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Purpose: To analyze the multimodal imaging characteristics of intraretinal macroaneurysms.

Patients and Methods: Intrarctinal aneurysms larger than 150 pm in diameter on fluorescein angiography were termed as
intraretinal macroaneurysm and grouped as primary and secondary according to the absence or presence of any coexisting posterior
segment diseases.

Results: A total of 20 intraretinal macroaneurysms were observed in 18 eyes of 18 patients. Mean age of the cohort was 65.44 + 9.14
years (Range; 49-82 years). Mean diameters of intraretinal macroaneurysms were 238.20 + 61.12 pm (Range; 163.00-292.50 pm) and
242.72 £ 49.58 um (Range; 168.00-328.00 um) on fluorescein angiography and optical coherence tomography, respectively. Primary
group had 10 eyes with 11 intraretinal macroaneurysms, whereas eight eyes had nine intraretinal macroaneurysms in the secondary
group. Three of the eight eyes (37.5%) had diabetic retinopathy, four (50%), retinal vein occlusion, and one (12.5%), posterior uveitis
in the secondary group. No statistically significant differences were found between the two groups in terms of age, sex, presence of
intraretinal or subretinal fluid, the mean age, the mean central macular thickness, the mean distance of intraretinal macroaneurysms
from the fovea, the mean diameter of intraretinal macroaneurysms measured on fluorescein angiography, and the mean diameter of
intraretinal macroaneurysms measured on optical coherence tomography. Presence of intraretinal fluid was significantly more frequent
than the presence of subretinal fluid in all eyes (p = 0.004).

Conclusion: Intraretinal macroaneurysms are diagnosed more and more with the utilization of multimodal imaging techniques. We
propose a simple classification system in order to help achieving a standardized terminology and ensure consistent understanding. The
classification can be simplified as primary or secondary intraretinal macroaneurysm according to the absence or presence of the
associated posterior segment disorders.

Keywords: fluorescein angiography, intraretinal macroaneurysm, macular edema, optical coherence tomography, PEVAC, retinal
capillary macroaneurysm

Introduction

Anecurysms of the retinal circulation usually involve the arterioles or capillaries. The aneurysms affecting the muscular
arterioles are called retinal arterial macroaneurysms that typically involve the first few orders of the branching arterioles."
Hypertension is considered to be the main cause of the aneurysms in arterioles and subretinal, intraretinal, and preretinal
hemorrhage may accompany these lesions.”> Microaneurysms are saccular or fusiform dilatation of the retinal capillaries
50-100 pm in size.> Though the presence of microaneurysms is the clinical hallmark of diabetic retinopathy (DR);*
larger macroaneurysms may also occur during DR.>® In addition to the DR, eyes with retinal vein occlusion (RVO) have
been reported to have intraretinal macroaneurysms (IMAs), which are larger than microaneurysms but smaller than
retinal arterial macroaneurysms.”® On color fundus images, IMAs seem hyalinized and have a white rim; on optical
coherence tomography (OCT), they appear as vertically oval formations with a heterogeneous lumen and hyperreflective
edge.” Large IMAs are often accompanied by macular edema that responds poorly to intravitreal anti-vascular endothelial
growth factor (VEGF) ‘[herapy.lo’11
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Large IMAs have been referred to by a variety of definitions and terminology, including perifoveal exudative vascular
anomalous complex (PEVAC),'*'* PEVAC-like lesions,'*'> non-exudative perifoveal vascular anomalous complex
(nePVACQ),'® exudative perifoveal vascular anomalous complex (ePVAC),'® retinal capillary macroaneurysms,'”
macroaneurysms,’ telangiectatic capillaries,'” and TelCaps.'"'®

In this article, we describe the retrospective evaluation of the IMAs discovered through the analysis of fluorescein
angiography (FA) and OCT, and we suggest a new terminology as primary and secondary IMAs by contrasting the lesion

characteristics and additional clinical findings to streamline the current terminology.

Materials and Methods

This retrospective study was performed under the tenets of the Declaration of Helsinki. The study was approved by the
local ethics committee (Dokuz Eylul University, Approval ID: 2022/28-24). All patients first underwent ophthalmolo-
gical examination and then appropriate diagnostic techniques were employed at the Dokuz Eylul University Department
of Ophthalmology between January 2019 and September 2022 and the data were retrospectively reviewed. In this study
population, we considered the presence of an IMA whenever we noticed a distinct hyperfluorescent lesion, circular in
shape, with a minimum diameter of 150 um that was observed as an isolated aneurysmal dilation exhibiting variable
types of fluorescein filling on FA. Notably, our IMA definition was independent of the caliber/type of the vessels that it
originated, as well as the presence or absence of any other posterior segment disease-related findings, such as capillary
ischemia, subretinal or intraretinal fluid, hemorrhages, and exudates. The focus of this study does not encompass retinal
arterial macroaneurysms, which is a totally distinct clinical phenomenon characterized by acquired dilatations that
resemble sacs or spindles within the larger retinal arterioles typically occur within the first three orders of bifurcation."”

The presence of at least one IMA which had a vertical or horizontal diameter of >150 pm measured on a good-quality
FA was the main eligibility criterion of this study. Corresponding OCT images were also assessed to measure the
dimensions of the IMAs.

All patients received a full ophthalmic examination. Demographic characteristics, presence or absence of any
posterior segment diseases, and the lens status were derived from the patients’ medical records. Color fundus pictures
were obtained by VISCUAM 500 (Carl Zeiss Meditec, Jena, Germany). Fluorescein angiogram, indocyanine green
angiography (ICGA), and OCT images were obtained with Heidelberg Spectralis (Heidelberg Engineering, Heidelberg,
Germany). However, ICGA could be performed only in three patients due to reimbursement and supply issues in our
country. Optical coherence tomography angiography (OCTA) images were obtained with DRI OCT Triton (Triton,
TOPCON Inc, Tokyo, Japan).

Analysis of the Intraretinal Macroaneurysms
The anatomical horizontal and vertical diameters of the IMAs were measured manually on vertical and horizontal planes
of FA and ICGA images. Even though IMAs did not consistently exhibit leakage during FA, we selected high-quality
arteriovenous or early venous phase images to ensure precise diameter measurement. The closest distance of the IMA
from the central fovea was measured manually on 55° FA images by using the built-in software of the device. The
horizontal and vertical diameters of the IMAs were measured manually as parallel and perpendicular to the optical axis
on the central OCT scan passing through the IMA. Mean central macular thickness (CMT) was measured as the closest
vertical distance from retinal pigment epithelium (RPE) to the internal limiting membrane and the presence of intraretinal
fluid (IRF) or subretinal fluid (SRF) was recorded as hyporeflective accumulations of fluid inside the retinal layers or
between the neurosensory retina and RPE on a seven mm wide horizontal OCT scan centered at the fovea by using
a built-in software of the device. The arithmetic mean of horizontal and vertical diameter measurements was recorded to
compare the diameters measured on FA and OCT. 3 x 3 mm and 6 x 6 mm OCTA images utilizing angio retina scanning
module were obtained to see the involvement of retinal capillary plexuses by the segmentation. Clinical and imaging data
were reviewed by an experienced retina specialist (AOS). In addition, one of us (MK) manually measured the horizontal
and vertical diameters of the IMAs on FA and OCT images.

Intraretinal macroaneurysms were divided into two groups: primary (no coexisting posterior segment disease) and
secondary (associated with any posterior segment disease regardless of presence of systemic diseases). Two groups were
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compared in terms of age, sex, the mean CMT, presence of IRF, presence of SRF, the mean distance of IMAs from the
fovea, the mean diameter of IMAs measured on FA, and the mean diameter of IMAs measured on OCT. The presence of
IRF versus SRF and the mean diameter of the IMAs measured on FA versus OCT were also compared in all eyes.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics Version 28 (IBM, Armonk, New York, USA). Results of
descriptive analyses are expressed as counts and percentages for categorical variables and as means + standard deviations
for quantitative variables.

Independent continuous variables were compared with the nonparametric Mann—Whitney U-test due to the small
sample size of the groups. Categorical variables were compared individually with the chi-square test or Fisher’s exact test
if necessary. The Wilcoxon signed-rank test was used to compare the mean diameter of IMAs measured on FA and OCT.
The McNemar test was used to compare the frequency of the presence of IRF versus SRF. A p-value under 0.05 was
considered statistically significant.

Results

Our cohort comprised a total of 20 IMAs in 18 eyes (seven right, 11 left eyes) of 18 patients. The mean age was 65.44 +
9.14 years (Range; 49-82 years) and female-to-male ratio was 12/6. Three eyes (16.7%) had DR, four eyes (22.2%) had
RVO, and one eye (5.6%) had posterior uveitis, while 10 eyes (55.6%) did not have any evidence of posterior segment
disorder. Fifteen eyes (83.3%) were phakic and three (16.7%) were pseudophakic.

Fluorescein angiographic section analysis showed that the mean IMA diameter was 238.20 + 61.12 um (Range; 163.00—
292.50 um). The closest distance of IMAs from the fovea was estimated as 1497.65 + 1789.83 um (Range; 74—-6380 pum).

In all eyes, transfoveal OCT sections were obtained. However, only 18 IMAs of 17 eyes OCT sections traversing the
IMA were available due to the retrospective nature of the study. The mean diameter of IMAs was 242.72 + 49.58 um
(Range; 168.00-328.00 pum) on OCT. The difference between the mean diameter of IMAs measured on FA versus OCT was
not statistically significant (Wilcoxon signed-rank test, p = 0.068). The mean CMT in 18 eyes was 277.00 + 87.37 um
(Range; 149526 um). Thirteen eyes (72.2%) had IRF, while only four eyes (22.2%) had SRF on the OCT section centered
at the fovea. The presence of IRF was significantly more frequent than the presence of SRF (McNemar test, p = 0.004).

Four eyes (22.2%) had received anti-VEGF injections (Mean, 5.00 + 2.16 injections) and one eye (5.5%) had received
intravitreal dexamethasone implant (five injections) related to the coexistent DR or RVO before the diagnosis of IMA.
One of the patients (Case 3) was misdiagnosed as unilateral diabetic macular edema and treated with eight intravitreal
anti-VEGF injections before the diagnosis of IMA, though the clinical findings were because of the primary IMA. Retinal
laser photocoagulation (panretinal or sectorial) had been performed in two eyes (11.1%) again for DR or RVO prior to
IMA diagnosis. The demographic characteristics and clinical findings of all the patients and the imaging features of
IMAs are summarized in Table 1.

The primary IMA group comprised 11 IMAs in 10 eyes of 10 patients, while the secondary IMA group comprised
nine IMAs in eight eyes of eight patients. There are no statistically significant differences between the groups in terms of
sex, presence of IRF, and presence of SRF (Fisher’s exact test; p = 0.638, p = 0.608, and p = 1.000 respectively). The
differences between the two groups in terms of the mean age, CMT, distance of IMAs from the fovea, diameter of IMAs
measured on FA, and diameter of IMAs measured on OCT were also not statistically significant (Mann—Whitney U-test;
p=0.349, p=0.790, p=0.102, p = 0.676 and p = 0.964, respectively). The frequencies/mean values of these parameters
for each group are shown in Table 2. Multimodal imaging characteristics of Case 4, Case 5, Case 7, and Case 13 are
demonstrated in Figures 1-4.

Discussion

The present study demonstrated that there were no statistically significant differences between the primary IMA group
and the secondary IMA group in terms of the presence of IRF, presence of SRF, mean CMT, mean distance of IMAs from
the fovea, mean diameter of IMAs measured on FA, and mean diameter of IMAs measured on OCT (p = 0.608, p =
1.000, p = 0.790, p = 0.102, p = 0.676 and p = 0.964, respectively).
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Table | Demographic Characteristics and Clinical Findings of the Patients with IMA
Case Sex/ Eye | Ocular | Prior Intravitreal Prior Intravitreal History of CMT | IRF | SRF Distance of the Mean Diameter Mean Diameter Localization
No Age Disease Anti-VEGF Dexamethasone Previous Laser (pm) IMA from the of the IMA on of the IMA on of IMA on
(Years) Injections (n) Injections (n) Photocoagulation Fovea (um) FA (pm) OCT (um) OCTA
| M/69 RE DR 4 0 + 526 + - 378 181.5 196 N/A
2% Fi72 LE RVO 0 5 - 149 + - 6380 2475 N/A N/A
4407 191 N/A N/A
Fi74 LE - 8 0 - 276 + - 74 270 270 SCP, DCP
4 M/49 LE PU 0 0 - 313 + + 1036 287 248 Not visible
M/64 RE - 0 0 - 239 + - 422 324 3255 DCP
6* F/64 RE - 0 0 - 379 + - 334 273 300.5 SCP, DCP
739 201 230 SCP, DCP
7 Fi72 LE - 0 0 - 247 - - 179 194 202.5 DCP
8 F/54 LE - 0 0 - 218 - 170 167 168 DCP
9 F/82 RE - 0 0 - 331 + + 3726 237 2545 N/A
10 M/69 LE - 0 0 - 235 + 2123 308 328 DCP
I M/67 RE - 0 0 - 289 + - 491 169 186.5 DCP
12 F/75 LE - 0 0 - 211 + - 494 181 191.5 DCP
13 F/50 LE RVO 0 0 - 269 + - 1635 239 265.5 SCP, DCP
14 F/70 LE RVO 5 0 - 275 - - 352 163 185.5 SCP, DCP
I5 F/70 LE RVO 0 0 - 173 - - 2848 284.5 291.5 SCP, DCP
16 F/64 RE DR 0 0 - 364 + + 3682 3925 266 DCP
17 F/62 LE DR 3 0 + 203 - - 133 236 2525 SCP, DCP
18 M/52 RE - 0 0 - 289 + - 350 215.5 207 DCP

Note: *Cases with 2 IMAs in the same eye.

Abbreviations: CMT, central macular thickness; DCP, deep capillary plexus; DR, diabetic retinopathy; F, female; FA, fluorescein angiography; IMA, intraretinal macroaneurysm; IRF, intraretinal fluid; LE, left eye; M, male; N/A, not
available; No, number; OCT, optical coherence tomography; OCTA, optical coherence tomography angiography; PU, posterior uveitis; RE, right eye; RVO, retinal vein occlusion; SCP, superficial capillary plexus; SRF, subretinal fluid; VEGF,
vascular endothelial growth factor.
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Table 2 The Clinical Characteristics of Two Groups

Primary IMA Group | Secondary IMA Group p-value
Age, years 67.20 £ 9.25 63.25 £ 9.11 0.349%
Sex, FIM 6/4 6/2 0.638°
Eyes with IRF, n (%) 8 (80) 5 (62.5) 0.608°
Eyes with SRF, n (%) 2 (20) 2 (25) 1.000°
CMT, pm 271.40 £ 52.96 284.00 + 121.43 0.790%
The mean distance of IMAs from the fovea, pm 82745 + 1112.14 2336.78 £ 2165.59 0.102°
The mean diameter of IMAs on FA, pm 231.05 + 55.54 246.94 + 69.72 0.676°
The mean diameter of IMAs on OCT, pm 242.18 + 57.24 243.57 + 38.76 0.964°

Notes: *Mann—Whitney U-Test. ®Fisher’s Exact Test.
Abbreviations: CMT, central macular thickness; F, female; FA, fluorescein angiography; IMA, intraretinal macroaneurysm; M, male; OCT, optical
coherence tomography.

By definition, microaneurysms are 50—100 um in size, usually involve the capillaries, and are associated with various
ischemic conditions such as DR and RVO. In comprehensive postmortem examinations, microaneurysms were observed
in up to 24% of the aged retinas.”® Various mechanisms have been implicated in the development of microaneurysms
such as pericyte death, endothelial proliferation, impaired angiogenesis, alterations in intraluminal rheology, and damage
to the blood vessel basement membrane.”'

12! stated that it might be difficult to detect the small microaneurysms using ancillary clinical

Lopez-Luppo et a
imaging modalities as most of the microaneurysms lie in the deep vascular plexus. Unlike macroaneurysms, micro-
aneurysms reveal a bright contrast in the early stage on FA, while no change in size, contrast, or brightness is observed in
the later stages.?

They also histopathologically disclosed that small microaneurysms had cross-linked fibers of type III collagen, not
present in the normal retinal capillaries. In larger microaneurysms, there was an increased expression of matrix
metalloproteinase-9 that could facilitate the breakdown of basement membrane proteins. They suggested that matrix

metalloproteinases might weaken the structural integrity of the basement membrane and decrease the vessel wall

A e e B ‘f‘g‘l

Figure | Case 4, Left eye of a 49-year-old male with Behcet’s uveitis. Arteriovenous phase of fluorescein angiogram (FA) (A) demonstrating the hypofluorescent lesion due
to an occluded intraretinal macroaneurysm (IMA) appearing as an isolated aneurysmal dilation. Late venous phase of FA (B) demonstrating the leakage from the IMA
(arrow). Indocyanine green angiographic section (C) reveals a well-defined circular lesion without any leakage. Horizontal spectral domain optical coherence tomographic
section passing through the IMA (D) disclosing a hyperreflective round lesion with a hyperreflective border in association with the intraretinal hyperreflective dots and
subretinal fluid.
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Figure 2 Case 5, Right eye of a 64-year-old otherwise healthy male. Late venous phase of the fluorescein angiogram (A) and indocyanine green angiogram (B) showing the
well-defined roundish hyperfluorescent lesion. Reflectance image (C) depicts the well-defined round lesion with surrounding brighter hyporeflectant areas indicating the
retinal edema. Horizontal spectral domain optical coherence tomographic section passing through the lesion (D) demonstrating the hyperreflective wall with
a hyporeflective intraluminal material together with the intraretinal fluid and hyperreflective dots.

167pym T &

Figure 3 Case 7, Left eye of a 72-year-old otherwise healthy woman. Mid-phase fluorescein angiogram (A) depicting the well-defined, round, hyperfluorescent intraretinal
macroaneurysm with no leakage. Deep capillary plexus slab of 3x3 mm macular optical coherence tomographic angiographic section (B) delineating the round but
hypodense juxtafoveal lesion (arrow). Reflectance image (C) reveals the hyporeflectant well-defined round lesion. Horizontal spectral domain optical coherence
tomographic section passing through the lesion (D) depicting the vertically oval-shaped lesion with a thick hyperreflective wall and hyporeflective lumen without any
associated intraretinal or subretinal fluid.

integrity, thereby potentially lessen the resistance to aneurysmal formation. Therefore, such expansionary factors might
result in increased leakage from the aneurysm that might be unresponsive to anti-VEGF therapy. In the present study,
Case 3 had diabetes mellitus but did not show any signs of DR. Despite receiving eight intravitreal anti-VEGF injections
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Figure 4 Case |3, Left eye of a 50-year-old woman with chronic lower branch vein occlusion. Color fundus picture (A) demonstrates the round, hyalinized-looking
intraretinal macroaneurysm (IMA) (arrow) with a white rim located inferotemporal to the fovea. Mid-phase fluorescein angiogram (B) depicting a round, well-defined,
hyperfluorescent IMA and areas of capillary drop-out. Reflectance image (C) showing the hyporeflectant well-defined round lesion. Horizontal spectral domain optical
coherence tomographic section (D) passes through the IMA revealing the vertically oval hyperreflective lesion together with epiretinal membrane, intraretinal cystic spaces,
and well-preserved outer retinal layers.

for presumed diabetic macular edema prior to recognition of IMA; IRF was still unchanged. Concurrently, the limited
efficacy of intravitreal anti-VEGF treatment has also been emphasized in the literature for these lesions.'%!!"?!

Macroaneurysms can be originated from the arteries, capillaries, veins, or collateral vessels.”>** Capillaries have
lower flow rates and thus develop dilatations of smaller caliber.>> Varying from author to author, retinal capillary
macroaneurysms have been defined in size between 100 and 300 um.”'®!'7 Localized increase in capillary hydrostatic
pressure, selective pericyte loss, and smooth muscle cell death were thought to be the possible causes of retinal capillary
macroaneurysm formation. Spaide et al'® reported five patients with solitary, large, persistent intraretinal aneurysms
derived from the capillaries in the macular area. They defined an intraretinal aneurysm larger than 200 um as a “retinal
capillary macroaneurysm” by measuring the lesion with OCT and also used OCTA to identify these aneurysmal dilations.
Anti-VEGF treatment provided a partial response in one case and no apparent response was noted in the remaining four
patients. We feel that it is most likely that these lesions have a capillary origin than the other speculated vessel types
based on the assumption outlined in the study by Spaide and Barquet,'® although no conclusive evidence regarding the
specific caliber of vessels from where IMAs originate has been established.

Subretinal, intraretinal, and preretinal hemorrhage, exudation, and fluid have been observed in association with
IMAs.?* Paques et al® observed that capillary macroaneurysms were usually located at the center of the circinate deposits.
However, these lesions were commonly associated with intraretinal cystic fluid accumulation with relatively well-
preserved outer retinal layers.”>*¢ In the present study, the presence of IRF was significantly more frequent than the
presence of SRF in eyes with IMA. Intraretinal fluid and SRF were observed in eight (80%) and two (20%) eyes in the
primary IMA group; while five (62.5%) and two (25%) eyes had IRF and SRF in the secondary IMA group, respectively
(p = 0.608 and p = 1.000 for IRF and SRF, respectively).

Hussain et al** reported an otherwise healthy 45-year-old male who had an isolated retinal venous macroaneurysm,
a circular lesion with a hyperreflective border in the middle retinal layers with intraretinal edema and hyperreflective
exudates on OCT. The venous phase of FA showed pinpoint leakage of the dye at the branching of the second-order vein.

In 2011, Querques et al'? defined the unilateral, isolated perifoveal aneurysms that might be associated with retinal
hemorrhages, intraretinal fluid, and hard exudates and named it as “PEVAC” without specifying a cut-off diameter for

Clinical Ophthalmology 2023:17 heeps: 3201

Dove:


https://www.dovepress.com
https://www.dovepress.com

Kayabasi et al Dove

those lesions. They visualized the so-called PEVAC cases with the help of OCT, FA, ICGA, and color fundus imaging in
two cases without any known systemic or ocular diseases. The term “PEVAC-like” was suggested by several authors for
the lesions resembling PEVAC in eyes with vascular retinopathies such as DR, RVO, prepapillary arterial loops or age-
related macular degeneration,”’ lamellar macular hole,*® and pathologic myopia.'*'®?° The lesions defined as PEVAC in
the literature exhibited similarities in terms of characteristics and definition with the primary IMA group in our study.

Sacconi et al'® reported the follow-up features of four eyes exhibiting microvascular abnormalities characterized by
the presence of an isolated, large intraretinal aneurysm detected at the perifoveal region. Notably, these eyes did not
exhibit any exudation, and the authors named the lesions as nePVAC. However, three eyes developed signs of exudation
during the course.

The perifoveal vascular anomalous complex was believed to be due to a focal or progressive endothelial cell
degeneration/injury and reduction in pericyte cell protection related to basement membrane breakdown. The response
to anti-VEGF treatment was poor.'""'%'%3%3! It appeared as a round hyperreflective lesion with a reflective wall,
surrounding a dark lumen containing reflective material in a variable nature. Intraretinal cystic spaces generally
accompanied these lesions on OCT. A fluorescein angiogram showed the hyperfluorescent lesion, characterized as an
isolated aneurysmal dilation with a variable filling of the aneurysm associated with some leakage on the late frames. On
ICGA, the same hyperfluorescent lesion was also seen, but no late leakage was present.*? Type 3 neovascularization
might develop in patients with PEVAC."

Farias et al'” suggested the term ‘telangiectatic capillaries’ to denote the intraretinal aneurysms larger than 150 pm
with the help of ICGA in eyes with DR. They highlighted the association of hard exudates with telangiectatic capillaries
and concluded that these lesions could be considered as a subtype of microaneurysms but rather as a specific pathological
entity. They emphasized the prolonged, focal ICGA staining of telangiectatic capillaries and suggested that hydrophobic
intraluminal materials present in these lesions might induce incomplete and delayed filling on ICGA."”

Intraretinal macroaneurysms can be visualized with OCT, FA, and ICGA. Bourhis et al” used the term “macroaneur-
ysm” for the aneurysms greater than 100 um that were detected by FA and/or ICGA in six patients. They reported that
some macroaneurysms could be depicted better with the ICGA than with FA. Two of their cases had DR, while the other
four had RVO and all of their cases had hard exudates in association with the macroaneurysms. They argued that
macroaneurysms originated from the microaneurysms. They added that ICG dye had amphiphilic properties and stained
the intraluminal fibrinogen more often than the fluorescein dye in FA and this might be the fact while explaining the
superiority of ICGA over FA.” In their series, ICGA showed a prolonged and complete filling with minimal extravascular
leakage but FA showed fading of the lesion hyperfluorescence. There was a 20-30 um difference between the ICGA and
OCT measurements and OCT yielded a larger macroaneurysm size than the ICGA in most of the cases.” This difference
might be due to the inclusion of the IMA wall on the OCT measurements, whereas indocyanine green dye bound only to
intraluminal material.” In our cohort, there was a small discrepancy between the diameters measured on FA versus OCT,
but the difference was not statistically significant. In Case 4 and Case 5, where ICGA could be performed, the diameter
of IMAs appeared larger on ICGA compared to FA and OCT (Figures | and 2, respectively).

Depth-resolved analysis of the retinal blood flow and the visualization of the retinal capillary plexuses have become
possible with the introduction of OCTA.>* Sacconi et al'? reported aneurysmal dilations and remarkable rarefaction of the
retinal capillaries in the perilesional area especially at the superficial and deep capillary plexus slabs with the OCTA
examination in 15 patients diagnosed as PEVAC. Similar findings on both superficial and deep capillary plexus slabs
(especially the deep capillary plexus slab) were noted in our cohort. Although OCTA could demonstrate most of the
IMAs, some of them could not be visualized due to a low flow rate within the aneurysm.** Unfortunately, IMAs could
only be demonstrated in 14 of 15 eyes in our study where OCTA examination was performed and in Case 4 where we
could not visualize the IMA with OCTA despite meticulous segmentation attempts.

Our study has a larger number of patients compared to the previous manuscripts, and there were no statistically
significant differences observed in the presence of IRF/SRF, average diameter on OCT and FA, distance to the fovea, and
CMT between the primary and secondary IMA groups. These findings imply that the lesions may possess a similar
underlying nature. Additionally, multifocal lesions were observed in both the primary and secondary IMA groups.
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Although Smid et al'* claimed that there was a tendency for multifocality for the lesions they named “PEVAC-like”, we
believe that multifocality cannot be a distinctive feature to classify these lesions.

To our best knowledge, there is no single-center study with a significant number of patients with IMAs thus far. These
lesions have been primarily defined in the case reports or case series, using various terms such as PEVAC, PEVAC-like,
nePVAC, ePVAC, capillary macroaneurysm, telangiectatic capillaries, or TelCaps as summarized above.”'%!'27!#
However, all of the terms likely point out the same lesion or different stages of the lesion using different cut-off
diameter sizes ranging from 100 to 200 pm. Despite existing various terminologies, we believe that the terms
“Intraretinal” and “macroaneurysm” are more appropriate due to the location of these lesions on OCT sections, as well
as their aneurysmal appearance exceeding 150 microns. Furthermore, we would like to reiterate that the lesions discussed
in this study are different from the retinal arterial macroaneurysms, which constitute a separate clinical entity originating
from the large-caliber muscular arteries.

There are certain limitations within the scope of our study that need to be underlined. First, IMA size measurements
were performed by a single grader. Second, the sample size was relatively small despite the fact that it was the largest
study coming from a single center. Third, ICGA images could not be obtained in all patients due to abovementioned
reimbursement issues. Fourth, a head-to-head comparison could not be performed as there was no well-established
classification system for these lesions.

We feel that the multiplicity of these terms creates confusion and ambiguity among the retina specialists. Thus, we
propose a simple classification system that encompasses visually similar lesions described by several authors and aim to
help achieving a standardized terminology and ensure consistent understanding. The terminology can be simplified as
primary or secondary IMA according to the absence or presence of associated posterior segment disorders.

Conclusion

Intraretinal macroaneurysms are relatively newly described and recognized retinal vascular changes that can be seen in
otherwise healthy individuals or patients with other systemic and/or ocular diseases. These lesions might be more
frequent than previously thought and the careful evaluation of the multimodal images may help to recognize and
distinguish these lesions. Their presence may alter the approach of clinicians when selecting the most suitable therapeutic
approach. Further, preferably prospective studies with larger number of patients will help the clinicians to determine the
ideal imaging method and treatment modalities in patients with intraretinal macroaneurysms.
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Intraretinal fluid; nePVAC, Non-exudative perifoveal vascular anomalous complex; OCT, Optical coherence tomography;
OCTA, Optical coherence tomography angiography; PEVAC, Perifoveal exudative vascular anomalous complex; RPE,
Retinal pigment epithelium; RVO, Retinal vein occlusion; SRF, Subretinal fluid; VEGF, Vascular endothelial growth
factor.
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