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Purpose: To compare optical coherence tomography (OCT) with fundus fluorescein angiography (FFA) for
the detection of cystoid macular edema (CME) in patients with uveitis.

Design: Prospective comparative observational series.

Participants: One hundred twenty-one eyes of 58 patients with uveitis of varied causes (seven patients were
studied twice).

Testing: Patients with suspected CME underwent OCT scanning followed by FFA at the same visit.

Main Outcome Measures: Detection and distribution of macular edema.

Results: One hundred eight eyes had similar results on both OCT and FFA in that 67 eyes had CME and 41
eyes had no CME. In 10 eyes subretinal fluid was detected on OCT but not FFA. Five of these eyes had CME on
FFA but not OCT. Three other eyes had CME that was detected by FFA but not by OCT. Compared with FFA,
the OCT sensitivity for detecting CME was 96% (including the eyes with subretinal fluid), and the OCT specificity
was 100%.

Conclusions: OCT is as effective at detecting CME as is FFA but is superior in demonstrating axial
distribution of fluid. Ophthalmology 2000;107:593-599 © 2000 by the American Academy of Ophthalmology.

Cystoid macular edema (CME) is a major cause of visuatopography computed from thickness measurements. The
loss in uveitis, and considerable time and attention arescanning laser ophthalmoscope (SLO) has been used to map
devoted to its diagnosfsAt present, one of the most widely the retinal surface, revealing relative changes in retinal
used investigations for confirming the presence of CME issurface height but not actual thickn€sEhe axial resolution
fundus fluorescein angiography (FFA). This is an invasiveof SLOs has been estimated at 30, whereas the retinal
test, with side effects ranging from nausea in up to 20% othickness analyzer has a claimed depth resolution qfrs
cases to its rare complications of anaphylaxis and d&éth. in practice this may be degraded by scatter induced by
The information it provides is qualitative and its interpre- retinal pathology?*° The SLO measures changes at various
tation can be highly subjective. Methods used to quantifydepths and converts these into changes in the z-plane (depth
macular edema have included confocal scanning laser oplof the retina), whereas the retinal thickness analyzer extrap-
thalmoscopy and the laser-based retinal thickness analyzes$ates the distance between two peak reflections on an
(Talia Technology Ltd., Mevaseret Zion, Israeff The angled laser slit into a measure of retinal thickness. The
latter systems have been used either as a single green HeeO has also been used to measure the area of retina in the
laser slit or as multiple scans to give a retinal map of surfac&-y plane alone covered by cystoid spaces, but this requires
injection of fluorescein dyé.
— . . Optical coherence tomography (OCT) is a new method
gégé”?gé’.fgcc?gfefii gpquglé 1999. Manuseriot no. 991, 1OF high-resolution cross-sectional imaging of the retina that
. pted: ’ ) ) ptno. ~~~ " directly measures changes in the z-plane (depth of the
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P ted in part at the Associz’atio'n for Research in \’/ision an’d O htha.lmterferometry' It may be thought Qf as being anaI-OQOUS 0
mfksg; annueﬁ meeting, Fort Lauderdale. Florida, May 1908, PhAIB_scan ultrasonography, although it measures optical rather
) than acoustic reflection. OCT has been used to study a
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been described elsewhere, but for this article it should be Table 1. Numbers of Eyes with Cystoid Macular Edema or
remembered that OCT has a theoretical axial resolution of Subretinal Fluid Detected by Optical Coherence Tomography
10 to 14pm 1112 Although there is a learning curve in both or Fundus Fluorescein Angiography

data acquisition and interpretation, it has been shown to

) Lo . OCT FFA
have a high degree of reproducibility in measuring macular

thickness in normal individuals and diabetic patiefiti.is ~ CME or SRF 77 75
noninvasive, comfortable, and safe and can be repeated %E?Y‘Egti” g;f ‘g?
often as is required. It is therefore ideally suited to repeateg, cME o SRF on either 41 41
measurement of CME in conditions in which management:mE on FFA alone — 3
decisions are required longitudinally on the basis of thisSRF on OCT, CME on FFA 5 5
information, such as uveitis. To evaluate its potential inSREF on OCT alone 5 —

determining retinal thickness in uveitic CME, we carried
out a prospective study comparing the relative efficiency oftME = Cystoid macular edema; FFA = fundus fluorescein angiography;
OCT to detect CME in uveitic patients Compared with theOCT = optical coherence tomography; SRF = subretinal fluid.

current standard of fluorescein angiography.

hyperfluorescence, grade 1 is incomplete perifoveal hyperfluores-
Patients and Methods cence, grade 2 is mild 360-degree hyperfluorescence, grade 3 is
moderate 360-degree hyperfluorescence with the hyperfluorescent
Patients were recruited from the uveitis clinic at St. Thomas'area being approximately 1 disc diameter across, and grade 4 is
Hospital, London, between January 1997 and March 1998, aftesevere 360-degree hyperfluorescence with the hyperfluorescent
Institutional Review Board/Ethics Committee approval was ob-area being approximately 1.5 disc diameters act®$$All an-
tained. One hundred twenty-one eyes of 58 patients were includedjiograms were graded by an experienced independent medical
Thirty-one patients had idiopathic retinal vasculitis (IRV), sevenretina specialist who was masked to the OCT findings. Eyes in
had sarcoidosis, five had intermediate uveitis, four had,B&hc which media opacities prevented adequate visualization of the
disease, three had birdshot chorioretinopathy, three had Haradafendus for fluorescein grading were excluded.
disease, and there was one patient each with ankylosing spondy-
litis, polyarteritis nodosa, systemic lupus erythematosus, toxoplass
mosis, and ulcerative colitis. Seven patients were examined on tw

occasions with greater than a 3-month gap and the separate Visig, 5ssess reproducibility, three patients with representative exam-
were therefore included. All patients underwent a full ocularpies of one each of relatively large cystoid spaces, relatively small
examination, including best-corrected distance (Snellen) and negfstoid spaces, and predominantly subretinal fluid on OCT scans
visual.acuity, sl.itl-lamp examination, and indire(;t op.hthalmo.scopy.had one horizontal OCT scan repeated five times at the sitting
The visual acuities were converted to a logarithmic salit- (rigure 1). First, these scans were analyzed separately to assess
lamp examination included fundus examination with a 78 diopterconsistency of scanning, and second, one scan each was analyzed on
lens (Volk Optical Inc, Mentor, OH) after dilatation with 1% 5 separate days to assess consistency of analysis. The standard devi-
tropicamide and 10% phenylephrine. ations were then divided by the means to give coefficients of varia-
Those with suspected or known CME underwent OCT scansjgn
ning (OCT 2000 scanner, Humphrey Instruments, San Leandro, The results of the OCT scanning and FFA grading were com-
CA) carried out by an experienced operator after informed consenfareq by use of Kendall's rank correlation.
was obtained. Four linear scans 3.01 mm in length were taken at O,
45, 90, and 135 degrees centered on fixation. The images obtained
have a laminar substructure with two bands of high-intensity
signal. In previous publications the distance between the inneResults
aspects of these bands has been assumed to give a measure=of
retinal thicknes$2 In many of these patients there were low- A summary of the results is shown in Table 1. Sixty-seven eyes
intensity spaces within the laminar substructure, and these weread CME on both FFA and OCT (Figure 2). Eight eyes had CME
assumed to be cystoid spaces within the retina. Some patients haetected by FFA but no intraretinal spaces on OCT. Five of these
low signal spaces immediately anterior to the second high-intenhad subretinal fluid (SRF) on OCT, and the other three eyes all had
sity signal, and these were assumed to be subretinal fluid. Thgrade 1 CME. Five other eyes had SRF on OCT that was not
images were analyzed by counting pixels by use of the softwareletected by FFA. Forty-one eyes had no CME on FFA or OCT.
calipers in Adobe Photoshop (Adobe Systems Inc, San Jose, CA)verall there was good agreement between the two tests (Ken-
and averaged for the four scans. The pixels were counted fodall's = = 0.86 for intraretinal cysts and 0.78 for all fluid,
visible low-intensity spaces and for maximum retinal thickness.P < 0.001).
Five hundred pixels make up the 2-mm scan depth so that one Fifteen of the eyes with CME on both FFA and OCT had SRF
pixel is 4 um. on OCT as well as intraretinal cysts. Nine had IRV, two had
Fluorescein angiograms were taken subsequent to injection of Birdshot chorioretinopathy, and the other four had ankylosing
ml of 20% sodium fluorescein intravenously. Initially, stereopho- spondylitis, Behet's disease, Harada’'s disease, or systemic lupus
tographs of the macula were taken at approximately 3 minutes. lerythematosus. Of the five eyes with SRF on OCT but CME on
some patients, however, acceptable stereophotography was neFA, two had intermediate uveitis, two had IRV, and one patient
possible owing to a combination of small pupil, media opacities,had Behet's disease. The three eyes with grade 1 CME on FFA but
and poor fixation. Stereophotography was therefore abandonedp detectable fluid spaces on OCT were one each of IRV, polyar-
and the fluorescein angiograms were graded into five classes by theritis nodosa, and sarcoidosis. All five eyes with no CME on FFA
method of Yannuzzi et & 24 where grade O is no perifoveal but subfoveal SRF on OCT were from patients with Harada’s
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Figure 1. Examples of OCT scans repeated five times to measure coefficients of variation. White arrows show the low signal spaces measured. A, Large
intraretinal cystoid space. B, Small cystoid spaces and some subretinal fluid. C, Low-signal space immediately anterior to the second high-intensity signal,
which was assumed to be predominantly subretinal fluid.

disease, although they all had fluorescein leakage away from then separate occasions. For retinal thickness, the coefficients of

fovea. variation were 0.8% to 2.9% (SD 5-18n) for five repeated scans
There was poor correlation between logarithmic visual acuityand 0.5% to 1.1% (SD 4-11m) for analysis of the same scan on

and both retinal thickness and cyst height measurements on OCfive separate occasions.

(adjusted R =0.28). When FFA was taken as the reference

standard, the sensitivity of OCT was 89% for intraretinal cystoid

spaces, increasing to 96% if the eyes showing subretinal low

_reflecta_nce spaces were included, and _th_e specificity_ o_f OCT fODiscussion

intraretinal cysts was 100%. The coefficients of variation were,

13.5%, 12.5%, and 8.7% (standard deviation [SD] 60, 28, and 18 ) ) . o

um) for the five repeated scans of large cystoid space, smalfrluorescein angiography identifies breakdown of the blood-

cystoid space, and subretinal fluid respectively (Fig 1), and 0.6%fetinal barrier. Barrier breakdown precedes fluid-related

2.5%, and 4.4% (SD 4, 6, andwgn) for analysis of the same scan thickening at focal sites, although previous studies have
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Figure 2. Examples of graded fluorescein angiograms (FFA) with their matched optical coherence tomography (OCT) scans. A, Grade 1 FFA with OCT
showing solitary intraretinal low-signal cystoid space in this scan plane. B, Grade 2 FFA with OCT showing low-signal cystoid spaces either side of fixation.
C, Grade 3 FFA with OCT showing multiple low-signal cystoid spaces. D, Grade 4 FFA with OCT showing widespread low-signal cystoid spaces and large
central cysts. (Fig 2 continues.)

shown that thickening is not always present at these $itessignificant areas of thickening. Radial scanning protocols
Although fluorescein leakage indicates where thickening isabout a central point mean that the ends of the scan lines are
likely to occur in the future and where thickening, if present,separated by 1.1 mm in the case of the four scans in this
is likely to be detected, it does not give a measure ofstudy. Because uveitic CME occurs at the fovea, a scanning
thickening itself. By contrast, OCT has the potential of strategy centered on this area minimized the possibility of
measuring changes in retinal thickness. However, samplingignificant thickening remaining undetected. In this series
errors may theoretically lead to focal areas of thickening nothree eyes had CME detected by FFA that was missed by
being scanned. Each scan length of the Humphrey scann@CT and all of these were grade 1. This could have been
is composed of 100 individual A-scans. The 3.01-mm scarbecause either cystoid spaces had not yet occurred, were
length used in this study would mean an individual scarnpresent but beyond the resolution of the OCT, or were
occurring every 3Qum, which would be unlikely to miss missed by our scanning protocol. In all these cases it was
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Figure 2 (continued).

unlikely that there was significant CME and, in practice, wefor FFA. Nussenblatt et & used stereopaired photographs
now use eight radial scans centered on fixation. at 3 minutes, whereas Yannuzzi et3#* reported the rou

In the absence of stereophotography, grading of CME ottine use of 10-minute photographs for grading. However,
fluorescein angiograms depends on fluorescein leakage. they stated that no further spatial information is gained after
the presence of adequate retinal compensatory mechanisnisminutes. We believe that analysis of the angiograms at 3
fluorescein leakage (grade 1) would not lead to retinaminutes using Yannuzzi's grading is valid. It is possible,
thickening or fluid space collections. This would explain thehowever, that some of the subretinal low reflectance spaces
three eyes with CME grade 1 on FFA but no cystoid spacethat were detected by OCT but not by FFA may have shown
on OCT. A transitory leak that has already ceased would natip on very late angiogram frames.
show on FFA, but a fluid space such as SRF may still be Stereophotography and stereofluorescein angiography
present before compensatory mechanisms have removed give a degree of depth positioning, but previous authors
A more prolonged leak would show up on fluorescein, buthave shown that these techniques are not useful for wide-
this would not necessarily show the correct positioning ofspread use in uveitic patients for two reaséh$ First,
the fluid. Previous reports have advocated different timingwitreous opacities prevent sufficiently sharp color photog-
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raphy and, second, small pupils resulting from posterioralternative approach was therefore adopted in which the
synechiae prevent acceptable stereofluorescein angiograraximal cystoid space height was determined.

phy.

In conclusion, we have demonstrated that OCT is as

Attempts have been made to correlate the laminar pattereffective as FFA at detecting CME in uveitic patients. It is
of OCT with cellular elements of histologic sections of the superior in describing axial distribution of fluid, and it

retina, but these require manipulation of the imagfeg®In
this study, information on the axial positioning of patho-
logic fluid was obtained as evidenced by the 70 eyes in

achieves good reproducibility.

which OCT could locate fluid spaces within the retina, theReferences

15 eyes in which fluid was also located under the retina, ane

the 10 eyes in which fluid was only located under the retina 1-
(5 of which were missed by FFA). Although the presence of
SRF in CME confirms the histopathologic studies of “°
Wolter?? its clinical significance remains unclear.

Nussenblatt et 8t found a strong correlation between 3
macular thickening and logarithmic acuity. Their sample
was a group of 10 consecutive patients that had had stere4.
opaired photographs and therefore had sufficiently good
fixation and clear media. All their patients had classical -
CME on FFA. Our sample consisted of a heterogeneous
group of patients with uveitis and included patients with
varying degrees of vitreitis and other media opacities and
did not exclude patients with any degree of ischemia. In
previous series of diabetic patients studied by Hee &t al,
moderate correlation between retinal thickness measured by.
OCT and logarithmic acuity was found (adjusted &f
0.45). However, by first correlating the retinal thickness
with visual acuity, by secondly averaging the thickness 8
values for each level of visual acuity, and by then back-
correlating these averaged thickness values with visual acus
ity, thus reducing variation, they found good correlation
(adjusted R = 0.76 and 0.79}>17 Using the same ap
proach increased our adjusted ® 0.95 for cyst height
and 0.93 for maximum retinal thickness. We otherwise
found a weak correlation between both cyst size and
retinal thickness measured on OCT and logarithmic vi-11-
sual acuity (adjusted R= 0.28).

In previous studies of macular thickness in normal vol-
unteers, OCT had an average SD of in for repeated
scans of the same eyes (coefficient of variation, 7.5%). 13
Similar values were obtained in this study, in which half the
eyes showed measurable cystoid spaces, SDs for macular
thickness measurements being 5 toul. Measurement of  14.
intraretinal cystoid space size depends on patient fixation
being maintained at the same retinal location. Because of
the ellipsoid shape of intraretinal cysts, small changes in th
location of the scan would lead to large changes in the
height of cystoid spaces. It follows therefore that worseg
vision leads to worse fixation and therefore greater variation
in cystoid space size. This was confirmed by the greater SD
(60 wm) for repeated scans of large cystoid spaces. I17.
contrast, the retinal thickness in the area of the cysts is less
sensitive to small movements in location of the scan as was
shown by the narrower SD of 1em for retinal thickness
measurements for the same scans of large cysts. Previous
investigators using OCT to follow changes in macular thick-
ening in diabetes have measured changes in foveal he&ight.
In severe CME, gross disruption of the retinal anatomy
leads to difficulties in accurate location of the fovea. An20.

10.

12.

598

Smith RE, Godfrey WA, Kimura SJ. Complications of chronic
cyclitis. Am J Ophthalmol 1976;82: 277—-82.

2. LaPianna FG, Penner R. Anaphylactoid reaction to intrave-

nously administered fluorescein. Arch Ophthalmol 1968;79:
161-2.

Stein MR, Parker CW. Reactions following intravenous fluo-
rescein. Am J Ophthalmol 1971;72:861—-8.

Schatz H, Farkos WS. Nausea from fluorescein angiography.
Am J Ophthalmol 1982;93:370-1.

Yannuzzi LA, Rohrer KT, Tindel LJ, et al. Fluorescein an-
giography complication survey. Ophthalmology 1986;93:
611-7.

6. Zambarakji HJ, Amoaku WM, Vernon SA. Volumetric anal-

ysis of early macular edema with the Heidelberg Retina To-
mograph in diabetic retinopathy. Ophthalmology 1998;105:
1051-9.

Arend O, Remky A, Elsner AE, et al. Quantification of cystoid
changes in diabetic maculopathy. Invest Ophthalmol Vis Sci
1995;36:608-13.

Zeimer R, Shahidi M, Mori M, et al. A new method for rapid
mapping of the retinal thickness at the posterior pole. Invest
Ophthalmol Vis Sci 1996;37:1994-2001.

9. Shahidi M, Ogura Y, Blair NP, et al. Retinal thickness analysis

for quantitative assessment of diabetic macular edema. Arch
Ophthalmol 1991;109:1115-9.

Woon WH, Fitzke FW, Bird AC, Marshall J. Confocal imag-
ing of the fundus using a scanning laser ophthalmoscope. Br J
Ophthalmol 1992;76:470—4.

Huang D, Swanson EA, Lin CP, et al. Optical coherence
tomography. Science 1991;254:1178—-81.

Puliafito CA, Hee MR, Lin CP, et al. Imaging of macular
diseases with optical coherence tomography. Ophthalmology
1995;102:217-29.

. Hee MR, Puliafito CA, Wong C, et al. Quantitative assessment

of macular edema with optical coherence tomography. Arch
Ophthalmol 1995;113:1019-29.

Hee MR, Puliafito CA, Wong C, et al. Optical coherence
tomography of central serous chorioretinopathy. Am J Oph-
thalmol 1995;120:65-74.

és. Hee MR, Baumal CR, Puliafito CA, et al. Optical coherence

tomography of age-related macular degeneration and choroi-
dal neovascularization. Ophthalmology 1996;103:1260-70.
Hee MR, Puliafito CA, Wong C, et al. Optical coherence
tomography of macular holes. Ophthalmology 1995;102:748 —
56.

Hee MR, Puliafito CA, Duker JS, et al. Topography of diabetic
macular edema with optical coherence tomography. Ophthal-
mology 1998;105:360-70.

18. Wilkins JR, Puliafito CA, Hee MR, et al. Characterization of

epiretinal membranes using optical coherence tomography.
Ophthalmology 1996;103:2142-51.

19. Krivoy D, Gentile R, Liebmann JM, et al. Imaging congenital

optic disc pits and associated maculopathy using optical co-
herence tomography. Arch Ophthalmol 1996;114:165-70.
Rutledge BK, Puliafito CA, Duker JS, et al. Optical coherence



21.

22.

23.

24.

Antcliff et al - OCT and FFA for CME

tomography of macular lesions associated with optic nerve25. Whitcup SM, Csaky KG, Podgor MJ, et al. A randomized,

head pits. Ophthalmology 1996;103:1047-53.
Nussenblatt RB, Kaufman SC, Palestine AG, et al. Macular
thickening and visual acuity. Measurement in patients with

cystoid macular edema. Ophthalmology 1987;94:1134-9.  26.

Hee MR, lIzatt JA, Swanson EA, et al. Optical coherence
tomography of the human retina. Arch Ophthalmol 1995;113:

325-32. 27.

Yannuzzi LA. A perspective on the treatment of aphakic
cystoid macular edema. Surv Ophthalmol 1984;28(Suppl):

540-53. 28.

Spaide RF, Yannuzzi LA, Sisco LJ. Chronic cystoid macular

edema and predictors of visual acuity. Ophthalmic Surg 199329.

24:262-7.

masked, cross-over trial of acetazolamide for cystoid macular
edema in patients with uveitis. Ophthalmology 1996;103:
1054-63.

Toth CA, Birngruber R, Boppart SA, et al. Argon laser retinal
lesions evaluated in vivo by optical coherence tomography.
Am J Ophthalmol 1997;123:188-98.

Toth CA, Narayan DG, Boppart SA, et al. A comparison of
retinal morphology viewed by optical coherence tomography
and by light microscopy. Arch Ophthalmol 1997;115:1425-8.
Fercher AF, Hitzenberger CK, Drexler W, et al. In vivo optical
coherence tomography. Am J Ophthalmol 1993;116:113—4.
Wolter JR. The histopathology of cystoid macular edema.
Graefes Arch Klin Ophthalmol 1981;216:85-101.

599



