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Abstract

Purpose The effect of combination therapy using intrav-
itreal ranibizumab (IVR) injections and short pulse
focal/grid laser photocoagulation was evaluated for the
treatment of diabetic macular edema (DME).

Methods The current investigation was a preliminary sin-
gle-arm, open-label, prospective clinical study conducted
on 21 eyes at 4 sites in Japan. Treatment protocol consisted
of two phases. The induction IVR phase included two
monthly IVRs followed by PRN IVR phase in which
additional IVR was administered if the central macular
thickness (CMT) exceeded 300 um. One week after each
IVR in both phases, short pulse focal/grid laser was
delivered to treat residual leakage outside of the fovea
(>500 pm) and reduce edema fluid influx. At the 6-month
endpoint, the effects of treatment were examined in terms
of best corrected visual acuity (BCVA), CMT, and required
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number of IVR injections in eyes with or without peri-
foveal leaking microaneurysms (MAs).

Results In eyes with initial BCVA <70 letters, mean
BCVA was significantly ameliorated by 7.0 £ 7.4 letters
(P = 0.0324) and mean CMT improved significantly by
174.8 = 105.0 pm (P = 0.0005). Both BCVA improve-
ment (P = 0.8693) and CMT reduction (P = 0.9336) were
comparable between MA(—) and MA(+) groups. The
MA(—) group required significantly fewer PRN-IVR
injections than did the MA(4) group over the 6-month
study period (mean 3.4 £ 1.6 vs. 5.3 + 0.9, median 3.0 vs.
5.5; P = 0.0229).

Conclusions Short pulse focal/grid laser photocoagulation
could reduce the number of IVR injections required to
resolve macular edema and increase BCVA in a possible
mechanism of reduced influx of edema fluid into the foveal
area in eyes without apparent perifoveal microaneurysms.

Keywords Diabetic macular edema - Vascular endothelial
growth factor - Focal/grid laser photocoagulation -
Perifoveal capillary network - Microaneyrysms

Introduction

Diabetic retinopathy (DR) is the leading cause of vision
loss among working aged individuals in industrialized
countries, wherein diabetic macular edema (DME) is the
main culprit in so-called legal blindness defined as a best
corrected visual acuity (BCVA) of 0.1 or less in the better
seeing eye [1, 2]. The number of patients affected with DR
and DME is expected to increase drastically since the
worldwide prevalence of diabetes mellitus will rise to
5.4 % in 2025 from 4.0 % in 1995 [3], with the number of
patients projected to reach 430 million by 2030 [4].
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Based on reports from the Early Treatment Diabetic
Retinopathy Study (ETDRS) research group, the stan-
dard of care for DME was focal/grid laser photocoagu-
lation until the advent of anti-vascular endothelial
growth factor (VEGF) agents. Grid laser is defined as
laser delivered to arcas of thickened retina (macular
edema) showing capillary dropout in early phase fluo-
rescein angiography (FA) and/or diffuse leakage in late
phase FA. Any focal leaks within thickened retina were
treated by focal laser, which was defined as direct laser
delivered to discrete points of retinal hyperfluorescence
or focal leakage (most of which are microaneurysms).
Thus, focal/grid laser means both focal and grid laser,
but not either focal or grid laser. However, only 3 % of
patients improved by 15 letters or more [5]. Therefore,
anti-VEGF monotherapy has become the first-line treat-
ment for DME due to its rapid and prominent effects on
vision improvement in numerous multicenter trials
[4—18]. Intravitreal injection of anti-VEGF agents is
effective in suppressing leakage both in the fovea and
elsewhere in the retina. Focal/grid laser treatment cannot
be applied directly to areas of foveal leakage, but has
been found to resolve fovea-threatening clinically sig-
nificant diabetic macular edema [5, 11, 12, 19].

In the REVEAL study that investigated the effects of
intravitreal ranibizumab (IVR) in 396 Asian DME
patients including 103 Japanese patients, IVR monother-
apy showed comparable results to IVR and focal/grid
laser combination treatment. The percentage of patients in
the combination therapy arm who had gained >15
ETDRS letters at 12 months was 17.8 % and it was
18.8 % of patients in IVR monotherapy arm, but with
photocoagulation it was limited to 7.8 %. Consequently, it
appears that IVR played the primary role in BCVA
improvement  during combination therapy. IVR
monotherapy and combination therapy provided very
similar vision gains in most other multicenter studies
[4-18]. These results are reasonable since vision
improvement depends on the resolution of foveal edema
consistently achieved by intravitreal injections of anti-
VEGF agents. In contrast, focal/grid laser photocoagula-
tion can be applied only to leakage areas outside the
fovea (>500 pm), which may indirectly contribute to
foveal edema resolution by reducing edema fluid influx to
the fovea. This may be why vision gains following
focal/grid laser treatment have been generally modest
while anti-VEGF agents provided prompt and significant
improvement.

In planning the current study, we hypothesized two
potential reasons why focal/grid laser photocoagulation did
not produce any additive effects on BCVA or resolution of
macular edema fluid despite the reduction of focal leakage
by focal burns and local VEGF overproduction by ablation
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of capillary dropout by grid laser [5]. One is that focal/grid
laser treatment induces inflammation and a subsequent
increase in macular edema and the other is a lack of pan-
retinal photocoagulation (PRP) required to reduce overall
VEGF production in the retina. We, therefore, adopted two
key modifications in our treatment protocol. First, to
minimize laser-induced inflammation, we employed a
modern short pulse (0.02-0.03 s.) focal/grid laser instead
of the conventional ETDRS focal/grid laser (0.1 s.). This
method markedly reduces total energy in photocoagulation
[19-21] which decreases the inflammation leading to
foveal edema as measured by central subfield macular
thickness (CMT). In the REVEAL study [13], combination
therapy with conventional focal/grid laser demonstrated a
reduction in CMT thickness less than IVR monotherapy
throughout the study period. Another problem that has
limited the use of macular focal/grid laser photocoagula-
tion is potential “atrophic laser creep” [22], which may
damage visual acuity in the long term. Recently introduced
pattern scan lasers that employ short pulse (0.02-0.03 s.),
high power burns that do not enlarge and cause creeping
over time help solve this issue [23]. The effect and safety
of this method have been evaluated in eyes with DR
[19, 21]. PRP reaching the ora serrata was also performed
to mend hypoxia in all areas of retinal capillary nonper-
fusion since VEGF overproduction in these regions has
been implicated in macular edema pathogenesis [24-26].
We completed PRP by one month after the second IVR of
the induction phase to avoid PRP-induced exacerbation of
macular edema. In earlier clinical trials on DME, the
precise status of PRP was not described in the data anal-
ysis. This study also included sub-analyses on improve-
ments in vision and CMT, as well as on the reduction of
IVR injections, depending on the presence or absence of
leaking microaneurysms (MAs) in the perifoveal capillary
network (PCN) within 500 pm of the fovea. We recently
reported that leaking MAs in branch retinal vein occlusion
represented markers of capillary damage and remodeling in
the PCN, which could result in foveal leakage, and that
patients with these manifestations required significantly
more IVR injections to sustain foveal edema resolution
(i.e., CMT < 300 pum) [27]. Thus, in DME, capillary
damage in the PCN could also be a strong determining
factor of IVR injections necessary to sustain a suit-
able CMT. A CMT of 300 um has been regarded as the
cutoff thickness to diagnose fovea-involving DME in
previous trials on DME using spectral-domain optical
coherence tomography (SD-OCT) [6, 15-17, 28].
Accordingly, we compared BCVA, CMT, and the required
number of IVR injections administered in a pro re nata
(PRN) regimen to maintain CMT <300 um in the treat-
ment of fovea-involving DME between eyes with and
without leaking MAs in the PCN.
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Materials and methods
Study objectives

This study evaluated the effect of combination therapy
using IVR and focal/grid laser photocoagulation on MAs
and foveal leakage in the PCN during the treatment of
foveal edemas. The primary outcome measure was
improvement in BCVA from baseline values. Secondary
outcome measures included reduction in CMT from base-
line and total number of IVR injections needed to sustain
CMT <300 pm.

Study design

The current investigation was a preliminary single-arm,
open-label, prospective clinical study conducted at four sites
in Japan following approval by the institutional review
board of Shinshu University, Matsumoto, Japan (Registra-
tion No. 3060). The study was performed in accordance with
the ethical tenets outlined in the Declaration of Helsinki as
well as the current Good Clinical Practice Guidelines in
Japan (J-GCP). Written informed consent was obtained from
all participants. This investigation is registered at the
University Hospital Medical Information Network under the
identifier UMIN00012549 and at ClinicalTrials.gov under
the identifier NCT02131350.

Patient eligibility and exclusion criteria

Eligible participants were at least 20 years of age, afflicted
with type 2 diabetes mellitus diagnosed according to the
guidelines of the Japanese Diabetes Association (JDA), and
able to visit the study sites as scheduled. The inclusion
criteria were: (1) visual impairment due to DME in at least
1 eye; (2) study eye BCVA letter score >24 letters based
on ETDRS VA testing charts that approximate Snellen
equivalent >20/320; (3) fovea-involving macular edema
defined as CMT =>300 um measured as mean retinal
thickness in the central 1 mm diameter circle by SD-OCT
(Cirrus® OCT; Carl Zeiss Meditec, Inc., Dublin, Califor-
nia); and (4) no history or presence of other ocular diseases
causing vision deterioration, such as age-related macular
degeneration and severe proliferative DR. The exclusion
criteria were: (1) any retinal photocoagulation treatment in
the study eye within 3 months preceding the initial IVR;
(2) treatment by injection of any anti-VEGF agent into
either eye within 2 months preceding the initial IVR; (3)
history of vitreous surgery; (4) glaucoma or intraocular
pressure (IOP) >24 mmHg; (5) history of cataract surgery
in the study eye within the previous 6 months; (6) opaque
optic media through which high quality fundus

photographs or OCT images could not be obtained; (7)
history of cerebrovascular accident, myocardial infarction,
or other systemic disease requiring medications that could
affect the results of the study; (8) poorly controlled dia-
betes mellitus (i.e., HbA;c >12.0 %); (9) renal failure
requiring hemodialysis; and (10) poorly controlled hyper-
tension [i.e., systolic blood pressure (BP) >160 mmHg or
diastolic BP >95 mmHg]. Patients who were judged as
ineligible for any other reason by the investigators were
excluded.

Treatment regimen

To detect leaking MAs and capillaries in the PCN and
capillary nonperfusion in the macula, all patients under-
went baseline fluorescein angiography (FA) examination
using confocal scanning laser ophthalmoscopy (HRA-2;
Heidelberg Engineering, Inc., Dossenheim, Germany)
before IVR and focal/grid laser photocoagulation. Patients
received 2 initial consecutive monthly injections of rani-
bizumab (Lucentis, Genentech, Inc., South San Francisco,
CA, USA; 0.5 mg in 0.05 ml) in the treatment induction
phase (Fig. 1). Thereafter, participants were evaluated each
month for additional IVR injections in a PRN regimen
when CMT was >300 pm and the physician judged that

Inclusion in trial
(n=21)

1stIVR
L Induction IVR
focal/grid PC| |_ phase’

Concomitant PRP

M

1M

A

| PRNIVR
PRN IVR phase'"
im

Completed 6-month
follow-up (n =17)

Fig. 1 Flowchart of patient population. Dagger Short pulse focal/-
grid laser photocoagulation was performed 1 week after the first
intravitreal ranibizumab (IVR) injection. Within the first 2 months,
panretinal photocoagulation was carried out if required based on
fluorescein angiography results. Double dagger Subsequent IVR
injections were performed according to a pro re nata (PRN) regimen
when central subfield macular thickness was >300 pm and the
physician judged that edema fluid accumulation was causative of
vision deterioration. Additional focal/grid laser treatment was given if
needed, with a minimum 1-month interval following the previous
session
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edema fluid accumulation was causative of vision deteri-
oration. Based on FA findings, short pulse focal/grid laser
photocoagulation was performed 1 week after the initial
IVR injection using an MC-500 Vixi® multicolor pattern
scan laser (NIDEK, Inc., Gamagori, Japan) following
ETDRS coagulation guidelines with minor modifications
for short pulse coagulation conditions [5]. Focal burns were
delivered to leaking MAs at the settings of: (1) spot size of
50 pm; (2) duration of 0.02-0.03 s.; and (3) power ranging
100-250 mW to achieve mild whitening of MAs. Grid
laser photocoagulation was delivered to thickened retinal
areas with capillary nonperfusion or diffuse leakage within
the vascular arcades at the settings of: (1) spot size of
50 pm; (2) duration of 0.03 s.; and (3) power ranging from
100 to 250 mW to achieve vaguely visible laser burns.
Additional short pulse focal/grid laser treatment was
administered at monthly visits when a recurrence of mac-
ular edema was detected by OCT macular map images. If
CMT exceeded 300 pm, laser was performed one week
after IVR to obtain adequate burns with minimal laser
power. Even when CMT was less than 300 pm, retinal
thickening greater than 400 pm outside of the fovea was
treated with short pulse focal/grid laser without additional
IVR. We considered such recurrence suggesting existence
of residual capillary nonperfusion or persistent MAs within
the vascular arcades. When an FA examination revealed
capillary nonperfusion in the mid to peripheral retina, a
new or additional session of panretinal photocoagulation
was performed to reduce VEGF overproduction by mend-
ing retinal hypoxia at the settings of 200 um in size and
0.02-0.03 s. of duration to achieve burns with mild retinal
whitening within the treatment induction phase to avoid
PRP-associated worsening of macular edema. Although
most examinations used the above-described SD-OCT,
confocal scanning laser ophthalmoscopy, and laser devices,
comparable machines were used at some sites.

Patient demographics

We assessed at baseline the parameters of patient age, sex,
HbA c, hemoglobin, diastolic/systolic BP, creatinine, pre-
vious PRP, and DR severity. At baseline and monthly
follow-ups, all patients underwent complete ophthalmic
examinations that included BCVA with an ETDRS vision
chart, IOP, slit-lamp biomicroscopy, indirect ophthal-
moscopy, and fundus photography.

Evaluation of foveal leakage using FA
The patients were divided into MA(—) and MA(+) groups
depending on the absence or presence, respectively, of

leaking MAs in the PCN. The eyes in the MA(—) group did
not display leaking MAs in early phase FA (Fig. 2a).
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Foveal hypofluorescence was vague, but maintained in late
phase FA, at which time it was surrounded by the hyper-
fluorescence of fluid derived from leaks outside of the
fovea (Fig. 2b). These FA findings indicated mild damage
in the PCN. Reflecting such leakage patterns, OCT macular
map images disclosed temporally located focal DME
involving the fovea at its nasal edge. In OCT cross-sec-
tional images, the foveal retina was relatively thin as
compared with the markedly thickened temporal half of the
retina (Fig. 2c). Foveal thickening of CMT >300 pm was
mainly due to serous retinal detachment and not retinal
swelling itself.

The eyes in the MA(+) group displayed leaking MAs in
the PCN in early phase FA (Fig. 2d). Physiological foveal
hypofluorescence was replaced by hyperfluorescence
pooling due to leakage from the damaged PCN in late
phase FA (Fig. 2e). Reflecting these changes, OCT map
images depicted DME centered on the fovea, and cross-
sectional images revealed a markedly swollen foveal retina
with cystoid spaces (Fig. 2f).

Even in the eyes of the MA(—) group, foveal hypoflu-
orescence was eventually replaced with hyperfluorescence
in the very late phase as long as there was foveal edema.
All FA results were evaluated by 2 masked graders (Al,
YD).

Safety assessments

Safety was assessed by the incidence of adverse events
(AEs) and serious adverse events (SAEs), ophthalmic
examination results (slit lamp and indirect ophthal-
moscopy), and changes in IOP, vital signs, and laboratory
evaluations over the 6-month assessment period. All ocular
and nonocular AEs and SAEs were recorded along with
information on their relationship to IVR and laser
photocoagulation.

Statistical analysis

Statistical analysis was carried out using Graph Pad Prism
version 6.0 software for Windows (Graph Pad Software,
San Diego, CA, USA). Continuous variables were
expressed as the mean = standard deviation or median
and interquartile range. Categorical variables were pre-
sented as number and percentage. In evaluations of
BCVA and CMT, changes from baseline and differences
between groups during the study period were analyzed
using two-way repeated-measures ANOVA and post hoc
Dunnett correction. Paired ¢ tests or the Mann—Whitney U
test were employed for continuous variables. For cate-
gorical analysis, Chi square or Fisher’s exact tests were
adopted. A P value of <0.05 was judged as statistically
significant.
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Fig. 2 Fluorescein angiography (FA) and optical coherence tomog-
raphy (OCT) images of eyes with foveal involvement of macular
edema without microaneurysms (MAs) (a—c) and with MAs (d—f) in
the perifoveal capillary network (PCN). a Early phase FA of an eye
without MA in the PCN. Many MAs are present, but not in the PCN.
b Late phase FA of the same eye demonstrated in Fig. la. Vague
hypofluorescence of the fovea is preserved, although surrounded by
diffuse leakage. ¢ OCT macular thickness map image of the MA(—)
eye shows temporally located focal diabetic macular edema (DME)
involving the fovea in its nasal edge (blue arrow), and a

Results
Baseline characteristics and patient demographics

Of the 21 patients with DME enrolled in this study, 17
completed the 6-month follow-up. Two patients who did
not respond to IVR in the induction phase declined to
undergo PRN IVR and were successfully treated by
vitrectomy. One patient failed to visit the outpatient
clinic on a scheduled date and was excluded from the
study, although the treatment itself continued and one
patient was removed due to an SAE (Fig. 2). Among the
remaining 17 patients, 9 were classified into the leaking
MA(—) group and 8 were placed into the leaking MA(+)

corresponding horizontal cross-sectional image demonstrates serous
retinal detachment and a swollen retina in the temporal half. d Early
phase FA of an eye with MA in the PCN. Many leaking MAs are
present in the PCN (white arrows). e Late phase FA of the same eye
demonstrated in Fig. 1d. Prominent pooling of hyperfluorescence is
observed. f OCT macular thickness map image of the MA(+) eye
shows diffuse DME centered on the fovea. A corresponding cross-
sectional image demonstrates that retinal swelling is most prominent
in the fovea

group based on FA findings. There were no statistically
significant differences among baseline characteristics,
including BCVA and CMT, between the test groups
(Table 1).

Improvement in BCVA

After 2 IVR injections in the induction phase followed by
PRN IVR according to the treatment regimen, mean BCVA
was improved by 4.2 £ 7.4 letters, from 67.4 + 11.7 let-
ters to 71.6 &= 11.1 letters, at 6 months (P = 0.2341)
(Fig. 3a). Among eyes with baseline BCVA <70 letters
(approximately equivalent to 20/40 vision), mean BCVA
had ameliorated significantly by 7.0 & 7.4 letters, from
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Table 1 Key baseline characteristics and patient demographics

All subjects (n = 17) MA(-) (n=9) MA+) (n = 8) P value*

Age (years)” 64.1 £ 12.6 63.9 £ 13.1 644 £ 129 0.83
Male, n (%) 11 (65) 6 (67) 5 (63) 1.00
BCVA (ETDRS Ietters)® 674 £ 11.7 674 £ 119 673 £ 122 0.99
Distribution, n (%) (<70 letters) 9 (53) 5 (56) 4 (50) 1.00
CMT (um)* 470.8 + 95.6 439.1 + 48.6 506.5 £ 124.3 0.44
DR severity, n (mild/moderate/severe NPDR/PDR) 0/5/10/2 0/3/4/2 0/2/6/0 -
Concomitant PRP, n (unnecessary®/necessary®) 5/12 217 3/5 0.62
HbAlc (mg/dl)* 6.93 £ 0.68 6.83 £ 0.69 7.04 £ 0.70 0.49
Cr (mg/dl)? 0.85 £ 0.38 1.02 £ 041 0.67 £ 0.26 0.06
Hb (g/d1)* 133 £ 1.2 130+ 14 135 £ 1.1 0.31
Blood pressure (mmHg)

Systolic* 137.1 £ 164 140.8 £+ 14.9 133.0 £ 18.0 0.59

Diastolic® 79.8 £ 9.6 836+ 7.1 75.5 £ 10.7 0.06

BCVA best corrected visual acuity, CMT central subfield macular thickness, DR diabetic retinopathy, NPDR nonproliferative diabetic
retinopathy, PDR proliferative diabetic retinopathy, PRP panretinal photocoagulation, HbA;c glycosylated hemoglobin, Cr creatinine, Hb

hemoglobin, MA microaneurysm
* Chi square or Fisher’s exact tests were used

* Mean = standard deviation

" Unnecessary concomitant PRP group consisted of patients with no proliferative changes or who had received sufficient prior PRP based on

fluorescein angiography (FA) results

¢ Necessary concomitant PRP group included patients with proliferative changes who were PRP naive or who had received insufficient prior

PRP based on FA results

a All subjects
< !
> %
Qs
o
o2
2¢
E—o 604
c
oy
=
40 T T T T T T T

0 1™ 2M 3M 4aM 5M 6M

Fig. 3 Changes in visual acuity over 6 months. a Mean best
corrected visual acuity (BCVA) letter score in all subjects. b Mean
BCVA letter score among the 9 eyes with pre-treatment BCVA <70
letters. BCVA significantly improved (P = 0.0324). *P < 0.05

58.6 £ 8.3 letters to 65.6 = 10.6 letters at the study end
point (P = 0.0324) (Fig. 3b).

Improvement in CMT
The mean baseline CMT of 470.8 £ 95.6 um had decreased
significantly by 132.9 + 114.4 pm at 6 months (P < 0.0001)

(Fig. 4a). Among eyes with initial BCVA <70 letters, mean
CMT was significantly reduced by 174.8 £+ 105.0 pm, from
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compared with baseline values. Dunnett’s multiple comparison tests
were used. SD standard deviation, ETDRS Early Treatment Diabetic
Retinopathy Study

4952 £ 1094 to 320.4 £ 85.9 um, at the final follow-up
(P = 0.0005) (Fig. 4b).

Mean number of IVR injections

Additional IVR injections were given when CMT was
>300 pm and macular edema was judged as causative for
vision deterioration. Overall, the subjects underwent
4.3 £ 1.6 IVR injections over 6 months.
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Fig. 4 Changes in central subfield macular thickness (CMT) over
6 months. a Mean CMT in all subjects. b Mean CMT among the 9
eyes with pre-treatment best corrected visual acuity (BCVA) <70

Laser photocoagulation therapy

The participants underwent an average of 2.5 + 1.3 ses-
sions of short pulse focal/grid laser photocoagulation.
Concomitant PRP was given to 12 subjects with prolifer-
ative changes who were PRP naive or who had received
insufficient prior PRP based on FA results.

Representative changes in response to combination
therapy of IVR and focal/grid laser
photocoagulation

Leaking MA(+) group

A 73-year-old man presented with vision deterioration OS.
Early phase FA disclosed prominently leaking MAs with
dilated capillaries in the PCN and prior PRP appeared insuf-
ficient (Online Resource 1a). Hyperfluorescence pooling was
noted in the fovea in late phase FA (Online Resource 1b). An
OCT macular map image revealed fovea-involving macular
edema, and a corresponding cross-sectional image demon-
strated cystoid spaces in the fovea responsible for foveal
thickening (Online Resource 1c). Six months later, despite 6
IVR injections, focal/grid laser photocoagulation of the
thickened macular area with capillary nonperfusion >500 pm
outside of the fovea, and PRP, foveal leakage persisted in early
phase FA (Online Resource 1d) and foveal pooling of
hyperfluorescence was not resolved in the late phase (Online
Resource 1le). Moreover, there were no remarkable
improvements noted in OCT findings on macular map or
cross-sectional images (Online Resource 1f) as compared
with those obtained before treatment (Online Resource 1c).

Leaking MA(—) group

A 78-year-old man complained of vision deterioration OD.
FA showed no apparent leakage in the PCN but many

b

BCVA =70 letters

800+

* * * ** * k%

600+

4004

200+

o

0 1M 2M 3M 4M  5M  6M

Mean change (+SD) in CMT (um)

letters. *P < 0.05, **P < 0.01, and ***P < (0.001 compared with
baseline values. Dunnett’s multiple comparison tests were used. SD
standard deviation

leaking points outside of the fovea, within the vascular
arcades (Online Resource 2a). Foveal hypofluorescence
was largely preserved, even in late phase FA (Online
Resource 2b). An OCT macular map image demonstrated
diffuse macular edema encompassing the entire macula,
and a cross-sectional image showed serous retinal detach-
ment in the fovea (Online Resource 2¢). Over 6 months, he
was treated with 2 IVR injections, focal/grid laser photo-
coagulation, and PRP. The number of leakage points
became decreased and resolved in early phase FA (Online
Resource 2d). Foveal hypofluorescence was well preserved
in the late phase (Online Resource 2e). An OCT macular
map image showed that the diffuse DME (Online Resource
2¢) had become divided into 2 areas of focal DME, and
resolution of the serous detachment was apparent in a
cross-sectional image (Online Resource 2f). CMT was
decreased from 426 to 265 pm.

Comparisons of BCVA, CMT, total number of IVR
injections, and focal/grid laser photocoagulation
between MA(+) and MA(—) groups

There was no significant difference in BCVA improvement
between the MA(—) and MA(+) groups (4.3 £ 6.7 vs.
4.1 £ 8.5 letters, respectively; P = 0.8693) (Fig. 5a), nor
was there one for CMT reduction (125.0 & 76.9 wvs.
141.8 & 151.6 pum, respectively; P = 0.9336) (Fig. 5b).
However, the MA(—) group required significantly fewer
IVR injections than did the MA(+) group over the 6-month
study period [3.4 + 1.6 vs. 5.3 £ 0.9, median (25-75 %
interquartile range) 3.0 (2.0-5.0) vs. 5.5 (4.3-6.0),
respectively; P = 0.0229] (Fig. 5c). On the other hand,
there was no significant difference in the number of
focal/grid laser photocoagulation between the MA(—) and
MA(+) groups [2.6 £ 1.3 vs. 2.4 £ 1.3, median (25-75 %
interquartile range) 3.0 (1.0-4.0) vs. 2.5 (1-3.8), respec-
tively; P = 0.8221] (Fig. 5d).
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Fig. 5 Comparison of outcomes between microaneurysm (MA) (4)
and MA(—) groups. a Comparison of best corrected visual acuity
(BCVA) between MA(—) (triangle) and MA(+) (shaded square)
groups; 4.3 & 6.7 letters vs. 4.1 & 8.5 letters, respectively. No
significant difference is seen (P = 0.8693). b Comparison of central
subfield macular thickness (CMT) between MA(—) (triangle) and
MA(+) (shaded circle) groups; 125.0 = 76.9 vs. 141.8 & 151.6 pm,
respectively. No significant difference is seen (P = 0.9336). ¢ The
number of intravitreal ranibizumab (IVR) injections required to
sustain CMT < 300 pm over the 6-month study period. MA(—) group

Safety outcomes

No ocular or systemic AEs were observed during the trial
period apart from occasional minor subconjunctival hem-
orrhage. One patient, who was excluded from the study,
experienced a cerebral infarction without evidence sug-
gesting a direct relation to IVR; the incident was recorded
as an SAE.

Discussion

In the treatment of fovea-involving DME, combination
therapy of IVR in a PRN regimen and short pulse focal/grid
laser photocoagulation provided an overall mean of
4.2 + 7.4 ETDRS letters of vision gain. Among eyes with
initial BCVA <70 letters, mean BCVA improved by
7.0 &+ 7.4 letters, which was comparable to outcomes
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(shaded circle) required significantly fewer intravitreal IVR injections
than did the MA(+) group (shaded square); 3.4 + 1.6 vs. 5.3 + 0.9,
respectively (P = 0.0229). d The number of focal/grid laser photo-
coagulation between the MA(—) and MA(+) groups over the 6-month
study period. No significant difference is seen for the number of
focal/grid laser sessions between the MA(—) (shaded circle) and
MA(+) (shaded square) groups; 2.6 £ 1.3 vs. 2.4 £ 1.3, respectively
(P = 0.8221) *P < 0.05. Mann—Whitney U tests were used. SD
standard deviation, ETDRS Early Treatment Diabetic Retinopathy
Study

reported in previous multicenter clinical trials, such as 7.2
letters in the READ-2 study [16], 6.4 letters in the
REVEAL study [13], 6.4 letters in the RESTORE study
[14], and 7 letters in DRCR.net protocol I [8]. There was no
significant difference in vision gain in comparisons
between MA(+) (4.1 &+ 8.5 letters) and MA(—) groups
(4.3 £ 6.7 letters) (P = 0.8693). The total required num-
ber of IVR injections was significantly higher in the
MA(+) group [3.4 £ 1.6 vs. 5.3 & 0.9, median (25-75 %
interquartile range) 3.0 (2.0-5.0) vs. 5.5 (4.3-6.0),
respectively; P = 0.0229], likely because only IVR, but
not focal/direct laser, could halt leakage from the MAs and
dilated capillaries in the PCN. Without such leakage points
in the MA(—) group, edema fluid in the fovea was derived
mainly from leakage outside the fovea (>500 pum). Since
these leakage points were treatable with focal/grid laser
photocoagulation, the eyes in MA(—) group presumably
required fewer PNR IVR injections. However, as capillary
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injuries in diabetic patients are caused by glucotoxicity,
damage exists ubiquitously in all retinal vessels and there is
always some extent of foveal capillary damage from DR.
Consequently, in the present study, none of the eyes was
successfully treated by focal/grid laser treatment without
PRN IVR. We consider this to be the reason why in most
multicenter clinical trials on DME, focal/grid laser failed to
produce synergetic effects with IVR in the resolution of
foveal edema and vision recovery and did not meaningfully
impact the number of IVR injections. Unfortunately, the
ratio of patients with or without leaking MAs in the PCN
was not stated in earlier studies.

Although the majority of clinical investigations on DME
did not detect therapeutic benefits for focal/grid laser
photocoagulation in conjunction with IVR, subanalyses by
DME type, such as focal or diffuse DME in the REVEAL
study [13], uncovered some benefits: combination therapy
provided significantly better vision improvement (7.8 let-
ters) than IVR monotherapy alone (4.9 letters) in eyes with
focal DME. Furthermore, the proportion of patients with a
maximum treatment-free interval of 3 months or more was
38.3 % in the IVR monotherapy arm, which increased to
50.8 % by the addition of photocoagulation. This sub-
analysis suggests that focal/grid laser treatment was sig-
nificantly more effective when used in conjunction with
PRN-IVR in specific cases of focal DME. The precise
definition of focal edema is unclear [29], but usually refers
to a restricted area of macular thickening that evades the
fovea or involves the fovea in its periphery. On the other
hand, diffuse edema typically encompasses the entire
macula and contains the fovea in its center. In this regard,
we consider that the focal edema group in the REVEAL
study corresponds to our MA(—) group and the diffuse
edema group to our MA(+) patients, because if there are
leaking MAs in the PCN, the ensuing macular edema
should be centered over the fovea and diffusely encompass
the macula. Together with those of the REVEAL study, our
results indicate that focal/grid laser photocoagulation of
leakage points outside of the fovea at least partly reduces
edema fluid influx to the fovea and may be key to
decreasing the number of required IVR injections, espe-
cially in cases where leaking capillaries and MAs are
mainly localized outside of the PCN and manifest as focal
edema.

We delivered grid laser burns to all capillary nonper-
fusion areas, which were sources of ischemia-induced
VEGF, regardless of size if located within the vascular
arcades and especially when located proximal to the fovea
and outside the 500 um safety margin. We believed that
this treatment was critical since leaking MAs and dilated
capillaries were often formed at the boundaries between
nonperfused and perfused retinae. Grid laser burns to
capillary nonperfusion areas suppressed pathologic VEGF

overproduction and preempted the formation of leakage
points in the PCN.

In diffuse edema with leaking MAs in the PCN, leakage
outside the fovea could still be treated by focal/grid laser
treatment, but only sustained IVR injections could halt the
leakage from the PCN. The relatively high ratio of MA(—)
eyes (9/17, 53 %) demonstrated a successful reduction in
IVR injections by focal/grid laser photocoagulation over
MA(+) eyes. Our selection criteria included BCVA >24
ETDRS letters, whose approximate Snellen equivalent was
>20/320. We did not exclude eyes with BCVA >20/40,
which would have led to a high ratio of MA(—) eyes. In our
daily clinical experience, most eyes with DME have foveal
leakage points, including leaking MAs, unless DR is still in
very early stage. This also suggests that leaking MAs in the
PCN may represent markers of severe capillary damage
and subsequent remodeling of the PCN, leading to local
leakage that adversely affects the resolution of foveal
edema.

In our treatment-naive patients, PRP reaching the ora
serrata was performed to inhibit the progression of prolif-
erative changes, which may also diminish macular edema
since VEGF overproduction in the mid to peripheral retina
has been implicated in the pathogenesis of DME [24-26].

This investigation had several limitations. It contained a
limited sample size, lacked an IVR-monotherapy control
arm, and had a relatively high rate of subjects lost to fol-
low-up, all of which might have affected results. To the
best of our knowledge, however, this study is the first
investigator-initiated ophthalmological clinical trial in
Japan performed in accordance with the strict J-GCP
guidelines. All data were recorded in HOPE eACReSS,
created by the University Hospital Clinical Trial Alliance,
and 1 patient was excluded from the follow-up despite
presenting several days late for a scheduled monthly hos-
pital visit. The present study did not include a ranibizumab
monotherapy control mainly because it aimed to optimize
the applicability of high cost IVR with that of concomitant
focal/grid laser photocoagulation. Lastly, we employed
focal, grid, and PRP in this investigation, while most prior
studies did not describe PRP status, which has been found
to adversely affect DME. Thus, we could not pinpoint the
exact benefits of each laser modality. Longer-term follow-
up will also be needed to examine the precise changes in
BCVA and CMT over time in this cohort.

In conclusion, combination therapy of IVR in a PRN
regimen with focal/grid laser photocoagulation is effective
in the treatment of DME, with or without leaking MAs in
the PCN. However, since MA leakage can be considered a
marker of capillary damage and remodeling, combination
treatment prior to the appearance of MAs in the PCN may
significantly reduce the number of IVR injections to sustain
resolution of foveal edema in DME.
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