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INTRODUCTION
Age-related macular degeneration (ARMD) is the most common cause 
of vision loss and blindness in the world, with serious social and 
economic repercussions. The condition affects 9–25 percent of people 
aged 65–75, and it causes blindness in more than 80 percent of those 

1who are affected after the age of 70.

ARMD is divided into two types: dry ARMD, which accounts for 
about 90% of cases, and wet or exudative ARMD, which commonly 

2affects those over 85 years old .  Exudative ARMD accounts for 10–20 
percent of all instances of ARMD with 90 percent of cases resulting in 

3signicant visual loss.

A further distinction is made based on the severity of the disease: (i) 
early type, i.e. mild, which includes retinal changes such as retinal 
pigment epithelium (RPE) abnormalities and/or large soft drusen (≥63 
mm), and (ii) late type, i.e. severe, which includes geographic atrophy 
or exudative ARMD, which includes choroidal neovascularization 
(CNV), pigment epithelium detachment and at end stage, disciform 

4scar.

Drusen with or without retinal pigment epithelium (RPE) alterations 
characterise age-related maculopathy (ARM), which frequently 
precedes ARMD. Both ARM and ARMD are referred to as age-related 

5macular disease (ARMD).  The RPE phagocytizes the photoreceptors' 
outer segment discs and serves as a metabolite and waste exchange 
point, both of which are important for retinal function. Variation in the 
pigmentation of the RPE, with or without the development of drusen, is 
one of the rst symptoms of ARMD.

Fig 1: ARMD fundus versus Normal fundus

Current treatments to preserve vision in patients with non-exudative 
AMD include antioxidant vitamins and mineral supplementations. 
Exudative AMD is currently most often treated monthly with anti-
VEGF intravitreal injections. However, investigators are beginning to 
experiment with combination therapy and surgical approaches in an 
attempt to limit the number of treatment and reduce the nancial 
burden on the health care system.

Ophthalmic electrophysiology has been found to be a good way of 
objectively assessing retinal function because it can measure the 

6function of the choroid, RPE, and photoreceptor layer.

Multifocal electroretinography (mfERG) allows for the measurement 
of localised retinal cell function abnormalities in ARM over time due 
to its objectivity and topographical mapping. mf ERG may also be used 
to monitor the success of surgical and therapeutic interventions, 
according to evidence.

Whereas, ffERG produces a large number of electrical retinal 
responses to light stimulation, but does not provide spatial retinal 
information. Therefore, ffERG may miss small retinopathy, such as 
those seen in ARM, so there are conicting reports about the 
appropriateness of using ffERG to assess the condition.

ffERG Of Untreated Patients
Holopigian et al. studied the effects of normal aging, ARM and ARMD 
on ffERG. They proved that with age, the amplitude of normal subjects 
and subjects with ARM and ARMD under both photopic and scotopic 
conditions will decrease over time, while the latencies of the waves in 

7 ffERG will increase over time. The similarities between elderly 
normal subjects and ARM patients highlight the importance of using 
same-age normal values   for comparison when observing elderly 
ARMD subjects. These results are related to the results of other 
studies, showing that when paired ash ERG technique is used to 
measure the recovery of a wave, the rod-shaped and cone-shaped ERG 

 8 9amplitudes decrease with age.  Marcus et al. studied ERG b wave in 24 
eyes of 12 ARMD subjects and found that b wave amplitude in the 
diseased eye was low-to-normal and was not related to clinical 
morphology.

In addition to the delayed and reduced photopic cone dominated a-
wave responses, ffERG was also used to examine the scotopic rods that 
dominate the a-wave and b-wave responses in retina. Scotopic 
responses are also reduced and delayed, indicating that ARMD affects 

10rod-shaped and cone-shaped photoreceptors.  Since ffERG is a 
collective response, the sensitivity of this test is limited when 
evaluating small lesions seen in ARMD.

mfERG of untreated patients
Compared to normal controls of the same age range, ARM eyes have 
been found to have a reduced amplitude of foveal mfERG P1 and 
increased N1 latency. Interestingly, the asymptomatic homologous eye 
of the ARM eye in this study by Li et. al also showed the same ndings, 
indicating that mfERG may be a sensitive means of detecting early 

11  12 changes in ARM . Feigl et al. contrastingly, found no such 
correlation, which may be due to inconsistent use of grading and 
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ABSTRACT
Age-related macular degeneration (ARMD) is a common cause of blindness in the world. It has two types: dry ARMD and exudative ARMD. 
mfERG and ffERG are important electrophysiological tools to assess retinal function and carry prognostic signicance with respect to success of 
the applied therapeutic modalities. Anti-VEGF intravitreal injections are the mainstay treatment, however, combination approaches consisting of 
medical and surgical interventions have also been tried. The following review article sheds some light on the above aspects of ARMD.
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grading systems and different age ranges of participants used in 
 13different studies. A study by Huang et al.  comparing mfERG between 

exudative ARMD, non-exudative ARM and normal controls has 
shown that the P1 and N1 amplitudes of eyes with CNV and ARM are 

14reduced compared to the controls. A study by Nabeshima et al.  
reported the inuence of aging on mfERG and held it partly 

 15responsible for the reduction in amplitude.Seiple et al.  demonstrated 
a signicant 10.5% reduction in amplitude from N1 to P1 per decade, 
highlighting the signicance of using age-matched controls. The 
mfERG guidelines described by the International Society for Clinical 

 16Visual Electrophysiology (ISCEV)measure cone function.  The rod-
mediated mfERG is recorded after dark adaptation and as compared 
with cone mfERGs, the signal-to-noise ratio is worse, and is time-
consuming. On comparing rod and cone-mediated mfERG in ARM, 
the amplitude of N1 and P1 was found to be reduced as compared to the 

 17control in rod and cone-mediated mfERG.

On comparison with age-matched normal controls, the rod-mediated 
 18,19delayed P1 implicit time in the eyes of ARM has been reported  

which means that both rod and cone functions are affected in ARM. 
However, further work using a larger sample size will provide clearer 
rod-mfERG information, as conicting results have been shown so far. 
Global-ash mfERG has also been used to try to overcome some of the 
conicting ndings observed with traditional mfERG and to better 

19reect the adaptability defects in ARM.  Research results show that 
global-ash mfERG detects reduced adaptive responses earlier than 
traditional mfERG. Therefore, it can be considered that global-ash 
mfERG may be more advantageous to recognize ARM before standard 
mfERG. More research is needed in this direction to prove this 
hypothesis.

Some interesting work has been done on the use of mfERG to study the 
role of ischemia in ARM.

Hypoxia has been experimentally induced in healthy young and 
elderly eyes, leading to a decrease in central and peripheral nerve and 
retina function, which is manifested as a decrease in mfERG response 

20density.

Fig 2: Reduced central peak amplitude in right eye (ARMD) as 
compared to normal left eye

Fig 3: Representative mfERG responses of an ARMD right eye with 
reduced central peak response amplitude and normal left eye

Treatment Of ARMD And Side-effects
The antioxidant supplement indications include the presence of a wide 
range of drusen (63-124 mm) or at least a large drusen (>125 mm) 
having paracentral geographic atrophy or progressive lesion in at least 

21 one eye. The CARMIS (Carotenoids in Age-Related Maculopathy 
Italian Study) suggested the use of vitamin C (180 mg), vitamin E (30 
mg), zinc (22.5 mg), copper (1 mg), along with the daily intake of 
lutein (10 mg), zeaxanthin (1 mg) and astaxanthin (4 mg) can improve 
the stabilization of visual acuity, contrast sensitivity and visual 

22function for at least 12 months.  Patients with ARMD should further 
adjust their lifestyle, smoking habits, alcohol, high consumption of 
meat and elimination of obesity. The intra-vitreal injection of anti-
VEGF is a standard therapy in ARMD exudation. The four basic anti-
VEGF agents are: (1) ranibizumab; (2) bevacizumab; (3) pegaptanib 
sodium; (4) Aibercept. The incidence of atherothrombotic events 
tripled with those treated with Bevacizumab (4.6%) compared to 

23healthy individuals.  A MARINA study emphasized the therapeutic 
benet of Ranibizumab in CNV such as improvement of the vision, 
improvement of the mesopic and photopic contrast sensitivity, the 
central macular thickness reduction, decrease in intraretinal uid and 

2 4the pigment epithelium detachment.  The most common 
complications of Ranibizumab are intraocular inammation, 
increased intraocular pressure, cataract and sub-conjunctival 
haemorrhages. More serious but rare complications include 
endophthalmitis, intravitreal bleeding, cracks of retina, retinal 
detachment and lens damage. Non-ocular bleeding and 
thromboembolic events are the main systemic side-effects of 
Ranibizumab.

The role of combination of Photodynamic therapy (PDT) and anti-
VEGF agents or triamcinolone injection which eliminates the 
inammatory agents released after PDT, remains doubtful. 
Photodynamic therapy (PDT) with verteporn has become the 

25standard treatment mainly for classic CNV.  PDT elicits a 
photochemical reaction that is toxic to vascular endothelial cells, but 
not to the photoreceptor layer.

Laser photocoagulation is applied on CNV, based on ndings of FA. 
However, given that this treatment is related to thermal damage, 
irreversible vision loss, recurrence or relapse of vascular lesions, the 
percentage of patients who experience therapeutic benets in the 
macular area are low (10 to 20%).

Classic surgical approaches deal with ARMD complications. Sub 
macular surgery has shown results in a wide range of bleeding 
complication, brous membranes and in people who do not respond to 
PDTs. Second surgical option would be a macular translocation with 

 normal capillary.

ERG Response After Treatment
Due to the small sample size, uneven disease characteristics, and / or 
short follow-up time, the studies investigating retinal reactions before 
and after PDT are often of little value.

PDT-treated patients who were primarily classic CNV patients showed 
improvement in mfERG scalar products at 13-15 months of long-term 

 follow-up.

26Moschos et al.  describe mfERG data from 20 patients who received 
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PDT for classic sub foveal CNV. The average response density in ring 1 
and ring 2 (representing the fovea and parafovea) decreased after 
treatment and improved six months after treatment, but the level was 
lower than baseline.

27Neveu et al.  conducted a two-year follow-up of 13 patients with 
mainly classic CNV and found progressive retinal dysfunction from 
the central to the paracentral area. 

It was found that the detectable PERG response before treatment is the 
best indicator of vision improvement after treatment. Patients with the 
greatest PERG or mfERG amplitude asymmetry between the eyes 
before treatment have the worst prognosis.

After a brief follow-up of one month, Oner et al. tested a sample size 
greater than 30 patients with classic CNV through PERG. They found 
that the amplitudes of P50 and N95 decreased briey one week after 
PDT, and then the response returned to the pre-treatment value 1 month 

28after treatment.

The results of a small case series of 9 patients who received intravitreal 
bevacizumab injection after failure of previous treatment with laser 
photocoagulation, intravitreal triamcinolone injection, PDT or 
combination therapy also pointed to the insignicance of using PDT or 
other non- surgical management. The results showed no changes in 
response of ffERG and mild changes in the amplitude of the averaged 

29mfERG response.  Other studies also found that patients receiving 
treatment for minimal or large occult classic CNV, no detectable 
changes in mfERG were observed even three months after the intra 
vitreal injection.

Macular translocation is a surgical method that moves the macula to an 
area outside of the affected RPE and the choroidal capillaries that are 
mainly affected. 

30In a study by Luke et al.  which tested the changes in the longitudinal 
response of the retina after macular shift, it was found that the ffERG 
response of 32 patients four months after the operation, was 
signicantly reduced. Compared with the data before the macular 
translocation procedure, the a- and b- waves of photopic vision 
worsened by 27% and 43% respectively.

Tresaki et al. obtained similar results for the ffERG response, but it was 
shown that the mfERG response of 17 patients improved after macular 

31shift surgery.

Fig 4: Comparison of response amplitude before and six weeks after 
treatment. Pre-treatment response amplitude indicated in red and post-
treatment response amplitude indicated in black.

CONCLUSION
Multifocal electroretinography (mfERG) allows for the measuement 
of localised retinal cell function abnormalites in ARM over time due to 
its objectivity and topographical mapping. mfERG may also be used to 
monitor the success of surgical and therapeutic interventions, 
according to evidence.

Whereas, ffERG produces a large number of electrical retinal 
responses to light stimulation, but does not provide spatial retinal 
information. 

REFERENCES:
1. Prokofyeva E, Zrenner E. Epidemiology of major eye diseases leading to blindness in 

Europe: A literature review. Ophthalmic Res. 2012;47(4):171–88. 
2. Bunce C, Wormald R. Causes of blind certications in England and Wales: April 

1999–March 2000. Eye (Lond). 2008 Jul;22(7):905–11.
3. Bressler NM, Bressler SB, Fine SL (1988) Age-related macular degeneration. Surv 

Ophthalmol 32:375–413
4. Klein R, Klein BE, Jensen SC, Meuer SM (1997) The veyear incidence and 

progression of age-related maculopathy: The Beaver Dam Eye Study. Ophthalmology 
104:7–21 

5. Bird AC, Bressler NM, Bressler SB, Chisholm IH, Coscas G, Davis MD, de Jong 
PTVM, Klaver CCW, Klein BEK, Klein R, Mitchell P, Sarks JP, Sarks SH, Soubrane G, 
Taylor HR, Vingerling JR (1995) An international classication and grading system for 
age-related maculopathy and age-related macular degeneration. Surv Ophthalmol 
39:367–374 

6. Feigl B, Lovie-Kitchin J, Brown B (2005) Objective functional assessment of age-
related maculopathy: a special application for the multifocal electroretinogram. Clin 
Exp Optom 88:304–312

7. Holopigian K, Seiple W, Greenstein V, Kim D, Carr RE (1997) Relative effects of aging 
and age-related macular degeneration on peripheral visual function. Optom Vis Sci 
74:152–159

8. Birch DG, Anderson JL (1992) Standardized full-eld electroretinography—normal 
values and their variation with age. Arch Ophthalmol 110:1571–1576 

9. Marcus M, Merin S, Wolf M, Feinsod M (1983) Electrophysiologic tests in assessment 
of senile macular degeneration. Ann Ophthalmol 15:235–238

10. Hogg RE, Chakravarthy U (2006) Visual function and dysfunction in early and late age-
related maculopathy. Prog Retin Eye Res 25:249–276

11. Li J, Tso MOM, Lam TT (2001) Reduced amplitude and delayed latency in foveal 
response of multifocal electroretinogram in early age related macular degeneration. Br J 
Ophthalmol 85:287–290

12. Feigl B (2009) Age-related maculopathy—linking aetiology and pathophysiological 
changes to the ischaemia hypothesis. Prog Retin Eye Res 28:63–86

13. Huang S, Wu D, Jiang F, Ma J, Wu L, Liang J, Luo G (2000) The multifocal 
electroretinogram in age-related maculopathies. Doc Ophthalmol 101:115–124

14. Nabeshima T, Tazawa Y, Mita M, Sano M (2002) Effects of aging on the rst and second-
order kernels of multifocal electroretinogram. Jpn J Ophthalmol 46:261–269

15. Seiple W, Vajaranant TS, Szlyk JP, Clemens C, Holopigian K, Paliga J, Badawi D, Carr 
RE (2003) Multifocal electroretinography as a function of age: the importance of 
normative values for older adults. Invest Ophthalmol Vis Sci 44:1783–1792

16. Hood DC, Bach M, Brigell M, Keating D, Kondo M, Lyons JS, Palmowski-Wolfe AM 
(2008) ISCEV guidelines for clinical multifocal electroretinography (2007 edition). 
Doc Ophthalmol 116:1–11

17. Chen CZ, Wu LZ, Wu DZ, Huang SZ, Wen F, Luo GW, Long SX (2004) The local cone 
and rod system function in early age-related macular degeneration. Doc Ophthalmol 
109:1–8

18. Feigl B, Brown B, Lovie-Kitchin J, Swann P (2006) The rod-mediated multifocal 
electroretinogram in aging and in early age-related maculopathy. Curr Eye Res 
31:635–644 

19. Feigl B, Brown B, Lovie-Kitchin J, Swann P (2005) Adaptation responses in early age-
related maculopathy. Invest Ophthalmol Vis Sci 46:4722–4727 

20. Feigl B, Stewart IB, Brown B, Zele AJ (2008) Local neuroretinal function during acute 
hypoxia in healthy older people. Invest Ophthalmol Vis Sci 49:807–813

21. Age-Related Eye Disease Study Research Group. A randomized, placebo-controlled, 
clinical trial of high-dose supplementation with vitamins C and E, beta carotene, and 
zinc for age-related macular degeneration and vision loss: AREDS report no. 8. Arch 
Ophthalmol. 2001 Oct;119 (10):1417–36. Erratum in: Arch Ophthalmol. 2008 Sep;126 
(9):1251.

22. Piermarocchi S, Saviano S, Parisi V, Tedeschi M, Panozzo G, Scarpa G, Boschi G, Lo 
Giudice G; Carmis Study Group. Carotenoids in Age-related Maculopathy Italian Study 
(CARMIS): Two-year results of a randomized study. Eur J Ophthalmol. 2012 
Mar–Apr;22(2):216–25.

23. Fischer N, Moisseiev E, Waisbourd M, Goldstein M, Loewenstein A. A matched-control 
comparison of serious adverse events after intravitreal injections of bevacizumab for 
age-related macular degeneration and cataract extraction. Clin Ophthalmol. 
2013;7:621–5. 

24. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung CY, Kim RY; 
MARINA Study Group. Ranibizumab for neovascular age-related macular 
degeneration. N Engl J Med. 2006 Oct 5;355(14):1419–31. 

25. Bressler NM, Jennifer Arnold ,Bressler SB, Hayes LA et al (2002) Verteporn therapy 
for subfoveal choroidal neovascularization in age-related macular degeneration: four-
year results of an open-label extension of 2 randomized clinical trials: TAP Report No. 7. 
Arch Ophthalmol 123:1283–1285

26. Moschos MM, Panayotidis D, Theodossiadis G, Moschos M (2004) Assessment of 
macular function by multifocal electroretinogram in age-related macular degeneration 
before and after photodynamic therapy. J Fr Ophtalmol 27: 1001–1006

27. Neveu MM, Tufail A, Dowler JG, Holder GE (2006) A comparison of pattern and 
multifocal electroretinography in the evaluation of age-related macular degeneration 
and its treatment with photodynamic therapy. Doc Ophthalmol 113:71–81

28. Oner A, Karakucuk S, Mirza E, Erkilic K (2005) The changes of pattern 
electroretinography at the early stage of photodynamic therapy. Doc Ophthalmol 
111:107–112

29. Maturi RK, Bleau LA, Wilson DL (2006) Electrophysiologic ndings after intravitreal 
bevacizumab (Avastin) treatment. Retina 26:270–274

30. Luke C, Aisenbrey S, Luke M et al (2001) Electrophysiological changes after 360 
degrees retinotomy and macular translocation for subfoveal choroidal 
neovascularisation in age related macular degeneration. Br J Ophthalmol 85:928–932

31. Terasaki H, Miyake Y, Suzuki T et al (2002) Change in full-eld ERGs after macular 
translocation surgery with 360 degrees retinotomy. Invest Ophthalmol Vis Sci 
43:452–457

International Journal of Scientific Research 37

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 12 | Issue - 01 | January - 2023


