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PURPOSE. To study the chronological change in choroidal blood
flow (ChBFlow), disruption of the blood–aqueous barrier, and
incidence of cystoid macular edema (CME) in early postoperative pseudophakic eyes, as well as the effect of nonsteroidal
anti-inflammatory drug (NSAID) eye drops on these phenomena.
METHODS. Fifty patients who underwent phacoemulsification
and foldable intraocular lens (IOL) implantation were randomized to receive either topical diclofenac or fluorometholone for
5 postoperative weeks. An additional 20 subjects, with longstanding pseudophakia served as the control. The blood–aqueous barrier was examined by laser flarimetry and choroidal
blood velocity (ChBVel), volume (ChBVol), and ChBFlow by
laser Doppler flowmetry (LDF) at 2 days and 1, 2, and 5 weeks
after surgery. The incidence and severity of CME were evaluated by fluorescein angiography at 2 and 5 weeks after surgery.
RESULTS. Compared with patients taking diclofenac, those receiving fluorometholone showed significantly reduced ChBVol
at 2 weeks (0.38 ⫾ 0.08 vs. 0.32 ⫾ 0.07, P ⫽ 0.022) and
ChBFlow at 1 (11.01 ⫾ 1.74 vs. 9.35 ⫾ 1.51, P ⫽ 0.003) and 2
(11.15 ⫾ 1.43 vs. 8.47 ⫾ 1.27, P ⫽ 0.000) weeks after surgery,
as well as a significantly elevated amount of anterior flare at 1
(8.9 ⫾ 2.2 vs. 24.4 ⫾ 18.9, P ⫽ 0.001) and 2 (9.2 ⫾ 3.5 vs.
16.7 ⫾ 12.3, P ⫽ 0.025) weeks after surgery. The ChBVol and
ChBFlow in the fluorometholone group, however, returned to
normal and was not different from the diclofenac group at 5
weeks after surgery. The incidence of fluorescein angiographic
CME trended to be higher (P ⫽ 0.08) at 2 weeks and was
significantly higher (P ⫽ 0.001) at 5 weeks after surgery in eyes
with fluoromethalone than with diclofenac.
CONCLUSIONS. Reduction of ChBFlow, disruption of the blood–
aqueous barrier, and incidence of CME in early postsurgical
pseudophakic eyes were more effectively prevented chronologically in eyes treated with diclofenac than in those treated
with fluorometholone. (Invest Ophthalmol Vis Sci. 2007;48:
5647–5652) DOI:10.1167/iovs.07-0262

C

ausative factors of aphakic/pseudophakic cystoid macular
edema (CME) remain to be identified although ocular
hypotension,1,2 vitreous traction,3– 6 inflammation,6 and other

factors6 –11 have been suggested. The inflammatory theory hypothesizes that prostaglandins (PGs), which are soluble inflammatory chemical mediators biosynthesized intraocularly, relate
to the incidence of CME12,13 and that topical application of
nonsteroidal anti-inflammatory drugs (NSAIDs), which are inhibitors of PGs biosynthesis, effectively prevents CME.14 –17
These studies also report that the incidence of CME corresponds to disruption of the blood–aqueous barrier
(BAB).12,13,18 Further, recent full-field ERG findings have
shown reduced oscillatory potential in eyes with CME.19 These
phenomena indicate that diseases caused by soluble mediators
such as PGs are scattered throughout the eye; in other words,
it can be surmised that dysfunction of the BAB and of the inner
blood–retinal barrier (BRB) is widespread in eyes with CME.20
To date, however, there are no clinical reports reporting
changes of the outer BRB or of the choroid in such eyes.
On the other hand, physiological dysfunction of the retinal
pigment epithelium (RPE), such as dysfunction of transporting
water from the retina to the choroid, has been suggested as a
possible causative factor of macular edema or CME in eyes with
ischemic retinopathy, including diabetic retinopathy.21,22 In an
experiment using monkey eyes with aphakic CME, breakdown
of both the inner and outer BRB was demonstrated.23 Studies
of eyes with aphakic CME revealed that there is a delay in
active transport of fluorescein from the vitreous cavity.24 All
these findings indicate that CME accompanies dysfunction of
the outer BRB that exists in the RPE.
In this study, we divided eyes that underwent cataract/
intraocular lens (IOL) implantation surgery into two groups:
one receiving steroidal eye drops and the other NSAID eye
drops. We then compared between the two groups the incidence of BAB disruption and of CME as well as choroidal blood
flow (ChBFlow) during the early postoperative period. We
used fluctuation of the ChBFlow as one of the physiological
changes in the choroid that can be clinically detected. The
mechanism of pseudophakic CME was studied by observing
the chronological change in the BAB function, the incidence of
CME, and ChBFlow during the early period after cataract/IOL
surgery.
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The study was conducted in a prospective, double-masked, randomized manner, and the drugs compared were 0.1% diclofenac eye drops
(Diclod; Wakamoto, Tokyo, Japan) and 0.1% fluorometholone eye
drops (Flumethrone; Santen, Osaka, Japan).
Sixty-two consecutive eyes with senile cataract were considered for
the study based on the following inclusion and exclusion criteria. The
inclusion criteria required the age of the patient to be between 50 and
70 years of age, subjected for unilateral surgery or to have 6 months’
span between surgeries in patients with bilateral cataract. The following were excluded from the study: (1) eyes encountering acute ocular
infection or inflammation during the first month of the study; (2) eyes
showing sensitivity to diclofenac or fluorometholone; (3) eyes showing
sensitivity to fluorescein sodium; (4) eyes with insufficient dilation,
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TABLE 1. Parameter Evaluation Schedules
After Surgery

Visual acuity
Intraocular pressure
Blood pressure
LDF
Flare
FA

Before
Surgery

2
Days

1
Week

2
Weeks

5
Weeks

䡬
䡬
䡬

䡬
䡬
䡬
䡬
䡬

䡬
䡬
䡬
䡬
䡬

䡬
䡬
䡬
䡬
䡬
䡬

䡬
䡬
䡬
䡬
䡬
䡬

䡬

FA, fluorescein fundus angiography; (䡬), evaluation performed.
(pupil diameter ⬍4 mm) and with hazy media affecting laser Doppler
flowmetry (LDF); (5) eyes with history of other ocular surgeries; (6)
eyes with pseudoexfoliation syndrome; (7) eyes with a history of
trauma; (8) eyes with uveitis, glaucoma or other disorders; (9) eyes
with complication of diabetes and kidney disorders; (10) subjects with
heart failure, cardiac infarction, and cerebrovascular disease; (11) subjects with uncontrollable hypertension; and (12) eyes encountering
rupture of the posterior capsule, vitreous loss, and other complications
during a cataract/IOL implantation procedure. Besides these subjects,
20 normal pseudophakic eyes that have been operated on ⬎3 months
before LDF were included as control subjects.
The Institutional Review Board of the Shohzankai Medical Foundation approved the study in accordance with the Declaration of Helsinki. The nature of the study was explained to all patients, and their
informed consent was obtained.
Surgery was conducted through a small incision requiring no suturing or one suture. After continuous curvilinear capsulorrhexis and
phacoemulsification, an acrylic foldable IOL (Acrysof; Alcon, Fort
Worth, TX) was implanted into the lens capsule. All surgeries were
performed by one of two authors (SM or IO). Hardness of the lens was
graded according to the Emery-Little classification.25 Balanced salt
solution was used for intraocular irrigation.
Each patient was randomly assigned to one of the two groups by
one of the authors (SA), using the envelope method, and, accordingly, diclofenac or fluorometholone eye drops were given four
times before surgery (3 hours, 2 hours, and 1 hour and 30 minutes)
and three times a day for 5 weeks after surgery. Other topical drugs
used before and after surgery included mydriatics and antibiotics
only. No other drug that may have affected the ChBFlow was used
concurrently.
Patient background, surgical detail, visual acuity, ocular pressure,
blood pressure, CME detected using fluorescein angiography, the
amount of anterior flare measured using laser cell flarimetry, and
ChBFlow determined by LDF have been recorded as summarized in
Table 1.
CME, captured by fluorescein angiography at 2 and 5 weeks after
surgery, was analyzed by one of the authors (NK) in a masked fashion
and graded with a method explained previously.14 Briefly, 0 indicates

no dye leakage or dye accumulation; 1, slight dye accumulation in the
cystic space and incompletely surrounding the fovea; 2, dye accumulation surrounding the fovea with a diameter of less than 2 mm; and 3,
dye accumulation surrounding the fovea with a diameter greater than
2 mm.
Laser flarimetry was conducted to measure the amount of aqueous
flare by one of the authors (SA) in a masked fashion.
Relative foveal choroidal blood velocity (ChBVel), volume (ChBVol), and ChBFlow were obtained by the LDF technique (Oculix Sarl,
Arbaz, Switzerland), which has been described previously.26,27 ChBVel, which is proportional to the mean velocity of the red blood cells
within the volume sampled by the laser light, and ChBVol, which is
proportional to the number of red blood cells, are independent measurements. ChBFlow is calculated with an instrument, using these two
parameters in the following formula: ChBFlow ⫽ constant ⫻ ChBVel ⫻
ChBVol.28
A diode laser beam (670 nm) with an intensity of 40 W was
delivered through a fundus camera (model PRO-1; Kowa, Tokyo, Japan), and the diameter of the probing laser beam was approximated to
be 150 m at the fundus. Before measuring, the pupil was fully dilated
with tropicamide 0.5% and phenylephrine hydrochloride 0.5% eye
drops (Mydrin P; Santen).
During ChBFlow measurement at the fovea, an area of the posterior
retina (50° in diameter) was illuminated with a retinal irradiance of
approximately 0.03 mW/cm2 and at a wavelength of 570 m. This
light enabled observation of the position of the laser on the fovea.
Subjects were asked to fixate on the probing laser. ChBFlow corresponds mainly to choriocapillaris flow, as described previously by
Riva et al.26
Proper fixation during measurements was ascertained by direct
observation of the foveola through the fundus camera. Two continuous 30-second measurements of the choroidal circulation were obtained. Analysis of these data was performed by one of the two authors
(KN or SH) in a masked manner using a computer (NeXT, no longer
manufactured) incorporating a software specifically developed for the
analysis of Doppler signals from ocular tissues. The examiner selected
suitable parts of the recordings that showed stable circulatory parameters, which were approximately between 10 and 20 seconds for each
measurement. The average of two measurements was used as the data
of each eye.
Brachial artery systolic and diastolic blood pressures (SBP and DBP,
respectively) were determined by sphygmomanometer before blood
flow measurements. Intraocular pressure (IOP) was measured with a
Goldmann applanation tonometer. Mean arterial blood pressure (MBP)
was calculated using the following formula: MBP ⫽ DBP ⫹ 1⁄3 (SBP ⫺
DBP). Mean perfusion pressure (MPP) of the eye studied was estimated
using the following formula: MPP ⫽ 2⁄3 (MBP ⫺ IOP).
All data are expressed as the mean ⫾ SD. Statistical significance was
determined with one of the following: Student’s t-test, the 2 test, the
Mann-Whitney U test, or one-way ANOVA. Student’s t-test was adjusted
by the Bonferroni post hoc test. P ⬍ 0.05 was considered statistically
significant.

TABLE 2. Patients’ Profiles and Surgical Characterization

Age (y)
Eyes (n)
Male
Female
Duration of surgery (min)
Ultrasound time (s)
Irrigation solution (mL)
Hardness of crystalline lens

Diclofenac Group

Fluorometholone Group

P

65.4 ⫾ 7.0

65.8 ⫾ 7.1

0.841 (NS)

13
12
10.9 ⫾ 2.1
2.0 ⫾ 1.6
68.1 ⫾ 35.8
2.6 ⫾ 0.7

10
15
11.0 ⫾ 2.3
1.5 ⫾ 1.1
65.2 ⫾ 35.5
2.5 ⫾ 0.7

0.847 (NS)
0.202 (NS)
0.776 (NS)
0.553 (NS)

Data are expressed as the mean ⫾ SD. Statistical analysis was performed by Student’s t-test.
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TABLE 3. Changes in IOP, MBP, and MPP before and after Surgery
After Surgery

IOP
Diclofenac
Fluorometholone
MBP
Diclofenac
Fluorometholone
MPP
Diclofenac
Fluorometholone

Before Surgery

2 Days

1 Week

2 Weeks

5 Weeks

P

12.7 ⫾ 2.3
14.1 ⫾ 2.2

12.2 ⫾ 2.9
13.2 ⫾ 3.0

12.7 ⫾ 2.3
13.0 ⫾ 1.7

12.8 ⫾ 2.4
13.6 ⫾ 2.7

13.3 ⫾ 1.9
14.2 ⫾ 2.8

0.657 (NS)
0.308 (NS)

91.3 ⫾ 11.0
89.5 ⫾ 11.3

89.4 ⫾ 7.9
92.1 ⫾ 8.0

86.2 ⫾ 10.4
87.8 ⫾ 8.6

88.9 ⫾ 11.8
90.6 ⫾ 9.7

93.1 ⫾ 8.3
87.0 ⫾ 8.2

0.168 (NS)
0.297 (NS)

48.2 ⫾ 7.6
45.5 ⫾ 7.0

47.4 ⫾ 5.9
48.6 ⫾ 4.3

44.7 ⫾ 7.0
46.4 ⫾ 5.2

46.9 ⫾ 8.1
46.9 ⫾ 7.1

48.8 ⫾ 5.4
43.7 ⫾ 4.8

0.298 (NS)
0.056 (NS)

Data are expressed as the mean mm Hg ⫾ SD. Statistical analysis was performed by one-way ANOVA. NS, intragroup comparison not
significant.

RESULTS
Originally randomized for the study was a total of 62 eyes or 31
eyes each in both the diclofenac and fluorometholone groups;
however, since 6 eyes from each group had to be excluded, 25
eyes from each group remained in the study. The reasons for
exclusion in the diclofenac group were as follows: one eye
showed sensitivity to fluorescein sodium, three eyes presented
insufficient pupil dilation, and two eyes had glaucoma. The
causes in the fluorometholone group were as follows: Three
eyes presented insufficient pupil dilation, one eye had uveitis,
one subject had diabetes, and one subject had hypertension.
There was no significant difference in age and sex between the
two groups (Table 2). Table 2 also describes surgical details;
again, there was no significant difference between the two
groups in duration of the entire procedure, hardness of the
lens, duration of the ultrasound time, and the amount of irrigating solution used. There was no significant difference in
postoperative visual acuity between the two groups: 1.1 ⫾ 0.2
(n ⫽ 25) and 1.0 ⫾ 0.3 (n ⫽ 25) at 2 weeks, and 1.1 ⫾ 0.2 (n
⫽ 25), and 1.0 ⫾ 0.3 (n ⫽ 25) at 5 weeks each in the diclofenac
and fluorometholone groups, respectively.
Table 3 details the changes in IOP, MBP, and MPP, before
and after surgery in both groups. There were no significant
differences. Table 4 summarizes the incidence of CME at 2 and
5 weeks after surgery. At 2 weeks, the incidence trended to be
lower (P ⫽ 0.08) and was significantly less (P ⫽ 0.001) in the
diclofenac group. Table 5 compares the amount of aqueous
flare between the two groups before surgery and at 1, 2, and 5
weeks after surgery. At 1 and 2 weeks after surgery, the
fluorometholone group showed significantly a higher level of
flare (P ⬍ 0.05). This comparison is also presented in Figure 1.
Table 6 presents the postoperative change in ChBVel, ChBVol, and ChBFlow determined by LDF. At 1 and 2 weeks after
TABLE 4. CME Frequency and Severity after Surgery
CME Grade

Two weeks after surgery
Diclofenac
Fluorometholone
Five weeks after surgery
Diclofenac
Fluorometholone

0

1

2

3

Ratio of
Occurrence

25
21

0
3

0
1

0
0

0/25 (0%)
4/25 (16%)

24
13

1
5

0
4

0
3

1/25 (4%)
12/25 (48%)

CME was graded on the Miyake scale, by using fluorescein fundus
angiography.
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surgery, fluorometholone group showed significantly lower
ChBFlow and ChBVol (P ⬍ 0.05). At 5 weeks after surgery, the
fluorometholone group showed a significantly lower ChBVel
(P ⬍ 0.05). ChBFlow, ChBVel, and ChBVol at 5 weeks in both
groups were not significantly different from those of the control group except for ChBVel in the fluorometholone group.
These comparisons are also presented in Figure 1.
The incidence of CME and ChBFlow, ChBVel, and ChBVol
were similar in the diclofenac and control groups.
Postoperative correlation among ChBFlow, amount of aqueous flare, and incidence of CME is summarized as follows. In
the fluorometholone group, the incidence of CME was higher
at 2 and 5 weeks after surgery than in the diclofenac group.
ChBFlow diminished along with elevation of aqueous flare 1 to
2 weeks after surgery. In the diclofenac group, decrease in
ChBFlow and increase in aqueous flare, together with occurrence of CME, were minimal.

DISCUSSION
Chronological change in the disruption of the BAB, incidence
of CME, and ChBFlow was studied in eyes undergoing cataract/
IOL implantation surgery. Although blood flow of the choriocapillaries at the fovea diminished 1 to 2 weeks after surgery,
we confirmed that this was effectively prevented by topical
NSAIDs. These topical drugs, at the same time, prevented BAB
disruption and the occurrence of CME. These findings may
suggest that discussing the correlation among the three phenomena— disruption of the BAB, incidence of CME, and ChBFlow—is interesting in understanding the clinical entity of
pseudophakic CME.
Development of CME and macular edema is generally related to disruption of the inner BRB and disruption or dysfunction of the outer BRB.21–24,29 –33 While disruption of the inner
BRB can be confirmed by a common method of fluorescein
angiography, that of the outer BRB existing in the RPE, for the
most part, can only be speculated. Bresnick hypothesized that
the transport function of water from the retina to the choroids
in the outer BRB either prevents or compensates macular
edema from becoming clinically evident.21 Electron microscopic findings of monkey eyes with experimentally induced
CME23 and vitreous fluorometric results of human eyes with
CME24 suggest disruption or dysfunction of both the inner and
the outer BRB.
Let us next study and compare the chronological change of
the three phenomena evaluated in this study: disruption of the
BAB, incidence of CME, and ChBFlow. Disruption of the BAB 1
to 2 weeks after surgery was significantly larger in eyes treated
with steroidal drops than in those with NSAID drops. This
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TABLE 5. Postoperative Aqueous Flare
After Surgery
Before Surgery

2 Days

1 Week

2 Weeks

5 Weeks

8.9 ⫾ 6.5
9.7 ⫾ 9.6
0.999 (NS)

12.6 ⫾ 3.9
15.4 ⫾ 5.7
0.276 (NS)

8.9 ⫾ 2.2
24.4 ⫾ 18.9
0.001*

9.2 ⫾ 3.5
16.7 ⫾ 12.3
0.025*

8.1 ⫾ 3.8
9.0 ⫾ 3.0
0.999 (NS)

Diclofenac
Fluorometholone
P

Data are expressed as the mean ⫾ SD. Statistical analysis was performed by using Student’s t-test with
the Bonferroni adjustment, in which the probability was multiplied by the number of comparisons. NS, not
significant between groups.
* Statistically significant (P ⬍ 0.05).

outcome matches the results of a previous experiment done
with baboon eyes, which showed a higher amount of PGs in
the aqueous humor at 1 week after cataract/IOL implantation
surgery than at 1 day after surgery.34 Eyes receiving steroidal
drops also showed diminished ChBFlow 1 to 2 weeks after
surgery. In other words, the amount of PGs in the aqueous, the
value of aqueous flare and the trend of ChBFlow all revealed a
similar chronological trend. This suggests that soluble mediators such as PGs may be related to the two phenomena. CME
hardly occurs immediately after surgery, but its incidence increases at ⬃5 weeks after surgery.18 This incidence can be
effectively inhibited by NSAID drops. Since all three phenomena are prevented by NSAID application, it is worthwhile to
study their correlation. Soluble mediators such as PGs synthesized by residual lens epithelial cells or uveal cells accumulate
in the aqueous34,35 and lead to disruption of the BAB and inner

BRB. These mediators somehow diffuse into the choroids to
diminish ChBFlow, for example, through the uveoscleral
flow.36 Further studies are needed, however, to clarify how
these mediators relate to choroidal blood flow.
In conducting LDF, the results may be affected by cataract
or other forms of hazy media, as well as insufficient mydriasis
and the type of IOL implanted. In our study, we used as the
control otherwise normal, 3-month or longer postoperative
pseudophakic subjects. The incidence of CME was highest at 5
weeks after surgery,18 but the ChBFlow at this period showed
no difference between the NSAID and steroid groups, leading
us to believe CME did not significantly influence the measurement.
In conclusion, we confirmed that in eyes undergoing cataract/IOL implantation surgery, ChBFlow diminishes temporarily for 1 to 2 weeks after surgery and that this effect is

FIGURE 1. Changes in ChBFlow (A), ChBVel (B), ChBVol (C), and aqueous flare (D) after IOL surgery. Box-and-whisker plots show the levels of
ChBFlow, ChBVel, ChBVol, and aqueous flare in patients with cataract after IOL surgery. Solid line: diclofenac group median; dashed line:
fluorometholone group median; vertical bars: range and horizontal boundaries of box represent the first and third quartiles.
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TABLE 6. Changes in ChBFlow, ChBVel, and ChBVol after IOL Surgery
After Surgery

ChBFlow
Diclofenac
Fluorometholone
P
ChBVel
Diclofenac
Fluorometholone
P
ChBVol
Diclofenac
Fluorometholone
P

P
(Intragroup)

2 Days

1 Week

2 Weeks

5 Weeks

11.03 ⫾ 1.94
10.05 ⫾ 1.57
0.226 (NS)

11.01 ⫾ 1.74
9.35 ⫾ 1.51
0.003*

11.15 ⫾ 1.43
8.47 ⫾ 1.27
0.000*

10.80 ⫾ 1.67
11.40 ⫾ 1.61
0.852 (NS)

0.911 (NS)
0.000*

0.69 ⫾ 0.11
0.68 ⫾ 0.18
1.000 (NS)

0.65 ⫾ 0.16
0.65 ⫾ 0.14
1.000 (NS)

0.69 ⫾ 0.14
0.63 ⫾ 0.09
0.444 (NS)

0.66 ⫾ 0.13
0.59 ⫾ 0.09
0.105 (NS)

0.707 (NS)
0.103 (NS)

0.37 ⫾ 0.07
0.37 ⫾ 0.12
1.000 (NS)

0.41 ⫾ 0.09
0.35 ⫾ 0.10
0.170 (NS)

0.38 ⫾ 0.08
0.32 ⫾ 0.07
0.022*

0.41 ⫾ 0.12
0.46 ⫾ 0.09
0.346 (NS)

0.367 (NS)
0.000*

Data are expressed as the mean arbitrary units ⫾ SD. Statistical significance was determined by
one-way ANOVA for intragroup comparisons and by Student’s t-test with the Bonferroni adjustment, for
comparisons between the two groups (diclofenac and fluorometholone). NS, inter- or intragroup comparisons not significant.
* Statistically significant (P ⬍ 0.05).

prevented by NSAID drops. NSAIDs, at the same time, inhibit
disruption of the BAB and CME formation, suggesting that
ChBFlow affected by chemical mediators such as PGs is related
to CME formation. Our findings provide consideration when
studying the mechanism of CME and macular edema related to
various ocular disorders. For example, dysfunction of the outer
BRB is discussed as one of the causative factors of diabetic
macular edema.21,22 ChBFlow has been measured in patients
with diabetes or diabetic retinopathy, and there are reports
informing diminished ChBFlow is related to diabetic macular
edema, although the findings have not been uniform.37– 41
Further studies are necessary to clarify the relationship between reduced ChBFlow and the outer BRB.
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