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Introduction

Idiopathic perifoveal or Juxtafoveal Retinal Telangiectasia 
(IJRT) is a condition characterized by the abnormal dilation of 
small blood vessels in the retina near the center of the eye, 
without any apparent cause, as defined by Gass and Oyakawa 
[1]. Initially, the classification of this condition was based mainly 
on clinical examinations [1]. Later, Gass and Blodi and Yannuzzi 
et al. suggested a more comprehensive classification by includ-
ing optical coherence tomography (OCT), high-speed indocya-
nine green, and fluorescein angiographic findings besides clini-

cal examination [2,3]. IJRT can be divided into two main types: 
idiopathic macular telangiectasia type 1 or aneurysmal telangi-
ectasia, which is considered a developmental, usually unilateral 
vascular anomaly, and idiopathic macular telangiectasia type 2 
(MacTel2) or perifoveal telangiectasia, which is an acquired and 
bilateral condition. MacTel2 can be further categorized into a 
non-proliferative phase (only telangiectasia and foveal atrophy) 
and a proliferative phase (presence of sub-retinal neovascu-
larization) [3]. However, Gass and Blodi classified IJRT into five 
stages, as follows: 
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1. Occult vascular abnormalities that are asymptomatic.

2. No clinically visible telangiectasis, either asymptomatic or 
with mild visual disturbances. 

3. Prominent dilated right-angled retinal venules with meta-
morphopsia and mild scotoma. 

4. Retinal pigment hyperplasia extending into the retina, 
with progressive visual decline. 

5. Subretinal neovascularization with rapid and severe visual 
loss [2].

The incidence and prevalence of MacTel2 are still being de-
termined since the early changes are not easily detectable, and 
the late changes are similar to other diseases like AMD. There-
fore, it may be under-diagnosed, but it is generally considered 
rare [4,5]. MacTel2 usually occurs during the fifth and sixth 
decades, and there is no dominance in sex or race [5,6]. The 
pathophysiology is still not well understood, and patients typi-
cally complain of blurred vision, metamorphopsia, and positive 
scotoma [7-9]. During funduscopy, reduced retinal transparency 
with grayish discoloration is seen initially in the temporal to the 
fovea region, which then progresses and affects all perifovea in 
an oval pattern [2,3,6]. MacTel2 patients have been evaluated 
through various imaging modalities, including OCT, Fluorescein 
Angiography (FA), and Fundus Auto Fluorescence (FAF), and 
classified according to findings in each modality [10]. FA, which 
is a gold standard for the diagnosis of MacTel2, has been used 
for many years to study retinal vessels that show telangiectasia 
and dilated capillaries with dye leakage in parafoveal areas [11]. 
However, FA requires the injection of dye into the patient’s cir-
culation and may not be suitable for many patients with renal 
failure or a history of allergy. Additionally, this modality cannot 
extrapolate the study to the deep retinal capillaries [12].

Optical Coherence Tomography Angiography (OCTA) is a 
novel diagnostic method widely investigated in various retinal 
pathologies. Unlike other imaging techniques, OCTA is non-in-
vasive and does not require the injection of a dye. It provides 
clinicians with the ability to analyze the microvascular structure 
of the retina [12]. Studies conducted on OCTA in MacTel 2 pa-
tients have suggested major findings in retinal capillary plexus, 
which could be useful in diagnosis. However, despite its poten-
tial, more is needed to replace the currently used gold standard 
method of Fluorescein Angiography (FA) [10]. In our study, we 
used OCTA to examine 12 eyes of 6 patients with MacTel2 in or-
der to gain a better understanding of the vascular abnormalities 
associated with this condition.

Methods

Study population: This observational case series study was 
conducted at Farabi Eye Hospital, Tehran University of Medical 
Sciences (TUMS), to investigate patients with MacTel2. Patients 
with MacTel2 and FA confirmed diagnosis obtained OCTA im-
ages of superficial and deep capillary plexus (SCP and DCP). The 
study and its data acquisitions were approved by the Ethical 
Committee of Research Deputy of Farabi Eye Hospital (Tehran 
University of Medical Sciences, Tehran, Iran). Patients were en-
rolled in the study only after providing written informed con-
sent in compliance with the Declaration of Helsinki.

Conventional multimodal imaging: Spectral-Domain Opti-
cal Coherence Tomography (SD-OCT) (Spectralis; Heidelberg 
Engineering, Heidelberg, Germany) and FA (in the absence of 
any contraindication for fluorescein sodium injection) were 
performed for both eyes of study participants. Best-corrected 
visual acuity and refraction were also measured.

Optical coherence tomography angiography (OCTA): The in-
strument used for obtaining OCTA images, AngioVue, is based 
on Optovue RTVue XR Avanti technology. It has an A-scan rate 
of 70,000 scans per second and a wavelength of 840 nm. It ac-
quires split-spectrum amplitude-decorrelation angiography im-
ages in just 3 seconds. Following this, the capillary bed is seg-
mented and manipulated using default preset parameters. 

The SCP was observed when the en-face image was seg-
mented between two boundaries. The first boundary was 3 µm 
beneath the internal limiting membrane, while the second was 
15 µm beneath the inner plexiform layer. To obtain the en-face 
image of the DCP, the inner and outer boundaries were respec-
tively set at 15 µm and 70 µm beneath the inner plexiform layer, 
which resulted in a 55 µm thick slab. We also used customized 
thinner 24 µm slabs derived from the DCP slabs that moved 
progressively from the outer retina to the inner plexiform layer. 
Then, we preset the 20 µm choriocapillaris slab and moved it 
at the EZ to generate an en-face image of the ellipsoid. If a vas-
cular signal appeared in the outer retina, we transformed the 
image into white and black, reinforced its contour, and super-
imposed it on the EZ en-face image. We recorded conventional 
horizontal and vertical OCT B-scans on the AngioVue device and 
the Spectralis (Spectralis; Heidelberg Engineering, Heidelberg, 
Germany).

Results

During the study, six patients (5 women and one man) were 
examined, with 12 eyes being tested. The age of the patients 
varied between 49 to 67 years, with an average age of 59. Two 
patients were initially diagnosed with branch retinal vein oc-
clusion. However, they were not treated with anti-vascular en-
dothelial growth factors as they did not have thickening in the 
macula and were referred instead. The mean visual acuity on 
the LogMar scale was 0.573 (approx. 20/100). Five patients had 
phakic eyes without any significant cataract affecting their vi-
sual acuity, whereas one was pseudophakic and experienced no 
complications related to the surgery.

All patients in FA exhibit perifoveal leakage accompanied by 
a multifocal pattern of hyperfluorescent spots. The hyperfluo-
rescent spots were more prominent in the temporal region of 
the macula. SD-OCT scans showed outer retinal atrophy, mainly 
seen in the outer retinal nuclear layer with ellipsoid zone dis-
ruption. Cavitary retinal degeneration was observed in 9 out of 
12 eyes, with the internal limiting membrane draping over the 
retinal degenerations.

Based on the OCTA findings, the following observations can 
be made. There were irregularities in the foveal avascular zone 
in both the superficial and deep plexuses, avascular areas were 
observed in the parafoveal region, and vascular abnormalities 
such as telangiectatic vessels in the parafovea. The vascular ab-
normalities were more pronounced in the deep vascular plex-
us and were observed in areas without retinal degenerations. 
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Figure 1: A 64 years old male with decreasing vision for about 
three years.

In color fundus photographs, pigmentary changes and white 
deposits can be seen in the foveal area (A,B). SD-OCT in the right 
eye shows multiple cavities in the inner and outer retinal layers in 
the fovea with IS/OS disruption (C). In respective OCTA images, FAZ 
irregularities in superficial and deep plexuses are evident (D,E). 
Slight similar changes can be seen in the left eye (F-H).

Figure 2: A 56 years old female with reduced visual acuity for six 
months.

SD-OCT of both eyes shows IS/OS disruption with distorted out-
er retina in the fovea (A,B). Small hypo-reflective areas are seen 
in the outer retinal layer of the left eye. FAZ irregularities in both 
superficial (B,E) and Deep (C,F) plexuses of right and left eyes are 
more prominent in temporal parafovea. Structural changes are 
more pronounced in the deep plexus.

These vascular changes were primarily focused in the temporal 
parafovea, as shown in Figures 1-3.

 Discussion

MacTel2 is a bilateral progressive retinal vascular disorder 
where dilated vessels arise in the temporal perifoveal area and 
subsequently expand into the surrounding perifoveal area, 
causing atrophy [3,11]. The exact cause of the disease is not 
fully understood. However, a vascular theory was historically 
proposed by Gass et al., suggesting that vascular insufficiency 
and hypoperfusion of nutrients and oxygen to the retinal tissue 
lead to injury and atrophy [13]. Recent studies, however, have 
suggested that MacTel2 is a kind of primary neurodegenerative 
disease in which the Muller cells play a crucial role in abnormal 
processes [14-17]. These cells have been found to perform a 
variety of supportive functions such as balancing fluid and elec-
trolytes, secreting cytokines and growth factors, mediating an-
giogenesis and anti-angiogenesis, acting as inflammatory and 
proliferative mediators, metabolizing neurotransmitters, facili-

Figure 3: A 61 years old female with recent visual loss.

Color fundus photographs show very slight changes in the fo-
vea in both eyes, confirmed by pinpoint hyperfluorescent dots in 
FA (A-D). SD-OCT in the right eye shows a hypo-reflective cavity in 
the outer retina in temporal parafovea compatible with temporal 
rarefaction seen in the OCTA (E-G). In the left eye, despite normal 
retinal layers in SD-OCT, parafovea rarefaction areas and telangiec-
tatic vessels can be seen, consistent with FA findings implying early 
stages of the vascular disease (H-J).

tating synaptogenesis, and providing neuroprotection and sur-
vival for photoreceptors [18].

In a study conducted by Shen et al., it was reported that the 
ablation of Muller cells caused photoreceptor apoptosis, in-
traretinal neovascularization, and vascular telangiectasia [19]. 
Meanwhile, Green et al. conducted a histological study on three 
patients with MacTel2. They reported vascular narrowing due 
to the proliferation of endothelial basement membrane, along 
with the loss of pericytes in the posterior pole in 1980. However, 
they did not mention Muller cells as a contributing factor [20]. 
Further research by Powner et al. revealed that in the affected 
posterior pole area, the deep plexus of the retinal vasculature is 
abnormally dilated, and Muller cells are depleted [21,22].

With advancements in imaging techniques, our understand-
ing of the disease’s pathogenesis has improved. Since MacTel2 
is a microvascular abnormality, OCTA is more helpful than other 
modalities. Spaide et al. proposed that a cascade of retinal in-
sults may occur not only due to the loss of Muller cells but also 
due to abnormal Muller cell function [18]. They used OCTA to 
document broad abnormalities in the deep vascular plexus in 
the perifoveal area in MacTel2 patients, such as thinner vessels 
with more expansive spaces in between and abnormal arrange-
ments, which affect the retinal tissue’s health [18].

Our study found that in one case, vascular changes, abnor-
mal arrangement, and rarefaction in the retina were detected 
by OCT imaging despite an otherwise normal appearance. OCTA 
imaging showed noticeable vascular changes in both superficial 
and deep plexuses following Spaide’s findings. The theory of 
ischemic changes caused by abnormal vasculature as a trigger 
for cascades is once again proposed. This ischemic insult may 
lead to Muller cell dysfunction, even if the Muller cell dysfunc-
tion is a trigger event in MacTel2 disease. Studying Muller cell 
populations and their functional disorders through histologic 
retina examination is clinically abandoned. However, identifying 
these vascular changes as the initial detectable findings in the 
natural history of MacTel2 in an otherwise normal retina is valu-
able. It helps predict disease progression, determine follow-up 
arrangements, and provide more information on the prognosis.
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Our findings are consistent with previous studies on OCTA 
in MacTel2 patients. OCTA is superior to FA or OCT in differen-
tiating and mapping the superficial and deep vascular plexus in 
retinal layers [23-26]. Moreover, OCTA is better at visualizing 
retinal vessel proliferation than FA [27]. In our study, all cases 
had irregularities in the foveal avascular zone in both superfi-
cial and deep plexuses. We also observed noticeable vascular 
abnormalities, such as dilated and telangiectatic vessels in the 
parafovea, which were more pronounced in the deep vascular 
plexus. 

Thorell et al. were the first to apply OCTA in MacTel2 patients 
and concluded that abnormal perifoveal vasculature arises from 
the middle retinal layer [28]. Zeimer et al. reported rarefaction 
of the inner retinal vascular plexus, along with dilation and tel-
angiectasis of deep retinal vascular networks [29]. Our results 
showed avascular areas in the parafoveal retina. 

In a study conducted by Spaide et al., it was found that there 
was a decrease in the density of the vascular plexus in both the 
superficial and deep circulation. However, the reduction was 
more prominent in the deep circulation. The study observed 
decreased capillary density and the loss of functional vessels in 
the deep circulation. The researchers suggested that this could 
lead to ischemia and hypoperfusion of nutrients, resulting in 
the formation of new vessels and subsequent invasion of the 
outer and subretinal regions [18].

According to Toto et al., in a study that used quantitative ves-
sel analysis, significant reductions were observed in both the 
foveal inner and outer plexus, as well as in the superficial plexus 
of the parafoveal region [10]. Additionally, the authors noted 
that in their case series study, OCTA was superior to FA in de-
tecting neovascularization, which was also confirmed by Zhang 
et al. [10,27]. Vascular changes observed were predominantly 
focused on the temporal parafovea, consistent with the tradi-
tional classification by Gass and Oyakawa [1] and later findings 
in other imaging modalities [11,29,30]. This topographic distri-
bution was also reported by Toto et al. through OCTA imaging 
[10]. Toto et al. compared the correlation between SD-OCT and 
FA, well-established modalities, and OCTA. The authors con-
cluded that there was a high correlation not only between SD-
OCT and OCTA but also between FA and OCTA, which is consid-
ered the gold standard modality [10].

Based on the available data, OCTA is a non-invasive imaging 
tool with exceptional abilities in mapping the inner and outer 
plexus. It can detect both early and late stages of MacTel2 and 
has the potential to predict the disease’s prognosis. Using OCTA 
could open up new possibilities in managing retinal vascular 
diseases such as MacTel2. However, technical challenges are as-
sociated with this new modality, such as motion artifacts and 
segmentation of retinal layers. If OCTA is to be used in clinical 
practice, these challenges must be addressed separately. Since 
MacTel2 is a rare disease, studies have been conducted on a 
small number of patients. Therefore, conducting multicenter 
studies or meta-analytic reviews of previous studies would pro-
vide a more comprehensive understanding.
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