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Abstract

Purpose To study the correspondence between flu-
orescein angiography (FA) and structural en face
optical coherence tomography (OCT) in the identifi-
cation of leaky microaneurysms in diabetic macular
edema (DME).

Methods Fourteen eyes of eight patients with DME
(6 males and 2 females, mean age 67.3 + 8.5) were
included. For all eyes, a 6 x 6 mm structural en face
image of the middle retina was obtained and super-
imposed on a FA image. The reflectivity, capsulation,
and association with intraretinal cystic fluid (IRCF) of
microaneurysms on en face were evaluated depending
on their leaky status on FA.

Results  Out of the 320 leaky microaneurysms eval-
uated, 280 (89.0 £ 8.2%) coincided with those on en
face OCT image. Twenty-nine (10.6 & 6.9%) and 20
(6.5 £ 7.8%) out of all leaky microaneurysms were
hyperreflective and demonstrated capsular appear-
ance, respectively. A majority of leaky microa-
neurysms (97.9 £ 3.2%) were associated with IRCF.

D. S. Maltsev (X)) - A. N. Kulikov - M. A. Burnasheva -
A. A. Kazak

Department of Ophthalmology, Military Medical
Academy, 5 Klinicheskaya St., St. Petersburg,

Russia 194044

e-mail: glaz.med@yandex.ru

J. Chhablani
UPMC Eye Center, University of Pittsburgh, 203 Lothrop
Street, Pittsburgh, PA 15213, USA

From 146 microaneurysms which were found only on
en face images, 130 (88.2% =+ 15.7%) were hyper-
reflective, 33 (23.9% =+ 15.6%) demonstrated capsu-
lar structure, and 13 (9.2% =+ 15.0%) demonstrated no
associated IRCF. After exclusion of microaneurysms
of the inner retina, 95.4 4+ 5.4% of leaky microa-
neurysms were identified on en face image. En face
imaging demonstrated 83.5% sensitivity and 89.4%
specificity (the area under the curve 0.87) in the
identification of leaky microaneurysms.

Conclusions Structural en face imaging is compara-
ble to FA in identification of leaky microaneurysms in
diabetic macular edema. Moderate reflectivity, the
absence of capsular structure, and neighboring
intraretinal cystic fluid indicate leaky
microaneurysms.
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edema - Optical coherence tomography - Fluorescein
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Introduction

Laser photocoagulation was a standard treatment for
diabetic macular edema (DME) until the introduction
of intravitreal anti-VEGF therapy, which is a more
effective and simple treatment for DME [1-4].
However, recently developed navigated laser
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photocoagulation may be a good adjunct to anti-VEGF
treatment as a precise and safe procedure [5-7]. A key
step in preparation for focal laser photocoagulation in
DME is the identification of leaky microaneurysms
with fluorescein angiography (FA) [8]. However, FA
is an invasive procedure with potential adverse
reactions and requires additional time and resources
to perform [9, 10].

Recently, fine noninvasive analysis of retinal
microcirculation has become available with optical
coherence tomography angiography (OCTA) [11].
However, visualization of microaneurysms with
OCTA is limited [12]. Since blood flow in microa-
neurysm is turbulent and relatively slow, the decorre-
lation of the OCT signal is low, and the flow signal
within microaneurysms can, therefore, be weak.
Additionally, OCTA is not able to detect leakage
and does not allow the direct differentiation of leaky
microaneurysms [12]. However, the resolution of
OCTA imaging is substantially higher than that of FA
[11, 13]. We suggest that high-resolution structural en
face images produced by OCTA may provide an
adequate solution for noninvasive visualization of
microaneurysms.

Several studies have already described OCT char-
acteristics of leaky microaneurysms on cross-sectional
OCT scans [14, 15]. However, analysis of individual
cross-sectional scans is practically useless since a
single picture depicting the whole pool of microa-
neurysms is required for treatment planning. There-
fore, the aim of this study was to evaluate the
correlation between structural en face imaging and
FA in the identification of leaky microaneurysms in
DME.

In this study, we have evaluated the association of
reflectivity, the presence of capsular structure, and
neighboring intraretinal cystic fluid on structural en
face image with the leaky status of microaneurysms.
Since previous studies showed that microaneurysms of
the deep capillary plexus (DCP) are the main contrib-
utor to retinal thickening in DME in our study, we used
DCEP slab to display microaneurysms [16].
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Materials and methods
Study population

Only treatment naive DME patients were included in
this prospective cross-sectional study. The study
adhered to the tenets of the Declaration of Helsinki
and was approved by the Local Ethics Committee of
Military Medical Academy. The exclusion criteria
included substantial media opacity and a final OCT
scan quality of 6/10 or less. All patients underwent a
comprehensive ophthalmic examination, including a
best-corrected visual acuity (BCVA) examination,
FA, and spectral domain OCT, as well as OCT
angiography.

Image acquisition

Before image acquisition in all eyes, mydriasis was
achieved by the instillation of 1% tropicamide. The
OCT examination was performed using RTVue XR
Avanti (Optovue, Inc., Fremont, CA) and included a
Macular Map protocol and a 6 x 6 mm OCT angiog-
raphy protocol. The OCT angiography protocol used
in this study resulted from the merging of 2 three-
dimensional scans acquired in perpendicular dimen-
sions to reduce motion artifacts. A single three-
dimensional scan included 400 B-scans, each of 400
repeated A-scans. Therefore, each final cross-sectional
scan resulted from quadruplicated A-scans and had a
resolution high enough to evaluate even subtle
changes in the retinal anatomy. Since microaneurysms
originating from DCP play a major contributing role in
the pathogenesis of DME [16], we chose the DCP slab
(inner plexiform layer = 0 pm, inner nuclear layer =
— 70 um) for the visualization of leaky microa-
neurysms. The segmentation lines, where needed,
were manually corrected, and the resultant structural
en face images were exported for further analysis.

FA was performed on the same day with OCT
examination using the scanning laser ophthalmoscope
F-10 (NIDEK, Gamagori, Japan). For precise identi-
fication of microaneurysms, we used standard images
acquired at 1 min after dye injection. Additionally,
images acquired on the late phase of FA were taken for
confirmation of the leaky status of the
microaneurysms.
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Analysis of the characteristics of microaneurysms

For image analysis, we used Adobe Photoshop CS2
(Adobe Systems, Inc, San Jose, CA). All pairs (early
and late phase) of FA images were evaluated randomly
by an experienced retinologist to mark all leaky
microaneurysms on the first minute image. Leaky
microaneurysms were defined as round or oval
hyperfluorescent spots with fluorescein extravasation
in the late phase of FA. After leaky microaneurysms
were marked, a structural en face image was super-
imposed on the FA image by the alignment of retinal
vessels (Fig. 1). Next, each microaneurysm encoun-
tered on en face image was evaluated in accordance
with the following characteristics: (1) coinciding with
leaky microaneurysm on FA image (vs coinciding
with non-leaky microaneurysm or non-coinciding
with microaneurysms); (2) reflectivity (high vs mod-
erate); (3) the presence of a capsular structure (defined
as a hyperreflective contour); (4) association with
intraretinal cystic fluid (yes or no) (Fig. 2). Microa-
neurysms on the structural en face image were defined
as round or oval, highly or moderately hyperreflective
structures with their own wall. The intraretinal cystic
fluid on the en face image was defined as round or
elongated hyporeflective structures without their own
wall. All leaky microaneurysms not identified on en
face image were characterized by (1) localization
within the inner retinal layers (yes or no) by
retrospective review of cross-sectional scans; and (2)
the presence of associated intraretinal cystic fluid (yes
or no). All DME cases in this study were characterized
as demonstrating focal or diffuse edema and graded in
accordance with the number of hard exudates [0-no
hard exudates, 1-low (total area less than 1/4 disk
area); 2-medium (total area more than 1/4 disk area,
but less than 1 disk area); 3-high (total area more than
1 disk area)].

Statistics

All data are presented as a mean =+ standard deviation.
Statistical analysis was performed in MedCalc 18.4.1
(MedCalc Software, Ostend, Belgium). Paired ¢ test
was used to compare the percentage of the coincidence
of microaneurysms (1) between eyes with focal and
diffuse DME and (2) between eyes with no or a low
number of hard exudates and eyes with a medium or a
high number of hard exudates. The Spearman rank

correlation coefficient was calculated for a percentage
of the coincidence of microaneurysms and central
retinal thickness (CRT). Receiver operating charac-
teristic (ROC) analysis was performed to assess the
ability of en face image to identify leaky microa-
neurysms in comparison with FA, which was taken as
the “gold standard.” Every microaneurysm demon-
strating hyperreflectivity, capsular appearance or the
absence of intraretinal cystic fluid was defined as non-
leaky. The sample size for the ROC analysis was
calculated with type I and type II errors of 0.05 and a
ratio of non-leaky to leaky microaneurysms of 0.5.
With the hypothesized area under the ROC curve of
0.8, the required number of microaneurysms was
found to be 303. With the assumption that 20-25
microaneurysms may be analyzed in every eye
included, the minimum sample size being 12 eyes.
p value < 0.05 was considered to be statistically
significant.

Results

Four hundred sixty-six microaneurysms of fourteen
eyes with DME (8 patients 6 males and 2 females,
mean age 67.3 + 8.5 years) were analyzed in this
study. The mean BCVA was 0.51 £ 0.39 LogMAR
(9/20, Snellen). Three hundred twenty leaky microa-
neurysms were identified on FA images, and 146
microaneurysms were found on en face images and
were non-identifiable or non-leaky on FA images.

In total, 280 out of 320 (87.5%) leaky microa-
neurysms were found to coincide with the microa-
neurysms on en face images. Only 29 (10.4%) and 20
(7.1%) out of all coinciding microaneurysms demon-
strated a hyperreflective and a capsular appearance,
respectively. A majority of all coinciding microa-
neurysms (97.5%) were associated with the accumu-
lation of intraretinal cystic fluid. One hundred forty-
six microaneurysms which were found on en face
images were non-identifiable or non-leaky on FA
images. Out of 146 microaneurysms, 130 (89.0%)
were hyperreflective, 33 (22.6%) demonstrated a
capsular structure, and 13 (8.9%) demonstrated no
associated intraretinal cystic fluid.

Eyes with focal macular edema (7 eyes, 115
microaneurysms) demonstrated a statistically signifi-
cantly higher percentage of coincidence between
leaky microaneurysms on FA and microaneurysms
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Fig. 1 Analysis of en face
and fluorescein angiography
images in visualization of
microaneurysms.

a Fluorescein angiography
image showing distribution
of microaneurysms in the
early phase. b Fluorescein
angiography image showing
leaky microaneurysms in the
late phase. ¢ Fluorescein
angiography with
microaneurysms marked
(black circles and white
squares indicate leaky and
non-leaky microaneurysms,
respectively). d Structural
en face image (deep
capillary plexus slab)
showing distribution of
microaneurysms,
intraretinal cystic fluid, and
hard exudates. e En face
image superimposed on
fluorescein angiography
with microaneurysms
marked (black circles and
white squares indicate leaky
and non-leaky
microaneurysms,
respectively)

on en face compared to eyes with diffuse macular
edema (7 eyes, 205 microaneurysms), 93.3 £ 8.6%
and 84.6 £ 5.2%, respectively (p = 0.048). There was
a negative correlation between CRT and the percent-
age of coincided microaneurysms (r= — 0.55,
p = 0.046). There was no difference in the percentage
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of the coincidence of microaneurysms between the
eyes with no or a low number of hard exudates and the
eyes with a medium or high number of hard exudates.
From non-coinciding (non-identifiable on the en face
image) leaky microaneurysms (n = 40), 23 (57.5%)
were found in the inner retina (Fig. 3), and 21 (52.5%)
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Fig. 2 Appearance of microaneurysms on en face image depending on the leaky status. FA fluorescein angiography. Arrowheads

indicate the microaneurysms

demonstrated no association with intraretinal cystic
fluid. After the exclusion of microaneurysms of the
inner retinal layers and microaneurysms without
associated intraretinal cystic fluid, in total, 95.4%
leaky microaneurysms were found to correspond with
the en face image. ROC analysis showed 83.5%
sensitivity and 89.4% specificity (the area under the
curve = 0.87) of en face imaging in the identification
of leaky microaneurysms, where FA was taken as the
“gold standard.”

Discussion

In this study, we confirmed that microaneurysms on
the structural en face image correspond precisely with
those on the FA image, and the characteristics of these
microaneurysms on en face image may predict their
leaky status. Specifically, hyperreflective microa-
neurysms without a capsular structure, demonstrate
no leakage during FA. Additionally, the absence of
associated intraretinal cystic fluid is indicative of non-
leaky microaneurysms. We can, therefore, consider en
face imaging as a tool comparable with FA for the
identification of leaky microaneurysm.

Although it was known that moderately reflective
microaneurysms in the middle retinal layers without a
ring sign play a major role in the pathophysiology of
DME [14, 15], this data have a limited practical
application since individual cross-sectional OCT
scans do not show the spatial distribution of microa-
neurysms. At the same time, the role of en face
imaging for laser treatment planning appears to be
underestimated because of the absence of data

regarding the correspondence between en face and
FA imaging.

Hasegawa and coauthors had shown the major
contribution in the pathogenesis of DME of microa-
neurysms, which originate from DCP [16]. Therefore,
microaneurysms of the DCP would appear to be the
main target for focal laser treatment. It seems reason-
able, therefore, to choose the DCP slab for the
visualization of microaneurysms in en face mode.

In our study, moderately hyperreflective microa-
neurysms without capsular structure associated with
intraretinal cystic fluid most frequently demonstrated
leaky appearance on FA. This agrees with OCT
characteristics for leaky microaneurysms on cross-
sectional scans, as well as with changes in OCT
characteristics of microaneurysms with reduction in
leakage after laser photocoagulation [3, 12, 14]. Inter-
estingly, we found a strong association of leaky
microaneurysms with intraretinal cystic fluid (up to
98% of leaky microaneurysms). This is to be expected
since the intraretinal fluid is a direct consequence of
vascular hyperpermeability, including leakage from
microaneurysms in DME. This is even more obvious
for focal DME since the local accumulation of
intraretinal fluid cannot be a result of diffuse vascular
leakage, but rather the leakage from a limited number
of focal sources [17, 18]. However, in each case, it
remains unclear if all the microaneurysms within the
area of retinal edema are responsible for the accumu-
lation of intraretinal fluid [19]. In our study, it appears
highly unlikely that hyperreflective microaneurysms
and those without a capsular structure were responsi-
ble for the leakage. Therefore, an algorithm of en face
planning for focal laser photocoagulation in DME
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should include (1) the delineating of the areas of microaneurysms within those areas excluding hyper-
intraretinal fluid accumulation and (2) treatment of all reflective and those without capsular structure.
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«Fig. 3 Representative example of a microaneurysm in the inner
retinal layers. a Fluorescein angiography image in the early
phase demonstrating a microaneurysm (arrowhead) in the inner
retina. b Fluorescein angiography image in the late phase
revealed leakage associated with the microaneurysm (arrow-
head). ¢ En face image of deep capillary plexus (DCP) slab
demonstrates no visible microaneurysm (arrowhead). d Cross-
sectional optical coherence tomography (OCT) scan demon-
strating a microaneurysm (arrowhead) in the inner retina outside
the boundaries of DCP slab (dashed and solid white lines
represent segmentation lines of inner plexiform layer and inner
nuclear layer, respectively). e En face image of a customized
slab demonstrating a microaneurysm (arrowhead) in the inner
retinal layers. f Cross-sectional OCT scan showing the position
of the microaneurysm (arrowhead) in the relation to automated
segmentation lines of the customized slab (constructed with two
segmentation lines of inner limiting membrane)

As it was shown earlier, the area of localization of
leaky microaneurysm can be characterized by retinal
thickening [16, 18, 19]. Although it is generally
understood that retinal thickening represents the
accumulation of intraretinal fluid, color coding does
not provide exact delineation of the area where the
microaneurysms have to be treated.

Some attention must be given to the partial
discrepancy between FA and en face in the visualiza-
tion of microaneurysms. The absence of microa-
neurysms on en face image, while they are present on
FA, may be explained by the localization of those
outside the slab or on its borders (for example, due to
local errors in segmentation), as well as the placing of
microaneurysm between two consecutive cross-sec-
tional scans. Although we attempted to minimize such
errors, we could not exclude them completely. On the
other hand, there is a pool of non-leaky microa-
neurysms on FA which have a leaky appearance on en
face (moderately reflective, without capsular structure
and associated with intraretinal cystic fluid). We can
suggest that these “anomalous” microaneurysms are
at the earliest stage of their natural evolution before
the leakage appears on FA, or they have very weak
leakage hardly detectable on FA. In both cases, en face
may be a better tool for treatment planning compared
to FA. It should be noted that the obvious reason for
such discrepancy is the visualization with FA of
microaneurysms in the inner retinal layers, which do
not require treatment. We believe that the ability to
visualize microaneurysms exclusively in the middle
retina (DCP slab) is a strength of en face imaging.

In our study, eyes with focal DME and moderately
increased CRT showed a better correspondence
between en face and FA in the identification of leaky
microaneurysms than eyes with diffuse DME and high
CRT. This seems reasonable since focal DME is more
likely to be associated with focal leakage from
microaneurysms. This fact required some extra pre-
cautions for en face-based planning in eyes with
severe diffuse DME. Therefore, eyes with focal DME
are the best candidates for focal laser photocoagula-
tion using en face planning. Although our study
justifies a noninvasive en face OCT-based planning for
focal laser photocoagulation, an interventional study is
required to confirm the noninferiority of this approach
against conventional FA-based planning.

This study has several limitations. Firstly, the
sample size is somewhat limited. However, we have
been primarily analyzing the characteristics of indi-
vidual microaneurysms, and, from this point of view,
the sample size (466 individual microaneurysms) is
sufficient. Secondly, OCTA examination is substan-
tially affected by media opacities and therefore cannot
be an adequate tool for planning in such cases.
However, it is also highly unlikely that focal laser
photocoagulation can be performed in such cases.
Thirdly, OCTA compared to FA has a relatively small
field of view, which limits its diagnostic value.
However, when considering focal laser photocoagu-
lation, there is no obvious need to treat microa-
neurysms outside the central 6-mm area since these
microaneurysms have a little or no impact on the
severity of DME.

In conclusion, in this study, we found that hyper-
reflective microaneurysms or those with a capsular
structure on en face OCT image typically have non-
leaky status on FA. At the same time, the accumulation
of intraretinal cystic fluid is strongly associated with
non-hyperreflective microaneurysms without a capsu-
lar structure. Cumulatively, these characteristics
provide high sensitivity and specificity for en face
identification of leaky microaneurysms. Therefore,
structural en face imaging provides an adequate
noninvasive alternative for the identification of leaky
microaneurysms in DME.
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