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Abstract

Purpose To evaluate the influence of ranibizumab
on the multifocal electroretinogram (Mf-ERG), full-
field electroretinogram (Ff-ERG) and optical coher-
ence tomography (OCT) in diabetic eyes (n = 20)
with macular oedema.

Methods In 20 eyes (20 diabetic subjects) with no or
background diabetic retinopathy and macular oedema
(age 65.7 & 9.8 years, duration 16.5 £ 10.0 years),
the change in ETDRS letters, Mf-ERG, Ff-ERG and
OCT was analysed, at baseline, 4 weeks after the first
injection, (just before the second injection), and
4 weeks after the last injection with ranibizumab.
Results From baseline, mean BCVA improved from
64.0 £ 10.0 ETDRS letters to 75.0 & 7.3 ETDRS
letters (p = 0.005) 1 month after the last injection.
Mean OCT thickness reduced after the first injection
from418 4+ 117to 311 £ 126 um; (p = 0.001) and to
302 £ 74 pm after the third injection. Mf-ERG demon-
strated in the innermost three rings a shorter implicit
time after the first injection with p values of 0.002, 0.005
and 0.017, respectively. After the third injection,
implicit time was prolonged to almost the original
levels. Cone implicit time with 30-Hz flicker improved
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significantly between baseline (35.5 £ 3.6 ms) and
final follow-up (34.6 & 3.1 ms) (p = 0.04).
Discussion Though the central retinal thickness was
reduced after three injections of ranibizumab and the
subjects gained a mean of 11 ETDRS letters, there was
no significant change in amplitude or implicit time in
Mf-ERG. The shortened 30-Hz flicker implicit time
might imply that ranibizumab has no negative impact
on the entire peripheral cone function, but can improve
it instead.

Keywords Ranibizumab - Diabetes - Macular
oedema - Mf-ERG - Ff-ERG - OCT

Introduction

Diabetic retinopathy (DR), especially diabetic macu-
lar oedema, is the leading cause of visual loss in the
adult population in the Western world [1].

Photocoagulation was originally the only recom-
mended treatment for clinically significant macular
oedema. This therapy reduced moderate vision loss by
approximately 50 % [2]. This contrasts with the new
anti-VEGF treatment, where visual improvement can
be achieved [3]. Recently, as more and more data have
accumulated, it has become clearer that anti-VEGF
therapy will play an increasing role in the treatment of
diabetic macular oedema [2-4].

Growth factors also appear to play a general role in
diabetic retinopathy, contributing to retinal ischaemia,
microangiopathy and endothelial cell proliferation [5—
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7]. Ip et al. [8] were able to demonstrate a significant
reduction in progression of DR, and a better chance of
regression, in eyes treated with ranibizumab as
compared to sham-treated eyes. However, the direct
influence of anti-VEGF on retinal function, in the
macular area as well as at the periphery, is not fully
understood. In addition, the reported correlations
between increasing macular thickness and visual
acuity have been inconsistent; some authors have
described a direct negative influence on visual acuity
with increasing oedema, while others have not [9-11].

Full-field electroretinography (Ff-ERG) is an ob-
jective method for registration of the overall retinal
function. In addition, the development of multifocal
electroretinography (Mf-ERG) has made it possible to
study the macular region more accurately, allowing
evaluation of the extent of macular dysfunction in an
objective way [12, 13].

The purpose of the present study was to evaluate
repeated intravitreal injections with ranibizumab,
taking into account medical parameters that might
influence the electroretinography responses, both in
different macular areas [with a combination of Mf-
ERG and optical coherence tomography (OCT)] and
in the entire retina (using Ff-ERG).

Materials and methods
Patients

Twenty eyes in 20 consecutive patients with
diabetes type II, who regularly attended the outpa-
tient clinic at the Department of Ophthalmology,
Lund University, were included in this prospective
study. One eye per patient—the one with the worst
visual acuity—was chosen and had to fulfil the
inclusion criteria: visual acuity <0.7 (Snellen chart),
central macular oedema >300 um, measured with
OCT, and no previous treatment with argon laser,
anti-VEGF therapy or other intravitreal injections.
All the examinations were performed between 8:00
and 11:00 a.m.

All 20 patients gave their written consent to
participate in the study. The research procedures were
performed in accordance with institutional guidelines
and the Declaration of Helsinki. Approval for the
study was obtained from a local ethics committee and
from the Swedish medical products agency.
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Medical parameters

At the time of the first examination, we recorded
duration of diabetes, blood pressure, whether or not
the patients used antihypertensive drugs, type of
diabetes treatment and type of diabetes, and we also
measured glycosylated haemoglobin (HbAlc). Fast-
ing blood glucose was measured at all three
examinations.

Examinations

Three examinations were performed: at baseline,
4 weeks after the first injection (i.e. just before the
second injection) and 4 weeks after the last injection.

Visual acuity (Snellen and ETDRS chart), fasting
blood glucose, OCT, Mf-ERG and Ff-ERG were
measured by an experienced ophthalmologic assistant
at all three examinations. In addition, fluorescein
angiography was performed at baseline.

The injections

Intravitreal injections of 0.5 mg ranibizumab were
given three times, every fourth week, starting within
1 week of the baseline examination.

All patients underwent the same procedure: 0.5 mg
ranibizumab was administered at the operating depart-
ment by an experienced ophthalmologist in a standard-
ized way. This involved thorough rinsing of the eye and
cleaning of the area around the eye with saline solution,
topical anaesthesia (oxybuprocaine hydrochloride,
0.4 %), topical antibiotic drops (levofloxacin, 5 mg/ml)
and finally injection through pars plana into the vitreous
cavity. After the procedure, the patients received one
more antibiotic drop (levofloxacin, 5 mg/ml).

Classification of retinopathy

A retina specialist who was blinded regarding results
diagnosed the level of retinopathy, using fundus
photography with a 45° Topcon fluorescein angiogra-
phy camera [(FA) TRC 501X]. The classification was
performed according to the ETDRS [2].

Optical coherence tomography (OCT)

Retinal mapping was performed using the Topcon 3D
OCT-1000 standard program for retinal mapping. The
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OCT software for retinal mapping calculated the mean
macular thickness. We examined the central area and
the summed response from the middle and outer area

(Fig. 1).
Multifocal electroretinography (Mf-ERG)

Multifocal electroretinograms were recorded using a
visual evoked response imaging system (VERIS 4;
EDI, San Mateo, CA, USA) [13]. The pupils were
maximally dilated with 1 % cyclopentolate hydrochlo-
ride and phenylephrine hydrochloride. A gold ground
electrode was attached to the forehead. Retinal activity
was recorded with a gold bipolar contact lens (Hansen
Ophthalmic, Iowa City, IA, USA) that was placed on
the cornea after anaesthesia with oxybuprocaine. The
fixation was controlled using a fundus camera and
illumination with infrared light from the recording
electrode, with visualization of the hexagonal elements
over the retina. The central ring was defined as the
summed responses from the first and second rings of
the standard Mf-ERG hexagonal pattern. P1 amplitude
and implicit time were calculated within the Mf-ERG
rings, which corresponded to the three areas measured
by the OCT (@ 6.0 mm) (Figs. 1, 2).

Correlation of macular thickness (by OCT) to Mf-
ERG responses

The distance between the foveola and the temporal
border of the optic disc is considered to be the length
of the radial line used at the OCT examination (3 mm).

Fig. 1 OCT rings superimposed on Mf-ERG pattern

One millimetre of the radial line corresponds to 4° of
the Mf-ERG rings. By superimposing the OCT pattern
on the hexagonal pattern from the Mf-ERG registra-
tion, hexagons corresponding to the OCT pattern were
identified [14] (Fig. 1).

Full-field electroretinography (Ff-ERG)

Full-field ERG was recorded in an Espion Visual
Electrophysiology System (Diagnosys LLC, Lowell,
MA, USA) according to the standardized protocol for
clinical electroretinography by the International Soci-
ety for Clinical Electrophysiology of Vision (ISCEV),
with slight modifications [12]. Responses were ob-
tained with a wide-band filter (—3 dB at 1 and
500 Hz), stimulating with a single full-field flash
(30 ps) of blue light (Wratten filters 47, 47A and 47B)
and with white light [3.93 (cd x s)/2m]. Cone
responses were obtained with 30 Hz flickering white
light [0.81 (cd x s)/2m] averaged from 20 sweeps and
without any light adaption.

Statistics

Values are given as mean =+ standard deviation (SD).
Paired ¢ test was used to calculate differences before
and after the first injection, and repeated-measures
analysis of variance was used to calculate the differ-
ence between baseline and after the third injection.
Spearman’s rho was used to calculate correlations
between parameters. SPSS software version 21 was
used for the calculations.

Results
Patient characteristics

All twenty patients, 10 of them men, were classified as
having type-2 diabetes, i.e. age over 30 years at onset
of diabetes and no requirement for insulin treatment
within 2 years of diagnosis. The mean values for the
medical parameters at baseline were: age 65.7 &+
9.8 years, duration of diabetes 16.5 + 10.0 years,
HbAlc 56.1 &+ 16.1 mmol/mol, systolic and diastolic
blood pressure 138.6 £ 11.5and 76.0 &+ 12.4 mmHg,
respectively. Fasting blood glucose did not change
significantly between the three examinations
(Table 1).
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1 158 -12.4
275 273
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2 15.0 -8.7
275 179
417 -16.1
3 142 -7
26.7 145
408 -126
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Fig. 2 Mf-ERG trace array. The three OCT areas correspond to approximately 12° of the Mf-ERG rings
Table 1 Fastening blood glucose Table 2 ETDRS
Fastening Examination = Examination = Examination ETDRS Examination Examination Examination
blood glucose  no. 1 no. 2 no. 3 no. 1 no. 2 no. 3
mmol/l 92+ 46 8.1+37 8.7 £ 38 Letters 64.0 £ 10.0* 73.1 £ 74 75.0 £ 7.3*
* p = 0.005
Retinopathy

All eyes had non-proliferative diabetic retinopathy
(NPDR), with a mean central retinal thickness of
418 4+ 117 pum at baseline. The mean diameter of the
foveal avascular zone measured by fluorescein an-
giography was 1.12 &+ 0.3 mm, and the area of the
foveal avascular zone was 0.7 + 0.3 mm?.
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Visual acuity

Mean ETDRS letters increased from 64.0 £ 10.0 to
75.0 £ 7.3 letters at follow-up (p = 0.005). We also
found a significant increase already after the first
injection, from 64.0 + 10.0to 73.1 £ 7.4 (p < 0.001)
(Table 2).
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Table 3 OCT

*p =0.001; ** p < 0.001;

OCT

Examination no. 1

Examination no. 2

Examination no. 3

Central area (pm)
Second area (pm)
Third area (um)

417.8. £ 117*
385.8 £ 67.8%*
320.2 £ 72.5%%*

311.4 £ 125.8
327.0 £ 81.1
301.1 £49.3

301.9 £ 73.8*
317.8 £ 41.7%*
290.5 £ 50.4%**

% p = 0,025

OCT

Mean central OCT thickness decreased after the first
injection from 418 £ 117 to 311 & 126 um
(p = 0.001), and to 302 4+ 74 um after the third
injection (Table 3). There was no correlation between
the reduction in OCT from baseline to follow-up and
change in visual acuity (Fig. 3).

Mf-ERG

MI{-ERG in all three of the innermost rings showed a
shorter implicit time after the first injection, with
p values of 0.002, 0.005 and 0.017, respectively
(Table 4). After the third injection, implicit time was
prolonged almost to the original levels. The amplitude
showed the same trend, with a pronounced improve-
ment after the first injection—but with statistical
significance only in the central ring (p = 0.04)—and a
reduction almost to original levels after the third
injection (Table 4; Fig. 4).

No correlation was seen between the decrease in
implicit time in the central Mf-ERG ring
(0.1 £ 3.2 ms), or the improved amplitude (3.1 £
6.1 nV/degz), and the mean reduction in retinal
thickness in the central OCT area (116 & 73 pm)
between baseline and after the first injection. There was
no correlation between FAZ area and the central ring
amplitude or implicit time.

OCT central area

OCT second area

Ff-ERG

Cone implicit time with 30-Hz flicker improved sig-
nificantly between baseline (35.5 £ 3.6 ms) and follow-
up (34.6 £ 3.1 ms) (p = 0.04) (Table 5; Fig. 5).

Rod amplitude also improved between start and
after the third injection, but this was not statistically
significant (185.6 £ 53.4 and 191.8 &+ 44.1 uV, re-
spectively). There was also no significant change in
amplitude between baseline and after the first injection
(3.7 £ 46.9 pV) (Table 5).

Discussion

Several studies have found improvement in visual
acuity and reduction in central retinal thickness after
injections of ranibizumab in patients with diabetic
macular oedema [3, 4]. The current standard methods
for evaluation of the efficacy of a given treatment for
diabetic macular oedema are visual acuity and OCT.

Full-field ERG and Mf-ERG are techniques that
objectively reflect retinal function. To our knowledge,
no one has examined the effect of ranibizumab with
Mf£-ERG and also with Ff-ERG.

In the present study, we found a significant decrease
in 30-Hz flicker implicit time 1 month after the third
injection of ranibizumab (Fig. 5). Changes in 30-Hz
flicker have been described in other retinal diseases

OCT third area

5000 o 4200 <

390.0 4

3600

g

3300 4

retinal thickness, micro
Retinal thickness, micro

3000

3600

3200

2800

Retinal thickness, micro

200 o

Examinaton 1 Examington2 Examination3 Examination 1

Error bars: 95% Cl

Fig. 3 OCT with 95 % CI, at the three examinations

Examination 2

Error bars: 95% ClI

Examination 3 Examington 1 Examination 2 Examination 3

Error bars: 95% CI

@ Springer



48

Doc Ophthalmol (2015) 131:43-51

Table 4 Mf-ERG

MIf-ERG

Examination no. 1

Examination no. 2

Central ring

Examination no. 3

Amplitude (nV/deg?) 141 £ 6.1 172 £54 149 £ 54
Central ring
Implicit time (ms) 345+25 30.6 £5.7 344 +39
Second ring
Amplitude (nV/deg?) 114 £53 139 £ 45 11.3 £ 3.6
Second ring
Implicit time (ms) 344 +38 302 £ 6.7 342+ 34
Third ring
Amplitude (nV/deg?) 102 £ 4.1 124 £3.7 98 £2.7
Third ring
Implicit time (ms) 345+ 57 297 £6.8 33.1+£31
mfERG central ring mfERG second ring mfERG third ring
3 3 3
2 6 = >
[ c c 24
3 2 = 2
£ £ £ "1
<, <, <
- Error b;:: 25% a o Error b:;tMSS% Cl o o Error b:rs:;-ﬁ% Cl o
mfERG central ring mfERG second ring mfERG third ring
£ E. E.

Examinaton 1

Error bars: 95% Cl
Fig. 4 Mf-ERG with 95 % CI at the three examinations

such as central vein occlusion, and after surgery for
retinal detachment. In central vein thrombosis, a
correlation between retinal ischaemia and delayed
30-Hz flicker implicit time has been shown, whereas
after surgical re-attachment of a detached retina, a
tendency towards shorter 30-Hz flicker implicit time
has been found [15-17].

These studies may indicate that an increased 30-Hz
flicker implicit time indicates damaged cone function of

@ Springer

Examination 2

Error bars: 95% Cl

Error bars: 95% Cl

the entire retina, either in the form of ischaemia or in the
form of a detached retina. Pedersen et al. [ 18] examined
the effect on the electroretinogram after injections of
bevacizumab in patients with age-related macular
degeneration (AMD). They found significant improve-
ment in the implicit time of the cone flicker response at
6-month follow-up. Others have found no evidence of
changes in cone system function over 48 weeks with
ranibizumab injections in diabetic patients [19].
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Table 5 Ff-ERG

Examination no. 1

Examination no. 2 Examination no. 3

Blue light
Amplitude (uV) 185.6 £ 53.4 181.9 £ 54.4 191.8 £ 44.1
White light
Amplitude (uV) 352.0 £ 74.8 341.8 £ 72.7 355.0 £ 72.9
Implicit time (ms) 54.6 £ 5.0 53.8 £ 4.7 52.6 £ 4.9
30-Hz flicker
Implicit time (ms) 355 £ 3.6% 355+£32 34.6 £ 3.1%
* p = 0.04
30-HZ Flicker baseline levels. In contrast, in AMD, Pedersen et al.
25 [18] found a significant improvement in the central
retinal amplitude lasting up to 6 months after the first
274 = - injection [18]. However, the different pathogenesis of
g diabetic maculopathy and AMD must also to be taken
® 364 into consideration when evaluating the Mf-ERG.
§ Consideration must also be given to the lack of a
:'é' 35 4 control group, and thus we have no knowledge about
E- the natural variations.
34 1 In the present study, the improvement in the Mf-
o ERG amplitudes and the shortening of the Mf-ERG
33 implicit time between baseline and the second ex-

T T

T
Examination 1 Examination 2 Examination 3

Error bars: 95% CI

Fig. 5 30-Hz Flicker implicit time with 95 % ClI, at the three
examinations

Some studies have shown less progression of
diabetic retinopathy after injections with ranibizumab,
and it is possible that the reduced 30-Hz implicit time
at follow-up in the present study may indicate that
ranibizumab has no negative effect on the entire
peripheral cone function, but can improve it instead
[20]. However, the results of our study must be viewed
with caution because of the small sample size. The
combined cone-rod response (white light) and also the
rod response (blue light) improved at follow-up—both
amplitude and implicit time—but neither of the
responses were statistically significant. This may have
been due to the small sample size.

In all three Mf-ERG rings, we found the same
pattern: an improvement in amplitude and a reduced
implicit time after the first injection, corresponding to
a reduction in retinal thickness. Interestingly, 1 month
after the third injection, despite a continuous decrease
in retinal thickness and an improvement in visual
acuity, we found a return to levels approaching

amination did not reach statistical significance; nor did
the worsening of the amplitude and implicit time
between the second examination and follow-up. This
could be due to the number of patients being small.
But, the trend, with improvement in the Mf-ERG
amplitudes and shortened implicit times after the first
injections, and a return to almost initial values, was
seen in all Mf-ERG rings even though the central
retinal thickness continued to decrease even after the
third injection. We only analysed the macular oedema
quantitatively and not morphologically.

The main reduction in oedema was seen after the
first injection, and after the two following injections,
we could only see a minor reduction. It has been
speculated that it is possible to misinterpret a degen-
eration of photoreceptors as a remaining macular
oedema [21]. According to this, we may have treated a
dry macula at the second injection. This could explain
the tendency of reduced amplitude and prolonged
implicit time.

The fasting blood glucose level may have influ-
enced the Mf-ERG results, as Klemp et al. [22]
reported, but we did not find any differences in blood
glucose levels between the examinations.

Several authors have reported improvement in
visual acuity and reduction in central retinal thickness
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after injections with ranibizumab. Neither the corre-
lation between visual acuity and Mf-ERG results nor
the correlation between central retinal thickness and
MI{-ERG results is especially clear [10, 18]. A possible
explanation to the return of the Mf-ERG responses
almost to baseline at follow-up could be a tendency to
develop geographic atrophy, which Grunwald et al.
[23] described as an adverse effect of treating AMD
with anti-VEGF.

It is therefore of great importance to improve our
understanding of diabetic macular oedema so that we
can develop more detailed recommendations regard-
ing when to start treatment and when not to start
treatment. Electroretinography is an objective way to
continue this work. We plan to expand the study by
including more patients in future.
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