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ABSTRACT 
 

Background 

Age-related macular degeneration (AMD) is a leading cause of vision loss worldwide. 

Traditional imaging focuses on central retinal changes, but ultra-wide field imaging has 

revealed peripheral retinal involvement. This study aimed to identify the prevalence and 

characteristics of peripheral fundus autofluorescence (FAF) changes in AMD patients using 

ultra-wide field imaging in Kerala, India. 

Methods 

This cross-sectional study included 126 eyes of 65 AMD patients aged 50–90 years attending 

a tertiary eye care hospital in Thiruvananthapuram from December 2018 to December 2019. 

Patients with no fundus view were excluded. Ultra-wide field imaging using the Optos 200Tx 

system captured peripheral FAF patterns. Lesions were classified as hyper, hypo, or mixed 

auto fluorescence, and quadrant involvement was recorded. Data were analyzed using SPSS. 

Results 

Peripheral retinal lesions were present in 53.17% of eyes. Non-neovascular AMD accounted 

for 76.11% of these cases, while 23.88% were seen in neovascular AMD. Hyper FAF was the 

most common pattern (50.74%), followed by mixed FAF (28.35%) and hypo FAF (20.89%). 

One quadrant was involved in 47.76% of eyes, and involvement of two or more quadrants 

occurred in the remaining cases. 

Conclusion 

Ultra-widefield imaging revealed significant peripheral retinal changes in AMD, highlighting 

the necessity of examining the peripheral retina in addition to the macula. These findings may 

contribute to better AMD management strategies, though further longitudinal studies are 

required. 

Keywords: Age-Related Macular Degeneration (Amd), Peripheral Fundus Autofluorescence, 

Ultra-Wide Field Imaging, Retinal Lesions, Kerala. 
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INTRODUCTION 

Age-related macular degeneration (AMD) emerged as the primary cause of blindness in 

industrialized countries1–6 and the third most common cause of blindness globally.7 With 

projected population growth and increasing life expectancy, the number of patients 

experiencing significant visual loss due to AMD was expected to escalate over time. Initial 

research in AMD predominantly focused on retinal pigment epithelial changes in the central 

retinal region (macula), but advancements in Wide Field Retinal Imaging and Fundus Auto 

Fluorescence (FAF) enabled identification of diverse AMD disease phenotypes by imaging 

the retinal periphery.8–11 

 

 

AIM AND OBJECTIVES 

The study aimed to determine the prevalence of peripheral fundus auto fluorescence changes 

in patients with age-related macular degeneration using Ultra-Wide field Retinal Imaging. 

The objectives were to investigate peripheral retinal lesions and explore potential 

modifications in AMD phenotyping and management strategies. 

 

 

MATERIALS AND METHODS 

A hospital-based cross-sectional study was conducted at the Regional Institute of 

Ophthalmology, Thiruvananthapuram, Kerala, from December 2018 to December 2019. The 

study population comprised AMD patients attending the outpatient department. The study 

was initiated after obtaining clearance from the Human Ethics Committee of RIO, 

Thiruvananthapuram. Informed consent was obtained from patients in their local languages, 

and patient confidentiality was maintained throughout the study. 

 

Inclusion and Exclusion Criteria 

Patients with AMD attending the RIO OPD for management were included in the study. 

Patients with no fundus view on examination and those with a history of other retinal diseases 

were excluded. 

 

Sample Size Calculation 

The sample size was calculated using the formula n = 4pq/d², where n is the sample size, p is 

the prevalence of AMD, q is 100-p, and d is 20% of p. Based on the study by  Colin S Tan et 

al 12 which reported the prevalence of 68.9%, the calculated sample size was 45 patients. 

 

Data Collection Technique  

The data collection process was comprehensive and systematically designed to capture 

detailed patient information. Socio-demographic details were obtained through a structured 

interview schedule, providing essential background context for each participant. A thorough 

comprehensive ophthalmological examination was conducted to assess overall eye health and 

specific AMD-related characteristics. Best Corrected Visual Acuity was meticulously 

measured using the standard Snellen's Chart, enabling precise documentation of each patient's 

visual capabilities. Fundus examination was performed using Indirect Ophthalmoscopy, 

which allowed for a detailed assessment of the retinal structures. Subsequently, high-

resolution Peripheral Retinal Images were captured using the advanced Optos 200Tx Ultra-

Wide field Retinal Imaging Device, ensuring a comprehensive and detailed documentation of 

retinal changes associated with Age-related Macular Degeneration. 

 

Statistical Analysis 
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The collected data were entered into an Excel sheet and analysed using SPSS software. 

 

 

RESULTS 

 

Peripheral Retinal Lesions Number of eyes PERCENTAGE 

Absent 59 46.82 

Present 67 53.17 

Total 126 100 

Table 1: Peripheral Retinal Lesions Distribution 

 

In our study, 53.17% of examined eyes demonstrated peripheral retinal lesions, indicating a 

significant proportion of patients with extramacular involvement in Age-related Macular 

Degeneration (AMD). 

 

Type of ARMD Number of eyes Percentage 

Non neovascular 51 76.11 

Neovascular 16 23.88 

Total 67 100 

Table 2: Type of AMD and Peripheral Retinal Lesions 

 

Peripheral retinal lesions were predominantly observed in non-neovascular AMD patients, 

accounting for 76.11% of cases compared to 23.88% in neovascular AMD.  

 

Type of FAF Number of eyes Percentage 

Hypo Autofluorescence 14 20.89% 

Hyper Autofluorescence 34 50.74% 

Mixed Autofluorescence 19 28.35% 

Total 67 100 

Table 3: Fundus Auto Fluorescence (FAF) Characteristics 

 

Hyper autofluorescence was the most prevalent finding, observed in 50.74% of peripheral 

retinal lesions. Hypo autofluorescence was evident in 20.89% of eyes, while mixed 

autofluorescence was observed in 28.35% of cases. 

 

Quadrant Number of eyes Percentage 

One 32 47.76% 

Two 26 38.80% 

Three 6 8.95% 

Four 3 4.47% 

Total 67 100 

Table 4: Quadrant Involvement in Peripheral Retinal Lesions 

 

 The distribution of peripheral retinal lesions revealed a gradual decrease in frequency as the 

number of involved quadrants increased.47.76% of eyes had lesions in one quadrant, 38.80% 

of eyes showed involvement of two quadrants,  8.95% of eyes exhibited lesions in three 

quadrants, 4.47% of eyes demonstrated comprehensive four-quadrant involvement. 
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Figure 1. Color and autofluorescence photographs illustrating fundus autofluorescence 

(FAF) abnormalities and the associated clinical features. 

Figure A: Color fundus photography illustrating peripheral drusen. 

Figure B: FAF image showing granular increased autofluorescence corresponding to the 

drusen (white arrow). 

Figure C: Areas of retinal pigment epithelium (RPE) atrophy in the nasal periphery. 

Figure D: FAF image showing areas of nummular decreased autofluorescence (white 

arrow) corresponding to the RPE atrophy. 

Figure E: Areas of RPE depigmentation in the periphery of the fundus. Small peripheral 

drusen are seen temporally. 

Figure F: FAF image demonstrating large areas of mottled decreased autofluorescence 

(white arrow) corresponding to the area of RPE depigmentation. Fine granular FAF is 

also seen temporally corresponding to peripheral drusen. 

 

 

DISCUSSION 
Tan et al.13 significant findings were observed regarding peripheral FAF abnormalities. They 

documented that 68.9% of individuals exhibited distinct peripheral FAF abnormality patterns. 

Notably, these abnormalities were more prevalent in neovascular AMD, with 86% of eyes 

showing abnormal FAF patterns, compared to 72.8% in non-neovascular AMD and only 
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18.4% in normal eyes. This aligns closely with the current study's findings, which revealed 

peripheral retinal lesions in 53.17% of eyes. 

The current study provides a more detailed breakdown of FAF patterns. While Tan et 

al. focused on the presence of abnormalities, this research delved deeper into the 

characteristics of these abnormalities. Specifically, 50.74% of peripheral retinal lesions 

displayed hyper-fundus autofluorescence, 20.89% showed hypo-FAF, and 28.35% exhibited 

a mixed FAF pattern. Interestingly, the distribution of lesions was also examined, with 

47.76% of eyes involving only one quadrant, 38.80% spanning two quadrants, and a small 

percentage affecting three or four quadrants. 

Holz et al. (2007) 14 and Bindewald et al. (2005) 15 established early groundwork in 

classifying abnormal fundus autofluorescence patterns, particularly in the junctional zones of 

geographic atrophy. 

Delori et al.'s pioneering research (1995, 2001)16,17 demonstrated the critical role of 

lipofuscin accumulation in retinal aging. Their studies revealed the in vivo fluorescence 

characteristics of the ocular fundus and age-related spatial distribution of lipofuscin in RPE. 

Our current research corroborates these findings, showing how lipofuscin variations manifest 

in different FAF patterns – with 50.74% displaying hyper-fundus autofluorescence, 20.89% 

hypo-FAF, and 28.35% mixed FAF patterns. 

The epidemiological perspectives provided by Klein et al. (2007) 18and van Leeuwen 

et al. (2003) 19offer crucial context to our findings. While these studies focused on the 

cumulative incidence and epidemiology of age-related maculopathy, our research provides a 

more nuanced view of peripheral retinal changes. Notably, we observed peripheral retinal 

lesions in 53.17% of eyes, with a higher prevalence in non-neovascular AMD (76.11%) 

compared to neovascular AMD (23.88%). 

Ambati et al. (2003)20 extensively discussed AMD's etiology and pathogenesis. Our 

study complements their work by demonstrating the variable involvement of retinal quadrants 

– 47.76% of eyes had lesions in one quadrant, 38.80% in two quadrants, and smaller 

percentages in three or four quadrants. 

 Stangos et al. (1995)21, Holz et al. (1995)22, and Midena et al. (1994)23 explored contrast 

sensitivity and visual field deficits in AMD patients. Our ultra-widefield imaging approach 

offers a novel perspective on peripheral retinal changes, suggesting that peripheral lesions 

might be more extensive and complex. 

Drawing from Bird's (1996)24 and Knudtson et al.'s (2004)25 work on macular disease 

progression, our research emphasizes the need for longitudinal studies. The observed 

peripheral retinal changes warrant further investigation to understand their relationship with 

macular progression and overall disease trajectory. 

The global perspective provided by Resnikoff et al. (2004)7 on visual impairment 

underscores the significance of our research. We also acknowledge the study's limitations, 

including the potential distortion from the Optos system's ellipsoid mirror and the need for 

more comprehensive imaging techniques. 

 

 

LIMITATIONS 

The study encountered several methodological constraints. The Optos system's ellipsoid 

mirror distorts peripheral retinal imaging, creating topographic mismatches with limited 

superior and inferior views. We exclusively evaluated green-light fundus autofluorescence 

(FAF), which restricts comprehensive abnormality detection. 

Significant imaging artifacts from eyelids, eyelashes, floaters, intraocular lens optics, 

and lens opacities can potentially compromise peripheral lesion identification. No 

standardized reference exists for comparing imaging patterns. 
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FAF imaging presents inherent limitations, including low signal strength and 

autofluorescence artifacts from anterior segment structures. While blue-light excitation may 

raise concerns about patient discomfort and potential retinal toxicity, no formal studies have 

confirmed adverse effects. 

 

 

CONCLUSION 

Age-related macular degeneration (AMD) is a degenerative disease that significantly impacts 

the quality of life for older patients and appears to be increasing in prevalence within our 

society. 

Despite being a potentially vision-threatening condition, AMD is frequently 

overlooked until severe vision loss occurs. This underscores the critical importance of early 

diagnosis and consistent follow-up. 

Ultra-widefield imaging demonstrated a non-contact method of detecting peripheral 

retinal lesions in 52.31% of AMD patients. This finding emphasizes the necessity of 

comprehensive retinal examination, extending beyond the traditional central 30-degree focus. 

The research highlights the value of peripheral retinal assessment in understanding 

and managing AMD, potentially revolutionizing our approach to diagnosing and monitoring 

this sight-threatening condition. 
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