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Abstract

Purpose To compare retinal function changes in
eyes with proliferative diabetic retinopathy (PDR)
after intravitreal ranibizumab (IVR), combined or not
with conventional (ETDRS) or multispot laser pan-
retinal (PASCAL) photocoagulation (PRP).

Methods This study included laser-naive PDR
patients that required PRP. Eyes were randomly and
prospectively assigned to receive IVR or IVR com-
bined with PASCAL or EDTRS. PRP was performed
at baseline in 1 (PASCAL) or 2 (ETDRS) sessions. In
eyes with macular edema, macular short pulse grid
laser was associated with IVR at baseline and IVR was
repeated monthly or quarterly if neovascularization
was detected on angiography. Comprehensive oph-
thalmological evaluations, including SD-OCT, were
performed at baseline and every 4 weeks after treat-
ment. Full-field electroretinography (ERG: extended
ISCEV standard) was performed at baseline and at 12,
24 and 48 weeks.

Results IVR = 13,PASCAL = 15and ETDRS = 15
eyes finished 48-week follow-up. There was a statis-
tically significant BCVA improvement of 0.1-0.3
logMAR in all groups, and fluorescein angiography
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leakage area (FLA) reduced in 56%, 73%, and 73%
from baseline for ETDRS, IVR and PASCAL,
respectively, up to 48 weeks without significant
differences between groups (p > 0.05). A significant
a- and b-wave amplitudes reduction was observed for
dark- and light-adapted ERG for ETDRS and
PASCAL, but only minor dark-adapted b-wave reduc-
tion was found for IVR, up to 48 weeks. As an
example, at week 48, combined response b-wave
amplitude reduced in 181.5 £ 31.4 pV, 128.0 £
27.9 pV and 82.4 £+ 15.2 uV for ETDRS, PASCAL
and IVR (p < 0.05 each group), respectively. No
significant difference was observed between ETDRS
and PASCAL for any ERG parameter.

Conclusions IVR combined with single or multiple
spot PRP causes similar retinal function impairment
during 48 weeks of observation, while IVR alone
seems to be similarly effective controlling FLA
without changing retinal function.

Keywords Diabetic retinopathy -

Electroretinography - Anti-VEGF - Retinal
photocoagulation

Introduction

Diabetic retinopathy (DR) prevalence is estimated in
30% of diabetic subjects [1]. The proliferative form of
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diabetic retinopathy (PDR) is characterized by the
presence of pathological neovascularization, with
eventual development of vitreous hemorrhages, retinal
detachment and neovascular glaucoma, which are
leading causes of severe vision loss in DR [2].

Established treatment of PDR consists in the use of
panretinal laser photocoagulation (PRP) [3] that
causes tissue destruction, but reduces retinal oxygen
consuming, improving inner retina’s oxygenation [4],
with consequent regression of retinal new vessels [5].
The standardized laser protocol is the recognized
treatment for severe NPDR and PDR since 1991 [6].

Unfortunately, PRP can be associated with pain
during application and also undesirable structural and
functional retinal changes, such as macular edema [7],
delayed dark adaptation [8], visual field loss [9] and
impaired color vision [10]. Thus, if possible, efforts
should be made to improve or even avoid retinal
photocoagulation.

More recently, another laser approach, the pattern
scan laser (PASCAL), has become available [11].
PASCAL has the advantage of firing multiple laser
shots at once, making the procedure less painful [12]
and less time consuming [13]. Several studies com-
pared the effectiveness of both laser strategies in the
past years, and overall, conventional PRP and
PASCAL showed comparable effectiveness [13], but
there are reports about PASCAL being less effective
than conventional PRP when looking at regression
rates and prevention of neovascularization [14].

Intravitreal anti-vascular endothelial growth factor
antibodies (anti-VEGF) have been used to comple-
ment PRP in the management of PDR [15]. VEGF is
the major factor involved in neovascularization of
PDR [16], and elevated levels of VEGF have been
found in the vitreous of PDR eyes [17]. There is
evidence that laser combined with anti-VEGF is more
effective for PDR [18] and, of interest, the association
of anti-VEGF to PRP can reduce retinal functional loss
due to less extensive PRP, as we previously showed
using electroretinography (ERG) [19].

In this context, the aim of this study was to describe
ERG changes caused by IVR combined or not with
conventional PRP or PASCAL.
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Methods
Patient eligibility and evaluation

A total of 45 eyes (of 34 patients) with PDR according
to the guidelines of the Early Treatment Diabetic
Retinopathy Study [6] were included. Further inclu-
sion criteria were: age (18 years, or older), visual
acuity better than 20/800, no earlier laser treatment
and the presence of active neovascularization with
immediate treatment indication. Exclusion criteria
consisted of the presence of intravitreal hemorrhages
or tractional retinal detachment involving the macula,
injection of intravitreal drugs 6 months prior to study
enrollment, major opacity of cornea, crystalline lens or
intraocular lens, cataract surgery 3 months prior to
study enrollment, posterior vitrectomy or retinopexia
with scleral introflexion, acute ocular infection,
allergy to fluorescein, other ocular pathology such as
glaucoma, or any medical or psychological condition
at baseline examination that would not allow conclu-
sion of study.

Ophthalmological evaluation

Ophthalmological evaluation was performed monthly,
including assessment of LogMAR best corrected
visual acuity (BCVA), slit-lamp and fundus examina-
tion, and spectral-domain optical coherence tomogra-
phy (SD-OCT—Heidelberg Engineering) to assess
macular thickness. Fluorescein angiography was per-
formed monthly to detect new vessels in the first
3 months, and quarterly afterward.

ERG protocol

Full-field ERG was performed at baseline, and 12, 24
and 48 weeks after treatment (ColorDome and Espion
E2—Diagnosys LLC, Middleton, MA, USA). ERG
was executed in accordance with ISCEV standard [20]
using DTL as positive electrodes. Skin electrodes
(Red-Dot—3M) were placed on each temporal orbital
rim to serve as references, and on forehead as ground.
A- and b-wave amplitudes and implicit time were
evaluated.

After 30-min dark adaptation, a series of flashes
with increasing luminance was used as light stimuli:
0.003, 0.01 (rod ERG), 0.03, 0.1, 0.3, 1.0, 3.0
(combined rod-cone ERG) and 10 cd s/m>.
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Oscillatory potentials were filtered out of combined
rod-cone ERG, using an off-line fast-Fourier algo-
rithm set as a band-pass frequency filter (75-300 Hz)
as previously described [21], and area under the curve
(OP-AUC) between a- and b-wave implicit times was
calculated.

Thereafter, patients were light-adapted for 10 min,
and photopic ERG measurements were also taken a
series of increasing stimuli luminance: 0.1, 0.3, 1.0,
3.0 (cone ERG), 10.0 and 30.0 cd s/mz, followed by
the 30 Hz flicker (background during photopic stim-
ulation = 30 cd/mz).

Group treatment assignment

Eyes (n = 45) were randomized and assigned into
three different treatment groups (n = 15):

e EDTRS + IVR PRP with conventional single spot
laser (Purepoint, Alcon, Fort Worth, Texas) at two
sessions (baseline and, week 2), associated with
single intravitreal injection of 0.05 ml (0.5 mg)
ranibizumab after first laser session;

e PASCAL + IVR patient underwent PRP with
multiple spot laser (PASCAL (OptiMedica, Santa
Clara, California) at baseline in single session,
associated with intravitreal injection of 0.05 ml
(0.5 mg) ranibizumab;

e [VR patient received intravitreal injection of
0.05 ml (0.5 mg) ranibizumab at baseline. In eyes
with macular edema, macular shortpulse grid laser
was associated with IVR at baseline. IVR was
repeated monthly if central subfield thickness
(CSFT) measured with spectral-domain optic
coherence tomography was higher than 300 pm,
or quarterly if neovascularization was detected by
angiography.

After week 12, IVR was applied monthly if macular
edema was detected, or every 12 weeks if neovascu-
larization was detected.

Fluorescein leakage area (FLA) measurement

Digital red-free fundus photography and fluorescein
angiography were performed using a certified fundus
camera system (Spectralis HRA, Heidelberg, Ger-
many, using a 50 degree of field of view), and
fluorescein leakage area (FLA) was measured using

the system built-in software in pictures taken around
2 min after dye infusion.

Statistical analysis

Baseline data were compared with one-way analysis
of variance followed by Tukey—Kramer test for
multiple mean comparisons, while group comparisons
during follow-up were performed using analysis of
covariance by means of a mixed-effects model, to
consider intraindividual correlation, using the terms
“group,” “time” and “group cross time” as effects,
and a random effect was attributed to the patients’ ID
followed by Tukey HSD test.

Correlations between continuous variables were
investigated by calculating Pearsons’ coefficient.
Calculations were performed using JMP 10.0 (SAS).

Results

From the 45 eyes included, 43 (33 patients) were
followed for 48 weeks: 15 eyes from group ETDRS
(10 patients) and PASCAL (12 patients), and 13 eyes
in IVR (11 patients). Patients’ demographic data are
shown in Table 1.

There were no statistically significant differences
between groups regarding number of IVR injections
(mean + SE: 4.2 4+ 0.2,5.5 &+ 0.5 and 4.6 £ 0.5 for
ETDRS, PASCAL and IVR, respectively;
p = 0.1059). No difference was observed between
groups regarding the frequency of diabetic macular
edema detection or the presence of active retinal new
vessels at angiography (p > 0.05).

Best corrected visual acuity (BCVA)

Mean baseline BCVA (logMAR) was 0.53 &+ 0.07
(20/68); 0.45 £+ 0.09 (20/56); and 0.53 £+ 0.11 (20/
68) for ETDRS, PASCAL and IVR, respectively
(p = 0.7246). There was statistically significant
within-group BCVA improvement of 0.1-0.3 log-
MAR in all groups during follow-up (p < 0.05),
without statistically significant difference between
groups (p > 0.05). Table 2 shows best corrected
visual acuity (BCVA, mean £ SE), best central
subfield thickness (CSFT, in pm) and fluorescein
leakage area (FLA in mm?) for all groups at all study
visits.
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Table 1 Patient’s demographic data (mean £ SE)

ETDRS (15 eyes; 10 patients) PASCAL (15 eyes; 13 patients) IVR (13 eyes; 11 patients) p

Age (years) 56.3 £ 4.0
Gender (female/male) 8/7

Duration of diabetes (years) 15.7 + 2.8
HbAlc (%) 102 £ 1.5

585 £ 3.1 51.0 £29
7/8 5/8

112+ 1.6 103 £2.2
11.0£ 1.3 90+ 14

0.2042
0.2159
0.1808
0.5848

Table 2 Mean £ SE best corrected visual acuity (BCVA, in logMAR), central subfield thickness (CSFT, in pm) and fluorescein
leakage area (FLA in mm?) for groups ETDRS, IVR and PASCAL

Group 0 4 8 12 16 20
BCVA
ETDRS 0.5+ 0.1 0.5 £ 0.1 04 £ 0.1 04 £ 0.1 04 £ 0.1 04 £ 0.1
IVR 0.5+ 0.1 04 £ 0.1 04 £ 0.1 04 £ 0.1 03 £0.1 0.3 £ 0.1
PASCAL 04 £0.1 04 £0.1 03 +£0.1 04 £ 0.1 03 £0.1 0.3 £ 0.1
CSFT
ETDRS 288.8 £ 13.2 266.4 £+ 6.8 277.6 £ 10.2 274.1 £ 6.9 268.9 £ 7.7 262.5 £ 6.2
IVR 312.8 £ 26.8 2753 + 18.9 301.4 £ 26.7 337.6 £ 42.1 297.2 £+ 38.4 297.5 £ 37.8
PASCAL 361.1 £ 28.8 3469 £ 32.5 3479 £ 26.9 364.3 £ 34.1 347.5 £ 32.8 3452 £ 33
FLA
ETDRS 19.8 £ 5.7 4423 136 £5 147 £ 4.7
IVR 145+ 43 0.7+£04 59+27 8.6 +£2.7
PASCAL 163 £ 54 2+0.38 64 +24 8 £25
Group 24 28 32 36 40 44 48
BCVA
ETDRS 04 £ 0.1 03 £0.1 0.3 £0.1 0.3 £0.1 03 £0.1 0.3 £0.1 0.3 £ 0.1
IVR 04 £ 0.1 03 £0.1 03 £0.1 04 £ 0.1 04 £0.1 03 £0.1 0.3 £ 0.1
PASCAL 0.3 £0.1 03 £0.1 03 £0.1 0.3 £0.1 03 £0.1 02 £0.1 0.3 £0.1
CSFT
ETDRS 2779 £ 103 2615 £ 8.8 266.7 £ 7.6 267.1 £9.3 255.1 £ 6.6 262.9 £+ 8.9 2619 £ 7.8
IVR 313.7 £40.1 291.1 £38.1 3189 +£459 305.8 + 37 3114 £42.7 2909 +382 271.1 £15.7
PASCAL 3402 £ 31.3 324 £32.1 3233 +315 3448 +£314 320 £32.1 3319 +313 2988 £ 13
FLA
ETDRS 115 £ 42 95+33 87+ 4
IVR 53+£2 4.1 +£22 27+ 15
PASCAL 28+ 0.8 35+ 1.1 23+ 1.1

Central subfield thickness (CSFT) and fluorescein

leakage area (FLA)

There was no significant difference between groups’
baseline CSFT; also a similar number of eyes showing
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macular edema (CSFT > 300 pm) were observed

across groups ETDRS (8/15), IVR (6/13) and
PASCAL (11/15) (p = 0.3018; likelihood ratio).

Although no significant between-groups difference
was found on CSFT changes throughout follow-up
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(» > 0.05), a small, but statistically significant
decrease in CSFT was observed overtime for groups
ETDRS (r=0.288; p < 0.001; slope = 0.405 pm/
week) and PASCAL (r = 0.698; p < 0.001; slope =
0.946 pm/week, but not for group IVR (r = 0.679;
p < 0.351) (Table 2).

FLA reduced in 55.9% + 9.8%, 73.1% + 14.5%
and 73.3% + 11.5% from baseline for ETDRS, IVR
and PASCAL, respectively (p < 0.05), without sig-
nificant between-groups differences. An increase in
FLA was then observed up to week 12, with
stabilization from week 24 onwards, but kept below
baseline levels during entire follow-up for the 3 groups
(Table 2).

Dark-adapted ERG

After PRP, a significant reduction in dark-adapted a-
and b-wave amplitudes was observed in all ERG
responses for dark-adapted stimuli (from 0.003 to
10.0 cd s/mz), from 12, up to 48-week follow-up.

Although a-, b-wave implicit times were increased
if compared to normal subjects, there was no signif-
icant changes during follow-up.

As expected, OP-AUC was massively reduced at
baseline for all groups, compared to normal subjects
(Fig. 1), and they were further reduced after PRP in

48 weeks, but no significant changes were observed
for IVR during follow-up (Table 3).

Mean baseline rod-response b-wave amplitude was
175.4 £ 20.0 pV, 169.0 £ 14.1 pv and
164.8 + 17.8 uV (p > 0.05), and there was a statis-
tically significant reduction of — 96.8 &+ 15.7 pV
(p <0.05), and — 59.9 £ 14.9 pV for ETDRS and
PASCAL groups, but the reduction was not significant
for group IVR — 26.8 £ 13.70 pV (p > 0.05) up to
week 24 (between groups: p = 0.003). Nevertheless,
at week 48, rod b-wave amplitude also reduced in
group IVR in — 42.6 £+ 10.7 pV (p < 0.05) and kept
significantly below baseline levels for ETDRS and
PASCAL groups (Table 3; Figs. 1 and 2).

Similar picture was found for combined response a-
and b-wave and oscillatory potential amplitude, but no
significant changes were found for a- or b-wave
implicit time (Table 3; Figs. 1 and 2).

No significant correlations were observed between
a- or b-wave amplitudes or implicit times and BCVA,
CSFT or FLA (r < 0.250 and p > 0.05 for all possible
pairwise combinations, or multivariate analyses).

Light-adapted ERG

Similar to dark-adapted results, cone-driven responses
also showed reduced b-wave amplitudes after PRP

ETDRS and PASCAL groups, from 12 up to during follow-up (Fig. 2; Table 3), but no changes on
Normal
ETDRS IVR PASCAL
0.01 cd.s/m? / ___//’;}\a _ﬁ\
. f \ baseline

3 cd.s/m \ 12 weeks
24 weeks

10 cd.s/m? 48 weeks

3 cd.s/m?

40 ms

\/’\\‘f\

Fig. 1 Examples of dark-adapted ERG responses from 1 eye for each group and one normal subject. Wavelets in black were recorded

at baseline, blue at 12 weeks, green 24 weeks and red 48 weeks
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Table 3 Mean + SE ERG
a- and b-wave amplitudes

Week EDTRS

IVR Pascal

reduction (% of baseline)

a-Wave (%) b-Wave (%) a-Wave (%) b-Wave (%) a-Wave (%) b-Wave (%)

for the 3 groups during
Rod 0.01 cd s/m*

follow-up
12 — 55410 —14+9 —34+9
24 — 54414 — 13415 —31412
48 —47£10 —13£10 —28+9
Combined 3.0 cd s/m>
12 —43+38 — 4545 —15+38 —17+5 —28+7 —3245
24 —28+10 —29+8 —21+11 —1749 —-33+9 — 3447
48 —38+7 —48+5 —18+7 —24+5 —26+7 —21+5
30 Hz flicker 3.0 cd s/m?
12 —34+6 —20+6 —27+5
24 —-2549 —6+9 —31+8
48 —4349 — 1848 —36+8
Cone 3.0 cd s/m>
12 —35+8 —394+7 —18+38 —11+7 —30+7 —3247
24 —36+9 —38+7 —22+9 —10+7 —27+38 —-30+6
48 —36+9 — 45+ 8 —18+9 —20+7 —31+9 —34+7

implicit times (Table 2). There was a significant
amplitude reduction for groups PASCAL and ETDRS
from 12 weeks on, but no changes were found for IVR.
No correlation was found between light-adapted
ERG amplitude or amplitude reduction and BCVA,
FLA or CSFT (r < 0.250 and p > 0.05 for all possible
pairwise combinations, or multivariate analyses).

Discussion

These data indicate that multiple spot (PASCAL) or
single (ETDRS) panretinal photocoagulation (PRP),
in association with intravitreal ranibizumab (IVR), or
IVR alone, show similar effectivity controlling fluo-
rescein angiography leakage (FLA), and improving
visual acuity in patients with proliferative diabetic
retinopathy, up to 48 weeks. Furthermore, this work
reports electroretinographic changes due to ETDRS
and PASCAL and investigates if IVR alone could
avoid this functional loss.

Many studies suggest that ERG implicit time
increase is sensitive parameters to detect the func-
tional changes in DM patients [19, 22], and as
expected, it was notably changed in our cohort from
the baseline on. However, they were not changed after
anti-VEGF treatment, combined or not with retinal
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photocoagulation and therefore were not used for
group comparisons. In addition, it is also known that
eyes with proliferative DR is associated with even
marked ERG changes, particularly lower dark-adapted
b-wave amplitude and that retinal photocoagulation
causes further ERG amplitude reduction [19].

During treatment of PDR, the goal is to inhibit
angiogenesis, which is mainly controlled by expres-
sion of vascular endothelial growth factor (VEGF) that
is regulated by availability of oxygen. Considering
dark adaptation as an important process causing retinal
hypoxia [23], it seems reasonable to perform photo-
coagulation to intentionally destroy retinal structures
intrinsically associated with dark adaptation, namely
the rods.

Indeed, it has been shown that photocoagulation
reduces retinal O, consumption [4] and decreases final
retinal dark-adapted sensitivity by 1.1 log units [8]. In
this scenario, reductions in dark-adapted ERG ampli-
tude are very likely and the ERG has been even
suggested as an objective assessment of the degree of
adequacy of panretinal photocoagulation [24].

In this perspective, as laser applications target
posterior retinal structures (retinal pigment epithelium
and photoreceptors) on the peripheral retina, one could
expect that ERG components generated by the poste-
rior retina would be more affected than inner-retinal
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Fig. 2 Dark-adapted rod (a) and combined response (b) b-wave, and light-adapted cone b-wave (¢) and 30 Hz flicker (d) amplitude

change to baseline recorded in all follow-up visits

signals. However, the ERG changes found after retinal
photocoagulation—slightly greater b- than a-wave
amplitude reduction—might indicate that the treat-
ment might not only destroy the retinal areas directly
illuminated by the laser beam, but also affect the
functional integrity of adjacent areas, as previously
hypothesized [19, 25], as far as in the macula [26].
These observations could also explain reduction in
cone-driven ERG responses after PDR [19] and are
certainly undesirable side effects of the laser
treatment.

Of interest, data and other reports [13] suggest that
PASCAL is as effective as conventional PRP in the
treatment of PDR, and it has been suggested that

PASCAL laser burns cause less inner-retinal destruc-
tion [25] and minor retinal sensitivity loss, with
consequent only mild visual field changes detected at
6 months after treatment [26]. However, although
ERG changes found on group PASCAL were slightly
milder than on group ETDRS, difference between
groups was not statistically significant, probably due
to the small sample.

As for the best of authors knowledge, this is the first
time that ERG responses after IVR treatment (without
combination with retinal photocoagulation) for PDR is
reported. The hypothesis was that ERG changes due to
laser burns would be avoided, or any improvement
could be observed. As a matter of fact, ERG amplitude
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or implicit time did not improve, for dark or light-
adapted a-, or b-wave, OPs or whatsoever, but they
also did not worsen up to 24 weeks, indicating that
inhibiting VEGF permits controlling angiogenesis
without reduction in oxygen demand caused by laser
retinal damage. More about, a significant dark-adapted
b-wave amplitude reduction was detected after
48 weeks, which is probably due to earlier damage
and subsequent loss of retinal function, or associated
with eventual macular edema treatment over time.

These observations should be interpreted consider-
ing the limitations of our work. For instance, the study
was designed, allowing the inclusion of the two eyes
from one patient into a group, 5 of 10 patients from
group ETDRS, 3 of 12 from PASCAL and 2 of 11 from
IVR. Obviously, our analysis should have been clearer
if only one eye per patient was included, considering
eventual changes on diabetic control or overall
systemic variations that would directly affect both
eyes of one subject. However, the main reasons that
justify this study design was: (1) The progress of
proliferative diabetic retinopathy might be fairly
asymmetric on both eyes; (2) these patients have
oftentimes other health complications, such as cardio-
vascular and kidney diseases, which limit the inclusion
of large number of patients that are able to perform
long-time examinations; and (3) ERGs are routinely
performed bilaterally, so that the data are automati-
cally available. To minimize this potential bias, we
compared the data using a mixed model with a random
attribute to the subject (not the eye).

In addition, the use of anti-VEGF agents in
individualized discontinuous-variable posology also
called “as-needed” or “pro re nata” (PRN) for
diabetic macular edema leads to an irregular distribu-
tion of intravitreal injections during study visits. As an
example, on week 44, 7, 2 and 1, patients received
intravitreal ranibizumab for CSFT > 300 pm in
PASCAL, IVR and ETDRS groups, respectively. This
may have influenced diabetic macular edema, and
consequently ERG responses at week 48. This is
always a limitation when a PRN regimen for anti-
VEGF treatment is employed. In this context, we also
observed a continuous small CSFT reduction overtime
on 2 out of the 3 groups (0.405 pm/week for ETDRS
and 0.946 pm/week for PASCAL), which might be
related to the tendency of chronic macular atrophy
observed on patients with DME treated with anti-
VEGF [27].
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In summary, conventional PRP and multiple spot
PRP associated with IVR or IVR alone are similarly
effective controlling PDR progression up to 1 year.
The two laser strategies cause similar retinal func-
tional changes, while retinal function was mostly
preserved for eyes treated with IVR without laser.
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