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Abstract
Purpose—To evaluate the safety of oral fluorescein angiography (FA) and to compare its
efficacy in detection of macular edema (ME) with spectral-domain optical coherence tomography
(SD-OCT).

Methods—Results of imaging studies for 1,928 eyes of 1,019 patients who had simultaneously
undergone both oral FA and SD-OCT by a confocal laser ophthalmoscope (cSLO) were reviewed.
Sensitivity in detecting ME, discrepancy rate, and “kappa” agreement were determined for both
the techniques, and with eyes stratified by disease diagnosis.

Results—No allergic reactions occurred after oral FA. Mild gastric discomfort was noted in <1%
of the patients. 1,840 eyes (95.4%) showed concordance between the two techniques and “kappa”
agreement was 90.3%. For ME, oral FA showed an overall sensitivity of 0.97 and SD-OCT of
0.91. Equivalent sensitivity was found in cases of wet age-related macular degeneration (0.99).
Oral FA was more sensitive than SD-OCT in cases of retinovascular diseases. SD-OCT showed
higher sensitivity in cases of macular holes. Detection of ME by SD-OCT was significantly higher
in cases of intense leakage on oral FA (p<0.001).

Conclusions—Oral FA proved to be a safe and adequate technique to evaluate ME. It is more
sensitive than SD-OCT in detection of ME in cases of retinovascular diseases, but can fail to
detect ME in cases of macular holes. A non-invasive examination with simultaneous oral FA and
SD-OCT may be considered to obtain a comprehensive evaluation of the presence of ME from
different pathologies.
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Introduction
Intravenous (IV) fluorescein angiography (FA) was first described by Novotny and Alvis in
1961.1 Since then, it has been routinely used in the clinical practice to analyze retinal and
choroidal pathologies. In 1979, Kincaid reported the first angiography after oral
administration of fluorescein dye using a conventional fundus camera, but with poor results
in terms of image quality.2 Twenty years later, Hara et al. were able to obtain adequate
photographic results in 97% of oral FA imaging studies using a latest-generation fundus
camera; however, in many cases of age-related macular degeneration (AMD) and choroidal
neovascularization (CNV) the image quality was not acceptable.3 In 1999, our group first
reported the use of oral FA using a confocal scanning laser ophthalmoscope (cSLO); we
showed that the confocal aperture has enough sensitivity and contrast to allow good-quality
FA images in most retinal pathologies, and that oral FA with a cSLO is superior to oral FA
using a film-based fundus camera.4 We subsequently reported that oral FA using a cSLO
was able to detect CNV in patients with AMD, allowing visualization of the extent and type
of CNV in most eyes.5 In 2006, Azad et al. reported that oral FA using cSLO is superior to
oral FA using a digital fundus camera and is comparable to IVFA using a digital fundus
camera in terms of image quality, branch retinal vessel identification and margin
delineation.6

In recent years, optical coherence tomography (OCT) has played an important role as a non-
invasive diagnostic and monitoring tool in many retinal diseases that cause macular edema
(ME). With increasing use of non-invasive OCT for the diagnosis of ME, there is a tendency
toward less frequent use of IVFA, which is invasive and has possible complications. FA
identifies the anatomical location and pattern of vascular leakage, and is a qualitative and
functional study, whereas OCT allows a morphological and quantitative assessment of ME
by producing two or three-dimensional images of the retinal tissue.7, 8 It has been reported
that certain conditions may show fluid on time domain (TD)-OCT without leakage on
FA9, 10, or viceversa.11. Spectral domain (SD)-OCT detects retinal abnormalities more
frequently compared to TD-OCT, but it still does not identify all cases with fluorescein
leakage from CNV.12 Thus, replacement of IVFA with OCT is controversial.

The use of IV sodium fluorescein dye is an invasive technique that can lead to mild to severe
systemic complications, diffusely reported in the medical literature in large studies.13–15

Associated life-threatening adverse reactions are significantly less with oral FA compared to
IVFA: no life-threatening or severe reactions have been previously reported following oral
FA16–18, and ingestion of the dye can be also safely used in children.19, 20 In a large study
evaluating complications of oral FA3, minimal itching, discomfort, or nausea were reported
in 1.7% of the cases after ingestion of a large amount of sodium fluorescein: 10 mL of dye
was necessary to detect fluorescence using a fundus camera. However, in that study a
hypodermic injection of dexamethasone sodium phosphate and metoclopramide
hydrochloride was administered 15 minutes before the dye ingestion as prophylaxis. With
the use of a cSLO, the amount of dye necessary to obtain good-quality images is much
smaller than the dye required using a fundus camera because of greater contrast due to
confocal optics.4 Therefore, the rate of complications may be lower than what reported using
a fundus camera, and a prophylaxis may not be necessary.

The current study was conducted to assess the safety of low-dosage oral FA using a cSLO,
and additionally, to assess the ability of both oral FA and SD-OCT to detect ME in different
retinal pathologies, in cases in which ME has been confirmed by either modality. We also
desired to determine the agreement between the two techniques and explain any
discrepancy.
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Methods
After approval from the Institutional Review Board of the University of California at San
Diego for retrospective studies, we reviewed the records of all the patients who were
simultaneously imaged with oral FA and SD-OCT for clinical purposes over a 42-month
period (March 2008 to September 2011) at the Jacobs Retina Center at Shiley Eye Center,
University of California San Diego (La Jolla, CA). All patients signed an informed consent
for care covering standard ophthalmic examinations, including imaging. Pathologies
included wet and dry AMD, diabetic retinopathy (DR), epiretinal membrane (ERM),
macular holes (MH, including full-thickness macular holes, pseudoholes and lamellar
macular holes), retinal vein occlusion (RVO), uveitis, post-surgical ME and other causes of
ME. In case of unilateral disease, also the normal fellow eye was included in the study.
Demographic data, best corrected visual acuity (BCVA) and adverse reactions were
recorded by reviewing the charts of the patients.

cSLO procedure
A cSLO Spectralis HRA (Heidelberg Engineering, Carlsbad, CA) was used for both oral FA
and SD-OCT, using the built-in TruTrack™ Active Eye Tracking software of the device. For
the oral FA, a late-phase frame technique was used: two vials (4 mL) of 25% Fluorescein
Lite (Hub Pharmaceuticals, LLC, Rancho Cucamonga, CA [250 mg/mL]) were mixed with
30 mL of orange juice. After ingestion, an additional 30 mL of pure orange juice without
fluorescein was ingested to clear the taste. No hypodermic injection of dexamethasone
sodium phosphate and metoclopramide hydrochloride was administered before the ingestion
of the dye. After ingestion, an OCT evaluation of the macula of both eyes was performed
using a standard scanning protocol, including horizontal and vertical single scans centered
on the fovea, and a macular volume scan. The early-phase FA frame was taken as soon as
the dye was seen in the retinal vessels, typically between 5 and 15 minutes; the late frames
were taken at least 30 minutes after the early frames. Patients were observed for at least 2
hours from the ingestion of the dye and the onset of any side effects was reported in the
chart.

cSLO imaging
One set of images for oral FA and SD-OCT for each patient within the 42-month period was
selected by an unmasked trained physician at random among the performed examinations, as
long as the SD-OCT image signal strength value was above 15 dB on a scale of 40 dB, and
the FA images were well-centered on the fovea. The FA images included one early-phase 30
degrees frame and one late-phase 30 degrees frame. The OCT images included one
horizontal and one vertical lines passing through the fovea, as well as a volume scan of at
least 37 B-scans covering the central 3 mm of the macula. The unmasked physician
excluded cases with extensive submacular scarring to minimize the confounding factor of
the staining effect, as well as cases in which OCT scans were not sectioning the areas that
were leaking on FA. Two masked retina specialists analyzed the oral FA images and the SD-
OCT scans in separate occasions to avoid bias.

Oral FA analysis
For the oral FA, the presence of edema was evaluated by comparing early-phase and late-
phase frames. The presence of early hyperfluorescence that was increasing in late-phase
images in the fovea or the perifoveal area was defined as leakage. The unmasked specialist
defined the area of interest in the late-phase FA frame by placing a 3 mm diameter circle
centered on the fovea. The circle was further divided into four quadrants by placing two
perpendicular lines through the fovea. The masked specialists used a novel method to grade
the ME for each quadrant in terms of percentage and intensity of leakage. Using the
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fluorescence of the perifoveal vessels as comparison, intensity of leakage was classified into
4 grades (Figure 1, A–B): grade 0 corresponded to absence of leakage; grade 1 to presence
of low-intensity leakage (less fluorescent than vessels); grade 2 to presence of mid-intensity
leakage (similar fluorescence to the vessels); grade 3 to presence of high-intensity leakage
(more fluorescent than the vessels). The area of leakage in each quadrant was calculated as a
percentage and categorized into 6 grades (0, 2, 4, 6, 8, and 10). Grade 0 corresponded to
absence of ME (0%); grade 2 corresponded to 1–20% of ME; grade 4 to 21–40% of ME;
grade 6 to 41–60% of ME; grade 8 to 61–80% of ME; grade 10 to 81–100% of ME (Figure
1, C–D). The grading results for intensity of leakage and percentage area of leakage for each
quadrant were summed to obtain a total grading of leakage for the 3 mm circle.

In cases of DR, one masked specialist also graded visualization of the foveal avascular zone
(FAZ) using a three-point grading system previously proposed by Squirrell et al21: grade 1,
FAZ seen and intact; grade 2, FAZ seen but not intact; grade 3, not possible to judge FAZ
on an angiogram.

SD-OCT analysis
For the SD-OCT, the masked physicians determined the presence or the absence of IRF and
SRF for all the scans. When at least one of the scans showed IRF or SRF, the outcome was
“presence of ME”. When neither intraretinal fluid (IRF) nor subretinal fluid (SRF) was
observed in the scans, the outcome was “absence of ME”. The central foveal retinal
thickness was also recorded.

Statistical analysis
The concordance correlation coefficient between the two masked physicians was obtained
for the analysis of both oral FA images and SD-OCT scans. The differences of the ability to
detect ME between oral FA and SD-OCT were calculated in percentages for comparison
purposes. Since it is not feasible to perform IVFA and oral FA simultaneously, and it is not
ethical to have patients return for a second angiogram in a few days, IVFA was not used as
gold standard for the presence of ME. Therefore, we determined the sensitivity of oral FA
and SD-OCT by using the presence of ME determined by either instrument as the gold
standard for the presence of ME, while the absence of ME as determined by both
instruments was considered a true-negative finding. We have used this statistical technique
on a previously published report.9 The “kappa” agreement between the two techniques was
calculated applying the formula for Cohen’s Kappa using SAS statistical software version
9.2 (SAS Inc, Cary, NC).

Results
The diagnoses of 1,928 studied eyes of 1,019 patients are seen in Table 1. 1,581 eyes
showed a retinal pathology, while 347 eyes were normal. The mean age of the patients was
70 years (range 11–103 years); 447 were men, 572 were women. The mean BCVA was 0.29
± 0.36 (logMAR ± SD), equivalent to Snellen 20/40. The median BCVA was 0.20 ± 0.36
(logMAR ± SD), equivalent to Snellen 20/32. The mean central foveal thickness was 271 ±
127 (microns ± SD). The mean time for the early-phase frame of the oral FA was 10 ± 5
(minutes ± SD) after the dye ingestion, for the late-phase frame was 39 ± 12 (minutes ± SD).
The median time was 9 minutes for the early-phase frame, and 37 minutes for the late-phase
frame.

Safety
No allergic reactions were recorded during the 42-month study, and ingestion of 4 mL
sodium fluorescein was well tolerated without preventive hypodermic injection of
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dexamethasone sodium phosphate and metoclopramide hydrochloride. Mild transient gastric
discomfort or minimal nausea were noted in 9 out of 1,019 patients (0.88%) a few minutes
after the ingestion of the dye, and did not require any treatment. No nausea, itching, or vaso-
vagal reaction occurred during the 2-hour observation period.

Agreement/Discrepancy
The inter-observer agreement for analysis of oral FA images and SD-OCT scans was 93%
and 96%, respectively. Out of 1,928 eyes, 1,840 (95.44%) had confirmation of the presence
or the absence of ME by both oral FA and SD-OCT. The results of the sensitivity of oral FA
and SD-OCT in detecting ME as well as the results of the discrepancy rates and the “kappa”
agreement between the two techniques using a single-kappa coefficient are shown in Table
1.

The overall sensitivity of oral FA for ME was 97.2% and that of SD-OCT for ME was
91.3%. Dividing into groups of pathologies (Table 1), the sensitivity of oral FA was
equivalent to that of SD-OCT only in cases of wet AMD, and was higher in cases of DR,
ERM, RVO, uveitis and post-surgical ME. On the contrary, SD-OCT showed a higher
sensitivity than oral FA in cases of MH and the group of “other pathologies”. The overall
discrepancy rate in detecting ME was 4.56%. In 67 eyes (3.47%), the oral FA showed dye
leakage in the macular area and no IRF nor SRF on the SD-OCT scans (Figure 2). In 21 eyes
(1.09%), SD-OCT showed IRF and/or SRF, which were missed by the oral FA (Figure 3).
Most cases of discrepancy were found in DR, MH and uveitis. The overall “kappa”
agreement between the two techniques was 90%. Dividing into groups of pathologies, the
highest agreement was found in the group of wet AMD (95%), while the lowest one in the
group of DR (52%). Neither “kappa” agreement nor sensitivity or discrepancy was
calculated for normal eyes nor eyes with dry AMD, which are not causes of ME.

Analyzing the visualization of the FAZ in the 149 eyes with DR, we found that grade 1 FAZ
(seen and intact) was present in 32.2% of the cases, grade 2 FAZ (seen but not intact) in
65.8% and grade 3 FAZ (not possible to judge) in 2.0%. Significantly higher FA grading
and central foveal thickness was found in cases of grade 2 or 3 (p<0.001, Student’s t-test).

Table 2 and Figure 4 show the difference between the mean central foveal thickness and the
mean BCVA (logMAR) in cases of presence and absence of ME. Cases of presence of ME
by either the techniques showed a significantly higher central foveal thickness (p<0.001,
Student’s t-test) and lower BCVA (p<0.001, Student’s t-test). Detection of ME by SD-OCT
was significantly higher in cases of more intense leakage on oral FA (p<0.001, Student’s t-
test). BCVA, central foveal thickness, and FA grading were highly correlated (p<0.01,
Pearson’s correlation).

Discussion
In the present study, we found that the most common reaction after ingestion of low-dosage
sodium fluorescein dye was mild transient gastric discomfort, occurring in less than 1% of
the cases and not requiring any prophylaxis or treatment. No cases of nausea or itching were
noted, nor cases of serious adverse reactions to oral fluorescein; however, the sample size of
our population is too small to perform a reliable comparison with the severe adverse events
rate reported in previous studies that analyzed the IVFA. Nausea, vomiting, extravasation,
sneezing and pruritis after IVFA are estimated to occur in 5% or less, and a severe reaction
(e.g., cardiac, respiratory, or similar severe reactions) to occur in 1 in 1,900 IVFA with death
occurring in 1 in 222,000 angiograms.14 Adverse reactions occur approximately 10 times
more frequently in cases of a previous adverse reaction after IVFA.13 The medical literature
does however show that adverse reaction rate and severity are milder with oral than with IV
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administration of many drugs, such as in case of penicillin.22 Thus, it is therefore reasonable
to assume that orally administered fluorescein is less dangerous than IV fluorescein in terms
of allergic reactions. Moreover, oral administration of the fluorescein does not require the
discomfort and the risks of venipuncture. In our anecdotal experience, patients who have had
IVFA and oral FA in different examinations prefer oral FA for these reasons.

Oral angiography using a cSLO device was able to obtain good-quality early and late phase
images in most of the patients; an example of normal oral FA frames is shown in Figure 5.
The cSLO provides a greater fluorescence signal than a conventional camera, and high
contrast due to confocal optics.4 To record good-quality images, we advise to perform the
early-phase image at least 9 minutes after the dye ingestion, while the late-phase image after
37 minutes. Fasting does not have a clinically important effect on the timing of the
appearance of fluorescein dye in the retinal vasculature.4 However, we note some
disadvantages in using oral FA. Firstly, the duration of the procedure is longer than IVFA;
the mean time for detecting the dye in the retinal vessels with the cSLO (early phase frame)
was 10 minutes, much longer if compared to the 20–30 seconds of the IV administration.
However, the time required to drink the dye is shorter than the time required to prepare
injection tray and to find good venous access in the arm and to inject the dye. The mean time
for the late phase frame in our study was 39 minutes: thus, between the early and the late
phase it was possible to perform the early phase frame in at least other two patients. Another
limitation of oral FA is the inability to visualize the progressive perfusion of retinal vessels;
moreover, the assessment of the FAZ is often not as good as with IVFA.4, 5, 21

In more than 95% of the cases oral FA and SD-OCT showed concordance in evaluating the
presence or absence of ME. Leakage on FA was highly correlated with foveal thickness on
SD-OCT (and therefore edema), and both were negatively correlated with BCVA. BCVA is
clearly affected mostly by intense ME, that is able to create retinal structural changes and
leads to modification and reduction of the visual processing. Despite the high concordance,
in 4.56% of the cases we noticed discrepancy between oral FA and SD-OCT. In 67 cases
(3.47%), oral FA showed ME but lacked any corresponding retinal changes on SD-OCT; in
21 cases (1.09%), SD-OCT showed fluid with nothing shown on oral FA. ME results from
loss of functional integrity in the blood-retinal barriers or in the retinal pigment epithelium
(RPE) pump, with subsequent accumulation of fluid leading to increased retinal thickness.23

The presence of excess fluid is often suggested by the progressive leakage on FA,
sometimes with accumulation in well-demarcated spaces. Although leakage can result in
fluid accumulation, it may also occur without fluid accumulation if the fluid that leaks into
the retina or subretinal space is pumped out by the RPE cells at the same or a greater rate
than the leakage.24 Indeed, we found that if we compare the FA grading and the central
foveal thickness between cases of absence of ME on OCT and cases of presence of ME on
OCT (Table 2), both the FA grading and the central foveal thickness showed a significantly
lower result in cases without ME on SD-OCT (p<0.001, Student’s t-test). This suggests that
SD-OCT has a lower sensitivity in cases of low-grade leakage. However, fluid accumulation
may also occur without obvious hyperfluorescence if the source of leakage is very small,
and the fluorescein molecules leak slowly and disperse quickly into the space.24 In the
present study, the overall “kappa” agreement between oral FA and SD-OCT was 0.90 (95%
confidence interval [CI], 0.88–0.92); however, in the subgroups of pathologies, high
variation of the agreement and high discrepancy rate were noted. Similarly, group analysis
showed considerable difference in the sensitivity of oral FA and SD-OCT in various retinal
pathologies; interestingly, in some diseases neither technique is as sensitive alone as the two
combined.

Oral FA and SD-OCT showed excellent equivalent sensitivity to detect macular edema in
cases of wet AMD (0.99). However, if performed alone, in a very small percentage of cases
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they can miss ME (discrepancy rate was 0.95). Therefore, simultaneous evaluation using
oral FA and SD-OCT should be considered to detect all cases of new, persistent, or recurrent
ME. Moreover, particular attention should be paid in evaluating ME on TD-OCT, since it
has already been shown that it frequently fails to detect abnormalities when fluorescein
leakage from CNV is identified25, 26, more often than SD-OCT.12

Oral FA is able to detect all cases of ME from retinovascular diseases, and is more sensitive
than SD-OCT in eyes with DR, RVO, uveitis and post-surgical ME (1.00 vs. 0.79, 0.94, 0.79
and 0.85, respectively). In cases of discrepancy, the FA grading was significantly lower than
in cases of agreement between the two techniques, suggesting that mild leakage from the
retinal vessels may not be detected on SD-OCT because is not sufficient to create obvious
patterns of IRF, or retinal structural changes, or to affect the foveal thickness on SD-OCT.
However, early perifoveal leakage is a sign of breakout of the inner blood-retinal barrier in
retinovascular diseases and thus predictor of a possible future development of ME.
Therefore, patients with early perifoveal leakage must receive closer follow-up than the
others. On the other hand, in 98 out of 149 eyes with DR (65.8%) the FAZ was visualized on
oral FA but without a clear delineation, due to ME (Figure 6). Therefore, oral FA is useful
for the diagnosis of retinovascular diseases, but is less reliable in detecting the FAZ in eyes
with DR, as previously reported by Squirrell et al.21

SD-OCT showed a higher sensitivity to detect ME than oral FA (1.00 vs. 0.84) in the group
of eyes with macular holes. In 11.27% of the cases we found discrepancy, but in none of the
cases the SD-OCT failed to detect any cystic changes at the edges of the MH. Oral FA
revealed no leakage from perifoveal capillaries in 8 out of 49 eyes (16.3%) that showed
cystic changes on SD-OCT; these changes may be due to mechanical damage and not
necessarily to fluid within the inner layers since no retinovascular damage is present. Indeed,
fluorescein leakage is often minimal or absent in cases of tractional ME and mechanical
retinal changes in cases of partial posterior vitreous detachment, which remains adherent to
the foveola.10 Gaudric suggested that these cystic changes, which are not linked to
fluorescein leakage, could be due either to an enlargement of the virtual retinal intercellular
space, or to cellular death, or both.27

Neither oral FA nor SD-OCT was able to detect all the cases of tractional edema in eyes
with ERM: discrepancy rate was 9.82% and “kappa” agreement 0.78. However, the
sensitivity of oral FA was higher than that of SD-OCT (0.97 vs. 0.89). The central retinal
thickness and the FA grading were significantly lower in cases of absence of ME on SD-
OCT: one possible explanation is that the SD-OCT may fail to detect low grades of edema
on oral FA related to tangential traction, when this is not sufficient to create retinal folds,
vascular stretching or foveal evagination. We suggest that both the techniques should be
performed in patients with this pathology.

The weakness of this study includes its retrospective nature; however, the large sample size
of the studied population, the use of simultaneous FA and SD-OCT examination and the
image analysis performed by masked experienced graders are strengths.

In conclusion, our study suggests that oral FA using cSLO is a safe, non-invasive and well
tolerated procedure with high sensitivity to detect ME. In an era where SD-OCT may often
be the predominantly used instrument to guide treatment decisions for many retinal
pathologies, we conclude that SD-OCT facilitates quantitative assessment and detection of
microstructural changes; however, occasionally it misses subtle ME that can be detected on
FA. Oral FA is more sensitive than SD-OCT in detecting ME related to retinovascular
diseases, while SD-OCT has greater ability to detect mechanical changes in the inner retinal
layers in cases of MH. To obtain a comprehensive evaluation in common retinal diseases
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that cause ME and to reduce risks and discomfort of the IVFA, a non-invasive examination
using simultaneous oral FA and SD-OCT may be considered for clinical purposes.
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Summary statement

Oral fluorescein angiography is a safe, well tolerated, and adequate technique to evaluate
macular edema. It is more sensitive than SD-OCT in cases of retinovascular diseases, but
can fail to detect macular edema in cases of macular holes.
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Figure 1.
A–B: Grading for leakage intensity on oral fluorescein angiography in the four macular
quadrants (ST, supero-temporal; SN, supero-nasal; IN, infero-nasal; IT, infero-temporal) in
two different eyes with diabetic retinopathy. The diameter of the circle centered on the fovea
is 3 mm. A: Leakage is present in IT and IN quadrants, showing grade 1 intensity (less
fluorescent than the perifoveal vessels). No leakage is seen in the other quadrants (grade 0).
B: ST, SN and IN quadrants show grade 2 intensity of leakage (as fluorescent as the
perifoveal vessels). IT quadrant shows grade 3 intensity of leakage (more fluorescent than
the perifoveal vessels). C–D: Grading for leakage percentage on oral fluorescein
angiography in the four macular quadrants in the same previous eyes. The diameter of the
circle centered in the fovea is 3 mm. C: Grade 0 (no leakage) is seen in ST and SN
quadrants. Grade 2 (between 1 and 20%) is present in IN quadrant. Grade 6 (between 41 and
60%) in IT quadrant. D: Grade 10 of leakage (between 80 and 100%) is present in ST, IN
and IT quadrants. Grade 8 of leakage (between 61 and 80%) is seen in SN quadrant.
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Figure 2.
Example of discrepancy in detection of macular edema between oral fluorescein
angiography (FA) and spectral-domain optical coherence tomography (SD-OCT) in an eye
affected by diabetic macular edema. A: Early-frame image on oral FA (4 minutes after
ingestion of the dye) showing small perifoveal microaneurysms. B: Late-frame image of the
same eye (50 minutes after ingestion of the dye) showing leakage in all the macular
quadrants except the infero-nasal (IN) quadrant. The total grading for the leakage on oral FA
was 23, considering both percentage and intensity. C: SD-OCT horizontal scan, showing
neither intraretinal fluid nor subretinal fluid. D: SD-OCT vertical scan, showing neither
intraretinal fluid nor subretinal fluid.
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Figure 3.
Example of discrepancy in detection of macular edema between oral fluorescein
angiography (FA) and spectral-domain optical coherence tomography (SD-OCT) in an eye
affected by lamellar macular hole (LMH). A: Early-frame image on oral FA (7 minutes after
ingestion of the dye) showing subfoveal window effect. B: Late-frame image on oral FA (40
minutes after ingestion of the dye) showing no visible leakage in any of the macular
quadrants. The total grading for the leakage on oral FA was 0, considering both percentage
and intensity. C: SD-OCT horizontal scan, showing the LMH with intraretinal cystic fluid
and incomplete vitreous detachment. D: SD-OCT vertical scan, showing the LMH with
intraretinal cystic fluid and incomplete vitreous detachment.
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Figure 4.
Left: Association of mean best-corrected visual acuity (logMAR) and presence of macular
edema on oral fluorescein angiography (FA) and spectral-domain optical coherence
tomography (SD-OCT). (FA+: macular edema detected on FA; FA−: macular edema not
detected on FA; OCT+: macular edema detected on OCT; OCT−: macular edema not
detected on OCT). Right: Association of mean central foveal thickness (microns) and
presence of macula edema on oral FA and SD-OCT. (FA+: macular edema detected on FA;
FA−: macular edema not detected on FA; OCT+: macular edema detected on OCT; OCT−:
macular edema not detected by OCT).
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Figure 5.
A: Example of an early-frame image (7 minutes after ingestion of the dye) on oral
fluorescein angiography (FA) in a normal eye. B: Late-frame image on oral FA (41 minutes
after ingestion of the dye) in the same eye showing no leakage.
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Figure 6.
A: Good visualization of the foveal avascular zone on oral fluorescein angiography in a
patient with mild diabetic retinopathy. B: Poor visualization of foveal avascular zone
borders due to macular edema on oral fluorescein angiography in a different patient with
diabetic retinopathy.
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