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■  C L I N I C A L  S C I E N C E  ■

Optical Coherence Tomography and Multifocal 
Electroretinography in Diabetic Macular Edema: A 
Neurovascular Relation With Vision
B.N. Nagesh, MD; Brijesh Takkar, MD; Shorya Azad, MD; Rajvardhan Azad, MD

BACKGROUND AND OBJECTIVES: To evaluate retinal neu-
ropathy in patients with diabetic macular edema (DME) 
with multifocal electroretinograph (mfERG), and to evaluate 
the simultaneous impact of retinal neuropathy and vascu-
lopathy on visual acuity in subtypes of DME.

PATIENTS AND METHODS: This prospective, controlled, in-
vestigative study conducted at a tertiary eye care center of 
Northern India included 79 eyes of 50 treatment-naïve pa-
tients with DME (Group 1), 94 eyes of 50 diabetic patients 
without diabetic retinopathy (Group 2), and 100 eyes of 100 
normal volunteers as controls. Comprehensive ocular evalu-
ation along with mfERG and optical coherence tomography 
(OCT) were performed for all patients. N1 and P1 mfERG 
waveforms in the two central-most rings of macula were 
evaluated for amplitudes and implicit time. OCT was used 
to sub-classify types of DME and evaluate macular thick-
ness, ellipsoid zone (EZ), and external limiting membrane 
(ELM) disruption. Best-corrected visual acuity (BCVA) rela-
tive to other variables was the primary outcome measure. 
The three groups were compared for all the parameters in-
clusive of OCT and mfERG patterns. Further, OCT subtypes 
of DME were analyzed for mfERG waveform patterns.

RESULTS: All mfERG values were significantly low-
er in Group 1 and Group 2 as compared to Group 3  
(P < .05). BCVA strongly correlated with central macu-
lar thickness, EZ, and ELM disruption scores in Group 1  
(P = .001), but correlated modestly with mfERG waveform 
amplitudes in Group 1 patients with intact EZ and ELM 
only. BCVA correlated with mfERG amplitudes in patients 
with neurosensory detachment, but not in those with cys-
toid macular edema.

CONCLUSIONS: Neural changes set in before the clinical 
changes related to vasculopathy manifest in diabetic pa-
tients. Neuroretinopathy in patients with DME affects all 
retinal layers symmetrically in early stages, but impacts the 
middle retinal layers severely in advanced disease form. 
BCVA correlates with electrophysiological changes till the 
time morphological features are visible when stronger cor-
relation is seen with anatomical disruption.

[Ophthalmic Surg Lasers Imaging Retina. 2016;47:626-631.]

INTRODUCTION

The human retina is composed of two types of tis-
sue: neurological and vascular.1 These tissues are in-
terdependent to produce formed vision. Diabetic reti-
nopathy (DR) affects both these tissues independently, 
as well as in unison.2 Neurological dysfunction sets in 
early, whereas vasculopathy occurs at more advanced 
stage with clinical evidence of DR. Neuropathy occurs 
secondary to conduction delay due to effect of hyper-
glycaemia on neurotransmitters. On the other hand, 
vasculopathy is subsequent to damage to outer and in-
ner retinal barrier secondary to changes due to chronic 
diabetes. Therefore, diabetic macular edema (DME) as-
sociated with moderate visual loss3 gives a good oppor-
tunity to study these interactions. Earlier studies have 
shown neuropathy to precede retinopathy and even 
microalbuminuria in patients with diabetes.4 Similarly, 
subclinical “neuroretinopathy” has been detected in pa-
tients without diabetes-related retinal vascular chang-
es.5

Both multifocal electroretinograph (mfERG) and 
optical coherence tomography (OCT) have extensively 
studied functional and anatomical changes occurring 
in patients with diabetes with or without DR. mfERG 
is unique as it can specifically identify electric signals 
originating from different sections of visually sensitive 
pathway in the macula.2,6 ERG signals originating from 
these small sections of the macula can be then captured 
and analyzed in a system of rings centered on the fovea. 
OCT, on the other hand, is capable of generating images 
delineating the different layers of the choroid and retina 
along with the vitreoretinal interface.7 DME has been 
classified on the basis of OCT and has become an in-
valuable tool for follow-up and deciding retreatments.8,9 
Hence, simultaneous interpretation of both these objec-
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tive tests and their correlation to visual acuity might un-
earth insights into the neurological and vascular insults 
occurring in patients with diabetes.

Our study aims to correlate visual acuity with OCT 
and mfERG findings in patients of DME, including its 
subtypes, and diabetic patients without DR. While do-
ing so, we attempt to establish the impact of diabetic 
neuropathy on DME and visual acuity and compare it 
with that due to anatomical changes.

PATIENTS AND METHODS

This study was conducted in accordance with the 
Declarations of Helsinki. The methodology of the study 
was approved by the ethics committee of the All In-
dia Institute of Medical Sciences, New Delhi, India. 
Informed consent for the investigative procedures per-
formed was taken from all of the patients.

This was a prospective, single-center, investigative 
study conducted at a tertiary eye care center of northern 
India from July 2011 to December 2013. Treatment-na-
ïve patients with DME who were 40 years of age or old-
er were enrolled in the study. Age-matched, refractive 

error-corrected patients without DM served as controls. 
Patients with any other systemic or ocular disorder af-
fecting best-corrected visual acuity (BCVA) and those 
with media opacities precluding OCT examination 
were excluded from the study. Patients were divided 
into three groups. A total of 150 patients were included 
for analysis. Group 1 included patients with DME (79 
eyes of 50 patients), Group 2 included patients with DM 
but no DR (94 eyes of 50 patients), and Group 3 includ-
ed patients with refractive error as controls (100 eyes 
of 50 patients). A comprehensive ophthalmic work-up 
was done for all the patients along with spectral-domain 
OCT imaging (Cirrus; Carl Zeiss Meditec, Dublin, CA) 
and mfERG (Metrovision, France). Patients with prolif-
erative DR were excluded.

OCT scans with signal strength less than 7/10 were 
considered unsuitable for analysis. Central macular 
thickness (CMT) was measured using ETDRS macular 
cube protocol. High-resolution cross-sectional images in 
both the horizontal and vertical planes passing through 
fovea were acquired using 5-line raster mode. A ring of 
500 µ centered on the foveal midpoint was evaluated 

TABLE 1

Case Characteristics
Group 1 Group 2 Group 3 P Value

Age (Years) 54.1+7.02 52.3+4.2 53.3 +5.8 .17

Gender (% of Males) 73.4 57.4 60.1 .07

HbA1c Level (Years) 8.19 7.28 – .02

Duration of DM (Years) 7.9 3.3 – < .001

BCVA (LogMAR Units) 0.569 0.027 0.005 < .001

CMT (Microns) 380.15 232.68 234.95 < .001

Macular Volume (mm Cubed) 12.3 8.9 8.7 .002

Mean EZ Disruption Score 3.8 0.12 0.07 < .001

Mean ELM Disruption Score 3.1 0.1 0.07 < .001

P1 Wave All < .05

Amplitude 0-2 Degree Ring (nv) 942.46 1,332.5 1,536.55

Implicit Time 0-2 Degree Ring (ms) 45.22 43.11 42.27

Amplitude 2-5 Degree Ring (nv) 904.73 1,286.17 1,506.81

Implicit Time 2-5 Degree Ring (ms) 45.73 43.34 42.55

N1 Wave All < .05

Amplitude 0-2 Degree Ring (nv) 612.53 648.59 790.13

Implicit Time 0-2 Degree Ring (ms) 25.64 23.21 23.34

Amplitude 2-5 Degree Ring (nv) 589.83 601.85 724.6

Implicit Time 2-5 Degree Ring (ms) 26.07 23.41 23.49

BCVA = best-corrected visual acuity; CMT = central macular thickness; DM = diabetes mellitus; EZ = ellipsoid zone; ELM = external limiting membrane
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for ellipsoid zone (EZ) disruption. EZ disruption was 
graded as “0” when complete EZ was found, “1” when 
focal disruption of the EZ less than 200 µ was noted, 
and “2” when more than 200 µ of disruption was not-
ed.10 Four grades were assigned to each eye by evaluat-
ing both the horizontal and vertical meridians on either 
side of the midpoint separately. These four grades were 

then added to yield a global disruption scale of 0 to 8 
for each, where “0” represented no disruption and “8” 
represented total disruption on both the horizontal and 
vertical scans. The external limiting membrane (ELM) 
was analyzed in a similar way.

mfERG was performed using the 61 scaled hexagons 
based pattern stimulus. We measured components of 

Figure 1. Scatter plots depict-
ing correlation of visual acuity 
with anatomical variables.

CMT = central macular thick-
ness; ELM = external limiting 
membrane; EZ = ellipsoid 
zone
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the first order kernel of N1 and P1 waves in two con-
centric rings centered on the fovea in the study groups. 
N1 amplitude was measured from the baseline trough to 
the N1 trough, whereas the P1 amplitude was measured 
from the N1 trough to the P1 peak. Latencies of N1 and 
P1 waves were measured from the time of presenting 
the stimuli.2 The resulting response can be expressed as 
response amplitude per unit area (nV/deg2), response 
density, or in simple nanovolts; we have mentioned the 
latter. All mfERG examinations were performed in the 
mydriatic state.

Analysis was done with the help of Excel (Microsoft, 
Redmond, WA) sheets and SPSS software version 16 
(Softonic, Barcelona, Spain). Statistical tests — namely 
analysis of variance, Mann-Whitney, Bonferroni post-
hoc test, Pearson’s Chi-square test, and Spearman rank 
analysis — were applied for analysis. Standard formu-
las for mean, standard deviation, and standard error 
were used. A P value of less than .05 was taken as statis-
tically significant.

RESULTS

The three groups were well-matched on the basis of 
age and gender; however, significant differences were 
present when comparing duration of diabetes, BCVA, 
CMT, macular volume, HbA1c levels, and mfERG val-
ues, which was expected (Table 1). Group 1 was char-
acterized by longest duration of DM and higher HbA1c 
values. Duration of diabetes and Hba1c values had no 
statistical correlation with OCT or mfERG readings in 
either Group 1 or Group 2.

CMT, EZ disruption score, and ELM disruption 
score were also significantly higher in Group 1. None 
of these results were significant for either Group 2 or 
Group 3. A statistically significant correlation (R = 0.61) 
was found between CMT and BCVA (P = .001) in Group 

1. Similarly, a strong positive relation was established 
between BCVA and EZ disruption score (Pearson corre-
lation coefficient = 0.54, P = .001), and ELM disruption 
score (Pearson correlation coefficient = 0.54, P = .001). 
None of these results were significant for either Group 
2 or Group 3.

Anatomically, details of variation of factors with 
the type of DME have been presented in Table 2. 
Cases with fluid beneath and inside the retina were 
grouped as mixed. Cystoid macular edema was the 
most prominent type (~60%), followed by spongi-
form type of DME. Statistical analysis was not done 
because of variable distribution of cases. Cases with 
cystoids macular edema had the highest CMT, worst 
BCVA, and worst EZ/ELM disruption scores. In con-
trast, spongiform edema had the lowest CMT, highest 
BCVA (apart from three cases of VMT), and best EZ/
ELM disruption scores.

Amplitudes of both N1 and P1 waves were lowest 
for Group 1 in both the rings, whereas conversely, im-
plicit times were longer; this was considered statisti-
cally significant. However, in Groups 2 and 3, these 
results were not significant.

mfERG amplitude for 0-2 degree ring or 2-5 de-
gree ring did not relate significantly to visual acuity. 
However, in subset of patients without EZ and ELM 
disruption, P1 wave amplitude had a moderate rela-
tion with BCVA (R = 0.6, P = .04), as was the case 
with N1 wave amplitude (R = 0.4, P ~ .05). No signifi-
cant relation could be established with correspond-
ing implicit times of these waves. In patients with 
only neurosensory retinal detachment, the P1 wave  
(R = −0.46) and N1 wave amplitudes (R = −0.32) cor-
related significantly with BCVA (P < .04 in both). In 
patients with CME, these values were borderline in-
significant (R ~ −0.25, P = .06).

TABLE 2

Types of DME
BCVA Mean CMT Mean EZ 

Score
Mean ELM 
Score

Mean P1* 
Amplitude 

Mean P1* 
Implicit 
Time

Mean N1* 
Amplitude

Mean N1* 
Implicit 
Time

Cystoid 
(47)

0.57 384 µ 4.14 3.23 884 nv 45 ms 595 nv 26 ms

Spongi-
form (12)

0.43 318 µ 2.08 2.83 1187 nv 45 ms 703 26 ms

NSD (5) 0.49 321 µ 3.4 3 860 nv 46 ms 537 nv 27 ms

Mixed (12) 0.67 468 µ 5.4 3.75 835 nv 45 ms 533 nv 25 ms

*mfERG values of the central ring

BCVA = best-corrected visual acuity; CMT = central macular thickness; DME = diabetic macular edema; ELM = external limiting membrane; EZ = ellipsoid zone; 
mfERG = multifocal electroretinogram; NSD = neurosensory detachment; VMT = vitreomacular traction 
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On comparing with OCT findings, CMT correlated 
negatively with P1 wave amplitude (R = −0.2), where-
as corresponding implicit time did not correlate with 
CMT. Similar results were seen for N1 wave upon be-
ing compared to CMT. Both EZ and ELM disruption 
scores correlated modestly with N1 and P1 wave am-
plitudes (R = ~ −0.2; P < .05), but not with implicit 
time.

Anatomically, spongiform edema also had the 
most favorable mfERG amplitudes. Cases with sub-
retinal fluid were characterized by very low electro-
physiology values. Mixed type of cases had the most 
unfavorable electrophysiological results (Table 2).

DISCUSSION

Utility of mfERG in DR has been well-evaluated, 
with studies reporting early changes without clinical 
evidence of DR.11,12 In fact, mfERG has been used to 
predict onset of new diabetic retinopathy in patients 
with nonproliferative disease.13,14 Increased implicit 
time has been found to be more useful than ampli-
tude of the mfERG waveform.12,14 Other studies have 
correlated macular thickness in patients with DME 
to mfERG patterns in pursuit of analyzing both func-
tional and anatomical aspects.15 Patients with DME, 
especially those with hard exudates, have been found 
to have diminished mfERG implicit time and reduced 
amplitudes.16,17,18 Similarly, the effect of laser pho-
tocoagulation, surgery, and intravitreal injections in 
DME has been studied with mfERG.19,20,21 Literature, 
however, lacks in electrophysiological evaluation 
of the types of DME. As most of the clinical param-
eters and mechanisms vary between types of DME, 
simultaneous evaluation of OCT and mfERG offers an 
entirely new perception. The limited available data 
in this regard (literature search done with keywords 
inclusive of “DME,” “OCT,” and “mfERG”) report the 
N1 wave to be a stronger indicator than the P1 wave 
in CME.22

BCVA does not always correlate with macular 
changes (including OCT-based architecture) in pa-
tients with DME.2 Recent interest in mfERG analysis 
of patients of DME tries to solve this ambiguity by as-
sessing DME as both a neuropathy and angiopathy.2,16 
No overall relation was established between mfERG 
and BCVA in Group 1 patients, whereas a moderate 
correlation of borderline significance was established 
in Group 1 patients with continuous EZ/ELM. There-
fore, in the setting of morphological changes in the 
outer retina, BCVA did not relate to mfERG; similar 
findings have been reported in previous studies.5 

Electrophysiology changes are proven to proceed reti-
nal nerve fiber layer (RNFL) and perimetric changes,23 
and it is well-established that mfERG changes do not 
relate with RNFL changes.24 Although our results 
could be due to associated effect on the innermost ret-
inal layers, which have not been studied separately, 
we believe that the differing effects of “neuroretinop-
athy” and retino-vasculopathy on visual acuity may 
also contribute to these results.

In the same direction, our study found poorer elec-
trophysiology in patients with neurosensory retinal 
detachment (NSD), although architectural changes 
and vision loss were more associated with CME. The 
N1 and P1 waves originate from photoreceptors and 
muller/bipolar cells, respectively.2 Therefore, it ap-
pears that patients with NSD are more affected by 
“neuropathy,” whereas in CME, the visual changes 
are more contributed to the mechanical insult. These 
results are further consolidated by the significant 
correlation between BCVA and N1/P1 amplitudes 
seen in patients with NSD. Though bipolar cells are 
stretched in CME, such a significant correlation could 
not be established in those patients. However, unlike 
in a previous study,2 we could not establish simi-
lar results for implicit times of the individual wave 
forms for any of the groups. A previous study from 
China of 24 patients with CME, possibly of multifac-
torial origin, found a stronger association between 
mfERG responses and visual acuity. We had included 
47 patients with diabetic CME and could establish 
only borderline association.

In contrast to our study, previously published re-
sults have found good correlation between BCVA, 
morphological changes, and functional changes.25 
However, this study did not include patients with se-
rous retinal detachment, had used time-domain OCT, 
and the authors also concluded a better relation be-
tween BCVA and CMT. BCVA and mfERG.25 In con-
trast, another study conducted in Iran found better 
relation between visual acuity and mfERG response 
rather than CMT.2 This study does not analyze the 
type of DME included.2

The photoreceptors are completely dependent on 
choroidal vasculature for metabolism and the bipolar 
cells are at the watershed region. Therefore, one may 
assume the N1 wave to be less affected than the P1 
wave in DR, which is known to affect the middle reti-
na the most.26 P1 wave amplitudes in our study were 
reduced to 60% in Group 1 (assuming Group 3 to be 
baseline), whereas N1 wave amplitudes were reduced 
to 80%. Hence, the ultimate effect of the vasculopa-
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thy is more on the middle order cells than first order 
cells. However, in Group 2 the effect was similar for 
both the waves. Therefore, the effect of hyperglyce-
mia is equal across the retinal layers until DME sets 
in clinically when the ischemic insult is specifically 
borne by the middle layers. Between CME and NSD, 
the change in N1 wave amplitude was much more 
pronounced in NSD than the P1 wave, which was 
equivalent in both. This underlines the outer retinal 
barrier breakdown in NSD.

Like previous studies, we found spongiform edema 
and CME to be commoner than NSD. We also found 
deranged electrophysiology in the central macula in 
patients without DR, as noted before. However, we 
could not evaluate the inner retinal changes which 
would have contributed to visual changes, especially 
in patients with CME. Also, we could not establish a 
relation of mfERG implicit time with other variables, 
though previous results in this regard are controver-
sial.2 It should be remembered that in the presence of 
large cystoid spaces, OCT-based EZ and ELM maybe 
incorrect. Thus, interpretations regarding the outer 
retinal/photoreceptor integrity may be hampered.

To conclude, diabetic neuroretinopathy sets in be-
fore the clinical manifestations of the vasculopathy. 
Visual acuity correlates well anatomical changes, 
though modest correlation with electrophysiology is 
seen in patients with preserved retinal architecture. 
NSD is associated with electrophysiological changes, 
whereas CME is more associated with mechanical 
changes. In its neuroretinopathy stage, DR affects the 
retinal neurons equally, whereas in its clinical state, 
middle retinal layers are severely impacted.
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