
59

Quantitative Measurement of Retinal Vessel Density in Non-
proliferative and Proliferative Macular Telangiectasia Type 2 with 
Optical Coherence Tomography Angiography

Eur Arch Med Res 2021;37(2):59-62
DO I: 10.4274/eamr.galenos.2019.65390

 Ali Demircan,  Zeynep Alkın,  Ceren Yeşilkaya,  Gülşah Gümüş,  Dilek Yaşa,  Gürkan Erdoğan

İstanbul Beyoğlu Eye Training and Research Hospital, Clinic of Retina, İstanbul, Turkey

ORIGINAL ARTICLE

Cite this article as: Demircan A, Alkın Z, Yeşilkaya C, Gümüş G, Yaşa D, Erdoğan G. Quantitative Measurement of 
Retinal Vessel Density in Non-proliferative and Proliferative Macular Telangiectasia Type 2 with Optical Coherence 
Tomography Angiography. Eur Arch Med Res 2021;37(2):59-62

Address for Correspondence: Ali Demircan, İstanbul Beyoğlu Eye Training and Research Hospital, Clinic of Retina, 
İstanbul, Turkey
Phone: +90 506 854 42 99 E-mail: alidemircanctf@yahoo.com ORCID ID: orcid.org/0000-0002-4637-2825

©Copyright 2021 by the University of Health Sciences Turkey, Prof. Dr. Cemil Taşçıoğlu City Hospital
European Archives of Medical Research published by Galenos Publishing House.

Received: 09.05.2018
Accepted: 15.12.2019

INTRODUCTION
Type 2 macular telangiectasia (MacTel2) is a progressive, 

bilateral retinal vascular disease that arises within the temporal, 

juxtafoveal region of the macula. Initially, the microvascular 

features of non-proliferative MacTel2 include telangiectatic 

abnormalities within the deep retinal capillary plexus (DRCP), 

temporal to the fovea, and these changes continue to invade the 

superficial retinal capillary plexus with subsequent extension 

circumferentially to involve the perifoveal microvasculature (1,2). 

In the later proliferative stages of MacTel2, neovascularization 

may arise and extend under the retina, often leading to pigment 

deposition and disciform scar formation (3). Fluorescein 

angiography (FA) continues to be the gold standard method 

for confirming the diagnosis of proliferative MacTel2 (1,2). Gass 

and Oyakawa (4) have reported that vascular alterations mainly 

include the DRCP and that the late leakage of fluorescence on FA 

seems to arise from the outer retina in non-proliferative MacTel2. 

Diffuse hyperfluorescence conceals the morphological changes 
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Objective: The purpose of the study was to quantify the optical coherence tomography angiography (OCTA) features of non-proliferative and 
proliferative macular telangiectasia type 2 (MacTel2). The retinal vessel density (RVD) of the superficial and deep layers of the retina were 
studied.

Methods: This cross-sectional and observational study was carried out at İstanbul Beyoğlu Eye Training and Research Hospital. Patients 
clinically diagnosed with MacTel2 underwent fundus photography, fluorescein angiography, spectral domain OCT, and OCTA imaging. 
Superficial and deep RVD in the foveal and parafoveal regions were calculated using device automated software. 

Results: Thirteen eyes of 8 patients (4 male, 4 female) with a mean age of 64.6±3.8 years were included. The mean RVD of the superficial 
fovea and parafovea were 30.3%±9.3% and 49.5%±6.4% in non-proliferative MacTel2, compared with 39.4%±3.3% and 43.8%±2.9% in the 
proliferative MacTel2, respectively. No statistically significant difference was found between non-proliferative and proliferative MacTel2 
(p=0.31, p=0.41; respectively). The mean deep foveal and parafoveal RVD was 30.4%±7.8% and 50.7%±3.8% in non-proliferative MacTel2 
versus 47.5%±0.2% and 55.3%±8.4% in proliferative MacTel2, respectively. There was a significant difference in deep foveal RVD between 
proliferative and non-proliferative MacTel2 patients, whereas no difference was found in deep parafoveal RVD (p=0.02 and p=0.23, 
respectively). 

Conclusion: The mean deep foveal RVD was significantly higher in proliferative MacTel2 than in non-proliferative MacTel2. Measurement of 
RVD in the deep retinal layers by OCTA may have diagnostic value in patients with proliferative MacTel2.
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in the vascular network, and FA is insufficient to give detailed 

information about the deep retinal layers and pathological 

changes therein (5). On the other hand, FA is an invasive imaging 

method, and it may not be possible to repeat the test at each 

visit.

Optical coherence tomography angiography (OCTA) is a novel, 

non-invasive imaging method that provides high-resolution 

imaging of retinal morphology, primarily individual vascular 

layers, as an important advantage (6,7). Additionally, OCTA 

allows better visualization of subretinal neovascularization 

(SNV), compared with FA, due to the absence of fluorescence 

leakage (8).

In this study, we aimed to determine whether retinal vascular 

density (RVD) was different between non-proliferative and 

proliferative MacTel2. With this new, non-invasive technique, 

we aim to identify proliferative changes in MacTel2 without the 

need for FA. 

METHODS 
Patients diagnosed with MacTel2 at İstanbul Beyoğlu Eye Training 

and Research Hospital were included in this retrospective, cross-

sectional, and observational study. Institutional review board 

approval was achieved from İstanbul Beyoğlu Eye Training and 

Research Hospital Review Board (approval date: 31.08.2018, 

approval no: 18/I-1). The study was carried out in accordance 

with the principles of the Declaration of Helsinki. As a criterion 

for inclusion in the study, patients had to be diagnosed with 

non-proliferative or proliferative MacTel2 in at least one eye. 

Patients with retinal vein occlusion, diabetic retinopathy, 

choroidal neovascularization secondary to age-related macular 

degeneration, previous vitreoretinal surgery history, or history of 

photodynamic therapy were excluded from the study. All patients 

underwent a complete ophthalmologic evaluation, including 

slit lamp biomicroscopy, intraocular pressure measurement 

with applanation tonometry, and dilated fundus examination 

after best corrected visual acuity measurement using Snellen 

charts. Besides a comprehensive ocular examination, all 

patients underwent color fundus imaging, FA imaging with 

HRA 2 (Germany, Heidelberg, Heidelberg Engineering), and 

spectral domain OCT imaging (Germany, Heidelberg, Heidelberg 

Engineering). In addition, patients were imaged with the Optovue 

AngioVue system (Optovue, CA, Inc., Freemont) for OCTA imaging. 

This device has a scanning speed of 70,000 A-scans per second 

using a light source with a bandwidth of 50 nm and centered 

at 840 nm. The retinal region of a volume scan included a  

3 mm x3 mm field of view obtained with at least 49 B-scans per 

volume. Patients whose images had inadequate signal strength 

were excluded from the study. A split-spectrum amplitude-decor 

correlation angiography algorithm was used to calculate a flow 

map for each scan. In this study, two-layer imaging of the OCT 

angiogram was analyzed, including superficial and DRCs. In this 

study, we included two layers from the en face OCT angiogram 

in our analysis: The superficial retinal capillaries and the DRCs. 

The OCT system’s software performs automatic segmentation of 

these vessel layers. The capillaries between the inner limiting 

membrane and the posterior border of the inner plexiform layer 

(IPL) form the superficial plexus, while the deep plexus form the 

capillary layer between the posterior border of the IPL and the 

posterior border of the outer plexiform layer. Quantitative data 

consisting of RVD for each microvascular layer were generated 

by the device software. RVD was measured at two concentric 

circular regions: The fovea-centered 1.0 mm radius area and the 

parafoveal region from the 1.0-3.0 mm radius area.

Statistical Analysis

All statistical analyses were performed using SPSS Statistics, Version 

20.0 (IBM Corp.; Armonk, NY, USA). Mean, standard deviation, 

median, frequency, and ratio values were used in descriptive 

statistics of the data. For the analysis of independent quantitative 

data, The Mann-Whitney U test was used. For all tests, a p<0.05 

was defined as statistically significant.

RESULTS
Thirteen eyes of 8 patients (4 males, 4 females) with MacTel2 

were included in the study. The mean age of the patients was 

64.6±3.8 years (61-73). Three eyes had subfoveal SNV secondary 

to MacTel2. 

The mean superficial (foveal and parafoveal) and deep (foveal 

and parafoveal) RVD measurements in patients with proliferative 

and non-proliferative MacTel2 are shown in Table 1. There 

was a significant difference only in deep foveal RVD between 

proliferative and non-proliferative MacTel2 patients (Figure 1).

DISCUSSION
MacTel2 is a bilateral condition with typical changes in the 

macular capillary network with neurosensitive atrophy. 

Distinguishing features of the disease include hyporeflective 

intraretinal cavitation, abnormal vascular anastomosis, retinal 

pigment epithelial hyperplasia, foveal thinning, and progressive 

photoreceptor loss due to pathophysiological and biochemical 

changes primarily involving Müller cells (9). Eyes with MacTel2 

are divided into non-proliferative and proliferative. The non-
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proliferative stage is characterized by foveal atrophy and 

telangiectasia, while the proliferative stage is characterized 

by SNV (1,2). OCT features of non-proliferative MacTel2 are IS/

OS disruption, hyporeflective areas in the inner retinal layers 

and pigment plaques (10). FA is the best imaging method for 

diagnosing MacTel2 by showing dilated perifoveal capillaries 

with leakage in the parafoveal temporal area as well as being 

able to show right-angled vessels and intraretinal and/or 

subretinal anastomoses (11). When present, SNV is characterized 

by visualization of early and late fluorescence leakage; however, 

the existence of SNV may be difficult to detect due to fluorescence 

leakage in the corresponding region from the abnormal retinal 

vasculature (12,13). With the development of OCTA, non-invasive 

imaging of the retina and choroidal microvasculature has been 

possible without the use of exogenous intravenous dye injection. 

OCTA is capable of detecting abnormal microvasculature in the 

perifoveal region and correlating with leakage seen in FA images 

on OCTA images. in addition, it has the typical advantages of 

OCT imaging in cases such as the ability to diagnose MacTel2 and 

monitor its progress, and thus helps to confirm the diagnosis. 

OCTA is a non-invasive method and offers the advantages over 

FA of being faster, less espensive, safer, and easily repeatable; 

producing a better image quality; and generating fewer effects 
from fluorescent leaks that hide the microvasculature (5-7). 
Previous studies have demonstrated multiple telangiectatic, 
microaneurysm-like dilated vessels in the middle retinal 
layers on OCTA imaging. SNV, which is a neovascular complex, 
communicates with both the choroidal and retinal circulation, 
and OCTA imaging is capable of providing better visualization 
of SNV than FA due to the absence of fluorescence leakage. 
OCTA imaging is often useful for monitoring non-proliferative 
MacTel2 patients for timely detection of subretinal neovascular 
changes, as imaging can be repeated frequently (12-14). In this 
study, we found that deep foveal RVD was significantly higher 
in proliferative MacTel2 than in non-proliferative MacTel2. This 
may have been due to the hyporeflective intraretinal cavitation 
in non-proliferative MacTel2 and subfoveal vascular membrane 
in prolifertive MacTel2. While the features of SNV with OCTA 
have been described thoroughly in previous studies, the 
procurement of quantitative data on the deep retinal layers may 
help to differentiate proliferative MacTel2 from non-proliferative 
disease.

Study Limitations

The limitations of the current study are its retrospective design 
and the limited number of included patients. Further prospective 
studies with larger sample sizes are needed to confirm the 
realistic value of RVD in the diagnosis of SNV in MacTel2.

CONCLUSION
We obtained superficial and deep foveal and parafoveal RVD in 
patients with either non-proliferative or proliferative MacTel2. 
The results of this study showed that quantification of RVD 
in different retinal layers using OCTA imaging is a promising 
method for use in the diagnosis of SNV secondary to MacTel2.

Ethics

Ethics Committee Approval: İstanbul Beyoğlu Eye Training and 
Research Hospital Review Board (approval date: 31.08.2018, 
approval no: 18/I-1).

Informed Consent: Retrospective consent of the patient was not 
obtained, since measurements were not performed prospectively 
on the patient and previous documents were scanned.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Concept: A.D., Z.A., G.E., Design: A.D., Z.A., G.E., Data Collection 
or Processing: A.D., C.Y., G.G., D.Y., Analysis or Interpretation: 
A.D., C.Y., G.G., Literature Search: A.D., G.E., Writing: A.D.

Table 1. Retinal vascular density measurements in non-
proliferative and proliferative MacTel2 patients

Non-proliferative 
MacTel2

Proliferative 
MacTel2

p

Foveal superficial 
RVD 30.3%±9.3% 39.4%±3.3% 0.31 

Parafoveal 
superficial RVD 49.5%±6.4% 43.8%±2.9% 0.41

Foveal deep RVD 30.4%±7.8% 47.5%±0.2% 0.02

Parafoveal deep RVD 50.7%±3.8% 55.3%±8.4% 0.23
RVD: Retinal vascular density, MacTel2: Macular telangiectasia type 2

Figure 1. Deep retinal vascular density images provided with optical 
cohorence tomography angiography. Deep foveal retinal vascular 
density was significantly higher in proliferative MacTel2 (left) than in 
non-proliferative MacTel2 (right)
MacTel2: Macular telangiectasia type 2
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