
Vol:.(1234567890)

Japanese Journal of Ophthalmology (2018) 62:168–175
https://doi.org/10.1007/s10384-018-0570-0

1 3

CLINICAL INVESTIGATION

Visualization of microaneurysms using optical coherence tomography 
angiography: comparison of OCTA en face, OCT B‑scan, OCT en face, 
FA, and IA images

Masafumi Hamada1,2 · Kishiko Ohkoshi2 · Keiji Inagaki1,2 · Nobuyuki Ebihara1,3 · Akira Murakami1

Received: 8 August 2017 / Accepted: 20 December 2017 / Published online: 30 January 2018 
© Japanese Ophthalmological Society 2018, corrected publication February 2018

Abstract
Purpose To compare the visualization of microaneurysms (MAs) in patients with diabetic retinopathy (DR) using optical 
coherence tomography angiography (OCTA) with that using fluorescein angiography (FA).
Study design Prospective, clinical, and experimental.
Methods This study was a prospective evaluation of imaging technology. Thirty-seven eyes of 33 patients with DR were 
scanned using an OCTA instrument. The 83 MAs that were confirmed on OCT B-scan and OCT en face images were evalu-
ated using OCTA, and these findings were compared with those evaluated using FA.
Results Of the 83 MAs confirmed on OCT B-scan images, 73 (88%) were clearly visualized on the OCTA en face images 
as nodular or comma-shaped structures, while the remaining 12% did not present with a typical MA or vascular structure 
on the OCTA en face images at the relevant positions. Seventy-four of the 83 MAs (87%) confirmed on the OCT B-scan 
images presented as punctate hyperfluorescent spots on the FA images. On the FA images, 8 of 9 (88%) MAs absent on the 
OCTA en face images presented as hyperfluorescent spots. Visualization of the MAs on the OCTA en face images did not 
correlate with the OCT B-scan images of the MA lumens (open, closed, or heterogeneous).
Conclusions For diabetic maculopathy, OCTA en face images do not present with comprehensive MAs images, indicating 
that some MAs might be overlooked with OCTA en face images.
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Introduction

Recent advances in optical coherence tomography (OCT) 
have made it possible to evaluate the fine structure of retinal 
tissue, which has led to marked advances in the understand-
ing of macular disease pathology [1]. Recently, software 

loaded onto en face OCT has allowed the observation of 
the structure of the vascular and capillary network, termed 
optical coherence angiography (OCTA). Using an image 
processing method called the split-spectrum amplitude-
decorrelation angiography algorithm, images of vascular 
pathways can now be obtained noninvasively, similarly to 
those obtained by fluorescein angiography (FA) after intra-
venous dye injection [2–11].

Recently, several studies have assessed the effectiveness 
of OCTA in visualizing retinal vascular lesions [12–15]. In 
2015, Ishibazawa and colleagues [3] used OCTA to observe 
the capillary structure of eyes of patients with diabetic 
retinopathy (DR). They reported that the nonperfusion area 
(NPA), neovascularization, and MAs were well visualized 
using en face OCTA. However, they also reported some 
discrepancies between FA and OCTA. The OCTA en face 
images did not always depict the punctate hyperfluorescent 
spots seen in the FA images, particularly MAs [16]. Thus, 
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the reliability of the interpretation of OCTA en face imag-
ing findings, particularly for detecting MAs, remains in 
question.

Horii and colleagues [17] reported that MAs have charac-
teristic capsular shapes, with ring- or oval-shaped margins, 
called the ring sign in OCT B-scan tomographic images. 
OCT B-scan images provide the real image of the MAs 
themselves, which may be a more reliable detection method 
than FA or color fundus photography. To detect real MA 
images, we defined MAs as structures visualized on OCT 
B-scan images as a capsular image, as described by Horii 
and colleagues [17]. The purpose of this study was to evalu-
ate the effectiveness of OCTA en face images for detect-
ing MAs by clarifying the discrepancies between OCTA, 
OCT B-scan, FA, and indocyanine green angiography (IA) 
images.

Participants and methods

This was a prospective observational study conducted 
between July and September 2015 with the approval of the 
St. Luke’s International Hospital ethics committee (15-
R039). The study adhered to the tenets of the Declaration of 
Helsinki, and informed consent was obtained from all the 
study participants.

The inclusion criterion was the presence of macular 
edema with diabetic maculopathy during the study period. 
Macular edema was defined as a central macular thickness 
of 300 µm or more using a Cirrus HD-OCT device (Carl 
Zeiss Meditec, Jena, Germany) in macular cube 200 × 200 
mode. The exclusion criteria were patients in whom fundus 
photographs could not be taken because of cloudy ocular 
media or small pupils; patients who had other retinal vascu-
lar diseases; patients with a history of intraocular surgeries; 
patients treated with direct photocoagulation of the MA, 
grid photocoagulation, and/or panretinal photocoagulation 
for DR within the previous 3 months; and patients who did 
not give consent. We also excluded OCTA images with a 
signal strength index of 50 or lower.

The participants underwent tests for visual acuity and 
intraocular pressure, color fundus photography, and en face 
OCTA (RTVue XR Avanti; Optovue, Fremont, CA, USA) to 
detect MAs. The following items were also evaluated: age, 
sex, diabetes stage, disease duration, and the presence or 
absence of therapeutic interventions for DR. We used color 
fundus photography and OCT en face images confirmed 
with OCT B-scans to detect MAs. Then, we obtained FA/IA 
images of the MAs confirmed by the OCT B-scans to detect 
hyperfluorescent spots. The FA/IA images were taken within 
1 month of the OCTA. The FA/IA device used was the Spec-
tralis (Heidelberg Engineering, Heidelberg, Germany).

OCTA was performed in a 3 × 3-mm range that included 
the fovea in the AngioVue mode. In addition, several fundus 

photographs were taken at 3-mm angle views near the fovea 
in areas where MAs were clearly present, such as areas with 
multiple red dots or the inside of the circinate ring.

Since MAs were obtained using color fundus photo-
graphs and the FA images were not always true, we defined 
MAs according to the typical MA structure visualized in 
OCT B-scan images. To detect MAs, we obtained OCT 
en face images of the entire retinal depth in a 3 × 3-mm 
range, and nodular MAs were observed using the RTVue 
XR Avanti. MAs were scanned using horizontal and verti-
cal OCT B-scans. Each MA on the OCT en face images was 
observed using the OCTA en face vascular image and then 
confirmed using the horizontal and vertical OCT B-scan 
images simultaneously displayed on a single monitor. The 
horizontal and vertical sliders were aligned with punctate 
foci (areas thought to be MAs) and observed in the OCT 
en face images. Horizontal and vertical OCT B-scan tomo-
grams of these areas were then evaluated to confirm the 
presence of MAs. MAs were identified in the OCT B-scan 
images as having characteristic capsular shapes and ring-
signs, as described by Horii and colleagues [17] and by 
Ishibazawa and colleagues [3] (Fig. 1–Fig. 3).

OCTA en face images of MAs with nodular, saccular, 
or fusiform characteristics were obtained from the images 
at exactly the same region where the horizontal and verti-
cal sliders were aligned on MAs confirmed using OCT en 
face and OCT B-scan images [18, 19]. The depth of the 
AngioVue images was varied to search for MAs from mul-
tiple angles. The maximum diameter and depth of the MA 
confirmed using OCT B-scan images were measured using 
the scale function on the Optovue RTVue Avanti. Depth was 
measured as the distance from the inner limiting membrane 
(ILM) to the center of the MA on OCT B-scan images.

In the OCT B-scan images, MA lumens with low reflec-
tivity were defined as “open,” those with uniform hyperre-
flectivity were defined as “closed,” and those with heteroge-
neous reflectivity were defined as “heterogeneous.”

The OCT readings and measurements were confirmed 
by 2 retinal specialists (K.O., M.H.) with at least 7 years of 
experience in interpreting OCT results, after masking the 
clinical findings.

The Wilcoxon signed rank test was used to compare the 
morphology of the MAs in the OCT en face and/or OCTA en 
face images, FA findings, IA findings, scale of MAs (OCT 
B-scan), depth (OCT B-scan), and presence of circinate 
hard exudates around the MAs. SPSS software version 19.0 
(SPSS, Chicago, IL, USA) was used for the statistical analy-
ses. All probability values less than 0.05 were considered 
significant.
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Results

A total of 49 eyes of 45 consecutive diabetic macular 
edema (DME) patients who were under outpatient retinal 
care at our hospital and who agreed to participate in the 
study were considered for inclusion in the study. Eventu-
ally, 37 eyes of 33 patients whose OCTA en face images 
of MA areas were obtained at a signal strength index of 50 
or higher and were of a quality suitable for analysis were 
included. These eyes comprised 23 eyes of 21 men and 14 
eyes of 12 women. The patients’ mean (SD) age was 62.4 
years (7.5 years) and the mean (SD) disease duration was 
40.2 months (41.6 months). In terms of disease stage, 1 
eye (3%) had mild, nonproliferative diabetic retinopathy 
(NPDR); 16 eyes (43%) had moderate NPDR; 8 eyes (22%) 
had severe NPDR; and 12 eyes (32%) had proliferative 
diabetic retinopathy (PDR).

Twenty-nine of the 37 patients (78%) had histories of 
direct MA photocoagulation, grid photocoagulation, and/or 
panretinal DR photocoagulation more than 3 months before 
the study. Using the methods described above, we confirmed 
a total of 83 MAs. A mean 2.26 MAs (1-7 MAs) were con-
firmed per OCT en face image (3 × 3 mm).

Seventy-five open (62%), 21 closed (23%), and 3 het-
erogeneous (4%) MA lumens were found during the OCT 
B-scans. Cystoid macular edema was observed adjacent to 
62 MAs (75%) and was not observed in 21 MAs (25%).

For a stratified analysis of the OCT en face images, the 
area from 3 µm beneath the ILM to 15 µm beneath the infe-
rior border of the inner plexiform layer (IPL) was defined 
as the superficial plexus, and the area 15 to 70 µm from the 
inferior border of the IPL, as the deep plexus. Most MAs 
were found in the deep plexus, with 74 (90%) in this area 
and 9 (10%) in the superficial plexus.

Fig. 1  A 63-year-old man with proliferative diabetic retinopathy of 
the right eye. a The fundus photograph shows a red punctate spot 
thought to be a microaneurysm (MA; yellow circle). b The MA 
is seen in a 3 × 3-mm square of an optical coherence tomography 
(OCT) en face image (yellow circle). The MA was confirmed in OCT 
B-scan images with the c vertical and d horizontal sliders aligned. 
A ring-shape, thought to be the MA, can be seen. The MA lumen 
was open and cystoid macular edema was observed in the vicinity. e 

A nodular finding is seen in a 3 × 3-mm square OCT angiography 
(OCTA) en face image (deep plexus). This was defined as a nodular-
type MA. f The yellow circle shows hyperfluorescence in a fluores-
cein angiography (FA) image (34 seconds) matching the OCTA en 
face image. g The yellow circle shows hyperfluorescence in an indo-
cyanine green angiographic (IA) image (48 seconds) matching the 
OCTA en face image
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The MA depth ranged from 54 µm to 326.5 µm from the 
ILM (mean, 151.3 µm). The MA diameter ranged from 39 
µm to 219 µm (mean, 104.6 µm).

In the OCTA en face images, MAs were visualized in 
a variety of shapes: nodular, coil-shaped, comma-shaped, 
semilunar, crescent, and earlobe-like. In addition, some 
MAs were not visualized on the OCTA en face images. 
Those MAs were not vascular structures seen at the same 
positions as MAs confirmed by the OCT B-scan images, 
despite being clearly visible on the OCT en face and hori-
zontal and vertical OCT B-scan images (10 of the 83 MAs, 
12%).

We classified MAs according to shape as follows: nodu-
lar type, comma-like type, and absent type. MAs that were 
visible as nodular findings on OCTA en face images were 
defined as the nodular type, those that were neither nodu-
lar nor absent (coil-shaped, comma-shaped, semilunar, 
crescent, or earlobe-like) were defined as the comma-like 
type, and those that could not be confirmed on OCTA en 
face images were defined as the absent type. There were 
54 nodular types (65%), 19 comma-like types (23%), and 
10 absent types (12%). Of the comma-like types, MAs 
presenting comma-like shapes were the most common (16, 
85%); additionally, there was 1 semilunar (5%), 1 crescent 
(5%), and 1 earlobe-like (5%) type.

FA images of the same area were obtained for 74 of the 
83 MAs (87%). Sixty-nine of the 74 MAs (93%) that were 
confirmed using en face and OCT B-scan images presented 
as punctate hyperfluorescent spots, characteristic of MAs 
in FA images. Matching hyperfluorescent spots were not 
observed in the FA images for 5 of the 74 MAs (7%).

Similarly, 24 of the 49 MAs (49%) confirmed in the 
OCT en face and OCT B-scan images presented with 
punctate hyperfluorescent spots, characteristic of MAs in 
IA images. For 25 of the 49 MAs (51%), IA images were 
available, but matching punctate hyperfluorescent spots 
were not observed. Furthermore, no statistical correlation 

regarding MA lumen closure was observed between the 
OCTA en face image findings and the FA image findings.

Hyperfluorescent spots indicating MAs on FA images 
were significantly more common when circinate hard exu-
dates were present around the MA (P < .001, Wilcoxon 
signed rank test).

Nodular‑type MAs

Figure 1 shows a representative image of a nodular-type 
MA. The patient was a 63-year-old man with PDR in the 
left eye. His logMAR visual acuity was 0.52 and his cen-
tral macular thickness was 345 µm. Overall, 54 MAs (65%) 
were of the nodular type. Of these, 40 (74%) were open, 11 
(20%) were closed, and 3 (6%) were heterogeneous. Edema 
was observed in the vicinity of the MA in 42 MAs (78%), 
but not around 12 MAs (22%). Hyperfluorescent spots were 
observed in 47 of the 49 nodular-type MAs (96%) for which 
FA images were available, and in 17 of the 34 MAs (50%) 
for which IA images were obtained. The mean MA depth 
was 154.0 µm and the mean maximum diameter was 104.9 
µm (Table 1).

Comma‑like‑type MAs

Figure 2 shows a representative image of a comma-like-type 
MA, seen in the right eye of the same patient shown in Fig-
ure 1. The logMAR visual acuity was 0.15 and the central 
macular thickness was 320 µm. There were 19 comma-like-
type MAs in total (23%). Of these, 15 (79%) were open and 4 
(21%) were closed. Edema was observed nearby in 13 MAs 
(68%), but not in 6 MAs (32%). Hyperfluorescent spots 
consistent with MAs were observed in 14 (87%) of the 16 
comma-like-type MAs for which FA images were available 
and in 5 (50%) of the 10 comma-like-type MAs for which 
IA images were obtained. The mean MA depth was 144.3 
µm and the mean maximum diameter was 96.4 µm (Table 1).

Table 1  Characteristics per type 
of microaneurysm visualized by 
en face OCTA 

FA fluorescein angiography, IA indocyanine green angiography
No statistically significant difference was found between each type of MA (nodular, comma-like, or absent) 
and each parameter

Nodular type Comma-like type Absent type

Open lumen of the microaneurysm 40/54 (74%) 15/19 (79%) 6/10 (60%)
Retinal edema around the microaneurysm 42/54 (78%) 13/19 (68%) 7/10 (70%)
Hyperfluorescent spots on FA 47/49 (96%) 14/16 (87%) 8/9 (88%)
Hyperfluorescent spots on IA 17/34 (50%) 5/10 (50%) 2/5 (20%)
Maximum diameter of the microaneurysm, μm 154.0 96.4 127.3
Mean (SD) depth of the microaneurysm, μm 104.9 (45.0) 144.3 (35.2) 150.2 (36.4)
Mean (SD) disease duration, mo 25.0 (32.5) 83.8 (32.8) 64.5 (54.8)
Microaneurysm in the deep plexus 45/54 (83%) 19/19 (100%) 10/10 (100%)
Hard exudates 34/54 (62%) 12/19 (63%) 9/10 (90%)
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Absent‑type MAs

Figure 3 shows a representative image of an absent-type 
MA. The patient was a 64-year-old woman with moderate 
NPDR in the left eye. Her logMAR visual acuity was 0.22 
and her central macular thickness was 495 µm. There were 
10 absent-type MAs (12%). In the OCT B-scan images, 
6 (60%) were open and 4 (40%) were closed. Edema was 
observed adjacent to 7 MAs (70%), but not around 3 MAs 
(30%). Hyperfluorescent spots consistent with MAs were 
observed in 8 (88%) of the 9 absent-types MAs for which 
FA images were available and in 2 (40%) of the 5 absent-
type MAs for which IA images were obtained. The mean 

MA depth was 150.2 µm and the mean maximum diameter 
was 127.3 µm (Table 1).

Statistical analysis

No significant differences were found between each type 
of MA (nodular, comma-like, or absent), nor between any 
of the parameters (Table 1).

Fig. 2  The patient was a 63-year-old man with PDR of the right 
eye. a A fundus photograph shows a red punctate spot thought to 
be MA (yellow mark). b MA is seen in a 3 × 3 mm square of an en 
face image (C-scan image) (yellow mark). The MA was confirmed 
in B-mode images with the vertical (c) and horizontal (d) sliders 
aligned. A ring shape thought to be the MA can be seen. The MA 
lumen was open and cystoid macular edema was observed in the 

vicinity. e A comma-like finding was observed in a 3 × 3 mm square 
OCTA image (deep prex). This was defined as a comma-like type. f 
The yellow mark shows hyperfluorescence in an FA image (1 min-
ute 6 seconds) matching the OCTA image. g The yellow mark shows 
hyperfluorescence in an IA image (2 minutes 41 seconds) matching 
the OCTA image
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Discussion

We successfully visualized MAs in DME using OCTA en 
face images. However, some MAs that were confirmed by 
OCT B-scan images could not be visualized by OCTA en 
face images and no vascular signs were detected. In this 
study, we identified MAs in color pictures and OCT en 
face images first, and then confirmed those nodular find-
ings in the OCT B-scan slice with the horizontal and verti-
cal sliders aligned at the nodular spots in the OCT en face 
slice. We defined MAs in OCT B-scan images as findings 
exhibiting a capsular shape and ring-sign, as reported by 
Horii colleagues [17]. In total, 83 MAs were found. When 
these MAs were observed with OCTA en face images, 
88% presented with nodular, comma-like, or semilunar 
findings, considered to represent MAs. However, 12% of 

MAs could not be visualized with the AngioVue image. 
Moreover, hyperfluorescent spots consistent with MAs 
were observed in 8 (88%) of the 9 absent-type MAs for 
which FA images were available. Parravano and colleagues 
[15] also reported that MAs could not be visualized with 
the AngioVue imaging system. This suggests that there are 
limitations to observing MAs using OCTA en face images 
and that combining OCT B-scan, OCT en face, and FA 
images allows a more accurate imaging of MAs.

In the clinical setting, MAs are generally diagnosed dur-
ing a funduscopic examination and documented using color 
fundus photography. When MAs are treated with laser, FA 
is performed to confirm the presence of pathologic capillar-
ies, from which dye leakage can be observed. FA provides 
good capillary images showing pathologic status, such as 
dye staining or leakage. On the other hand, the OCT B-scan, 
which provides an image of an MA from another aspect, is 

Fig. 3  The patient was a 64-year-old woman with moderate NPDR of 
the left eye. a  Fundus photograph shows a red punctate spot thought 
to be MA (yellow mark). b MA is seen in a 3 × 3 mm square of an 
en face image (C-scan image) (yellow mark). The MA was confirmed 
in B-mode images with the vertical (c) and horizontal (d) sliders 
aligned. A ring shape thought to be the MA can be seen. The MA 

lumen was open and cystoid macular edema was observed in the 
vicinity. e An aneurysm could not be confirmed in a 3 × 3 mm square 
OCTA image (deep prex). This was defined as an absent type. f The 
yellow mark shows hyperfluorescence in an FA image (38 seconds) 
matching the OCTA image. g The yellow mark shows hyperfluores-
cence in an IA image (21 seconds) matching the OCTA image
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one of the breakthrough tools for visualizing MAs. A combi-
nation of OCT B-scan and OCT en face imaging is a useful 
method for ascertaining the presence of MAs suggested in 
color pictures or FA and appears to be a superior method for 
definitively detecting MAs.

OCTA en face imaging gained attention as a ground-
breaking diagnostic imaging method that can replace FA. 
However, this study showed that OCTA en face images have 
limitations for detecting MAs and that FA or OCT B-scans 
are still a necessary test in some patients.

Several explanations are possible for why MAs were 
not depicted by OCTA en face images in the present study. 
One possibility is the absence of blood flow due to MA 
closure. However, 60% of absent-type MAs had open 
lumens in the OCT B-scan images, which contradicts this 
hypothesis and suggests the existence of MAs with open 
lumens but without blood flow. Another possibility may 
be that thickened MA walls are barriers that inhibit the 
detection of flow signals. Microaneurysms are histologi-
cally defined as dilated blood vessels with basal lamina 
that contain hyaline, fiber, and fat and that show vascular 
endothelial cell hyperplasia [20]. Thus, MAs with thick-
ened vascular walls may not be detectable using OCTA 
en face images.

In recent studies on OCTA, MAs were reported to be well 
depicted with the AngioVue device. In those studies, MAs 
were defined as hyperfluorescent spots on FA images, and 
these areas were then matched using OCTA en face images 
[3]; however, Ishibazawa and colleagues [3] found some 
discrepancies. Although we defined MAs as hyperfluores-
cent spots in the early and/or late phases of FA, there was 
incomplete agreement between MAs shown on FA and those 
shown on OCTA [3]. Furthermore, Couturier and colleagues 
found significantly fewer MAs with OCTA en face images 
than with FA images [16]. They reported that only 62% of 
the MAs observed by FA could be confirmed with OCTA 
en face images.

In the present study, we surmised that highly lumines-
cent ring-shaped morphologies in OCT en face images were 
MAs. We then aligned the horizontal and vertical sliders to 
these areas and defined MAs as findings in the horizontal 
and vertical OCT B-scan images presenting with a capsular 
shape and the ring-sign characteristics of MA, as reported by 
Horii and colleagues [17]. This is the first report to use this 
MA definition for comparison with OCTA en face imaging 
findings, and we believe it to be a highly reliable method of 
understanding OCTA en face MA images.

We also proposed 3 morphological categories for 
OCTA en face MA images: nodular type, absent type, and 
comma-like type. A variety of MA morphologies, includ-
ing the comma-like, coil-shaped, and semilunar types, were 
observed with OCTA en face images in the present study. 
Sitt and colleagues [20] and Moore and colleagues [21] used 

trypsin digest preparations of donated eyes to observe MAs 
by electron microscopy. They reported that MAs morpho-
logically presented as saccular, fusiform, or focal bulges [18, 
19]. The variety of OCTA en face images in our study may 
represent the visual histopathology of MAs. The variety of 
OCTA en face images may correlate with the variety of his-
topathologic morphologies of MAs. The saccular and fusi-
form types may represent the nodular type in OCTA en face 
images, while the focal bulge morphologies may represent 
the comma-like type.

Microaneurysms are said to be dynamic capillary defects 
that spontaneously disappear, with an average 2-year half-
life. Tam and colleagues [22] reported adaptive optics scan-
ning laser ophthalmoscope images of MA formation and 
disappearance and compared these with FA images. They 
reported that the morphology of MAs changes in various 
ways, such as capillary protrusion, capillary bulging, and 
multilobed MAs, from formation to disappearance. The wide 
variation in OCTA en face MA findings that we observed 
here is consistent with those of past studies.

About 80% of MAs reportedly form in the inner nuclear 
layer, with deeper MAs seen on the boundary of the inner 
and outer layers (deep plexus) [2, 3, 9, 17]. Couturier and 
colleagues [16] observed 60% of MAs in the deep vascular 
layer when using OCTA en face images. In the present study, 
we found 90% of MAs in the deep plexus, which was higher 
than previously reported [16]. This discrepancy may arise 
from the definition of MA: in their study, they defined MAs 
as hot spots in FA.

Conclusions

In this study, circinate hard exudates around MAs correlated 
with hyperfluorescent spots on FA, but did not correlate 
with the morphology observed on OCTA. Therefore, while 
OCTA can help to visualize MA morphology, its findings 
may not suggest a pathologic state. Therefore, FA is needed 
to identify the MA targeted for treatment.

The limitations of this study are that it was conducted at a 
single institution and with a small number of cases. Further-
more, not all MAs were evaluated: only those that could be 
evaluated with diagnostic imaging were considered.

In conclusion, OCTA en face images can be used to visu-
alize most MAs. However, this finding has to be confirmed 
with other tools, such as OCT B-scans, en face OCT, and/
or FA. Interpretation of OCTA en face images should be 
clarified in the future.
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