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Purpose: To evaluate macular pigment distribution pattern as a prognostic marker 

for disease progression in patients with macular telangiectasia type 2 (MacTel). 

Design: Retrospective cohort study 

Methods: In this single-center study, 90 eyes of 47 patients were analyzed. Macular 

pigment optical density (MPOD) was measured with dual wavelength fundus 

autofluorescence. Eyes were graded into MPOD distribution classes 1 to 3 with 

increasing loss of macular pigment and grading was performed blinded by two 

independent graders. Best corrected visual acuity, reading acuity, total scotoma size 

in fundus-controlled perimetry (microperimetry) and break of the ellipsoid zone (EZ) 

in optical coherence tomography (en face measurement) were defined as functional 

and morphologic outcome parameters and evaluated at baseline and after 60 

months.  

Results: After a mean review period of 59.6 months (±SD 5.2 months), no change 

between MPOD classes was observed compared to baseline. Morphologic and 

functional deficits were limited to the area of MPOD loss. At follow up, a significant 

mean decrease of visual acuity and reading acuity as well as a significant mean 

increase of scotoma size and EZ break was observed in eyes assigned to MPOD 

classes 2 and 3, while outcome parameters remained stable in eyes of class 1.  

Conclusions: The results indicate that MPOD and its distribution may serve as a 

prognostic marker for disease progression and functional impairment in patients with 

MacTel.  

 

Abstract  (MUST be submitted as a separate file)
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Macular telangiectasia (MacTel) type 2 is a bilateral macular disease with structural 

and functional changes that affect an oval-shaped area of approximately 6° 

horizontal and 5° vertical diameter that is centered on the fovea. Based on 

phenotypic findings, MacTel is believed to be a slowly progressive neurodegenerative 

disease with additional vascular alterations. Characteristic findings in funduscopy and 

multimodal imaging have been reported previously.1-3 Symptoms include reading 

difficulties and metamorphopsia4-6 while distance visual acuity is usually affected later 

in the disease course.2,4,7 Reading difficulties were proposed to be associated with 

paracentral scotomata that can be detected by fundus controlled perimetry 

(microperimetry).2,4,8 Microperimetry enables a precise examination of position, size 

and depth of central and paracentral scotomata and displays a good functional 

correlation to morphological changes in MacTel.7,9-11  

Patients with MacTel type 2 show a characteristic depletion of macular pigment.12-15 

Several functions have been proposed for macular pigment, including filtration of blue 

light, 16-18 reduction of glare and photic damage, and, on a molecular level, 

neuroprotection of retinal cells.19-21  

Zeimer et al. suggested a classification system consisting of three different patterns 

of macular pigment distribution in MacTel (Figure 1).22 An association between visual 

acuity / disease stage and MPOD classes has previously been shown. However, the 

prognostic value of MPOD classes for functional outcome has not yet been 

investigated. In our experience, MPOD distribution patterns seem to be a very stable 

clinical parameter in patients with MacTel. We therefore sought to determine the 

change in MPOD classes over time and hypothesized that this pattern may be of 

predictive value for functional and structural disease progression.  
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Methods  

In this retrospective, longitudinal analysis, participants were selected from the Natural 

History and Observation Study (NHOS) from a single center cohort at the Department 

of Ophthalmology, University of Bonn, Germany. Protocol details of the study have 

been published previously24. The diagnosis of MacTel type 2 was based on 

characteristic morphologic findings in funduscopy, spectral domain  optical coherence 

tomography (SD-OCT), macular pigment optical density (MPOD), and fluorescein 

angiography.1 The study was approved by the Ethics Committee of the University of 

Bonn (consecutive number 347/17), and was in adherence to the tenets of the 

Declaration of Helsinki. All participants provided informed consent.  

Patients underwent annual follow up examinations including best-corrected visual 

acuity (BCVA) testing, reading acuity testing, SD-OCT and dilated funduscopy. 

Additionally to the standard protocol, fundus controlled microperimetry was 

performed on both eyes (MP1, Nidek Technologies, Padua, Italy) as described 

previously2. A central test grid with 45 test stimuli (Goldmann size III, 4-2 strategy, 

1.27cd/m² background illumination, stimulation time 100ms, also see figure 3) 

centered on the fovea with a stimulus intensity ranging from 0 to 20 dB was applied. 

Based on the findings of test-retest measurements by Chen et al.25,26, depth of 

scotomata was categorized into absolute (A: defined by retinal sensitivity of <0dB) 

and relative (R: retinal sensitivity ≥0 to ≤ 12 dB). Scotoma size was determined as 

previously described.10 In brief, as previous work showed a good correspondence of 

ellipsoid zone (EZ) break (en face) in SD-OCT and sensitivity reduction in 

microperimetry, a direct alignment of the results was omitted, but single test points 

with a reduction of sensitivity of ≤ 12 dB were counted within the tested area and the 

total sum of these points was defined as scotoma size.  
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Inclusion criteria for this study were a clinical diagnosis of MacTel, a full data set 

including the above mentioned examinations at baseline and at 60 months after 

baseline. Exclusion criteria were the presence or development of secondary 

neovascularizations at baseline or during the observational period.  

For measurement of the ellipsoid zone break, high density SD-OCT volume scans 

(97 B-scans, 15° horizontal x 10° vertical; Spectralis, Heidelberg Engineering, 

Heidelberg, Germany) were evaluated using the 3D view panel for en face 

visualization of the EZ layer as described elsewhere.10  Manual correction of 

segmentation and of the position of the en face overlay and its correspondence to the 

zone of EZ break, was applied as needed.  

Distribution of MPOD was evaluated as described previously using a modified two-

wavelengths Heidelberg Retina Angiograph (Heidelberg Engineering, Heidelberg, 

Germany).14,27 In short, MPOD was measured from two averaged fundus 

autofluorescence images, that were calculated from two movies (minimum of 4 

seconds), that were obtained at two different excitation wavelengths of 488nm and 

514 nm, in combination with a barrier filter, that blocks all wavelengths <560 nm. 

Images were analyzed at baseline and 60 months after baseline, and eyes were 

subsequently graded and assigned to MPOD classes 1 to 3 (see above, figure 1). 

Grading was performed blinded by two independent graders (MS and TS).  

Reading acuity was tested monocularly using Radner reading test as described 

previously.4 Reading was performed at a test distance of 40 cm and with best 

corrected refraction for this distance. 

Statistical analyses were performed using GraphPad Prism version 7.0 (GraphPad 

Software, San Diego, CA, USA). Continuous variables were described by using the 
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mean ± standard deviation and categorical variables were analyzed using frequency 

tables. Change variables were standardized to change per year and change 

measures (Δ) were conducted as follows: (follow up measurement – baseline 

measurement)/time between measurements [months/12]. For intergroup 

comparisons unpaired t-test with Welch`s correction and Mann-Whitney-test were 

computed, respectively. Inter-observer agreement was calculated using Cohen`s 

kappa (κ) test. A p-value < 0.05 was accepted as statistically significant. 

Results 

Data of 90 eyes (47 patients; mean age of 61.7 years (±SD 6.4; range: 52-78)) were 

analyzed at baseline and 59.6 months (±SD 5.2 months, follow-up (FU)) after 

baseline.  

According to the distribution of macular pigment at baseline, 18 eyes were assigned 

to MPOD class 1, 23 eyes to class 2 and 49 eyes to class 3. 29 out of 47 patients 

(61.7%) had symmetrical distribution patterns in both eyes, while 18 patients (38.3%) 

showed asymmetrical distribution patterns in the right and the left eye. There were no 

significant differences in age or gender between the subgroups. Baseline 

characteristics of all eyes are shown in the table. During the entire observational 

period, no switch in MPOD classes was observed (examples shown in 

supplementary figure 1). The strength of inter-observer agreement was high (κ=0.86). 

In all eyes, overlays of MPOD maps and en face OCT images (figure 2) revealed a 

limitation of EZ loss and its progression to the area of reduced MPOD. Similarly, 

formation and growth of scotomata, as observed on microperimetry testing, were 

limited to areas with depleted MPOD. Exemplary courses of the EZ loss (en face) 
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and scotoma growth, respectively, of three MacTel eyes assigned to MPOD classes 

1 to 3 are shown in figure 2 and 3.  

Morphologic and functional outcome parameters after 60 months compared to 

baseline 

Over the entire observational period, eyes with class 1 MPOD distribution showed a 

stable visual acuity and only slight loss of reading acuity. In contrast, eyes of MPOD 

classes 2 and 3 experienced a significant mean loss of VA (-0.16 logMAR ±SD 0.08 

and 0.20 logMAR ±SD 0.14, respectively) and reading acuity (0.22 logRAD ±SD 0.13 

and 0.26 logRAD ±SD 0.16, respectively) compared to baseline (figure 4- top left and 

right).  

Growth of ellipsoid zone defects and scotomata was significantly higher in eyes of 

classes 2 and 3 compared to eyes of class 1 (both p<0.0001). At last follow up, all 72 

eyes of classes 2 and 3 showed an increase and/or de novo formation of EZ break in 

OCT and scotomata in microperimetry. Out of the 18 eyes with class 1 MPOD 

distribution, only six eyes (33%) showed a loss of EZ and a growth (4/6) or de novo 

formation (2/6) of scotomata within the observational period. Intergroup comparisons 

of both functional and morphologic parameters indicated that eyes with class 1 

differed from those with class 2 and 3, the latter showing marked similarities. Thus, 

loss of foveal pigment at baseline was associated with future functional loss.  

Discussion  

In this study, we demonstrated that the distribution (‘class’) of MPOD is a 

predominantly stable parameter over several years. We showed that areas of 

reduced MPOD are associated with the extent and expansion of forthcoming 

neurodegenerative changes, and thus future functional deficits.  
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Several functions have been proposed for macular pigment, including 

neuroprotective properties, filtering harmful short-wavelength-lights and acting as 

powerful scavenger of reactive oxygen species.17-21 Depletion of macular pigment is 

a characteristic finding in MacTel12-15 and different associations of morphologic and 

functional changes with areas of depleted MPOD have been described.13  

Different explanations for the abnormal patterns of pigment distribution in MacTel 

have been discussed: The depletion of macular pigment may result from structural 

alterations in the central retina, e.g. a dysfunction or loss of Müller cells. Histological 

findings in eyes affected by MacTel revealed that the loss of macular pigment 

coincided with a dysfunction or loss of Müller cells in the macular region, 

corroborating the understanding of MacTel as a potential Müller cell disease.28 Müller 

cells exhibit a multitude of functional interactions with neurons. They help to process 

visual information and to preserve the blood-retina barrier29-31 and they have 

neuroprotective properties.30,32,33 

A dysfunction or loss of Müller cells may lead to an impaired storage and trafficking of 

macular pigment, and the absence of neuroprotective properties of MPOD/ Müller 

cells may subsequently constitute the basis for further (neurodegenerative) changes. 

This may explain why we observed neurodegenerative changes to occur and expand 

only in regions with preexisting pigment loss, while areas with intact pigment 

distribution remained unaffected.  

The data from our study is in line with previous findings: Though, in a longitudinal 

setup, Zeimer et al. noted a slowly-progressive, quantitatively measurable loss of 

macular pigment , that expanded mainly in a horizontal direction23, a consecutive, 

longitudinal change of MPOD classes over time was not presented. Vice versa, a 

longitudinal study including the systemic supplementation with lutein and zeaxanthin 
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was shown to enrich MPOD in regions with preserved macular pigment, but not in 

regions, where MPOD was already depleted.22,34,35 Again, a switch from one class to 

another was not shown, indicating the distribution and unique depletion of MPOD to 

be a predominantly stable parameter over time in MacTel. However, MacTel is a very 

slowly progressive disease, and we thus cannot exclude that the absence of a 

conversion between different MPOD classes might be ascribed to the limited 

observational period of 5 years. 

In line with Zeimer et al., who observed an association of increasing MPOD classes 

with decreasing visual function and increasing disease stages according to Gass and 

Blodi in a cross-sectional study,36 we noted worse functional outcome and extended 

disease progression with higher MPOD classes (and thus decreasing MPOD) over 

time. MPOD classes 2/3 differ from class 1 per definition by a loss of the foveal 

pigment peak. Considering the known neuroprotective properties of macular pigment, 

we assume that foveal macular pigment loss entails foveal involvement and may thus 

forecast a worse functional outcome in these eyes. 

We hence interpreted our findings not as a direct correlation between loss of MPOD 

and loss of function, as has been proposed previously, but as a correlation between 

MPOD distribution patterns and forthcoming disease progression. 

Study limitations: The observational period in this study was limited to 60 months. 

Long-term studies beyond this period are needed in order to verify our results. In this 

study, our findings were based on qualitative grading of macular pigment distribution 

into MPOD classes. Additional quantitative measurements might help to predict the 

progression of the disease even more precisely and are thus warranted for future 

studies.   



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Müller et al.: Macular pigment and disease progression in MacTel type 2 

9 
 

Conclusions 

The results indicate that MPOD and its patterns of distribution may help to predict 

future disease progression and functional loss over the course of several years in 

patients with MacTel. This would allow for a better evaluation of the disease 

progression and individual functional outcome, and thus for a more appropriate 

consultation of affected patients.  
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Figure captions 

Figure1: Classification of MPOD distribution patterns according to Zeimer et al.22  

Class 1 is defined as a wedge-shaped loss of macular pigment that is restricted to 

the temporal parafovea. In class 2, this area is enlarged, and the foveal pigment is 

reduced. Class 3 is characterized as a central loss of macular pigment within an oval 

shaped area that is centered on the foveola, and with or without residual pigment that 

is located circularly at 5° to 7° eccentricity. 

Figure 2: Loss of ellipsoid zone is limited to the area of reduced MPOD in MacTel 

type 2. Exemplary courses of three eyes with MPOD classes 1-3 at baseline (BL), 

and follow up (FU) are shown. Red outline: area of MPOD reduction/ loss. Blue 

outline: ellipsoid zone loss (en face). 

Figure 3: In microperimetry, scotomata are limited to the area of reduced MPOD in 

MacTel type 2. Exemplary courses of three eyes with MPOD classes 1-3 at baseline 

(BL) and follow up (FU) are shown. Red/ black border: area of MPOD reduction. Red 

test points represent absolute scotomata on microperimetry testing, yellow/ orange 

test points represent a relative reduction of sensitivity and green test points display a 

normal retinal sensitivity (for details see text).  

Figure 4: Change of different outcome parameters after 60 months in relation to 

baseline. Functional loss (top left to bottom left) and morphological changes (bottom 

right) increase with MPOD classes. A significant decrease of visual acuity and 

reading acuity as well as a significant increase of scotoma size and EZ break is 

observed in eyes of MPOD classes 2 and 3, while outcome parameters remain stable 

in eyes of class 1.  

n=90 eyes: MPOD class1: n=18; class 2: n=23; class 3: n=49; *p<0.01; **p<0.001. 



Subgroup Class 1 Class 2 Class 3  

  Mean ± SD Mean ± SD Mean ± SD 
Number of eyes per 
group 18 - 23 - 49 - 

Visual acuity [logMAR] 0.02 0.07 0.14 0.19 0.28 0.18 

Reading acuity [logRAD] 0.06 0.09 0.23 0.23 0.39 0.21 

Scotoma size [tp] 0.4 1.2 2.6 2.5 7.2 6.3 

EZ break [px] 697 204 2282 364 18270 2833 

 

Table: Baseline characteristics of eyes of MPOD classes 1-3.  

 

Table
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In this study, macular pigment (MP) and its pattern of distribution were longitudinally 

assessed in patients with macular telangiectasia type 2 (MacTel). Within an 

observational period of 60 months, functional (visual acuity, reading acuity, scotoma 

size) and morphologic (ellipsoid zone break in optical coherence tomography) 

outcome worsened with increasing loss of MP, while pigment distribution patterns 

remained stable. These findings suggest MP as a potential marker for disease 

progression and functional impairment in MacTel. 
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Appendix: 

Supplemental material 

Supplemental Figure 1 

Exemplary courses of different patterns of MPOD distribution (classes 1 to 3) at 

baseline (BL, left image) and after 60 ±4 months (M, right image). Grading and 

qualitative image analysis revealed no switch between MPOD classes within the 

observational period of 60 months. 
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