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Abstract
Purpose To evaluate the efficacy of indocyanine-green angiography (ICGA)-guided navigated focal laser photocoagulation 
for diabetic macular edema (DME).
Study design Prospective, interventional case series.
Methods Six patients (8 eyes) were enrolled in this study. Fluorescein angiography (FA) and ICGA were performed using 
the Heidelberg Retina Angiogram 2 (Heidelberg Engineering). Navigated focal laser photocoagulation was delivered to the 
microaneurysms on ICGA using  Navilas® (OD-OS GmbH, Germany). Central retinal thickness (CRT) and macular volume 
(MV) were measured by Cirrus HD-OCT (Carl Zeiss Meditec). At 6 months, the best-corrected visual acuity (BCVA), CRT 
and MV were compared to the values measured on day 0. The distances from the center of fovea to the closest microaneu-
rysms (MAs) were measured on the pre-planned  Navilas® image.
Results All eyes had previous treatment history. At 6 months, ICGA-guided navigated focal laser photocoagulation sig-
nificantly reduced the CRT and the MV (p<0.05), and there was improvement in the BCVA (p<0.05). At 3 months, 5 out 
of the 8 eyes (63%) underwent additional ICGA-guided navigated focal laser photocoagulation due to remnants of MAs 
that had been confirmed by ICGA. There was no observed recurrence of edema after the ICGA-guided navigated focal 
laser photocoagulation during the 6-month follow-up. The mean distance from the center of fovea to the closest MAs was 
624.8 ± 377.7 μm (range 336.0–1438.9 μm).
Conclusion Our data suggest ICGA-guided navigated focal laser photocoagulation may be effective for the treatment of DME.

Keywords diabetic macular edema · focal laser photocoagulation · indocyanine green angiography · microaneurysm · 
navigated laser

Introduction

Diabetic macular edema (DME) is a leading cause of blind-
ness in most industrialized nations [1, 2]. Although the 
pathogenesis of DME remains unclear, it is thought to be 
related to the breakdown of the blood-retina barrier, leaking 

microaneurysms (MAs), and upregulation of cytokines, as 
well as other factors [3, 4]. Among the several classifications 
of DME, the terms focal and diffuse DME are frequently 
used without clear definition [5]. The Early Treatment Dia-
betic Retinopathy Study (ETDRS), used fluorescein angio-
grams to classify eyes with majority leakage associated with 
MAs as focal, and eyes with less leakage associated with 
MAs as diffuse [6, 7]. In the ETDRS, focal laser photoco-
agulation was applied for leakage from the MAs, and grid 
laser photocoagulation was applied to areas of diffuse leak-
age or thickened retinae [6, 7]; these techniques had become 
golden standard for treating DME.

After the validation of the enhanced expression of the 
pro-angiogenic cytokine vascular endothelial growth fac-
tor (VEGF) in DME patients [8, 9], anti-VEGF therapy 
has become the first-line treatment [10–12]. Recent clini-
cal studies that compared anti-VEGF therapy and focal/
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grid laser treatment demonstrate the superiority of the anti-
VEGF monotherapy in the treatment of DME [10, 11], yet 
the efficacy of additional focal/grid laser photocoagulation 
appeared to be lower than expected. However, since anti-
VEGF treatment requires repeated intravitreous injections 
over an indefinite period, there have been safety concerns 
regarding the treatment of systemic diseases such as car-
diovascular diseases [13]. Moreover, it is also reported that 
macular edema persists in some patients, despite receiving 
multiple intravitreous injections of anti-VEGF drugs [14, 
15].

Recently, precise focal photocoagulation using navigated 
laser photocoagulation  (Navilas®, OD-OS GmbH) combined 
with anti-VEGF antibody therapy has been shown to have 
promising efficacy while reducing the burden of the anti-
VEGF agent [16]. This suggests that precise laser photoco-
agulation of the MAs, which are responsible for the DME, 
could resolve the edema while reducing the reliance on anti-
VEGF agents.

Previously, we reported that indocyanine green angiog-
raphy (ICGA) was more sensitive in detecting responsible 
MAs for DME versus FA, and that ICGA-guided laser pho-
tocoagulation appeared to be effective in treating refractory 
DME [17]. In diffuse DME that was originally diagnosed 
using FA, ICGA imaging often proved to be useful in detect-
ing MAs as well as the focal spots of leakage [17]. How-
ever, due to the lack of information on the location of the 
foveal avascular zone or small retinal vessels during ICGA, 
it can sometimes be difficult to identify the exact location of 
ICGA-positive MAs.

Based on these studies, we hypothesized that the use of 
a combination of ICGA-guided focal laser photocoagula-
tion and navigated laser photocoagulator  (Navilas®) might 
be more useful in the treatment of DME. Therefore, the aim 
of this study was to evaluate the efficacy of ICGA-guided 
navigated focal laser photocoagulation in the treatment of 
refractory DME. here, the definition of focal laser photoco-
agulation is the same as in ETDRS, i.e. direct laser photo-
coagulation on MAs.

Methods

Patients and study design

This study was a 6-month, prospective, interventional case 
series. After each patient was informed about the risks and 
benefits of laser photocoagulation, written, informed consent 
was obtained. This study was approved by the Institutional 
Review Board (IRB) of the Nagoya City University Gradu-
ate School of Medical Science, conducted in accordance 
with the ethical standards stated in the 1964 Declaration of 

Helsinki, and registered at UMIN (identification number; 
UMIN 000012470).

Between October 3, 2013 and March 20, 2014, 6 patients 
with DME in a total of 8 eyes were enrolled in this study and 
underwent ICGA-guided navigated focal laser photocoagu-
lation. The inclusion criteria were: (1) clinical presentation 
with diffuse DME with obvious leaking MA; (2) older than 
20 years of age; and (3) eligible for FA/ICGA. The major 
exclusion criteria included: (1) previous ocular surgery or 
sub-Tenon’s injection of triamcinolone acetonide within 3 
months; (2) retinal photocoagulation (including focal/grid 
laser photocoagulation) within 6 months; (3) presence of 
media opacity; (4) renal dysfunction; or (5) presence of 
epiretinal membrane or vitreomacular traction syndrome. 
We did not exclude glaucoma if the intraocular pressure 
(IOP) was well controlled by eye drops.

All patients underwent comprehensive ophthalmologi-
cal examinations, including measurement of best-corrected 
visual acuity (BCVA), slit-lamp biomicroscopy and indi-
rect ophthalmoscopy. BCVA was measured using a Japa-
nese standard decimal visual acuity chart, with the deci-
mal BCVA calculated using the logarithm of the minimum 
angle of resolution (LogMAR) scale. FA and ICGA were 
performed using the Heidelberg Retina Angiogram 2 (Hei-
delberg Engineering) before and at 3 months after treatment.

Cirrus HD-OCT (Carl Zeiss Meditec) was used to evalu-
ate the central retinal thickness (CRT) and the macular vol-
ume (MV) before, and at 3 and 6 months after laser photo-
coagulation. In this study, DME type was classified as focal 
or diffuse based on the features stated below. The character-
istics of focal macular edema are: (1) location outside the 
foveal center with or without center involvement; (2) asym-
metric increases in retinal thickness on OCT -scan; and (3) 
accumulation of pin-point leakage in early phase of FA. The 
characteristics of diffuse macular edema are: (1) increased 
retinal thickness with center involvement on the OCT macu-
lar thickness map; (2) symmetrically increased retinal thick-
ness on B-scan OCT; (3) fluorescein leakage starting from 
early phase and continuously increasing to late phase [4].

Prior to the laser photocoagulation, DME was classi-
fied into the following three types: serous retinal detach-
ment (SRD), with detachment of the sensory retina from 
the retinal pigment epithelium but no cystoid spaces at the 
presumed fovea; cystoid macular edema (CME), which pre-
sented predominantly as cystoid spaces within the area; and 
sponge-like retinal swelling with no SRD or CME [18].

Evaluating the density of MAs in FA and ICGA 

In each eye, we overlaid the retinal thickness topographic 
map (6 x 6 mm) obtained by the Cirrus HD-OCT (Fig. 1a) 
onto the images of early-phase FA (Fig. 1b) and late-phase 
ICGA (Fig. 1e) obtained by HRA2 using Adobe Photoshop 
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(cs2; Adobe Systems Incorporated) (Fig. 1f, g). Due to 
color contrast of the topographic map, it was hard to iden-
tify the areas where the retinal thickness was more than 
300 µm or 350 µm. Therefore, we defined the area where 
the retinal thickness was more than 400 µm (orange-red to 
white in the Cirrus HD-OCT color chart) as the area of the 
edema. The measured area of the retinal edema  (mm2) and 

the number of MAs were determined by using the Image 
J software (developed by Wayne Rasband, National Insti-
tutes of Health; available at http://rsb.info.nih.gov/ij/index 
.html) as previously described [17, 19]. Moreover, we also 
separated the density of MAs inside of the retinal edema 
from the density of MAs outside of the retinal edema.

Fig. 1  OCT and FA/ICGA for calculating density of MAs (Case 4). 
Cirrus HD-OCT image (6 × 6 mm) (a), early-phase of FA (b) and 
ICGA (c), and late-phase of FA (d) and ICGA (e). Retinal topo-
graphic map of the HD-OCT was overlaid onto the early-phase of 

FA (f) and the late-phase of ICGA (g). Areas of the retina where the 
thickness was more than 400 μm are depicted as orange-red to white 
in the retinal topographic map (encircled by the yellow line)

Fig. 1  (continued)

http://rsb.info.nih.gov/ij/index.html
http://rsb.info.nih.gov/ij/index.html
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ICGA‑guided navigated focal laser photocoagulation

ICGA-guided navigated focal laser photocoagulation was 
performed with the  Navilas® Laser System. Its principal 
operation is described elsewhere [20]. In brief, it combines 
imaging, laser application planning, and treatment using a 
computer-based device.

The navigated laser photocoagulation performed in this 
study was digitally planned based on late-phase ICGA 
images acquired by HRA2 at an angle of 30 degrees and 
the placement of single spots on the focal spots of leakage. 
The location of hyperfluorescent spots detected by late-phase 
ICGA was compared with OCT thickness map, and hyper-
fluorescent spots inside the edema were picked out for focal 
laser photocoagulation.

Laser photocoagulation parameters were as follows: spot 
size 50–100 μm; pulse duration 20–100 msec; and laser 
power 50–120 mW at a wavelength of 532 nm. To avoid 
atrophic creep, we used a short duration (20 msec) with 
small spot size (50 μm) setting, especially inside the para-
foveal area (<1500 μm). Out of the parafoveal area (>1500 
μm), we sometimes used a spot size (100 μm) with 100 msec 
duration for complete closure of MAs. Color snap images 
taken just after each laser shot were used to individually 
manipulate the laser power to values around 80 mW in order 

to achieve a pale grayish laser burn (Fig. 2). All laser photo-
coagulation operations were performed by the same surgeon 
(M.N.).

If the edema persisted and ICGA showed remnants or 
newly developed focal hyperfluorescence points at 3 months 
after the initial laser treatment, an additional laser treatment 
was administered. Distances from the center of fovea to the 
closest MAs were measured on the pre-planned  Navilas® 
images, with the calculations based on the central retinal 
vein diameter (125 μm).

Endpoints

The primary endpoint was defined as the change in CRT 
at 6 months after laser photocoagulation. Secondary end-
points were defined as changes in the BCVA and MV at 6 
months after the laser treatment, and complications of the 
laser treatment.

Statistical analysis

The results are expressed as the mean ± standard deviation. 
A paired t-test was used to compare the baseline BCVA, 
CRT, and MV values before and at 6 months after treatment. 
The density of MAs (/mm2) on FA and ICGA was compared 

Fig. 2  The images of Case 4 for ICGA-guided NAVILAS laser pho-
tocoagulation. The same eye as shown in Fig. 1. The late-phase ICGA 
images (a, b) and laser spots were planned (yellow circle) onto the 
image taken by  Navilas® (c, d) before treatment. The fundus image 
taken just after laser photocoagulation showed pale grayish laser 

burns on each planned spots (e, f). Yellow dashed square (a, c, e) 
indicate the cropped and magnified area shown as below (b, d, f). 
Green arrows show the laser planned (b) and coagulated microaneu-
rysms (f)
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by use of ANOVA with Tukey test. P values less than 0.05 
were considered significant for all analyses. All statistical 
analyses were performed using the StatMate IV Statistical 
Analysis System for Microsoft Excel Version 4.01 (Atoms).

Results

Patient characteristics

Table 1 presents the characteristics of the 6 patients enrolled 
in this study. The mean age of the patients was 66.8 ± 4.8 
years (range 58–72 years).

The structural types’ patterns included cystoid macular 
edema (CME) in 6 eyes and sponge-like retinal swelling in 
2 eyes. There was no SRD type in this study. Prior to the 
start of the study, previous DME treatment had included 
vitrectomy (2 eyes), sub-Tenon injection of triamcinolone 
acetonide (TA) (Kenacort; Bristol-Myers Squibb,) (4 eyes), 
intravitreous injection of TA (MaQaid; Wakamoto Phar-
maceutical Co., Ltd.) (3 eyes), ICGA-guided focal laser 
photocoagulation (1 eye) and multiple injections of anti-
VEGF therapy (ranibizumab) 4 years prior to the study (1 
eye) (Table 2). In 1 patient who had previously received an 
intravitreous injection of TA, steroid glaucoma developed 
and her IOP could not be controlled with topical eye drops 
alone. She, therefore, underwent selective laser trabeculo-
plasty 1 year prior to this study. At enrolling to this study 
her IOP was well under control. As seen in Table 2, 3 eyes 
were phakic and 5 eyes were pseudophakic.

FA/ICGA and OCT findings

Findings in all eyes included, (1) increased retinal thick-
ness with center involvement on the OCT macular thick-
ness map; (2) symmetrically increased retinal thickness on 
B-scan OCT; (3) fluorescein leakage starting from early 

Table 1  Baseline Characteristics of the Subjects

SD = standard deviation, BCVA = best corrected visual acuity, DME 
= diabetic macular edema, CME = cystoid macular edema, SRD = 
serous retinal detachment

No. of eyes (patients) 8 (6)
Mean age ± SD (range), yrs. 66.8 ± 4.8 (58 to 72)
Gender: male to female 3 : 3
Type of diabetes: type 1 to type 2 0 : 6
Hemoglobin A1c (%), mean ± SD 6.8 ± 0.5
Mean BCVA (log MAR) ± SD 0.49 ± 0.33
Type of DME: CME type to retinal swelling 

type to SRD type*
6 : 2 :0

Central retinal thickness (μm), mean ± SD 524.1 ± 154.8
Macular volume  (mm3), mean ± SD 12.9 ± 1.9
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phase and continuously increasing to late phase in FA were 
noted and classified as diffuse macular edema. However, 
ICGA revealed hyperfluorescence spots detected in both the 
early- and late-phase. The hyperfluorescence spots revealed 
by late-phase ICGA were located in the thickened retina 
that was detected by the macular cube OCT map in all eyes 
(Fig. 1f, g).

The density of MAs in FA and ICGA 

The density of the MAs (/mm2) inside the edema in early-
phase FA was 4.54 ± 0.25 and outside the edema it was 1.96 
± 0.71. The density of the MAs (/mm2) inside the edema in 
late-phase ICGA was 1.26 ± 0.63 and outside it was 0.22 ± 
0.09 (Fig. 5). Late-phase ICGA showed significantly smaller 
density of MAs than early-phase FA (p<0.01 for inside 
edema, p<0.05 for outside edema) (Fig. 3).

Laser Settings

The mean number of spots was 22 (range 5–81), with a spot 
size of 50–100 μm, duration time of 20–100 msec, and a 
power of 50–120 mW. The mean distance from the center 
of fovea to the closest MAs was 624.8 ± 377.7 μm (range 
336.0–1438.9 μm).

CRT, BCVA and MV

The mean CRT was 524.13 ± 154.83 μm at baseline, and 
381.50 ± 125.71 μm at 6 months after laser treatment. 
There was a significant difference between the two values 
(p<0.05) (Fig. 4).

The mean LogMAR BCVA, which was 0.49 ± 0.33 
before laser treatment, improved significantly at 6 months 
after treatment to 0.39 ± 0.33 (p<0.05) (Fig. 5). There was 
also a significant reduction in the MV from 12.9 ± 1.9 μm3 
to 11.6 ± 1.2 μm3 (p<0.05) (Fig. 6).

At month 3, 5 out of the 8 eyes (63%) underwent addi-
tional ICGA-guided navigated focal laser photocoagula-
tion due to confirmation of remnants or newly developed 
MAs by ICGA (Table 2). Overall, mean closure rate of 
MAs was 60 %. In 3 of the 5 eyes (60%) that required 
additional ICGA-guided navigated focal laser photoco-
agulation at month 3, a plano contact lens  (Navilas® Zero 
Power Lens, Ocular Instruments Inc.) for focal laser was 
applied due to poor fixation and heavy blinking. During 
the 6 months after the ICGA-guided navigated focal laser 
photocoagulation, no recurrence of edema was observed. 
In addition, there were no complications during laser treat-
ments in any of the patients.

Fig. 3  The density of MAs 
inside and outside edema. The 
density of MAs inside edema 
detected by late-phase of ICGA 
was significantly less than the 
density of MAs inside edema 
detected by early-phase of FA 
(*p<0.05, **p<0.01)
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Representative case (Case 1)

Two years prior to being enrolled in the study, a 56-year-old 
woman underwent vitrectomy combined with phacoemul-
sification and intraocular lens implantation due to DME. 
The fellow eye, which had received a previous intravitreous 
injection of TA, developed steroid-induced glaucoma. Her 
IOP could not be controlled by topical medication. As a 

result, she was treated by selective laser trabeculoplasty in 
order to lower the IOP.

After vitrectomy, macular edema did not resolve and 
ICGA-guided conventional focal laser photocoagulation and 
sub-Tenon’s injection of TA was performed OD. However, 
since the DME was refractory to these treatments (Fig. 7a), 
FA and ICGA were then performed (Figs. 7c, d, f, g). From 
the findings of FA and OCT, the patient was diagnosed as 
having diffuse edema. However, the mid- to late-phase ICGA 
images showed the responsible MAs at locations compatible 
with the thickest part of the retina (Figs. 7a, g), as confirmed 
by the ICGA-guided navigated focal laser. After obtaining 
informed consent, ICGA-guided navigated focal laser pho-
tocoagulation was performed (Fig. 8). As the ICGA evalua-
tion at month 3 did not find any hyperfluorescence spots at 
the macula (Fig. 7e, h), it was not necessary to perform any 
additional laser photocoagulation. OCT showed that there 
was a decrease in the ME, and the decimal BCVA increased 
from 0.2 to 0.3 at month 6 without additional treatments 
(Fig. 7b). No recurrence has been observed for 3.5 years.

Discussion

This study demonstrates that ICGA-guided navigated focal 
laser photocoagulation is effective for the treatment of DME. 
All eyes in this study had been previously treated by other 
modalities including anti-VEGF, steroids, focal laser pho-
tocoagulation or vitrectomy, and subsequently developed 

Fig. 4  Changes in central retinal 
thickness (CRT) (a), and com-
parison of baseline and month 
6 CRT (b). CRT significantly 
improved at month 6 (*p<0.05)

Fig. 5  Comparison of baseline and month 6 best-corrected visual 
acuity (BCVA). The differences are statistically significant (*p<0.05)
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chronic DME. As this study was performed between 2013 
and early 2014, there were no approved anti-VEGF agents 
that could be used for the treatment of DME in Japan. Fur-
thermore, the IRB at the Nagoya City University Graduate 
School of Medical Science did not allow the use of beva-
cizumab for treatment of ocular diseases during that time 
period. Based on this background, the only common avail-
able treatment modalities for DME in our hospital were 
lasers and steroids. However, even during the anti-VEGF era 
where a randomized control study showed the superiority of 
anti-VEGF treatment to laser or steroids [21], data indicate 
that patients during this time received fewer injections than 
patients in major clinical trials, with 57.7% of the patients 
receiving additional laser or intravitreous injections of TA 
[22]. Furthermore, the cost of the anti-VEGF agents is a 
major burden in DME treatments, and thus, has become a 
worldwide socioeconomic issue [23]. Therefore, it is impor-
tant for physicians to find a better way to treat DME with 
either less injections of anti-VEGF drugs or without using 
these at all.

Recently, Liegl et al. reported that a precise focal laser 
with a navigation system significantly reduced the burden 
of anti-VEGF in the treatment of DME [16]. In addition, 
we reported the efficacy of navigated focal laser photoco-
agulation (yellow wavelength) in treatment of refractory 
DME, and found the possibility to reduce the number of 
anti-VEGF injections [24]. These reports all support the use 
of focal lasers to treat DME even in the era of anti-VEGF 
treatments. Nevertheless, one of the concerns of using focal 

laser treatment is atrophic creep of the retinal pigment epi-
thelium, which can lead to poor visual prognosis due to cen-
tral scotoma [25]. To avoid atrophic creep in our procedures, 
we used a short duration (20 msec) setting for the focal laser, 
especially when inside the parafoveal area (<1500 μm). The 
use of short durations with a high power setting is reported 
to result in less lateral expansion of scars compared with the 
conventional (100 msec) setting in panretinal photocoagu-
lation [26]. Although the follow-up period in our present 
study was relatively short (6 months), 7 out of 8 eyes that 
are being periodically followed have shown no deterioration 
in the visual acuity at more than 3 years after the focal laser 
treatment. This suggests that a short pulse setting may help 
to avoid atrophic creep even after focal laser treatments.

Hirano et al. report that eyes with perifoveal leaking 
MAs required a larger number of anti-VEGF injections, 
even when combined with focal/grid laser treatment, due to 
the fact that the focal/grid laser can only be applied to the 
outside of the fovea (> 500 μm) [27]. In the present study, 
however, the mean distance from the center of fovea to the 
closest MAs was 624.8 ± 377.7 μm, with the MAs in 5 out 
of the 8 eyes (63%) located at the perifovea (< 500 μm). In 
addition, use of an eye-tracking system and pre-registered 
laser planning increased the MAs hit rate by 30% compared 
to that found with the conventional slit-lamp delivery sys-
tem [20]. The results of our study show that the utilization 
of a precise focal laser with a navigation system would be 
useful for treating perifoveal MAs. That said, however, the 
re-treatment rates in our study were relatively high (63%) 

Fig. 6  Changes in macular vol-
ume (MV) (a) and comparison 
of baseline and month 6 MV 
(b). MV significantly improved 
at month 6 (*p<0.05)
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compared to a previous report (18%) [28]. Although we ini-
tially performed laser photocoagulation without a contact 
lens in order to increase patient comfort at the beginning of 
our study, heavy blinking or poor fixation sometimes made 
it difficult to perform focal laser photocoagulation even with 
a navigation system. As a result, a contact lens was required 
during the re-treatment. Moreover, in contrast to the slit-
lamp delivery laser photocoagulation, it is not possible to 
directly observe the retina during laser photocoagulation 
with a navigated laser system. In addition, in order to adjust 
the power setting, it is necessary to check the color snap 
images taken just after each laser shot on the monitor. Due 
to these complexities, there might be a high learning curve 
to adapt to this system.

Clinical practice patterns for the management of DME 
in Japan indicate that 70% of specialists will choose a focal 
(direct) laser on MAs as first-line therapy for focal macular 

edema, whereas more than 70% of specialists choose anti-
VEGF agents as first-line therapy for diffuse macular edema 
[29]. In our study, while all eyes were diagnosed as diffuse 
edema based on the FA and OCT findings, we were able 
to easily identify the MAs responsible for the edema using 
ICGA. Moreover, the density of MAs (/mm2) inside edema 
was significantly lower in late-phase ICGA than that in 
early-phase FA. These results indicate that fewer MAs could 
be used in ICGA-guided laser photocoagulation than in FA-
guided laser photocoagulation, which would be beneficial 
to avoid atrophy.

Indocyanine green (ICG) dye mostly binds to serum 
proteins such as albumin and lipoproteins [30]. Therefore, 
the dye barely leaks through blood vessels, with the ICGA-
positive MAs persisting after the fading of the plasmatic 
fluorescence on the late-phase ICGA images. We also 
speculated that ICG dye might possibly accumulate in the 

Fig. 7  Representative case (Case 1). Two years prior to being 
enrolled in the study, a 56-year-old woman underwent vitrectomy 
combined with phacoemulsification and intraocular lens implantation 
due to DME, but macular edema persisted. Although she was treated 
by sub-Tenon’s capsule injection of triamcinolone acetonide and 
indocyanine-green angiography (ICGA)-guided focal laser, ME did 
not resolve and her visual acuity was 0.2 (a). FA/ICGA was carried 
out, and based on the late-phase ICGA image, we performed navi-
gated focal laser photocoagulation. Although early-phase FA showed 
the presence of MAs inside the arcade vessels (c), late-phase FA was 

not able to determine the focal spots of leakage (d). In contrast, late-
phase ICGA was able to identify hyperfluorescence spots at the mac-
ula (g). As the patient was previously treated by ICGA-guided focal 
laser, the potential laser scars noted in the hypofluorescence area are 
likely related to this previous procedure (g). The late-phase ICGA 
taken 3 months after the initial navigated laser photocoagulation 
exhibited no remnants of the hyperfluorescence spots at the macula 
(h). The patient’s vision improved to 0.3 at 6 months, with the CRT 
and MV also improving (b)
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hyaline and collagenous materials around the highly per-
meable MAs, and thus, become trapped in the enveloping 
fibrin. These mechanisms may account for the preferential 
detectability of the leakage points responsible for the macu-
lar edema and the enlargement of the spots in the late-phase 
of ICGA. Although we initially reported on the efficacy of 
ICGA-guided laser photocoagulation for use in idiopathic 
macular telangiectasia type 1 [31], we have also used this 
technique for the treatment of DME [17] and ME associ-
ated with retinal vein occlusion. Other reports also confirm 
the usefulness of ICGA-guided focal laser photocoagulation 
[32, 33]. Furthermore, it is also suggested that evaluations 
of the OCT pattern of ME may help in understanding the 
pathogenesis of edema [34, 35]. As it has been demonstrated 
that the CME type exhibits the MAs that are responsible for 
edema [19, 34], our study included the CME type (75%) in 
our evaluations and confirmed that the use of a focal laser for 
MAs might be a good treatment modality for the CME type.

One limitation of the present study was the fact that there 
was only a limited number of patients evaluated along with 
a short follow-up period (6 months). In addition, we did not 
compare with conventional FA or ICGA-guided focal laser 
photocoagulation. In this study, the MAs were located at the 
perifovea in 63% of eyes, and these patients were especially 
recommended to be treated by using navigation, rather than 
conventional laser systems, so our patients’ characteristics 
might be biased, and it was difficult to compare with this 

study results with our previous report [17]. One eye had pre-
vious treatment history of conventional ICGA-guided focal 
laser, but the macular edema did not resolve. The location of 
the closest MA from center of the fovea was 604.7 μm in this 
case, and navigated ICGA-guide focal laser photocoagula-
tion resolved the edema. This might indicate the advantage 
of using navigation system for ICGA-guide focal laser.

Furthermore, the original treatments for the refractory 
DME in this study were performed at a time when anti-
VEGF treatment for DME had yet to be approved in Japan. 
To further clarify the clinical efficacy and benefits of using 
ICGA-guided navigated focal laser in the anti-VEGF era, a 
study that examines the combination therapy with ranibi-
zumab or aflibercept will need to be undertaken in the future.

In summary, our study shows that ICGA-guided navi-
gated focal laser photocoagulation was effective for treating 
DME. Our data additionally suggest that ICGA can detect 
the MAs responsible for edema, and when using a navigated 
laser system, even treat perifoveal MAs.
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