram, leakage from the deep retinal capillary circulation fills the larg-
er cystic spaces in a stellate, or rosette, perifoveal pattern. This dye-stained
fluid accumulates in the outer plexiform and inner nuclear layers of the
retina. Photographs are best taken at 10 minutes postinjection to enhance
the appearance of macular cyst or hole formation, which provides a com-
plete and sensitive angiographic analysis.""' Dye leakage from the retinal
vessels, optic nerve, and anterior uvea into the anterior and posterior
chambers and into the vitreous cavity during the very late stages of the
angiogram create an anterior and posterior haze that reduces the resolu-
tion of the macular changes. The dye leakage from the iris and optic disc
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may persist even after the CME has resolved.
Fluorescein angiograms are of great diagnostic value. However, even

experienced clinicians are unable to read up to 15% of these angiograms
owing to factors associated with the postoperative eye. These factors
include the presence of an intraocular lens and/or an intact posterior cap-
sule, which create bothersome reflections; anterior synechiae or poorly
dilated pupils, which limit sufficient light from entering the eye; vitreous
haze, which obscures detail; and inadequate patient cooperation.""

Fluorescein angiographic grading systems have been developed to
monitor patients with CME."""17 However, highly skilled investigators
have reported an improvement in vision without change in the degree of
edema, a reduction in edema without a corresponding improvement in
vision, and a deterioration in vision associated with gradual disappearance
of CME on angiogram.146 Published photographs of 4 angiograms, each
taken from a patient with 20/50 visual acuity, depict severity of grade 1
through grade 4.146 Therefore, there is agreement that angiograms are of
great value to confirm the presence or absence ofCME, but the degree of
leakage does not always correlate with the visual acuity.15192752,87,113"146,141

There are several reasons why the correlation between visual acuity
and angiogram grade may be poor in patients with CME following cataract
surgery. An angiogram documents fluid in cystoid spaces in the outer plex-
iform layer, but decreased vision may be associated with edema in the pho-
toreceptor area or elsewhere. A coexistent anatomic change such as a pre-
retinal membrane, a macular cyst or hole, the presence of perifoveal reti-
nal pigment epithelium atrophy, disciform scarring, or a papillitis may
limit an increase in visual acuity.15"49 Finally, the presence of ocular dis-
eases other than CME, such as glaucoma and corneal edema, may be
responsible for the reduced vision.

The potentially poor correlation between a fluorescein angiogram
grade and visual acuity has important clinical implications for the use of
angiograms during studies designed to evaluate the effectiveness of a
treatment for CME following cataract surgery. A fluorescien angiogram is
useful for confirming the diagnosis ofCME during clinical studies, but the
visual acuity should be the primary efficacy parameter in therapeutic tri-
als. Furthermore, clinical data collected from patients with angiographi-
cally proven CME should not be excluded from analysis simply because
the corresponding angiogram is unreadable or unavailable. Although the
measurement of visual acuity in patients with CME is somewhat subjec-
tive, its determination yields the most clinically relevant information at our
disposal at present, provided it is obtained using proper technique and
precautions.14""5' However, it must be recognized that the improvement in
vision may reflect an ameliorating effect of treatment, which is not syn-
onymous with the elimination of the edema.,"" Investigators may develop
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methods to measure retinal thickening that are inexpensive and easy to
incorporate into ophthalmic practice in the future. New methods may pro-
vide a more objective method for following changes in the retinal edema
present in eyes with CME that is more consistent with changes in visual
acuity.148"150""52,153

HISTOPATHOLOGY
Histopathologic specimens from patients with CME following cataract
surgery show retinal capillary dilation and serous fluid in the outer plexi-
form and inner nuclear layers and inflammatory cells in the iris, ciliary
body, and around blood vessels.'351548157 Sometimes there are associated iri-
dovitreous adhesions. The eosinophilic transudate displaces rod and cone
nuclei and receptor cell axons. Severe CME involves most of the retinal
layers. Perifoveal cysts can become confluent, forming larger cysts or
lamellar holes. Shallow serous detachments occur in some eyes with
CME.' In addition to retinal changes, swollen mitochondria are present in
ganglion cell axons in the prelaminar area, and degeneration of fibrous
astrocytes between axons and occlusion of laminar blood vessels by ede-
matous endothelial cells and pericytes can be present.

The intraretinal cysts can develop from the accumulation of fluid
either intracellularly or extracellulary. Initially, extracellular serous fluid
was thought to compress Mtiller cells and receptor cell axons to form the
walls of the cysts.7 Subsequently, histologic evidence of intracytoplasmic
edema of Miller cells suggested intracellular fluid accumulation as the
origin and location of the cystic changes.'58'59 However, evidence exists that
the cysts can arise from expansion of extracellular spaces."58 It is possible
that the observed histologic differences relate to tissue fixation tech-
nique. 19,160

Histologic evidence shows vitreous traction producing macular holes
with surrounding cystoid changes.'61 This histopathologic observation sug-
gests that vitreous traction may relate to the development ofCME follow-
ing cataract surgery. However, cystic macular degeneration and associated
hole formation linked to with vitreoretinal traction occurs in both aphakic
and phakic eyes. Therefore, these findings are believed to be related to a
different entity.58 In addition, the cystic spaces in these eyes are filled with
a mucopolysaccharide, and these eyes lack the characteristic increased
vascular permeability as seen in fluorescein angiograms that support this
distinction.20,162,163

DYNAMICS OF EDEMA FORMATION
CME is a nonspecific retinal sign of ocular disease that consists of an
abnormal accumulation of intracellular and extracellular eosinophilic tran-
sudate associated with thickening of the retina and the formation of cystic
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changes within the outer plexiform layer and inner nuclear layer of the
macula. The blood-retinal barrier (BRB) is a condition of restricted per-
meability between blood and retina dependent on the integrity of inter-
cellular junctional complexes (tight, nonleaky junctions) existing in both an
epithelial (retinal pigment epithelium) and an endothelial (endothelium of
retinal capillaries) cell layer within the retina.lr165

Our understanding of the dynamics underlying the development of the
maldistribution of fluid in eyes with CME following cataract surgery is
based on a recognition of Starling's hypothesis and its relationship to the
blood-brain barrier and the BRB.16'-16" Edema occurs in any tissue when
the rate of capillary filtration exceeds the rate of fluid removal from
perivascular interstitium.166 The abnormal accumulation of transudate
within the macula is determined by an increased permeability state of the
BRB and an imbalance between tissue forces determined by osmotic pres-
sures in the plasma and retina (largely dependent on protein concentra-
tion), hydrostatic pressures within the retinal capillaries and surrounding
retinal tissue, and tissue compliance of the corresponding retina.15"164'168

Macula edema develops when the rate of capillary filtration exceeds
the rate of fluid outflow from the retina in spite of autoregulation of blood
flow pressure attempting to prevent increased hydrostatic pressures and
increased permeability of retinal capillaries and in spite of the resistance
offered by the low retinal tissue compliance. Retinal tissue compliance is
low because the cellular elements supported by Muller cells combined
with minimal extracellular space resists fluid accumulation. CME will
develop when the BRB permits intravascular fluid entry to exceed its exit
to the point of overcoming retinal tissue compliance. Disruptions of tight
junctions in both inner (capillary endothelial cells) and outer (retinal pig-
ment epithelium) portions of the BRB may be involved in this process.169"170

As excessive transudate accumulates within the retina, the macular
region is presidposed to the collection of this fluid by virtue of its anatom-
ic structure. The horizontal course of the outer plexiform layer extends
transversely from cone nuclei to bipolar cells, and the resultant laxity of
this layer predisposes to the formation of a reservoir for the accumulation
of transudate.171 Furthermore, the avascularity ofthe foveolar area restricts
absorption.1'3 As a result of this predilection for the accumulation of fluid,
the macula has been said by some experienced investigators to "act as a
sponge" or to have an "inherent turgesability."'7"72 In addition to these
anatomic considerations, the foveal region has large concentrations of cells
with a high metabolic activity. Inflammatory, metabolic, or vascular distur-
bances can lead to increased concentrations of tissue metabolites with loss
of biochemical activity.'39

Although there is agreement about the contribution of these anatomic
and biochemical factors to the development of CME following cataract
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surgery, a complete understanding of the dynamics of this fluid accumula-
tion is not within our grasp. Investigators have emphasized that the pref-
erential leakage from perifoveal capillaries in eyes with CME observed
during angiograms remains unexplained and may reflect an important,
unrecognized capillary vitreous interaction."

CME ASSOCIATED WITH OTHER DISORDERS
CME represents the accumulation of fluid within cells or spaces in the
outer plexiform layer and the inner nuclear layer of the retina.7""'8-l' This
nonspecific intraretinal macular manifestation can be associated with
many ocular and systemic disorders in addition to cataract surgery.'39"4' It
is important to recognize these potential associations for at least two rea-
sons. First, these associated conditions provide us with clues to the patho-
genesis of this syndrome as discussed in the following section of this paper.
Second, recognition of these associations is important during the evalua-
tion of a potential therapeutic response. If the associated condition is pre-
sent, treatment of this disorder can affect the presence or the severity of
the associated CME. Furthermore, CME related to this condition may or
may not be influenced by the treatment being evaluated. Therefore, the
presence of an associated condition must be identified, and patients with
the disorder must either be omitted from the study or, if included, some
assurance that the condition is present in both treatment and control
groups in comparable numbers must be provided.

Therefore, it is important to remember that the following disorders
and systemic conditions have been reported in association with CME in
the absence of cataract surgery:
1. Choroidal tumors'73-'76
2. Topical epinephrine and dipivalyl epinephrine treatment75l4-l817T-179
3. Dominant and X-linked retinitis pigmentosa""48""1","'86 and probably

even in the recessive form"87 (characteristic fluorescein angiographic
leakage variable even in the same patient)

4. Favre-Goldmann syndrome1"8889
5. Retinal detachment surgery6,""202
6. Penetrating keratoplasty''
7. Ocular inflammatory diseases, including bird-shot chorioretinitis,

chronic cycitis, and idiopathic vitritis45l4-1"42W2
8. Diabetes mellitis50"899021-213
9. Arteriosclerotic vascular disease50"05

10. Systemic hypertension45"501"
11. Vascular occlusive disease"9""3"""2"4-218
12. Infants without hereditary eye disease at birth219220
13. Vitreous surgery"'
14. Laser surgery222
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15. Fundus flavimaculatus223
16. Cryotherapy and segmental buckling of retinal tears without detach-

ments"26
17. Ring choroidal atrophy"'
18. Gyrate atrophy of choroid and retina225
19. Idiopathic epiretinal membranes226
20. Serpiginous choroidopathy227
21. Dominantly inherited cystoid changes of the retina221-231

In addition to these conditions, several disorders have been described
as associated with macular edema. However, they do not manifest the
characteristic fluorescein angiographic findings of CME. These disorders
include nicotinic acid treatment,232-= parafoveal retinal telangiectasia,139-215
juvenille X-chromosome-linked retinoschisis,'3 adult-onset cystic macular
degeneration and "hole" formation with or without vitreomacular trac-
tion,20 and possibly ocular trauma.139"20117 However, the presence of retinal
edema following ocular trauma in clinical cases lacks solid evidence. Even
within laboratory studies it is variable, leading some investigators to ques-
tion if "Berlin edema" is still valid.23"239

PATHOGENESIS
The pathogenesis of CME following cataract surgery remains
obscure.1'2022'269611 Clinical observations and experimental studies suggest
that the pathophysiology of this postoperative problem may be multifacto-
rial. Among the factors of potential clinical importance are vitreous trac-
tion, 1,33,107,161-163,240-244 vascular instabilityXl 183850%,M,1%,59210245-W a relative ocular
hypotony,37'248-252 a lack of stability inside an aphakic eye called endoph-
thalmodonesis 253 1,lm ato l7,1,13,6,20-22,28,37-39,45,51,98,112,124,126,135,154-156,207,210,248,5-265thalmodonesis,26 inflammation

including endogenous chemical mediators such as prostag-
landins26"51'2,6"26',5262'2,2274 and other autacoids 26,146,267,272 a functional distur-
bance of the blood-ocular barriers,1211,4'69275-277 and ultraviolet radia-
tion.799126'27-"2627' Each of these potential etiologic factors has been consid-
ered as a rationale for the consideration of a corresponding treatment as
discussed in the following section of this paper.

Most investigators agree that inflammation is the major etiologic factor
in the development of CME following cataract surgery.,1420222627146267279
There is clinical, histopathologic, experimental, and pharmacologic evi-
dence to support this conclusion. Clinicians have noted that CME is a non-
specific, intraretinal reaction that is often associated with ocular inflam-
matory diseases, including chronic cycitis, retinal vasculitis, syphilis, toxo-
plasmosis, and sarcoidosis."'1"""'24 Clinical descriptions of patients with
CME following cataract surgery suggest that inflammation is an important
factor. Clinical signs such as circumcorneal flush, trace anterior chamber
cells and flare, and anterior vitreal cells are present in these eyes. Patients
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with CME describe a mild photophobia and ocular irritation that is char-
acteristic of ocular inflammation." 7 Fluorescein angiogram changes
include vasodilation and increased vascular permeability, which are sug-
gestive of an inflammatory process.78"'

Histopathologic investigations provide evidence that inflammation is
an important component of the pathophysiology of CME following
cataract surgery. Vitreous aspirates taken from patients with this syndrome
demonstrate inflammatory cells."7 Ocular histologic specimens taken from
patients with CME at the time of their death reveal retinal phlebitis, which
is consistent with an inflammatory process."'5

Clinical and laboratory investigations have suggested that inflamma-
tion is a prominent feature of CME following cataract surgery.
Investigators have shown a disturbance of the BRB by using vitreous flu-
orophotometry in aphakic and pseudophakic eyes associated with persis-
tent CME.'06"'7"77"'0 Iris angiography has been found useful in the study of
inflammatory ocular disease. 06'282'282 This technique has been used to
demonstrate increased leakage from iris and possibly ciliary vessels in
patients with CME. 8"06""' Finally, there is abundant laboratory and clinical
evidence that anti-inflammatory drug therapy is of benefit in some
patients for the prevention and treatment of CME following cataract
surgery as reviewed and discussed in the following section of this
paper. 27,26,27,46,267,279,283-285,286

However, while there is agreement that inflammation is an integral part
of the pathogenesis of CME, a clear correlation between the development
of CME and inflammation remains to be established. In fact, investigators
have studied the time course of perifoveal leakage after cataract surgery and
have delineated factors associated with this leakage, noting that no
detectable inflammation was present at the time of the 6-week angiograms
that showed leakage in 10 of their patients.' A potential approach to pro-
viding a more direct correlation between CME and postoperative inflam-
mation was expressed during a recent symposium entitled "Quantitative
studies utilizing anterior chamber fluorophotometry may prove useful in
documenting an association between breakdown of the blood-ocular barri-
ers and subsequent development of CME.'7 This has proven to be true."1'

TREATMENT

Although the pathogenesis of CME following cataract surgery is
unclear, each potential etiologic factor has been considered as a ratio-
nale for the application of a corresponding therapy. For example, each of the
following has been considered as a potential treatment for improving vision in
these patients: laser vitreolysisI04120"288289 and surgical vitrectomies 19,103,
107,109,110,207,23,56,2572303 anti-inflammatory treatment with corticosteroids7,37"384
,121,51,304306 or NSAIDs 14,16,17,51,58,75,83,98,99,146,147,149,151,196,259,267,26,270,273,274,2,246,30 7 over-
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coming potential relative hypotony,25' and attempts to influence the func-
tional integrity of BRBs with carbonic anhydrase inhibitors318121 or hyper-
baric oxygen.322,323

Several reviews have summarized potential pharmacologic and/or sur-
gical treatments for CME following cataract surgery.15,7"9,2222627146267,279,
283,290,293,296,324,325 These reviews stress the importance of placebo-controlled,
double-masked, randomized trials to evaluate therapeutic efficacy because
the natural history of CME includes spontaneous resolution.1338,439,11,140,326
Furthermore, an emphasis is placed on the need to consider prophylactic
therapy of CME separately from treatment of chronic CME and the
importance of distinguishing angiographic CME from clinical CME.
(Clinical CME coexists with a reduction in vision.)

The following review will emphasize the studies that recognize the
importance of these basic considerations. In addition to this review, 4 stud-
ies relating to the medical treatment of CME following cataract surgery
completed in our research facilities are described for the first time. These
studies include (1) treatment of acute clinical CME (present 4 months or
less) with topical NSAIDs and (2) anatomic factors potentially associated
with a poor response to topical NSAID treatment of chronic clinical CME.
In addition, (3) a laboratory investigation comparing the relative postop-
erative anti-inflammatory activity of topical NSAIDs wil report the rela-
tive effectiveness of the 4 commercially available topical NSAIDs as deter-
mined in a double-masked, randomized, placebo-controlled study. Finally,
(4) a double-masked, randomized, placebo-controlled study of the treat-
ment of chronic clinical CME following cataract surgery with oral aceta-
zolamide is described for the first time.

Surgical Treatment
Etiologic theories related to vitreous abnormalities and their potential
contribution to the development or persistence ofCME following cataract
surgery have predisposed to surgical approaches designed to improve
vision in appropriate pafients.1933,38107,109,10,243244289,29295,303,327 The goals of
these surgical procedures include the lysis of vitreous strands extending to
the cataract incision, the disruption of potential posterior vitreoretinal
adherence, the alteration of detrimental retinal capillary permeability, and
the achievement of a more normal anterior ocular anatomy.19107'43289 The
surgical approaches used to achieve these goals have included laser treat-
ments and conventional vitreous surgical techniques.

Laser Surgery. Although an attempt to alter retinal capillary perme-
ability in a beneficial manner by photocoagulation has been considered in
the treatment of CME following cataract surgery, its effectiveness and
safety have never been proved with appropriately designed clinical stud-
ies."' The diffuse leakage from the retinal vasculature does not lend itself
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to focal photocoagulation.'796 Therefore, laser treatment of the retina is not
a generally accepted approach for the treatment of this syndrome.'5'20'73

The neodymium YAG laser has been used to transect elevated vitreous
strands with good results in some patients with CME as reported in non-
randomized, uncontrolled studies. l04s21,2 However, many patients in these
studies have had CME for relatively brief periods, making it difficult to
distinguish visual improvement related to spontaneous resolution from a
therapeutic effect. In addition, anti-inflammatory drugs are often used fol-
lowing the laser surgery during these studies. This makes it difficult to
identify whether it is the surgery, the medical treatment, or a combination
of the two treatments that is responsible for the observed visual improve-
ment. Although there are inherent advantages to avoiding an invasive sur-
gical procedure, YAG laser vitreolysis appears to be applicable to a rela-
tively select subgroup of patients with CME."9 Furthermore, this proce-
dure is not completely innocuous. Postoperative intraocular pressure
increases are reported in 50% of patients following YAG laser treatments,
and retinal detachments have occurred.""6 Therefore, it remains to be
determined whether properly designed studies will establish the safety
and efficacy of this treatment.'5

Surgical Vitrectomy. Following the reports of good results with limbal
or pars plana vitrectomy in some patients with CME following cataract
surgery, all agreed that the clinical value of this treatment required a
prospective, controlled clinical trial.292'294299 The results of a 5-year prospec-
tive, randomized, controlled, collaborative study (27 experienced vitrecto-
my surgeons in 15 medical centers) of patients with chronic (present 6
months to 4 years) CME associated with vitreous incarceration to the
wound and pupillary distortion following cataract surgery without intraoc-
ular lenses indicate that the clinical course of patients receiving vitrecto-
my is better than that of the control patients.293"2" The investigators of this
study concluded that the CME in these eyes without intraocular lenses
appears related to chronic inflammation and that restoring the pupil to as
normal as possible reduces uveal inflammation. However, patients within
the vitrectomy group received corticosteroids, and the control group did
not. Therefore, it is not possible to determine to what extent the corticos-
teroid treatment contributed to the improvement in vision. Although it
was not proved, the investigators have the impression that the pars plana
surgical approach is superior to the limbal approach. Furthermore, they
feel that a preoperative response to topical steroids may predict improve-
ment following surgery. Therefore, a trial treatment with steroids may pro-
vide the potential for a prognostic test for the effectiveness of surgery. 293"2

A properly designed study of the potential benefit for vision following
vitreous surgery for pseudophakic CME does not exist. One small, retro-
spective, unmasked, uncontrolled study of 24 consecutive patients with
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chronic pseudophakic CME associated with vitreous adhesions to anterior
ocular structures and visual loss unresponsive to medical therapy suggests
that patients may benefit from pars plana vitrectomy with removal of vit-
reous adhesions.297 However, the investigators admit that the subconjunc-
tival corticosteroid injections that they administered after vitrectomy may
have contributed to the observed visual improvements. Therefore, the role
of vitrectomy for the management ofCME in pseudophakic eyes remains
uncertain."5"19,3'8

While the effectiveness of surgical approaches in apparently anatomi-
cally normal eyes is unproved, some investigators postulate the presence
of a vitreous "sump," or sponge, that may retain inflammatory agents
which encourage the development or persistence of pseudophakic
CME."'7 The existence of this supposition has not been proved.'9 Although
uncontrolled studies describing pars plana vitrectomy for intraocular
inflammation-related CME unresponsive to corticosteroids report good
results in some patients, the subgroup of patients that may benefit from
this surgery remains to be identified.

In conclusion, most cases of chronic, pseudophakic CME with vitreous
strands to the cataract wound and iris have a high incidence of sponta-
neous remission. Vision can return to 20/20 even after the CME has per-
sisted for more than a year.f6 In addition, many patients respond to med-
ical treatment with anti-inflammatory drugs. Highly skilled retinal sur-
geons recommend medical treatment prior to surgery because significant
surgical complications may occur with anterior vitrectomy through either
the limbal or pars plana approach.632 Ifno improvement occurs after con-
servative treatment for at least 1 year or something less than 2 years, vit-
rectomy can be considered.7'962293,297 The potential specific indications for
surgery and the related surgical approaches have been previously out-
lined.'9

Other Surgical Procedures. Intraocular lenses have been removed from
inflamed eyes with CME following cataract surgery with an improvement in
vision.3' The incidence ofCME was reduced from 14.3% to 4.8% by wait-
ing 1 year before implanting a secondary intraocular lens."' This study also
provides evidence that secondary intraocular lenses, particularly following
an intracapsular cataract extraction, have an increased risk of CME.
Abnormalities of the anterior segment can occur following cataract surgery,
such as distorted pupils and pupillary capture of an intraocular lens with or
without coexistent abnormalities ofthe vitreous, which may increase inflam-
mation. A comprehensive review of the potential surgical approaches for
these postoperative problems has been published."9

Medical Treatment: NSAIDs
Prophylaxis of CME With NSAIDs. Many studies report that topical
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TABLE III: PROPHYLxAIS OF CME wrm NSAIDs

NSAID ANGIoGRAPHIc
YEAR SURGERY INVESTIGATORS (ADMINISTTON) RESULTS

1976 ICCE
1976 ICCE
1977 ICCE
1978 ICCE
1978 ICCE
1979 ICCE-

IOL
1979 ICCE
1980 ICCE
1980 ICCE
1981 ICCE
1982 ECCE-

IOL
1983 ICCE
1983 ICCE
1983 RD
1989 ECCE-

IOL
1989 ICCE-

IOL
1990 ECCE
1995 ECCE-

IOL

1995 ECCE-
IOL

Tennant'70
Yannuzzi,Wallyn274
Miyake51
Miyake"6
Miyake et a1259
Sholiton313

Klein5'
Miyake'47
Fechner3"
Yannuzzi et al3'7
Kraff et al'4

Tanabe et at75
Hollwich et alel"
Miyake et al196
Stark et a1315

Quentin et al3"

Flach et all"
Solomon,
Flurprofen
CME Study
Group IP4
Ginsburge

Indomethacin (oral)
Indomethacin (oral)
Indomethacin (topical)
Indomethacin (topical)
Indomethacin (topical)
Indomethacin (oral)

Indomethacin (oral)
Indomethacin (topical)
Indomethacin (topical)
Indomethacin (topical)
Indomethacin (topical)

Indomethacin (topical)
Indomethacin (topical)
Indomethacin (topical)
Suprofen (topical)

Diclofenac (topical)

Ketorolac (topical)
Flurbiprofen,
indomethacin (topical)

Flurbiprofen,
indomethacin (topical)

ECCE, extracapsular cataract extraction,
intraocular lens; RD, retinal detachment.

ICCE, intracapsular cataract extraction; IOL,

NSAIDs are effective in the prophylaxis of angiographic CME.'4"5"3
147,196,259,270,274,308,310,313,317,330 These studies are summarized in Table III. No study
of prophylactic treatment of CME has documented a statistically signifi-
cant angiographic effect of more than 1 year. Furthermore, only 2 studies
show a subtle, transient effect on visual acuity.'47'314 Therefore, the long-
term visual benefit from prophylactic treatment remains uncer-

tain 15,17,21,22,26,27,146,267,279=,83325 Commonly cited studies supporting this con-

clusion are summarized in greater detail in Table IV. One study compares
1% indomethacin in sesame seed oil (a preparation that is not commer-

cially available) with a placebo control solution in a randomized, double-
masked fashion. This long-term study describes a loss of statistical signifi-
cance for an early improvement in visual acuity between 7 and 12 months

Effective
Effective
Effective
Effective
Effective
Negative

Effective
Effective
Effective
Effective
Effective

Effective
Effective
Effective
Effective

Effective

Effective
Effective

Effective
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Cystoid Macular Edema Following Surgery

following cessation of treatment.'47
More recently, a study ofCME prophylaxis evaluated Snellen and non-

Snellen parameters of visual function using glare and contrast sensitivity
measurements in the postoperative period.314 This randomized, double-
masked, vehicle-controlled, parallel-group, clinical trial compares 0.03%
flurbiprofen, 1% indomethacin, and placebo for their ability to prevent
CME following cataract surgery during a 6-month period. Eye drops are
instilled 4 times daily beginning 2 days preoperatively and continuing for
3 months following surgery. At the fifth visit (3 weeks to 2 months follow-
ing surgery), the 2 NSAID treatment groups demonstrate significantly less
angiographic CME than the vehicle treatment group (17% flurbiprofen,
12% indomethacin, 32% vehicle). However, there is not a statistically sig-
nificant difference between the NSAIDs. In addition, the incidence of
clinical CME as determined by contrast sensitivity scores is significantly
lower for the drug-treated groups (11% flurbiprofen, 10% indomethacin,
22% vehicle). Although Snellen visual acuity differences of2 lines or more
are not significantly different, the drug-treated patients seem to achieve
better Snellen vision sooner. Furthermore, there were transient, statisti-
cally significant differences between drug treatment and placebo treat-
ment in contrast sensitivity measurements.

Investigators used corticosteroids in 4 of the 5 studies summarized in
Table IV. Concurrent corticosteroid treatment introduces the possibility of
a synergistic (additive or potentiative) effect when these 2 classes of anti-
inflammatory drugs are used together within these studies.'79'M,33'5'3l"3
There is clinical evidence for this pharmacologic interaction. Patients
undergoing ECCE with an intraocular lens implantation demonstrated
increased aqueous fluorescein concentrations at 3 months following
surgery, despite sub-Tenon's steroid injections at the time of surgery and
topical steroids in the postoperative period. However, when topical
indomethacin was used in addition to the steroids, the blood-aqueous bar-
rier (BAB) was reestablished within 5 weeks."33 This potential for a syner-
gistic effect between indomethacin and corticosteroids was confirmed in a
second study.?33 The effects of topical 0.5% ketorolac and 0.1% dexam-
ethasone ophthalmic solutions on the reestablishment of the BAB follow-
ing cataract surgery were compared in two studies.135336 Only 1 of the stud-
ies showed ketorolac 0.5% to be more effective than dexamethasone in
reestabilizing the postoperative BAB in pseudophakic eyes.3f The only dif-
ference between these studies was the use of intraoperative sub-Tenon's
steroids in the study showing ketorolac to be more effective. Therefore,
potential synergism prevents a conclusion about the usefulness of NSAID
treatment alone in these 4 studies.'4"47'314'317

The only study that evaluates the potential benefit of prophylactic
treatment of CME without concurrent corticosteroid administration is a
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double-masked, placebo-controlled investigation of topically applied 0.5%
ketorolac tromethamine ophthalmic solution.1' Within this study, the topi-
cal NSAID is given as 1 drop 4 times daily begining preoperatively and
continued for 1 month following completion of the cataract surgery.
Patients with bilateral cataracts were enrolled in this paired-comparison
study, and each eye was operated on 1 month apart. Eleven patients had
evidence of angiographic CME on postoperative day 40. Two of these
patients had bilateral CME, 1 patient had CME in the NSAID-treated
eye, and 8 patients demonstrated CME in the placebo-treated eye.
Ketorolac treatment produced a statistically significant (P<.05) reduction
in postoperative angiographic CME. Therefore, this study provides sup-
port for topical NSAID treatment given alone prior to and following
cataract surgery as an effective approach to reduce postoperative angio-
graphic CME. This study reports no significant improvement in visual acu-
ity, as compared with placebo, when measured 3 weeks following surgery.

Treatment ofCME With NSAIDs. Several studies report the results of
the treatment of chronic clinical CME with NSAIDs as summarized in
Table V. Two of these investigations report negative results. One of these
studies compares 25 mg of oral indomethacin given 3 times daily for 3
weeks with placebo treatment.316 However, the results were discouraging.
It is now recognized that topical treatment with indomethacin eye drops
achieves higher aqueous drug levels than orally administered
indomethacin in laboratory animals and humans.-3733m The second negative
study reports results from 14 patients following topical 1% fenoprofen
treatment for 8 weeks compared with placebo.281 Although this small study
fails to report statistically significant results, the variations in vision that
correspond with drug treatment in an on-off fashion are suggestive of a
potential therapeutic effect. Therefore, these results encouraged investi-
gators to study the treatment of larger populations of patients.

Two double-masked, placebo-controlled studies demonstrate a statisti-
cally significant, beneficial effect on visual acuity (2 Snellen lines or more
improvement) following topical NSAID treatment of chronic (present 6
months or longer) clinical CME.149"5" The first study included 30 patients
treated with either 0.5% ketorolac tromethamine ophthalmic solution or
placebo eye drops in a randomized, double-masked fashion for 2
months.149 Twenty-six patients completed the study, with an improvement
in vision described in 8 of the 13 drug-treated patients as compared with
only 1 of 13 placebo-treated patients after 2 months oftreatment (P=.005).

The second double-masked, randomized study is a 4- to 5-month, mul-
ticenter investigation including 120 patients (contributed by 12 ophthal-
mologists) with chronic clinical CME who are treated with either 0.5%
ketorolac tromethamine ophthalmic solution or an identically packaged
placebo solution for 90 days.'51 A statistically significant improvement in
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distance visual acuity of 2 lines or more as measured by Snellen charts is
reported in the drug-treated group as compared with the placebo-treated
group at all time periods: 30 days (P=.038), 60 days (P=.017), and 90 days
(P=.008). The improvement in visual acuity remained statistically signifi-
cant 1 month after treatment cessation (P=.001).

In summary, 2 double-masked, randomized, placebo-controlled stud-
ies provide evidence that 0.5% ketorolac tromethamine ophthalmic solu-
tion given 4 times daily may improve vision in patients with chronic clini-
cal CME following cataract surgery.'49"5' However, not all patients with
chronic CME respond with an improvement in vision to topical treatment
with this NSAID. Furthermore, many patients require treatment for 2 to
3 months before an improvement in vision is observed.

Medical Treatment: Corticosteroids
Properly controlled studies of the use of corticosteroids for the prevention
or treatment of CME following cataract surgery do not exist.1'5"9'21'22'
30,279,382,283 However, there is a strong clinical bias that corticosteroid therapy
provides clinical benefit for some patients with this syndrome. This
impression began to form at the time the syndrome was first fully
described.38 Investigators believed that many patients showed improve-
ment in visual acuity after intensive corticosteroid treatment, but recur-
rences were often noted after cessation of treatment. Furthermore, they
recognized that the natural history of this syndrome included spontaneous
resolution.

In one uncontrolled, retrospective study of patients following ICCEs
with full iridectomies, 13 of 17 patients responded with improved vision to
20/30 after treatment with 20 to 40 mg of oral prednisone per day. The
average duration of treatment of the CME was 6 weeks.37 A larger, retro-
spective, uncontrolled study of 821 consecutive patients following ICCEs
with iris fixated intraocular lenses reports that 40 of 49 patients with CME
responded with improved vision following oral, topical, and retrobulbar
corticosteroid treatment.4 The investigators recommend 60 mg of pred-
nisone orally for 4 days followed by 40 mg orally for 6 days and then taper-
ing this dose over 4 weeks. If resolution is incomplete, they consider
administering 40 mg of triamcinolone given by sub-Tenon's injection. In
addition, corticosteroid eye drops are believed to help prevent recur-
rences. It is not possible to know whether improved vision in these retro-
spective, uncontrolled studies reflects spontanteous resolution or the
effects of corticosteroid treatment.

Many skilled clinicians believe that topical corticosteroids are not
always adequate and that orally administered corticosteroids can be too
toxic. Therefore, they recommend that 40 to 80 mg of methylprednisolone
be injected in the sub-Tenon's space of the superotemporal quadrant just
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posterior to the equator after anesthetizing the area with 4% lidocaine on
a cotton-tipped applicator.96 An alternative corticosteroid treatment regi-
men is the injection of 40 mg of triamcinolone acetonide using a 3-mL
syringe and a %-inch needle on a 25-gauge needle.27 It is well recognized
that corticosteroid treatment can be accompanied by both local and sys-
temic side effects.213'"-39 Therefore, it would seem only prudent to with-
hold potentially dangerous medical therapy until spontaneous resolution is
unlikely.

Overcoming Relative Ocular Hypotony Using Corticosteroids. Several
clinical observations suggest that a relative ocular hypotony may relate to
the development ofCME following cataract surgery. Edema of the poste-
rior pole of the eye associated with decreased intraocular pressure has
been described.24Y1250 The abrupt loss of residual vision following glaucoma
filtering procedures may be related to the development of CME.'98 Finally,
epinephrine's ability to induce CME in aphakic patients may be related to
its capacity to lower intraocular pressure.25'

However, there are clinical observations that oppose each of these
potential correlations. It is likely that epinephrine's ability to increase cap-
illary permeability relates to the development of CME in aphakic eyes.20
This belief is supported by the ability of acetazolamide to lower intraocu-
lar pressure without an associated development of CME in aphakic
eyes.318'321 Prospective studies of filtering procedures have not described
CME in association with ocular hypotony.45 It is likely that the decreased
vision associated with ocular hypotony following filtering procedures
reflects the presence of choroidal folds.20 It can be difficult to distinguish
the stellate patterns associated with choroidal folds from the pelatoid pat-
terns ofCME clinically with an ophthalmoscope. A fluorescein angiogram
can confirm the diagnosis.'4' Finally, investigators simply have not linked
ocular hypotony with the development of CME following cataract
surgery.37,39,45

One study links an improvement in vision in patients with this syn-
drome with an increase in intraocular pressure achieved following treat-
ment with corticosteroids.25 This study of 16 patients reports an improve-
ment in vision and the resolution of edema in all 28 episodes ofCME fol-
lowing the elevation of intraocular pressures with prednisolone acetate 1%
given 4 times daily. This is an uncontrolled, unmasked, and nonrandom-
ized study. There is no explanation given for why all these patients hap-
pened to respond to corticosteroid. Insofar as this study has not been con-
firmed in almost 2 decades, few clinicians modulate intraocular pressure
in an attempt to improve vision in patients with postoperative CME.

Medical Treatment: Hyperbaric Oxygen and Acetazolamide
These therapeutic efforts are directed at removing edema fluid from with-
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in the retina or repairing abnormal microanatomy in patients with CME
following cataract surgery rather than preventing or treating factors relat-
ed to the pathogenesis of the syndrome. Investigators have attempted to
enhance the integrity of injured capillary endothelial cell junctional com-
plexes with hyperbaric oxygen or improve the pumping function of the
pigmented retinal epithelium with acetazolamide in an attempt to
decrease intraretinal fluid and improve vision in patients with CME.318'321-
323

Treatment ofCME With Hyperbaric Oxygen. A randomized, controlled
study of 8 patients reports improvement in all patients with CME following
cataract surgery who received 2.2 atm of oxygen for 1.5 hours twice daily for
1 week, followed by treatment for 2 hours daily for 2 weeks.323 The investi-
gators hypothesize that the administration of oxygen induces vascular con-
striction, which may assist the endothelial cell junctional complexes to heal.
In addition, this treatment may stimulate collagen formation, which helps
seal the spaces responsible for excess fluid leak. A different group of inves-
tigators report improvement in vision in 2 patients with CME following a
branch vein occlusion that failed laser treatment.322 They recommend 2 atm
of oxygen for 1 hour twice daily for 4 to 14 days.

The administration of hyperbaric oxygen requires special facilities, an
expert staff, and considerable time and inconvenience for the average
patient.-?w Furthermore, this treatment is not without dangers.361-363 Patients
with pulmonary problems, ear disease, sinus conditions, and claustropho-
bic tendencies are at particular risk. Therefore, it is unlikely that this med-
ical approach will gain widespread acceptance until a properly controlled
study verifies its efficacy and safety.

A laboratory study demonstrates that aqueous humor oxygen levels can
be increased following the transcorneal administration of high concentra-
tions of oxygen by way of specially adapted goggles applied to rabbits and
monkeys.364 This study was designed to explore new potential therapies for
various hypoxic ocular diseases, such as rubeosis iridis, retinal vascular
occlusions, and anterior segment ischemia. Whether this approach has
potential benefit for the treatment of CME following cataract surgery
remains to be proved.

Treatment of CME With Acetazolamide. A properly controlled clinical
study of oral acetazolamide treatment of clinical CME following cataract
surgery has not been published. However, patients are described that have
experienced improved vision following 500 mg of acetazolamide given oral-
ly once or twice daily for 2 weeks.318'2' Enthusiasm for this treatment is
strengthened by results of a study suggesting that acetazolamide may be of
benefit in the treatment of reduced vision associated with CME complicat-
ing uveitis.319

The rationale supporting this therapeutic effort remains unclear.
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However, this treatment may improve the ability of the retinal pigment
epithelium to pump fluid from the retina and thereby improve vision in some
patients.3657 This treatment regimen is potentially complicated by side
effects, including paresthesias, diuresis, gastrointestinal upset, and psycholog-
ical disturbances.? In rare instances, serious and potentially lethal reactions
may occur." Therefore, investigators have suggested that a properly designed
study to determine whether oral acetazolamide benefits vision in patients with
chronic clinical CME following cataract surgery is indicated.214

NEW STUDIES OF CME FOLLOWING CATARACT SURGERY

I. INCIDENCE OF CME FOLLOWING CATARACT SURGERY
As summarized in the Incidence section of the Literature Review and in
Table I, despite the recognition of different variables and their potential
influence on the incidence of CME following cataract surgery, the inci-
dence of clinical CME following cataract surgery remains signifi-
cant.9'84,58790 We determined the incidence of clinical CME associated with
350 consecutive planned ECCEs with implantation of an intraocular lens
performed during approximately an 18-month period extending from mid-
dle of 1988 to early 1989. Intraoperative corticosteroids were not routine-
ly used. Postoperative treatment consisted of a topical cycloplegic-mydri-
atic given 3 times daily (1% tropicamide) and topical corticosteroid (1%
prednisolone acetate) given 4 times daily for 2 to 3 weeks. Patients were
examined at monthly intervals with careful refractions during the first 4
months following surgery. Fluorescein angiograms were performed on all
patients with Snellen visual acuities less than 20/40. The incidence of clin-
ical CME was 24/350, or 6.9%. This is most certainly an underestimate,
because this study only includes patients who developed CME during the
first 1 to 4 months following surgery. Although this interval includes the
peak incidence for onset of CME, investigators have described the onset
ofCME more than a decade following cataract surgery.137138 However, the
results of this prospective study are in agreement with recent reviews stat-
ing that the incidence of symptomatic CME is higher than is commonly
recognized.27

Fortunately, most of these patients underwent spontaneous resolution
of their CME with the ultimate achievement of good final visual acuity.
This well-recognized potential for spontaneous resolution3843 39140 makes
placebo-controlled studies essential for the evaluation of a therapeutic
response during studies of the treatment of CME following cataract
surgery. The 24 patients identified within this prospective study of the
incidence of CME following cataract surgery are included and described
in further detail in the study of the medical treatment of acute clinical
CME reported and discussed within the subsequent Treatment section of
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this discussion of new studies ofCME following cataract surgery.

II. PATHOGENSIS OF CME FOLLOWING CATARACT SURGERY
As concluded in the Pathogenesis section of the literature review, there is
general agreement that inflammation is an integral part of the pathogene-
sis of CME following cataract surgery. However, a clear correlation
between CME and inflammation remains to be established. A potential
approach to providing a more direct correlation between CME and post-
operative inflammation was expressed during a symposium entitled
"Quantitative studies utilizing anterior chamber fluorophotometry may
prove useful in documenting an association between breakdown of the
blood-ocular barriers and subsequent development of CME."17

In response to this suggestion, the following study was designed and
completed. The goal of the investigation is to compare slit-lamp observa-
tions of postoperative inflammation following cataract surgery with anteri-
or ocular fluorophometric measurements and the subsequent develop-
ment of angiographic CME. This investigation relating to the pathophysi-
ologic basis for CME following cataract surgery represents an addendum
to a previously reported study that assessed the effects of topical NSAID
treatment on the postoperative breakdown of the BAB.2w

Correlation of Anterior Ocular Inflammation With CME Following
Cataract Surgery
The goal of this study is to compare the postoperative signs of anterior
ocular inflammation in eyes with and without angiographic CME 6 weeks
after cataract surgery in an attempt to more clearly establish any existing
relationship between anterior ocular inflammation and CME following
cataract surgery.

Materials and Methods. This report includes results taken from the
study of 50 patients with bilateral, symmetric cataracts who were operated
on by one surgeon and enrolled in a double-masked, randomized, paired-
comparison, crossover study comparing 0.5% ketorolac ophthalmic solu-
tion with placebo.Y-w Complete eye examinations were performed with
special attention given to the presence of ocular inflammation, including
the presence of anterior chamber cells, ciliary flush, and conjunctival
vasodilation. These examinations were performed at baseline and on days
1, 5, 12, and 19 following each surgery. In addition, anterior ocular fluo-
rophotometry was performed on day 20 following surgery.

Although not an official part of the original study, fluorescein
angiograms were performed 40 days after each surgery. All 50 patients
received angiograms in both eyes. CME was present in 11 patients in this
study. These 11 patients are the focus of this report.

Results. All 50 patients received bilateral cataract extractions at least 1
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month apart, and each received a fluorescein angiogram 40 days following
each surgery. The presence of inflammation and its relationship to subse-
quent development ofCME within these patients are presented in Table
II. In each instance, inflammation following cataract surgery within a
patient's right eye is compared with inflammation following surgery in the
left eye. The parameters of anterior ocular inflammation used in this study
include anterior ocular fluorophotometry and graded slit-lamp observa-
tions."7 Bilateral CME was present in patients 2 and 5. The remaining 9
patients had CME in only 1 eye. In all patients, the more severe grades of
ocular inflammation noted during the slit-lamp examination were record-
ed in the eye with the greater anterior segment fluorophotometry value.
Therefore, both estimations of anterior ocular inflammation indicate that
CME occurred in the most inflamed eye with the exception of patient 9.
Furthermore, the slit-lamp observations of inflammation appear to corre-
late well with the anterior ocular fluorophotometry results.

Conclusion. This study reports the first quantitative correlation of
anterior ocular inflammation with the subsequent development of CME
following cataract surgery. There appears to be an association between
breakdown of the BAB and the subsequent development ofCME follow-
ing cataract surgery. Therefore, the results of this study provide further
evidence that the pathogenesis ofCME following cataract surgery relates,
at least in part, to excessive ocular inflammation.

III. TREATMENT OF CME FOLLOWING CATARACT SURGERY WITH TOPICAL

NSAIDS
As summarized in the Treatment section of the Literature Review, topical
NSAIDs have been used in an attempt to prevent and treat CME follow-
ing cataract surgery. It is clear from this review that the most effective top-
ical NSAID has not been identified. Is one agent more effective than the
others? Furthermore, not all patients appear to respond to NSAID treat-
ment. Can specific patient groups be identified that do not respond to this
treatment? Finally, topical NSAID treatment often must be continued for
several months before a beneficial effect is observed during the treatment
of chronic clinical CME. Might the initiation ofCME treatment at an ear-
lier point following surgery shorten the course of topical NSAID treat-
ment needed to improve vision in patients with CME following cataract
surgery?

In an attempt to shed some light on these questions, 3 new studies
were completed. The first is a laboratory investigation that compares the
effects of the 4 commercially available topically effective NSAIDs follow-
ing a minor surgical procedure in an attempt to identify a potentially more
effective topical NSAID. The use of a topically effective NSAID with the
greatest anti-inflammatory activity could increase the success rate of med-
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ical treatment of chronic clinical CME. The second study is a clinical
investigation that attempts to identify the patients with chronic clinical
CME who are less likely to respond with an improvement in visual acuity
following topical NSAID treatment. The identification of a subgroup of
patients unresponsive to the effects of topical NSAIDs could save time,
effort, and expense. The third investigation explores whether earlier treat-
ment of clinical CME following cataract surgery might reduce the treat-
ment time required to improve vision in these patients. The demonstra-
tion of an improvement in vision following a shorter duration of treatment
would suggest that it may be unwise to wait too long for spontaneous res-
olution ofCME following cataract surgery.

A. Comparison of Topical NSAIDs and Their Ability to Stabilize the BAB
ofRabbits Following Paracentesis
Four NSAIDs formulated as ophthalmic preparations are commercially
available for use in the United States: 0.1% diclofenac, 0.03% flurbiprofen,
0.5% ketorolac, and 1% suprofen. These topically applied drugs have been
used in an attempt to treat and/or prevent CME following cataract
surgery.279"' Their effectiveness is thought to be related to their anti-
inflammatory activity.202226146279 However, there are no studies comparing
the anti-inflammatory activity of these agents.2792'39

The purpose of this study is to compare the ability of these ophthalmic
NSAID formulations to reduce the BAB disruption induced by anterior
chamber paracentesis in rabbits in a double-masked, randomized study.
The identification of a topical NSAID with greater anti-inflammatory
activity may help improve the results of our treatment of chronic clinical
CME following cataract surgery.

Materials and Methods. One hundred and fifty healthy rabbits with
normal ocular examinations were randomly divided into the 5 treatment
groups and used for this study. All surgical procedures and ocular mea-
surements were performed with rabbits under light sedation using 125 mg
of ketamine and 20 mg of xylazine. The rabbits were housed and treated
in accordance with the Association for Research in Vision and
Ophthalmology Resolution on the Use of Animals in Research.

All topical NSAIDs used in this study are commercially available with-
in the United States. They included 0.5% ketorolac tromethamine oph-
thalmic solution (Acular, Allergan, California), 0.03% flurbiprofen oph-
thalmic solution (Ocufen, Allergan, California), 1% suprofen ophthalmic
solution (Profenal, Alcon, Texas), and 0.1% diclofenac ophthalmic solution
(Voltaren, Ciba Vision Ophthalmics, Georgia). The control solution was
Balanced Salt Solution (Alcon, Texas). One drop of treatment solution was
applied to the left or right eye of each subject every 10 minutes for a total
of 4 applications. Approximately 10 minutes following the last drop, the
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rabbits were anesthesized with an intravenous bolus of 125 mg of keta-
mine and 20 mg ofxylazine. A rapid, nonleaking paracentesis with removal
of 0.1 mL of aqueous was performed on the treated eye of each rabbit.
Fluorophotometry was repeated 40 minutes and 24 hours following para-
centesis to assess the BAB integrity.

Anterior ocular fluorophotometry was performed by using a fluo-
rophotometer with an anterior chamber adapter (Fluorotron Master,
Coherent Radiation, California). Prior to paracentesis, anterior ocular flu-
orophotometry was performed on each rabbit to ensure that the amount
of fluorescein entering the right and left anterior chambers of each animal
did not vary by more than 25%.``6?4O Animals showing more than a 25%
variation were not used for the study. Fluorescein concentrations within
the anterior chambers were measured following the intravenous adminis-
tration of 0.4 mL of 25% fluorescein sodium for injection (Ak-Fluor,
Akorn, Louisiana) with no more than 2 minutes elapsing between right
and left eye measurements. Fluorescein concentrations from the central
anterior chamber were used in all calculations.

BAB breakdown was quantitated by expressing the percentage increase
in fluorescein (Fl) concentration in the paracentesed (op) eye versus the
nonparacentesed (unop) eye according to the following formula:

%Increase[Fl] =([Fl]op-[Fl]unop)/([Fl]unop)xlOO%

Comparing the fluorescein concentration in 1 eye with the contralateral
eye minimizes the interanimal variability in BAB permeability. This
method of comparing fluorophotometric data is justified because both
eyes equilibrate with the same serum concentration of fluorescein.336341-343

Each treatment group's mean %Inc[Fl] value corresponding to 40-
minute and 24-hour measurements was compared with the same group's
preparacentesis value using a paired t test, or Wilcoxon's signed rank test
if t test assumptions were not valid. Comparisons among the groups at
each time point were made using a Kruskall-Walhis test, with the Student-
Newman-Kuels test being applied where indicated. These statistical analy-
ses were performed by using a statistical software program. (Sigma Stat,
Jandel Scientific, California)

Results. Twenty rabbits were lost from the study. Reasons for the loss
of these animals included unexplained deaths in the animal care facility
(4), respiratory distress after anesthesia (2), anesthetic deaths (6), and
excessive surgical trauma (8). The excessive surgical trauma occurred dur-
ing the initial surgeries and included damage to the lens (3), inability to
aspirate 0.1 mL aqueous without overmanipulation, and excessive leakage
or damage to iris (5). The remaining 130 rabbits are subjects in this study.

The paracentesis created an increase in aqueous humor fluorescein
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concentration, which indicates a breakdown of the BAB. All treatment
groups demonstrated an increase in fluorescein concentration in the para-
centesed eye at 40 minutes. However, 24 hours following paracentesis,
there was no difference between preparacentesis values and 24-hour val-
ues. These data are illustrated in Fig 1.

Fig.1 EFFECT OF PRRRCENTESIS ON BRB
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FIGURE 1
Effect of paracentesis on blood-aqueous barrier.

The results of topical pretreatment on BAB breakdown following para-
centesis are summarized in Fig 2. There is no difference among treatment
groups prior to paracentesis at time zero. (P>.05) At 40 minutes following
paracentesis, all NSAID-treated groups showed less fluorescein leakage
than the placebo-treated group. (P<.05) However, there were no signifi-
cant differences between the NSAID-treated groups. In addition, there
were no differences between treatment groups at 24 hours following para-
centesis. These data are summarized in Table VI, which includes specific
values for the calculated % difference in sodium fluorescein.

Discussion. The present study shows that all 4 commercially available
topical NSAIDs are superior to placebo in their ability to stabilize the BAB
following paracentesis of the anterior chamber in the rabbit. However,
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F1.2 EFFECT OF NS0ID IDEffMENT ON BRB
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FIGURE 2
Effect of NSAID treatment on blood-aqueous barrier following paracentesis.

there was no statistical difference between these NSAIDs. Therefore, it
was not possible to identify from this laboratory study which of these com-
mercially available topically effective NSAIDs is most effective as an anti-
inflammatoxy agent.

Breakdown of the BAB in an animal eye following paracentesis of the
anterior chamber has been used as an animal model for studying inhibitors
of prostaglandin synthesis.cal3dife Several NSAIDs were studied for their
comparative BAB stabilizing effect in a dog model using paracentesis of
the anteior chamber as an inflammatothla oy stu.32 This investigation
reports that topically applied diclofenac, flurbiprofen, and suprofen (each
prepared in a 1% solution) are equally effective in stabiezing the BAB 40
minutes following a paracentesis. Unfortunately, the investigation com-

pares each NSAID as a 1% formulation. This is less than optimum,
because the bioavailability of each of these drugs depends on the penetra-
tion of the molecule through the lpid membranes of theceuular layers of
the comea. This passage is influenced by the acidity of the compound and
its relationship to the pH ofthe ophthalmic preparation.dTherefore, each
manufacturer has prepared its formulation at a different pH and in differ-
ent concentrations in an attempt to maximize bioavailability and minimize
ocular discomfort.279'8 In addition, this study did not include all of the
commercially available ophthalmic NSAIDs.

The present study used anterior ocular fluorophotometry to follow the
breakdown ofthe BAB following a standardized, minor surgical procedure
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TABLE VI: EFFECT OF NSAID TREATMENT ON BLOOD AQUEOUS
BARRIER FOLLOWING PARACENTESIS

NSAID % DIFFERENCE OF SODIUM FLUORESCEIN 2 SEM (P VALUE)'
TREATMENT 40 MIN 24 HR
(NO. OF PRIOR TO FOLLOWING FOLLOWING
RABBITS) PARACENTESIS PARACENTESIS' PARACENTESISf

0.1%
Diclofenac 13.00 ± 1.92 71.43 ± 19.42 37.63 ± 16.39
(26) (0.171) (0.003) (0.491)

0.03% 11.54 ± 2.53 94.22 ± 23.30 22.94 ± 10.48
Flurbiprofen (0.452) (0.011) (0.931)
(24)

0.5% 11.15 ± 1.28 97.91 ± 27.03 15.21 ± 7.89
Ketorolac (0.378) (0.010) (0.735)
(28)

1% 9.60 ± 1.63 119.19 ± 27.58 42.54 ± 12.33
Suprofen (0.825) (0.022) (0.303)
(29)

Placebo 9.01 ± 2.01 277.18 ± 66.43 21.22 ± 16.96
(23)

No significant difference between treatment groups.37
tNSAID treatments all significantly less than placebo. No significant differences between
NSAID treatment groups.37'-"7
'Compared with placebo.37
'No significant differences between treatment groups. No significant difference from prior
to paracentesis.37537'

performed in rabbits.347 It is possible that differences in anti-inflammatory
activity associated with topical NSAID treatment may be demonstrated by
using a different animal, following a different surgical procedure, and
using different postoperative methods. Ketorolac and diclofenac oph-
thalmic solutions are the only topical NSAIDs commercially available in a
5-mL bottle. Therefore, we are evaluating the postoperative effects of top-
ically applied 0.5% ketorolac ophthalmic solution and 0.1% diclofenac
ophthalmic solution following cataract surgery and implantation of an
intraocular lens in a double-masked, randomized study employing the
laser flare-cell meter in an effort to determine their relative activities.?57

Conclusion. All 4 commercially available topically applied NSAIDs
were significantly more effective than placebo in their ability to stabilize
the BAB following rabbit paracentesis. However, the effects of these top-
ical NSAIDs were not statistically different from each other. Therefore, if
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one of these NSAIDs is more effective as an anti-inflammatory agent fol-
lowing surgery, this laboratory surgical model was not sensitive enough to
identify this increased activity.

B. Comparison of Ketorolac Tromethamine 0.5% and Diclofenac Sodium
0.1% Ophthalmic Solutions in Reducing Postoperative Inflammation After
Cataract Extraction and Intraocular Lens Implantation
Cataract surgery and implantation of an intraocular lens are commonly fol-
lowed by postoperative inflammation. Excessive postoperative inflamma-
tion following cataract surgery may reduce vision related to glaucoma,
CME, and opacification of the posterior capsule.m Diclofenac sodium
ophthalmic solution 0.1% (Voltaren Ophthalmic, CIBA Vision
Ophthalmics, Atlanta, Georgia) is a topical NSAID approved by the Food
and Drug Administration for use (1 drop four times daily) in the treatment
of postoperative inflammation following cataract surgery.279 Several dou
ble-masked, randomized, controlled studies suggest that ketorolac
tromethamine 0.5% ophthalmic solution (Acular, Allergan
Pharmaceuticals, Irvine, California) is a safe and effective topically admin-
sitered NSAID for use following cataract surgery with or without implan-
tation of an intraocular lens.Y,m-'341 The purpose of the present study is to
compare the relative effectiveness and safety of ketorolac tromethamine
0.5% and diclofenac sodium 0.1% ophthalmic solutions in reducing post-
operative inflammation following cataract surgery and implantation of an
intraocular lens.

Materials and Methods. Healthy patients admitted for elective, unilat-
eral cataract surgery were recruited for this study from the Department of
Veterans Affairs in San Francisco, California. Institutional Review Board
Approval was obtained before the study began. Written and signed
informed consent was secured from each patient by the primary investiga-
tor before enrollment in the study.

Within 1 month prior to surgery and initiation of treatment, an ocular
examination was performed on each patient scheduled for cataract surgery
to establish the suitability of the patient for participation in this study.
Exclusion criteria included the following:
1. Patients allergic to fluorescein
2. Pregnant women or women trying to become pregnant
3. Patients who used systemic corticosteroids or NSAIDs during the prior

month
4. Patients who used topical anti-inflammatory drugs during the prior

month.
5. Patients participating in another clinical study of an investigational

drug
6. Patients under legal age
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7. Patients with severe gastrointestinal disease
8. Patients with serious renal, hepatic, endocrine, pulmonary, cardiac,

neurologic, psychiatric, or cerebral dysfunction
9. Patients with diabetes mellitus or other metabolic diseases uncon-

trolled by medical therapy
10. Patients with corneal diseases or ocular infections that prevent ade-

quate visualization of the anterior chamber of their eye
11. Patients with a history of uncontrolled uveitis prior to the cataract

surgery
12. Patients with systemic hypertension uncontrolled by medical treat-

ment
13. Patients with a history of serious coexistent ocular disease such as

uncontrolled glaucoma, optic atrophy, or ocular tumors
14. Patients with current uncontrolled alcohol or drug abuse problems
15. Patient allergic to NSAIDs

The entry examination consisted of a distance Snellen visual acuity test
and external slit-lamp examination performed to assess the health of the
external portions of the eye and periocular areas. Following slit-lamp
examination, measurements were taken by a different investigator using
the laser cell and flare meter (Kowa FC-1000) to objectively determine
baseline anterior chamber inflammation. Anterior chamber inflammation
was expressed by the laser cell and flare meter with separate numbers in
photons for cell and flare. Examiners did not know in which treatment
group the patient was to be enrolled, nor did the examiners know the
results of the others' examinations. Intraocular pressures were measured
by applanation tonometry. A dilated retinal examination was performed
using direct and indirect ophthalmoscopy. Topical mydriatic agents (tropi-
camide 0.5% and phenylephrine 2.5%) were used for retinal diagnostic
examinations. This identical and complete ocular evaluation was per-
formed at 3 postoperative visits: visit I (3 to 5 days), visit II (9 to 12 days),
and visit III (25 to 30 days) following surgery. All examinations were per-
formed at the Department of Veterans Affairs in San Francisco.

All surgeries were performed by 2 senior resident ophthalmic surgeons
under the supervision of a board-certified attending ophthalmologist using
the same surgical approach. In each case an extracapsular cataract extrac-
tion using phacoemulsification was performed followed by the implanta-
tion of a foldable posterior chamber intraocular lens inserted through a 4
mm tunneled scleral incision. The surgical wound was closed with a single
10-0 nylon suture. Patients were excluded from the study if there were any
intraoperative complications.

Patients were treated within 1 hour prior to the operation with mydri-
atic drops (tropicamide 0.5% and phenylephrine 2.5%); each was given 1
drop for three doses 15 minutes apart. In addition, each patient received
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1 drop of flurbiprofen sodium 0.03% (Ocufen, Allergan Pharmaceuticals,
Irvine, California) for 3 doses 15 minutes apart within the 1 hour prior to
surgery. Immediately following surgery, each patient received 50 mg of
cefazolin (Ancef, Bristol Myers Squibb, Princeton, NJ) and 50 mg of cefi-
zoxime (Cefizox, Fujisawa, Dearfield, Illinois) injected subconjunctivally
under direct visualization using the microscope.

Beginning on the day following surgery, all patients received either
ketorolac tromethamine 0.5% or diclofenac sodium 0.1% ophthalmic solu-
tions packaged in identical containers in a double-masked fashion as part
of a predetermined randomization schedule. The patients were instructed
to instill 1 drop of the treatment solution 4 times daily for 30 days. In addi-
tion, each patient received tropicamide 0.5% solution, 1 drop 3 times daily
for 2 weeks, and ofloxacin 0.3% solution (Ocuflox, Allergan, Irvine,
California), 1 drop 4 times daily for 7 days following surgery.

All patients returned for follow-up examinations and measurements of
laser cell and flare meter at 3 postoperative visits: visit I (3 to 5 days), visit
II (9 to 12 days), and visit III (25 to 30 days) following surgery. During
these visits, each patient's anterior chamber inflammation was evaluated
using 2 separate techniques. Initially, patients were subjectively examined
at the slit lamp by one investigator, and the observed inflammation was
scored.287 Thereafter, a different examiner, who was unaware of the slit-
lamp observations, objectively determined the number of cells and the
amount of flare using the laser cell and flare meter.

Throughout the study, patients were instructed to inform the primary
investigator of all complaints, systemic and local, at each postoperative
visit. If a patient experienced an unusual or significantly discomforting
symptom at any time, the patient was instructed to promptly telephone the
primary investigator, who determined whether the complaint warranted
the patient's returning for examination before the next scheduled visit.
Furthermore, at each scheduled postoperative visit, patients were asked
whether the topical treatment solution caused discomfort following instil-
lation. Patients were provided with the following descriptive options:
none, mild, moderate, or severe discomfort.

The primary efficacy parameter during this study was the comparison
of postoperative inflammation as determined by the measurement of cell
and flare using the laser cell and flare meter. To assess whether there was
a difference between the 2 treatment groups with respect to the laser cell
and flare meter measurement of cells and flare, we focused on the change
in these 2 parameters of inflammation from baseline. In other words, we
used for flare and cell, respectively:

flare(t)-flare(baseline) or cell(t)-cell(baseline)
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as the measure of change from baseline at time (t). We examined how this
measure of change from baseline varied as a function of time from base-
line, drug group, and baseline flare or cell measurement. To carry out this
analysis, we used a linear spline regression analysis, where the effect of
time from baseline on the change in cell or flare was assumed to be piece-
wise continuous function of the time and where we examined whether this
time function varies by drug group or baseline cell or flare measurement.
For parameters measured on an ordinal scale, such as slit-lamp measure-
ment of cells and flare, the Wilcoxon rank sum test was used to compare
the treatments.

Results. A total of 120 patients were enrolled in this study (7 women
and 113 men), and median age was 71 years (range, 47 to 89 years). The
characteristics of the treatment groups (58 patients in the ketorolac solu-
tion group and 62 in the diclofenac solution group) are shown in Table VII.
There are no discernable differences between the 2 treatment groups for
any of these characteristics. Furthermore, the distribution of treatment
regimens between surgeons was comparable.

All patients enrolled in the study completed treatment and returned
for postoperative examinations as requested. The data pertaining to ante-
rior ocular inflammation are summarized in Table VIII. The 2 treatment
groups are not different statistically at any of the postoperative visits in
terms of flare or cells as measured with the laser cell and flare meter.
Furthermore, the slit-lamp subjective measurements of cells and flare cor-
relate well with the meter's objective measurements as summarized in
Table VIII.

No adverse reactions were reported or observed during the study.
Patients appeared to tolerate the topically administered treatments equal-
ly well. There was no statisftical difference between reports of discomfort
following instillation of the 2 treatments as shown in Table IX.

Comment. The results of this study suggest that diclofenac sodium
0.01% and ketorolac tromethamine 0.5% ophthalmic solutions are equal-
ly effective for the control of postoperative inflammation after uncompli-
cated cataract surgery and implantation of an intraocular lens.
Furthermore, both treatments were well tolerated by patients. Therefore,
both topically applied NSAIDs offer an acceptable alternative to topical
corticosteroids following cataract surgery.

Several studies suggest that topically applied NSAIDs are comparable
to topical corticosteroids in their ability to control inflammation following
cataract surgery.279m Furthermore, topically applied NSAIDs may be more
effective in stabilizing the BAB as measured by anterior ocular fluoropho-
tometry following cataract surgery and implantation of an intraocular
lens." However, all of these studies focused on uncomplicated cataract
surgeries. Therefore, it is not known from these studies whether the treat-
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TABLE VII: BASELINE CHARACTERISTICS OF ENROLLED PATIENTS

TREATMENT GROUP
No. (%)

0.1% DICLOFENAC 0.5% KETOROLAC
CHARACTERISTIC SOLUTION (N = 62) SOLUTION (N = 58) PVALUE*

SEX
Female 3 (4.84)
Male 59 (95.16)

RACE
Black 6 (9.68)
White 44 (70.97)
Asian 3 (4.84)
Hispanic 9 (14.52)

AGE (YR)
Mean (SD) 70.6 ± 8.8
Range 48 - 89

EYE OPERATED ON
Right 36 (58.06)
Left 26 (41.94)

IRIS COLOR
Blue 27 (43.55)
Brown 29 (46.77)
Black 6 (9.68)

PRIOR SURGERY
CONTRALATERAL EYE
No 37 (59.68)
Yes 25 (40.32)

DIABETES
No 44 (70.97)
Yes 18 (29.03)

SYSTEMIC HYPERTENSION
No 29 (46.77)
Yes 33 (53.23)
Surgeon 1 29 (53.7)
Surgeon 2 33 (50.0)

4 (6.90)
54 (93.10)

5 (8.62)
38 (65.52)
7 (12.07)
8 (13.79)

72.9 ± 9.4
47 - 88

27 (46.55)
31 (53.45)

29 (5.00)
24 (41.38)
5 (8.62)

28 (48.28)
30 (51.72)

44 (75.86)
14 (24.14)

24 (41.38)
34 (58.62)
25 (46.3)
33 (50.0)

*All P values reflect chi-square tests except the comparison of age, which was done with a

t test.

ments studied are equally effective following complicated surgeries. This
qualification also applies to the present study.

Flurbiprofen 0.03% ophthalmic solution was administered to patients
immediately prior to surgery (1 drop 3 times, beginning 1 hour before
surgery) throughout this investigation. The preoperative use of a topical
NSAID to maintain intraoperative mydriasis during cataract surgery is
widespread. Therefore, this treatment was included within this study in an
attempt to reflect common surgical practice. There is evidence that this

0.56

0.16

0.21

0.78

0.21

0.55

0.56

0.72
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TABLE VIII: ANTERIOR OCULAR INFLAMMATION

0.1% DICLOFENAC 0.5% KETOROLAC P VALUEt
62 PATIENTS - MEAN (SD) 58 PATIENTS - MEAN (SD)

LASER CELL AND FLARE METER (KowA FC-1000)

FLARE (PHOTONS PER MILLSECOND)
Baseline 11.85 7.89 12.12 ± 10.24
Visit 1 22.53 ± 15.35 23.89 ± 16.29
Visit 2 18.07 ± 9.22 18.70 ± 11.96
Visit 3 19.62 ± 14.19 15.28 ± 9.32
CELLS (CELLS PER 0.075 MM3)
Baseline 2.90 ± 4.83 2.20 ± 5.20
Visit 1 6.65 ± 7.07 7.20 ± 7.69
Visit 2 2.03 ± 2.40 2.13 ± 2.91
Visit 3 1.86 ± 3.09 1.46 ± 3.03

SLIT-LAMP EXAMINATIONS

FLARE
Baseline
Visit 1
Visit 2

Visit 3
CELLS
Baseline
Visit 1

Visit 2
Visit 3

0.32 ± 0.44
1.27 ± 0.45
0.95 ± 0.43
0.42 ± 0.56

0.29 ± 0.32
1.74 ± 0.97
1.27 ± 0.61
0.90 ± 0.43

0.36 ± 0.49
1.39 ± 0.53
0.90 ± 0.67
0.41 ± 0.53

0.39 ± 0.41
1.94 ± 0.97
1.38 ± 0.83
1.03 ± 0.37

0.88
0.64
0.75
0.10

0.45
0.69
0.84
0.55

0.45
0.22
0.60
0.95

0.54
0.25
0.46
0.08

*Kendall Taub correlations between laser cell and flare meter and slit-lamp observations
were as follows: Visit 1 = 0.43 (P = .0001); visit 2 = 0.32 (P = .0001); visit 3 = 0.28 (P = .0002).
tReferences 378 and 379.

TABLE IX: PATIENT TOLERANCE

TREATMENT GROUP
DISCOMFORT ON 0.1% DICLOFENAC SOLUTION 0.5% KETOROLAC SOLUTION
INSTILLATION* (N = 62) (N = 58)

No. (%) No. (%)

None 57 (91.94) 49 (84.48)
Mild 4 (6.45) 5 (8.62)
Moderate 1 (1.61) 4 (6.90)
Severe 0 (0) 0 (0)

°P = .30.
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topically applied NSAID has an anti-inflammatory effect.279 Therefore, it is
possible that this preoperative treatment helped to minimize the postop-
erative inflammation, particularly in the early postoperative period.
However, it is unlikely that this potential synergistic effect influenced all
of the observations and measurements at subsequent postoperative visits.

There were no significant toxicities associated with either of the treat-
ment regimens during this study. In addition, both treatments appeared to
be comparable in terms of ocular discomfort associated with eye drop
instillation. However, the discomfort associated with the instillation of
0.5% tropicamide may have overshadowed the potential discomfort that
may have accompanied the topical NSAID use. Not only did the patients
frequently describe relief after the mydriatic-cycloplegic was discontin-
ued, but they all emphasized that any discomfort associated with the top-
ical NSAID treatment was minor compared with the discomfort induced
by the tropicamide.

Conclusions. Diclofenac 0.1% and ketorolac 0.5% ophthalmic solu-
tions were equally safe and effective in controlling postoperative inflam-
mation following cataract surgery and implantation of an intraocular lens.
Slit-lamp observations and measurements with the laser cell and flare
meter were unable to identify the most effective anti-inflammatory drug
using this model for inducing inflammation.

C. The Effect of Patient Characteristics on Response to Topical NSAID
Treatment of Chronic Clinical CME Following Cataract Surgery
There is evidence that topically applied NSAIDs may improve vision in
some, but not all, patients demonstrating clinical CME following cataract
surgery.16149151 The results of a small pilot study gave the impression that
the presence of diabetes mellitis or systemic hypertension may predispose
to less therapeutic benefit from this topical NSAID treatment.351 While
this pilot study suggested that coexistent conditions might modify the
effectiveness of treatment with topical 0.5% ketorolac ophthalmic solu-
tion, it was concluded that an increased sample size was, required to detect
these associations.

Therefore, the goal ofthe following analysis is to delineate physical fac-
tors related to the improvement in vision (2 lines or more using Snellen
testing) following treatment with 0.5% ketorolac ophthalmic solution in a
larger series of47 patients with chronic (present 6 months or longer) clin-
ical (vision less than 20/40) CME following cataract surgery.

The identification of a subpopulation of patients within a group of
patients with CME that is refractory to treatment could eliminate time,
effort, and expense.

Materials and Methods. Forty-seven patients with chronic clinical
CME following cataract surgery received 0.5% ketorolac ophthalmic solu-
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tion as part of a double-masked, randomized, placebo-controlled study.'5'
The percentage of those patients with a given physical or anatomic condi-
tion who showed an improvement in vision was compared to the percent-
age of those without that condition who showed an improvement in vision.
Fisher's exact test was used to calculate the nominal 2-sided P values for
the percentage differences.

Results. The characteristics of patients with and without an improve-
ment in vision present at the onset of the study are summarized in Tables
X and XI. We did not find significant differences for any physical or
anatomic conditions to have a statistical basis for suggesting a relationship
with improvement in vision following treatment including:
1. Diabetes mellitis (85%) versus no diabetes mellitis (65%) P = .52
2. Either diabetes mellitis or systemic hypertension (80%) versus neither

(65%) P =.38%
3. Systemic hypertension (81%) versus normotension (64%) P=.45
4. Iris clip or anterior chamber lens (73%) versus posterior chamber lens

(50%) P=.32
5. Updrawn pupil (66%) versus round pupil (41%) P=.41
6. Presence of posterior capsule (48%) versus absence of posterior cap-

sule (37%) P=.85
Conclusions. This study suggests that the presence of diabetes mellitis

and systemic hypertension, if medically controlled, does not predispose to
less therapeutic benefit from topical treatment of chronic clinical CME
with 0.5% ketorolac ophthalmic solution. Furthermore, the presence or
absence of a posterior capsule, the type of intraocular lens, and the shape
of pupil did not appear to reduce the potential effectiveness of treatment.
Therefore, the presence of these patient characteristics or ocular anatom-
ic variables should not discourage an attempt at topical medical treatment
of chronic clinical CME following cataract surgery prior to more aggres-
sive treatment.

D. Treatment ofAcute-Onset Clinical Cystoid Macular Edena Following
Cataract Surgery With Topical NSAIDs
Controlled studies suggest that many patients with chronic CME require
treatment with topical NSAIDs for 2 to 3 months before an improvement
in vision is observed..4'5" As a consequence, investigators have recom-
mended treatment with extemporaneously prepared indomethacin 1%
ophthalmic suspension, 1 drop 4 times daily for at least 3 months and con-
tinued for 1 to 2 months after improvement of visual acuity for an ade-
quate therapeutic effect.'6 All of these studies evaluate the therapeutic
effect of a topically applied NSAID given to patients with clinical CME
present 6 months or longer. It is possible that acute CME (present 4
months or less) might respond to treatment with an improvement in vision
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following only 1 month of treatment. A response to a shorter duration of
treatment would suggest that there is potential benefit in the earlier treat-
ment of CME following cataract surgery. This could provide a rationale
for discouraging clinicians from waiting too long for spontaneous resolu-
tion ofCME. Therefore, a study of the treatment of acute CME following
cataract surgery is of potential clinical importance.

Purpose. The goal of this study is to evaluate the effect of 0.5% ketoro-
lac tromethamine ophthalmic solution (1 drop four times daily for 1
month) in patients with acute (present 4 months or less) clinical CME.

Materials and Methods. During an 18-month period during 1988 and
1989, 350 patients underwent planned ECCEs with the implantation of an
intraocular lens. These patients were screened for the presence of clinical
(vision less than 20/40 by Snellen testing) CME at monthly intervals dur-
ing the first 4 months following their cataract surgery. During this interval,
24 patients demonstrated a best corrected visual acuity of less than 20/40
as measured by Snellen visual acuity testing, which was associated with the
presence of fluorescein angiographic signs of CME. Following their diag-
nosis, these patients were educated as to the nature of their postoperative
problem, the clinical study and its goals, and the risks and potential bene-
fit for themselves should they choose to participate in the study. Informed
consent was obtained from each individual who decided to participate in
this 2-month study after lengthy discussions including questions and
answers.

Patients were excluded from the study if (1) they had used corticos-
teroids or NSAIDs within the previous 4 weeks, (2) they had uncontrolled
diabetes mellitis or systemic hypertension, (3) they had ocular disease pre-
venting adequate examination of the anterior segment of the eye or retina,
(4) they had preexisting macular disease preventing adequate retinal eval-
uation or confusing the diagnosis of CME, or (5) they had a history of
allergy to NSAIDs.

Patients were given a complete ocular examination within 1 week
before the initiation of treatment to confirm the diagnosis of acute clinical
CME. Visual acuity was determined at distance with Snellen testing after
a careful refraction. The Snellen row of letters was selected that was most
consistent with the patient's distance visual acuity. All refractions were per-
formed by the same examiner using the same examination lane. This inves-
tigator was unaware of the treatment regimen. Furthermore, this examin-
er was unaware of results of fluorescein angiograms and slit-lamp obser-
vations.149"51 Slit-lamp examination of the periocular and ocular structures
was performed by a different investigator. A dilated retinal examination
using direct and indirect ophthalmoscopy and Hruby lens examinations
was used to make a tentative diagnosis of CME. This diagnostic impres-
sion was confirmed by performing a fluorescein angiogram.
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The angiograms were graded at baseline and at 30 days and 60 days
after each respective treatment. The grading system was as follows: grade
0, no fluorescein leak in the macular area; grade 1, semicircle of fluores-
cein leak in the macular area; grade 2, full circle of fluorescein leak, less
than the size of the optic nerve; and grade 3, full circle leak greater than
the optic disk in the macular area. Intraocular pressures were performed
by applanation tonometry. This same examination was performed at base-
line, 30 days after initiation of the first treatment regimen, and 30 days
after initiation of the second treatment regimen.

Each patient included in the study initially received 30 days of treat-
ment with either 0.5% ketorolac ophthalmic solution or vehicle solution of
the same pH and tonicity packaged in an identical container (each prepa-
ration was supplied by Syntex Corp, California) and distributed with a
computer-generated predetermined randomization schedule in a double-
masked fashion. Following completion of this initial treatment regimen,
the patient was given the remaining treatment regimen in a randomized,
double-masked fashion for the subsequent 30 days. During each treat-
ment period, 1 drop (50 pL) of solution was used 4 times daily in the
involved eye. Following each treatment regimen, patients returned for
reexamination, and their treatment bottles were collected and examined to
confirm compliance. The final examination was performed at the 60-day
visit.

Results. From the group of 24 patients enrolled during the 18-month
period, 22 patients completed the 2-month study. The 2 patients eliminat-
ed from the study during the first 10 days consisted of 1 drug-treated
patient (lost medication) and 1 vehicle-treated patient (moved to different
state). These patients are not included in this report.

The 22 patients who completed this study were evenly distributed
between the drug-treated first group and the placebo-treated first group.
These 2 groups of patients are comparable in terms of age; sex; eye
involved; presence of pupil abnormalities; type of intraocular lens; pres-
ence of diabetes mellitis, systemic hypertension, or arteriosclerotic vascu-
lar disease; initial visual acuities; and initial angiography grades as summa-
rized in Table XII.

Following the first 30-day treatment period, 4 (36%) of 11 drug-treat-
ed patients (group I) had an improvement in vision (2 lines or more as
measured by Snellen chart), and 2 (18%) of 11 vehicle-treated patients
(group II) demonstrated improved vision. This difference is not statistical-
ly significant. Following the crossover in treatment regimens, group I (now
vehicle-treated) had 2 of 11 additional patients with improved vision fol-
lowing treatment. Group II (now drug-treated) had 3 of 11 additional
patients with improved vision. These data are summarized in Table XIII.
A decrease in vision while treated with vechicle was observed in 3 patients,
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but no patients demonstrated decreased vision while treated with drug.
Both treatment regimens were well tolerated by the patients. There were

no complaints about burning or stinging following eye drop instillation.
Furthermore, none of the patients developed any signs of ocular toxicity
during the study.

During 1995, each patient's record was reviewed to determine the
interim ophthalmic treatments. In addition, each patient's visual acuity at
last examination was recorded. Their visual data and comments are includ-
ed in Table XIII. During the interim, the patients received no further
treatment for CME. All patients had improved vision except 2 who had a

TABLE XIII: TREATMENT OF AcUTE CME: SUMMARY OF CHANGES IN VIsUAL ACuITY

SNELLEN DISTANCE VISION (JAEGER NEAR VISION)
PATIENT INmAL DAY 30 DAY 60 FINAL (YR) COMMENTS
NO. (DAY 0)*

GROUP I = KETOROLAC FIRST

1 20/50 (J2) 20/20f (JI) 20/30 (J2) 20/25' (1994) Deceased
2 20/50 (J8) 20/50 (J6) 20/40 (J3) 20/30' (1994)
3 20/60 (J8) 20/70 (J8) 20/70 (J10) 20/30' (1993) Deceased
4 20/60 (J10) 20/50 (J10) 20/60 (J6) 20/40' (1992) Deceased
5 20/200 (J12) 20/200 (J12) 20/70f (J10) 20/70' (1990) Deceased
6 20/70 (J8) 20/40' (J2) 20/25' (J2) 20/30' (1995) Needed posteIior

capsulotomy
7 20/60 (J2) 20/25' (Jl) 20/30 (Ji) 20/20' (1991)
8 20/70 (J2) 20/70 (J6) 20/50t (J4) 20/40' (1992) Lost to follow-up
9 20/200 (J12) 20/400 (J12) 20/200 (J12) 20/30' (1989) Lost to follow-up
10 20/100 (J8) 20/50' (J4) 20/50 (J2) 20/30' (1994)
11 20/200 (J12) 20/100 (J12) 20/200 (J12) HM' (1993) Optic nerve ischemia

GROUP II = KETOROLAC SECOND

12 20/70 (J6) 20/70 (J10) 20/50' (J6) 20/25' (1995)
13 20/50 (J6) 20/30' (J4) 20/40 (J3) 20/30' (1990) Lost to follow-up
14 20/80 (J8) 20/80 (J8) 20/70 (J8) 20/70 (1991)
15 20/100 (J12) 20/80 (J12) 20/50' (J3) 20/30' (1992)
16 20/100 (J8) 20/80 (J8) 20/80 (J8) 20/20' (1992) Deceased
17 20/50 (J4) 20/50 (J4) 20/50 (J2) 20/30' (1990) Deceased
18 20/200 (J12) 20/200 (J12) 20/50' (J4) 20/50' (1991) Deceased
19 20/50 (J2) 20/80" (J12) 20/100 (J12) 20/100(1992) Glaucoma

Deceased
20 20/50 (J2) 20/50 (J2) 20/50 (J2) 20/40 (1994) -
21 20/70 (J6) 20/200 (J12) 20/200 (J12) 20/30 (1994)
22 20/80 (J8) 20/40' (J4) 20/50 (J4) 20/50' (1994)

*Initial vision measurements taken during 1987-1988.
'2 lines improvement.
12 lines deterioration.
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decrease in vision unrelated to CME. Eighteen of the patients had 20/50
Snellen or better.

Discussion. The results of this study suggest that the treatment of clin-
ical CME within 4 months of its onset with 0.5% ketorolac ophthalmic
solution does not shorten the treatment time needed for improvement in
vision. The improvement in vision after 1 month of treatment with 0.5%
ketorolac was not significantly different from that with placebo. A prior
study of 26 patients with chronic clinical CME (present 6 months or
longer) demonstrated a statistically significant improvement in vision only
after 2 months of treatment with 0.5% ketorolac tromethamine oph-
thalmic solution. '9 Therefore, these results suggest that there is no advan-
tage to treating clinical CME following cataract surgery earlier than 6
months following its diagnosis.

A review of the records of the 22 patients who were included in this
study 7 years following the completion of the study reveals that all patients
had improved vision without additional medical or surgical treatment at
the time of their last examination except 2 patients, as summarized in
Table XIII. One patient with poor vision has a diagnosis of anterior
ischemic optic neuropathy, and the other has decreased vision due to glau-
coma. Both disorders are unrelated to CME or postoperative inflamma-
tion. Therefore, the tendency for CME following cataract surgery to
undergo spontaneous resolution is once again confirmed.20'293439"3940

Conclusion. The results of this study suggest that the duration of treat-
ment required for an improvement in vision following the development of
CME associated with cataract surgery is not shortened by early treatment
with topical NSAIDs. Furthermore, this study confirms that the natural
history of clinical CME following cataract surgery often includes sponta-
neous resolution, as other investigators have described. Therefore, this
study suggests that it is reasonable to delay medical treatment and await
spontaneous resolution for at least 6 months following the appearance of
clinical CME after cataract surgery. This conclusion is in agreement with
prior investigations.'3"5

IV. ORAL ACETAZOLAMIDE AND THE TREATMENT OF CHRONIC CLINICAL
CME FOLLOWING CATARACT SURGERY

The purpose of this investigation is to compare the effectiveness of orally
administered acetazolamide with placebo in improving vision in chronic
clinical CME following cataract surgery that has been unresponsive to
other medical therapies.

Materials and Methods
During an 18-month period, 10 patients were enrolled with chronic clini-
cal CME, defined as vision of 20/40 or less as measured by Snellen testing

606 Flach



Cystoid Macular Edema Following Surgery

and a fluorescein angiogram consistent with CME present for at least 6
months. All patients enrolled in this study were refractory to prior treat-
ments with corticosteroids and NSAIDs. Each patient was fully informed
about the potential risks and benefits of participating in the study. This
included a comprehensive discussion of the potential toxicity of orally
administered acetazolamide and treatment alternatives, including no
treatment at all.

Following enrollment, patients were treated according to a predeter-
mined randomization schedule with either 500 mg of acetazolamide given
by mouth twice daily for 4 weeks or an identical placebo capsule given at
the same intervals and for the same duration in a double-masked, ran-
domized fashion. Acetazolamide in the form of 500-mg Sequels and iden-
tical placebo Sequels were supplied by Stortz Co, St Louis, Missouri.
Treatment began within 1 month following an initial baseline examination
designed to determine the patient's eligibility for inclusion in the study.
Patients returned for follow-up examinations at 7, 14, and 28 days follow-
ing initiation of treatment.

The ophthalmic examinations included distance Snellen visual acuity,
external slit-lamp examination, intraocular pressure by applanation, dilat-
ed retinal examination using direct and indirect ophthalmoscopy and
Hruby lens examinations, and a baseline fluorescein angiogram to confirm
the presence ofCME. Topical tropicamide 0.5% and phenylephrine 2.5%
were used prior to retinal examinations.

Exclusion criteria included the following:
* Allergy to fluorescein or sulfonamide drugs
* Pregnant women or women trying to become pregnant
* Patients using NSAIDs or corticosteroids during the month prior to
study

* Patients with the presence of severe systemic disease
* Patients with diabetes mellitis or systemic hypertension uncontrolled
by medical therapy

* Patients with a history of ocular disease, including corneal disease,
ocular infections, uveitis, uncontrolled glaucoma, optic atrophy, ocu-
lar tumors, retinal detachment, or macular disease

* Patients with an abnormal complete blood cell count or abnormal
serum urea nitrogen, creatinine, or electrolyte levels

All visual acuities were determined by means of a refraction performed
by one investigator. This investigator was unaware of each patient's treat-
ment regimen, ocular examination results, or fluorescein angiogram result.
He was not permitted to discuss anything concerning the study or the
patient's side effects with the patient or his colleagues. This was important
because of the difficulties in masking a placebo-controlled study of car-
bonic anhydrase inhibitors.319
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Following completion of the initial treatment regimen, acetazolamide
treatment was offered to placebo-treated subjects in an open-label man-

ner. Patients were instructed to inform the primary investigator of all side
effects, systemic and local, by telephone and/or at each office visit
throughout the study.

Results. A summary of the characteristics of the 10 patients enrolled
over the 18-month period is provided in Table XIV. These patients are

evenly distributed between drug and placebo treatments. The treatment
groups are comparable in terms of age, sex, eye, duration of CME, initial
angiogram, initial vision, type of intraocular lens, presence of diabetes
mellitis, and presence of iris abnormalities. However, systemic hyperten-
sion was more common in the drug-treated group.

Only 6 of 10 of the enrolled patients completed 1 month of treatment.
All 5 patients treated with acetazolamide experienced side effects, and 4 of
5 requested early removal from the study and termination of treatment for

TABLE XIV: SuMMARY OF VIsuAL RESULTS IN PATiENTS WITH
CimONIc CME TREAD WTH ACETAZOLAMIDE

PATIENT SEX AGE EYE T1EAMENT INrfiAL Fmtr DURAON COMMENTs
NO. SNELLEN SNELLEN

VISUAL VISUAL
ACUTY ACUIrT

1. F 77 (OS) D 20/50 20/50 1 wk D/C treatment,
rash, fever, malaise

2. F 82 (OD) P 20/50 20/50 4 wk
3. M 76 (OS) D 20/60 20/40 2 wk D/C treatment,

confused,
disoriented.

4. M 65 (OD) P 20/200 20/200 4 wk Complained of
side effects

5. M 83 (OD)° D 20/60 20/40 l wk D/Ctreatment
dizzy, lethargic

6. M 71 (OD)' D 20/60 20/50 1wk D/Ctifanent,
syncope, metabolic
disturbance

7. F 79 (OD) P 20/50 20/50 4 wk
8. M 83 (OS)° D 20/200 20/80 4 wk Paresthesias,

nocturia
9. F 79 (OS) P 20/80 20/80 4 wk
10. M 72 (OD) P 20/400 20/400 4 wk

D, drug treatment; D/C, discontinue; P, placebo treatment
* Patient had 2-line improvement in visual acuity.
f Patient had 1-line improvement in visual acuity.
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reasons summarized in Table XV. In addition, 1 in 5 placebo-treated patients
complained of severe side effects but elected to remain in the study.

A summary of the changes in visual acuity associated with each treat-
ment is provided in Table XV. Within the drug-treated group, 4 of 5
patients demonstrate an improvement in Snellen vision. Three of these
patients showed an improvement of 2 lines or more, and 1 patient demon-
strated a 1-line improvement after only 1 week of treatment. No changes
in visual acuity are observed in the placebo-treated group. Therefore,
treatment with oral acetazolamide is associated with a subtle effect on
vision as compared with placebo treatment (P=.053). However, patients
did not demonstrate the complete disappearance of the macular edema
during this study.

The open-label segment of the study included 2 of5 patients who com-
pleted 1 month of treatment with acetazolamide without an improvement
in vision. The 3 remaining patients consisted of 1 patient who was lost to
follow-up and 2 patients who terminated treatment in less than 7 days
owing to gastrointestinal upset and lethargy.

Discussion
It is difficult to make definitive conclusions about the potential benefit of
acetazolamide treatment for patients with chronic clinical CME following
cataract surgery from this small, double-masked, randomized study.
However, the fact that 4 of 5 drug-treated patients demonstrated an
improvement in vision, compared with none of the placebo-treated
patients, supports the previously formed impression that this treatment
may have potential benefit for some patients with reduced vision related
to CME following cataract surgery.318'32' This conclusion seems particular-
ly well justified because all patients enrolled in this study had a history of
being refractory to prior medical treatments with anti-inflammatory drugs.
Therefore, the study population in this investigation represents a particu-
larly difficult-to-treat group of patients with chronic clinical CME.

Although the pathogenesis ofCME following cataract surgery remains
obscure, the medical treatment of this syndrome usually involves anti-
inflammatory therapy. 15,21,22,146,2 The present study describes several
patients who were unresponsive to anti-inflammatory treatment but who
responded to acetazolamide treatment. These results suggest that the
pathogenesis of CME following cataract surgery involves more than
inflammation in some patients.

Investigators have commented that acetazolamide treatment appears
more effective in those disorders in which the retinal pigment epithelium
(RPE), rather than retinal capillaries, appears to be the major source of
the edema fluid.80'318 It has been suggested that retinal edema within these
patients may be due, at least in part, to a disturbance of the normal RPE
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polarity, whereby the RPE moves ions, and associated water, from the neu-
roretina toward the choroid.318 Cellular polarity may be influenced by tran-
scellular and transmembrane pH gradients.370 It is hypothesized that aceta-
zolamide may restore cellular polarity by modulating ionic movements
across the RPE cell membrane with consequent changes in transmem-
brane pH gradients. The present study suggests that an effect of acetazo-
lamide on the retinal capillaries cannot be discounted as contributing to a
therapeutic effect in patients with CME following cataract surgery, as has
been suggested by others."80

Side effects were a major problem during this study. The thorough dis-
cussion of acetazolamide-related side effects provided during the informed
consent influenced enrollment. Four patients elected not to participate in
this study because they believed the potential risk was too great.
Furthermore, all of the patients taking acetazolamide experienced side
effects, and 4 of 5 found them intolerable and requested removal from the
study. However, 1 placebo-treated patient experienced side effects and
briefly considered removal from the study. Placebo-induced side effects in
controlled studies of the carbonic anhydrase inhibitors during glaucoma
therapy have been previously reported.37' Finally, the side effects that
accompanied acetazolamide treatment made the investigation difficult to
mask. This problem was anticipated because problems associated with
masking such studies are well described.319 This made it imperative that the
investigator taldng the visual acuities did not discuss treatment with the
patients.

Although not approved at the time of this study, topically effective car-
bonic anhydrase inhibitors are now available for the treatment of the glau-
comas.372-374 It is not clear whether topical treatment with these agents is
capable ofproviding adequate levels of drug to the appropriate parts ofthe
eye to result in an improvement in vision in patients with chronic clinical
CME. However, we are planning such studies at present.

Conclusions
The results of this study suggest that orally administered acetazolamide may
be of benefit in improving vision during the treatment of chronic clinical
CME following cataract surgery. However, the presence of systemic side
effects may limit the therapeutic usefulness of this treatment. In addition,
the results of this study suggest that the pathophysiology ofCME following
cataract surgery involves more than simply inflammation in some patients.

SUMMARY AND CONCLUSIONS

Although the incidence of CME following cataract surgery is unknown,
this syndrome continues to be the most common cause of decreased vision
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following cataract surgery. CME is a nonspecific retinal manifestation of
ocular disease that consists of the accumulation of intravascular transudate
within cells or spaces in the outer plexiform and the inner nuclear layers
of the retina. This intraretinal fluid accumulation is associated with retinal
thickening and cyst formation, which can occasionally be visualized with
an ophthalmoscope but is more easily identified with slit-lamp biomi-
croscopy. Fluorescein angiography is the most definitive diagnostic proce-
dure.

CME may or may not be associated with reduced visual acuity. A
patient's visual acuity does not always correlate with the severity of the
retinal edema as visualized on the fluorescein angiogram. Therefore, dur-
ing therapeutic studies, angiograms are important for confirming the diag-
nosis ofCME but are of limited value in following visual changes. The nat-
ural history ofCME includes the frequent occurrence of spontaneous res-
olution, which makes placebo-controlled studies not only ethical but
essential for the evaluation of a therapeutic response.

The pathogenesis ofCME following cataract surgery remains obscure.
The imbalance in the vascular and tissue fluid dynamics that results in this
abnormal accumulation of fluid is most likely the result of multiple factors,
including inflammatory, vascular, chemical, and mechanical components.
However, the association ofCME with many inflammatory ocular diseases
and the existence of abundant clinical, histopathologic, experimental, and
pharmacologic evidence that ocular inflammation is associated with CME
following cataract surgery all suggest that inflammation is an important
aspect of the pathophysiology of this syndrome.

Therefore, many treatments for CME following cataract surgery
attempt to prevent, reduce, or eliminate the presence or the results of
excessive inflammation within the operated eye. These therapeutic
attempts have included laser treatment, surgical vitrectomy, and the
administration of NSAIDs and corticosteroids. In addition, efforts to influ-
ence the intergrity of the BRBs with the administration of acetazolamide
or hyperbaric oxygen have attempted to restore better vision in these
patients.

Additional important points relating to the incidence, pathogenesis,
and treatment of CME following cataract surgery include the following
(those relating to new studies within this thesis have an asterisk):
*1. The incidence of clinical CME following cataract surgery remains

unknown, but it is significant. The reasons for the observed differ-
ences in the reported incidence of this syndrome have not all been
identified.

*2. Inflammation is an important part of the pathogenesis of this syn-
drome. A study is described that strengthens this etiologic relation-
ship by documenting an association between breakdown of the BAB
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and slit-lamp signs of anterior ocular inflammation and subsequent
development ofCME following cataract surgery. However, the obser-
vation of a potentially beneficial effect on vision from acetazolamide
treatment suggests that it is unwarranted to consider the Irvine-Gass
syndrome as simply an inflammatory disease of the eye.

3. Topically applied NSAIDs are effective in the prevention of angio-
graphic CME. However, no study has demonstrated a sustained
angiographic effect beyond 1 year or more than a subtle, transient
effect on visual acuity.

*4. Topical NSAID treatment is effective in improving vision in some
patients with chronic clinical CME. However, some patients do not
respond to treatment, and others require several months of treatment
before any improvement in vision is observed.
*a. There is no proven advantage for treating CME following cataract

surgery earlier than 6 months after onset.
*b. Clinical and laboratory studies have not identified which topical

NSAID is the most effective anti-inflammatory drug in the treat-
ment of chronic clinical CME. However, only ketorolac
tromethamine 0.5% ophthalmic solution has been shown effective
with prospective, randomized, double-masked, placebo controlled
studies as of this publication.

*c. The presence of diabetes mellitis, systemic hypertension, or sever-
al ocular anatomic findings (incomplete posterior capsule, anteri-
or-placed intraocular lens, pupil abnormalities) does not appear to
limit the effectiveness of topical NSAID treatment in some
patients with chronic clinical CME.

5. No specific autacoid, including prostaglandins, is recognized as the
etiologic agent for the development of CME following cataract
surgery.

6. Corticosteroids have not been studied with randomized, placebo-con-
trolled, double-masked investigations. However, experienced clini-
cians continue to use them in the treatment of chronic clinical CME
following cataract surgery because they believe this treatment pro-
vides at least a transient beneficial effect.

7. A well-controlled investigation shows that the clinical course of
patients receiving vitrectomy for the treatment of chronic aphakic
CME with vitreous to the wound is better than that of the control
patients. However, the patients in the vitrectomy group received cor-
ticosteroids, but the control group did not. Furthermore, the rele-
vance of this study for pseudophakic patients is not clear.

8. A properly designed study of vitrectomy for chronic pseudophakic
CME has not been completed. There is general agreement that sur-
gical treatment should be preceded by conservative management.
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The value of surgery in an anatomically normal, pseudophakic eye is
unproved.

9. Controlled, masked, randomized studies have not been performed to
confirm the usefulness and safety of hyperbaric oxygen as a treatment
for CME following cataract surgery.

*10. The results of a small, double-masked, placebo-controlled study sup-
port the impression that orally administered acetazolamide may help
improve vision in some patients with CME following cataract surgery.
However, the side effects associated with acetazolamide ingestion
may limit the usefulness of this treatment. The observation of a ben-
eficial effect from acetazolamide treatment suggests that it is unwar-
ranted to consider the Irvine-Gass syndrome as simply an inflamma-
tory disease of the eye.
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APPENDIX

SUMMARY INCIDENCE OF CYSTOID MACuLAR EDEMA
FOLLOWING CATARACT SURGERY

YEAR
(INVESTGATOR)

INCIDENCE COMMENTS

1958
(Welch, Cooper'4')
1965
(Tolentino,
Schepens33)
1966
(Oliver34)

1967
(Maumenee4'7)
1967
(Binkhorst,
Leonard3)
1968
(Gehring3')
1969

1.25%

1.7%

9.6%

< 1%

12%

7.6%

Unable to

Retrospective review of 1,600 cases.

Follow-up on 1,000 cases taken from 2,200
surgeries. Noted association with vitreous
traction.
Retrospective study of 64/120 ICCE 3 wk
to 9 mo after surgery. All cases 70 years of
age or older.
Clinical impression.

"Macular disorders in pseudophakic eyes
probably do not differ from those in apha-
kic eyes in frequency or pathogenesis."
18/236 surgeries 5 to 8 wk after surgery. All
had reduced vision.
Described in 64 eyes of 48 patients, but
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(Gass, Norton-)

1971
(Irvine et al)

1971
(Yoshioka40)
1972
(Pearce"')

1973
(Binkhorst42)

1974
(Jacobson,
Dellaportae)

1974 (Jardine,
Sandford-Smith44)
1975
(Hitchings,
Chisholm, Bird45)

1975
(Hitchings,
Chisholm46)
1976
(Allen, Jaffee47)

1976
(Klein, Yannuzzi18)
1976
(Dallas49)
1976
Meredith et al50)

1977
(Miyake5l)

1977
(Harris et a152)

1977
(Berrocal53)

determnine
from study

40%

60%

5%

3%

No
incidence

reported

19%

53.5%

47%

19% (4 mo)
16% (8 mo)

Less than 5%

6.3% or

1.8%
60%

77%
(placebo Rx)
or 33% (topical
Indocin Rx)
36%

5.5% to 15.7%
(ICCE) or

1.7% to 7.0%
(ECCE)

investigators believed series too small to
comment on incidence. 50% resolved in 6
mo.
Prospective study of 136 ICCE 4 to 16 wk
postoperatively. Angiograms on 100/136.
Investigators believe incidence greater.
Peak incidence 6 wk.
Prospective study with small number of
patients.
Retrospective study of 72 cases with iris
clip lenses. Conclude iris clip lens not a
problem.
Reflects upon 14 years experience describ-
ing 26/865 iris clip lenses. Concludes ICCE
higher incidence, but IOL does not matter.
71.4% resolved in this 6-yr retrospective
review. 33% needed more than 6 mo.

Iris supported lenses.

Prospective study of 101 consecutive cases
6-7 wk after surgery. 30 lost to follow-up.
38/71 positive angiograms, 12/28 positive in
6 mo.
Study similar to reference 45.

Investigators report "early results" 50% to
75% less frequent with ECCE compared
with ICCE. Binkhorst lenses used.
One week after ICCE.

Retrospective comparison:
iris clip lens 6.3%, ICCE 1.8%.
Only 10% had reduced vision. Determined
at 6 wk post ICCE. Only 50% surgeries
had angiograms.
Prospective study of 119 eyes in ICCE (age
60 or more) all treated with steroids.
Placebo 50% Jr VA, topical Indocin 5%
VA
Prospective study of 155 with IOL at 6 wk.
Also describe retrospective study of 193
implants = 9% to 44.5% varying with vitre-
ous loss and capsule presence. Conclude
IOL does not influence, but presence of
capsule does.
Summary of 16 surgeons' experience. All
include IOLs.
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1978
(Winslow et al54)
1978
(Moses')

1978
(Jaffee-%)
1978 (Jaffee5")

ECCE/IOL
ICCE/IOL

1979
(Meredith,
Maumenee")
1979
(Klein et al58)
1979
(Chambless59)

1979
(Wetzig et a160)
1979
(Sorr et a161)

1979
(Miami ECCE
Study ICCE/
Group62 ICCE
1980
(Francois,
Verbraeken63)

1980
(Berger et al64)
1980
(Kunz et al65)
1980
(Lindstrom,
Harris66)
1980
(McGuinness
et a167)
1981
(Poer et al6)

AIOL
IOL

Flach

36% Study similar to reference 52.

ICCE/IOL=8.5% (21/246)
ECCE=4.4% (3/69)
Phaco = 1.7% (4/236)
7.4% (Copeland lens)
1.4% (Binkhorst lens)
4 mo. 8 mo. 16-24 mo.
6.7% 4.4% 3.4%
16.6% 12.4% 15.6%
2.8%

9% (oral Indocin Rx)
44% (placebo)
2.8%

8% (ICCE)
1.2% (ECCE)
23.3%

4mo 8mo
8% 6%
17% 12%
14% 15%
2.8%

16-24 mo
4%
15%
9%

28%-42%

ICCE = 13%
ECCE= 2.1%
9.5%

38%

0%

1981 ECCE rupture capsule = 27%
(Percival"') ECCE intact capsule = 13%

ICCE = 23%
1981 Pseudophakic = 4%
(Livernois, (open capsule 3.5%)
Sinskey'0) Aphakic = 2%
1981 Not reported
(Willdnson30O)

Review 551 cases 1 to 34 months post-
operatively. All have IOL. Recommend
leaving capsule intact.
Retrospective summary of 10 years' experi-
ence and over 2,000 IOLs.
Review 650 consecutive Binkhorst lenses
Conclude IOL does not increase CME, but
ECCE less than ICCE.
Considerable underestimate.

Nonrandomized study; 20/70 unable to
finish Indocin.
2.8% = 30/1055 cataract surgeries. Include
23 open capsules and 7 intact capsules.

Review of 564 cases and conclude opening
capsule increases CME.
Prospective, nonrandomized, many lost to
lost to follow-up, peak incidence 6 wk post-
operatively. ECCE by phacoemulsifica-
tion.
Prospective, 67 yr old or more, lost over
100 patients to follow-up. Conclude open
capsule and increase CME.

Retrospective review of 1,000 consecutive
ICCE. 50% associated with complications.

Retrospective review of 26 mo on 59 eyes
with vitreous loss.
Review most 3 mo after surgery.

Retrospective review of595 cases with IOL
All had decreased vision, 75% within 6 mo.

Prospective study of 145 surgeries at 4 wk
postoperatively.

Retrospective study of 25 eyes in 18
children (7 mo to 14 yr) at 5 wk to 4 yr post-
operatively.
Conclude open capsule and increase CME
and its severity.

Retrospective study of 142 eyes.

66% resolved.
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1981
(Jaffe et al71)
1982
(Kraff et al'4)

3%

9.6% topical Indocin
18.5% placebo

Surgery Uncomplicated:
Angio 0VA

ICCE with IOL 15.4% 3.4%
ECCE with IOL (AC) 4.5% ) 0%
ECCE/PC-IOL 2.9% 1

Surgery Complicated:
ICCE/IOL 23% 11.6%
ECCEAOL 29% 18%
ECCE/PC-IOL 24% 12.1%

22.2%
(Hoyt,
Nickel73)
1983 ECCE/IOL=ICCE/IOL = 7.4%
(Severin74)
1983
(Tanabe75)
1983
(Straatsma et al76)
1983
(Gilbardet al")

18% (Indocin Rx)
61% (no Rx)
Faculty = 3.3%
Residents = 5%
4%

1984 ICCE = 2%
(Taylor et al'9) ICCE/IOL = 9.9%

ECCE/IOL-PC = 1.2%
1984 21.5% (intact capsule)
(Kraffet al78) 5.6% (open capsule)
1984 Transient Persistent
(Stark et al2') PC-IOL 2%

Binkhorst 10%
1985
(Jampol et al'9)
1987
(Alparm)
1988
(Severn,
Severin74'81)
1988
(Wright
et al3l)

1989
(Behrens et al82)
1990
(Flachet all")

0.3%
1%

17%-21%

13.3%

ICCE/IOL = 12.7%
ECCE/IOL = 3.5%

Open capsule 24%
Intact capsule 16%

4%

21% (placebo Rx)
6% (ketorolac Rx)

1991 12.8%

Prospective with retrospective control
Angiograms 11 to 12 mo after surgery.
Prospective study of500 patients,all treated
with steroids. 22% angiograms unreadable.
Investigators believe incidence higher
without steroids.
Prospective review of 358 uncomplicated
and 137 complicated cases 16 to 24 mo after
surgery.

Prospective study of children. Decreased
vision in 4/27 = 14.8%.

Retrospective, pooled data from 9 surgeons
resulting in 1,464 cases. Range 1% 14.4%.
Angiograms at 3 to 5 mo after surgery.

ECCE/IOL - not statisticaly different.

Retrospective study of 34 patients (48 eyes)
congenital cataracts.17 patients (23 eyes)
lost to follow-up.
Retrospective, 6 mo to 3 yr follow-up. All
.L VA.
Age-related: 50-59 = 26%; 80-89 = 1.5%
All receive steroids. Only 57% readable
angiograms.
Prospective, nonrandomized study con-
cludes PC-IOL decrease CME.

Prospective, randomized, all receive steroids
1/3 angiograms not readable.
Retrospective study.

Retrospective study. Contrasts with prior
study.

Prospective, steroids to all patients, 96%
angiograms read at 6 wk.
(Overall: 6 wk 19% (2.5% 4, VA)

6 mo 4% (2% 4 VA)
Prospective study at 6 wk.
ICCE with Choyce IOL.
Prospective, randomized, black patients,
angiograms 6 wk postoperatively, no
steroids, ECCE, angiographic CME.
Retrospective, vitreous loss.

1982
(Jaffe
et al72)

1982

617



618

(Hykin et al84)
1991
(Ruiz, Saatci8)
1991
(Cunliffe et al86)
1992
(Nikica
et al"')
1992
(Johansen
et al")
1992
(Pollack
et al89)
1993 Days
(Menchini Normal
et al90) Diabetes
1993
(Desai"°)
1994
(Bergman,
Laatikainen9)
1995
(Drolsum,
Haaskjold")
1996
(Flach)
(present AOS thesis)

Flach

2.6% (uncomplicated)
21.9% (vitreous loss)
26%

ECCE/IOL-PC 1.5%
ECCE/Vit loss 35.7%
ICCE/IOL 9.0%
4% complicated cases

50% diabetics
8% controls

3 9 180 360
62% 33% 8.3% 0%
68% 65% 43 24%
1.2%

12.5%

3.6%

9.6%

Retrospective, 2,100 ECCE/IOL.

Retrospective, ECCE with IOL.

Retrospective, 6 wk to 6 mo postoperatively.

Prospective 2/49.

Prospective, 6 wk after surgery.
ECCE with IOL.

CME more common in diabetics but vision
same. All receive steroids. Prospective,
ECCE with IOL.
Retrospective study of 1,445 patients but
of records missing.

Review of 40 complicated cases with mean
follow-up 23 mo.

Review of 1,237 eyes collected over 3 yr.

Prospective study of350 consecutive ECCE/
IOL. Angiograms performed on all patients
patients with < 20/40. Six mo or less post-
operatively.
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