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Abstract: The objective of this study was to evaluate the relations among electroretinogram 

(ERG) parameters (cone a-wave, cone b-wave, and 30 Hz flicker), retinal thickness, and retinal 

volume in 16 patients with central retinal vein occlusion and macular edema. The amplitude 

and implicit time of the ERG parameters were extracted from the ERG traces. Retinal thickness 

and volume were measured by optical coherence tomography in nine macular subfields. Then 

the correlations among ERG parameters and morphological parameters were analyzed. The 

cone b-wave and 30 Hz flicker implicit time were correlated with retinal thickness and volume 

in seven out of nine subfields, excluding the temporal subfields. In addition, the amplitude of 

the cone b-wave was correlated with retinal thickness and volume in the nasal inner and nasal 

outer subfields. These findings suggest that retinal thickness and volume may be associated 

with outer and inner retinal function in central retinal vein occlusion patients.

Keywords: central retinal vein occlusion, electroretinogram, macular edema, optical coherence 

tomography

Introduction
Central retinal vein occlusion (CRVO) often leads to macular edema, which is the most 

frequent cause of visual impairment in CRVO patients. Optical coherence tomography 

(OCT) is used to assess retinal thickness and morphology in CRVO patients with 

macular edema, but it has been reported that a decrease of macular thickness was not 

associated with a corresponding improvement of vision, indicating that there is a dis-

crepancy between OCT findings and the visual prognosis.1,2 Accordingly, an objective 

and reproducible measure of retinal function is needed to allow accurate assessment 

of the efficacy of treatment. Investigation of the correlation between functional and 

anatomic parameters could help to determine which parameters are relevant in this 

context, indicating that it is important to investigate the relation between retinal func-

tion and morphologic changes in CRVO patients with macular edema.

The electroretinogram (ERG) is an objective measure of retinal function, but there 

is controversy regarding which ERG parameter is most useful for monitoring patients 

with retinal vein occlusion.3,4 In patients with CRVO, many studies have shown that 

the full-field ERG, particularly the b-wave implicit time of the 30 Hz flicker ERG, is 

a good predictor of the development of neovascular glaucoma.5,6 The cone a-wave, 

cone b-wave, and 30 Hz flicker of the ERG not only reflect macular function, but also 

retinal function.7 In animal models of branch retinal vein occlusion (BRVO), ERG 

studies have demonstrated moderate to severe functional deficits of the photoreceptor, 

bipolar, amacrine, and ganglion cells.8 However, the relation between ERG parameters 
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Table 1 Clinical and demographic data of the CRVO patients

Number of eyes (male/female) 16 (5/11)
Age (years) 69.9±11.9
Hypertension 9 (56.3%)
 S ystolic blood pressure (mmHg) 133±17
  Diastolic blood pressure (mmHg) 78±10
Hyperlipidemia 7 (43.8%)
Duration of CRVO (months) 4.8±3.3

Abbreviation: CRVO, central retinal vein occlusion.
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and retinal morphology in CRVO patients with macular 

edema remains unclear, and limited information is available 

about the value of the ERG for assessing the macular area 

affected by CRVO.

In the present study, we measured ERG and anatomical 

parameters in CRVO patients with macular edema. Then we 

evaluated the relations among ERG parameters (cone a-wave, 

cone b-wave, and 30 Hz flicker) and the retinal thickness and 

retinal volume measured by OCT.

Materials and methods
Patients
Sixteen patients with a mean age of 69.9±11.9 years (eleven 

women and five men) and unilateral CRVO were included 

in this prospective, uncontrolled study that was conducted 

at the Department of Ophthalmology at Tokyo Women’s 

Medical University (Table 1). The mean duration of CRVO 

was 4.8±3.3 months (range: 1–12 months).

Each patient underwent baseline screening that included 

slit-lamp examination and ophthalmoscopy, fluorescein 

angiography, ERG, and measurement of retinal thickness 

and retinal volume by OCT.

A masked grader independently assessed ischemic retinal 

vascular occlusion by examination of fluorescein angiograms. 

The ischemic region of the retina was measured using the 

public domain Scion Image program (Scion Corporation, 

Frederick, MD, USA).9 In brief, the optic disc was outlined 

with a cursor on digital photographs of the fundus and its 

area was measured, after which the same was done for the 

nonperfused area of the retina. Then the nonperfused area was 

divided by the disc area to calculate an index of the severity 

of retinal ischemia.

The unaffected contralateral eyes of the 16 CRVO patients 

were used as the controls. Hypertension was diagnosed if a 

patient had a systolic blood pressure $140 mmHg, a diastolic 

blood pressure $90 mmHg, or a systolic pressure $140 mmHg 

at one reading and a diastolic pressure $90 mmHg at a differ-

ent reading, or was already taking antihypertensive medication. 

A diagnosis of hyperlipidemia was based on a serum total 

cholesterol level $240 mg/dL, triglycerides $160 mg/dL, or 

low-density lipoprotein cholesterol $130 mg/dL, or on current 

use of lipid-lowering medication.

The exclusion criteria were 1) intraocular surgery 

(including cataract extraction) within 6 months before 

enrollment, 2) diabetes mellitus/diabetic retinopathy, 

3) previous laser photocoagulation of the macular region, 

4) intravitreal injection of triamcinolone acetonide or 

antivascular endothelial growth factor (anti-VEGF) agents, 

5) prior ocular inflammation, 6) retinal degeneration, 

7) marked retinal hemorrhage (including macular bleed-

ing into the intrafoveal or subfoveal spaces), and 8) retinal 

neovascularization or rubeosis.

Informed consent was obtained from each participant. 

This study was performed in accordance with the Helsinki 

Declaration of 1975 (1983 revision), and was approved by the 

ethics committee of Tokyo Women’s Medical University.

OCT
OCT was performed with a Zeiss Time Domain Stratus OCT3 

apparatus (Carl Zeiss Meditec, Dublin, CA, USA), and it 

revealed that all patients had cystoid macular edema of $250 µm 

involving the central fovea. A retinal thickness map and 

retinal volume map were obtained by scanning the macula in 

6 × 6 mm (20° × 20°) areas. The two retinal maps were each 

divided into the following nine subfields: 1) fovea, 2) superior 

inner macula, 3) nasal inner macula, 4) inferior inner macula, 

5) temporal inner macula, 6) superior outer macula, 7) nasal 

outer macula, 8) inferior outer macula, and 9) temporal outer 

macula.10 The diameter of the center, inner, and outer rings 

was 1, 3, and 6 mm, respectively. In each of the nine regions, 

measurement of retinal thickness and retinal volume was 

automatically performed by computer analysis. Then the cor-

relations between retinal thickness or retinal volume and ERG 

parameters were analyzed in each of the nine subfields.

ERG recording
After OCT had been completed, the photopic ERG was 

recorded in both eyes of each patient using a Portable LE2000 

ERG system (Tomey Co, Ltd, Nagoya, Japan). The recording 

electrode was a contact lens electrode carrying light emitting 

diodes (EW-102; Mayo, Inazawa, Japan), which provided the 

white stimuli and background light and had the same effect 

as a Ganzfeld dome system. Before recording, the patient’s 

pupils were maximally dilated. After the contact lens record-

ing electrodes were positioned, the patient underwent light 

adaptation for 10 minutes before recording of the ERG. The 

reference electrode was placed on the forehead and the ground 
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Table 2 Comparison of ERG parameters between the affected 
eyes and unaffected contralateral eyes of the CRVO patients

Affected eye Unaffected eye P-value

Cone a-wave
 A mplitude (μV) 40.8±11.9 44.2±10.4 0.395
 I mplicit time (ms) 16.4±1.4 15.0±1.6 0.011
Cone b-wave
 A mplitude (μV) 131.5±40.1 173.7±33.8 0.003
 I mplicit time (ms) 35.0±3.4 30.8±1.7 ,0.001
Flicker wave
 A mplitude (μV) 87.2±28.5 117.3±26.4 0.004
 I mplicit time (ms) 40.7±3.2 36.1±1.8 ,0.001

Abbreviations: CRVO, central retinal vein occlusion; ERG, electroretinogram.

Table 3 Anatomic measurements in the CRVO patients with 
macular edema

Subfield Retinal  
thickness (μm)

Retinal  
volume (mm3)

Fovea 686±218 0.55±0.21
Superior inner macula 512±157 0.82±0.28
Superior outer macula 385±158 2.01±0.73
Inferior inner macula 548±142 0.88±0.26
Inferior outer macula 389±150 2.03±0.67
Nasal inner macula 591±227 0.89±0.29
Nasal outer macula 469±237 2.34±0.89
Temporal inner macula 543±202 0.82±0.22
Temporal outer macula 400±220 1.99±0.68

Abbreviation: CRVO, central retinal vein occlusion.
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electrode was placed on one earlobe. After waiting another 

10 minutes, the photopic ERG was elicited by 3-ms white 

stimuli of 3.0 cd/m2 and the Light Adapted 3.0 Flicker ERG 

was elicited by 3.0 log cd/m2 stimuli. Both cone stimuli were 

presented on a white background of 30 cd/m2 according to 

the recommendations of the International Society of Clini-

cal Electrophysiology of Vision.11 Data from both eyes were 

analyzed.

Statistical analysis
All analyses were performed with SAS System 9.1 software 

(SAS Institute Inc, Cary, NC, USA). Results are presented as 

the mean ± standard deviation or as frequencies. Student’s 

t-test was employed to compare normally distributed unpaired 

continuous variables between the groups. To examine the 

correlations between retinal thickness or retinal volume and 

ERG parameters, Pearson’s correlation coefficients were 

calculated. Correlations between ERG parameters and the 

nonperfused area of the retina were also determined by 

Pearson’s correlation coefficient analysis. In all analyses, 

two-tailed P-values of less than 0.05 were considered to 

indicate statistical significance.

Results
Best-corrected visual acuity ranged from 20/2,000 to 20/33.3 

(median 20/100). The mean values of the cone a-wave, 

cone b-wave, and 30 Hz flicker are shown in Table 2. The 

amplitudes of the cone b-wave and 30 Hz flicker wave were 

significantly smaller in the eyes with CRVO and macular 

edema than in the unaffected contralateral eyes (P=0.003 

and P=0.004, respectively) (Table 2). The implicit times of 

the cone a-wave, cone b-wave, and 30 Hz flicker were sig-

nificantly longer in the eyes with CRVO and macular edema 

than in the unaffected contralateral eyes (P=0.011, P,0.001, 

and P,0.001, respectively) (Table 2). Table 3 shows the 

mean retinal thickness and retinal volume for each of the 

nine subfields. Figure 1 displays a representative fundus color 

photograph, along with measurement of retinal thickness by 

OCT and an ERG from the same patient.

The association between ERG parameters and retinal 

morphologic parameters (retinal thickness and retinal 

volume) in each of the nine subfields is shown in Tables 4 

and 5. The cone a-wave (amplitude and implicit time) and 

30 Hz flicker (amplitude) were not correlated with the retinal 

thickness in any of the subfields. However, the amplitude of 

the cone b-wave was correlated with retinal thickness in the 

nasal inner and nasal outer subfields (Table 4). In addition, 

the cone b-wave and 30 Hz flicker implicit time were cor-

related with retinal thickness for seven out of nine subfields, 

excluding the temporal subfields (Table 4).

The cone a-wave (amplitude and implicit time) and 30 Hz 

flicker (amplitude) were not correlated with the retinal vol-

ume in any of the subfields, but the amplitude of the cone 

b-wave was correlated with retinal volume in the nasal inner 

and nasal outer subfields (Table 5). Also, the cone b-wave 

and 30 Hz flicker implicit time were correlated with retinal 

volume for seven out of nine subfields, excluding the tem-

poral subfields (Table 5).

The implicit times of the cone b-wave (ρ=0.62, P=0.011) 

and 30 Hz flicker (ρ=0.54, P=0.031) were significantly cor-

related with the nonperfused area of the retina (Table 6). 

However, the amplitude of the cone a-wave (ρ=−0.28, 

P=0.287), cone b-wave (ρ=−0.41, P=0.115), and 30 Hz 

flicker (ρ=−0.25, P=0.350), as well as the implicit time of 

the cone a-wave (ρ=0.28, P=0.290), were not significantly 

correlated with the nonperfused area (Table 6).

Discussion
The present study demonstrated that the implicit times of 

the cone b-wave and 30 Hz flicker were correlated with both 
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Figure 1 Representative fundus color photograph, measurement of retinal thickness by OCT, and an ERG for the same eye.
Notes: (A) A fundus color photograph demonstrating CRVO in a 69-year-old woman. (B) A retinal thickness map obtained by OCT. (C) ERG waveforms (30 Hz flicker 
waveform on the left and cone waveform on the right) obtained with the LE2000 ERG system. Tick marks on the X axis represent 10 ms intervals.
Abbreviations: CRVO, central retinal vein occlusion; ERG, electroretinogram; OCT, optical coherence tomography.
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Table 4 Association between ERG parameters and retinal thickness in the nine macular subfields

Cone a-wave Cone b-wave Flicker wave

Amplitude Implicit time Amplitude Implicit time Amplitude Implicit time

Rc P-value Rc P-value Rc P-value Rc P-value Rc P-value Rc P-value

Fovea -0.14 0.608 0.38 0.142 -0.19 0.480 0.50 0.049 -0.28 0.296 0.50 0.049
Superior inner macula -0.25 0.346 0.09 0.734 -0.32 0.231 0.50 0.048 -0.27 0.310 0.52 0.040
Superior outer macula -0.19 0.492 0.33 0.207 -0.47 0.062 0.51 0.041 -0.29 0.266 0.55 0.030
Inferior inner macula -0.05 0.861 0.25 0.327 -0.17 0.513 0.56 0.023 -0.24 0.363 0.67 0.004
Inferior outer macula -0.09 0.726 0.31 0.231 -0.48 0.057 0.51 0.044 -0.43 0.094 0.54 0.034
Nasal inner macula -0.20 0.452 0.31 0.229 -0.51 0.042 0.63 0.009 -0.13 0.633 0.56 0.023
Nasal outer macula -0.13 0.622 0.46 0.071 -0.54 0.032 0.55 0.028 -0.20 0.449 0.55 0.032
Temporal inner macula -0.12 0.648 0.24 0.353 -0.13 0.622 0.36 0.168 -0.33 0.202 0.42 0.100
Temporal outer macula -0.13 0.640 0.44 0.082 -0.32 0.229 0.38 0.136 -0.34 0.192 0.39 0.134

Abbreviations: ERG, electroretinogram; Rc, standard partial regression coefficient.

retinal thickness and volume in seven out of nine macular 

subfields, excluding the temporal subfields. These findings 

suggest that both macular thickness and macular volume were 

related to the implicit times of the cone b-wave and 30 Hz 

flicker in our CRVO patients. Both the cone b-wave7,12 and the 

30 Hz flicker6,7,13,14 have been reported to reflect inner retinal 

function. Therefore, our findings indicate that data obtained 

from macular subfields (excluding the temporal subfields) 

may be associated with outer and inner retinal function in 

CRVO patients with macular edema. Thus, morphological 

changes of the non-temporal subfields may influence macular 

function, so that measuring ERG parameters (especially the 

cone b-wave and 30 Hz flicker implicit time) of these sub-

fields might be useful for estimating macular function and 

the response to treatment such as anti-VEGF therapy.

We also found that the amplitude of the cone b-wave was 

correlated with both retinal thickness and retinal volume 

in only two subfields (the nasal inner and nasal outer 

subfields). Interestingly, these results were the opposite to 

those obtained in BRVO patients, in whom ERG parameters 
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Table 5 Association between ERG parameters and retinal volume in the nine macular subfields

Cone a-wave Cone b-wave Flicker wave

Amplitude Implicit time Amplitude Implicit time Amplitude Implicit time

Rc P-value Rc P-value Rc P-value Rc P-value Rc P-value Rc P-value

Fovea -0.15 0.580 0.47 0.068 -0.24 0.367 0.54 0.037 -0.32 0.231 0.62 0.012
Superior inner macula -0.25 0.343 0.10 0.706 -0.35 0.184 0.50 0.049 -0.31 0.246 0.50 0.049
Superior outer macula -0.18 0.505 0.33 0.200 -0.47 0.066 0.53 0.036 -0.26 0.334 0.52 0.037
Inferior inner macula -0.08 0.777 0.26 0.316 -0.23 0.390 0.55 0.027 -0.29 0.282 0.63 0.009
Inferior outer macula -0.08 0.774 0.32 0.209 -0.43 0.097 0.51 0.043 -0.43 0.100 0.55 0.033
Nasal inner macula -0.18 0.514 0.30 0.258 -0.50 0.048 0.63 0.009 0.02 0.936 0.58 0.017
Nasal outer macula -0.09 0.734 0.44 0.086 -0.52 0.037 0.56 0.022 -0.05 0.855 0.53 0.036
Temporal inner macula -0.09 0.747 0.26 0.316 0.04 0.891 0.32 0.230 -0.25 0.341 0.46 0.070
Temporal outer macula -0.08 0.757 0.43 0.093 -0.27 0.308 0.37 0.163 -0.31 0.244 0.43 0.096

Abbreviations: ERG, electroretinogram; Rc, standard partial regression coefficient.

Table 6 Correlations between ERG parameters and the 
nonperfused area of the retina

ρ P-value

Cone a-wave
 A mplitude (μV) -0.28 0.287

 I mplicit time (ms) 0.28 0.290
Cone b-wave

 A mplitude (μV) -0.41 0.115

 I mplicit time (ms) 0.62 0.011
Flicker wave

 A mplitude (μV) -0.25 0.350
 I mplicit time (ms) 0.54 0.031

Abbreviations: ERG, electroretinogram; ρ, correlation coefficient.

showed a stronger correlation with morphological param-

eters in the temporal subfield than in other subfields.10 It is 

possible that pathological changes induced by CRVO (such 

as bleeding) are more likely to affect the region extending 

from the optic nerve to the nasal part of the macula, since 

it contains the papillomacular bundle with a high axon 

density and an abundance of retinal ganglion cells, parasol 

cells, and dendrites that form part of the postreceptoral cone 

pathway.15 Therefore, the difference of macular thickness 

and volume between the nasal region of the macula and 

the temporal region would probably be greater in CRVO 

compared with BRVO, leading to a stronger correlation 

with ERG parameters (cone b-wave amplitude and the 

cone b-wave and 30 Hz flicker implicit times). However, 

further investigations will be needed to clarify the rela-

tions between ERG parameters and retinal morphology in 

CRVO patients.

The present study demonstrated that the implicit times of 

cone b-wave and 30 Hz flicker were significantly correlated 

with the nonperfused area of the retina. Because retinal 

photoreceptor cells are damaged by ischemia, functional 

impairment may become more severe as the ischemic region 

becomes larger. Ischemic retinal cells react slowly, as dem-

onstrated by ERG recording in cats after photothrombosis.16 

This has also been demonstrated by full-field ERG studies of 

patients with widespread retinal ischemia, since the implicit 

time of the 30 Hz flicker ERG reflected the ischemic status 

of the retina and predicted development of neovascular 

complications in CRVO patients.5,14,17,18 In addition, Hvarfner 

et al19 studied the multifocal ERG (mfERG) and reported 

that the implicit time was significantly longer in eyes with 

macular ischemia than in eyes without macular ischemia, 

and the mfERG amplitudes were lower in ischemic eyes with 

retinal vein occlusion. A correlation between prolongation 

of the implicit time and retinal ischemia was also suggested 

by Greenstein et  al.20 They found that macular edema in 

diabetic retinopathy was related to a prolonged implicit time, 

but the retinal area with an altered implicit time was much 

larger than the area of edema, and they proposed ischemia as 

a possible explanation. We recently reported that increased 

intraocular levels of VEGF and soluble intercellular adhesion 

molecule 1, as well as a decrease of pigment epithelium-

derived factor, were associated with increased retinal vas-

cular permeability and with the severity of retinal ischemia 

in CRVO patients.21,22 Thus, as retinal ischemia becomes 

more severe, changes of these factors result in progression 

of macular edema that also worsens ischemia, with the result 

that macular function may be impaired. This hypothesis is 

supported by the report that the implicit times of the cone 

b-wave and 30 Hz flicker were significantly correlated with 

the VEGF concentration of the aqueous humor in patients 

with macular edema secondary to CRVO.23

The mfERG provides more localized data about retinal 

function than the full field ERG. Previous studies have 

demonstrated that mfERG abnormalities are generally well 
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correlated with local changes in patients with retinal vein 

occlusion.24 Dolan et  al25 found that retinal injury due to 

hemiretinal vein occlusion leads to significant prolongation 

of the implicit time on both ERG and mfERG, suggesting 

that these two modalities may have a role in the management 

of this type of retinal vein occlusion. In the present study, 

we evaluated the correlation of Ganzfeld ERG parameters 

with OCT parameters because we did not have access to 

mfERG. Moschos and Moschos26 used mfERG and OCT to 

show that intravitreal injection of bevacizumab can lead to 

anatomical and functional improvement of the macular region 

in CRVO patients with macular edema. Thus, the assessment 

of structural and functional changes by mfERG and OCT 

might be useful for monitoring the response to anti-VEGF 

therapy in CRVO patients with macular edema. However, 

further investigations will be needed to clarify how useful 

ERG parameters are for correlating morphology and retinal 

function in CRVO with macular edema.

In conclusion, the amplitude of the cone b-wave was 

correlated with both retinal thickness and retinal volume 

in the nasal inner and nasal outer macular subfields, while 

the cone b-wave and 30 Hz flicker implicit time were cor-

related with both retinal thickness and retinal volume for 

seven out of nine subfields, excluding the temporal subfields. 

Our findings suggest that ERG parameters may be associ-

ated with outer and inner retinal function in CRVO patients 

with macular edema. Changes in ERG parameters may be 

related to morphological changes that influence macular 

function, so that measuring ERG parameters (especially 

the cone b-wave and 30 Hz flicker implicit time) might be 

useful for estimating macular function and the response to 

treatment in CRVO.
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